
O R I G I N A L  R E S E A R C H

Emerging and Fastidious Uropathogens Were 
Detected by M-PCR with Similar Prevalence and 
Cell Density in Catheter and Midstream Voided 
Urine Indicating the Importance of These 
Microbes in Causing UTIs
Dakun Wang1, Emery Haley 2, Natalie Luke 2, Mohit Mathur3, Richard A Festa3, Xinhua Zhao4, 
Lori A Anderson5, Jennifer L Allison6, Kristen L Stebbins6, Manuel Jose Diaz6, David Baunoch7

1Department of Writing, Stat4Ward, Pittsburgh, PA, USA; 2Department of Clinical Research, Pathnostics, Irvine, CA, USA; 3Department of Medical 
Affairs, Pathnostics, Irvine, CA, USA; 4Department of Statistical Analysis, Stat4Ward, Pittsburgh, PA, USA; 5L. Anderson Diagnostic Market Access 
Consulting, San Diego, CA, USA; 6DispatchHealth, Denver, CO, USA; 7Pathnostics, Irvine, CA, 92618, USA

Correspondence: David Baunoch, Pathnostics, 15545 Sand Canyon Suite 100, Irvine, CA, 92618, USA, Tel +1 714-966-1221, Fax +1 714-966-1231, 
Email dbaunoch@pathnostics.com 

Introduction: This study compared microbial compositions of midstream and catheter urine specimens from patients with suspected 
complicated urinary tract infections to determine if emerging and fastidious uropathogens are infecting the bladder or are 
contaminants.
Methods: Urine was collected by in-and-out catheter (n = 1000) or midstream voiding (n = 1000) from 2000 adult patients (≥60 years 
of age) at 17 DispatchHealth sites across 11 states. The two groups were matched by age (mean 81 years), sex (62.1% female, 37.9% 
male), and ICD-10-CM codes. Microbial detection was performed with multiplex polymerase chain reaction (M-PCR) with a threshold 
for “positive detection” ≥ 10,000 cells/mL for bacteria or any detection for yeast. Results were divided by sex.
Results: In females, 28 of 30 microorganisms/groups were found by both collection methods, while in males 26 of 30 were found by 
both. There were significant overlaps in the detection and densities of classical uropathogens including Escherichia coli, Enterococcus 
faecalis, and Klebsiella pneumoniae, as well as emerging uropathogens including Actinotignum schaalii and Aerococcus urinae. In 
females, detection rates were slightly higher in midstream voided compared to catheter-collected (p = 0.0005) urine samples, while 
males showed the opposite trend (p < 0.0001). More polymicrobial infections were detected in midstream voided compared to 
catheter-collected samples (64.4% vs 45.7%, p < 0.0001) in females but the opposite in males (35.6% vs 47.0%, p = 0.002).
Discussion: In-and-out catheter-collected and midstream voided urine specimens shared significant similarities in microbial detec
tions by M-PCR, with some differences found for a small subset of organisms and between sexes.
Conclusion: Non-invasive midstream voided collection of urine specimens for microbial detection and identification in cases of 
presumed UTI does not result in significantly more contamination compared to in-and-out catheter-collected specimens. Additionally, 
organisms long regarded as contaminants should be reconsidered as potential uropathogens.
Keywords: urinary tract infection, standard urine culture, diagnostic testing, multiplex polymerase chain reaction, catheter, midstream 
voided

Introduction
Standard urine culture (SUC), used in combination with microscopy and urinalysis, is the current standard-of-care for 
UTI diagnosis.1 It is optimized for the detection of classical uropathogens, such as uropathogenic Escherichia coli (E. 
coli or UPEC), Citrobacter koseri (C. koseri), Citrobacter freundii (C. freundii), Enterococcus faecalis (E. faecalis), 
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Klebsiella pneumoniae (K. pneumoniae), Proteus mirabilis (P. mirabilis), Pseudomonas aeruginosa (P. aeruginosa), 
Staphylococcus aureus (S. aureus), and Streptococcus agalactiae (S. agalactiae).2,3 Advances in enhanced culture 
techniques and culture-independent molecular methods, such as multiplex polymerase chain reaction (M-PCR), have 
helped to debunk the misconception that the bladder is sterile and have led to the discovery of a urinary microbiome, 
including emerging uropathogens, such as Actinotignum schaalii (A. schaalii) and Alloscardovia omnicolens (A. 
omnicolens). These organisms have been reported to also play a role in the pathogenesis of UTI.4–10 Additionally, 
Viridans group streptococci (VGS) and coagulase-negative staphylococci (CoNS) isolated from midstream voided urine 
by SUC are frequently reported as non-pathogenic specimen contaminants.11 However, recent studies have shown that 
using enhanced urine culture protocols, investigators were able to frequently detect species of VGS and CoNS, including 
Streptococcus anginosus (S. anginosus) and Staphylococcus lugdunesis (S. lugdunesis).2 The organisms were detected at 
densities from 1000 to over 100,000 CFU/mL in catheter-collected urine specimens, and the density of these micro
organisms increased in symptomatic subjects, indicating that these bacteria may be pathogenic for UTI.2

Recent studies have also demonstrated that polymicrobial infections are common and that M-PCR is more sensitive 
than SUC for the detection of polymicrobial infections and microbes other than E. coli.12–15 Additionally, the more 
sensitive M-PCR-based diagnostic test in combination with phenotypic Pooled Antibiotic Susceptibility Testing (P-AST) 
has been associated with improved outcomes, including fewer hospitalizations, for older UTI patients, particularly those 
with polymicrobial or non-E. coli infections.11,16 Clinical management of UTI patients according to M-PCR/P-AST 
testing compared to SUC testing has also been shown to result in healthcare cost savings.17,18

However, both culture-dependent and independent UTI diagnostic tests use urine as a sample source, resulting in 
questions about the potential for detection of non-pathogenic contaminant organisms. Urine specimens collected via the 
non-invasive midstream voided method are most common in busy clinical practices but are presumed to be most 
vulnerable to contamination. When such non-invasive midstream voided self-collection is not possible or appropriate, 
the more invasive in-and-out transurethral catheterization (catheter-collected) method is used. Suprapubic needle aspira
tion, inserting a needle through the skin directly into the bladder, is considered the most sterile urine collection technique 
but is rarely used due to its highly invasive nature19 and was not included in this study.

