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ABSTRACT

Introduction: Whether the sensitivity of the
BinaxNOW Streptococcus pneumoniae urinary
antigen test kit (BinaxNOW), adjusted by some
variables including vital signs, laboratory
examinations and pneumonia severity, has

been decreasing is unknown. The aim of the
present study was to investigate whether
BinaxNOW sensitivity has decreased recently
and to identify the predictors of the BinaxNOW
result, including the time trend.
Methods: This prospective cohort study enrol-
led consecutive patients with pneumococcal
community-acquired pneumonia who were
hospitalised at Kurashiki Central Hospital from
January 2001 to December 2015. Pneumococcal
community-acquired pneumonia was defined as
positive blood or pleural effusion or sputum
culture results. To evaluate the effect of the time
trend for the sensitivity of BinaxNOW, time
series regression analysis was performed. In
addition, predictors of the BinaxNOW result
were examined by multivariable analysis using
variables such as sex, vital signs, blood tests
such as C-reactive protein, albumin, blood urea
nitrogen, creatinine, white blood cell count,
haematocrit and platelets, antibiotic pre-treat-
ment, bacteraemia, and pneumonia severity, in
addition to time trend and seasonality.
Results: A total of 446 patients were included.
BinaxNOW sensitivity showed a significant,
gradual decrease from 2001 (81.3%) to 2015
(48.7%). On multivariable analysis [odds ratio
(95% confidence interval)], bacteraemia [2.516
(1.387–4.561), P = 0.002] was a predictor of a
positive BinaxNOW result, whereas male sex
[0.467 (0.296–0.736), P = 0.001], white blood
cell count [0.959 (0.930–0.989), P = 0.008] and
the time trend per year [0.900 (0.859–0.943),
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P\ 0.001] were predictors of a negative Binax-
NOW result.
Conclusions: The sensitivity of BinaxNOW
decreased over a 15-year period. We should be
careful when interpreting BinaxNOW results in
daily clinical practice, and the development of a
new kit with good sensitivity is anticipated.
Trial registration number: UMIN000004353.

Keywords: Community-acquired pneumonia;
Diagnosis; Pneumococcal pneumonia;
Sensitivity; Urinary antigen test

Key Summary Points

Why carry out this study?

Some studies have reported that
pneumonia severity and some variables
including symptoms, vital signs and
laboratory findings affect the sensitivity of
the pneumococcal urinary antigen test.

Whether the sensitivity of the
pneumococcal urinary antigen test,
adjusted by some variables including vital
signs, laboratory examinations and
pneumonia severity, has truly decreased
gradually over time is unknown.

The aim of the present study was to
investigate whether BinaxNOW
sensitivity has decreased recently and to
identify the predictors of the BinaxNOW
result, including the time trend.

What was learned from the study?

The time trend, male sex, low white blood
cell counts and absence of bacteraemia
were predictors of a negative BinaxNOW
result.

We should use and interpret the
BinaxNOW to diagnose pneumococcal
community-acquired pneumonia on the
basis of such background information,
and the development of a new kit with
good sensitivity is anticipated.

INTRODUCTION

Community-acquired pneumonia (CAP) is a
leading cause of morbidity and mortality
worldwide [1]. The cornerstone of CAP therapy
is antibiotic agents, and assessment of the cau-
sative pathogens of pneumonia is important for
selection of appropriate antibiotics. The most
common causative microorganism is Streptococ-
cus pneumoniae [2–5]. Culture of respiratory
specimens is the gold standard for the diagnosis
of pneumococcal pneumonia, but there are
some weak points: it takes several days to
identify the organism, and it is difficult to
identify the organism with antibiotic pre-treat-
ment [6].

