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ABSTRACT

Introduction: Community-acquired pneumonia (CAP) continues to be a leading cause of hospitalization
and mortality worldwide. Streptococcus pneumoniae and Legionella pneumophila remain the major
etiological agents and are responsible for a significant proportion of CAP mortality. Among diagnostic
tests for CAP, urine antigen detection of S. pneumoniae and L. pneumophila is widely accepted due to
the simplicity of collection and the rapidity of the test results.

Areas covered: This comprehensive review outlines the urinary antigen tests available, discusses their
sensitivity and specificity, and assesses the usefulness of their results as the basis for targeted therapy.
Expert commentary: There have been advances in urine antigen detection tests for patients with CAP.
New methodologies show greater sensitivity, detect S. pneumoniae and L. pneumophila in a single test,
and also detect pneumococcal serotypes. In addition, urine antigen detection tests have shown a high
specificity, which means that a positive result practically indicates the causative pathogen of CAP.
Therefore, a positive result can lead to a targeted therapy that is likely to improve patient outcomes and
reduce the risk of resistance and adverse events. However, well-designed studies are needed to
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evaluate the usefulness of urine antigen detection tests with regard to clinical outcomes.

1. Introduction

Community-acquired pneumonia (CAP) continues to be
a leading cause of hospitalization and mortality worldwide
[1,2]. Incidence and hospital admissions due to CAP have
increased in recent years in all age groups. The frequency of
CAP ranges between 1.2 and 11.6 cases per 1,000 population
per year, a figure that grows in certain risk groups such as
patients with chronic obstructive pulmonary disease or the
elderly. However, CAP incidence differs by region, season,
and population characteristics [2-5]. Moreover, between 20
and 25% of CAP patients require inpatient treatment. Severe
CAP, defined as CAP requiring admission to intensive care
units, develops in 10% to 20% of hospitalized patients [1,2].
Importantly, patients with CAP have high morbidity and mor-
tality and impaired quality of life. Overall mortality in hospita-
lized patients with CAP ranges from 8% to 30%; these rates are
higher in patients requiring intensive care unit admission, in
older patients, and in those who received inappropriate
empiric antibiotic therapy [6].

Despite thorough clinical investigation [2,7], the causative
pathogen of CAP remains unknown in 30% to 60% of cases. The
most frequently isolated pathogens are Streptococcus pneumoniae
(20% - 60% of cases), Haemophilus influenzae (3% - 10%),
Legionella species (2% — 8%), aspiration (6% — 10%), Mycoplasma
pneumoniae (1% — 6%), Chlamydophila pneumoniae (4%), Gram-

negative bacilli (3% - 5%) and other identified causes (10% - 20%)
[7-91.

In spite of the high diversity of pneumococcal serotypes
(more than 93), 30 or fewer cause more than 90% of invasive
pneumococcal disease (IPD) or pneumococcal CAP. In recent
years, the use of the pneumococcal conjugate vaccines tar-
geting 7 (PCV7), 10 (PCV10) or 13 (PCV13) serotypes for
childhood vaccination has been associated with a decline in
pneumococcal diseases. A decrease in IPD due to vaccine-
serotypes has been observed in young children (target popu-
lation) but also in older children and adults because of herd
protection [10-12]. In this way, a reduction in the incidence
of pneumonia in >18-year-old adults (from 9.03 to 6.0 epi-
sodes per 100.000 population) was observed in a multicentre
study analysing adult IPD in Spain after PCV13 introduction
[10]. In the other hand, adult vaccination with PCV13 has
been recently recommended in some countries. The results
of a clinical trial performed in the Netherlands showed the
efficacy of PCV13 vaccination in adults in prevention of
pneumococcal CAP being most notorious in at risk patients.
Moreover, the rate of hospitalization of pneumococcal pneu-
monia per 100.000 persons (916 vs 1272) and also that due to
vaccine types (418 vs 774) also was lower in the vaccinated
group [13].

Besides the benefits of the overall decrease of IPD after
PCV13 introduction for children, other non-PCV13 serotypes
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Article highlights

e Streptococcus pneumoniae and Legionella pneumophila remain the
major etiological agents of CAP

* New urinary antigen detection tests offer greater sensitivity, are able
to detect S. pneumoniae and L. pneumophila in a single test and can
also detect pneumococcal serotypes.

