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ABSTRACT 

Aim: To evaluate the diagnostic accuracy and clinical utility of a serotype specific urinary 

antigen detection (UAD) multiplex assay for identification of 13 pneumococcal serotypes 

(1,3,4,5,6A,6B,7F,9V,14,18C,19A,19F,23F) in urine of patients with community acquired 

pneumonia (CAP).  

Methods: Adult patients with clinical suspicion of CAP were included. In addition to 

standard diagnostic procedures, a urine sample was collected to perform the UAD test.  

Demographic, clinical, radiological and microbiological data were collected. 

Results: Among 1,095 CAP patients S. pneumoniae was identified as causative pathogen in 

257 (23%), when using conventional diagnostic methods and in 357 (32.6%) when UAD was 

added. Of the 49 bacteraemic episodes caused by 1 of the 13 serotypes covered by the UAD, 

48 were detected by the UAD indicating a sensitivity of 98%. Of the 77 CAP episodes with a 

‘non-UAD’ causative pathogen none had a positive UAD result, indicating a specificity of 

100%.   

Conclusion:  Addition of the UAD test to conventional diagnostic methods increased the 

prevalence of S. pneumoniae CAP by 39%. Using bacteraemic episodes as reference 

sensitivity and specificity of the UAD was 98% and 100%, respectively.  
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INTRODUCTION 

Community acquired pneumonia (CAP) is a major cause of morbidity and mortality 

worldwide. Streptococcus pneumoniae is the most common causative organism of CAP in all 

age groups[1, 2]. There are more than ninety different serotypes of S. pneumoniae, based on 

capsular polysaccharides, with marked serotype-specific differences in disease prevalence[3] 

and clinical outcome of invasive pneumococcal disease [4].  

The diagnosis of pneumococcal CAP is usually based on clinical and radiographic evidence of 

pneumonia combined with microbiological results of blood and sputum samples and detection 

of pneumococcal antigens in urine. Yet, many episodes of pneumococcal CAP will remain 

undiagnosed. Bacteraemia with S. pneumoniae is demonstrated in 3.6 to 9.6% of the adult 

cases with CAP only[5] and sensitivity decreases due to prior use of antibiotics[6, 7]. 

Furthermore, only 36 to 64% of CAP patients produce sputum[8, 9], and samples are 

frequently contaminated with flora of the upper respiratory tract. Finally, detection of 

pneumococcal antigens in urine -usually with the immunogromatographic assay (ICA) of 

BinaxNOW®- may have a high specificity, yet reported sensitivities have varied from 76.9 to 

100% in the subgroup of patients with pneumococci isolated from sterile sites (such as blood 

and pleural fluid) and from 43.7 to 69.2% in patients with pneumococci isolated in sputum 

only [10-12]. Serotyping is only possible for pneumococci isolated from sterile sites and 

sputum. As a result, serotype distributions and changes herein (for instance because of 

vaccination strategies) can only be measured in a small subset of CAP cases.  

In preparation of a large randomized placebo-controlled double-blind trial[13] we evaluated 

the diagnostic properties and clinical utility of a novel serotype-specific urinary antigen 

detection (UAD) multiplex assay [14] for identification of 13 serotype-specific 

polysaccharides of S. pneumoniae (serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 

23F) in human urine samples in patients hospitalized with CAP. The 13 polysaccharide 
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antigens correspond to the serotypes used in the 13-valent pneumococcal conjugate vaccine 

(PCV13).  

 

 

MATERIAL AND METHODS 

Patients 

We conducted a prospective, observational, cohort study in 23 Dutch hospitals (4 academic, 

15 teaching and 4 non-teaching hospitals), between January 2008 and April 2009. Not all 

hospitals started at the same time (last one started in July 2008) and 17 hospitals discontinued 

patient enrolment in October 2008 because of a competing pneumonia trial. 

Adult patients, 18 years or older, with a clinical suspicion of CAP or lower respiratory tract 

infection (LRTI) presenting at the Emergency Room (ER) of the participating hospitals were 

eligible. A clinical suspicion of CAP or LRTI was defined as the presence of at least two of 

the following criteria: fever or hypothermia, cough or change in chronic coughing pattern, 

dyspnoea or tachypnoea or hypoxia, findings with percussion or auscultation consistent with 

pneumonia, leucocytosis or leucopenia or left shift or an infiltrate on the chest X-ray. In each 

hospital dedicated research nurses checked admission diagnoses of patients admitted through 

the ER two to three times weekly. Eligible patients not included at the ER, could be included 

until 48 hours after admission. The study was approved by all local Research Ethics 

Committees and written informed consent was obtained from all participants.  

