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Background. Adult, community-acquired pneumonia (CAP) guidelines from the Infectious Diseases Society of America
(IDSA) and American Thoracic Society (ATS) include indications for urinary antigen tests (UATs) for Streptococcus pneumoniae (SP)
and Legionella pneumophila (LP). These recommendations were based on expert opinions and have not been rigorously evaluated.

Methods. We used data from a multicenter, prospective, surveillance study of adults hospitalized with CAP to evaluate the sen-
sitivity and specificity of the IDSA/ATS UAT indications for identifying patients who test positive. SP and LP UATs were completed
on all included patients. Separate analyses were completed for SP and LP, using 2-by-2 contingency tables, comparing the IDSA/ATS
indications (UAT recommended vs not recommended) and UAT results (positive vs negative). Additionally, logistic regression was
used to evaluate the association of each individual criterion in the IDSA/ATS indications with positive UAT results.

Results. Among 1941 patients, UATs were positive for SP in 81 (4.2%) and for LP in 32 (1.6%). IDSA/ATS indications had 61%
sensitivity (95% confidence interval [CI] 49-71%) and 39% specificity (95% CI 37-41%) for SP, and 63% sensitivity (95% CI 44-79%)
and 35% specificity (95% CI 33-37%) for LP. No clinical characteristics were strongly associated with positive SP UATs, while fea-
tures associated with positive LP UATs were hyponatremia, fever, diarrhea, and recent travel.

Conclusions. Recommended indications for SP and LP urinary antigen testing in the IDSA/ATS CAP guidelines have poor
sensitivity and specificity for identifying patients with positive tests; future CAP guidelines should consider other strategies for

determining which patients should undergo urinary antigen testing.
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Pneumonia is the leading cause of hospitalization and death due
to infection in the United States [1-3]. In 2007, the Infectious
Disease Society of America and the American Thoracic Society
(IDSA/ATS) jointly published management guidelines for com-
munity-acquired pneumonia (CAP) in adults, which included
recommendations regarding which patients should undergo
urinary antigen testing for Streptococcus pneumoniae (SP) or
Legionella pneumophila (LP) [4]. These guidelines recommend
SP and LP urinary antigen tests (UAT) for hospitalized adults
with any of several clinical characteristics (risk factors) associ-
ated with S. pneumoniae or Legionella infections. These recom-
mendations were based on expert opinions and have not been
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extensively evaluated since publication. Prior studies examining
risk factors for positive SP and LP UATSs have been retrospective
and limited by indication biases, with UATs being ordered at
the discretion of the treating clinician or local practice [5-16].
The objective of this study was to use a large, prospective
cohort of adult CAP patients with universal urinary antigen
testing to evaluate the accuracy of the risk factor-based ap-
proach described in the 2007 IDSA/ATS CAP guidelines for
identifying which patients to test with UATs. Additionally, we
evaluated the association of clinical characteristics not included
in the current guidelines with SP and LP UAT results to iden-
tify additional risk factors that may improve future guidelines.

METHODS

We conducted a cross-sectional study using data prospectively
collected as part of the multicenter Etiology of Pneumonia in
the Community (EPIC) Study [17]. The EPIC study was spon-
sored by the Centers for Disease Control and Prevention and
was approved by the Institutional Review Boards of each partic-
ipating institution and by the Centers for Disease Control and
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Prevention. Written informed consent was obtained from each
participant or from their authorized representative.

Setting and Participants

Adults with CAP were enrolled in the EPIC study from 1
January 2010 until 30 June 2012 at 5 hospitals, including 3 in
Chicago, Illinois, and 2 in Nashville, Tennessee. Eligibility crite-
ria for the EPIC study have been previously described [17] and
are listed in Supplementary Table 1. Trained research person-
nel enrolled patients at least 18 hours a day, 7 days a week, and
collected urine for SP and LP UATs. For the current analysis,
we included patients enrolled in the EPIC study who had UATs
performed for both LP and SP.

