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Background: The diagnosis of urinary tract infection
(UTI) is challenging among hospitalized older adults,
particularly among those with altered mental status.

Objective: To determine the diagnostic accuracy of
procalcitonin (PCT) for UTI in hospitalized older adults.

Design: We performed a prospective cohort study of older
adults (265 years old) admitted to a single hospital with
evidence of pyuria on urinalysis. PCT was tested on ini-
tial blood samples. The reference standard was a clinical
definition that included the presence of a positive urine
culture and any symptom or sign of infection referable
to the genitourinary tract. We also surveyed the treat-
ing physicians for their clinical judgment and performed
expert adjudication of cases for the determination of UTI.

Participants: Two hundred twenty-nine study partici-
pants at a major academic medical center.

Main Measures: We calculated the area under the
receiver operating characteristic curve (AUC) of PCT
for the diagnosis of UTI.

Key Results: In this study cohort, 61 (27%) partici-
pants met clinical criteria for UTI. The median age
of the overall cohort was 82.6 (IQR 74.9-89.7) years.
The AUC of PCT for the diagnosis of UTI was 0.56
(95% CI, 0.46-0.65). A series of sensitivity analyses
on UTI definition, which included using a decreased
threshold for bacteriuria, the treating physicians’
clinical judgment, and independent infectious disease
specialist adjudication, confirmed the negative result.
Conclusions: Our findings demonstrate that PCT has
limited value in the diagnosis of UTI among hospitalized
older adults. Clinicians should be cautious using PCT
for the diagnosis of UTI in hospitalized older adults.
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INTRODUCTION

Urinary tract infections (UTIs) are the second leading infec-
tious cause of hospitalization and the leading infectious cause of
emergency department visits among older adults in the USA.'?
The diagnosis of UTI is challenging in older adults and contro-
versial among clinicians.>* UTI is typically a clinical diagnosis
made on the presence of urinary symptoms and may be sup-
ported by the presence of pyuria and/or bacteriuria. However,
eliciting urinary symptoms in hospitalized older adults may be
limited by cognitive impairment or altered mental status.?

Further complicating the diagnostic evaluation of UTI is
the turnaround time of urine culture results, which can be
days after a decision must be made on whether to initiate or
withhold antibiotics. In addition, there is a high prevalence
of asymptomatic bacteriuria in older adults.®® Antibiotic
therapy for asymptomatic bacteriuria in older adults is not
recommended by current guidelines.”!! Inappropriate inpa-
tient antibiotic use is often attributable to misdiagnosis.'>!?

Procalcitonin (PCT) is a biomarker used to identify
acute bacterial infections and has been incorporated in
clinical algorithms to safely reduce antibiotic use.'*'® One
randomized clinical trial implemented an algorithm based
on clinical symptoms, PCT, and pyuria for the manage-
ment of UTT in the emergency department and resulted in
a 30% reduction in antibiotic use compared to usual care.'’
Other studies have suggested that PCT is helpful in the
diagnosis and management of UTI; however, these studies
were mostly performed retrospectively, in the outpatient
setting, or in pediatric populations.'®2* A recent cross-
sectional study of nursing home residents showed that
point-of-care PCT was not suitable for diagnosing UTI.**

The aim of this study was to determine the diagnostic
accuracy of PCT for UTI among hospitalized older adults
with clinical suspicion for UTI. In addition, since urine
culture positivity is highly influential in the diagnosis and
management of UTIs in the inpatient setting, we evaluated
the common clinical variables on admission that predict a
positive urine culture.
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METHODS
Study Design

We performed a prospective observational cohort study
at New York-Presbyterian/Weill Cornell Medical Center
(NYP/WCMC), an 862-bed major academic medical
center located in New York City, from August 2019 to
January 2021. Study enrollment was interrupted from
March to July 2020 due to the COVID-19 pandemic. We
used a convenience sampling strategy and screened eligi-
ble patients during weekdays using an electronic health
record list of new general medicine patients admitted in
the previous 24 h. Informed consent was obtained from
either the patient or their legally authorized representative.
This study was approved by the Weill Cornell Medicine
Institutional Review Board.

