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Abstract
Background Pneumococcal urinary antigen test is a 
valuable tool for diagnosing pneumococcal pneumonia 
and meningitis in adults. Its use in children is generally 
not accepted because of nonspecificity at this age. It is 
frequently positive in asymptomatic nasopharyngeal 
carriers.

The aim of our study was to assess the age limit from 
which the test is no longer positive in asymptomatic 
healthy carriers.

Methods A total of 197 children aged 36–83 months at-
tending 9 day care centers in Prague were enrolled during 
February and March 2010. Nasopharyngeal swab speci-
mens were collected from each participant and selec-

tively cultivated. The presence of pneumococcal antigen 
in urine was detected by BinaxNOW® S. pneumoniae kit.

Results Streptococcus pneumoniae was cultivated in 
53.3 % of healthy children with the highest colonization 
rate (59.3 %) in children aged 48–59 months. The most 
frequently colonizing serotypes were: 19F, 23F, 3, 19A, 
6B and 4. The presence of pneumococcal antigen in 
urine decreased with age from 39.0 % in 36–47 months 
to 17.9 % in 72–83 months old (p = 0.031). The antigen 
positivity was serotype-dependent and more frequent 
in nonvaccinated children.

Conclusion We demonstrated age-dependent linear 
decrease of pneumococcal antigen excretion into urine in 
healthy children. The positivity rate of the test in children 
aged 72–83 months was similar to that referred in healthy 
adults, irrespective of colonization. To confirm this age 
limit for use of this test in diagnostics of pneumococcal 
diseases, further study in school-age children is justified.
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Die Pneumokokken-Antigen-Positivität  
im Urintesten bei gesunden kolonisierten  
Kindern – ist diese vom Alter abhängig? 

Zusammenfassung
Grundlagen Ein Pneumokokken-Antigen-Urintest ist eine 
wertvolle Methode für die Diagnostik einer Pneumonie 
und Meningitis bei Erwachsenen. Die Anwendung der 
Methode bei Kindern ist üblicherweise nicht akzeptier-
bar, weil diese im Kinderalter für nicht-spezifisch gehalten 
wird. Der Test ist oft bei asymptomatischen nasopharyn-
gealen Trägern positiv. Das Ziel unserer Studie war, die 
Altersgrenze, ab wann der Test in asymptomatischen ge-
sunden Träger negativ ist, festzustellen.
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Methodik Insgesamt 197 Kinder im Alter von 36–83 
Monaten, die 9 Tages-Betreuungszentren in Prag be-
suchten, wurden in Februar und März 2010 in die Stu-
die eingeschlossen. Nasopharyngeale Abstriche wurden 
von jedem Teilnehmer abgenommen und selektiv kulti-
viert. Für die Entdeckung von Pneumokokken-Antigen 
im Urin wurde BinaxNOW® S. pneumoniae verwendet.

Ergebnisse S. pneumoniae war bei 53,3 % gesunden 
Kindern kultiviert, die höchste Kolonisationsrate gab es 
bei Kindern im Alter von 48–59 Monaten. Die am häu-
figsten kolonisierten Serotypen waren: 19F, 23F, 3, 19A, 
6B und 4. Das Vorkommen von einem Pneumokokken-
Antigen im Urin sank mit Alter – von 39,0 % in 36–47 Mo-
naten zu 17,9 % in 72–83 Monaten (p = 0,031). Die Anti-
gen-Positivität war vom Serotyp abhängig und fand öfter 
bei nicht-vakzinierten Kindern statt.

Schlussfolgerung Wir haben einen altersabhängigen 
linearen Abfall der Exkretion von Pneumokokken-Anti-
gen in Urin bei gesunden Kindern bestätigt. Die Posi-
tivitätsrate des Testes bei Kindern, die 72–83 Monate alt 
sind, ist der Rate von gesunden Erwachsenen, ohne Zu-
sammenhang mit der Kolonisation, ähnlich. Zur Bestäti-
gung einer Altersgrenze für die Verwendung von diesem 
Test in der Diagnostik der pneumokokkalen Erkrankun-
gen ist eine weitere Studie mit Kindern im Schulalter 
nötig.