Currently, a urinary antigen test (UAT) kit
that detects the C-polysaccharide antigen of the
cell wall of all types of S. pneumoniae for diag-
nosing pneumococcal pneumonia is widely
used worldwide as a simple procedure with
rapid results [6, 7]. The specificity of the pneu-
mococcal UAT was reported to be 90–100%
[8–10], making it very useful for definite diag-
nosis. However, the sensitivity of the pneumo-
coccal UAT for diagnosing pneumococcal
pneumonia has been reported to be 65–100%
[8, 9, 11–18], with variation among studies.
Recently, some reports showed that the sensi-
tivity of the pneumococcal UAT was 50–60%
[19, 20]. In addition, Shoji et al. [20] reported
that the sensitivity of the pneumococcal UAT
decreased significantly from 2001 (sensitivity in
2001–2005 was 76.4%) to 2015 (sensitivity in
2011–2015 was 60.5%). However, some studies
have reported that pneumonia severity and
some variables including symptoms, vital signs
and laboratory findings affect the sensitivity of
the pneumococcal UAT [8, 10], and Shoji et al.’s
study did not adjust for these factors. Therefore,
whether the sensitivity of the pneumococcal
UAT has truly decreased gradually over time is
unclear.

In Japan, there were some studies that
investigated the sensitivity of the pneumococ-
cal UAT [9, 21–24], but there are few studies that
evaluated the time trend of the sensitivity of the
pneumococcal UAT. Regarding the appropriate
use and evaluation of the results of the
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pneumococcal UAT for diagnosing pneumo-
coccal pneumonia, it is important to investigate
and understand the time trend of the sensitivity
of the pneumococcal UAT.

The aim of the present study was to investi-
gate the time trend of the sensitivity of the
pneumococcal UAT over a 15-year period in
Japan. The predictors of the pneumococcal UAT
result were also examined to analyse whether
the time trend significantly affected the sensi-
tivity of the pneumococcal UAT.

METHODS

Study Design and Setting

Consecutive patients hospitalised with CAP at
the Kurashiki Central Hospital, which is a
1166-bed tertiary hospital, were prospectively
enrolled to evaluate clinical characteristics,
causative pathogens, antibiotic regimens, and
outcomes from July 1994. This prospective
cohort study was registered with UMIN
(UMIN000004353) in October 2010 and con-
tinues currently. The present study included the
patients with pneumococcal CAP from January
2001 to December 2015 in the analysis from this
prospective cohort data. This period was selec-
ted for two reasons. First, the results of the
pneumococcal UAT were investigated in our
prospective cohort study from September 2000.
Second, the BinaxNOW S. pneumoniae UAT kit
(Abbott Diagnostics Medical, Lake Forest, CA,
USA) (BinaxNOW) was used as the UAT from
September 2000 to June 2016. The patients were
diagnosed with CAP if they had at least one of
the clinical symptoms of fever, cough, sputum,
dyspnoea, and pleuritic chest pain, plus at least
one finding of coarse crackles on auscultation or
elevated inflammatory biomarkers including
C-reactive protein or white blood cell count, in
addition to new infiltration shadows on chest
radiography. The exclusion criteria were
age\15 years, etiology of other than S. pneu-
moniae and unknown etiology, healthcare-as-
sociated pneumonia [25] and hospital-acquired
pneumonia. Healthcare-associated pneumonia
(HCAP) was diagnosed in patients who met at
least one of the following criteria:

(a) hospitalization for at least 2 days in the
preceding 90 days; (b) residence in a nursing
home or long-term care facility; (c) outpatients
who needed intravenous therapy (including
antibiotic agents and anticancer chemother-
apy); (d) outpatients who needed dialysis (in-
cluding haemodialysis and peritoneal dialysis);
or (e) home wound care [25]. This study was
performed as part of a clinical study of pneu-
monia (UMIN000004353) and was approved by
the institutional review board of Kurashiki
Central Hospital (approval number 3560). The
study was performed in accordance with the
ethical standards established in the 1964 Dec-
laration of Helsinki and its later amendments.
All patients gave their informed consent to
participate in this study.

In all patients, characteristics including age,
sex, comorbidities, preceding antimicrobial
treatment before admission, history of pneu-
mococcal vaccination within 5 years, vital signs
on admission such as systolic blood pressure,
blood examinations such as C-reactive protein,
albumin, blood urea nitrogen, creatinine, white
blood cell count, haematocrit, and platelet
count on admission, causative pathogens,
antibiotic regimens and 30-day mortality were
investigated. The pneumonia severity on
admission was evaluated using the CURB-65
score [confusion, urea[ 7 mmol/L, respiratory
rate C 30 breaths per minute, low blood pres-
sure (systolic\90 mmHg or dias-
tolic B 60 mmHg), and age C 65 years] [26] and
the Pneumonia Severity Index (PSI) [27]. Both
CURB-65 and PSI have been commonly used
worldwide to assess pneumonia severity, site of
care, and prognosis. In a systematic review and
meta-analysis, overall performance of CURB-65
and PSI was similar for predicting mortality in
CAP [28]. CURB-65 has five items including age,
vital signs and laboratory examinations, and PSI
has 20 items including age, sex, comorbidities,
vital signs and laboratory examinations as
variables.