Clinical guidelines citing SUC diagnostic microbial thresholds are inconsistent and recommended microbial thresholds 
differ for each urine specimen collection method, reflecting the presumed differences in contamination potential.20–22 

Published guidance on thresholds for midstream voided urine vary from ≥10,000 to ≥100,000 CFU/mL and from any 
microbial detection to ≥10,000 CFU/mL for urine collected by in-and-out catheter.22 Our recent data on midstream voided 
specimens support the clinical validity of the ≥ 10,000 CFU/mL threshold.23 We have also demonstrated that microbial 
densities reported as cells/mL by M-PCR are equivalent to CFU/mL reported by SUC.24

Studies comparing differences in microbial identification in midstream voided and catheter-collected urine specimens 
from adult patients with symptoms of UTI are sparse. This study used an advanced M-PCR assay to compare the 
prevalence and cell density of microbes detected in catheter-collected versus midstream voided urine specimens from 
adult patients (≥60 years) symptomatic for UTI. The aim was to determine whether there was truly an absence of 
organisms typically considered “contaminants” (eg, VGS and CoNS) in the catheter-collected urine, and whether the two 
collection methods showed general agreement in the types of organisms and microbial densities detected.

Materials and Methods
Study Design
The study analyses were performed on specimens from consecutive patients with symptoms suggestive of a UTI who 
received medical services from 17 DispatchHealth sites across 11 states (https://www.dispatchhealth.com/). 
DispatchHealth provides comprehensive and trusted medical care in the comfort of home for serious health concerns, 
treating complex conditions that are commonly addressed in the emergency room or that often require a hospital stay. 
Urine specimens were collected through either midstream voided or in-and-out catheterization (catheter-collected) at the 
ordering physician’s discretion. Overall, 5971 subjects were enrolled between 07/01/22 and 04/10/23. Subjects ≥60 years 
of age were selected as the target population for the M-PCR test in this study’s analyses because these patients are more 
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likely to have multiple comorbidities and/or immune-compromised states resulting in complications and adverse out
comes from a UTI.24–26 The selection for age resulted in a total of 5350 subjects, including 1158 subjects in the catheter- 
collected group and 4162 subjects in the midstream voided group. ICD-10-CM code (https://www.icd10data.com) 
information from these subjects was recorded. The M-PCR test was performed on all urine specimens upon receipt, as 
described below.

Data from the study was collected via database for which the subject cannot be readily identified or 
contacted. Therefore, the Western Institutional Review Board deemed the use of the data to be exempt under 45 CFR 
§ 46.104(d)(4) as the information is used in a manner that the identity of the subject cannot be readily ascertained directly 
or through identifiers linked to the subjects, the subject is not contacted, and the investigator will not re-identify subjects.

One thousand subjects from each urine collection group were matched for age, sex, and the 5 most prevalent ICD-10- 
CM codes resulting in 2000 patients included in the study. The analyses focused on the comparison of microbes detected 
between the catheter-collected (n = 1000) and the matched midstream voided (n = 1000) cohorts (Figure 1) overall and 
between female (n = 621) and male (n = 379) subjects within each group.

Multiplex-Polymerase Chain Reaction (M-PCR) and Pooled Antibiotic Susceptibility 
Testing (P-AST)
The M-PCR/P-AST assay (Guidance® UTI, Pathnostics, Irvine, CA) provides susceptibility testing for 19 antibiotics, 
semi-quantification of 27 individual uropathogenic species and three bacterial groups, ESBL phenotype, and identifica
tion of 32 antibiotic-resistance genes. The assay was performed as described previously.25,26 Briefly, DNA was extracted 
from urine specimens with the KingFisher/MagMAX Automated DNA Extraction instrument and the MagMAX DNA 
Multi-Sample Ultra Kit (ThermoFisher, Carlsbad, CA). DNA specimens were vortexed with a universal PCR master mix 
and amplified with TaqMan technology on a Life Technologies 12K Flex Open Array System. DNA specimens were 
spotted in duplicate on 112-format Open Array chips. Plasmids for each organism in the panel were used as positive 

Figure 1 Study design. A flow chart of subject selection for analysis.
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controls. Bacillus atrophaeus was used as an inhibition control. The microbial density of each organism was determined 
using the standard curve method. A proprietary bioinformatics tool developed by Pathnostics was used to report results.

Probes and primers were used for the following Classical uropathogens (see Supplementary Table 4): Candida 
albicans, Candida glabrata, Candida parapsilosis, Citrobacter freundii, Citrobacter koseri, Enterococcus faecalis, 
Enterococcus faecium, Escherichia coli, Klebsiella oxytoca, Klebsiella pneumoniae, Morganella morganii, Pantoea 
agglomerans, Proteus mirabilis, Providencia stuartii, Pseudomonas aeruginosa, Serratia marcescens, Staphylococcus 
aureus, Streptococcus agalactiae, and Enterobacter group [including Klebsiella aerogenes (formerly known as 
Enterobacter aerogenes) and Enterobacter cloacae].