Data Collection and Study Definitions

Demographic and clinical data were collected by patient and
caregiver interviews and chart reviews using standardized data
collection instruments [17]. Data were collected to ascertain
each indication for SP and LP urinary antigen testing as recom-
mended in the 2007 IDSA/ATS CAP guidelines. These guide-
lines recommend obtaining a SP UAT for patients meeting any
of the 7 pneumococcal criteria outlined in Table 1. Similarly, the
guidelines recommend LP urinary antigen testing for patients
meeting any of the 5 Legionella criteria in Table 1. Definitions
used in this study for each of the variables in Table 1 are detailed
in Supplementary Table 2.

In addition to recommendations in the IDSA/ATS CAP
guidelines for UAT indications, we also evaluated other clinical
characteristics that were identified in prior studies as potentially
predictive of pneumococcal and Legionella CAP (Supplementary
Table 3) [7, 11-16, 18-21]. These variables included age
>65 years, fever, nausea, diarrhea, confusion, headache, hypona-
tremia (serum sodium < 130 mmol/L), severe CAP, and empiric
use of broad-spectrum antibiotics. We evaluated 2 definitions
for severe CAP: (1) 23 IDSA/ATS minor criteria present at the
time of hospital arrival [4]; and (2) Pneumonia Severity Index
(PSI) risk class IV or V [22]. Empiric use of broad-spectrum

Table 1. Indications for Urinary Antigen Test for Streptococcus pneumo-
niae and Legionella pneumophila

Indication SP UAT LP UAT

ICU admission

Failure of outpatient antibiotic therapy
Leukopenia

Active alcohol abuse

Chronic liver disease

X X X X X X

Asplenia
Recent travel X
Pleural effusion X X

Indications shown are recommended in the 2007 Infectious Diseases Society of America
and American Thoracic Society Community-acquired Pneumonia Guidelines [4].
Abbreviations: ICU, intensive care unit; LR Legionella pneumophila; SF. Streptococcus
pneumoniae; UAT, urinary antigen test.

antibiotics was defined as administration of at least 1 of the fol-
lowing antibiotics on the date of admission or the next calendar
day: an antipseudomonal beta-lactam, aminoglycoside, carbape-
nem, vancomycin, linezolid, aztreonam, or daptomycin.

To simulate the clinical environment in which UATs are typically
used, we limited the predictor variables in our analysis to the clin-
ical data that are routinely available within the first few hours after
a CAP diagnosis. Hence, variables such as viral detection by poly-
merase chain reaction and procalcitonin concentration were not
evaluated in the main analysis. In supplemental analyses, results for
SP and LP UATSs were described in the context of viral testing and
procalcitonin results. Methods for viral testing and procalcitonin
measurement have been previously described [17, 23].

Urinary Antigen Tests

Biological samples, including urine, were systematically col-
lected for pathogen testing as soon as possible after the ini-
tial hospital presentation [17]. UATs for SP and LP were
performed at study sites using BinaxNow (Alere), according
to manufacturer recommendations [24, 25]. The SP UAT tar-
gets C-polysaccharide, which is common to all pneumococcal
serotypes. The LP UAT identifies a soluble antigen present only
in Legionella pneumophila serogroup 1, which causes approxi-
mately 80-90% of known legionellosis in North America [26].
Urine antigen testing was performed systematically on patients
enrolled in the EPIC study, regardless of whether they met
IDSA/ATS testing indications. Results for SP and LP UATs were
reported as either positive or negative.

Data Analysis

We classified each patient as meeting or not meeting IDSA/ATS
UAT testing indications for SP and, separately, for LP. Patients
with any of the pneumococcal criteria in Table 1 were classified
as meeting SP UAT testing indications. Patients with any of the
Legionella criteria in Table 1 were classified as meeting LP UAT
testing indications. First, we compared the prevalence of each of
the IDSA/ATS indications for SP and LP urinary antigen test-
ing between patients who had positive and negative UAT results.
Simple logistic regression was used to calculate the odds ratio
(OR) for each indication (odds of the indication being present in
patients with a positive UAT compared to those with a negative
UAT). Then, separate 2-by-2 contingency tables were developed
for SP and LP, with the exposure variable being whether testing
indications were met (UAT recommended vs not recommended)
and the outcome variable being the UAT result (positive vs neg-
ative). Using these contingency tables, sensitivity and specificity
for the recommended testing indications were calculated.

