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ABSTRACT: Streptococcus pneumoniae is suspected to cause an important proportion
of community-acquired pneumonia (CAP) whose aetiology cannot be detected with
conventional tests.
In this study, the authors evaluated the diagnostic yield of a new immunochromato-

graphic membrane test (ICT) for the detection of the S. pneumoniae antigen in the urine
of patients admitted with diagnosed CAP. ICT was performed in unconcentrated and
concentrated urine from all the patients. ICT was repeated 1 month after discharge in a
group initially testing positive. The authors also studied the ICT in clinically stable
human immunodeficiency virus type 1 (HIV1)-infected patients.
S. pneumoniae antigen was detected in all of the 68 (100%) patients tested with

definitive pneumococcal pneumonia. In five of these cases ICT was only positive when it
had been performed on the patients. The S. pneumoniae antigen was also detected in
36 (69.2%) of 52 patients with probable pneumococcal pneumonia and in 50 of 277
(18%) patients without pneumococcal pneumonia. ICT remained positive in 16 (69.5%)
of 23 patients, 1 month after hospital discharge. Nasopharyngeal colonisation with
S. pneumoniae was detected in 8 (12%) of 68 clinically stable HIV1 infected patients,
but none tested ICT positive.
The Binax NOW1 immunochromatographic membrane test is a rapid, sensitive and

specific test for detecting pneumococcal community-acquired pneumonia in adults. The
test may remain positive for several weeks after pneumococcal pneumonia.
Eur Respir J 2003; 21: 209–214.

*Dept of Microbiology and #Dept of
Infectious Diseases, Institute of Infec-
tions and Immunology, and }Dept of
Pneumology, Institute of Pneumology
and Thoracic Surgery, Hospital Clı́nic,
Institut d9Investigacions Biomèdiques
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and Binax Inc (Portland, ME, USA).

Community-acquired pneumonia (CAP) is a common
disease, representing the most frequent cause of hos-
pital admission and mortality of infectious origin in
developed countries [1]. Streptococcus pneumoniae is
the leading cause of CAP [1, 2] and is responsible for
30–40% of CAP where the aetiology can be estab-
lished following a routine diagnostic work-up. How-
ever, even in well-designed prospective studies, the
aetiology of CAP remains elusive in y50% of CAP
cases. Recent studies have suggested that S. pneumo-
niae may be underdiagnosed and that it may be
responsible for at least one of three episodes of CAP
without aetiological diagnosis [3, 4]. The lack of rapid
and sensitive diagnostic methods for determining
pneumococcal aetiology, the high mortality associated
with pneumococcal CAP and the emerging antibiotic
resistance in strains of S. pneumoniae, justify the need
to improve the diagnosis of potential pneumococcal
aetiology of CAP [5–7].

In a clinical setting, there are a number of obstacles
to establish the pneumococcal aetiology with conven-
tional diagnostic methods in patients with CAP. The

isolation of S. pneumoniae from blood or pleural fluid,
the gold standard test, is positive in only 15–30% of
cases [8]. Diagnosis based only on sputum culture is
controversial due to both nasopharyngeal carriage of
pneumococci in healthy individuals and inadequate
sputum specimens [9, 10]. In addition,y30% of patients
with CAP have been treated with antibiotics before
admission, which may decrease the sensitivity of con-
ventional methods [11]. Invasive specimens, such as
those obtained by bronchoalveolar lavage (BAL),
bronchoscopically retrieved protected specimen or
transthoracic needle aspiration are generally consi-
dered to be the most reliable respiratory samples for
determining the aetiology of pneumonia. Isolation of
pneumococci from these specimens is considered proof
of pneumococcal origin. However, invasive techniques
are not routinely used because they require specialist
training and may have side-effects [12, 13].