Study Population

Eligible study participants included older adults (>65
years old) who were admitted to a general medicine ser-
vice (i.e., non-critically ill patients) and had evidence of
pyuria (=10 wbc/hpf) on urinalysis performed on a high-
quality specimen (<10 epithelial cells/hpf) as part of an
evaluation for non-catheter-related UTI. The exclusion
criteria were as follows: (1) evidence on admission of an
infectious process not referable to the genitourinary tract,
(2) an estimated glomerular filtration rate <30 mL/min, (3)
recent major trauma or surgery within 1 month, (4) recent
antibiotic use within 1 week, and (5) inability to obtain
informed consent from the participant or legally author-
ized representative within 72 h of admission.

Index Test

Serum PCT was analyzed in the NYP/WCMC clini-
cal laboratory using the Food and Drug Administration
(FDA)-approved Roche Cobas e411 analyzer for the
Elecsys BRAHMS PCT assay [Roche Diagnostics, Indi-
anapolis, IN]. The reportable measurement range is 0.01
to 400.00 ng/mL. PCT measurements were performed
on remnant blood samples that were collected as part of
routine clinical care in the emergency department. PCT
results were collected for research purposes only and were
not made available to the clinicians, data collectors, or
data analysts who adjudicated outcomes. We did not pre-
vent clinicians from ordering PCT as part of routine care.

Reference Standard

‘While no consensus definition of UTI exists, we used the fol-
lowing definition based on clinical criteria derived from the

literature and our clinical experience*®2>2%: (1) pyuria with
>10 wbc/hpf on urinalysis (all patients met this criterion by
default given the study inclusion criteria), (2) bacteriuria
with >10° colony-forming units (CFUs)/mL and no more
than 2 bacterial species recovered in urine culture, and (3)
any of the following symptoms or signs: temperature >38°C,
urinary frequency or urgency, dysuria, suprapubic tender-
ness, costovertebral angle (i.e., flank) pain or tenderness
not explained by other diagnoses, or radiographic evidence
of cystitis or pyelonephritis on ultrasound on computed
tomography imaging. Study investigators were blinded to
the index test when adjudicating for UTI through a detailed
chart review.

Data Collection

Demographic information and clinical variables present on
hospital admission such as vital signs (temperature, heart rate,
blood pressure, respiratory rate) and laboratory data (com-
plete blood count and comprehensive metabolic panel) were
collected using REDCap electronic data capture tools.?’?
Detailed chart reviews of electronic health record documenta-
tion were performed manually by trained research assistants
with clinical experience to collect clinical information such
as co-morbid conditions, symptoms, physical examination
signs, microbiological testing results, and radiology reports.

Statistical Analysis

We used descriptive statistics as appropriate such as median
and interquartile range (IQR) for all continuous variables and
proportions for categorical variables. Comparisons between
patients with and without UTI were performed using Mann-
Whitney tests, chi-squared tests, or Fisher’s exact tests, as
appropriate. We calculated receiver operating characteristic
(ROC) curves, their area under the curve (AUC), and 95%
confidence interval (CI). We derived an empirical cutpoint
for PCT using the Youden index method,” then calculated its
sensitivity and specificity. A subgroup analysis was performed
based on sex. There was neither missing data nor indeter-
minate results for the index test. Missing reference standard
results in clinical documentation for presenting symptoms and
signs were assumed to be absent, while cases with missing
urine culture results were excluded from the primary analysis.

We also performed multivariate analysis using Poisson
regression to predict a positive urine culture (defined as
bacteriuria with >10° CFUs/mL) that included the follow-
ing independent variables: age, sex, urinary frequency, or
urgency, dysuria, fever, suprapubic tenderness, costoverte-
bral angle tenderness, altered mental status, severe pyuria
(defined as >50 wbc/hpf), and peripheral white blood cell
count. We calculated the relative risk (RR) and 95% CIs to
determine the measures of association.
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Sensitivity Analyses

Given the absence of a true gold standard,®>° we performed
a series of sensitivity analyses to further evaluate the diag-
nostic accuracy of PCT based on different definitions for
UTI. First, we lowered the threshold for bacteriuria in the
reference standard from >10° to >10* CFUs/mL.*' Second,
we surveyed attending physicians directing the care of the
study participants for their judgment on the presence of UTI,
with response choices of no, possibly, probably, and yes (i.e.,
definitely). Surveys were sent 5 days after patient enrollment
in the study. Finally, infectious diseases specialists (MWM
or MSS) retrospectively adjudicated cases to determine the
presence of UTI while blinded to the index test and reference
standard used.

