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Early diagnosis of pneumococcal pneumonia facilitates appropriate antibiotic therapy. The urinary an-
tigen test (UAT) is known to be useful for the diagnosis of pneumococcal pneumonia. This study aimed to
evaluate the usefulness of UAT in the 13-valent pneumococcal conjugated vaccine (PCV13) era.
Community-acquired pneumonia (CAP) cases aged �19 years were reviewed retrospectively. This study
evaluated the utility of Streptococcus pneumoniae UAT (BinaxNOW® assay) for diagnosis of pneumococcal
CAP, and the relation of the UAT positive rate to age, comorbidities, pneumonia severity, and pneumo-
coccal serotypes. Among 752 microbiologically identified CAP cases, S. pneumoniae (36.7%) was the most
common isolate, and of those cases, 56.4% were positive for UAT. UAT positivity varied by pneumococcal
serotype (serotype 3, 50%; 9V/9A, 85%; 11A/11E, 54%; 14, 36.4%; 19A, 50%; and 23F, 37.5%), and was
significantly increased since 2012, two years after introduction of PCV13. The positive rate of UAT was
significantly related to CRP level (P ¼ 0.007) and lobar pneumonia (P ¼ 0.006), but not to age, co-
morbidities or prior antibiotic therapy. In conclusion, urinary antigen detection varied depending on
the S. pneumoniae serotype. In the PCV13 era, the serotype distribution of pneumococcal pneumonia may
be changing, and the clinical usefulness of UAT needs to be monitored. The positive rate of UAT may be
influenced by a localized bacterial burden and host reactions.

© 2015, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
1. Introduction

Community-acquired pneumonia (CAP) is a major cause of
morbidity and mortality worldwide. Streptococcus pneumoniae is
the most common cause of CAP [1] and may be the leading cause of
pneumonia of unknown etiology [2]. Therefore, early diagnosis of
pneumococcal pneumonia would facilitate appropriate antibiotic
therapy, while accurate diagnosis will lead to a better under-
standing of the disease burden.

As for the diagnosis of pneumococcal pneumonia, traditional
microbiologic procedures showed low sensitivity, so culture-
proven pneumococcal pneumonia might represent only some
ease, Department of Internal
ong-ro, Guro-gu, Seoul 152-
82 2 2626 1105.

d The Japanese Association for Infecti
portion of whole pneumococcal pneumonia cases [2,3]. The time
spent between specimen collection and performance of microbio-
logic studies or previous antibiotics use may be a part of explana-
tion. There are also other reasons such as challenges with bacterial
growth onmedia, antibiotics decreases yield and etc. S. pneumoniae
urinary antigen test (Binax NOW® S. pneumoniae assay) is known as
a useful technique because of rapidity (~15min), simplicity,
reasonable specificity in adults, and the ability to detect pneumo-
coccal pneumonia even after antibiotic administration and
enhancing the diagnosis of pneumococcal pneumonia [4]. Even
though urinary antigen test (UAT) is not possible in children due to
a high rate of nasopharyngeal carriage of bacteria, studies in adults
have shown better results, with a reported sensitivity of 74%e75%
and specificity of 94%e97% [5e8]. Although previous studies have
supported the usefulness of UAT, there has been little published
research about the effect of patient- and disease-specific factors
(such as patient age, comorbidity, and pneumonia severity etc.) on
the diagnostic utility of UAT.
ous Diseases. Published by Elsevier Ltd. All rights reserved.

mailto:infection@korea.ac.kr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jiac.2015.06.003&domain=pdf
www.sciencedirect.com/science/journal/1341321X
http://www.elsevier.com/locate/jic
http://dx.doi.org/10.1016/j.jiac.2015.06.003
http://dx.doi.org/10.1016/j.jiac.2015.06.003
http://dx.doi.org/10.1016/j.jiac.2015.06.003


M.J. Choi et al. / J Infect Chemother 21 (2015) 672e679 673
Pneumococci are divided into serotypes based on their capsular
polysaccharide structure, which is considered to be the most
important virulence factor [9], and there are serotype-specific dif-
ferences in nasopharyngeal carriage prevalence and disease inci-
dence [10,11]. These observations gave rise to the hypothesis that
the utility of UAT would vary depending on the pneumococcal se-
rotypes, and that there would be a change in the positive rate of
UAT in accordance with changes in the distribution of pneumo-
coccal serotypes that may have occurred since the introduction of
the 13-valent pneumococcal conjugated vaccine (PCV13).