Rapid and sensitive microbiological methods pro-
viding a specific aetiological diagnosis, irrespective of
prior antibiotic therapy, are subsequently required
[14]. The use of polymerase chain reaction has been
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evaluated to improve the diagnostic yield of pneumo-
coccal aetiology in patients with CAP [15–17]. However,
this technique is complex and time-consuming and has
not yet been fully standardised. Antigen detection
tests have also been used for many years in the
diagnosis of pneumococcal pneumonia; however, the
diagnostic yield varies widely depending on the body
fluid studied, the technique used and the bacterial
antigen assessed [18–20].

An immunochromatographic membrane assay (ICT)
has recently become available to detect the pneumo-
coccal antigen in the urine of patients with pneumonia
(Binax NOW1 S. pneumoniae Urinary Antigen Test;
Binax, Portland,ME, USA). In contrast to other less sen-
sitive bacterial antigen-tests, which detect capsular anti-
gens, ICT detects the S. pneumoniae C-polysaccharide
which is found in the cell wall and is common to all
serotypes [21]. In this study the sensitivity and the
specificity of the ICT for its clinical use in the
diagnosis of pneumococcal aetiology in patients
admitted for CAP was evaluated. In addition the
specificity of the ICT in a group of clinically stable
human immunodeficiency virus (HIV) positive patients
was also assessed.

Methods

Design

The microbiological aetiology of CAP was prospec-
tively assessed using an intensive diagnostic approach
with conventional laboratory techniques and ICT.
As the sensitivity of the conventional microbiological
methods for diagnosing pneumococcal CAP is limited,
the clinical interpretation of a positive ICT without a
positive culture from the patient with CAP may be
difficult. The result could either be a false positive, due
to a lack of specificity of the new test or a true positive
result not properly diagnosed with conventional
methods. To further discriminate the specificity of
ICT for the diagnosis of pneumococcal CAP, the
performance of the ICT in two different settings was
investigated. One consisted of a subgroup of patients
who were both culture proven and ICT positive 1
month after pneumococcal CAP diagnosis. The second
group included HIV type 1 (HIV1)-infected patients
because of their high risk of developing naso-
pharyngeal colonisation with S. pneumoniae.

Patients

Patients with community-acquired pneumonia. Between
January 2000–April 2001, consecutive adults (o18 yrs)
diagnosed with CAP and admitted to Hospital Clinic
Institut d9Investigacions Biomèdiques August Pi i
Sunyer (Universitat de Barcelona, Barcelona, Spain)
were prospectively studied. CAP was defined as the
presence of symptoms of a lower respiratory tract
infection, combined with a new infiltrate on chest
radiography, no emerging alternative diagnosis during
follow-up and nonhospitalisation of the patient in the
preceding 72 h.

Clinical, radiographic, and laboratory data were
recorded and entered into a computer database as
described elsewhere [2, 5].

Microbiological evaluation included routine sam-
pling of sputum, blood and urine at admission. All
sputum samples were Gram-stained, but only those
from the lower respiratory tract were subsequently
cultured. A good quality sputum sample required
the presence of w25 polymorphonuclear leukocytes
and v10 squamous epithelial cells 6100 field [22].
When clinically considered, pleural puncture, tracheo-
bronchial aspiration (TBAS), or BAL were also used
to obtain samples for Gram-staining and culture.
Respiratory samples were cultured on sheep blood,
chocolate, and Sabouraud agar. Results of quantita-
tive cultures were expressed as colony-forming units
per mL (cfu?mL-1). A total of two blood samples were
aerobically and anaerobically cultured (Bactec 9240;
Becton Dickinson, Shannon, Ireland). Urine samples
were obtained for the detection of the Legionella
pneumophila antigen (Biotest Legionella Urine Anti-
gen EIA; Biotest, Dreieich, Germany) and for the
S. pneumoniae antigen (Binax NOW1 S. pneumoniae
Urinary Antigen Test; Binax) as previously described
[23, 24]. The results disclosing the weak-intensity
coloured line were considered as negative.