 

Diagnostic approach 

In addition to history taking, physical examination, laboratory blood analysis and chest X-ray, 

diagnostic procedures included microbiological cultures of blood, sputum and pleural fluid (if 
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present), and collection of a urine sample immediately after presentation, but at least within 

48 hours after admission.  

Urine samples were processed locally in a standardized manner (treated with 0.5M PIPES 

buffer to a final concentration of 25mM) and subsequently frozen at -70oC until processing in 

the reference laboratory of Pfizer Vaccine Research, Pearl River, New York. As ICA was not 

part of standard care in most hospitals, local processing of ICA was not part of study protocol. 

In the reference laboratory both the UAD test and the commercially available urinary 

pneumococcal antigen ICA (BinaxNOW® S. pneumoniae urine antigen test, Alere 

International, Ireland) were performed batch-wise according to manufacturers’ instructions. 

The ICA results were interpreted by two analysts, blinded for any clinical information.  A 

third analyst interpreted the results when the first two analysts did not agree. The UAD test is 

a Luminex technology based multiplex urinary antigen detection assay, that can detect 

simultaneously 13 different serotypes of S. pneumoniae (serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 

14, 18C, 19A, 19F, 23F) by capturing serotype-specific polysaccharides secreted in human 

urine[14]. The in vitro validation of the test (based on a subset of the current study 

population) and specificity determination in non-infected individuals has been reported 

elsewhere [14].  

Microbiologic testing (blood and sputum cultures and BinaxNOW® urinary Legionella 

antigen test, if clinical applicable) was performed in local laboratories according to local and 

manufacturers’ protocols. S. pneumoniae blood isolates were serotyped at the Netherlands 

Reference Laboratory for Bacterial Meningitis, by co-agglutination and subtyping with the 

capsular swelling method (Quellung reaction) using antisera (Statens Serum Institute, 

Copenhagen, Denmark) according to the manufacturer’s protocol[15, 16]. Cogulase-negative 

staphylococci in blood cultures were considered as ‘contaminants’ and not as causative 

pathogen. 
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Data-collection 

Demographics, prior antibiotic use, signs and symptoms of infection, radiological and 

microbiological test results and findings of physical examination were documented in a 

standardized case record form by trained research nurses and/or physicians in every hospital. 

Data were collected during or shortly after admission. Clinical severity of CAP was 

categorized upon the Pneumonia Severity Index score (PSI) [17]. 

 

Definitions 

CAP was defined as the presence of an infiltrate on the chest X-ray within 48 hours after 

admission based on the diagnosis of the local radiologist together with at least two of the 

following signs or symptoms: cough, sputum production, fever, auscultatory findings 

consistent with pneumonia, leucocytosis or leucopenia, C reactive protein more than three 

times the upper limit of normal, hypoxemia with pO2< 60mmHg while patient is breathing 

room air or signs of dyspnoea/ tachypnoea .  

The causative microorganism of CAP was considered ‘definite’ if it was cultured from blood 

or any other sterile body fluid or if the urinary antigen test was positive (either for 

pneumococcal or legionella antigen with ICA or with the UAD test). Bacteria considered as 

contaminants (e.g. coagulase-negative staphylococci) were not considered as causative 

pathogens. A microorganism was considered a ‘probable’ cause of CAP in the absence of a 

definite pathogen and if it was present as dominant flora in the sputum culture. Pneumococcal 

CAP was defined as CAP with S. pneumoniae as the ‘definite’ or ‘probable’ causative 

microorganism. 

 

Data-analysis  

Descriptive analyses were carried out by calculating frequencies, mean or median with SPSS 

statistical package (version 17.0, SPSS Inc, Chicago, IL, USA). To compare groups the 
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Pearson’s Chi Square was used for dichotomous determinants and the Students T test or Mann 

Whitney U test was used for continuous data. A p-value < 0.05 was considered significant.  