This study aimed to evaluate the proportion of pneumococcal
pneumonia among hospitalized CAP and the usefulness of
S. pneumoniae UAT for the diagnosis of pneumococcal pneumonia
in the PCV13 era. The utility of S. pneumoniae UAT was further
evaluated in relation to patient age, comorbidities, disease severity,
and S. pneumoniae serotypes.
2. Patients and methods

2.1. Study design

Medical records from January 1st, 2007 through to December
31st, 2013 were examined to select the adult cases aged 19 years or
older, who had a discharge diagnosis of pneumonia (ICD10 codes
J09eJ18.9) at a 1000-bed teaching hospital in Seoul, Korea. The
clinical, radiological, and microbiological findings of the selected
records were re-evaluated to determine whether the patients ful-
filled the criteria of CAP as described below. The microbiologic
etiology of CAP was retrospectively assessed with conventional
laboratory techniques (sputum, pleura, blood culture, and respira-
tory virus PCR) and UAT.

From those patients hospitalized with CAP, pneumococcal
pneumonia cases were selected for further evaluation. Because the
overall number of cases was too small to evaluate certain planned
analyses, especially in terms of S. pneumoniae serotypes, missed
cases were added through the microbiologic database; during this
stage of the study, we also enrolled outpatients if their condition
met the definition of pneumococcal CAP (Fig. 1). We evaluated the
baseline characteristics of included cases and examined the tem-
poral change in UAT results, which might reflect the alteration of
S. pneumoniae serotype distribution in CAP patients due to vaccine
pressure following the introduction of the PCV13 into pediatric use.
For this analysis, we defined three time periods relative to the
introduction of PCV13: the period 2007e2009 was defined as the
pre-PCV13 period, 2010e2011 as the period immediately after pe-
diatric PCV13 use began (transition period), and 2012e2013 as the
period 2 years after pediatric PCV13 use began (post-PCV13 period).
Additionally, we analyzed the positive rate of UAT in relation to
patient age, comorbidities, disease severity, and S. pneumoniae
serotypes.

Demographic and clinical data were collected from the hospital
medical records, including age, sex, date of admission, previous use
of antibiotics, smoking, alcohol consumption, comorbidities, com-
plications, C-reactive protein (CRP), procalcitonin, chest X-ray
findings, CURB-65 score, 30-day mortality and etc. The definitions
of each medical condition were described previously [12]. Pneu-
mococcal serotypes were determined for the available isolates.
2.2. Case definitions

CAP was diagnosed based on the following definitions: (a) an
acute pulmonary infiltrate evident on chest radiographs and
consistent with pneumonia within 48 h after admission; (b)
confirmatory findings on clinical examination; and (c)
acquisition of infection outside a hospital [13]. Patients with
healthcare-associated or hospital-acquired pneumonia were
excluded [14].

The patients with CAP were determined to have pneumococcal
pneumonia if the bacterium S. pneumoniae was isolated from their
blood, pleural effusion, or adequate lower respiratory specimens, or
if the UAT was positive in cases whose adequately obtained sputum
showed the predominance of gram-positive diplococci. Adequate
lower respiratory specimens included transbronchial aspirates,
broncho-alveolar-lavage (BAL) specimens, and sputum specimens
with a Gram stain of adequate quality (>25 WBCs and <10 squa-
mous epithelial cells per low-power field).

2.3. Serotyping of pneumococcal isolates

All available pneumococcal isolates were re-identified in the
research laboratory by assaying colony morphology, optochin sus-
ceptibility, and bile solubility. Following re-identification, all
optochin-sensitive, bile-soluble isolates were serotyped by mono-
clonal antibodies and/or PCR using the previously-described multi-
bead serotyping assay [15].