Criteria for Pneumococcal Pneumonia

Sputum and blood for cultures and blood for
measuring serum antibodies were collected on
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admission to detect causative pathogens. In
addition, if the patients had a pleural effusion,
the pleural effusion was collected to culture as
much as possible. A causative pathogen was
identified in accordance with the criteria in our
previous report [29].

Patients were defined as having pneumo-
coccal pneumonia if at least one of the follow-
ing items was satisfied: (1) positive blood
culture; (2) positive pleural fluid culture; or (3)
positive sputum culture of greater than 1? on a
qualitative test or 105 on a quantitative test,
referring to a significant Gram stain using only
good quality sputum. A patient with only a
positive BinaxNOW result was not considered
to have pneumococcal pneumonia. Therefore,
patients diagnosed with only a positive result of
the pneumococcal UAT and without the pneu-
mococcal UAT test were excluded from the
analysis.

Urinary Antigen Test for Diagnosing
Pneumococcal Pneumonia

BinaxNOW was used in our hospital from
September 2000 to June 2016. The test was
performed in accordance with the instructions
of the manufacturer within 48 h after admis-
sion. The sensitivity of BinaxNOW was calcu-
lated as the number of positive results of the
pneumococcal UAT/the number of pneumo-
coccal CAP cases 9 100.

Outcome

The primary outcome of the present study was
the time trend of the sensitivity of the pneu-
mococcal UAT for diagnosing pneumococcal
CAP from January 2001 to December 2015.
Time trend means the change rates of the sen-
sitivity of the pneumococcal UAT per year. The
variables including age, sex, comorbidities,
preceding antimicrobial treatment before
admission, history of pneumococcal vaccina-
tion, vital signs, blood examinations and
pneumonia severity that affect the sensitivity of
BinaxNOW were investigated to determine
whether the sensitivity was affected by a time
trend.

Statistical Analysis

Categorical variables are expressed as numbers
and percentage, whereas continuous variables
are expressed as medians and interquartile
range. Categorical variables were analysed using
Fisher’s exact test, and continuous variables
were analysed using the non-parametric
Mann–Whitney U test.

To evaluate the effect of the time trend on
BinaxNOW sensitivity, time series regression
analysis was performed and adjusted by covari-
ates that were significant on multivariable
analysis in addition to seasonality.

To assess the predictors of a positive Binax-
NOW result in patients with pneumococcal
CAP, univariate logistic regression analyses were
performed for each variable. Then, a multivari-
able logistic regression analysis with stepwise
backward elimination was performed using all
variables with P\ 0.05 and covariates such as
sex, systolic blood pressure, heart rate, blood
urea nitrogen, antibiotic pre-treatment, bacter-
aemia, and CURB-65 based on previous reports
[8, 10, 20, 30, 31] and forced entry of the time
trend and seasonality.

The seasonality of the sensitivity of Binax-
NOW was assessed by considering two annual
humps, which were accommodated by includ-
ing four sine–cosine terms. Consecutive inde-
pendence over time in the residuals was
evaluated by autocorrelation plots.

All tests were two-tailed, and P\ 0.05 was
considered significant. All statistical analyses
were performed using R (version 3.0.3, Vienna,
Austria).

RESULTS

Patients’ Characteristics

The study flow chart is shown in Fig. 1. Of the
total of 446 Japanese patients with pneumo-
coccal CAP included, 274 (61.4%) had a positive
BinaxNOW result. The patients’ clinical char-
acteristics are listed in Table 1. Male sex was
significantly associated with a negative Binax-
NOW result. Age, comorbidities excluding
chronic kidney diseases, preceding
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antimicrobial treatment, history of pneumo-
coccal vaccination, all vital signs, blood labo-
ratory examinations excluding C-reactive
protein, albumin, white blood cell count and
haematocrit, pneumonia severity scores and
30-day mortality were not significantly different
between patients with positive and those with
negative BinaxNOW results. Patients with bac-
teraemia were significantly more likely to have
positive results.