Schlüsselwörter Streptococcus pneumoniae · Pneumo-
kokkal C-Polysacharide · Diagnostisches Testen · Pneu-
monie · Pädiatrie

Introduction

Streptococcus pneumoniae is a significant cause of mor-
bidity and mortality worldwide, affecting all age groups, 
especially young children and older adults. It is respon-
sible for a wide range of community-acquired infections, 
ranging from superficial respiratory tract infections to 
potentially life-threatening invasive diseases [1]. Precise 
identification of pneumococcal infections, especially 
pneumococcal pneumonia is still problematic due to 
low sensitivity or specificity of routinely used diagnostic 
methods [2–5].

Antigens of several respiratory pathogens are filtrated 
into urine during infection and therefore urine could 
represent a suitable medium for microbiological assays 
aimed at these pathogens [5]. Specific methods of detec-
tion of pneumococcal capsular antigens from urine have 
been available since 1917 but because of insufficient sen-
sitivity, lack of robustness, and cost, they have been over-
looked in clinical practice [5–7].

Recently developed immunochromatographic mem-
brane assay for detection of pneumococcal antigen in 
urine is based on detection of S. pneumoniae C-poly-
saccharide which is found on the cell wall and is com-
mon to all serotypes [8, 9]. The mechanism of excretion 
into urine in pneumococcal infections is explained by 
release of antigen fragments from macrophages during 

immune processing [10, 11]. Sensitivity of this immu-
nochromatographic test in adult bacteremic pneumo-
coccal community-acquired pneumonia (CAP) reached 
82–88 % with specificity varying from 83 to 95 % [5, 12–14]. 
In nonbacteremic CAP of presumptive pneumococcal 
etiology the sensitivity was lower (27–43.7 %), but the 
urine antigen detection test still remained a good predic-
tor of those cases [12, 15]. The test was approved for use 
in diagnosis of pneumonia in adults by Food and Drug 
Administration (FDA) in 1999 [16, 17]. Important ben-
efit arising from use of this test in adults is improvement 
of antibiotic prescription in pneumococcal infections, 
especially in countries with low antibiotic resistance of 
pneumococci. These could be safely targeted by narrow-
spectrum β-lactam treatment [18].

The diagnostic value of this test in children is still being 
discussed because of its low specificity. Most children are 
asymptomatic nasopharyngeal carriers of pneumococci 
[9, 16, 19, 20] and they test positive solely because of 
colonization. The specificity in diagnosing pneumonia is 
thus very low at this age.

In this study, we strive to define the age beyond which 
the test is no longer nonspecifically positive in asymp-
tomatic carriers. The primary aim was to assess the influ-
ence of pneumococcal nasopharyngeal colonization and 
age on the presence of pneumococcal antigen in urine 
in healthy children. The secondary aim was to assess the 
serotype prevalence and the rate of antibiotic resistance 
of colonizing strains.

Patients, materials, and methods

A total of 197 healthy children from 9 day care centers 
in the Prague region were prospectively included dur-
ing February and March 2010. Children were eligible to 
participate if their parents signed informed consent and 
filled in a data form (age, underlying illnesses, recent 
respiratory tract infections, and vaccination status). The 
study protocol and informed consent form were approved 
by the local Ethical Committee for Multicentric Clinical 
Trials (Reference number 78/09). Every child was clini-
cally examined by a pediatrician (ZV). Only healthy chil-
dren without clinical signs of febrile illness or respiratory 
tract infection were included. Collected data included 
age (months), date of birth, history of respiratory tract 
infections, and vaccination status with focus on pneu-
mococcal vaccination (vaccine, number of doses, and 
date of the last dose). The vaccinated group consisted of 
children who received all doses of heptavalent pneumo-
coccal conjugated vaccine (PCV7) recommended by the 
manufacturer according to the age.

