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Abstract

Background: Multiplex polymerase chain reaction (M-PCR) has increased sensitiv-
ity for microbial detection compared with standard urine culture (SUC) in cases
diagnosed as urinary tract infections (UTIs), leading to questions whether detected
microbes are likely causative of UTIs or are incidental findings.

Objective: To compare infection-associated biomarker levels against M-PCR and
SUC results in symptomatic cases with a presumptive diagnosis of a UTI by a
urologist.

Design, setting, and participants: Participants were >60 yr old and presented to urol-
ogy clinics between January and April 2023 with symptoms of UTIs (n = 583). Urine
microbial detection was by M-PCR and SUC. Three infection-associated biomarkers
(neutrophil gelatinase-associated lipocalin, interleukin-8, and interleukin-1B) were
measured by enzyme-linked immunosorbent assay. Symptomatic cases with ele-
vated biomarkers, detection of uropathogens, and a specialist clinical diagnosis of
a UTI were considered definitive UTI cases.

Outcome measurements and statistical analysis: Distributions were compared using
two-sample Wilcoxon rank sum test, with two-tailed p values of <0.05 considered
statistically significant.

Results and limitations: In cases with M-PCR-positive/SUC-negative results (n = 80),
all median biomarker levels were significantly higher (p < 0.0001) than in cases
with M-PCR-negative/SUC-negative results (n = 107). Two or more biomarkers
were positive in 76% of M-PCR-positive/SUC-negative specimens. Limitation was
an inability to examine associations between each individual organism and
inflammation.

Conclusions: A significant number of M-PCR-positive/SUC-negative cases had ele-
vated levels of infection-related urinary biomarkers, especially when infection
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was caused by organisms other than Escherichia coli. This is a strong indication that
microbes detected by M-PCR, which would be missed by SUC, are associated with

UTlIs.

Patient summary: We compared infection-associated biomarkers in patients diag-
nosed with urinary tract infections (UTIs) against the detection of microorganisms
by standard urine culture (SUC) and multiplex polymerase chain reaction (M-PCR).
We found that most patients with microorganisms detected by M-PCR, which were
missed by SUC, had elevated markers of inflammation, indicating that these organ-
isms were likely causative of UTIs.

© 2023 Cap Diagnostics LLC d/b/a Pathnostics. Published by Elsevier B.V. on behalf of

European Association of Urology. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Urinary tract infections (UTIs) are a global health care bur-
den. In 2018, complicated UTIs (cUTIs) led to >600 000 hos-
pitalizations in the USA, costing an average of $70 063 per
hospitalization (excluding catheter-associated UTI cases)
[1]. Treating UTIs is a significant reason for outpatient
antibiotic prescriptions [2], with most infections treated
empirically, increasing the risk of over and ineffective use
of antibiotics.

The current UTI diagnostic, standard urine culture (SUC),
favors the cultivation of easy-to-grow Gram-negative
microbes such as Escherichia coli. However, this method is
less favorable for the growth of non-E. coli microorganisms
and is completely inadequate for the growth of fastidious
microbes, which are increasingly being recognized as com-
mon uropathogens [3,4]. Additionally, the SUC method is
significantly less likely to identify polymicrobial infections
[5,6].

In previous studies, multiplex polymerase chain reaction
(M-PCR) has demonstrated superiority at detecting non-
E. coli and/or multiple microorganisms present in the urine
specimens of patients while delivering a faster turnaround
time for results than SUC [5-9]. Further evidence of the clin-
ical utility of M-PCR testing in cUTI management comes
from a recent study demonstrating improved patient out-
comes [10].

This study correlates the detection of microbes by M-PCR
and SUC with cases with elevated levels of infection-
associated urine biomarkers in individuals diagnosed to
have UTIs in a urology setting. The goal was to determine
whether M-PCR is over-reporting microbes in cases that
are not UTIs or whether SUC is under-reporting microbes
in cases that are clearly UTIs. Recent publications have
focused on several promising biomarkers including neu-
trophil gelatinase-associated lipocalin (NGAL), interleukin
(IL)-8, and IL-1B [11,12]. These urinary biomarkers were
included here because of their demonstrated positive corre-
lation with active UTIs [13-17].