Using simple logistic regression, we also assessed the as-
sociation of potential predictors of SP and LP pneumonia, as
identified in a literature review (Supplementary Table 3), with
actual SP and LP UAT results. Next, we constructed separate
multivariable logistic regression models to identify the factors
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independently associated with a positive SP or LP UAT result.
To prevent model overfitting, we limited the number of predictor
variables to approximately 10 degrees of freedom per outcome (pos-
itive UAT) [27]. We included 8 predictor variables in the SP model
(sex, age =65 years, failure of outpatient antibiotics, fever [tempera-
ture > 38°C], hyponatremia, intensive care unit admission, PSI risk
class IV, and use of empiric broad-spectrum antibiotics), and 4
predictor variables in the LP model (recent travel, fever, diarrhea,
and hyponatremia). The selection of these variables was based on
the strength of the association between characteristics and positive
tests, as described in the prior literature (Supplementary Table 3).
Calculations were performed using Stata 14 (StataCorp LP, College
Station, TX). We considered 2-sided P values <.05 as significant.

RESULTS

Study Population

The EPIC study included 2320 adults hospitalized with
radiographically-confirmed CAP; 379 (16%) patients were
excluded from the current analysis due to missing UAT
results, resulting in a final sample size of 1941 (84% of
the original EPIC population; Figure 1). The median age
of included patients was 57 years; 54.4% were White; and
asthma and chronic obstructive pulmonary disease were the

most common comorbidities (Table 2). Compared with the
patients excluded due to missing UATs, patients included
in this analysis were less likely to have a history of chronic
kidney disease (13.8% versus 25.9%, respectively) or dialy-
sis dependency (1.2% versus 17.9%, respectively), likely due
to anuric patients being unable to provide urine specimens
for the study. Other baseline characteristics were similar
between the included patients and those excluded due to
missing UAT results (Supplementary Table 4).

Streptococcus pneumoniae Results

Among the 1941 included patients, 1184 (61.0%) patients
had >1 IDSA/ATS indication for SP urinary antigen testing;
81 (4.2%) patients had a positive SP UAT. The percentage of
patients with a positive SP UAT was very similar among those
with >1 IDSA/ATS indication (4.1%) and those without any
IDSA/ATS indication (4.2%; P = .92; Figure 2). The presence of
>1 IDSA/ATS indication had 61% sensitivity (95% confidence
interval [CI] 49-71%) and 39% specificity (95% CI 37-41) for
identifying patients with a positive SP UAT. No individual in-
dication within the IDSA/ATS guidelines was more common
among patients who tested positive by SP UATs than patients
who tested negative (Table 3).

Patients enrolled
(n=2488)

7 withdrew
consent

— >

Patients remained

(n=2481)

161 did not meet
— >  radiographic
criteria
Patients with
radiographic criteria

(n=2320)

379 without UAT

Patients with UAT for
both LP and SP

for LP and SP

(n=1941)
l—S. pneumoniae Legionella—
UAT (-) for SP UAT (+) for SP UAT (-) for LP UAT (+) for LP
(n=1860) (n=81) (n=1909) (n=32)

Figure 1. Patient enroliment. Abbreviations: LP, Legionella pneumophila; SP, Streptococcus pneumoniae; UAT, urinary antigen test.
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Table 2. Characteristics of Patients Who Tested Positive and Negative for Streptococcus pneumoniae and Legionella pneumophila by Urinary Antigen