To calculate the sensitivity of the UAD test ‘true positives’ were defined as CAP with 

bacteraemia (blood culture positive) caused by one of the 13 serotypes of the UAD test and 

the number of positive UAD tests was compared to the number of ‘true positives’. Episodes 

of probable pneumococcal CAP that were based on sputum cultures only were excluded from 

this analysis. ‘True negatives’ were defined as CAP cases with bacteraemia caused by another 

pathogen or by pneumococcal serotypes not covered by the UAD test or CAP cases with only 

a  positive legionella urinary antigen test. Specificity was determined by the number of 

negative UAD tests compared to the number of ‘true negatives’. 

 

RESULTS 

Study Population 

In all 1,758 patients with a clinical suspicion of CAP or LRTI were included, of whom 552 

(31%) had no infiltrate on chest X-ray within 48 hours after admission. Urine samples had not 

been obtained from 101 patients and from 10 patients informed consent was not obtained, 

yielding a total study population of 1,095 patients with CAP (Figure 1). The median age of 

these 1,095 patients was 69 years (IQR 57 – 79), the majority was male (62.7%) and 50 

(4.6%) patients were treated as outpatients. Median duration of complaints before presentation 

was 4 days (IQR 2-7). PSI categorization yielded a distribution of 9.9%, 22.1%, 23.0%, 

34.6% and 10.4% for categories I through V, respectively. Four patients (0,4%) reported 

receipt of pneumococcal vaccination. Information on pre-admission antibiotic use was 

available for 1077 patients and 325 had received antibiotics before admission.  
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Aetiology  

Blood cultures were available in 922 patients (84.2%), sputum cultures in 570 patients 

(52.1%) and Legionella urinary antigen tests in 762 patients (69.6%). All 1,095 urine samples 

were tested with ICA and UAD in the reference laboratory. There were three CAP episodes 

with urine antigen tests positive for both pneumococci and Legionella. In all three episodes 

both ICA and UAD test were positive, and in one episode there was also pneumococcal 

bacteraemia. S. pneumoniae was considered the causative pathogen of CAP in all three 

episodes. One CAP episode was associated with E. coli bacteraemia, a positive ICA 

pneumococcal urinary antigen test and a negative UAD test. In this episode S. pneumoniae 

was considered as the causative pathogen of CAP.   

Based on microbiological culture results and ICA an aetiological cause of CAP could be 

determined in 403 (36.8%) episodes (Table 1). When the UAD test results were added to 

these methods, aetiology could be determined in 493 (45.0%) episodes, and proportions of 

episodes of pneumococcal CAP were 23.5% (n=257) and 32.6% (n=357) without and, with 

inclusion of UAD test results. This represents a relative increase of the diagnostic yield for S. 

pneumoniae of 39% and an absolute increase of 9.1%.  

 

Diagnostic accuracy 

In all, 249 UAD tests (22.7%) and 211 ICA tests (19.3%) were positive in the study 

population. Of the 249 UAD positive samples, 122 samples were negative in the ICA.  

There were 49 bacteraemic isolates that belonged to one of the 13 serotypes included in the 

UAD test, of which 48 were detected by UAD, yielding a sensitivity of 98% for bacteraemic 

pneumococcal CAP with serotypes included in the UAD assay (Table 2). The only negative 

urine sample yielded a positive signal that did not reach the predefined positivity cut-off limit 

for serotype 3, which was the serotype of the blood culture isolate. The ICA yielded positive 

results in 34 of these 49 episodes, yielding a sensitivity of 69.4% for the bacteraemic CAP 
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with one of the 13 pneumococcal serotypes included in the UAD assay. The ICA detected 49 

of the total of 77 bacteraemic pneumococcal CAP cases (including the serotypes not included 

in the UAD), indicating an overall sensitivity of 63.6%.    

There were 76 CAP episodes with other causative pathogens than S. pneumoniae serotypes 

included in the UAD test: 23 bacteraemic episodes due to non-UAD test S. pneumoniae 

serotypes, 28 non-pneumococcal bacteraemic cases and 25 episodes with mono-infection 

caused by L. pneumophila. There was no positive UAD test in this cohort, indicating an UAD 

assay specificity of 100%. Of the 28 non-pneumococcal bacteraemic cases and the 25 

episodes caused by L. pneumophila, there was one positive ICA test, indicating a specificity 

of 98%.  