¢ Urine antigen detection tests have shown a high specificity, which
means that a positive result practically indicates the causative patho-
gen of CAP

e Urinary antigen detection tests still present important limitations
such as the inability to identify all pneumococcus serotypes and
other species of Legionella.

¢ Adequately designed studies are now needed to evaluate the tests
usefulness with regard to clinical outcomes

have filled the gap left by previous PCV13 serotypes (replace-
ment) [14]. In this way, an increase in IPD due to certain non-
PCV13 serotypes has been detected in recent years (8, 11A, 12F,
22F, 24F, 35B) [10-12,15]. Especially alarming is the rise of the
highly invasive serotype 8 as a cause of IPD in most European
countries [10-12]. The increase in disease due to serotypes 11A
and 24F that could be betalactam- and multidrug-resistant is
another cause of concern [11,12,16]. In areas such as the US or
Canada the presence of other non-PCV13 serotypes is increas-
ing (35B); however, the current rates of IPD are below the rates
recorded prior to the introduction of PCV7 [15].

Furthermore, the genus Legionella comprises 61 species
(28 associated with human disease) and 70 serogroups [17].
The structural and antigen diversity of bacteria lipopolysac-
charide (LPS) is the basis for the Legionella serogroup classi-
fication. Fifteen serogroups of L. pneumophila have been
described to date, among which serogroup 1 is the most
frequently associated with human disease [17,18]. More
than 90% of cases of Legionnaire disease in patients with
CAP are caused by L. pneumophila, and 50% to 90% of these
are caused by L. pneumophila serogroup 1. Other Legionella
species obtained from patients with CAP are L. micdadei and
L. longbeachae, and L. pneumophila serotype 6 [19].

Clinicians should try to identify the causative pathogen of
CAP [20]. The diagnostic tests available to determine the
aetiology of CAP are blood cultures, Gram stain and culture
of respiratory secretions, detection of bacterial antigens and
polymerase chain reaction-based methods. The need for diag-
nostic testing to determine the aetiology of CAP can be justi-
fied from several perspectives. The results of these tests can
change the antibiotic treatment for an individual patient: the
spectrum of antibiotic can be broadened, narrowed, or com-
pletely altered on the basis of results of the diagnostic testing.
Increased mortality and clinical failure are more frequent with
inappropriate antibiotic therapy. Similarly, de-escalation or
narrowing of antibiotic therapy may decrease cost, drug
adverse effects, and antibiotic resistance pressure. In addition,
some etiologic pathogens, such as influenza or Legionnaire’s
disease have significant epidemiologic implications. These
infections may affect not only the individual but many other
persons as well [21].

Among the diagnostic tests for CAP, urine antigen detec-
tion of S. pneumoniae and L. pneumophila serogroup 1 have

a high acceptability due to their simplicity of collection and
the rapidity of the test results. In this article, we present
a narrative review of the current status of urinary antigen
tests in adult patients with CAP, their sensitivity and specifi-
city, and their usefulness for diagnosis and targeted therapy.

2. Urinary antigen test for diagnosis of
pneumococcal CAP

The pneumococcal urinary antigen test (PUAT) detects the
pneumococcal C-polysaccharide antigen, which is the teichoic
acid in the cell wall in the patient’s urine. The first assay
appeared in the late 1990s in an immunochromatographic
membrane assay format (Binax, Alere®) and improved the
etiological diagnosis of CAP. In recent years several other
immunochromatographic tests for detecting S. pneumoniae
have been marketed. Among them, Immunoview® offers the
advantage of simultaneous detection of pneumococcus and
Legionella, with similar sensitivity and specificity [22].
Moreover, an immunofluorescent assay automatically read
has recently been introduced which improves the sensitivity
of the immunochromatographic assays [23,24]. Finally, new
PUATs have been developed for the detection of
S. pneumoniae serotypes. A Luminex-technology based multi-
plex urinary antigen detection was developed by Pfizer® and
has been used in several studies such as the CAPITA trial [25].
This test is based on individual serotype-specific monoclonal
antibodies that are able to capture the 13 capsular polysac-
charides included in the PCV13 (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14,
18C, 19A, 19F and 23F) in the patient’s urine. However, this
test is time-consuming, requiring more than 24h for the results
to become available and it is not currently useful for diagnosis
in clinical practice (Table 1). Besides, the knowledge of sero-
types will provide very important epidemiological data for
evaluating the effectiveness of pneumococcal vaccination,
for surveillance, and for guiding health policies [26].