2.4. Statistical analysis

We performed descriptive analysis and comparisons to examine
demographics and clinical characteristics. To calculate the positive
rate of UAT and relate this to patient- and disease-specific factors,
cases were classified into two groups: those with positive UAT re-
sults, and those with negative UAT results. We used the c2 test or
Fisher's exact test to compare the proportions of categorical vari-
ables between the two groups, and Student's t test to compare
continuous variables between groups. Clinically relevant factors
and factors showing significant inter-group differences by univar-
iate analysis were included in a multivariate logistic regression
analysis. Data were analyzed using SPSS version 20.0 (SPSS Inc.,
Chicago, IL, USA). P values of <0.05 were considered statistically
significant.

3. Results

A total of 2221 cases with hospitalized CAP were included, and
the most commonly identified pathogen was S. pneumoniae, ac-
counting for 276 (12.4%) cases (Table 1). After the exclusion of CAP
cases caused by an unidentified pathogen, pneumococcal pneu-
monia represented 36.7% of remaining cases, followed by respira-
tory viruses and Staphylococcus aureus (Table 1). Notably, the
proportion of pneumococcal pneumonia among CAP cases declined
significantly after 2010, when pediatric PCV13 was introduced,
representing 15.5% of cases (126 of 814 cases) in 2007e2009, 10.3%
(58 of 561 cases) in 2010e2011, and 10.9% (92 of 846 cases) in
2012e2013 (P ¼ 0.004).

3.1. Characteristics of pneumococcal pneumonia

A total of 599 pneumococcal pneumonia cases were enrolled.
Their baseline characteristics are summarized in Table 2. Pneu-
mococcal pneumonia was more common in males (67.1%) and the
elderly with the mean age of 65.5 years. The overall 30-day mor-
tality rate was 7.5%, increasing with age: 4.5% in those aged 19e50
years, 20.5% in those aged 51e64 years, and 75% in those aged 65
years or older (P¼ 0.054). Bacteremia occurred in 4.4% of cases, and
bacteremic cases showed a significantly higher 30-day mortality
rate than those without bacteremia (22.7% vs. 6.9%, P¼ 0.019). Only
324 (54.1%) cases had data available for the S. pneumoniae serotype.
Among the cases with known serotypes, serotype 3 (14.2%) was



Fig. 1. Study flowchart (CAP, community-acquired pneumonia; UAT, urinary antigen test).
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most common, followed by serotypes 19A (11.1%), 11A/11E (10.8%),
and 19F (9.3%) (Table 3).

3.2. Clinical usefulness of the urinary antigen test

Using conventional culture techniques, an etiological diagnosis
of S. pneumoniaewas achieved in 191 (8.6%) cases, and an additional
85 (3.8%) cases were diagnosed using UAT. When we analyzed the
temporal change of UAT results, we found that the UAT positive rate
had significantly increased over time between 2007 and 2013, and
showed an especially sudden increase in the 2012e2013 periods.
The UAT positive rates according to the time period were: 53.4% (94
of 176 cases) in 2007e2009, 51.1% (70 of 137 cases) in 2010e2011,
and 66.1% (84 of 127 cases) in 2012e2013 (P¼ 0.029). There was no
difference between the pre-PCV13 period (2007e2009) and the
period immediately after pediatric PCV13 use (2010e2011)
(P ¼ 0.684), however, there was a significant difference between
the pre-PCV13 period and the period 2 years after pediatric PCV13
introduction (2012e2013) (P ¼ 0.026) (Fig. 2). Additionally, we
analyzed the temporal change of causative serotype by collecting
only available isolates as listed in Table 3, the proportion of PCV13
serotypes tended to decrease in the post-PCV 13 period, 2 years
after the introduction of PCV13, compared with pre-PCV13 period
(P ¼ 0.067), although the difference was not significant. After
introduction of PCV13, serotype 6A, 19F and 23F decreased, while
serotype 6C rather increased. Serotype 3 and 19A was frequently



Table 1
Etiologic distribution of community acquired pneumonia.