Sample Size Calculation

We performed a sample size calculation using previously
published methods that determine sample sizes that can
statistically detect differences in the accuracy of diagnostic
techniques based on ROC curve analysis using estimated
prevalence and expected AUC.3>** To our knowledge, no
study has reported the prevalence of UTI in older adults
hospitalized with evidence of pyuria. Based on an AUC of
0.87 for urine dipstick, which is currently the best avail-
able non-invasive marker for the rapid diagnosis of urinary
tract infection, our study aimed to find a highly accurate
test with an AUC above 0.87.%* We estimated the preva-
lence of UTI in our study population to be 60% based on
our experience. A total of 217 subjects would produce a
sample AUC of 0.85 and a two-sided 95% CI with a width
of 0.10 when the prevalence is 60%. Estimating a 5% drop-
out rate and/or to account for potential missing key data
for the aforementioned sample, we planned to enroll 228
study participants.

RESULTS
Baseline Characteristics

A total of 229 study participants were included in the study
(see Flow Diagram in Supplementary Figure). Table 1
shows the baseline characteristics of study participants.
The median age of the overall cohort was 82.6 years (IQR
74.9-89.7), 64% were women, 54% White, 11% Hispanic,
9% Black, and 7% Asian. The UTI subgroup defined by the
reference standard based on clinical criteria had 61 (27%)
participants, while the “no UTI” subgroup had 158 (69%)
participants. Ten participants were excluded from the UTI
and “no UTI” subgroups due to the absence of urine culture
collection.

Clinical Characteristics

Table 2 shows the clinical characteristics upon hospital
admission, including presenting urinary symptoms, physical
examination findings, and laboratory findings. Sixteen (7%)
participants were found to have bacteremia—in all 16 cases,
the isolated bacterial pathogen in blood cultures matched
the same pathogen identified in urine cultures. Sixty-six
(29%) participants had computed tomography imaging and
46 (20%) had ultrasound imaging of the abdomen and/or
pelvis—30 had evidence of pyelonephritis and 11 had evi-
dence of cystitis.

Diagnostic Accuracy of Procalcitonin

The serum concentrations of PCT in the overall study cohort
were relatively low; the median value was 0.08 ng/mL (IQR
0.05-0.19) with a minimum value of 0.01 ng/mL and maxi-
mum value of 30.46 ng/mL. Figure 1 shows the ROC curve
analysis for PCT to detect UTI as defined by clinical criteria.
PCT performed poorly in its diagnostic performance with
an AUC of 0.56 (95% CI, 0.46-0.65). Results were simi-
lar when stratified by sex, with an AUC of 0.47 (95% CI,
0.35-0.59) among females and an AUC of 0.58 (95% CI
0.43-0.73) among males.

The empirical estimated cutpoint for PCT was 0.18 ng/mL,
which resulted in a sensitivity of 38% (95% CI, 26-52%),
specificity of 79% (95% CI, 71-85%), positive predictive
value of 40% (95% CI, 27-53%), and negative predictive
value of 76% (95% CI, 69-83%). In a post hoc exploratory
analysis, we classified cases of UTI into lower UTI (n=25)
and upper UTI (n=36) based on definitions provided in the
Supplementary Materials. For lower UTI, the sensitivity,
specificity, positive predictive value, and negative predic-
tive value at previously defined PCT cutpoint <0.18 ng/mL
were 24% (95% CI, 9-45%), 78% (95% CI, 71-84%), 15%
(95% CI, 6-29%), and 87% (95% CI, 80-92%), respectively.
For upper UTI, the sensitivity, specificity, positive predictive
value, and negative predictive value of PCT <0.18 ng/mL
were 47% (95% CI, 30-65%), 78% (95% CI, 71-83%), 29%
(95% CI, 18-43%), and 88% (95% CI, 82-93%), respectively.