Test

Overall Sample

SP UAT Positive

SP UAT Negative LP UAT Positive

LP UAT Negative

Characteristic (n=1941) (n=81) (n =1860) (n=32) (n =1909)
Median age, years (IQR) 57 (46-71) 60 (50-70) 57 (46-71) 58.5 (49-63) 57 (46-71)
Male sex 958 (49.4) 35 (43.2) 923 (49.6) 26 (81.3) 932 (48.8)
Race
White 1055 (54.4) 46 (56.8) 1009 (54.3) 18 (56.3) 1037 (54.3)
Black 748 (38.5) 30 (37.0) 718 (38.6) 14 (43.8) 734 (38.5)
Asian 41 (2.1) 1(1.2) 40(2.2) 0 41(2.2)
Other 97 (56.0) 4 (4.9) 93 (5.0) 0 97 (6.1)
Hispanic ethnicity 203 (10.5) 11 (13.6) 192 (10.3) 3(9.4) 200 (10.5)
Current smoking 504 (26.0) 29 (35.8) 475 (25.5) 10 (31.3) 494 (25.9)
Heavy alcohol use 96 (5.0) 4 (4.9) 92 (5.0) 2 (6.3) 94 (4.9)
City of enrollment
Chicago 1310 (67.5) 47 (58.0) 1263 (67.9) 19 (59.4) 1291 (67.6)
Nashville 631 (32.5) 34 (42.0) 597 (32.1) 13 (40.6 618 (32.4)
Comorbidities
Chronic kidney disease 268 (13.8) 17 (21.0) 251 (13.5) 5 (15.6) 263 (13.8)
Dialysis 23 (1.2) 1(1.2) 22(1.2) 0 23(1.2)
Asthma 502 (25.9) 19 (23.5) 483 (26.0) 5(15.6) 497 (26.0)
Chronic obstructive pulmonary disease 451 (23.2) 25 (30.9) 426 (22.9) 2(6.3) 449 (23.5)
Heart failure 361 (18.6) 18 (22.2) 343 (18.4) 4 (12.5) 357 (18.7)
Liver disease 108 (5.6) 3(3.7) 105 (5.7) 1(3.1) 107 (5.6)
Sickle cell disease 29 (1.5) 0 29 (1.6) 0 29 (1.5)
Immunosuppressed 326 (16.8) 11 (13.6) 315 (16.9) 7 (21.9) 319 (16.7)
Human immunodeficiency virus 61 (3.1) 2 (2.5) 59 (3.2) 2 (6.3) 59 (3.1)
infection
Cancer 398 (20.5) 13 (16.1) 385 (20.7) 2(6.3) 396 (20.7)
Leukemia, lymphoma, or Hodgkin 62 (3.2) 1(1.2) 61 (3.3) 0 62 (3.3)

disease

All values shown are n (%), unless otherwise indicated.

Abbreviations: IQR, interquartile range; LP. Legionella pneumophila; SE Streptococcus pneumoniae; UAT, urinary antigen test.

A univariate evaluation of additional variables that were

Legionella pneumophila Results

selected from the literature as potential predictors of SP pneu-
monia showed that hyponatremia (OR 2.15, 95% CI 1.16-3.98)
and a PSI risk class 2IV (OR 1.62, 95% CI 1.03-2.53) were
associated with a positive SP UAT (Table 4). However, in the
pre-specified multivariable model, no variables were signifi-
cantly associated with a positive SP UAT (Table 5).

Among the 1941 included patients, 1258 (64.8%) had >1 IDSA/
ATS indication for LP urinary antigen testing and 32 (1.6%)
had a positive LP UAT. The percentage of patients with a posi-
tive LP UAT was very similar among those with >1 IDSA/ATS
indication (1.6%) and those without any IDSA/ATS indica-
tions (1.8%; P = .78; Figure 2). The presence of 21 IDSA/ATS

A SP

IDSA/ATS indications for SP UAT

Positive Negative
SP UAT positive 49 (4.1%) 32 (4.2%) 81
SP UAT negative 1135 (95.9%) 725 (95.8%) 1860
1184 757 1941