2.1. Sensitivity and specificity of PUAT

Some meta-analyses have evaluated the sensitivity and spe-
cificity of immunochromatographic Binax for the diagnosis of
pneumococcal CAP. Boulware et al.'s meta-analysis [27] was
based on 24 studies that included patients with CAP, pneu-
mococcal bacteraemia and empyema, and estimated
a pooled sensitivity of 74% (95% confidence interval (Cl):
72% to 77%) and a pooled specificity of 94% (95% Cl: 93%
to 95%). The authors included only patients in whom the
aetiology had been established (mainly blood or sputum
cultures), children, non-pneumonia cases and studies that
used concentrated urine or pleural fluid. Recently, Sinclair
et al. [28] also performed a systematic review and meta-
analysis to evaluate the sensitivity and specificity of Binax
for diagnosing S. pneumoniae in comparison with culture
methods in hospitalized patients with CAP. A meta-analysis
of 27 studies (only 16 studies of them included in previous
meta-analyses) gave a sensitivity of 74.0% (95% Cl: 66.6%-
82.3%) and a specificity of 97.2% (95% Cl: 92.7%-99.8%). The
analysis found significant heterogeneity across studies, which



Table 1. Urine antigen test for Legionella and pneumococcus.
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Time to Result
Methodology Principle of assay process interpretation Commercial UAT
Enzyme immunoassay ‘Antigen sandwich’ EIA (microwells pre-coated with 90’ Automated plate Binax ®EIA (Alere, USA);
(EIA) purified rabbit antibodies to Lp1) reader Bartels ELISA (Trinity Biotech,USA)
Immunochromatographic  Colorimetric immunochromatographic test (rabbit 15 Visual (visually Legionella:
membrane assay (ICT) anti-Lp1/anti- S. pneumoniae cell wall detectable Binax NOW® (Alere,USA)?
polysaccharide adsorbed onto nitrocellulose coloured lines)  bioNexia® (bioMérieux, France)
membrane conjugated to visualizing particles SAS™ (SA Scientific,Texas)
dried onto an inert fibrous support) Uni-Gold™ (Trinity Biotech, USA)
Oxoid Xpect™ (Oxoid,UK)
ImmuView® (SSD, Denmark)®
Pneumococcus:
Binax NOW® (Alere,USA)?
Uni-Gold™ (Trinity Biotech, USA)
ImmuView® (SSD, Denmark)®
Fluorescence Lateral-flow immunofluorescence test (rabbit 15’ Sofia™ STANDARD  Sofia® (Quidel,San Diego)
immunoassay (FIA) polyclonal anti-Legionella/anti- S. pneumoniae cell F Analyzers STANDARD F FIA (SD Biosensor, Korea)
wall polysaccharide absorbed onto test strip
conjugated to fluorescence particles)
Luminex xMAP bead Multiplex Luminex bead coated with PCV13 >24h Luminex © Pfizer (Not commercially available)

technology capsular antibodies (serotype specific).

“Results are interpreted by the analyzer Alere™Reader; bDetection of S. pneumoniae and L. pneumophila in a single test

For proven pneumococcal pneumonia caused by PCV13 serotypes

did not decrease with adjustment for covariates. Importantly,
authors included studies that evaluated adult patients with
clinical suspicion of CAP, including those with an unknown
organism. Conversely, they excluded studies with a case-
control design that used patients without CAP as controls,
studies that included children, patients with nosocomial
pneumonia, and outpatients. Horita et al. [29] also carried
out a meta-analysis to assess the sensitivity and specificity of
the Binax PUAT for unconcentrated urine from adult patients
with CAP. Their analysis of 10 studies yielded a pooled sensi-
tivity of 75% (95% Cl: 71%-79%) without heterogeneity or
publication bias. The analysis of six studies yielded a pooled
specificity (using only patients with pneumonia of identified
other aetiologies) of 95% (95% Cl, 92%-98%) also without
any heterogeneity or publication bias.