 

Serotype distribution 

Among the 77 episodes of bacteraemic pneumococcal CAP, serotypes 1 and 14 were the most 

common serotypes (n=9), followed by 19A and 7F (n=7) and 22F (n=6). Five isolates could 

not be serotyped. Based on the UAD results, serotype distribution of the 13 serotypes 

included appeared to change (Figure 2). Serotype 1 remained the most frequent serotype 

(n=38) (Table 3), but the relative frequencies of serotypes 3 and 18C increased, whereas that 

of serotype 14 decreased (from 18.4% (95%CI 7.5 – 29.2%) to 8.4% (95%CI 4.7 – 11.3%) 

among bacteraemia isolates). 

Based on the UAD results eleven CAP episodes (4.4% of pneumococcal CAP cases 

diagnosed by UAD, 1.0% of all samples tested) appeared to be caused by multiple serotypes, 

which was confirmed by retesting and inhibition experiments (data not shown[14]). Ten 

episodes were caused by two serotypes included in the UAD test and one episode by three. 

Two of these patients also had concomitant bacteraemia and in both cases serotype of 

bacteraemia isolates matched with one of the serotypes detected by the UAD assay.  
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DISCUSSION 

Addition of a novel serotype-specific UAD test to commonly used standard diagnostic 

methods, such as microbiological cultures and ICA of urine for pneumococcal antigens, 

increased the diagnostic yield for S. pneumoniae CAP by 39%. The sensitivity of the UAD 

test was 98% for pneumococcal CAP episodes caused by one of the serotypes included in the 

UAD test, as compared to 69% for ICA. Specificity for detecting 13 serotype specific 

pneumococcal antigens in urine of adult patients with CAP was 100%, and similar to the ICA 

test. Moreover, four percent of pneumococcal CAP episodes diagnosed by the UAD test 

resulted from co-infection with multiple serotypes. Although not commercially available, this 

approach could enhance our diagnostic yield for pneumococcal infections and could provide 

more detailed information on the epidemiology of infection-associated pneumococcal 

serotypes.  

Detection of pneumococcal antigen in urine was first described in 1917 [18], and became 

widely applied as of 1999 with the commercial availability of the ICA of BinaxNOW. 

Serotype-specific antigen detection in urine has been attempted before, with excellent 

specificity (98%-99%), but disappointing sensitivity (55%-84%), when compared to S. 

pneumoniae isolates detected in sterile sites [19-22]. The sensitivity of the ICA test in the 

present study was 63%.  

With the addition of the UAD test to the conventional diagnostic methods the proportion of 

CAP episodes caused by S. pneumoniae increased from 23.3% to 32.6%. However, the UAD 

test only detects 13 serotypes and there were 71 pneumococcal CAP episodes diagnosed 

through a positive ICA result only. Extrapolation of the observed 63% sensitivity of the ICA 

test for bacteraemic CAP would imply that there were 113 instead of the observed 71 

additional episodes of pneumococcal CAP caused by serotypes not covered by the UAD test. 

That would imply that the total proportion of CAP episodes caused by pneumococci would be 

36.4% (399/1095). The UAD test as used in this study “serotyped” three times more episodes 
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of pneumococcal CAP (249 as compared to 77 for isolates from sterile sites and sputum), and, 

therefore, enhances our capacity to investigate the serotype-epidemiology of S. pneumoniae. 

Moreover, if the turn-around-time of this test could be reduced to that of a real-time test, 

demonstrating S. pneumoniae as a cause of CAP could assist in rapid de-escalation of 

unnecessarily broad empirical antibiotic treatment for CAP. As many serotypes will not be 

detected, a negative test result will not be useful for clinical decision making. 

Of the pneumococcal CAP cases detected by the UAD test, 4.4% appeared to be caused by 

multiple serotypes. Although the presence of carriage with multiple serotypes has been 

described[23-25], infections caused by multiple serotypes have been reported only 

sporadically[20, 21, 26, 27]. Recently five of 366 patients with pneumococcal CAP had 

pneumonia caused by two serotypes based on a multiplex immunoassay for 14 serotypes in 

urine samples[28]. Thus, apart from higher sensitivity, the UAD test also improves our 

capacity to detect co-infections with multiple serotypes.  

Our study has some limitations. As in all clinical studies investigating diagnosis of non-

invasive S. pneumoniae infections we suffered from the absence of a true ‘gold standard’. 