B LP

IDSA/ATS indications for LP UAT

Positive Negative
LP UAT positive 20 (1.6%) 12 (1.8%) 32
LP UAT negative 1238 (98.4%) 671 (98.2%) 1909
1258 683 1941

Figure 2. The 2-by-2 contingency tables for (A) Streptococcus pneumoniae (SP) and (B) Legionella pneumaphila (LP). In the tables, columns represent the Infectious
Diseases Society of America and American Thoracic Society (IDSA/ATS) indications for obtaining a SP or LP urinary antigen test (UAT). Patients with >1 testing indication from
the IDSA/ATS guidelines were classified as positive for meeting the indications for testing. Rows represent SP and LP UAT results. Percentages, listed in parentheses, rep-
resent column percentages. Abbreviations: IDSA/ATS, Infectious Diseases Society of America and American Thoracic Society; LP, Legionella pneumaphila; SP. Streptococcus

pneumoniae; UAT, urinary antigen test.
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Table 3. Prevalence of Each Indication Recommended in the IDSA/ATS Community-acquired Pneumonia Guidelines for Obtaining Streptococcus pneu-
moniae and Legionella pneumophila Urinary Antigen Test (UAT), by UAT Result

SP UAT Positive SP UAT Negative SP OR LP UAT Positive LP UAT Negative LP OR
IDSA/ATS Indication (n=81) (n =1860) (95% ClI) (n=232) (n = 1909) (95% CI)
ICU admission 24 (29.6) 396 (21.3) 1.56 (0.95-2.54) 5 (15.6) 415 (21.7) 0.67 (0.26-1.74)
Failure of outpatient antibiotic 12 (14.8) 386 (20.8) 0.66 (0.36-1.24) 4(12.5) 394 (20.6) 0.55 (0.19-1.58)
therapy

Leukopenia 3(3.7) 71 (3.8) 0.97 (0.30-3.15) n/a n/a n/a
Active alcohol abuse 4(4.9) 92 (5.0) 1.00 (0.36-2.79) n/a n/a n/a
Chronic liver disease 3(3.7) 105 (5.7) 0.64 (0.20-2.07) 1(3.1) 107 (5.6) 0.54 (0.07-4.02)
Asplenia 0 28 (1.5) n/c n/a n/a n/a
Recent travel n/a n/a n/a 10 (31.3) 330 (17.3) 2.17 (1.02-4.64)
Pleural effusion 25 (30.9) 564 (30.3) 1.03 (0.63-1.66) 9(28.1) 580 (30.4) 0.90 (0.41-1.95)
>1 IDSA/ATS indication 49 (60.5) 1135 (61.0) 0.98 (0.62-1.54) 20 (62.5) 1238 (64.9) 0.90 (0.44-1.86)

All values shown are n (%), unless otherwise indicated. The designation of n/a (not applicable) indicates characteristics that were not included in the IDSA/ATS CAP guidelines for the specific
pathogens. The designation of n/c (not calculated) indicates no patients who tested positive for S. pneumoniae had asplenia.

Abbreviations: CAP community-acquired pneumonia; Cl, confidence interval; ICU, intensive care unit; IDSA/ATS, Infectious Diseases Society of America and American Thoracic Society; IQR,
interquartile range; LR Legionella pneumophila; OR, odds ratio; SR Streptococcus pneumoniae; UAT, urinary antigen test.

Urinary Antigen Test Results in the Context of Results for Viral Testing and
Procalcitonin

SP and LP UAT results stratified by viral detection and procal-
citonin levels are presented in Supplementary Tables 5 and 6.

indication for LP urinary antigen testing had 63% sensitivity
(95% CI 44-79%) and 35% specificity (95% CI 33-37%) for
identifying patients with a positive LP UAT. The only IDSA/
ATS indication more common in patients with a positive UAT
than a negative UAT was recent travel (OR 2.17, 95% CI:1.02-
4.64) (Table 3).