Furthermore, an immunofluorescent assay automatically
read has recently been introduced. The immunofluorescent
assay has higher sensitivity (78.6% vs 50%) for proven pneu-
mococcal CAP and (74.2% vs 58%) for proven plus probable
pneumococcal CAP than the immunochromatographic assay,
and a similar specificity (83.3% and 85.5% respectively) [23].
Another study also reported improved detection with the
immunofluorescent assay compared with Binax. Among 133
urine samples from adult patients requiring hospital admission
and respiratory symptoms, these tests yielded 20 and 11
positive results for S. pneumoniae respectively [24]. Finally,
Vicente et al. [30] performed a study in patients older than
14 years with an episode of CAP requiring hospitalization.
Immunofluorescent assay showed a moderately good sensitiv-
ity (77.4%) for urinary antigen detection in unconcentrated
urine of patients with confirmed pneumococcal CAP, and
a specificity of 86.7%.

Luminex-technology-based multiplex urinary antigen tests
have recently been developed which achieve a sensitivity of
97-98% and a specificity of 100% for proven pneumococcal
CAP caused by PCV13 serotypes [31]. Also, the addition of the
urinary antigen detection test to conventional diagnostic meth-
ods increased the prevalence of S. pneumoniae CAP by 39%. In

another study in adult patients hospitalized with CAP [32], the
introduction of this Luminex-based test increased the identifi-
cation of the pneumococcal CAP from 5.4% to 9.7%. However,
since this test detected only 13 pneumococcal serotypes, the
sensitivity for proven pneumococcal CAP was low (44%). This
limits its use in clinical practice to establish the diagnosis, but
on the other hand it provides support for epidemiological
surveillance due to the serotypes identification. Similarly,
Elberse et al. [33] evaluated three approaches for the detection
and serotyping of pneumococci using samples from patients
with CAP. Using quantitative polymerase chain reaction (qPCR)
and inhibition multiplex immunoassay (MIA) and multiplex
immunoassay (IMIA) both based on Luminex technology, their
detection rate of the pneumococcus in patient samples was
56% higher than that of conventional methods. Furthermore,
serotypes to the infecting pneumococcus from samples were
identified in 25% of all CAP patients.

Other studies have determined factors associated with
a positive PUAT in CAP patients. Zhou et al. [34] found that
disease severity, chronic obstructive pulmonary diseases,
increased age, respiratory rate, neutrophil ratio, blood urea
nitrogen, procalcitonin, and decreased oxygenation index
were associated with positive results of Binax rapid immuno-
chromatographic membrane test. Similarly, Molinos et al. [35]
also described factors associated with urinary antigen positivity
in CAP patients: female sex, heart rate > 124, systolic blood
pressure <90 mmHg, oxygen saturation <90%, absence of anti-
biotic treatment, pleuritic chest pain, chills, pleural effusion and
BUN >29 mg/dl were predictors of positivity. Another study
found that the test was more sensitive for patients with high-
risk pneumonia and for those without demonstrative results of
a sputum Gram stain, and showed a tendency towards higher
sensitivity for patients with bacteraemic pneumococcal pneu-
monia [36]. Some authors recommend a sequential approach
for performing PUAT in patients with CAP; they advocate its use
only if bacteriological tests are still negative after 48 hours [37],
or in high-risk patients for whom demonstrative results of
a sputum Gram stain are unavailable [36].
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Few studies have analysed the variability of pneumococcal
immunochromatographic tests depending on the serotype
[38,39]. The immunochromatographic tests detect in the patient’s
urine the C-polysaccharide (teichoic acid), a component of the
pneumococcal cell wall presents in all pneumococcal strains.
However, differences in its composition have been associated
with serotypes [40], which may explain the variations in the sensi-
tivity of pneumococcal immunochromatographic tests depending
on the serotype assessed (from 33.3% to 100%). These differences
may also explain the changes in the sensitivity of the immuno-
chromatographic tests linked to changes in the pneumococcal
serotype distribution after the introduction of PCV13. In fact,
a recent study in patients with pneumococcal pneumonia revealed
a decrease in the sensitivity of pneumococcal immunochromato-
graphic tests from 76.4% (95% Cl,70.5%-82.4%) between 2001 and
2005 to 60.5% (95% Cl, 55.4%-65.6%) between 2011 and 2015. This
reduction was linked to the shift in the serotype distribution. The
low sensitivity found for serotype 8 (55.2%) and the emerging
frequency of this serotype in most European countries [12,38] are
findings that merit attention. Although these studies evaluated the
Binax immunochromatographic test, similar results might be
expected with other tests using the same technology.