Emerging uropathogens (see Supplementary Table 4): Acinetobacter baumannii, Actinotignum schaalii, Aerococcus 
urinae, Alloscardovia omnicolens, Candida auris, Corynebacterium riegelii, Gardnerella vaginalis, Mycoplasma homi
nis, Ureaplasma urealyticum, coagulase negative staphylococci group (CoNS) (including Staphylococcus epidermidis, 
Staphylococcus haemolyticus, Staphylococcus lugdunensis, and Staphylococcus saprophyticus), and Viridans group 
streptococci (VGS) (including Streptococcus anginosus, Streptococcus oralis, and Streptococcus pasteurianus).

Results of the P-AST portion of the test, an antibiotic resistance and sensitivity assay which accounts for bacterial 
interactions, were not included in this analysis.

Statistical Analyses
Descriptive statistics were used to describe the patient demographics of age, sex, and ICD-10-CM codes, which were 
summarized for catheter-collected and midstream voided specimens and stratified by sex. The Wilcoxon rank sum test 
was used to compare microbial density distribution, and the median was used to compare microbial densities between the 
two collection-type groups.

Positive detection was defined as ≥ 10,000 cells/mL for bacteria, or any detection level for yeast in both types of urine 
specimens. The overall microbial positive detection rate, polymicrobial and monomicrobial positive detection rates, and 
positive detection rates for each individual organism were summarized and compared between the catheter-collected and 
midstream voided groups using the Chi-square test. Statistical comparisons for each collection method were also 
compared between male and female subjects. Based on the varying threshold guidelines, another definition of positive 
detection, ≥ 1000 cells/mL bacteria in catheter-collected urine, ≥ 10,000 cells/mL bacteria in midstream voided urine, or 
any detection of yeast in both types of urine specimens was also explored (Supplementary Data; Tables S1-S3). 
Monomicrobial positive detection was defined as only 1 microbe or microbe group identified over the threshold value 
and polymicrobial positive detection was defined as 2 or more microbes or microbe groups identified over the threshold 
criterion. P values < 0.05 from all statistical tests were considered statistically significant.

Results
Patient Demographics
Due to cohort matching, the two groups shared similar average age (81 years), ICD-10-CM codes, and sex distribution, 
with 621 female subjects (62.1%) and 379 male subjects (37.9%) in each group. All study subjects had a suspected 
diagnosis of UTI, with the majority (657, 65.7%) associated with an ICD-10-CM code of N39.0 (Urinary tract infection, 
site not specified) in each group (Table 1). The other four most prevalent ICD-10-CM codes included R30.0 (Dysuria), 
R35.0 (Frequency of micturition), R82.998 (Other abnormal findings in urine), and B99.9 (Unspecified infectious 
disease) with these top 5 ICD-10-CM codes accounting for over 70% of the total ICD-10-CM codes assigned to the 
matched cohorts. All other ICD-10-CM codes (“Other”) accounted for a total of 27%. Some cases were associated with 
more than one ICD-10-CM code.

Microbial Densities in the Catheter-Collected and Midstream Voided Urine Specimens 
in Female and Male Subjects with Suspected UTI
First, we compared microbial densities in catheter-collected vs midstream voided specimens for both male and female 
subjects (Table 2). Microbial densities of representative classical (Figure 2), emerging (Figure 3), CoNS and VGS 
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Table 1 Subject Demographics

Catheter- 
Collected Cohort 

(n = 1000)

Midstream Voided 
Cohort (n = 1000)

Female [(n = 621), 62.1%] Male [(n = 379), 37.9%]

Catheter Midstream 
Voided

Catheter Midstream 
Voided

Age in years: mean (SD), range 81.3 (9.2)  
range 60–102

81.1 (9.2)  
range 60–102

81.8 (9.6)  
range 60–102

81.4 (9.6)  
range 60–102

80.6 (8.5)  
range 60–100

80.5 (8.6)  
range 60–100

ICD-10-CM codes: number of patients (%)

N39.0-Urinary tract infection, site not specified 657 (65.7) 657 (65.7) 419 (67.5) 419 (67.5) 238 (62.8) 238 (62.8)

R30.0-Dysuria 44 (4.4) 44 (4.4) 33 (5.3) 33 (5.3) 11 (2.9) 11 (2.9)

R35.0-Frequency of micturition 15 (1.5) 15 (1.5) 13 (2.1) 13 (2.1) 2 (0.5) 2 (0.5)

R82.998-Other abnormal findings in urine 7 (0.7) 7 (0.7) 3 (0.5) 3 (0.5) 4 (1.1) 4 (1.1)

B99.9-Unspecified infectious disease 4 (0.4) 4 (0.4) 1 (0.2) 1 (0.2) 3 (0.8) 3 (0.8)

Others 273 (27.3) 273 (27.3) 152 (24.5) 152 (24.5) 121 (31.9) 121 (31.9)
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Table 2 Microbial Densities of Detected Organisms in the Catheter-Collected and Midstream Voided Urine Specimens in Female (n = 
621) and Male (n = 379) Subjects

Female (n = 621)

Organism Collection 
Method

# of Cases > 0 Cells/mL Median 
Density  

(Cells/mL)

p value (Comparing Median) p value (Comparing 
Distribution)

CLASSICAL E. coli Midstream Voided 308 9,285,591 0.08 0.06

Catheter 234 23,892,818

E. faecalis Midstream Voided 158 27,454 <0.0001 <0.0001

Catheter 191 1,051,455

K. pneumoniae Midstream Voided 80 5,263,488 0.14 0.28

Catheter 89 12,719,925

P. mirabilis Midstream Voided 38 1,621,571 0.95 0.3

Catheter 73 1,428,244

Enterobacter 
Group

Midstream Voided 37 176,951 0.02 0.03

Catheter 25 14,672,527

E. faecium Midstream Voided 25 122,817 0.18 0.08

Catheter 18 1,399,558

K. oxytoca Midstream Voided 24 4,310,078 0.1 0.06

Catheter 19 76,761,599

S. agalalactiae Midstream Voided 29 86,639 0.75 0.72

Catheter 15 190,532

P. aeruginosa Midstream Voided 24 838,303 0.68 0.39

Catheter 63 1,072,982

C. freundii Midstream Voided 15 214,379 0.39 0.39

Catheter 20 1,334,192

M. morganii Midstream Voided 10 55,291 0.02 0.01

Catheter 16 7,228,667

S. aureus Midstream Voided 10 33,461 0.15 0.22

Catheter 15 174,600

C. koseri Midstream Voided 3 57,053,277 0.32 0.18

Catheter 1 166,155,635

S. marcescens Midstream Voided 2 232,020 0.14 0.2

Catheter 10 12,027,681

P. agglomerans Midstream Voided 1 10,462 NA NA

Catheter 0 NA

P. stuartii Midstream Voided 0 NA NA NA

Catheter 6 595,782

(Continued)
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Table 2 (Continued). 