In univariate analyses, several clinical characteristics selected
from the literature that are not included in the IDSA/ATS indi-
cations for LP testing were found to be associated with a pos-

Positive SP and LP UAT results were rare in patients with respi-
ratory viral detection, and more common in patients with high
procalcitonin compared with low procalcitonin.

DISCUSSION

itive LP UAT result, including age 265 years, fever, diarrhea, Using prospective, active-surveillance data with systematic uri-

headache, and hyponatremia (Table 4). In the multivariable = nary antigen testing of adults hospitalized with CAP, we found

model for LP, hyponatremia, fever, and diarrhea were signifi-
cantly associated with a positive LP UAT, with recent travel
nearly reaching significance (Table 5). The sensitivity and spec-
ificity of having >1 of these features (hyponatremia, fever, diar-
rhea, or recent travel) for a positive LP UAT was 88% (95% CI
71-97%) and 47% (95% CI 45-49%), respectively.

that positive SP and LP UAT results were infrequent and that
the current IDSA/ATS CAP guideline recommendations for
which patients should undergo these tests were not associ-
ated with positive test results. Targeted urinary antigen testing
based on these criteria would have resulted in a large volume of
testing with rare positive results in the EPIC study population.

Table 4. Prevalence of Potential Predictors for Positive Urinary Antigen Tests (UATs) Identified in the Literature but Not Included in the IDSA/ATS, by

Result of Streptococcus pneumoniae UAT and Legionella pneumophila UAT

SP UAT Positive ~ SP UAT Negative SP OR LP UAT Positive LP UAT Negative LP OR
Characteristic (n=81) (n =1860) (95% CI) (n=232) (n =1909) (95% CI)
Age =65 33 (40.7) 647 (34.8) 1.29 (0.82-2.03) 5 (15.6) 675 (35.4) 0.34 (0.13-0.88)
Fever (>38°C) 28 (34.6) 476 (25.6) 1.54 (0.96-2.46) 18 (56.3) 486 (25.5) 3.76 (1.86-7.63)
Nausea 29 (35.8) 649 (34.9) 1.04 (0.65-1.66) 13 (40.6) 665 (34.8) 1.28 (0.63-2.61)
Diarrhea 18 (22.2) 382 (20.5) 1.11 (0.65-1.89) 14 (43.8) 386 (20.2) 3.07 (1.61-6.23)
Confusion 17 (21.0) 374 (20.1) 1.06 (0.61-1.82) 7 (21.9) 384 (20.1) 1.1 (0.47-2.59)
Headache 40 (49.4) 8568 (46.1) 1.14 (0.73-1.78) 23 (71.9) 875 (45.8) 3.02 (1.39-6.56)
Hyponatremia 13 (16.1) 162 (8.2) 2.15 (1.16-3.98) 13 (40.6) 1562 (8.0) 791 (3.83-16.3)
Na <130 mE/L
Pneumonia Severity Index risk class >V 37 (45.7) 636 (34.2) 1.62 (1.03-2.53) 6(18.8) 667 (34.9) 0.43 (0.18-1.05)
>3 ATS minor criteria 7 (8.6) 129 (6.9) 1.27 (0.57-2.81) 2 (6.3) 134 (7.0) 0.88 (0.21-3.74)
Empiric broad-spectrum antibiotics 31(38.3) 583 (31.3) 1.36 (0.86-2.15) 9(28.1) 605 (31.7) 0.84 (0.39-1.83)

All values shown are n (%), unless otherwise indicated.