Changes in Sensitivity of Pneumococcal
Urinary Antigen Test Between 2001
and 2015

The sensitivity of BinaxNOW in the second half
period (July 2007–December 2015) was signifi-
cantly lower than in the first half period (Jan-
uary 2001–June 2007) (52.0% vs 71.0%,

P\ 0.001). In addition, the sensitivity of
BinaxNOW in the last 2 years (January
2014–December 2015) was significantly lower
than in the first 2 years (January 2001–Decem-
ber 2002) (49.4% vs 79.3%, P\0.001).

Figure 2 shows BinaxNOW sensitivity and
the rate of bacteraemia in each year between
2001 and 2015. BinaxNOW sensitivity
decreased gradually from 2001 (81.3%) to 2015
(48.7%). The rate of bacteraemia ranged from
0% to 42.9% in 2001–2015, although it varied
in each year. Figure 2 also shows the curved
lines of the predicted sensitivity of BinaxNOW
and the 95% confidence interval adjusted by
sex, white blood cell count, bacteraemia and
seasonality. The sensitivity of BinaxNOW in
each year was within or near the predicted lines,
with a significant negative slope.

Figure 3 shows the result of the autocorrela-
tion function. The autocorrelation function was

Fig. 1 Study flow chart
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Table 1 Characteristics of patients with pneumococcal community-acquired pneumonia in those with positive and those
with negative urinary antigen test results

All patients
n = 446

Positive
n = 274

Negative
n = 172

P value

Age (years) 73 [64–81] 73 [64–81] 74 [66–81] 0.59

Male 299 (67.0) 171 (62.4) 128 (74.4) 0.01

Comorbidity

COPD 100 (22.4) 53 (19.3) 47 (27.3) 0.06

Chronic heart disease 86 (19.3) 48 (17.5) 38 (22.1) 0.27

Diabetes mellitus 67 (15.0) 36 (13.1) 31 (18.0) 0.17

Cerebrovascular disease 42 (9.4) 25 (9.1) 17 (9.9) 0.87

Malignant diseasea 26 (5.8) 18 (6.6) 8 (4.7) 0.53

Chronic liver disease 26 (5.8) 18 (6.6) 8 (4.7) 0.53

Chronic kidney disease 17 (3.8) 6 (2.2) 11 (6.4) 0.04

Pre-treatment of antibiotics 65 (14.6) 40 (14.6) 25 (14.5) 1.00

Pneumococcal vaccination 0.16

Yes 24 (5.4) 11 (4.0) 13 (7.6)

Male 16 (3.6) 4 (1.5) 12 (7.0)

No 52 (11.7) 29 (10.6) 23 (13.4)

Male 35 (7.8) 16 (5.8) 19 (11.0)

Unknown 370 (83.0) 234 (85.4) 136 (79.1)

Male 248 (55.6) 151 (55.1) 97 (56.4)

Vital signs

Systolic blood pressure (mmHg) 125 [108–141] 124 [108–140] 125 [109–142] 1.00

Heart rate (beats/min) 100 [90–112] 100 [90–113] 100 [90–110] 0.34

Laboratory findings

C-reactive protein (mg/L) 162 [79–246] 173 [99–257] 137 [60–208] 0.001

Albumin (g/L) 3.3 [2.9–3.8] 3.3 [2.8–3.7] 3.4 [3.0–3.8] 0.004

Blood urea nitrogen (mg/dL) 19 [13–27] 19 [13–28] 19 [14–27] 0.42

Creatinine (mg/dL) 0.86 [0.70–1.12] 0.80 [0.66–1.13] 0.90 [0.70–1.10] 0.16

White blood cell count (9 103/lL) 11.6 [8.2–16.0] 11.0 [8.0–15.5] 12.4 [9.1–17.1] 0.01

Haematocrit (%) 37.5 [33.9–40.7] 36.7 [33.5–40.4] 38.0 [35.5–41.2] 0.004

Platelet count (9 104/lL) 18.6 [14.1–24.2] 18.9 [14.4–25.0] 18.4 [13.7–23.1] 0.43

Bacteraemia 80 (17.9) 62 (22.6) 18 (10.5) 0.001

CURB-65 (score) 0.62
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generally within 95% confidence intervals (blue
dash lines); therefore, the effect of autocorrela-
tion was considered to be minimal.

