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Abstract
Background: Polymerase chain reaction (PCR)–based diagnostics are increasingly used for complicated urinary 
tract infections, offering faster and more sensitive detection of pathogens than conventional culture and sensitiv-
ity methods. This review assessed the clinical validity, utility, and alignment of PCR-based diagnostics with the 
Molecular Diagnostic Services Program’s (MolDX) Medicare coverage and reimbursement criteria.
Methods: A systematic evaluation of real-world evidence, clinical trials, systematic reviews, and meta-analyses 
was conducted to compare the diagnostic accuracy, turnaround times, and clinical impact of PCR-based testing 
with traditional culture methods. Studies assessing sensitivity, specificity, and cost-effectiveness were included.
Results: Findings demonstrate that PCR-based diagnostics substantially enhance diagnostic accuracy and 
reduce time to pathogen identification. Clinical studies indicate that PCR-based methods improve patient out-
comes by expediting appropriate antimicrobial therapy, reducing symptom duration, decreasing complications, 
and shortening hospital stays. In addition, clinical utility studies highlight cost savings and reduced reliance on 
empirical antibiotic use, contributing to antimicrobial stewardship.
Conclusion: Use of PCR-based diagnostics for complicated urinary tract infections offers substantial advantages 
over conventional methods, improving diagnostic efficiency, clinical outcomes, and cost-effectiveness. Evidence 
supports their alignment with MolDX reimbursement criteria, advocating for broader adoption and Medicare cov-
erage of PCR as a robust, cost-effective diagnostic tool in modern health care.
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Introduction
Complicated urinary tract infections (UTIs) are a 
substantial health burden in the United States, partic-
ularly among patients with complex medical profiles 
or comorbid conditions. These infections, often driven 
by multidrug-resistant pathogens, are challenging 
to diagnose and manage effectively, increasing 
health care costs and straining clinical resources.1-3 
Polymerase chain reaction (PCR)–based diagnostic 
tests have emerged as a promising alternative to 
conventional urine culture and sensitivity methods, 
offering faster pathogen identification and simulta-
neous detection of resistance genes, thereby enabling 
more informed selection of antibiotics.1 Despite these 
advantages, obtaining Medicare reimbursement 
through the Molecular Diagnostic Services Program 
(MolDX) for PCR testing for the diagnosis of compli-
cated UTI remains a complex process that requires 
robust evidence.4 This review aimed to assess the 
analytical validity and clinical utility and validity of 
PCR-based testing compared with culture and 
sensitivity methods and to evaluate the alignment 
of current evidence with MolDX criteria for Medicare 
coverage.
The economic impact of complicated UTIs on the 
US health care system is significant: Simmering et 
al3 demonstrated a steady rise in UTI-related hospi-
talizations from 1998 to 2011, with annual costs 
exceeding $2.8 billion. This financial burden is 
further compounded by the protracted hospital stays 
required for patients with complicated UTIs, which 
often arise from limitations in timely and accurate 
pathogen identification using standard urine culture 
methods.1,3 Delays in diagnosis can necessitate the 
use of broad-spectrum antibiotics, ultimately wors-
ening patients’ antimicrobial resistance and esca-
lating costs as a result of extended care and frequent 
readmissions.2,3

In recent studies, PCR-based diagnostics have 
had a notable impact on improving clinical and 
economic outcomes in complicated UTI manage-
ment. For instance, Ko et al5 reported that PCR, 
when combined with antibiotic susceptibility testing, 
significantly reduced health care costs compared with 

culture and sensitivity testing. Their study demon-
strated that patients undergoing PCR diagnos-
tics experienced shorter hospital stays and fewer 
follow-up visits, directly affecting cost-effectiveness 
and patient satisfaction.5 Rapid PCR-based diag-
nostics enable faster, pathogen-specific treatment, 
which could streamline patient care pathways and 
reduce reliance on broad-spectrum antibiotics.1 In 
addition, Korman et al6 reported that multiplex PCR 
testing combined with pooled antibiotic susceptibility 
testing resulted in a reduction in antibiotic resistance 
in patients with symptomatic complicated UTI in 
urology settings, indicating that such testing is valu-
able in the management of these types of infections. 
These findings emphasize PCR’s potential to support 
responsible antibiotic stewardship without exacer-
bating resistance concerns, which addresses a key 
challenge in complicated UTI management.6