Female (n = 621)

Organism Collection 
Method

# of Cases > 0 Cells/mL Median 
Density  

(Cells/mL)

p value (Comparing Median) p value (Comparing 
Distribution)

EMERGING A. urinae Midstream Voided 264 108,618 <0.0001 <0.0001

Catheter 134 4,732,044

A. schaalii Midstream Voided 294 60,495 <0.0001 <0.0001

Catheter 174 979,044

G. vaginalis Midstream Voided 60 414,581 0.14 0.05

Catheter 22 18,370

A. omnicolens Midstream Voided 45 20,818 0.17 0.23

Catheter 19 34,508

C. riegelii Midstream Voided 39 15,879 0.64 0.62

Catheter 5 4490

U. urealyticum Midstream Voided 21 15,957 0.63 0.25

Catheter 5 118,402

M. hominis Midstream Voided 6 102,766 0.39 0.13

Catheter 1 8,655

A. baumannii Midstream Voided 4 5806 1 0.56

Catheter 4 545,123

VGS Midstream Voided 241 35,903 0.72 0.02

Catheter 95 39,650

CoNS Midstream Voided 39 15,662 0.39 0.15

Catheter 17 53,334

YEASTS C. albicans Midstream Voided 18 7905 0.03 0.01

Catheter 35 34,521

C. glabrata Midstream Voided 15 25,975 0.63 0.84

Catheter 20 18,972

C. parapsilosis Midstream Voided 1 4872 0.48 0.22

Catheter 2 3,320,467

C. auris Midstream Voided 0 NA NA NA

Catheter 0 NA

(Continued)
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Table 2 (Continued). 

Male (n = 379)

Organism Collection 
Method

# of Cases > 0 Cells/mL Median 
Density  

(Cells/mL)

p value (Comparing Median) p value (Comparing 
Distribution)

CLASSICAL E. coli Midstream Voided 98 32,602,954 0.78 0.57

Catheter 98 20,827,707

E. faecalis Midstream Voided 114 79,107 0.0002 <0.0001

Catheter 133 1,753,848

K. pneumoniae Midstream Voided 29 11,076,030 0.21 0.5

Catheter 48 5,523,040

P. mirabilis Midstream Voided 21 247,821 0.16 0.051

Catheter 31 14,530,060

Enterobacter 
Group

Midstream Voided 22 434,489 0.66 0.95

Catheter 23 1,813,738

E. faecium Midstream Voided 8 75,052 0.1 0.1

Catheter 9 1,282,270

K. oxytoca Midstream Voided 14 2,349,552 0.19 0.31

Catheter 13 18,618,537

S. agalalactiae Midstream Voided 13 80,365 0.54 0.12

Catheter 3 2486

P. aeruginosa Midstream Voided 32 91,593 0.04 0.0008

Catheter 90 1,050,380

C. freundii Midstream Voided 5 188,983 0.58 0.29

Catheter 7 2,421,989

M. morganii Midstream Voided 6 263,355 0.35 0.07

Catheter 16 8,581,462

S. aureus Midstream Voided 13 1,592,043 0.75 0.33

Catheter 37 1,069,990

C. koseri Midstream Voided 4 39,760,633 0.68 0.48

Catheter 3 2,178,930

S. marcescens Midstream Voided 0 NA NA NA

Catheter 10 7,018,923

P. agglomerans Midstream Voided 1 10,105 NA NA

Catheter 0 NA

P. stuartii Midstream Voided 2 100,496 0.18 0.12

Catheter 5 4,079,509

(Continued)
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(Figure 4), and yeast (Figure 5) uropathogens in matched catheter-collected and midstream voided urine specimens were 
compared for both male and female subjects.

The positive detection criterion accounts for total organisms detected at densities over 10,000 cells/mL; however, for 
this analysis, we included all detections to determine the median cell density. Microbial density comparisons revealed 
that the most frequent positively detected classical bacterial uropathogens (4 of 6 organisms in both females and males), 
emerging bacterial uropathogens (4 of 6 organisms in females and 3 of 6 organisms in males), and yeasts (3 of 4 yeasts in 

Table 2 (Continued). 