Morning urine samples were collected into sterile 
plastic flasks and were immediately subjected to urinary 
antigen testing. Urinary antigen testing in this study was 
performed in accordance with manufacturer’s protocol. 
All assays were interpreted by one person (MT). Naso-
pharyngeal swab specimens were collected from each 
participating child by one member of the study team 
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(ZV). Samples were obtained through nostrils using 
Copan Venturi Transystem® (Amies Transport Swab 
System). After obtaining the specimens, the swabs were 
immediately inserted into Amies transport medium 
without charcoal and transported into the laboratory at 
ambient temperature to be processed within 4 h of col-
lection. The swab specimens were inoculated on Colum-
bia blood agar with gentamicin (4 mg/l) and incubated at 
37 °C for 48 h in 5 % CO2 atmospheres. S. pneumoniae was 
identified by the typical morphology of colonies, alpha-
hemolysis, susceptibility to optochin, and bile-solubil-
ity testing. Pneumococci were serogrouped/serotyped 
using Pneumotest-Latex [21]. Specific serotypes were 
confirmed by the Quellung reaction using type and fac-
tor antisera (Statens Seruminstitut, Copenhagen, Den-
mark) [22]. Susceptibility to penicillin and erythromycin 
was determined using broth microdilution method of 
the Clinical and Laboratory Standards Institute [23], for 
interpretation of minimum inhibitory concentration 
(MIC) results the European Committee on Antimicro-
bial Susceptibility Testing (EUCAST) clinical breakpoints 
were used [24].

Statistical calculations of means, standard devia-
tions (SD) for normally distributed data, medians, and 
interquartile ranges (IQR) for nonnormally distributed 
quantitative data were performed. The Mann–Whitney 
nonparametric test was used for comparison of con-
tinuous data. Categorical variables were presented as 
absolute frequencies and percentages and compared 
using Fisher’s exact test. For evaluation of association 
of antigen test results with age, a logistic regression was 
used. The linear trend in proportions was assessed using 
Armitage test for trend. Mantel–Haenszel technique was 
used to adjust the test results for potential confounder. 
The significance level of p < 0.05 was considered. Data 
were analyzed using Stata, release 9.2 (Stata Corp LP, Col-
lege Station, USA) and STATISTICA 9.1 software (StatSoft 
Inc., USA).

Results

A total of 197 children (105 boys and 92 girls) were enrolled 
in the study. The median age was 59.03 (IQR 49.43–67.45) 
months. S. pneumoniae was cultivated from nasopha-
ryngeal swabs in 105 children, which represents 53.3 % 
of all participants. The median age of carriers was 59.25 

(IQR 49.57–66.84) months, and 58.80 (IQR 46.69–68.25) 
months in noncarriers (p = 0.644). The highest proportion 
of carriers was in the cohort of 48–59-month-old chil-
dren where the colonization rate was 59.3 % (35/59). The 
colonization rates in children 60–71 and 72–83 months 
old remained relatively high, 55.1 % (38/69) and 50.0 % 
(14/28), respectively (Fig. 1, Table 1).

The immunochromatographic test was positive in 
55/197 (27.9 %) of all included subjects. The positivity was 
highest among 36–47-month-old children and reached 
39.0 % (16/41). The positivity of pneumococcal antigen 
test diminished with age and in children 72–83 months 
old was 17.9 %, (5/28) (Fig. 1; Table 1). The presence of a 
linear decreasing age-dependent trend was confirmed by 
the Armitage test (p = 0.043) and remained obvious after 
adjustment for nasopharyngeal carriage (p = 0.031). The 
trend is in contrast to the relatively stable rates of naso-
pharyngeal carriage (p = 0.636).

The antigen in urine was detected in 37/105 (35.2 %) 
of nasopharyngeal carriers of S. pneumoniae with a 
decreasing age-dependent trend presented in Fig.  2; 
however, the trend was not proven to be statistically sig-
nificant (p = 0.129). The test was positive in 19.6 % (18/92) 
of noncolonized children. The difference of antigen 

            

Fig. 1 Pneumococcal nasopharyngeal carriage and pneumo-
coccal antigen presence in urine according to age

Table 1 Nasopharyngeal colonization with Streptococcus pneumoniae and urinary antigen test results

Age (months) Number of 

participants 

Nasopharyngeal colonization Pneumococcal antigen test

Positive Negative Positive Negative

Number Percentage Number Percentage Number Percentage Number Percentage

36–47  41  18 43.9 23 56.1 16 39.0  25 61.0

48–59  59  35 59.3 24 40.7 17 28.8  42 71.2

60–71  69  38 55.1 31 44.9 17 24.6  52 75.4

72–83  28  14 50.0 14 50.0  5 17.9  23 82.1

Total 197 105 53.3 92 46.7 55 27.9 142 72.1
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positivity between the two groups was statistically sig-
nificant (p = 0.017).