Sensitivity Analyses

When the threshold of bacteriuria in the reference standard
was reduced from >10° to >10* CFUs/mL, 69 participants
met clinical criteria for UTI and 150 participants did not.
PCT was unable to discriminate between UTI and “no UTI”
under this revised definition with an AUC of 0.56 (95% CI
0.48-0.65).

In our survey of the attending physicians in charge of
the care of study participants, the response rate was 89%
(n=204). Overall, 40% of cases were judged by the attend-
ing physician as “definitely” having a UTI, and 32% of cases
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Table 1 Baseline
Characteristics for the Study
Cohort and Comparison
Between Patients With and
Without Urinary Tract Infection

Table 2 Clinical
Characteristics for the Study
Cohort and Comparison
Between Patients With and
Without Urinary Tract Infection

Characteristic n (%)
Overall (n=229) UTI (n=61) No UTI (n=158) P value
Age, median (IQR), years 82.6 (74.9-89.7)  81.1(74.4-87.1) 83.6(75.4-90.4)  0.057
Female 146 (64) 36 (59) 104 (66) 0.35
Race 0.20
White 124 (54) 34 (56) 84 (53)
Black 20 (9) 3(5) 15 (10)
Asian 16 (7) 1(2) 14 (9)
Pacific Islander 2(1) 1(2) 1(1)
American Indian or Alaska Native 1 (<1) 1(2) 00
Other race 58 (25) 19 (31) 38 (24)
Unknown 84) 2(3) 6(4)
Ethnicity 0.19
Hispanic or Latino 24 (11) 10 (16) 14 (9)
Not Hispanic or Latino 183 (80) 47 (77) 126 (80)
Unknown 22 (10) 4(7) 18 (11)
Place of residence 0.72
Home (independent living) 119 (52) 29 (48) 82 (52)
Home with home care services 86 (38) 26 (43) 58 (37)
Skilled nursing facility 22 (10) 5(8) 17 (11)
Acute care hospital 2(1) 1(2) 1(1)
Comorbidities
Active cancer® 46 (20) 16 (26) 27 (17) 0.13
Cognitive impairment 55 (24) 12 (20) 39 (25) 0.43
Coronary artery disease 70 (31) 22 (36) 44 (28) 0.23
Dementia 57 (25) 11 (18) 43 (27) 0.16
Diabetes mellitus 62 (27) 21 (34) 38 (24) 0.12

Abbreviations: IQR, interquartile range; UTI, urinary tract infection

#Active cancer, defined by any of the following: diagnosed or receiving therapy within 6 months of presenta-
tion; recurrent or metastatic cancer.

Characteristic n (%)

Overall (n=229) UTI (n=61) No UTI (n=158) P value

Urinary symptoms

Dysuria 28 (12) 19 (31) 9 (6) <0.001
Urinary frequency or urgency 30 (13) 24 (39) 6(4) <0.001
Urinary retention 21 (9) 7(12) 14 (9) 0.56
Physical examination findings
Fever® 29 (13) 20 (33) 9 (6) <0.001
Tachycardiab 125 (55) 37 (61) 83 (53) 0.28
Tachypnea® 47 (21) 14 (23) 32 (20) 0.66
Altered mental status 67 (29) 17 (28) 50 (32) 0.59
Flank tenderness 15 (7) 9 (15) 503) 0.002
Suprapubic tenderness 21 (9) 11 (18) 10 (6) 0.01
Laboratory findings
Bacteriuria (>10° CFU/mL) 126 (55) 61 (100) 64 (41) <0.001

White blood cell count, median IQR) 9.2 (6.6, 12.0)  10.0(7.2,13.9) 9.0(6.5,11.1)  0.07

Abbreviations: CFU, colony-forming units; /QR, interquartile range; UTI, urinary tract infection
“Defined as temperature >38°C

®Defined as >90 beats per minute

“Defined as >20 breaths per minute
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Table 3 Poisson Regression Analysis of Clinical Variables Pre-
dicting a Positive Urine Culture