Several countries, including the United Kingdom, 
Germany, and Japan, have recognized the clinical 
benefits of PCR diagnostics for complicated UTIs 
in specific contexts, particularly for rapidly identi-
fying pathogens and resistance genes in complex or 
resistant infections. Reimbursement for PCR diag-
nostics in these countries tends to be selective, 
favoring cases in which rapid and precise results 
are critical for patient outcomes, such as in severe, 

KEY POINTS
•	 Clinical validity and enhanced diagnostic accuracy. 

Polymerase chain reaction–based diagnostic testing 
demonstrates superior sensitivity, specificity, and rapidity 
compared with traditional culture and sensitivity methods.

•	 Clinical utility and economic benefits. Evidence high-
lights improved patient management, cost-effectiveness, 
and better health outcomes with PCR-based diagnostics.

•	 Population-specific impact. Data confirm effectiveness 
in older female adults with comorbidities as well as in 
patients with polymicrobial infections. 

•	 Regulatory compliance and validation. This review 
identified 1 PCR panel that meets MolDX requirements 
and is backed by peer-reviewed evidence. 
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PCR, polymerase chain reaction 
UTI, urinary tract infection
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recurrent, or treatment-resistant complicated UTI.1,7 
The United States has been slower in adopting the 
reimbursement of large PCR panels for complicated 
UTI, partly because of the rigorous reimbursement 
criteria set by MolDX. The program requires compre-
hensive evidence of a diagnostic tool’s clinical validity 
and utility for Medicare reimbursement. It specifically 
outlines that a PCR panel must demonstrate high 
sensitivity, specificity, and reproducibility as well as a 
proven impact on clinical outcomes, such as reduced 
symptom duration, fewer hospitalizations, and 
cost-effectiveness (Table 1).4

This review examines the current body of literature 
on PCR-based diagnostics for complicated UTI and 
discusses the extent to which existing studies meet 
MolDX requirements for Medicare reimbursement—
specifically, clinical validity and clinical utility criteria 

(Table 1). Through an analysis of real-world evidence, 
clinical trials, systematic reviews, and meta-analyses, 
this review identifies strengths and gaps in the current 
evidence base and highlights areas where further 
research is needed to fully meet MolDX’s standards 
for coverage.

Real-World Evidence
REAL-WORLD EVIDENCE STUDIES 
SUMMARY
Real-world evidence studies derived from real-world 
data analysis provide critical insights into the useful-
ness of PCR diagnostics over culture and sensi-
tivity testing in managing complicated UTI, especially 

Table 1. MolDX Requirements for Molecular Diagnostic Tests in the Context of Complicated UTI Management: Clinical 
Validity, Utility, and Population-Specific Considerations4

Clinical validity criteria

Analytical validity. The assay must show sensitivity, specificity, and reproducibility.

Accuracy and correlation. The panel must have studies showing that it correctly identifies the pathogens causing UTIs in a clinically relevant population 
in comparison with traditional culture and sensitivity testing.

Clinical utility criteria

Improvement in patient management. Evidence should demonstrate that the test informs or improves clinical decision-making for UTI diagnosis and 
treatment in comparison with traditional culture and sensitivity testing.

Impact on health outcomes. Studies must demonstrate that using the PCR panel for complicated UTI leads to improved patient outcomes, such as 
faster symptom resolution and fewer hospitalizations.

Cost-effectiveness and efficiency. Evidence should show a reduction in unnecessary treatments (antibiotic stewardship), shorter treatment duration, 
and a reduction in the need for follow-up visits and hospitalizations.

Additional considerations

Population-specific data. Because Medicare primarily covers older adults (ie, people 65 years of age and older), clinical utility studies specific to the 
Medicare population (older patients with comorbidities) are favored.

Regulatory compliance. The UTI panel must comply with US Food and Drug Administration or Clinical Laboratory Improvement Amendments standards 
as appropriate for laboratory-developed tests or assays approved by the US Food and Drug Administration.