In the study group there were 35 children fully vacci-
nated with PCV7 and 162 nonvaccinated. The overall rate 
of nasopharyngeal colonization was 45.7 % (16/35) in vac-
cinated and 54.9 % (89/162) in nonvaccinated (p = 0.354). 
A total of 19 serotypes were recognized among 101 strains 
available for serotyping (five isolates were not viable and 
one child carried two strains of different serotypes). The 
most frequently isolated serotypes of S. pneumoniae are 

listed in Table 2. The resistance to tested antibiotics was 
rare, six (5.9 %) isolates of serotypes 19F (n = 5) and 23F 
(n = 1) were intermediary resistant to penicillin (MIC’s of 
penicillin 0.125–2 mg/l) and two (2 %) isolates (serotypes 
11A and 19F) were resistant to erythromycin. Serotypes 
covered by PCV7 (4, 6B, 9V, 14, 18C, 19F, and 23F) repre-
sented 37.5 % (6/16) and 43.8 % (39/89) of isolates within 
vaccinated and nonvaccinated children, respectively 
(p = 0.786). In nonvaccinated children serotypes 3, 19F 
(both 11/89), and 23F (10/89) and in vaccinated children 
serotypes 19A (4/16) and 19F (3/16) were dominant. The 
urinary antigen test was positive in 6/35 (17.1 %) vacci-
nated children (2 colonized and 4 noncolonized), and 
in 49/162 (30.2 %) nonvaccinated children (35 colonized 
and 14 noncolonized). The differences did not achieve 
the levels of statistical significance (p = 0.147).

The urinary antigen positivity differed among the 
serotypes and ranged from 14.3 % (1/7) and 16.7 % (2/12) 
in serotypes 11A and 23F, respectively, to 57.4 % (8/14) 
and 50.0 % (6/12) in serotypes 19F and 3, respectively; 
however, the statistically significant difference was not 
proved (p = 0.331). For other serotypes see Table 3.

Discussion

We proved that pneumococcal nasopharyngeal coloniza-
tion in our children was frequent, and the rates remained 
relatively stable in all age cohorts involved. We observed 
that the positivity of urinary antigen test decreased 
significantly with age. Penetration of pneumococcal 
antigen into urine is not dependent solely on nasopha-
ryngeal carriage but it is significantly influenced by age. 
In 72–83-month-old children the positivity of this test 
is low even in colonized children and is similar to that 
described in adults.

The immunochromatographic test for detection of 
pneumococcal antigen in urine is established as a sensi-
tive and specific diagnostic tool for pneumonia caused 
by S. pneumoniae in adults [16, 17]. In children, however, 
the utility of this test is still a matter of discussion. The 
test is considered to be insufficiently specific, especially 
due to frequent positivity in nasopharyngeal carriers of 
S. pneumoniae in the upper-respiratory tract [9, 16, 19]. 
This has been evaluated in various previously published 
studies originating mostly from developing countries 
with partially discrepant results. Nevertheless, age limit 
for the use of this test has not been determined.

Previously published study originating from Beijing 
[2] compared test results among 88 children (aged 2–60 
months) with radiologically confirmed CAP and 198 con-
trol subjects with dermatitis or diarrhea, and found that 
there was no statistically significant difference in test 
positivity between those two groups (35 vs 34 %, p = not 
significant (NS)), but the test positivity was strongly 
associated with pneumococcal colonization (61 vs. 13 %, 
p < 0.001 in patients with CAP and 54 vs. 21 %, p < 0.001 in 
control group). The study concludes that this test is not 
useful for detection of pneumococcal CAP in infants and 

Table 2 Pneumococcal serotypes among isolated strains

Serotype Number of isolates Percentage

19F 14 13.2

23F 12 11.3

3 12 11.3

19A 10 9.4

6B  9 8.5

4  8 7.5

22F  8 7.5

11A  7 6.6

35F  5 4.7

17F  3 2.8

6A  3 2.8

10A  2 1.9

15B  2 1.9

18C  1 0.9

7F  1 0.9

9V  1 0.9

37  1 0.9

31  1 0.9

1  1 0.9

ND  5 4.7

            

Fig. 2 Presence of pneumococcal urinary antigen in naso-
pharyngeal carriers of S. pneumoniae
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children, and the authors consider colonization as the 
main factor influencing the presence of antigen in urine 
in children.