Only concentrated urine was assessed for the
detection of L. pneumophila antigen, whereas both
concentrated and unconcentrated urine were used for
detection of the S. pneumoniae antigen. Urine samples
were boiled for 5 min and centrifuged at 1,0006g for
15 min. The urine was concentrated 25-fold by
selective ultrafiltration (Urifil-10 Concentrator; Milli-
pore Corporation, Bedford, MA, USA) [25]. Sero-
logical tests to detect immunoglobulin (Ig)M against
Chlamydia pneumoniae and Mycoplasma pneumoniae
were performed at the admission stage. For the rest
of the serological tests, serum samples obtained at
admission and 4 weeks thereafter were used for paired
serology. Complement fixation tests were performed
for influenza viruses A and B, parainfluenzae viruses
1, 2, and 3, adenovirus and respiratory syncitial virus.
A microimmunofluorescence method was used to detect
antibodies against C. pneumoniae, Coxiella burnetii,
Chlamydia psittaci, L. pneumophila and M. pneumoniae.
An enzyme immunoassay was carried out for the
detection IgM against M. pneumoniae.

The aetiology of CAP was classified as probable if a
valid sputum sample yielded o1 predominant bac-
terial strain. The aetiology was considered definitive
if one of the following criteria was met: 1) blood or
pleural fluid yielding a bacterial or fungal pathogen; 2)
a four-fold increase in the IgG titre for C. pneumoniae,
C. psittaci, L. pneumophila, M. pneumoniae, C. burnetii,
and respiratory viruses, an initial titre o1:256 or a
positive urine antigen for L. pneumophila, an IgM-
positive titre for M. pneumoniae, or an increase in the
IgM titre (o1:32) for C. pneumoniae; 3) bacterial
growth in cultures of TBAS o105 cfu?mL-1, and in
BAL o104 cfu?mL-1. Growth of fungi in respiratory
samples were considered diagnostically valid only in
the presence of a concomitant positive blood cul-
ture growing the same microorganism. The finding of
Pneumocystis carinii cysts with methenamine-silver
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stain in the BAL was considered as positive diagnostic
of P. carinii pneumonia.

Asymptomatic patients with recent pneumococcal
community-acquired pneumonia. The ICT was repeated
in concentrated urine 1 month after discharge in 23
patientswithproven diagnosis of pneumococcalCAPby
both conventional microbiological methods and ICT.

Asymptomatic human immunodeficiency type 1-infected
patients. A total of 68 stable adult HIV1-infected
patients, without symptoms of respiratory tract infec-
tion for the previous 4 weeks, were cross-sectionally
studied. Nasopharynx swab specimens were cultured
to detect S. pneumoniae colonisation. In addition, urine
samples were concommitantly obtained and concen-
trated for ICT.

Interpretation of study results

The sensitivity and the specificity of ICT to
diagnose the pneumococcal aetiology of CAP were
calculated in the group of patients with CAP accord-
ing to standard formulae. The results obtained with
the ICT were compared with the results provided with
conventional cultures. The specificity of the ICT was
further assessed by studying its performance in two
groups of patients without active infection but with a
potential high risk of testing ICT positive, either due
to a recent pneumococcal CAP or a high risk of pneu-
mococcal nasopharyngeal colonisation, respectively.

Results

Patients with community-acquired pneumonia

A total of 398 patients (314 male, 79%) with CAP
were included 84 (21%) of whom had HIV1 infection.
The mean age was 50 yrs (range 24–95). The patients
could be distributed into four groups of CAP: defini-
tive pneumococcal CAP (n=68), probable pneumo-
coccal CAP (n=52), nonpneumococcal CAP (n=107),
and CAP by an unidentified pathogen (n=171) (table 1).
Figure 1 summarises the outcome of the 398 patients
with CAP according to ICT and culture results of
blood and respiratory samples.