Peer-reviewed evidence. Publications in peer-reviewed medical journals documenting the test’s impact on clinical decision-making and patient 
outcomes are critical to supporting the clinical utility claim.

Abbreviations: MolDX, Molecular Diagnostic Services Program; PCR, polymerase chain reaction; UTI, urinary tract infection.
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regarding clinical decision-making and patient 
outcomes. These studies are essential for evalu-
ating the effectiveness of PCR in routine clinical 
practice, a key MolDX criterion for Medicare reim-
bursement approval. In this review, we analyzed the 
scope, objectives, and findings of relevant real-world 
evidence studies, assessing their alignment with 
MolDX’s analytical and clinical utility standards.
Ko et al5 provided compelling real-world evidence 
supporting the adoption of a novel diagnostic tool 
that combines molecular testing with pooled antibi-
otic susceptibility testing for managing complicated 
UTI. The study demonstrated statistically significant 
reductions in overall health care costs compared with 
traditional culture and sensitivity testing; the mean 
total cost in the PCR-guided cohort was $629.55 vs 
$1131.39 in the culture and sensitivity group. These 
figures represent a statistically significant cost differ-
ence of $501.84 (95% CI, 192.25-709.18; P = .004). 
The cost-effectiveness of molecular diagnostic testing 
is further emphasized by its ability to reduce health 
care expenditures across care settings, including 
outpatient, inpatient, and long-term care facilities.5 
These outcomes were achieved through earlier, more 
targeted therapeutic interventions, minimizing clinical 
reliance on broad-spectrum antibiotics and reducing 
the risk of complications. The diagnostic process 
using PCR also improved clinical management by 
enabling rapid pathogen identification and facilitating 
tailored treatment decisions.
Festa et al8 evaluated the diagnostic performance of 
multiplex PCR in detecting viable microorganisms in 
urine samples from patients with suspected UTIs. The 
study compared microorganism identification using 
multiplex PCR with standard urine culture. Multiplex 
PCR identified 395 organisms, substantially outper-
forming standard urine culture, which detected only 
108 organisms (27.3% of the total identified by PCR; 
P < .0001). Among nonfastidious bacteria, multi-
plex PCR detected 260 organisms, whereas stan-
dard urine culture identified 108 (41.5% of the total 
detected by PCR; P < .0001). Common patho-
gens that standard urine culture frequently missed 
but multiplex PCR identified included Escherichia 
coli (detected in 72.5% of cases by standard 

urine culture), Klebsiella pneumoniae (66.7%), 
Enterococcus faecalis (34.6%), and Enterococcus 
faecium (0%). Standard urine culture failed to detect 
any of the 135 fastidious bacteria identified by multi-
plex PCR (P < .0001). Fastidious bacteria are micro-
organisms that require specific growth conditions and 
may be difficult to cultivate using standard culture 
methods. These findings highlight the superior sensi-
tivity and specificity of multiplex PCR in identifying 
viable pathogens, underscoring its analytical validity 
and potential to enhance targeted antimicrobial 
therapy in UTI management.8

Kapoor et al9 conducted a comprehensive study 
comparing the diagnostic accuracy of PCR testing 
and standard urine culture in managing complicated 
UTI. Their study analyzed data from 3395 patients in 
2022 who underwent simultaneous PCR and stan-
dard urine culture testing. Polymerase chain reaction 
testing demonstrated a significantly higher pathogen 
detection rate, identifying 36.4% more organisms 
than did standard urine culture testing. Moreover, 
PCR was 20 times more effective in detecting organ-
isms responsible for polymicrobial infections and 
nearly 36 times more effective in identifying fastidious 
organisms. Concordance analysis revealed that PCR 
identified 90.6% of the organisms found by standard 
urine culture, but standard urine culture detected only 
40.7% of the organisms identified by PCR. Notably, 
62.4% of the organisms detected by PCR were 
missed by standard urine culture testing, while stan-
dard urine culture testing identified 9.4% of organisms 
not detected by PCR, with all differences being statis-
tically significant (P < .05). These findings strongly 
support the use of PCR to enhance diagnostic accu-
racy, reduce false negatives, and improve treatment 
strategies for patients with complicated UTI involving 
complex or hard-to-culture pathogens.9