This results in low numbers of ‘true positives’ (n=49) and ‘true negatives’ (n=76). However, 

at this point there is no other reference standard to better test accuracy of serotype specific 

diagnostic tools. Secondly, pneumococcal antigens can persist in urine samples after infection 

for periods as long as 7 days[19, 29] to 3 months[30]. Although we did not have detailed 

information about disease history in the weeks before the clinical episode of CAP, we could 

determine that only 8 patients (0.7%) had been hospitalized in the weeks before the CAP 

episode. Moreover, persistent antigen positivity is more likely when concentrated urine is 

used[11, 30]. In our study only unconcentrated urine was used, reducing the possibility of 

false positive tests. Therefore, we consider it unlikely that false-positive test results due to 

previous pneumococcal infections influenced our findings. And finally, the absence of a urine 

sample in 101 patients could have created a selection bias. Indeed, these 101 patients were 
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more frequently categorized as ‘severe CAP’ (PSI class V) (p=0,012, data not shown) and 

previous studies have suggested that the ICA is more sensitive in severely ill patients[21, 31], 

although this finding was not confirmed by others[10, 32]. If severity of CAP is associated 

with higher likelihood of antigen detection in urine the diagnostic yield of the UAD test might 

actually be higher than reported here.  
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Tables 

 

Table 1 – Aetiology of 1,095 patients with confirmed CAP. 

 

 Conventional diagnostics* Conventional diagnostics + UAD** 

Pathogen Definite ^ 

pathogen  

Probable ^^ 

pathogen 

Total  

(n=1,095) 

Definite^ 

pathogen 

Probable ^^ 

pathogen 

Total 

(n=1,095) 

S. pneumoniae 240 17  257 (23.5%) 347 10 357 (32.6%) 

H. influenzae 1 37 38 (3.5%) 1 34 35 (3.2%) 

L. pneumophila 25 - 25 (2.3%) 25 - 25 (2.3%) 

P. aeruginosa 4 11 15 (1.4%) 4 7 11 (1.0%) 

M. catarrhalis - 8 8 (0.7%) - 7 7 (0.6%) 

Klebsiella spp. 3 9 12 (1.1%) 3 8 11 (1.0%) 

E. coli 5 6 11 (1.0%) 5 6 11 (1.0%) 

S. aureus 3 4 7 (0.6%) 3 4 7 (0.6%) 

Other 11 19 30 (2.7%) 11 18 29 (2.6%) 

Unknown   692 (63.2%)   602 (55.0%) 

 

*Conventional diagnostics: Causative pathogen based on the results of blood or other sterile fluid culture, ICA 

urinary antigen test only and sputum culture.  ** Conventional diagnostics + UAD: Causative pathogen based on 

results of blood or other sterile fluid culture, ICA urinary antigen test and UAD test results and sputum culture. 

^ Definite pathogen: pathogen cultured from blood or any other sterile body fluid or if the urinary antigen test 

was positive. ^^ Probable pathogen: pathogen identified in the absence of a definite pathogen and if it was 

present as dominant flora in the sputum culture.  



20 
 

Table 2: Results of UAD assay and ICA in patients with bacteraemic and non-bacteraemic 

pneumococcal CAP.  

 

 UAD Total 

Negative Positive 

BC negative for S. pneumoniae ICA Negative 749 107 856 

Positive 71 91 162 

Total 820 198 1018 

BC positive for S. pneumoniae, 
UAD serotype 

ICA Negative 1 14 15 

   Positive 0 34 34 

  Total   1 48 49 

BC positive for S. pneumoniae, 
non-UAD serotype 

ICA Negative 12 0 12 

    Positive 11 0 11 

 Total   23 0 23 

BC positive for S. pneumoniae, 
non-typeable serotype 

ICA Negative 0 1 1 

Positive 2 2 4 

Total 2 3 5 

Total ICA Negative 762 122 884 

Positive 84 127 211 

Total 846 249 1095 

 

Abbreviations: S. pneumoniae= Streptococcus pneumoniae; BC= blood culture; UAD= urinary antigen detection 

assay; ICA= immunogromatographic assay.
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Table 3 – Serotype distribution based on UAD results 

 

Serotype Frequencies, 

only single serotypes 

Frequencies, 

incl. multiple serotypes 

1 38 40 

3 35 38 

7F 32 35 

19A 24 27 

14 22 22 

23F 21 25 

18C 18 21 

9V 16 18 

4 14 14 

6A 10 12 

5 3 4 

19F 3 3 

6B 2 2 

Total 238 261 
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