It is important to note that there is no a gold standard test for
the diagnosis of S. pneumoniae in patients with CAP. Most studies
compare urine antigen tests with results from sputum and blood
cultures. However, these culture tests have important limitations
such as not all patients have expectoration and cough, and the
sensitivity of blood cultures in this context is low, which is a big
problem in assessing the performance of pneumococcal disease
assays in CAP patients. In addition, prior vaccination with poly-
saccharide vaccine or pneumococcal infection and colonization
with pneumococcus may influence PUAT results [41-43].

2.2. Targeted therapy with PUAT

Some studies have assessed the association between PUAT and
clinical outcomes in CAP. Zalacain et al. [44] documented that
antigen-positive patients among bacteraemic pneumococcal
CAP had a higher risk of intensive care unit admission, treatment
failure, and adverse outcomes. In another study comparing
patients with invasive pneumococcal pneumonia (positive
blood culture or pleural fluid culture) and non-invasive pneumo-
coccal pneumonia (defined as positive UAT with negative blood
or pleural fluid culture), despite differences in clinical features
and outcomes between study groups, there was an association
with a higher risk of mortality [26].

Antibiotic de-escalation is a measure that reduces selection
pressure, adverse drug effects, and costs. Antibiotic de-escalation
seems to be safe and effective; in recent studies it did not
adversely affect outcomes of patients with CAP, not even in
those with bacteraemia and severe disease or in those who
were clinically unstable [45-48]. However, some of these studies
have evaluated antibiotic de-escalation in cohorts of patients in
which the etiology has been extensively investigated with multi-
ple tests or only with results of blood cultures. Moreover, studies
evaluating the impact of only positive PUAT results on antibiotic
treatment in patients with CAP in a clinical setting are scarce.

In a retrospective multicentre study including patients with
CAP with a positive urinary antigen for S. pneumoniae or
Legionella, Mothes et al. [49] reported that targeted antibiotic
therapy was prescribed in 32% of cases. Four factors were
found to be independently associated with a lower rate of
targeted therapy: a PSI score = 4, a particular hospital, hospi-
talization in the intensive care unit, and cardiac comorbidities.
In another study, a positive PUAT result led physicians to
narrow the spectrum of antibiotic treatment in 45.1% patients
(10.1% of all patients with CAP) [50]. Similarly, Sorde et al. [51]
found that positive results of the PUAT led physicians to
change the spectrum of antibiotic therapy in 8.6% of CAP
patients. Despite positive urinary antigen results, treatment
was not modified in 69% of patients with positive PUAT.
Other studies have reported similar findings, with low fre-
quency of antibiotic modification in patients with positive
PUAT [52-55]. Moreover, one study found that, in the context
of severe CAP with positive PUAT, targeted therapy with
amoxicillin was associated with a reduction in mortality [56].
Similarly, in a prospective study [51] the narrow antibiotic
spectrum in patients with positive PUAT was not associated
with poor prognosis.

Falguera et al. [57] assessed the clinical impact of antibiotic
treatment modification due to PUAT results in a prospective
randomized study of 177 CAP patients. They did not find any
substantial benefit of urinary antigen for L. pneumophila and
S. pneumoniae-based therapy, suggesting that microbiological
information does not provide benefits in terms of patient out-
come or cost-effectiveness. Conversely, the narrowing of therapy
on the basis of antigen test results was related with a higher risk
of clinical relapse. However, this study has some limitations that
should be acknowledged. The sample size was small, and
patients were only assigned to an empirical or targeted treat-
ment regimen once clinical stability was reached after admission.
Thus, patients received multiple doses of appropriate broad-
spectrum antimicrobial therapy prior to modification guided by
the positive result of the urinary antigen test [58].