Clinical variable Relative risk (95% CI) P value
Age 1.00 (0.98-1.01) 0.64
Sex 1.08 (0.85-1.36) 0.53
Urinary frequency or urgency 1.50 (1.15-1.96) 0.003
Suprapubic tenderness 0.79 (0.52-1.18) 0.25
Costovertebral angle tenderness 1.06 (0.71-1.59) 0.78
Altered mental status 1.27 (0.997-1.62) 0.053
Fever 1.14 (0.85-1.54) 0.38
Severe pyuria (>50 wbc/hpf) 1.37 (1.08-1.73) 0.01
Peripheral white blood cell count  0.98 (0.96-1.01) 0.24

Note: A positive urine culture was defined as bacteriuria with >10°
CFUs/mL

were judged to be either “possibly” or “probably” UTI (Sup-
plementary Table). PCT was unable to discriminate between
“no UTI” and a composite of “possibly, probably, and defi-
nitely UTT” as determined by physician judgment with an
AUC of 0.50 (95% CI, 0.41-0.59). Similarly, in our expert
adjudication of 160 cases for the presence of UTI, PCT had
an AUC of 0.50 (95% CI, 0.41-0.60).

Prediction of Positive Urine Culture

Table 3 shows a multivariate analysis using a Poisson regres-
sion to predict a positive urine culture (defined as bacteriuria
with >10° CFUs/mL). Among the variables included in the
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Figure 1. Primary ROC curve analysis for PCT to detect the
presence of UTI. Receiver operating characteristic (ROC) curve
for procalcitonin (PCT) to detect urinary tract infection (UTI)
defined by clinical criteria. The area under the curve is 0.56 (95%
CI, 0.46-0.65; P=0.24).

model, the presence of urinary frequency or urgency (RR
1.50; 95% CI, 1.15-1.96) and severe pyuria (RR 1.37; 95%
CI, 1.08-1.73) demonstrated statistically significant associa-
tions with a positive urine culture. The presence of altered
mental status did not reach statistical significance (RR 1.27;
95% CI, 0.997-1.62).

DISCUSSION

This prospective study of hospitalized older adults with ini-
tial clinical suspicion for non-catheter-related UTI demon-
strated poor diagnostic performance of PCT for the diagnosis
of UTI, whether defined by clinical criteria, physician judg-
ment, or expert adjudication by infectious diseases special-
ists. This negative result is in contrast with prior studies of
PCT for the diagnosis and management of UTI in adults.

A single-center retrospective study by Levine et al. ana-
lyzed 293 adults who presented to the emergency department
and underwent both UTI evaluation and PCT testing found
that a PCT cutpoint of <0.25 ng/mL had a strong negative
predictive value of 91% for ruling out UTL'® In compari-
son with our study, a more stringent empirical cutpoint of
<0.18 ng/mL had lower sensitivity (38%) and specificity
(78%) and yielded a negative predictive value of only 77%.
Potential study factors that could explain this discrepancy
in diagnostic performance include the retrospective design
used by Levine et al. and their exclusion of 1800 patients
among 2093 records that were reviewed due to the absence
of PCT testing, exclusion of patients with symptoms or signs
of pyelonephritis (e.g., flank pain, fever), and exclusion of
immunocompromised patients.

Another retrospective study by Rothe et al. examined
cases of 183 hospitalized patients with systemic urinary
infection and bacteriuria, using a more lenient threshold of
>10° CFUs/mL in both catheterized and non-catheterized
patients, and excluded patients with negative urine cul-
tures.’ Rothe et al. examined the diagnostic accuracy of
PCT to detect true bacteremia and found a negative predic-
tive value of 89% using a PCT cutpoint of <0.25 ng/mL.
However, 26% of cases in this analysis included bacterial
infections not referrable to the genitourinary tract (pneu-
monia, n=30; venous access infection, n=9; skin and soft
tissue infection, n=9). While our study only detected 7%
of UTI cases with bacteremia, our analysis in upper UTI
found poor diagnostic performance of PCT in identifying
symptoms and signs suggestive of systemic urinary infection
and bacteriuria.