Hao et al10 focused on the essential role of PCR, 
especially larger PCR panel sizes, in accurately iden-
tifying polymicrobial infections and fastidious organ-
isms in complicated UTI. This study underscored 
that PCR’s broad detection spectrum is particularly 
valuable for patients with complicated UTI, whose 
infections may involve multiple or atypical patho-
gens that evade detection by standard urine culture. 
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Polymerase chain reaction testing significantly outper-
forms standard urine culture in detecting pathogens 
in complicated UTI, particularly polymicrobial infec-
tions and fastidious organisms. Line-item concor-
dance analysis further demonstrated that PCR 
detected 90.2% of organisms identified by standard 
urine culture, while standard urine culture detected 
only 31.9% of organisms found by PCR (P < .01). In 
addition, polymerase chain reaction testing detected 
more polymicrobial infections and fastidious organ-
isms than standard urine culture (polymicrobial infec-
tions, 46.2% vs 3.6%; fastidious organisms, 31.3% 
vs 0.7%; both P < .01). Organism detection increased 
with expansion in PCR panel size from 5 to 25 organ-
isms (P < .01). The study data show that PCR testing 
significantly improves the overall positivity rate and 
detection of individual organisms, including polymi-
crobial infections and fastidious organisms, with these 
benefits being most pronounced when a PCR panel 
size of 25 or greater is used.10 The authors found 
that, unlike standard urine culture methods, which 
are limited to identifying culturable pathogens, PCR 
provides a more comprehensive diagnostic profile 
by detecting organisms that standard urine culture 
methods often fail to isolate,10 thereby supporting 
analytical and clinical diagnostic validity requirements. 
Haley et al11 conducted a comparative study to 
assess the clinical impact of multiplex PCR combined 
with pooled antibiotic susceptibility testing vs stan-
dard urine culture in managing complicated and 
recurrent UTI. The study included 577 symptom-
atic adults (207 men, 370 women) treated between 
March 2022 and May 2023. Patients diagnosed using 
multiplex PCR/pooled antibiotic susceptibility testing 
(n = 252) experienced significantly reduced rates of 
empirical antibiotic use (28.7% vs 66.7%) compared 
with patients in the standard urine culture group 
(n = 146). In addition, the multiplex PCR/pooled anti-
biotic susceptibility testing arm demonstrated lower 
composite negative outcomes (34.5% vs 46.6%; 
P = .018), including fewer UTI-related medical visits 
and hospitalizations (P < .05). Patients aged 60 
years and older in the multiplex PCR/pooled antibi-
otic susceptibility testing group reported a statisti-
cally significant reduction in UTI symptom recurrence 

(P < .05). The turnaround time for multiplex PCR/
pooled antibiotic susceptibility testing results was 
approximately half that of standard urine culture 
(P < .0001), enabling faster clinical decision-making. 
These findings highlight the advantages of multi-
plex PCR/pooled antibiotic susceptibility testing in 
reducing unnecessary empirical treatments, improving 
clinical outcomes, and minimizing symptom recur-
rence in patients with complicated UTI.11

In another study by Korman et al,12 the authors eval-
uated the impact of a molecular and phenotypic 
diagnostic approach using multiplex PCR/pooled 
antibiotic susceptibility testing in managing compli-
cated UTI, focusing on patients with non–E coli or 
polymicrobial infections. Among 264 patients with 
suspected complicated UTI, 146 (55.3%) had exclu-
sively non–E coli infections, and 190 (72%) presented 
with polymicrobial infections; treated patients with 
non–E coli infections exhibited significantly greater 
symptom reduction on day 14 compared with 
untreated patients (3.18 vs 1.64; P = .006). Similarly, 
for polymicrobial infections, treated patients expe-
rienced greater symptom reduction (3.52 vs 1.41; 
P = .002) and higher clinical cure rates (58.7% vs 
36.4%; P = .049). These findings emphasize the clin-
ical utility of multiplex PCR/pooled antibiotic suscepti-
bility testing in guiding targeted treatments, reducing 
symptom burden, and achieving improved clinical 
outcomes for patients with complicated UTI whose 
complex cases are not adequately addressed by 
standard urine culture methods.12