3. Urinary antigen test for diagnosis of Legionella
CAP

There has been a dramatic increase worldwide in the propor-
tion of cases of Legionnaire disease diagnosed as a result of the
use of the Legionella urine antigen test (LUAT) [19]. From 2000
to 2011, passive surveillance for Legionellosis in the United
States demonstrated a 249% increase in crude incidence. An
active bacterial core surveillance programme during this period
identified a rise in the incidence from 0.39 to 1.36 cases per
100,000 population. Among all patients, 1,300 (91%) received
a diagnosis of Legionellosis based on urine antigen testing [59];
in 1998, the proportion of patients who received a diagnosis of
Legionellosis on the basis of urine antigen testing had been
69% [60]. LUAT also confirmed 81% of all European Legionella
cases in the years 2009 to 2010 [61]. Similarly, since the test’s
introduction in Australia, the median delay until notification for
Legionellosis has fallen by around five days compared with
culture [62,63]. Engel et al. [64] also found that LUAT results



became available an average of 13 days earlier than culture
and/or serology. Interestingly, some studies have shown
a decrease in the use of other diagnostic tests for legionellosis
in CAP. In a 15-year prospective study of 215 hospitalized
patients with CAP due to L. pneumophila, the use of the urinary
antigen test remained stable during the study period, but the
use of serology and culture fell (p = 042, p < 0.001, and
p = 0.001 respectively) [65].

Among the advantages of LUAT are the rapid identifica-
tion of Legionella antigens in urine and the early detection,
which allow prompt notification of public health services
and may lead to identification/control of potential environ-
mental sources and thus prevent further cases. Similarly,
positive LUAT allows an early switch from empirical to tar-
geted treatment in hospitalized CAP patients. Finally, sam-
ple collection is very simple. Its main disadvantage is that it
is designed to detect only L. pneumophila serogroup 1,
although varying cross-reactions with other species and
serogroups may occur [61,66].

Molecular tests such as PCR and loop-mediated isother-
mal amplification (LAMP) can detect any Legionella subspe-
cies as these methods are usually based on conserved and
not specific regions of rRNA sequences for amplification.
Avni et al. [67] performed a systematic review to assess
the diagnostic accuracy of PCR in comparison with LUAT.
The study shows a higher sensitivity of the PCR in respira-
tory samples compared to LUAT and may result in addi-
tional diagnosis of CAP due to L. pneumophila of all
serogroups and other Legionella species. Limitations of
PCR methods are the lack of standardization protocols,
requires specific laboratory equipment, trained personnel
and PCR commercial kits are expensive. However, PCR-
based methods might improve CAP diagnosis when non-
pneumophila Legionella species is possible.

In Australia and New Zealand, species like L. longbeachae
and L. micdadei are frequent. LUAT is not sensitive for these
species or for other serogroups such as L. pneumophila ser-
ogroup 6 [19]. The capture antibody used in these assays is
specific for L. pneumophila serogroup 1, and so diagnoses
based only on a urinary antigen test may miss 20-50% of
cases caused by other serogroups and species [68,69]. In
addition, due to the low incidence of CAP caused by
Legionella spp., LUAT needs a high number of samples to
test, and so for every case identified the cost is relatively
high [64,70]. One study found that microbiological information
does not provide benefits in terms of patient outcome or cost-
effectiveness [64].

The first report of an enzyme-linked immune specific assay
for the detection of L. pneumophila antigen in urine samples
was published in 1979 [71,72]. Subsequently, different LUATs
were developed based on enzyme immunoassay, immuno-
chromatographic membrane assay, and more recently immu-
nochromatographic assays using immunofluorescence
technology (Table 1). The results of some of immunochroma-
tographic assays and all the available immunofluorescence
assays are interpreted with an automatic reader, which
increases their sensitivity. The antigen detected in all these
LUATs is a heat-stable component of the cell wall of
Legionella that is excreted three days after the onset of
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symptoms and can persist for more than one year [73].
A recent study evaluating the limit of detection of three
commercial LUATs reported that they were able to detect
most L. pneumophila serogroups, with the exception of ser-
ogroup 15 [74]. Moreover, although LUAT is highly accurate
for L. pneumophila serogroup 1 detection, other diagnostic
tests should also be used in combination with the urinary
antigen because other Legionella species and serogroups are
pathogenic. There is still a need to develop antigen capture
assays that can detect infections due to all species and
serogroups of Legionella.

A combined test for pneumococcus and Legionella urin-
ary antigen is currently available. Jorgensen et al. [75]'s
comparative study in frozen urine samples of patients with
confirmed infection for legionella and pneumococcus found
that its sensitivity was significantly better than that of other
commercial tests for Legionella (88.9% compared to 71.7%
and 74.7%). Like other LUATs, this novel test was developed
for the detection of the L. pneumophila serogroup 1
antigen.