2. Patients and methods
2.1. Study design

This study compared biomarker levels in symptomatic patients with and
without microorganisms detected in their urine by SUC and M-PCR. The
purpose was to determine whether organisms detected by M-PCR

represent active UTIs as defined by having elevated biomarker levels in
the urine of these presumptive UTI cases, in order to address the concern
that M-PCR testing may result in overdiagnosis.

The cohort consisted of 583 individuals aged 60 yr and older who
presented at urology clinics in 39 US states. All participants were
assigned ICD-10-CM codes in the urology specialty setting based on
the clinical presentation of the patient. Only specimens sent for UTI diag-
nostic testing with ICD-10-CM codes for either UTIs or UTI-related con-
ditions were selected for this study. Specimens were included from
consecutive eligible patients and collected between January 17, 2023
and April 24, 2023.

Each deidentified urine sample was assigned a repository label asso-
ciated with a record of the participant’s age, sex, and ICD-10-CM code(s),
and stored in a biorepository for evaluation at Pathnostics’ (Irvine, CA,
USA) clinical laboratory. The Western Institutional Review Board
deemed this remnant sample study to be exempt under 45 CFR §
46.104(d)(4) as the information was used in a manner that the identity
of the participant could not be readily ascertained directly or through
identifiers linked to the participants, the participant was not contacted,
and the investigator did not reidentify the participants. Urine samples
from any previous institutional review board-approved clinical trials
where the patient specifically opted out from research use of their rem-
nant samples and corresponding deidentified data were excluded. Upon
receipt at the testing laboratory (Pathnostics), each urine specimen was
processed for microbial identification by M-PCR and SUC, and for a bio-
marker analysis by enzyme-linked immunosorbent assay (ELISA).

2.2. Specimen testing

2.2.1. Enzyme-linked immunosorbent assay

The biomarker analysis was performed using ELISA kits purchased from
R&D Systems/Bio-Techne (Minneapolis, MN, USA), including human
Lipocalin-2/NGAL Quantikine ELISA Kit (Catalog number SLCN20),
human IL-8/CXCL8 Quantikine ELISA Kit (Catalog number S8000C), and
human IL-1B/IL-1F2 Quantikine ELISA kit (Catalog number SLB50), as
per the manufacturer’s instructions. Biomarker “positivity” was deter-
mined using thresholds presented previously in the literature (NGAL
>38.0 ng/ml, IL-8 >20.6 pg/ml, and IL-1B >12.4 pg/ml) [18,19]. For this
analysis, “consensus” was defined as two or more biomarkers meeting
the positivity threshold.

2.2.2. Standard urine culture
The testing was performed as described previously [5].

2.2.3. M-PCR and pooled antibiotic susceptibility testing

The M-PCR/pooled antibiotic susceptibility testing (P-AST) assay (Guid-
ance UTI; Pathnostics) was performed as described previously [5,6,8].
This study did not analyze results from the P-AST portion of the test.
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2.3. Statistical analysis

Analyses were performed according to two microbial density thresholds
of positivity (10 000 cells/ml by M-PCR or colony forming units (CFUs)/
ml by SUC, and 100 000 cells/ml or CFUs/ml). The 100 000 cells/ml or
CFUs/ml threshold is traditionally considered diagnostically significant
in the USA; however, clinical reviews and guidelines in addition to our
data [20,21] have suggested a lower microbial density threshold of
10 000 cells/ml or CFUs/ml is clinically relevant [22,23]. Participant
demographics and ICD-10-CM diagnostic code breakdown were
described by summary statistics (eg, mean and standard deviation for
continuous variables such as age and count, and percentage for categor-
ical variables such as sex and ICD-10-CM codes). The distribution of all
organisms detected by M-PCR and SUC was provided with count and
percentage listed. Summary statistics (n, mean, and median) of biomar-
ker results for M-PCR and SUC were compared between different groups.
Summary statistics (n, mean, and median) of the polymicrobial infection
status as detected by M-PCR (Guidance® UTI) were also provided. All
hypothesis tests were two sided, and p < 0.05 was considered statisti-
cally significant. All data analyses were performed using R version
4.2.2 (R Foundation for Statistical Analysis, Vienna, Austria; https://
www.r-project.org/). For the microbial density >100 000 CFUs/ml
detected by the SUC category, the n was too small for statistical
comparison.