Male (n = 379)

Organism Collection 
Method

# of Cases > 0 Cells/mL Median 
Density  

(Cells/mL)

p value (Comparing Median) p value (Comparing 
Distribution)

EMERGING A. urinae Midstream Voided 83 160,435 0.001 0.0015

Catheter 34 6,207,325

A. schaalii Midstream Voided 76 135,307 0.0002 0.0005

Catheter 60 2,799,497

G. vaginalis Midstream Voided 9 6862 0.17 0.24

Catheter 2 3066

A. omnicolens Midstream Voided 2 26,731,063 0.74 0.56

Catheter 3 9291

C. riegelii Midstream Voided 7 26,673 0.05 0.03

Catheter 3 3565

U. urealyticum Midstream Voided 5 24,083 0.32 0.38

Catheter 1 3233

M. hominis Midstream Voided 1 2,344,058 0.17 0.24

Catheter 1 1,027,528

A. baumannii Midstream Voided 3 2736 0.46 0.13

Catheter 3 3,396,902

CoNS Midstream Voided 42 34,493 0.19 0.33

Catheter 40 116,200

VGS Midstream Voided 32 27,997 0.26 0.14

Catheter 20 341,368

YEASTS C. albicans Midstream Voided 9 45,325 0.64 0.84

Catheter 30 23,546

C. glabrata Midstream Voided 5 29,330 0.59 0.64

Catheter 9 34,279

C. parapsilosis Midstream Voided 4 21,055 0.86 0.88

Catheter 9 25,682

C. auris Midstream Voided 0 NA NA NA

Catheter 0 NA

Note: Bold text indicates p < 0.05.
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Figure 2 Microbial densities of the top 6 detected classical uropathogenic bacteria for female (A) and male (B) subjects. Each dot represents the non-zero microbial density 
(plotted along the y-axis) for a single microorganism detected by either collection method (arranged along the x-axis) in a single specimen. Blue and red lines indicate the 
median values for the midstream voided and catheter-collected specimens, respectively. *p < 0.05.
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Figure 3 Microbial densities of the top detected emerging uropathogenic bacteria for both female (A) and male (B) subjects. Each dot represents the non-zero microbial 
density (plotted along the y-axis) for a single microorganism detected by either collection method (arranged along the x-axis) in a single specimen. Blue and red lines indicate 
the median values for the midstream voided and catheter-collected specimens, respectively. *p < 0.05.
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Figure 4 Microbial densities of the top detected uropathogenic CoNS and VGS for both female (A) and male (B) subjects. Each dot represents the non-zero microbial 
density (plotted along the y-axis) for a single microorganism detected by either collection method (arranged along the x-axis) in a single specimen. Blue and red lines indicate 
the median values for the midstream voided and catheter-collected specimens, respectively. *p < 0.05.
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Figure 5 Microbial densities of yeast for both female (A) and male (B) subjects. Each dot represents the non-zero microbial density (plotted along the y-axis) for a single 
microorganism detected by either collection method (arranged along the x-axis) in a single specimen. Blue and red lines indicate the median values for the midstream voided 
and catheter-collected specimens, respectively. *p < 0.05.
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females and 4 of 4 yeasts in males), shared similar densities between the midstream voided and catheter-collected urine 
specimens in both female and male subjects. For example, in females, the median non-zero densities of E. coli were 
23,892,818 cells/mL and 9,285,591 cells/mL (p = 0.08), in catheter-collected and midstream voided urine specimens, 
respectively, and in males, the median non-zero densities of E. coli were 20,827,707 cells/mL and 32,602,954 cells/mL (p 
= 0.78), in catheter-collected and midstream voided urine specimens, respectively (Table 2). The prevalence of E. coli 
and E. faecalis detected in this study, is consistent with those recently reported by others.27,28

For study subjects with non-zero CoNS detected, there were no statistically significant differences in median 
microbial densities between midstream voided and catheter-collected urine specimens for either female or male subjects 
(Figure 4). In females, the median densities of CoNS were 15,662 vs 53,334 cells/mL (p = 0.39), and in males, the 
median densities were 34,493 vs 116,200 cells/mL (p = 0.19), in midstream voided and catheter-collected specimens, 
respectively (Table 2). Similar findings were observed for VGS. In females, the median densities of VGS were 35,903 vs 
39,650 cells/mL (p = 0.72), and in males, the median densities were 27,997 vs 341,368 cells/mL (p = 0.26), in midstream 
voided and catheter-collected specimens, respectively. When comparing the distribution of the non-zero densities, the 
two bacteria demonstrated similar densities between the catheter-collected and midstream voided cohorts, except for 
VGS being of overall higher densities in the catheter-collected than the midstream voided urine specimens from female 
subjects (p = 0.02).

Some bacteria or yeast demonstrated different densities between the two urine collection groups, most of which were 
higher in catheter-collected than midstream voided urines. For example, in males, the median non-zero densities of A. 
schaalii were higher in catheter-collected (2,799,497 cells/mL) than midstream voided urine (135,307 cells/mL) (p = 
0.0002); in females, the median non-zero densities of E. faecalis were higher in catheter-collected (1,051,455 cells/mL) 
than midstream voided urine (27,454 cells/mL) (p < 0.0001) (Table 2).

Overall Positive Microbial Detection Rates in Catheter-Collected and Matched Midstream 
Voided Urine Specimens from Patients Suspected of UTI (n = 1000 in Each Group)
Using either positive detection (10,000 cells/mL or 100,000 cells/mL respectively), more than 80% of specimens had at 
least one organism positively detected and more than 40% of those positive specimens were polymicrobial 
(Supplementary Table 1). Due to the high similarity in detection densities between the two collection groups overall, 
the monomicrobial and polymicrobial (2 or more microbes detected) positive detection rates, and the most frequently 
detected organisms for each sex, we present the remaining analyses using only the criterion which defined positive 
detection using the same microbial thresholds (10,000 cells/mL for bacteria and any detection level for yeast) for both 
catheter-collected and midstream voided urine specimens (Table 3). 

Positive Rates of Top-Detected Organisms in Catheter-Collected and Matched 
Midstream Voided Urine Specimens in Female Subjects (n = 621 in Each Group)
In female subjects, slightly higher percentages of microbe-positive specimens were observed in midstream voided vs 
catheter-collected samples for any microbial detection (87.4% vs 80.2%, p = 0.0005) and for polymicrobial detection 
(65.5% vs 48.5%, p < 0.0001) (Table 3 and Supplementary Table 2). In the catheter-collected group, C. auris and P. 
agglomerans were not detected, making the total number of detected organisms in the catheter-collected group 28. In the 
midstream voided group, 28 organisms were detected, with C. auris and P. stuartii not detected (Table 3).