A good quality sputum was available from 183
(46%) patients. Additional respiratory samples such as
TBAS, pleural fluid or BAL were obtained from 48
(12%), 20 (5%), and 10 (2.5%) patients, respectively.
Blood cultures and detection of L. pneumophila and
S. pneumoniae urinary antigens were performed on all
of the patients. Serologies for atypical pathogens and
respiratory viruses were obtained from 366 patients as
single (n=216) or paired samples (n=150).

By using conventional laboratory techniques, an
aetiological diagnosis was achieved in 227 (57%) pati-
ents, of which 120 (53%) were due to S. pneumoniae
(table 2). S. pneumoniae was isolated from the blood
cultures of 28 patients, from respiratory samples of 75
patients or both from 17 patients. S. pneumoniae was
recovered from respiratory samples including sputum
(n=64), TBAS (n=23), pleural fluid (n=4) and BAL (n=1).

The S. pneumoniae antigen was detected in 109
nonconcentrated urine samples and in 154 concen-
trated urine samples. All patients with a positive ICT
in nonconcentrated urine samples also tested positive
in concentrated samples. S. pneumoniae antigen was
detected in 68 of 68 patients with definitive pneumo-
coccal pneumonia (100%). In five patients with positive
blood cultures, the ICT was positive only after con-
centrating the urine. From patients with a diagnosis of
probable pneumococcal pneumonia, antigenwas detected

Table 1. – Comparison of the conventional diagnostic methods and the Binax NOW1 Streptococcus pneumoniae urinary
antigen test in patients with CAP

Sputum
culture

Invasive
respiratory
samples#

Blood
culture

Others
methods}

Urinary antigen test

NCU CU

Pneumococcal pneumonia
Definitive (n=68)
Blood culture 0 0 28 0 23 28
Blood culture and respiratory samples 12 5 17 0 17 17
Respiratory samples 0 23 0 0 12 23

Probable (n=52) 52 0 0 0 23 36
Nonpneumococcal pneumonia (n=107) 30 15 5 62 5 7

Pneumonia by an unidentified pathogen (n=171) 0 0 0 0 29 43

NCU: nonconcentrate urine; CU: concentrate urine. #: tracheobronchial aspiration, bronchoalveolar lavage, pleural
puncture; }: Legionella pneumophila antigen, serology.
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Fig. 1. –The number of patients with community-acquired pneu-
monia testing positive and negative on the immunochromato-
graphic membrane test (ICT) and the results from the blood or
respiratory cultures according to the results of the ICT.
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in 36 of 52 urine samples (69.2%; table 1). In the 16
patients, who were ICT-negative, S. pneumoniae was
isolated from the sputum but not from blood cultures.
At least one copathogen was also isolated in seven of
the 16 sputum samples (Pseudomonas aeruginosa, n=1;
Moraxella catarrhalis, n=1; Haemophilus influenzae,
n=3; Enterobacter cloacae, n=1; P. carinii, n=1).

The overall specificity of ICT was 82%. The
specificity was 93% for nonpneumococcal CAP and
75% for CAP by an unidentified pathogen (table 1).
When the group of 50 patients with negative cultures
and positive ICT results were analysed, a causative
microorganism was identified in seven of the patients
by conventional methods, these were as follows;
M. pneumoniae (n=1), C. pneumoniae (n=1), P. carinii
(n=1), H. influenzae (n=2), Escherichia coli (n=1) and
influenza A virus (n=1). A total of 21 (42%) of 50
patients had received antibiotic therapy prior to
sample collection compared with two (1.6%) of the
120 patients in whom S. pneumoniae was isolated and
tested positive for ICT (pv0.05, Chi-squared test).

Asymptomatic patients with recent pneumococcal
community-acquired pneumonia

The ICT was positive for 16 (69.5%) of 23 patients,
1 month after pneumococcal CAP had been diagnosed (as
defined by both conventional microbiological methods
and ICT) despite satisfactory clinical, laboratory, and
radiographic evolution.