3.1. Sensitivity and specificity of LUAT

Urinary antigen testing for L. pneumophila has a sensitivity of
75% to 80% and a specificity of nearly 100% [76-78]. In
a meta-analysis, Shimada et al. [78] include 30 studies and
found a sensitivity for LUAT of 74% (95% Cl: 68%-81%) and
a specificity of 99% (95% Cl: 98.4%-99.7%) but concluded that
the estimates may be overoptimistic due to the low study
quality and publication bias. In a report of an outbreak in
295 patients diagnosed with Legionella pneumonia in Spain,
Blazques et al. [79] found that the sensitivity of LUAT
depended on disease severity: sensitivity was 38% in mild to
moderate disease, and 86% in severe pneumonia. The tests’
sensitivity and specificity vary according to the pre-treatment
of the urine samples, as the concentration of urine samples by
centrifugation using filter units increases their sensitivity, and
urine boiling to suppress nonspecific reactions enhances their
specificity in most cases [80,81]. Moreover, in a study per-
formed by Harris et al. [82] in hospitalized patients with clinical
and radiographically confirmed CAP, the urinary antigen
detection rates were similar when comparing specimens with
and without prehospital antibiotic exposure. The antibiotic
administration did not appear to be associated with yield
from urinary antigen detection assays for S. pneumoniae or
L. pneumophila serogroup 1.

Roed et al. [61] found in hospitalized patients with sus-
pected CAP that positive LUAT to be associated with high
grade fever, hyponatremia, confusion, and CURB-65 score >
3. In contrast, absence of sepsis, C-reactive protein <200 mg/
dL, normal heart rate, and pleural effusions were highly sug-
gestive of LUAT negativity.

3.2. Targeted therapy with LUAT

The urinary antigen test is a rapid, effective test that has
allowed targeted therapy for Legionnaire disease. The high
specificity (>95%) allows clinicians to administer appropriate
anti-Legionella therapy based on a single rapid test. However,
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its relatively low sensitivity means that a notable number of
cases of Legionnaire disease will go undiagnosed if other tests,
especially culture, are not performed [19].

Several studies have assessed targeted antibiotic adjustment
based on LUAT. Two single-centre retrospective cohort studies
showed that a positive LUAT led to adequate treatment altera-
tions in 22%-60% of cases [64,67]. Garbino et al. [66] evaluated
792 hospitalized CAP patients, of which 27 had positive LUAT;
in two-thirds of the cases, the test had a direct impact on the
clinical management of CAP. However, patient comorbidities
and individual clinical judgment continue to be important for
determining optimal treatment. In contrast, Dionne et al. [70]
found that 62% of CAP patients, who were admitted from the
emergency room or who had developed pneumonia in hospi-
tal, received empirical therapy for L. pneumophila but in 68% of
these cases the treatment was not influenced by the negative
LUAT. Furthermore, Lettinga et al. [83] analysed the effect of
timely target treatment during an outbreak in the Netherlands.
One hundred eighty-eight patients were identified with con-
firmed or probable Legionnaires’ disease during the outbreak,
141 required hospitalization, 40 ICU admission had confirmed
disease, and 16 death. They finding that positive LUAT and early
adequate therapy reduced the risk of intensive care unit admis-
sion and death by 38%.

4. Conclusion

CAP is not only associated with high morbidity, but it is also
the most common infectious cause of death worldwide. The
identification of the causative microorganism of CAP is
essential for the adequate use of antibiotics and targeted
therapy. The urinary antigen tests have an important role in
achieving this aim, due to their rapid results and their high
sensitivity and specificity. The latest advances in the devel-
opment of these tests have improved their sensitivity and
specificity and their ability to detect serotypes, thus increas-
ing their epidemiological usefulness. However, antigen
detection tests still present important limitations such as
the inability to identify other pneumococcus serotypes and
other species of Legionella. Finally, adequately designed
studies are now needed to evaluate the tests usefulness
with regard to clinical outcomes, as well as other issues
such as development of antimicrobial resistance or adverse
events in CAP.