3. Results

3.1. Participant demographics and ICD-10-CM codes

The cohort consisted of 583 unique patients, predominantly
female (68.3%, n = 398), whose ages ranged from 60.0 to
99.7 yr, with a mean of 76.6 yr (standard deviation = 8.87)
and a median of 76.3 yr of age (Supplementary Table 1).
The most prevalent ICD-10-CM code was N39.0 for “UTI,
site not specified” (n = 534, 81.8%; Supplementary Table 2).

3.2 Bacterial and yeast identification by M-PCR and SUC

M-PCR identified 883 microorganisms in the 583 speci-
mens, indicating that many specimens (40%, n = 231) con-
tained two or more microorganisms (polymicrobial;
Supplementary Table 3). E. coli was detected in 188 speci-
mens (32%) and non-E. coli microorganisms were detected
in 221 specimens (38%). SUC identified 496 microorganisms
in the 583 specimens (Supplementary Table 3). It detected
E. coli in 160 specimens (27%) and non-E. coli microorgan-
isms in 171 specimens (29%).

33. Biomarker levels correlate with microbial detection

Results of microbial detection were categorized into four
groups: M-PCR-positive/SUC-negative (n = 86), M-PCR-
negative/SUC-positive (n = 26), M-PCR-positive/SUC-
positive (n = 351), and M-PCR-negative/SUC-negative
(n = 120). Specimens with M-PCR negative/SUC negative
results were considered negative for UTIs. NGAL, IL-8, and
IL-1B biomarker levels in specimens with microbial densi-
ties of >10 000 cells/ml and >100 000 cells/ml were com-
pared with microbe-negative specimens (Fig. 1).
Biomarker results were further stratified into groups by
microbes identified (E. coli, non-E. coli, and polymicrobial)

to evaluate their impact on biomarker levels (Fig. 2-4,
respectively).

M-PCR-positive/SUC-positive cases at microbial density
thresholds of >10 000 cells/ml (n = 351) or >100 000
cells/ml (n = 244) had significantly elevated levels of all
three biomarkers compared with M-PCR-negative/SUC-ne
gative cases (p < 0.0001; Fig. 1 and Supplementary Table 4).
At both >10 000 cells/ml and >100 000 cells/ml, M-PCR-
positive/SUC-negative cases (n =86 and n = 52, respectively)
also had significantly elevated levels of all three biomarkers
(p < 0.005). However, biomarker levels in M-PCR-negative/
SUC-positive cases (n = 26) at a microbial density of
>10 000 cells/ml were elevated significantly for IL-8
(p=0.006) and IL-1B (p = 0.021), but not for NGAL (p = 0.15).

33.1. E. coli detection

Cases in which E. coli was detected by both SUC and M-PCR
at >10 000 cells/ml (n = 157) or >100 000 cells/ml (n = 122;
Fig. 2 and Supplementary Table 5) had significantly elevated
levels of all three biomarkers (p < 0.0001), as well as cases in
which M-PCR was positive and SUC was negative (n = 21
and n = 15, at 10 000 and 100 000 density thresholds,
respectively, p < 0.005). Only three cases occurred in which
SUC was positive for E. coli and M-PCR was negative, which
had statistical significance only for the elevation of IL-8
(p = 0.035), and only one was observed when using the
100 000 cells/ml microbial density threshold.

3.3.2. Detection of non-E. coli microbes

Cases in which non-E. coli microorganisms were detected
by both SUC and M-PCR at >10 000 cells/ml or CFUs/ml
(n=172) or >100 000 cells/ml (n = 104; Fig. 3 and Supple-
mentary Table 6) had significantly elevated levels of all
three biomarkers (p < 0.0001). Cases in which M-PCR was
positive and SUC was negative (n = 65 and n = 37, at
>10 000 and >100 000 cells/ml, respectively) also had sig-
nificantly elevated levels of all three biomarkers
(p < 0.0001). However, biomarker levels in M-PCR-nega
tive/SUC-positive cases (n = 23) at a microbial density of
>10 000 cells/ml were significantly elevated for IL-8
(p = 0.026) and IL-1B (p = 0.018) only, but not for NGAL
(p = 0.366).