Asymptomatic human immunodeficiency virus type
1-infected patients

S. pneumoniae was isolated from nasopharyngeal
swab specimens from 8 (12%) of the 68 asymptomatic

HIV1-infected patients and the ICT assay in urine was
negative in all the patients.

Discussion

The most important findings from this study are: 1)
S. pneumoniae continues to be the main aetiology of
CAP; 2) the concentration of urine increases the yield
of the ICT for pneumococcal CAP; 3) the ICT shows
a good sensitivity and specificity for the diagnosis of
pneumococcal CAP; and 4) true positive results of
ICT may remain positive for several weeks.

In this prospective study, the cause of CAP was
identified in 57% of the patients with the use of
intensive conventional microbiological methods, with
S. pneumoniae being the most common agent (n=120,
53%). The data agrees with previously published
reports and highlights the potential importance of
S. pneumoniae as a causative agent of CAP [1].

In contrast to good quality sputum, which can not
always be spontaneously obtained, and to invasive
respiratory samples, which are not routinely collected,
urine may be easily collected from all patients with
CAP. The ICT was performed in both concentrated
and nonconcentrated urine because data in a similar
test to detect L. pneumophila suggested that concen-
trated urine may have a higher diagnostic yield [25].
Urine concentration in this study did not represent
additional work since this was also necessary to
determine the urinary antigen of L. pneumophila. The
positivity of ICT in the present study increased from
109 (27%) nonconcentrated to 154 (39%) concentrated
urine samples. There was no conclusive data support-
ing urine concentration to be necessary for, or to
improve ICT yield. However, the fact that five (11.1%)
episodes of bacteraemic pneumococcal CAP in the
present study tested ICT positive, only after concen-
trating the urine, supports the necessity to concentrate
the urine for this test. Similar findings were reported
by MURDOCH et al. [26]. The authors of that study
described how four patients with positive blood
cultures for S. pneumoniae had negative ICT results
from nonconcentrated urine samples and positive
ICT results were found for two of the patients in
concentrated urine samples (no data regarding urine
concentration were given for the remaining two
patients). AUSINA et al. [27] found the concentration
of urine extremely useful to obtain optimal results on
detecting capsular pneumococcal antigen by counter-
immunoelectrophoresis. DOMINGUEZ et al. [23] also
concluded that the concentration of urine improves
the diagnosis of pneumococcal aetiology. The con-
centration of urine is a simple, rapid (f2 h) proce-
dure that can be easily performed, and in summary it
seems reasonable to concentrate urine when using ICT
to improve the sensitivity of this method.

The ICT in concentrated urine correctly identified
104 of 120 pneumococcal aetiologies diagnosed by
culture. In the cases of pneumococcal CAP detected
by culture but not with ICT (n=16), S. pneumoniae was
detected in only sputum but not in blood cultures. The
value of sputum for the diagnosis of CAP, even in the
setting of good quality criteria, remains controversial

Table 2. – Aetiology of community-acquired pneumonia in
398 patients admitted using conventional laboratory
diagnostic methods

Microorganism n %

Streptococcus pneumoniae 112 49
Legionella pneumophila 17 7
Haemophilus influenzae 26 11
Neisseria meningitidis 1 v1
Moraxella catarrhalis 7 3
Staphylococcus aureus 7 3
Enterobacter cloacae 1 v1
Escherichia coli 1 v1
Prevotella melaninogenica 1 v1
Pseudomonas aeruginosa 3 1
Candida albicans 1 v1
Pneumocystis carinii 2 1
Chlamydia pneumoniae 4 2
Mycoplasma pneumoniae 9 4
Viral agents 25 11
Mixed aetiology

S. pneumoniae, M. pneumoniae 2 1
S. pneumoniae, C. pneumoniae 3 1
S. pneumoniae, H. influenzae 3 1
H. influenzae, M. pneumoniae 1 v1
H. influenzae, L. pneumophila 1 v1
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[9]. The potential role of S. pneumoniae as the cause of
CAP in these cases is arguable due to the presence of a
copathogen which may explain the aetiology of the
CAP found in seven of the 16 sputum samples.