Predictors of Pneumococcal Urinary
Antigen Test Result

On multivariable analysis [odds ratio (95%
confidence interval)], bacteraemia [2.516
(1.387–4.561), P = 0.002] was a predictor of a
positive BinaxNOW result, whereas male sex
[0.467 (0.296–0.736), P = 0.001], white blood
cell count [0.959 (0.930–0.989), P = 0.008] and
the time trend per year [0.900 (0.859–0.943),
P\ 0.001] were predictors of a negative Binax-
NOW result (Table 2).

DISCUSSION

The present study demonstrated that Binax-
NOW sensitivity showed a significant gradual
decrease over a 15-year period after adjusting for
covariates including sex, white blood cell count,
bacteraemia and seasonality. The sensitivity of
BinaxNOW in 2001 was 81.3%, but it was less
than 50% in 2015. Furthermore, on multivari-
able analysis, the time trend per year was a
predictor of a negative BinaxNOW result, in
addition to male sex, high white blood cell
count and absence of bacteraemia.

Regarding the time trend of the sensitivity of
BinaxNOW, there have been no reports of long-
term investigations in Japan, although some
previous studies [9, 21–24] reported BinaxNOW

Table 1 continued

All patients
n = 446

Positive
n = 274

Negative
n = 172

P value

0 53 (11.9) 28 (10.2) 25 (14.5)

1 123 (27.6) 79 (28.8) 44 (25.6)

2 143 (32.1) 86 (31.4) 57 (33.1)

3 86 (19.3) 55 (20.1) 31 (18.0)

4 33 (7.4) 19 (6.9) 14 (8.1)

5 6 (1.3) 5 (1.8) 1 (0.6)

Unknown 2 (0.4) 2 (0.7) 0 (0)

PSI (class) 0.59

I 17 (3.8) 12 (4.4) 5 (2.9)

II 68 (15.2) 42 (15.3) 26 (15.1)

III 129 (28.9) 75 (27.4) 54 (31.4)

IV 177 (39.7) 106 (38.7) 71 (41.3)

V 53 (11.9) 37 (13.5) 16 (9.3)

Unknown 2 (0.4) 2 (0.7) 0 (0)

30-day mortality 16 (3.6) 10 (3.6) 6 (3.5) 1.00

Data are presented as medians and interquartile range or n (%)
COPD chronic obstructive pulmonary disease, CURB-65 confusion, urea[ 7 mmol/L, respiratory rate C 30 breaths/min,
low blood pressure (systolic\ 90 mmHg or diastolic B 60 mmHg), and age C 65 years, PSI Pneumonia Severity Index
a Those that were active on admission or were diagnosed within 1 year of admission were included
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sensitivity over the short term, such as
1–3 years. Therefore, the present study was the
first that evaluated the time trend of the sensi-
tivity of BinaxNOW for diagnosing pneumo-
coccal CAP for a long period of 15 years. Ishida
et al. [9] reported that the sensitivity of Binax-
NOW was 75.9% in patients with pneumococ-
cal CAP in 2004. After that, some studies
showed that BinaxNOW sensitivity in pneu-
mococcal CAP was in the range of 53.7–62.0%
[21–24], which was lower compared with Ishida
et al.’s study. The present study also showed
that BinaxNOW sensitivity in the last 2 years
(2014–2015) was relatively low (49.4%), which
implies that a negative BinaxNOW result could
not rule out the diagnosis of pneumococcal
CAP. Therefore, a new pneumococcal UAT kit
with improved sensitivity is needed, although
BinaxNOW has high specificity [8–10].