The top 5 classical uropathogens detected in catheter-collected urine specimens from female subjects were E. coli (217, 
34.9%), E. faecalis (137, 22.1%), K. pneumoniae (89, 14.3%), P. mirabilis (71, 11.4%), and P. aeruginosa (59, 9.5%). There 
was significant overlap with the top 5 organisms in midstream voided urine specimens, were E. coli (278, 44.8%), E. faecalis 
(131, 21.1%), K. pneumoniae (80, 12.9%), P. mirabilis (33, 5.3%), and Enterobacter group (32, 5.2%).

For emerging bacterial uropathogens, the top 3 organisms detected in catheter-collected urine specimens from female 
subjects were A. schaalii (150, 24.2%), A. urinae (126, 20.3%), and A. omnicolens (15, 2.4%). The top 3 emerging 
bacterial uropathogens in midstream voided urine specimens, were A. urinae (254, 40.9%), A. schaalii (252, 40.6%), and 
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Table 3 Positive Detection Rates of Organisms in Catheter-Collected and Midstream Voided Urine 
Specimens in Female Subjects, Using (≥ 10,000 Cells/mL for Bacteria or Any Detection Level for Yeast)

Female Subjects Only Catheter  
(n = 621) and Matched Midstream 
Voided (n = 621)

≥ 10,000 cells/mL in Catheter and Midstream Voided for 
Bacteria or Any Detection Level for Yeast Positive Detection 

Case Number (%)

Midstream Voided Catheter p value

Overall 543(87.4) 498(80.2) 0.0005

Polymicrobial infections 407(65.5) 301(48.5) <0.0001

Monomicrobial detections 136(21.9) 197(31.7) 0.0001

CLASSICAL Escherichia coli 278(44.8) 217(34.9) 0.0004

Enterococcus faecalis 131(21.1) 137(22.1) 0.68

Klebsiella pneumoniae 80(12.9) 89(14.3) 0.46

Proteus mirabilis 33(5.3) 71(11.4) 0.0001

Enterobacter Group 32(5.2) 21(3.4) 0.12

Enterococcus faecium 22(3.5) 17(2.7) 0.42

Klebsiella oxytoca 21(3.4) 19(3.1) 0.75

Streptococcus agalactiae 20(3.2) 12(1.9) 0.15

Pseudomonas aeruginosa 19(3.1) 59(9.5) <0.0001

Citrobacter freundii 13(2.1) 20(3.2) 0.22

Morganella morganii 10(1.6) 16(2.6) 0.23

Staphylococcus aureus 6(1) 11(1.8) 0.22

Citrobacter koseri 3(0.5) 1(0.2) 0.32

Serratia marcescens 1(0.2) 9(1.4) 0.01

Pantoea agglomerans 1(0.2) 0(0) 0.32

Providencia stuartii 0(0) 6(1) 0.01

EMERGING Aerococcus urinae 254(40.9) 126(20.3) <0.0001

Actinotignum schaalii 252(40.6) 150(24.2) <0.0001

Gardnerella vaginalis 50(8.1) 15(2.4) <0.0001

Alloscardovia omnicolens 29(4.7) 15(2.4) 0.03

Corynebacterium riegelii 22(3.5) 2(0.3) <0.0001

Ureaplasma urealyticum 13(2.1) 4(0.6) 0.03

Mycoplasma hominis 7(0.7) 1(0.1) 0.03

Acinetobacter baumannii 1(0.2) 2(0.3) 0.56

Viridans Group Strep. 176(28.3) 75(12.1) <0.0001

Coagulase Negative Staph. 
Group

31(5) 13(2.1) 0.006

(Continued)
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G. vaginalis (50, 8.1%). These emerging uropathogens were detected more frequently in the midstream voided specimens 
than in the catheter-collected specimens (Table 3).

Positive Rates of Top-Detected Organisms in Catheter-Collected and Matched 
Midstream Voided Urine Specimens in Male Subjects (n = 379 in Each Group)
In contrast to the results for female subjects, in males, lower percentages of microbe-positive specimens were observed in 
midstream voided vs catheter-collected samples for any microbial detection (72.8% vs 85.5%, p < 0.0001) and for 
polymicrobial detection (36.9% vs 49.9%, p = 0.002) (Table 4 and Supplementary Table 3). In the catheter-collected 
group, C. auris, P. agglomerans, U. urealyticum, and G. vaginalis were not detected, making the total number of detected 
organisms in the catheter-collected group 26. In the midstream voided group, C. auris, S. marcescens, and A. baumannii 
were not detected, making the total number of detected organisms in the midstream voided group 27 (Table 4).

The top 5 classical organisms detected as positive in catheter-collected urine specimens were E. faecalis (122, 
32.2%), E. coli (93, 24.5%), P. aeruginosa (88, 23.2%), K. pneumoniae (48, 12.7%), and S. aureus (36, 9.5%). These 
significantly overlap with the top 5 organisms in midstream voided urine specimens, which were E. coli (90, 23.7%), E. 
faecalis (88, 23.2%), K. pneumoniae (29, 7.7%), P. aeruginosa (27, 7.1%), and Enterobacter group (19, 5.0%). Positive 
rates of these classical uropathogens were higher in catheter-collected urine specimens or similar between the two urine 
collection groups, depending on the organism (Table 4).

For emerging uropathogens, only two were detected in any appreciable amount, and they were the same between the 
catheter-collected and midstream voided urine specimen groups. These organisms are A. schaalii [55 (14.5%) vs 67 
(17.7%), for catheter-collected and midstream voided, respectively, p = 0.24] and A. urinae [30 (7.9%) vs 74 (19.5%), for 
catheter-collected and midstream voided, respectively, p < 0.0001], with A. urinae more often detected in the midstream 
voided urine specimens (Table 4).