Elia et al13 investigated the clinical utility of urinary 
PCR testing in managing complicated UTI by 
analyzing how PCR results influenced therapeutic 
decisions compared with standard urine culture 
testing. The study included 96 surveys completed 
by 21 clinicians treating patients with symptom-
atic complicated UTI. Polymerase chain reaction 
testing led to modification in the antibiotic regimen 
for 61.5% (59/96) of patients. Notably, in 52.5% 
(31/59) of these patients, PCR results prompted 
treatment changes that standard urine culture alone 
would not have suggested, highlighting PCR test-
ing’s potential to enhance antibiotic stewardship. This 
study underscores PCR’s capacity to enable timely, 
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pathogen-specific therapeutic adjustments, partic-
ularly in challenging complicated UTI cases, thereby 
facilitating improved clinical outcomes and more 
effective use of antibiotics.13

Wojno et al14 provided robust evidence supporting the 
diagnostic utility of multiplex PCR testing for UTI. In a 
retrospective study involving 582 symptomatic older 
patients (mean age, 77 years), PCR testing demon-
strated superior sensitivity by detecting uropathogens 
in 56% (326/582) of patients compared with 37% 
(217/582) of patients tested using standard urine 
culture. Notably, PCR identified pathogens in 22% 
(130/582) of patients for whom standard urine culture 
results were negative. Polymicrobial infections were 
reported more comprehensively by PCR testing (166 
patients) than by standard urine culture (39 patients), 
with PCR revealing 67 instances of polymicrobial 
infections undetected by standard urine culture. The 
agreement between PCR and standard urine culture 
was 90% for positive cases, exceeding the noninferi-
ority threshold of 85% (95% CI, 85.7%-93.6%). These 
findings underscore PCR’s enhanced diagnostic 
capabilities, particularly in identifying clinically rele-
vant pathogens that standard urine culture may miss. 
The study highlights PCR’s analytical validity, repro-
ducibility, and potential to improve patient outcomes 
through faster and more accurate pathogen detec-
tion. This study positioned PCR as a valuable tool in 
optimizing UTI diagnosis and management, especially 
in patients with complex infections.14

ANALYSIS OF REAL-WORLD EVIDENCE AND 
MOLDX CRITERIA ALIGNMENT
The reviewed real-world evidence studies collec-
tively demonstrate PCR’s potential to meet some 
key MolDX requirements for Medicare reimburse-
ment. Festa et al,8 Kapoor et al,9 Hao et al,10 and 
Wojno et al14 support the analytical validity crite-
rion, showing PCR’s advantages in relation to diag-
nostic analytical validity, accuracy, and pathogen 
coverage. Haley et al,11 Korman et al,12 and Elia et al13 
partially address clinical correlation and demonstrate 
improved disease management and health outcomes 
with PCR-informed treatments. In addition, Ko et al5 

demonstrated that molecular diagnostic testing offers 
significant cost savings compared with traditional 
culture and sensitivity methods while meeting MolDX’s 
clinical validity and utility standards.
Despite the extensive findings from these real-world 
evidence studies that support PCR’s analytical 
validity and potential clinical utility in complicated UTI 
management, a critical gap remains in the evidence 
base: direct prospective comparisons of patient 
outcomes between patients prescribed PCR-guided 
treatments vs patients treated based on conven-
tional culture and sensitivity methods. Although these 
studies demonstrate PCR’s advantages in diagnostic 
accuracy, cost-effectiveness, and reduced turnaround 
time, they fall short of documenting improvements 
in clinical outcomes such as symptom resolution for 
patients prescribed PCR-guided treatment compared 
with patients treated based on culture and sensitivity 
results. The current body of real-world evidence does 
not therefore fully satisfy MolDX’s reimbursement 
criteria, which require clear, demonstrated improve-
ment in patient outcomes attributable to the use of 
PCR over standard culture and sensitivity diagnostics.