Cases, no. Proportion (%) among all CAP cases Proportion (%) among microbiologically identified cases

Streptococcus pneumoniae 276 12.42 36.7
Staphylococcus aureus 109 4.90 14.5
Haemophilus influenzae 105 4.72 14
Klebsiella pneumoniae 105 4.72 14
Escherichia coli 17 0.76 2.26
Pseudomonas aeruginosa 83 3.73 11
Enterobacter spp. 18 0.81 2.39
Moraxella catarrhalis 24 1.08 3.19
Other Streptococcus spp. 9 0.40 1.2
Other Klebsiella spp. 6 0.27 0.8
Other Pseudomonas spp. 5 0.22 0.66
Acinetobacter spp. 7 0.31 0.93
Serratia marcescens 6 0.27 0.8
Stenotrophomonas maltophilia 4 0.18 0.53
Mycoplasma pneumoniae 5 0.22 0.66
Other bacteriaa 12 0.54 1.6
Respiratory virusesb 179 8.05 23.8
Undetermined 1469 66.14 e

Totalc 2221 100% 100%

CAP, Community-acquired pneumonia.
a Other bacteria (no. of cases): Aeromonas caviae (2), Pantoea agglomerans (1), Burkholderia cepacia (1), Morganella morganii (2), CMV (2), Sphingomonas paucimobilis (1),

Alcaligenes xylosoxidans ssp. denitrificans (1), Raoultella planticola (1), Citrobacter freundii (1).
b Respiratory viruses (no. of cases): Rhinovirus (37), influenza A/B (31), Parainfluenza (21), Metapneumovirus (19), RSV (19), Adenovirus (16), Coronavirus OC43/HKU1 (15),

Coronavirus 229E/NL63 (11), Enterovirus (11).
c The total count was smaller than the sum of the cases because of polymicrobial infection in some cases.
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isolated across the periods (Table 3). The positive rate of UAT varied
diversely among cases with different pneumococcal serotypes
(Fig. 3). The UAT positive rates by serotype were as follows: sero-
type 3, 50%; serotype 9V/9A, 83.3%; serotype 11A/11E, 59.1%;
serotype 14, 36.3%; serotype 19A, 50%; serotype 19F, 46%; serotype
20, 75%; serotype 23F, 37.5%; serotype 4, 40%; and non-typeable,
55.3%. The positive rate of UAT was 49.2% (65 of 132 cases) in
PCV13 serotypes and 53.5% (53 of 99 cases) in non-PCV13 sero-
types, and these two groups were not significantly different in their
UAT positive rates (P ¼ 0.518).

3.3. Clinical and laboratory factors influencing the results of the
urinary antigen test

We evaluated the utility of the S. pneumoniae UAT among the
440 of 599 cases (73.4%) who underwent UAT. Pneumococcal uri-
nary antigenwas detected for 248 of 440 cases (56.4%). The baseline
characteristics of these cases are summarized in Table 4. Cases
showing positive UAT results had a significantly higher mean CRP
level than those showing negative UAT results (P ¼ 0.007). It was
difficult to determine the relationship between UAT results and
procalcitonin, because only a limited number of cases had available
data for procalcitonin (26% of cases), but considering only data from
2013, from which period 81.5% of cases had available data, there
was no significant difference in the UAT positive rate according to
procalcitonin level (P ¼ 0.390). Cases with lobar pneumonia and
diabetes had significantly higher UAT positive rates (P ¼ 0.006 and
P¼ 0.034, respectively). The positive rate of UATwas not influenced
by age, sex, comorbidities, or complications, except for diabetes.
Prior antibiotic use also did not affect the UAT positive rate
(P ¼ 0.296).

3.4. Multivariate analysis

Onmultivariate analysis, lobar pneumonia (odds ratio [OR] 1.78,
95% CI, 1.046e3.034), and CRP (OR 1.002, 95% CI, 1.000e1.005) were
significantly associated with differences in the UAT positive rate. In
addition, although the difference was not significant, the positive
rate of UAT showed a trend towards being increased in the period
2012e2013 compared with the period 2007e2009 (before PCV13
introduction) (OR 1.535, 95% CI, 0.913e2.579).