Discussion
This study compared the prevalence and cell density of 30 urinary microbes/microbe groups between catheter-collected 
and midstream voided samples, with the goal of determining if certain microbes were only present with any significance 
in voided samples, indicating that they could be contaminants that were not likely causative of UTIs.

A rigorous matching process between midstream voided and catheterized subject specimens was employed in order to 
minimize confounding factors and allow for a comparative analysis of prevalence and cell density between collection 
methods. Given that catheter-based specimen collection is less common, we matched each available subject with a 
catheter-collected specimen to a subject with a midstream voided specimen, based on ICD-10-CM codes, age, and sex. 
Out of all the successfully matched cases, 62.1% were female, which aligns with the clinical observation that females are 
more prone to UTIs compared to males.29,30

Table 3 (Continued). 

Female Subjects Only Catheter  
(n = 621) and Matched Midstream 
Voided (n = 621)

≥ 10,000 cells/mL in Catheter and Midstream Voided for 
Bacteria or Any Detection Level for Yeast Positive Detection 

Case Number (%)

Midstream Voided Catheter p value

YEASTS Candida albicans 18(2.9) 35(5.6) 0.02

Candida glabrata 15(2.4) 20(3.2) 0.39

Candida parapsilosis 1(0.2) 2(0.3) 0.56

Candida auris 0(0) 0(0) NA

Note: Bold text indicates p < 0.05.
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Table 4 Positive Detection Rates of Organisms in Catheter-Collected and Midstream Voided Urine Specimens in Male Subjects, Using 
(≥ 10,000 Cells/mL for Bacteria or Any Detection Level for Yeast)

Male Subjects Only Catheter (n = 379) and Matched 
Midstream Voided (n = 379)

≥ 10,000 cells/mL in Catheter and Midstream Voided for Bacteria or Any Detection 
Level for Yeast Positive Detection Case Number (%)

Midstream Voided Catheter p value

Overall 276(72.8) 324(85.5) <0.0001

Polymicrobial infections 140(36.9) 189(49.9) 0.002

Monomicrobial detections 136(35.9) 135(35.6) 0.4

CLASSICAL Escherichia coli 90(23.7) 93(24.5) 0.8

Enterococcus faecalis 88(23.2) 122(32.2) 0.006

Klebsiella pneumoniae 29(7.7) 48(12.7) 0.022

Pseudomonas aeruginosa 27(7.1) 88(23.2) <0.0001

Enterobacter Group 19(5) 20(5.3) 0.87

Proteus mirabilis 17(4.5) 27(7.1) 0.12

Staphylococcus aureus 11(2.9) 36(9.5) 0.0002

Klebsiella oxytoca 10(2.6) 12(3.2) 0.67

Streptococcus agalactiae 9(2.4) 1(0.3) 0.01

Enterococcus faecium 7(1.8) 9(2.4) 0.61

Morganella morganii 6(1.6) 16(4.2) 0.032

Citrobacter freundii 5(1.3) 7(1.8) 0.56

Citrobacter koseri 4(1.1) 3(0.8) 0.7

Providencia stuartii 1(0.3) 4(1.1) 0.18

Pantoea agglomerans 1(0.3) 0(0) 0.32

Serratia marcescens 0(0) 10(2.6) 0.001

EMERGING Aerococcus urinae 74(19.5) 30(7.9) <0.0001

Actinotignum schaalii 67(17.7) 55(14.5) 0.24

Corynebacterium riegelii 6(1.6) 1(0.3) 0.058

Gardnerella vaginalis 4(1.1) 0(0) 0.04

Ureaplasma urealyticum 4(1.1) 0(0) 0.04

Alloscardovia omnicolens 1(0.3) 1(0.3) 1

Mycoplasma hominis 1(0.3) 1(0.3) 1

Acinetobacter baumannii 0(0) 2(0.5) 0.16

Coagulase Negative Staph. Group 34(9) 38(10) 0.62

Viridans Group Strep. 24(6.3) 17(4.5) 0.26

YEASTS Candida albicans 9(2.4) 30(7.9) 0.0006

Candida glabrata 5(1.3) 9(2.4) 0.28

Candida parapsilosis 4(1.1) 9(2.4) 0.16

Candida auris 0(0) 0(0) NA

Note: Bold text indicates p < 0.05.
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The data show that the two collection types were largely similar for both the prevalence and cell density of almost all 
microbes tested. Even with some differences, the vast majority of microbes had a higher prevalence in catheter-collected 
specimens than would be expected for microbes considered to be contaminants due to voiding. This is an important factor 
in understanding the value of detecting emerging and non-E. coli microbes with different diagnostic tests, including 
advanced technologies such as M-PCR. This finding indicates that all organisms detected in midstream voided urine 
specimens should be reconsidered as potential uropathogens when detected in the urine of patients with symptoms 
suggestive of UTI, rather than being presumed to be contaminants. Additionally, it supports the usefulness of the 
midstream voided urine collection method, which is the simplest and least invasive collection method and is commonly 
utilized in busy clinical settings.

All classical organisms were detected in both the midstream voided and catheter-collected specimens. For female 
subjects, both urine collection methods consistently detected commonly observed classical organisms, including E. coli, 
E. faecalis, K. pneumoniae, and P. mirabilis. Comparable densities were found among E. coli, K. pneumoniae, P. 
mirabilis, and P. aeruginosa. Similarly, in male subjects, E. coli, E. faecalis, K. pneumoniae, and P. aeruginosa were 
consistently detected in specimens from both collection methods. Comparable densities were found for E. coli, K. 
pneumoniae, Enterobacter group, and S. aureus. These findings highlight the convergence between the two collection 
methods regarding classical organism detection and density, indicating that these organisms are present directly in the 
bladder at high density and are not an artifact of voiding.