3.33. Detection of polymicrobial cases

Polymicrobial cases, those in which M-PCR detected two or
more microorganisms at >10 000 cells/ml (n = 231), also
had significantly elevated levels of all three biomarkers
(p < 0.0001) compared with cases in which no microorgan-
isms were detected by either SUC or M-PCR (n = 120; Fig. 4
and Supplementary Table 7).

34. M-PCR detects more biomarker-positive UTIs than SUC

In a previous study (paper submitted), we discovered that of
the three infection-associated biomarkers, IL-8 had the high-
est sensitivity (91.2%) and IL-1B had the highest specificity
(96.9%) for UTIs. Biomarker consensus, in which two or more
biomarkers were positive, provided an ideal balance of sensi-
tivity (84.0%) and specificity (91.2%). We examined biomarker
percent positivity rates between M-PCR-positive/SUC-nega
tive and M-PCR-negative/SUC-positive cases at a microbial
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Fig. 1 - Box plots of biomarker levels with microbial detection by standard urine culture (SUC) and multiplex polymerase chain reaction (M-PCR). Detection
method: Microbial density categories are along the x axis. Individual biomarker values measured by enzyme-linked immunosorbent assay are plotted along
the y axis as open blue circles. Boxes extend from the first to the third quartiles, with whiskers extending to the minimum and maximum values. Within each
plot, a solid red line indicates the median value and a red “+” indicates the mean. A dotted line represents the positivity threshold for each biomarker
(neutrophil gelatinase-associated lipocalin [NGAL] 238.0 ng/ml, interleukin 8 [IL-8] 220.6 pg/ml, and interleukin 1 beta [IL-1p] 212.4 pg/ml).
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Fig. 2 - Box plots of biomarker levels with microbial detection of E. coli cases by SUC and M-PCR. Detection method: Microbial density categories are along the
x axis. Individual biomarker values measured by ELISA are plotted along the y axis as open blue circles. Boxes extend from the first to the third quartiles, with
whiskers extending to the minimum and maximum values. Within each plot, a solid red line indicates the median value and a red “+” indicates the mean. A
dotted line represents the positivity threshold for each biomarker (NGAL 238.0 ng/ml, IL-8 220.6 pg/ml, and IL-1p 212.4 pg/ml). ELISA = enzyme-linked
immunosorbent assay; IL-1p = interleukin 1 beta; IL-8 = interleukin 8; M-PCR = multiplex polymerase chain reaction; NGAL = neutrophil gelatinase-associated

lipocalin; SUC = standard urine culture.

density threshold of >10 000 cells/ml in the symptomatic
patient study group of 583 individuals, and stratified biomar-
ker results by the presence or absence of detectable E. coli and
by the presence of polymicrobial infection, regardless of
microbial species (Fig. 5).

Of all 86 M-PCR-positive/SUC-negative specimens, 76%
overall and 77% with non-E. coli microorganisms had two
or more positive biomarkers. In contrast, for all 23 M-PC
R-negative/SUC-positive specimens, 62% overall and 57%
with non-E. coli microorganisms had two or more positive
biomarkers (Fig. 5). For cases in which E. coli was detected,
71% (15/21) of M-PCR-positive/SUC-negative specimens

had two or more positive biomarkers. Although there were
only three M-PCR-negative/SUC-positive specimens with
E. coli identified, these all met the criteria for consensus bio-
marker positivity (Fig. 5).