4. Discussion

In this study, the proportion of microbiologically identified
pneumococcal pneumonia among hospitalized CAP was 8.6% (191
cases) and 12.4% (276 cases) without and with inclusion of UAT
results, respectively. These findings show a relative increase of the
diagnostic yield for S. pneumoniae of 44.5% (additional 85 cases to
191 cases) similar to previous studies which showed relative in-
creases of diagnostic yield in the range of 39e50% [16,17]. With the
exception of unidentified pathogens, S. pneumoniae was isolated
from 36.7% of cases, showing it to be the most common etiologic
pathogen of hospitalized CAP. Thus, the clinical importance of
S. pneumonia UAT should be emphasized. The BinaxNOW®

S. pneumoniae assay (Alere, Waltham, MA, USA) is a UAT that de-
tects C-polysaccharide (also known as teichoic acid). This test was
commercialized in 2003 (when it was approved by the Food and
Drug Administration, USA) [9].

This study found that between the introduction of PCV13 in
2010 and 2013, the proportion of pneumococcal pneumonia
among total CAP cases decreased significantly. The similar tem-
poral trend in pediatric Invasive pneumococcal disease (IPD)
following the introduction of PCV13 was found in many industri-
alized countries [18,19], although no efficacy data is available yet in
Korea. Based on such findings, we presumed that the decrease of
the proportion of pneumococcal pneumonia might be due to the
herd effect from pediatric vaccination. During the studied periods,
the pneumococcal vaccine rate in adults was estimated to be 9.7%,
and PCV13 coverage rate was less than 1% [20]; however, the pe-
diatric vaccination rate of PCV13 was 70.4%, and the rate was even
higher when incomplete vaccinations were included (Korean
Centers for Disease Control and Prevention, unpublished data).
Several studies have shown a significant change in the serotypes of
S. pneumoniae with nasopharyngeal carriage within 2 years after
introduction of PCV13 [21,22], even in areas with less vaccination



Table 2
Baseline characteristics of pneumococcal pneumonia cases.

Baseline demographic and clinical characteristics (total no. ¼ 599)

Male sex e no. (%) 402 (67.1)
Age (year) e mean (range) 65.45 (19e96)

Age group e no. (%) 19e50 years 86 (14.4)
51e64 years 158 (26.4)
>65 years 355 (59.3)

Prior antibiotics use 68 (11.4)
Bacteremia e no. (%) 23 (4.4)
30-day mortality e no. (%) 44 (7.5)

CXR Interstitial 235 (39.2)
Lobar 130 (21.7)
Bronchopneumonia 234 (39.1)

C-reactive
protein e mean (range)

116.27 (0.24e470.59)

Risk group e no. (%) Lowa 238 (39.7)
Moderateb 255 (42.6)
Highc 106 (17.7)

CURB-65 score 0e1 449 (75)
2e5 150 (25)

Comorbidity Splenectomy 0
Hematologic malignancy 3 (0.5)
Multiple myeloma 2 (0.3)
Chemotherapy 58 (9.7)
Chronic renal failure 6 (1.0)
Nephrotic syndrome 2 (0.3)
Transplantation 0 (0)
Steroid 52 (8.7)
HIV 2 (0.3)
Diabetes 109 (18.2)
Chronic liver disease 9 (1.5)
Chronic pulmonary
disease

116 (19.4)

Chronic cardiovascular
disease

36 (6.0)

Cerebrovascular disease 24 (4.0)
Neurodegenerative
disease

15 (2.5)

Neuromuscular diseases 2 (0.3)

Complication Empyema 2 (0.3)
Lung abscess 0
ARDS 2 (0.3)
HUS 0

Smoking e no. (%) 138 (23.9)
Alcohol e no. (%) 85 (14.5)

HIV, human immunodeficiency virus; ARDS, acute respiratory distress syndrome;
HUS, hemolytic uremic syndrome.