Drozdov et al. conducted a small randomized controlled
trial of 125 patients with a primary diagnosis of commu-
nity-acquired non-catheter-related UTI at a single hospital
in Switzerland found that a PCT-pyuria-based algorithm
with serial assessments every 2 days while on therapy
safely reduced antibiotic exposure by 30% compared with
usual care.!” The study population in this trial was relatively
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younger, included a higher proportion of women, and
included both hospitalized patients as well as patients dis-
charged from the emergency department. This study did not
evaluate the diagnostic accuracy of PCT.

Our findings add to the literature that PCT is not a reliable
biomarker for the diagnosis of UTT among hospitalized older
adults and should not be used by clinicians to determine
the likelihood of UTI to make initial antibiotic decisions
(i.e., whether to initiate or withhold antibiotics). Our nega-
tive result corroborates findings in a recent study of nursing
home residents, which showed that point-of-care PCT is not
reliable for distinguishing UTI and asymptomatic bacteriu-
ria.?* It is still possible that there is a role for PCT to inform
decisions around early discontinuation of antibiotics being
prescribed for UTI, whether confirmed or not, which is con-
sistent with the recommended approach when using PCT in
other settings. In addition, a post hoc exploratory analysis
in our study found that PCT <0.18 ng/mL had a negative
predictive value of 88% for diagnosis of an upper UTI. How-
ever, further investigation in the form of prospective studies
or randomized clinical trials is needed to address the follow-
ing: (a) the role of PCT in early discontinuation of antibiotics
for UTI and (b) its role in distinguishing lower and upper
UTI syndromes among hospitalized adults.

In current practice, the results of the urine culture are
considered a key factor in deciding antibiotic therapy for
hospitalized older adults with clinical suspicion for UTI. For
example, antibiotics may be discontinued when the urine
culture shows no growth of any pathogen, or they may be
continued to complete a full course of antibiotic therapy if
it shows substantial bacteriuria. The limitation in clinical
practice is that urine culture results are not available until
days after the initial evaluation for antibiotic decisions for
UTI. We found that the best predictors of a positive urine
culture (bacteriuria >10° CFUs/mL) were the presence of
urinary frequency or urgency and a marked elevation of uri-
nary leukocytes with >50 wbc/hpf. These results are consist-
ent with findings reported in the largest systematic review
to date determining the utility of history, physical, and uri-
nalysis findings in predicting a positive urine culture with
bacteriuria >10° CFUs/mL among women who present to
the emergency department with suspected UTI*®; however,
the included studies did not evaluate the predictive ability of
altered mental status for positive urine cultures. In our study,
the presence of altered mental status did not reach statistical
significance in its association with a positive urine culture.
It remains controversial how clinicians can attribute altered
mental status to a true UTI versus asymptomatic bacteriuria
among hospitalized older adults.

The major strength of this study is the prospective evalu-
ation of PCT as a diagnostic biomarker in a moderate-sized
sample of hospitalized older adults. Another strength is that
both clinicians and outcome adjudicators were blinded to
PCT results. This study also has several limitations. First, a

major limitation is the lack of a gold standard. It is possible
that both over-diagnosis and under-diagnosis of UTI in our
study occurred, even in patients with intact mental status.
Second, this is a highly selected sample from a single center
as a relatively high proportion of eligible patients had to
be excluded for a variety of reasons. Third, there is incor-
poration bias given that the reference standard for urinary
tract infection includes the presence of pyuria on urinalysis,
which was part of the study inclusion criteria. In addition,
there were 13 occurrences of PCT testing as part of clinical
care, which were available to the attending physicians and
outcome adjudicators. Incorporation bias may overestimate
both sensitivity and specificity of the index test. Fourth, over
70% of patients did not undergo imaging to evaluate for radi-
ographic evidence of a urinary tract infection, introducing a
partial verification bias to our study. This may overestimate
the sensitivity of the index test given the potential under-
detection of false negatives. Given the overwhelming nega-
tive result of our study, we believe that the incorporation bias
and partial verification bias were ultimately not consequen-
tial for the interpretation of the study results.

In conclusion, our prospective study reveals that PCT is a
poor diagnostic marker for identifying UTI in hospitalized
older adults. Clinicians should be cautious using PCT for the
diagnosis of UTI in hospitalized older adults.
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