Abbreviations: ATS, American Thoracic Society; Cl, confidence interval; LR Legionella pneumophila; OR, odds ratio; SR Streptococcus pneumoniae; UAT, urinary antigen test.
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Table 5. Multivariable Models for Predicting Positive Streptococcus
pneumoniae and Legionella pneumophila Urinary Antigen Tests

Multivariable OR (95% Cl)

Streptococcus pneumoniae (n = 81)

Male sex 0.69 (0.43-1.09)
Age 265 1.04 (0.61-1.77)
Failure of outpatient antibiotics 0.67 (0.36-1.26)
Fever (>38°C) 1.50 (0.93-2.42)
Hyponatremia 1.81 (0.96-3.41)
ICU admission 1.29 (0.75-2.24)
Pneumonia Severity Index risk class >V 1.46 (0.84-2.55)
Empiric broad spectrum antibiotics 1.16 (0.70-1.94)
Legionella pneumophila (n = 32)
Recent travel 2.18 (0.99-4.76)
Fever (>38°C) 3.21 (1.66-6.60)
Hyponatremia 744 (3.5-15.67)
Diarrhea 2.88 (1.39-5.95)

Abbreviations: Cl, confidence interval; ICU, intensive care unit; OR, odds ratio.

Additionally, we evaluated the association of other clinical
variables not in the current IDSA/ATS indications for urinary
antigen testing to explore whether a targeted testing approach
based on other variables could potentially lead to a more ef-
ficient testing strategy. Our results suggest no clinical charac-
teristic is strongly associated with a positive SP UAT. However,
hyponatremia, recent travel, temperature > 38°C, and diarrhea
were all associated with a positive LP UAT; further evaluating
these criteria as indications for LP urine antigen testing may
help inform future CAP guidelines.

If the IDSA/ATS recommendations were used in our study
population to determine which patients to test with SP UATs,
61% of patients would have undergone testing, which would
have identified 49 (60%) of the 81 patients with a positive
test, yielding a number-needed-to-test (NNT) of 25 tests per
positive test result. Assuming a cost of $17 dollars per test
[28], the cost per each positive result would be $425. If all
patients underwent SP urinary antigen testing without con-
sidering the IDSA/ATS recommendations, the NNT would
have been 24, and the cost per positive test would have been
$408.

Most prior work suggests pneumococcal pneumonia cannot
be accurately identified based on clinical features, because its
presentation overlaps substantially with pneumonia of other
etiologies [13]. Our study supports the notion that pneumo-
coccal pneumonia cannot be prospectively identified based on
clinical features alone.

Given that empirical coverage of pneumococcus is standard
for adult CAP [4], the clinical utility of pneumococcal urinary
antigen testing has been questioned [29, 30]. A potential role
for SP UATs is to use positive results as an indication to deesca-
late empiric antibiotics to narrower-spectrum agents (eg, pen-
icillin). However, the prior literature suggests clinicians rarely

narrow antibiotics started empirically for CAP, even when
pathogens are detected [31, 32].

The prevalence of pneumococcal urinary antigen detection
in our study (4.2%) was lower than reported in some prior
CAP studies [13-15, 21]. Reasons for lower pneumococcal
prevalence in the current study may be multifactorial, includ-
ing patient enrollment after the introduction of widespread
pneumococcal conjugate vaccine use; inclusion of patients with
all-cause CAP, including those with no pathogen detected; and
systematic urinary antigen testing in the study population that
did not rely on a clinician’s decision to obtain the test.

If patients in our study underwent LP urinary antigen testing
based on the IDSA/ATS recommendations, 63% would have
undergone testing, which would have identified 20 (62.5%)
of the 32 patients with a positive result, yielding a NNT of 50.
Assuming each LP UAT costs $17 [28], the cost per positive test
result would have been $850. If all patients in our study were
tested with LP UATs without regard to the IDSA/ATS recom-
mendations, the NNT would have been 59 and the cost per
positive test results would have been $1003. Alternatively, if
patients in our study underwent LP UAT based on the pres-
ence of hyponatremia, fever, diarrhea, or recent travel (the 4
variables in our multivariable model for LP), then 53.7% would
have undergone testing, which would have identified 28 (87.5%)
of the 32 patients with positive a UAT, yielding a NNT of 37, and
a cost per positive test of $629.