In the study from Quito, Ecuador [14] including 
healthy children aged 2–60 months, the test was more 
frequently positive in carriers (21.7 %) than in noncar-
riers (4.2 %, p < 0.001). Having taken nasopharyngeal 
colonization in consideration, the authors found no sig-
nificant association with age and false-positive results. 
The authors conclude that the test could be used with 
caution for diagnosis of pneumococcal pneumonia or 
bacteremia in young children in populations with low 
nasopharyngeal carriage, such as in developed countries 
[14]. Unlike Hamer et al. we included children aged 36–83 
months and confirmed that even in developed countries 
the colonization rate in preschool children is high as it 
reached 53.3 % and was relatively stable disregard of the 
age [25–27]. This result is comparable to those reported 
in other European countries [28, 29] and is slightly higher 
than in previous Czech study (38.1 % in 425 children) 
from day care centers [27].

In a Spanish study [30], which included 40 healthy car-
riers of S. pneumoniae aged 2–168 months, a correlation 
between the age of pneumococcal carriers and false pos-
itivity of antigen test was found. The statistically signifi-
cant difference between the median age of carriers with 
positive result of the urinary antigen test (29 months) and 
carriers with negative result (52 months) was demon-
strated, p < 0.001 [30]. Our findings among 197 children 
even in narrower age cohort (36–83 months) support 
these results. Owing to higher number of participating 
children we were able to assess the pneumococcal anti-
gen positivity rates in different age cohorts separately. 
We found that the false positivity rate of pneumococcal 
antigen test linearly decreases with age and varies from 
39.0 % in 36–47-month-old to 17.9 % in 72–83-month-old 
children. The false positivity rate in the last age cohort 
(72–83-month-old children) is similar to the adult rates 
[12, 13, 17]. In this cohort, the test was positive in 21.4 and 
14.3 % of colonized and noncolonized children, respec-
tively. Positivity of the urine antigen test in children who 
did not carry pneumococcus at the time of sampling 

could be explained by either low load of colonizing bac-
teria which remained undetected by routine cultivation 
or by persisting urinary antigen excretion after a recent 
infection [31].

Among children vaccinated by PCV7, the coloniza-
tion rate differed between nonvaccinated and vaccinated 
children, and the urinary antigen positivity was more fre-
quent in nonvaccinated children. We have noticed that 
during colonization with certain serotypes, particularly 
19F and 3, the C-polysaccharide penetrates to the urine 
more frequently than with others (11A, 23F). The reason 
for this observation remains unclear, but several mecha-
nisms, such as bacterial load, duration of colonization, 
and immunological response to specific capsular anti-
gens, should be taken into account [32].

In conclusion, we found that in our country the naso-
pharyngeal colonization rate of day care center attend-
ees, who constitute a majority of preschool children, is 
relatively high and comparable to developing countries. 
We also conclude that the penetration of pneumococcal 
antigen into urine is dependent not only on nasopharyn-
geal colonization but also on age. In healthy children of 
72–83 months old the nonspecific positivity rate is com-
parable to results from previously published studies in 
adults.

Pathogen detection in childhood pneumonia is 
still problematic due to the lack of sensitive and spe-
cific methods. Definition of the age limits of pneumo-
coccal urinary antigen test is therefore desirable and 
could improve the management of these infections and 
improve antibiotic policy by avoidance of unnecessary 
broad-spectrum antibiotic treatment, especially in coun-
tries with low pneumococcal resistance rates. For further 
evaluation of the test utility in children, the study should 
be continued in school-aged children.
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Table 3 Presence of pneumococcal antigen in urine of car-
riers of the most frequently isolated serotypes

Serotype Number of 

isolates

Presence of pneumococ-

cal antigen in urine

Mean age 

(months)

SD (months)

Number Percentage

19F 14 8 57.4 55.25 8.46

23F 12 2 16.7 60.25 12.99

3 12 6 50.0 62.11 12.74

19A 10 3 30.0 58.59 11.88

6B  9 3 33.3 59.43 12.35

4  8 4 50.0 62.45 8.52

22F  8 4 50.0 58.85 15.39

11A  7 1 14.3 55.94 9.54

SD standard deviations
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