Systematic Review and Meta-
Analysis
SYSTEMATIC REVIEW AND META-ANALYSIS 
SUMMARY 
The role of molecular diagnostics—specifically, PCR 
testing—in diagnosing UTIs has gained considerable 
attention because of the technology’s potential for 
improving diagnostic speed and accuracy compared 
with culture and sensitivity. Systematic reviews and 
meta-analyses provide valuable insights into the 
overall performance and clinical utility of PCR-based 
methods for complicated UTI diagnosis. Three recent 
studies analyzed the diagnostic accuracy, clinical 
impact, and utility of PCR vs standard urine culture, 
summarizing current evidence and addressing 
the generalizability of molecular diagnostics in UTI 
management.
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Robledo et al15 conducted a systematic review and 
meta-analysis to evaluate the accuracy of molecular 
diagnostics in patients with confirmed, culture-based 
UTI diagnoses. This study found that PCR-based 
diagnostics demonstrated high sensitivity and 
specificity; the overall sensitivity was 0.80 (95% 
CI, 0.73-0.86), and specificity was 0.83 (95% CI, 
0.52-0.95).15 Diagnosis by standard urine culture, 
which requires more than 24 hours for results, often 
necessitates the use of empiric antibiotics without 
pathogen confirmation. In contrast, PCR delivers 
faster, more reliable results and serves as an effective 
screening tool. It is simple, cost-efficient, and suitable 
for point-of-care use, providing pathogen detection 
and simultaneous antimicrobial susceptibility results 
within hours.15 This rapid turnaround minimizes 
unnecessary empiric antibiotic use and supports 
precise, pathogen-specific therapy. The study 
underscored the advantage of PCR in identifying 
fastidious and polymicrobial infections, which are 
often missed by standard urine culture methods, 
highlighting the technology’s potential as a more 
comprehensive diagnostic tool for complicated UTI 
management.
Szlachta-McGinn et al16 focused on the diagnostic 
accuracy and therapeutic impact of molecular diag-
nostics, comparing PCR and standard urine culture 
methods in diagnosing UTI. Their meta-analysis 
demonstrated PCR’s higher pathogen detection rates, 
especially for mixed or less common infections often 
missed by standard urine culture.16 By identifying 
a wider array of pathogens, PCR can provide clini-
cians with more actionable data for targeted therapy, 
thereby potentially improving treatment outcomes.
Zhao et al17 compared PCR and next-generation 
sequencing (NGS) with standard urine culture tests in 
diagnosing UTIs. Their meta-analysis concluded that 
PCR had superior diagnostic performance, partic-
ularly for patients with polymicrobial infections or 
pathogens that are difficult to culture.17 These molec-
ular methods effectively detected a broad spectrum 
of gram-positive bacteria, such as Staphylococcus 
saprophyticus, Streptococcus, and Corynebacterium 
urealyticum, as well as gram-negative bacteria, such 
as E coli, Pseudomonas, and Proteus mirabilis. In 
UTIs, which are frequently caused by E coli and 

S saprophyticus, these techniques surpass stan-
dard urine culture testing by offering comprehensive 
evaluations of the urinary microbiome.17 The study’s 
findings underscore PCR’s potential to enhance the 
accuracy and speed of UTI diagnosis.

ANALYSIS OF SYSTEMATIC REVIEW AND 
META-ANALYSIS EVIDENCE AND MOLDX 
CRITERIA ALIGNMENT
These systematic reviews and meta-analyses collec-
tively confirm the diagnostic superiority of PCR over 
culture and sensitivity in complicated UTI detection, 
particularly for identifying complex and mixed infec-
tions. They primarily focused on analytical perfor-
mance metrics, however, and lack comprehensive 
data on patient outcomes and clinical benefits asso-
ciated with PCR-guided treatment. As such, although 
these reviews support PCR’s potential utility, they 
do not fully satisfy MolDX criteria, which emphasize 
improvements in patient management and outcomes 
as essential for reimbursement approval.