a Conditions that did not satisfy criteria for high or moderate risk.
b Moderate risk was defined by the presence of one or more of the following: (1)

diabetes mellitus, (2) chronic liver disease, (3) chronic pulmonary disease, such as
asthma or chronic obstructive lung disease, (4) chronic cardiovascular disease, such
as heart failure, cardiomyopathy, or other chronic condition affecting cardiac
function, (5) current smoking, or (6) heavy alcohol use, whichwas defined as alcohol
use for more than 5 days a week or having a diagnosis of alcoholism.

c High risk was defined by the presence of one or more of the following: (1)
splenic dysfunction including post-splenectomy status, (2) hematologic malignancy,
such as multiple myeloma, leukemia, or lymphoma, (3) a condition affecting the
bone marrow or lymphatic system, (4) solid organ or stem cell transplantation, (5)
chronic renal disease (6) HIV infection, (7) high-dose corticosteroid use (�20 mg/
day of prednisone or equivalent) lasting two or more weeks, or (8) treatment with a
recombinant human immunomodulator.
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coverage (69.3% vaccinated with at least 1 dose of PCV13) [21]. The
herd effect of pediatric pneumococcal vaccination on reducing
adult disease has been demonstrated in multiple clinical settings
[23,24].

The positive rate of UAT was also compared between the time
periods before and after the introduction of PCV13. Considering
that the positive rate of UAT increased significantly after 2012, and
PCV13 serotypes showed a decreasing tendency, we presumed that
the positive rate of UAT might have been altered in relation to the
increase in non-typeable serotypes after the introduction of PCV13
(Table 3). The herd effect of the PCV7 even exceeded the direct
protective benefit for immunized children [25], and this effect was
especially significant after 2 years from vaccine introduction
[26,27]. According to a previous study, which showed an altered
frequency of patient serotypes after PCV7 introduction [27], the
change became remarkable only 2 years after PCV7 introduction;
an increase of non-typeable serotypes occurred first, and then an
increase of non-vaccine types arose later. The temporal change in
the UAT positive rate, which increased significantly in the post-
PCV13 era, 2 years after the introduction of PCV13, may be
related to increased non-typeable pneumococci, decreased capsule
production and a capsular serotype shift. Indeed, PCV13 serotypes
rather decreased, while the proportion of non-typeable serotypes
was significantly increased since 2012: 18.6% (29 of 156 cases) in
2007e2009 versus 8.8% (12 of 137 cases) in 2010e2011 versus
32.3% (10 of 31 cases) in 2012e2013 (P¼ 0.002). Further large-scale
studies are required to better clarify the relationship between
capsular serotype shift and UAT results.

Pneumococci are divided into serotypes based on the capsular
polysaccharides they produce. Since different pneumococcal sero-
types have varying tendencies toward nasopharyngeal colonization
or invasiveness [10,11], the hypothesis was formed that urinary
antigen detection would vary by serotype. Previous studies have
suggested that capsular polysaccharide serotypes with less meta-
bolic cost (i.e. having fewer carbon atoms per saccharide unit) will
be more heavily encapsulated. Such lower metabolic cost capsular
polysaccharide serotypes include 3, 6A, 6B, 14, 19A, 19F, and 23F
[28]. Theoretically, heavily encapsulated serotypes with a low
metabolic cost might be able to decrease C-polysaccharide expo-
sure, thereby raising suspicion about serotype-specific differences
in urinary antigen detection. Contrary to our initial hypothesis,
serotype 3 showed a urinary antigen detection rate of 50%, similar
to the overall positive rate. The other pneumococcal serotypes also
did not show any clear trend toward a urinary antigen detection
rate differing from the overall positive rate, as shown in Fig. 3. The
positive rates of UATwere variable by pneumococcal serotypes. The
results suggest that other factors besides capsule thickness, such as
the amount of C-polysaccharide amount, nasopharyngeal carriage
rate, or vaccine pressure may influence the urinary antigen detec-
tion rate.