All emerging organisms targeted by the M-PCR assay were identified in both midstream voided and catheter- 
collected specimens. Among the frequently detected emerging organisms, A. schaalii and A. urinae were consistently 
identified as the predominant findings in both male and female subjects, regardless of the urine collection method 
utilized. This consistent identification of these two emerging uropathogens as the most prevalent organisms detected 
highlights their significant clinical importance. In yeast detection, three out of the four yeast organisms were detected in 
both midstream voided and catheter-collected methods with C. albicans and C. glabrata being the most frequently 
detected yeast species in both males and females. Notably, C. glabrata demonstrated similar densities and detection rates 
across both collection methods.

Some sex-based distinctions were found in prevalence and cell density. E. coli were more frequently identified in 
midstream voided urine samples in females, and the emerging uropathogens were more frequently identified in mid
stream voided for both males and females. The cell density of E. coli (in females only), A. schaalii, and A. urinae (in both 
males and females), however, were significantly lower in midstream voided samples compared to catheter-collected 
samples. K. pneumoniae had a higher detection rate in catheter-collected specimens from both males and females, but a 
higher average cell density in midstream voided specimens from females. In males, E. faecalis and P. aeruginosa 
exhibited a higher detection frequency and density in catheter-collected specimens than in midstream voided specimens. 
These microbes may be more prevalent in the catheterized population, or the catheter collection method may be more 
effective in capturing these organisms.11 In female subjects, P. mirabilis showed a higher detection rate in catheter- 
collected specimens, with similar densities between the collection methods.

G. vaginalis, VGS and CoNS, traditionally regarded as skin contaminants, displayed intriguing detection patterns in 
urine samples.11 Notably, G. vaginalis was present at densities ≥ 10,000 cells/mL in both midstream voided urine and 
catheter-collected samples in female subjects only, suggesting more clinical relevance in that group. However, the 
densities of G. vaginalis were higher in midstream voided samples in women supporting the notion that there is a skin 
niche for that organism. In male patients, while densities of G. vaginalis were below 10,000 cells/mL, there were similar 
densities between collection types. On the other hand, VGS and CoNS were detected at densities ≥ 10,000 cells/mL in 
both males’ and females’ urine, regardless of specimen type. The densities of VGS and CoNS in catheter-collected urine 
specimens were comparable to or higher than those found in midstream voided urine samples from both female and male 
subjects. These findings challenge the conventional belief that VGS and CoNS are merely contaminants, suggesting that 
they could act as colonizers or pathogenic organisms in the urinary tract. Consequently, identifying these organisms in 
either catheter-collected or midstream voided urine samples does not necessarily indicate contamination of the urine, 
emphasizing the necessity for further investigation into their clinical significance and implications in the diagnosis and 
treatment of urinary tract infections. Polymicrobial infections were frequently found in catheterized samples, indicating 
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that they are not a result of contamination by voiding, and instead are relevant to diagnosing and managing UTIs. The 
incidence of polymicrobial detection, characterized by the identification of two or more organisms in the urine sample, 
was higher in midstream voided urine samples compared to catheter-collected specimens (65.5% vs 48.5%, respectively) 
for females, but lower for males (36.9% vs 49.9%, respectively). So, in both sexes, the fraction of all catheter-collected 
specimens that were polymicrobial was very high compared to traditional thought that presumed voiding is the cause of 
detecting polymicrobial infections.

The main limitation of this study was that the urine specimens were not collected by both methods from the same 
subjects. Instead, the two collection method cohorts consisted of specimens collected from subjects matched in age, sex, 
and ICD-10-CM codes. The two groups of subjects were not able to be matched by other clinical factors such as 
symptom severity, comorbidities, other clinical details of the UTI, and prior antibiotic usage. A future study comparing 
urine specimens which are collected by both in-and-out catheterization and midstream voided methods from the same 
subject may provide further clarity on potential similarities and differences in microbial detection and density between 
these 2 collection methods. Additionally, this study was focused on the population 60 years of age and older, which may 
limit the applicability of these findings to younger patients. However, since older populations are at a higher risk of 
adverse events from UTIs, these findings will be useful in managing UTIs in this high-risk group.

The strength of this study was the large sample size of 1000 subjects in each group, enhancing the statistical 
robustness of the findings. Samples were collected from patients in an urgent care setting diagnosed with elevated risk or 
complicated UTI, which is an important group for accurate diagnosis and management of UTIs to prevent serious adverse 
outcomes.

Conclusions
In this study of 2000 catheter and midstream voided urine specimens from matched patients symptomatic for UTI, we 
found that most of the 30 uropathogens (classical, emerging, yeasts, or traditionally regarded as contaminants) were 
detected in both urine specimen types, with similar detection frequencies and densities. There were a few sex-based 
differences in microbes detected and densities between the catheter-collected and midstream voided urine specimens. 
Overall, in-and-out catheter-collected and midstream voided urine specimens shared significant similarities in microbes 
detected by M-PCR, indicating that M-PCR identification of organisms in midstream voided urine specimens is largely 
representative of the bladder microbiome of these subjects. Therefore, non-invasive midstream voided collection of urine 
specimens is appropriate for microbial detection and identification in cases of presumed UTI and does not result in 
significantly more contamination compared to in-and-out catheter-collected specimens. Additionally, organisms long 
regarded as contaminants including Viridans Group streptococci (VGS) and coagulase-negative staphylococci (CoNS) 
should be reconsidered as potential uropathogens when detected in the urine of patients with symptoms suggestive 
of UTI.

Abbreviations
CFU, colony forming unit; CoNS, coagulase-negative Staphylococcus; P-AST, pooled-antibiotic susceptibility testing; 
M-PCR, multiplex-polymerase chain reaction; SUC, standard urine culture; UTI, urinary tract infection; VGS, Viridans 
group streptococcus.
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