Clinical Trials
CLINICAL TRIAL SUMMARY
The clinical trial data published by Spangler et al18,19 
reinforced the comparative utility of PCR diagnos-
tics vs traditional culture and sensitivity testing for 
managing complicated UTI. These trial data were 
reported in a 2-part publication, marking the first 
rigorous investigation of its kind. Part 1 explored clin-
ical outcomes, health care investigator satisfaction 
levels, and diagnostic turnaround times specifically for 
patients with complicated UTI. Part 2 examined clin-
ical validation, concordance, and antibiotic selection. 
Together, these publications provide a comprehensive 
evaluation of the clinical utility of PCR, highlighting 
its substantial advantages in real-world settings. 
The trial involved 773 adult patients with confirmed 
symptomatic complicated UTI and assessed both 
the clinical and operational impacts of PCR testing 
compared with the conventional culture and sensitivity 
approach.18,19
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The primary goal of Spangler et al18,19 was to explore 
whether PCR testing could improve clinical outcomes 
by enabling faster, more accurate pathogen identi-
fication and more efficient antibiotic selection, ulti-
mately reducing the time to appropriate therapy. In 
addition, the study evaluated investigator satisfaction 
and documented turnaround times as key operational 
metrics to compare PCR’s effectiveness in a clinical 
workflow with that of culture and sensitivity.18,19

The trial highlighted the statistically significant 
advantages of PCR-based diagnostics over culture 
and sensitivity testing for managing complicated UTI. 
Polymerase chain reaction testing demonstrated a 
notably shorter turnaround time (49.68 hours vs 104.4 
hours; P < .001), enabling faster clinical decision-
making. Investigators also reported higher satisfaction 
scores for PCR (PCR mean [SD] satisfaction 
score, 23.95 [1.96] vs culture and sensitivity mean 
[SD] satisfaction score, 20.64 [4.12]; P < .001), 
emphasizing its usefulness in optimizing treatment 
strategies. Treatments guided by PCR results yielded 
better clinical outcomes than did treatments based 
on culture and sensitivity testing (88.08% vs 78.11%; 
P = .011). In addition, PCR-guided treatment favored 
the use of oral antibiotics, which achieved 87.15% 
favorable clinical outcomes, significantly higher than 
the 77.37% favorable clinical outcomes observed 
in the culture and sensitivity group (P = .018). The 
study also showed strong agreement between PCR 
and culture and sensitivity testing in diagnosing 
positive cases (88.06% at the end of the study) but 
noted discordance in negative cases (62.91%) mainly 
because of the potential limitation of culture and 
sensitivity in identifying uropathogens. Polymerase 
chain reaction diagnostics identified 102 complicated 
UTI cases missed by culture and sensitivity testing, 
while culture and sensitivity testing detected only 
14 cases that PCR did not. Of the patients in the 
study with discordant results, the individuals treated 
with PCR-guided medication exhibited better clinical 
outcomes compared with patients diagnosed by 
culture and sensitivity testing (77.45% vs 71.42%).18,19

ANALYSIS OF CLINICAL TRIALS EVIDENCE 
AND MOLDX CRITERIA ALIGNMENT
Although the findings from Spangler et al18,19 
contribute robust evidence in support of PCR’s 
validity and utility, the study lacks data specifically 
linking these benefits to cost savings and sustained 
health improvements in a Medicare-focused cohort.

Analysis of the Body of 
Evidence 
The comprehensive evidence provided by real-
world studies, clinical trials, systematic reviews, 
and meta-analyses demonstrates the potential of 
PCR-based diagnostics to meet MolDX’s stringent 
criteria for Medicare coverage in managing compli-
cated UTI (Table 2). Regarding clinical validity, PCR 
testing has shown high sensitivity, specificity, and 
accuracy in pathogen detection, including fastidious 
organisms and polymicrobial infections often missed 
by traditional culture and sensitivity methods.5,8-17 
These findings align with MolDX’s emphasis on 
providing reliable and actionable pathogen identifica-
tion, providing clinicians with precise diagnostic data 
for effective treatment decision-making.
For MolDX’s clinical utility criteria, which mandate 
evidence of improved patient management, 
cost-effectiveness, and health outcomes, the 
implementation of PCR testing has shown substantial 
advantages. Ko et al5 demonstrated that integrating 
PCR with antibiotic susceptibility testing helped curb 
health care costs by minimizing unnecessary broad-
spectrum antibiotic use and limiting the potential 
for infection-related complications. This approach 
addresses a critical clinical need for precision in 
treatment selection, one that directly targets causative 
pathogens, reduces infection progression, and helps 
break the cycle of recurrent infections.
Spangler et al18,19 furthermore highlighted an essential 
need for more rapid diagnostics in clinical settings, 
with PCR providing results within hours as opposed 
to the prolonged 2-day to 3-day delay common 
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with traditional culture and sensitivity testing. This 
accelerated diagnostic feedback enables clinicians to 
adjust treatment protocols quickly, leading to faster 
symptom resolution; less patient discomfort; and a 
reduced risk for hospital admissions, readmissions, 
and extended stays. Enhanced decision-making 
speed directly supports patient satisfaction and 
symptom control, which are crucial outcomes in 
complicated UTI care. Spangler et al18,19 also reported 
higher clinician satisfaction with PCR testing because 
of its efficiency in streamlining patient care and 
reducing reliance on empirical antibiotic choices, 
results that align closely with MolDX’s focus on 
improving patient care management. The clinical 
utility of PCR was demonstrated in the improvement 
of therapeutic clinical outcomes and the enabling 
of expedited, patient-specific management of 
complicated UTI for optimal patient care. These 
findings highlight a shift toward a more responsive, 