In this study, the positive rate of UAT was rather low (56.4%)
compared to previous reports [5e8]. Because the sensitivity of UAT
has been reported slightly lower (52e78%) for non-bacteremic
pneumococcal pneumonia than for bacteremic cases [9,29], the
lower detection rate of urinary antigen in this study than in pre-
vious studies may be partly explained by the effect of the fewer
bacteremic episodes (4.4%) in this study, compared with previous
studies [8]. Although a number of studies have demonstrated the
utility of UAT, there has been little information about the effects of
either host or microbiologic factors on the utility of UAT, particu-
larly in terms of serotypes. This study, which analyzed the positive
rate of UAT according to several demographic or clinical factors,
demonstrated that a higher CRP level was significantly related with
a higher positive rate of UAT. Cases showing lobar pneumonia were
also associated with a higher UAT positive rate. The C-poly-
saccharide of S. pneumoniae is a major ligand for CRP, and binding of
CRP to its ligands activates the classical complement pathway and
stimulates phagocytosis [30]. In addition, pneumococcal C-poly-
saccharide is known to trigger inflammatory cytokine release,
including interleukin (IL)-1, IL-6, IL-8, and tumor necrosis factor-a,
which in turn induce the production of CRP [31]. Considering these
data together, we thought it likely that a localized bacterial burden



Table 3
Serotype distribution among pneumococcal pneumonia cases.

Serotype Total cases (%) Chronological change of serotype, no. (%)

2007e2009 year 2010e2011 year 2012e2013 year

3 46 (14.2) 27 (17.3) 14 (10.2) 5 (16.1)
4 5 (1.5) 3 (1.9) 2 (1.5) 0 (0)
5 2 (0.6) 2 (1.3) 0 (0) 0 (0)
6A 20 (6.2) 9 (5.8) 11 (8.0) 0 (0)
6B 14 (4.3) 6 (3.8) 7 (5.1) 1 (3.2)
6C 5 (1.5) 0 (0) 2 (1.5) 3 (9.7)
6D 9 (2.8) 3 (1.9) 5 (3.6) 1 (3.2)
7F 1 (0.3) 1 (0.6) 0 (0) 0 (0)
8 2 (0.6) 2 (1.3) 0 (0) 0 (0)
9 10 (3.1) 5 (3.2) 3 (2.2) 2 (6.5)
10A/39 4 (1.2) 2 (1.3) 2 (1.5) 0 (0)
11A/11E 35 (10.8) 13 (8.3) 20 (14.6) 2 (6.5)
12F 1 (0.3) 1 (0.6) 0 (0) 0 (0)
14 16 (4.9) 10 (6.4) 5 (3.6) 1 (3.2)
15B 8 (2.7) 4 (2.6) 4 (2.9) 0 (0)
17F/17A 1 (0.3) 0 (0) 1 (0.7) 0 (0)
18C 2 (0.6) 1 (0.6) 1 (0.7) 0 (0)
19A 36 (11.1) 15 (9.6) 17 (12.4) 4 (12.9)
19F 30 (9.3) 12 (7.7) 17 (12.4) 1 (3.2)
20 8 (2.5) 3 (1.9) 5 (3.6) 0 (0)
22 6 (1.9) 1 (0.6) 4 (2.9) 1 (3.2)
23F 12 (3.7) 7 (4.5) 5 (3.6) 0 (0)
NT 51 (15.7) 29 (18.6) 12 (8.8) 10 (32.3)
PCV13 VT 193 (59.6) 98 (62.8) 81 (59.1) 14 (45.2)
PPV23 VT 235 (72.5) 114 (73.1) 104 (76) 17 (54.8)
Total 324 (100) 156 137 31

NT, nontypeable; VT, vaccine type.
PCV13 VT: 13-valent pneumococcal conjugate vaccine, vaccine type.
PPV23 VT: 23-valent pneumococcal polysaccharide vaccine, vaccine type.
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and host reactions, such as the acute phase response, may influence
the urinary antigen detection. Indeed, several previous studies
showed that bacteremia was associated with a higher detection of
urinary antigen [8,32,33]. Here, the positive rate of UAT showed
only a non-significant tendency to increase with bacteremia,
perhaps reflecting the relatively small number of bacteremic cases
included. In the present study, the UAT results were not influenced
by previous antibiotics use, which is similar to the findings of
previous studies [32,34].