Our study adds to the growing literature on clinical features
of Legionella pneumonia. Historically, the clinical presentation
of Legionella pneumonia was largely studied using retrospec-
tive study designs that were dependent on Legionella testing
obtained during routine care [5-12, 33-36]. These studies
were limited by selection biases, with the selective inclusion
of patients specifically tested for Legionella by a treating clini-
cian. Selective testing for Legionella in patients with high pneu-
monia severities may have led to overestimating the association
between Legionella infection and severe pneumonia in prior
studies [7, 35]. A strength of our study was systematic Legionella
urinary antigen testing of all study patients. Using this strategy,
we observed no association between Legionella pneumonia
and either intensive care unit admission or other markers of
severe pneumonia. Our results do support previous reports of
Legionella pneumonia being associated with hyponatremia, re-
cent travel, and gastrointestinal symptoms [7, 11, 12]

The incidence of Legionella cases appears to be increasing
[37], and a positive LP UAT may have important clinical and
public health implications. If empiric beta-lactam monother-
apy is used for CAP, as is common in Europe [38], a positive
LP UAT would prompt clinicians to change antibiotics to cover
Legionella. While additional data are needed on the compara-
tive effectiveness of fluoroquinolones and macrolides for the
treatment of Legionella, some recent data suggest an advantage
for fluoroquinolones [39]; hence, a positive LP UAT may also be
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used by clinicians to change from beta-lactam plus macrolide
therapy to fluoroquinolone therapy. Furthermore, identifying
Legionella cases can lead to outbreak investigations and source
remediation [40].

Limitations of our study should be noted. First, the study
included modest numbers of patients who tested positive for
SP or LP by urinary antigen testing, which prohibited multi-
variable models with more predictor variables and reduced the
precision of our estimates. Second, urine was not collected from
379 pneumonia patients enrolled in the parent EPIC study. As
expected, the primary difference between patients who did and
did not have urine samples collected was a higher prevalence
of chronic dialysis in those who did not have urine collected.
In addition to anuria, other factors leading to no urine collec-
tion included incontinence and patient refusal. This highlights
some inherent limitations to using urine tests to evaluate for
pathogens. Third, false-positive UATs are possible, due to prior
infections with persistent antigen detection or, in the case of
SP, recent vaccination [41-44]. Fourth, the EPIC study excluded
some patients with high-risk features for S. pneumoniae and
Legionella infections, including severe immunosuppression.
Fifth, participation in EPIC required written informed consent,
which resulted in the differential non-enrollment of patients
who lacked the capacity to consent, leading to a differential
exclusion of patients with high illness severities [17]. Sixth, this
study was limited geographically to Chicago and Nashville, 2
urban areas in the United States [17]. Lastly, our analysis did
not assess the clinical impact of urinary antigen test results, nor
did it account for considerations beyond the yield of a positive
result that may inform the decision to obtain a diagnostic test.
For example, in patients empirically treated with broad-spec-
trum antibiotics, an etiologic diagnosis is particularly import-
ant for antibiotic stewardship. Similarly, a Legionella UAT may
be useful to evaluate for potential outbreaks associated with
contaminated water sources [40]. Urinary antigen testing may
be useful in these patients, despite a low probability of a positive
result.

In conclusion, clinical indications for pneumococcal and
Legionella urinary antigen testing recommended in the 2007
IDSA/ATS CAP guidelines had poor sensitivity and specificity
for identifying patients with positive UATs. Even when consid-
ering clinical characteristics outside the 2007 IDSA/ATS indica-
tions, we could not find any characteristics strongly associated
with positive pneumococcal UATs. While 4 clinical characteris-
tics (hyponatremia, diarrhea, fever, and recent travel) were as-
sociated with a positive Legionella UAT, positive Legionella tests
were quite rare (1.6%); using a risk factor-based approach to
Legionella testing, even using these 4 characteristics would have
resulted in dozens of negative tests for each positive test. A con-
sideration for future CAP guidelines may be to abandon the risk
factor-based approach for testing indications in favor of other

approaches, such as evaluating which patient types and clinical
scenarios would benefit most from microbiological diagnoses.
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