tailored approach to complicated UTI management, 
meeting critical clinical needs for superior patient 
outcomes, including symptom reduction and 
optimized antibiotic stewardship.

Conclusion
The collective evidence—spanning real-world 
data, clinical trials, systematic reviews, and meta-
analyses—strongly supports the clinical validity of 
PCR-based testing for patients with complicated 
UTI. Studies have consistently demonstrated PCR 
testing’s superior diagnostic accuracy and reliability 
compared with traditional culture and sensitivity 
tests, and its robust analytical validity and clinical 
utility have been demonstrated across diverse patient 
populations.
The clinical validity and utility of the PCR syndromic 
panel evaluated by Spangler et al18,19 and the 

Table 2. Characteristics of the Included Studies Comparing PCR With Conventional Urine Culture Method Regarding MolDX 
Criteria Alignment

Requirement met per study

Real-world evidence
Systematic review and 
meta-analysis

Clinical 
trial

MolDX requirement [5] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18,19]

Clinical validity criteria

Analytical validity No Partially Yes Yes No No Partially Yes Yes Yes Yes Yes 
Accuracy and correlation No Yes Yes Yes No No No Yes No Yes Yes Yes 

Clinical utility criteria
Improvement in patient 
management

Partially No No No Partially Partially Partially No No No No Yes 

Impact on health outcomes Partially No No No Partially Partially No No No No No Yes 

Cost-effectiveness and 
efficiency

Yes No No No Partially No Partially No No No No Partially 

Additional considerations
Population-specific data Yes No Yes No Yes Yes No Yes No No No Yes 

Regulatory compliance Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Peer-reviewed evidence Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Abbreviations: MolDX, Molecular Diagnostic Services Program; PCR, polymerase chain reaction.
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cost-effectiveness findings of Ko et al,5 which apply 
broadly to molecular testing with pooled antibi-
otic susceptibility testing, satisfy all MolDX criteria, 
substantiating the case for reimbursement approval. 
Spangler et al18,19 supported the panel’s clinical 
validity by demonstrating high sensitivity, specificity, 
accuracy, and rapid diagnostic turnaround times, 
which allow for more precise and timely treatment 
decisions while reducing clinical reliance on empirical 
antibiotics. In addition, the clinical utility of Spangler 
et al’s PCR syndromic panel was confirmed by the 
way it improved patient outcomes, including reducing 
symptoms, introducing a break in the recurrent infec-
tion cycle, and providing higher clinician satisfaction, 
thereby emphasizing the PCR panel’s alignment with 
MolDX’s focus on enhanced patient care and treat-
ment outcomes. Complementing these results, Ko 
et al5 provided compelling evidence for PCR testing’s 
cost-effectiveness, demonstrating reduced infection 
severity and health care expenditures through earlier 
targeted interventions that prevented complications 
and improved resource utilization. These findings rein-
force Spangler et al’s PCR panel’s capacity to meet 
MolDX’s analytical, clinical, and economic criteria, 
positioning it as an essential, transformative diag-
nostic tool for modern complicated UTI management.
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