This study has some limitations. First, this study was conducted
as a retrospective design. Although it is important to know the
vaccination status of cases in order to analyze the results, we have
little information owing to limited medical records. Second, limited
numbers of pneumococcal isolates were available for serotyping, so
Fig. 2. Temporal change of positive rate of urinary antigen test.
statistical power was low for the evaluation of significant differ-
ences in the UAT positive rate among capsular serotypes.

In summary, UAT is a useful technique for the detection of
S. pneumoniae antigen in urine samples and increases the diag-
nostic yield for pneumococci in patients with CAP irrespective of
prior antibiotics therapy. The results of UAT might be influenced by
localized bacterial burden and host reactions. In addition, we have
shown that the results of UAT differ according to the S. pneumoniae
serotypes causing pneumococcal pneumonia. In the era of PCV13,
the S. pneumoniae serotype distribution may be changing, and the
clinical usefulness of UAT needs to be monitored prospectively.
Fig. 3. The positive rates of urinary antigen test according to the serotypes; serotypes
are divided depending on positive rate (50% or more on left side versus below 50% on
right side).



Table 4
Comparison of baseline characteristics between urinary antigen test-positive and urinary antigen test-negative groups.

Positive UAT
(n ¼ 248)

Negative UAT
(n ¼ 192)

p-Value

Male e no. (%) 159 (64.1) 134 (69.8) 0.210
Age e mean (SD) 66.22 (13.8) 65.99 (13.9) 0.867
Age e no. (%) 0.514

19e50 30 (12.1) 29 (15.1)
51e65 66 (26.6) 44 (22.9)
>65 152 (61.3) 119 (62)

Prior antibiotic use, no. (%) 34 (13.7) 20 (10.4) 0.296
Bacteremia, no. (%) 12 (5.0) 5 (2.8) 0.269
30d mortality, no. (%) 19 (7.9) 11 (5.7) 0.380

CXR, no. (%) Interstitial 87 (35.1) 76 (39.6) 0.332
Lobar 72 (29.0) 34 (17.7) 0.006
bronchopneumonia 89 (35.9) 82 (42.7) 0.145

C-reactive protein (mg/L) mean(range) 134.35 (104.4) 108.53 (89.3) 0.007
Risk group, no. (%) 0.330

Low 81 (32.7) 75 (39.1)
Moderate 115 (46.4) 84 (43.8)
High 52 (21.0) 33 (17.2)

CURB-65 score, no. (%) 0.275
0e1 173 (69.8) 143 (74.5)
2e5 75 (30.2) 49 (25.5)

Comorbidity, no. (%) Splenectomy 0 0
Hematologic malignancy 0 2 (1.0) 0.190
Multiple myeloma 2 (0.5) 0 0.507
Chemotherapy 30 (12.1) 16 (8.3) 0.201
Chronic renal failure 2 (0.8) 1 (0.5) 1.000
Nephrotic syndrome 1 (0.4) 1 (0.5) 1.000
Transplantation 0 0
Steroid 27 (10.9) 19 (9.9) 0.736
HIV 1 (0.4) 0 1.000
Diabetes 53 (21.4) 26 (13.5) 0.034
Chronic liver disease 5 (2.0) 1 (0.5) 0.238
Chronic pulmonary disease 45 (18.1) 45 (23.4) 0.172
Chronic cardiovascular disease 17 (6.9) 8 (4.2) 0.227
Smoking 59 (24.4) 53 (28.3) 0.354
Alcohol 45 (18.5) 27 (14.4) 0.251
Cerebrovascular disease 10 (4.0) 7 (3.6) 0.835
Neurodegenerative disease 5 (2.0) 4 (2.1) 1.000
Neuromuscular diseases 0 1 (0.5) 0.436

Complication, no. (%) Empyema 0 1 (0.5) 0.436
Lung abscess 0 0
ARDS 2 (0.8) 0 0.507
HUS 0 0

HIV, human immunodeficiency virus; ARDS, acute respiratory distress syndrome; HUS, hemolytic uremic syndrome.
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