4. Discussion

The development of accurate and rapid diagnostic testing
presents an opportunity to improve antibiotic stewardship
and reduce health care costs by optimizing directed treat-
ment and reducing empiric antibiotic use [24,25]. Previous
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retrospective studies have demonstrated that approxi-
mately $64 239 in health care expenditures is averted when
a single patient avoids hospitalization and/or emergency
department visits for a UTI [26], and that the use of M-
PCR/P-AST testing to guide management of UTIs was associ-
ated with a 13.7% decrease in hospital admissions and/or
emergency department utilization when compared with
the use of SUC testing (p = 0.003) [9]. Additionally, among
Medicare enrollees, the average total 1-yr UTI-related cost
was reportedly $501.85 (95% confidence interval: $79.87,
$562.08; p = 0.004) lower per patient managed using M-
PCR/P-AST versus SUC ($629.55 vs $1131.39), due to lower

utilization of hospital, emergency department care, and
urgent care [27]. This conclusion was further supported by
a recent prospective study that followed 577 symptomatic
adults (n = 207 males and n = 370 females) presenting to
urology/urogynecology clinics and diagnosed with a cUTI
and/or recurrent UTI using either M-PCR/P-AST or SUC.
After patient matching for confounding factors including
age and sex, the M-PCR/P-AST arm was shown to have
reduced empirical treatment use (p < 0.0001), lower com-
posite negative events (p = 0.018), and fewer individual neg-
ative outcomes of UTI-related medical provider visits and
UTI-related visits for hospitalization/urgent care center/
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emergency room (p < 0.05) compared with the SUC arm
[28].

M-PCR has previously been demonstrated to be more
sensitive than SUC, to provide faster results, and to result
in better patient outcomes [5,6,10]. To answer the question
of whether M-PCR testing results in a large number of false
positives or whether SUC was underdiagnosing a significant
number of UTIs, we evaluated M-PCR and SUC results with
levels of three infection-associated biomarkers (NGAL, IL-8,
and IL-1B) in the urine of symptomatic patients with a pre-
sumptive diagnosis of a UTI from a urology/urogynecology
specialty setting. We compared the biomarker levels among
specimens with no microorganisms detected by either M-
PCR or SUC, with specimens that were M-PCR-positive/
SUC-negative, M-PCR-negative/SUC-positive, and M-PCR-
positive/SUC-positive. We evaluated two thresholds of
microbe positivity: 100 000 cells/ml or CFUs/ml, which is
traditionally considered diagnostically significant for UTIs
in the USA, and 10 000 cells/ml or CFUs/ml, which has been
suggested as more clinically relevant in recent clinical
reviews and guidelines and in our own studies [20,22,23].
Since M-PCR has previously been demonstrated to be supe-

rior at detecting non-E. coli or polymicrobial infections [5-
9], we further examined cases where E. coli was detected,
non-E. coli organisms were detected, and two or more
microorganisms were detected in the same specimen
(polymicrobial).

We focused our analyses on cases in which the SUC and
M-PCR results were discordant. From the 583 samples
tested, 86 were found to be M-PCR-positive/SUC-negative.
The median biomarker levels were significantly different
for all three biomarkers in this group compared with nega-
tive (no infectious organisms detected). Only 26 samples
were M-PCR-negative/SUC-positive, and biomarker results
were not statistically different from negative, although
these were somewhat higher than those of cases that were
negative by both tests. Interestingly, the M-PCR-negative/
SUC-positive scenario almost exclusively occurred when a
threshold of >10 000 cells/ml by M-PCR or CFUs/ml by
SUC was used and may have been reported as “negative”
by SUC according to the current standard practices for the
USA, which typically use a threshold of >100 000 CFUs/ml.

Across all M-PCR-positive/SUC-negative specimens and
in those with non-E. coli organisms, the median level of
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all three biomarkers (NGAL, IL-8, and IL-1B) was signifi-
cantly higher (p < 0.0001) than in cases in which both M-
PCR and SUC were negative, with >75% of positive cases
achieving biomarker consensus positivity. M-PCR-posi
tive/SUC-negative specimens with E. coli identified also
exhibited elevated median biomarker levels (p < 0.005)
compared with dual-negative specimens. M-PCR-negative/
SUC-positive specimens had median levels of IL-8 and IL-
1B significantly elevated (p < 0.05), but these did not exhibit
elevated median NGAL levels (p > 0.05). This is a strong indi-
cation that in cases of disagreement, M-PCR is a more reli-
able indicator of infection, as indicated by universally
elevated median biomarker levels and high biomarker per-
cent positivity.