With the culture results as a reference, the overall
specificity of the ICT to diagnose pneumococcal CAP
in concentrated urine was 82%. Several issues should
be taken into account when analysing the meaning
of positive ICT results in 50 patients with negative
cultures. The reliance on microbial cultures, either
from respiratory samples or from blood, for the
diagnosis of pneumococal CAP may be jeopardised by
the relatively low sensitivity of cultivation. This was
reflected in the present study as the diagnostic yield
from blood cultures of pneumococcal CAP was only
37.5%. At least one respiratory sample could be
obtained from all the patients, with sputum being
the most commonly obtained, although with good
quality criteria in only 47% of the patients. This
finding, which has also been reported elsewhere [28],
seriously limits the diagnostic yield of sputum for the
aetiological diagnosis of CAP. In addition, 42% of
the patients testing ICT-positive but with negative
cultures had received antibiotics prior to sample collec-
tion compared with 2% of the patients testing ICT-
positive with positive cultures (pv0.05, Chi-squared
test). Similar discordant findings between ICT and
cultures in patients with pneumococcal meningitis,
who had received prior antibiotic therapy, had been
reported previously by the authors [24]. In contrast to
culture, the results of the ICT should not be affected
by the administration of antibiotics. The administra-
tion of antimicrobial therapy prior to admission has
been reported as a cause of false-negative results not
only for CAP, but also for other invasive bacterial
diseases [29]. Therefore, the limited sensitivity of
culture as a conventional microbiological method to
diagnose pneumococcal CAP may not determine if
the ICT-positive results are really true or false.
No additional diagnostic tests were performed in
combination with the cultural technique that may
have helped gain further insight into the meaning
of discordant patients with positive ICT results and
negative cultures. In summary, it is unclear as to
whether cases testing ICT-positive and culture-
negative were either false-positive results of the ICT
test (thus representing patients without pneumococcal
CAP) or false-negative results of the culture (thus
representing underdiagnosed cases of pneumococcal
CAP). Further data supporting the high specifity of
ICT was obtained from the results of the study with
asymptomatic HIV1-infected patients. Negative ICT
results were found consistently in all the 68 patients
studied, even in the eight patients with S. pneumoniae
isolated in the nasopharynx. The findings of
MURDOCH et al. [26], who did not detect pneumococ-
cal antigen in urine from 188 control adult patients,
support the high specificity of the ICT in adults, and
complement the findings of the present study. How-
ever, DOWELL ET AL [30] found that the ICT was often
positive in healthy children who were colonised with
S. pneumoniae. Consequently, the ICT test might have
different performance characteristics in adults than in
children.

Although the long persistence of antigens in urine,
several days after the onset of symptoms, may be
useful to detect pneumococcal aetiology in patients
with CAP irrespective of antibiotic therapy, the inter-
pretation of a positive result in patients with prior
pneumococcal invasive infections should be made
with caution, since it may be unrelated to the present
episode of CAP. In the present study, ICT in con-
centrated urine was positive in 70% of the patients
with pneumococcal CAP proven by both culture and
ICT 1 month after the diagnosis of CAP despite good
clinical, laboratory and radiographic evolution. There-
fore, further studies are needed to ascertain how long
positive ICT results may persist after an episode of
pneumococcal CAP in order to properly interpret the
ICT test in clinical practice.

In summary, the immunochromatographic mem-
brane test is a sensitive and specific method for the
diagnosis of pneumococcal community-acquired pneu-
monia in adults. It may be used as a complementary
tool to conventional methods given the advantages of
it being both rapid and simple and it lacking any
influence by the prior treatment of the patient with
antibiotics. Based on the results of this study, the
authors recommend immunochromatographic mem-
brane tests be performed on concentrated urine to
increase the test sensitivity, and caution should be
taken when interpreting the results if the patient has
undergone a recent episode of community-acquired
pneumonia.
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