5. Expert opinion

CAP continues to be the leading cause of mortality due to
infectious disease all over the world. Despite advances in
diagnosis, antibiotic treatment and critical support, mortality
remains high. S. pneumoniae and L. pneumophila continue to
be among the main etiological agents and cause significant
mortality. The aetiology of CAP has not changed significantly,
in spite of the long list of causative pathogens. Therefore,
current guidelines recommend that broad-spectrum empirical
therapy should be administered to cover the most common
causative pathogens of CAP.

In recent years antibiotic resistance has emerged as
a major problem, in patients with CAP as in other settings.

Measures proposed to deal with this situation include the
development of new antibiotics and the improvement of the
use of antimicrobial agents. Thus, antibiotic therapy should
be carefully selected for patients with CAP, in order to reduce
unnecessary adverse effects and costs, and so as not to
contribute to the further development of resistance to anti-
biotics. Broad spectrum empirical approaches to the initia-
tion of antibiotic therapy should no longer be applied in CAP
patients [84]. To achieve this goal, physicians require accu-
rate and rapid diagnostic tests to identify the pathogenic
microorganism of CAP.

Among the diagnostic tests available for determining the
aetiology in patients with CAP, urine antigen tests present
several advantages over the alternatives. They are easy to per-
form, have a relatively low cost and their results are obtained
quickly (usually in 15 minutes). In addition, urine antigen detec-
tion tests have shown a high specificity, which means that
a positive result practically indicates the causative pathogen
of CAP and is thus a reliable guide for targeted therapy.
However, studies show that in more than half of the cases,
physicians fail to initiate or narrow the spectrum of antibiotic
therapy in response to the results of etiologic diagnosis tests in
CAP. Recently, it has been found that antibiotic de-escalation is
a safe measure that improves antimicrobial use and does not
adversely affect patient outcomes. Therefore, medical education
is necessary to reinforce antibiotic de-escalation or initiation of
targeted antibiotic therapy in CAP.

Although some studies have suggested that a positive
result of urinary antigen detection tests does not justify the
modification of antibiotic therapy or the prognosis of
patients with CAP, we consider that the usefulness of these
tests in this context should not be evaluated alone. In addi-
tion, these studies have not assessed other effects related to
the use of broad-spectrum antibiotics compared with
a targeted therapy: for instance, adverse effects, the genera-
tion of resistance, or complications such as Clostridium diffi-
cile infection. The urine antigen test is part of a set of
diagnostic tests that must be used in CAP patients to
improve antibiotic use. In this regard, studies assessing anti-
biotic de-escalation or targeted therapy in CAP have consid-
ered the use of several etiological diagnostic tests and have
documented a lower number of complications; some of them
have also reported a beneficial effect on survival.

Recently significant progress has been made in the devel-
opment of urine antigen detection tests for patients with CAP.
New methodologies offer greater sensitivity, are able to detect
S. pneumoniae and L. pneumophila in a single test, and can
also detect pneumococcal serotypes. These advantages favour
the rapid detection of the aetiology in CAP and improve the
use of antibiotics. In addition, when applied to clinical prac-
tice, the knowledge of serotypes will provide very important
epidemiological information for assessing the effectiveness of
pneumococcal vaccination, for surveillance, and for guiding
health policies [25].

The studies performed to date have not satisfactorily estab-
lished whether the results of urine antigen tests alone or in
combination with other etiologic diagnostic tests can be used
to initiate or de-escalate antimicrobial treatment regimens.
What is needed are studies that address this question but use



a design that will minimize confounding issues and maximize
the potential benefits to be accrued from these rapid diagnostic
tests [57]. Further research is necessary using appropriately
designed clinical trials and standardized outcome variables, in
order to determine the optimal strategies (for example, the use
of urinary antigen tests as point-of-care tests in the emergency
department) [84] in order to ensure appropriate antibiotic use
and to contain or prevent antimicrobial resistance. Similarly, the
effectiveness of these strategies should be examined in subpo-
pulations of hospitalized patients with CAP, including elderly
patients and severely immunocompromised patients [46].
Although there have been advances in urine antigen detec-
tion tests for patients with CAP, these tests are only accurate for
detecting L. pneumophila serogroup 1 or certain S. pneumoniae
serotypes. Therefore, other diagnostic tests should now also be
used in combination with the urine antigen test, since other
Legionella species and pneumococcal and Legionella ser-
ogroups are pathogenic. There is still a need to develop antigen
capture assays able to detect infections due to all species and
serogroups of Legionella and serotypes of S. pneumoniae.
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