Historically, E. coli has been considered the primary
cause of UTIs and was the most frequently detected micro-
bial species by both SUC (n = 160) and M-PCR (n = 188) in
our study [3]. However, SUC, which is optimized for the
detection of nonfastidious Gram-negative uropathogens
such as E. coli, still missed many E. coli cases (12%, n = 21),
which were detected by M-PCR and had elevated biomarker
levels. SUC also failed to detect a significant number of non-
E. coli organisms routinely identified by M-PCR. Fastidious
organisms, including Aerococcus urinae and Actinotignum
schaalii, are being increasingly recognized as uropathogens
that may cause or complicate UTIs, especially in high-risk,
hospitalized, or elderly patients [29-33]. In this study, both
A. urinae and A. schaalii were among the top five most preva-
lent organisms identified by M-PCR (n = 116 and n = 118,
respectively; Supplementary Table 3). Failure to identify
these organisms can result in many UTIs going untreated
based on negative culture results, potentially prolonging
symptoms in patients and resulting in complications, such
as urosepsis, in high-risk patients.

In addition, polymicrobial infections are typically either
misidentified as monomicrobial, when a single organism
dominates SUC, or dismissed as “contaminated samples,”
when multiple organisms grow in SUC. Of the 583 speci-
mens in this study, 40% (n = 231) had polymicrobial infec-
tions with two or more organisms detected at >10 000
cellsiml by M-PCR, and the median biomarker levels in
the polymicrobial specimens were significantly elevated
(p < 0.0001), with 77% achieving biomarker consensus pos-
itivity. This indicates that many patients symptomatic for
UTIs and tested using SUC may have a polymicrobial infec-
tion that is either dismissed as contamination or misdiag-
nosed as a monomicrobial infection, potentially resulting
in suboptimal treatment.

The unique strength of this study was the direct compar-
ison of microbial identity and density results of the same
urine specimen using both the current standard of care,
SUC, and a novel molecular method, M-PCR, at two micro-
bial density thresholds (10 000 and 100 000 cells/ml or
CFUs/ml) combined with the measures of the immune
response according to the biomarkers NGAL, IL-8, and IL-
1B. This approach allowed us to directly associate the
presence and density of microorganisms with infection-
associated immune responses in the urinary tract of each
patient to make comparisons between detection methods.
The use of a large study population recruited through urol-

ogy offices across 39 states in the continental USA further
strengthened the study.

Despite the large study group size, the number of speci-
mens containing specific individual microorganisms pre-
cluded the ability to delve into the correlation between
specific microorganisms and infection-related biomarkers.
Additional future studies in this area will provide further
insights for the diagnosis of UTIs. Another limitation inher-
ent to the use of biobanked urine specimens in this study
was the unavailability of detailed clinical presentation/
symptoms, treatment, and clinical outcome records. We
have recently published a study demonstrating improved
clinical outcomes with the use of the M-PCR/P-AST assay,
although this study did not examine biomarker levels
[34]. A future study will compare infection-associated
biomarkers in conjunction with symptom, treatment, and
clinical outcome data between M-PCR/P-AST and SUC.

The evidence provided by this study that microorgan-
isms detected by M-PCR correlate with the biomarkers of
infection counters the concern that M-PCR overdiagnoses
UTlIs.

5. Conclusions

Significant debate exists regarding the validity of M-PCR-
positive/SUC-negative case results. The findings of this
study indicate that >75% of M-PCR-positive/SUC-negative
cases are true UTIs, as evidenced by elevated levels of uri-
nary biomarkers in a symptomatic population with a pre-
sumptive UTI diagnosis from a urology setting. Many of
these infections either were caused by organisms other than
E. coli, especially fastidious organisms, or were polymicro-
bial in nature. The low sensitivity of SUC for detecting these
cases, combined with a slower time to results, makes it
important to strongly consider advanced UTI tests that pro-
vide improved results. This study indicates that many
patients with UTI infections are likely being underdiag-
nosed by SUC, especially when the infection is non-
E. coli-based or polymicrobial.
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