Concerning the reasons why BinaxNOW
sensitivity has been decreasing, Shoji et al. [20]

reported the possibility of S. pneumoniae ser-
otype changes. They showed that the sensitivity
of BinaxNOW was 76.4%, 77.9%, and 60.5% in
the periods from 2001 to 2005, from 2006 to
2010 and from 2011 to 2015, respectively, in
Spain. They also showed the distribution of
S. pneumoniae serotypes and the sensitivity of
BinaxNOW for each serotype. The sensitivity of
BinaxNOW was significantly higher for each
serotype included in pneumococcal conjugate
vaccine 13 (PCV13) than for non-PCV13 ser-
otypes. The non-PCV13 serotypes increased
gradually over the three periods (20.5% from
2001 to 2005, 35.8% from 2006 to 2010, 50.6%
from 2011 to 2015); therefore, they concluded
that the sensitivity of BinaxNOW would be
decreased [20]. However, their study did not
adjust the confounding factors such as patients’
background characteristics, pneumonia sever-
ity, and seasonality. Consequently, the present
study is significant in that it showed the time

Fig. 2 Sensitivity of the pneumococcal urinary antigen test
in annual data and predictions of the harmonic model.
The dots show the sensitivity of the pneumococcal urinary
antigen test each year from 2001 to 2015. The red curved
line shows the predicted sensitivity of BinaxNOW, and the
grey lines show the 95% confidence interval. They were
adjusted by sex, white blood cell count, bacteraemia and

seasonality. Sensitivity of BinaxNOW and the rate of
bacteraemia are shown in the table under the graph of the
sensitivity of BinaxNOW. The number of positive results
of BinaxNOW, bacteraemia, and patients with pneumo-
coccal community-acquired in each year are also shown.
BinaxNOW, BinaxNOW S. pneumoniae urinary antigen
test kit
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trend and the decrease in BinaxNOW sensitivity
by adjusting some covariates, including
seasonality.

In Japan, pneumococcal polysaccharide vac-
cine (PPSV23) was introduced for adult patients
at risk of pneumococcal disease for preventing
pneumococcal infection from 1992. Further-
more, PCV7 vaccination was started for children
in February 2010, and PCV7 was changed to
PCV13 in November 2013. Regarding the ser-
otype of adult invasive pneumococcal disease,
Japanese surveillance showed that the distribu-
tion of non-PCV13 serotypes was 38.5% from
2006 to 2007 [32], and it increased to 54.0% in
2013 [33]. In addition, adult pneumococcal
pneumonia cases caused by non-PCV13 ser-
otypes increased from 47% in 2011–2014 to
67% in 2016–2017 [34]. Therefore, in the pre-
sent study, changes in the distribution of ser-
otypes of S. pneumoniae may have affected the
sensitivity of BinaxNOW, although the ser-
otypes of S. pneumoniae were not identified.

On the other hand, Choi et al.’s study in
Korea reported that the sensitivity of Binax-
NOW was not decreased during the pre-PCV13
period in 2007–2009, the period immediately
after paediatric PCV13 use in 2010–2011, and
the post-PCV13 period in 2012–2013 (53.4% vs
51.1% vs 66.1%, respectively) [19]. There are
two possible reasons why the present study and
Choi et al.’s study showed different results.
First, the sensitivity of BinaxNOW in Choi
et al.’s study was very low in 2007–2009 (53.4%)
compared with the present study. Second, the
rate of bacteraemia in Choi et al.’s study was
4.4%, lower than in the present study (17.9%).
In patients with pneumococcal pneumonia and
bacteraemia, BinaxNOW usually has high sen-
sitivity [8, 20, 35], including in the present
study. Therefore, the low rate of bacteraemia
might have affected the sensitivity of Binax-
NOW in Choi et al.’s study.

Regarding the predictors of the pneumococ-
cal UAT in CAP, Molinos et al. showed that
female sex, heart rate C 125/min, systolic blood

Fig. 3 Autocorrelation function (ACF) in each time lag per month
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pressure\90 mmHg, SaO2\90%, absence of
prior antibiotic treatment, pleuritic chest pain,
chills, pleural effusion, and blood urea nitro-
gen C 30 mg/dL were significant predictors of a
positive result [10]. The present study included
all covariates excluding SaO2\90%, pleuritic
chest pain and chills in the multivariable anal-
ysis, because these data were not collected
prospectively in many patients. The results of
the present study may have been different if

these three items (SaO2\ 90%, pleuritic chest
pain and chills) had been included in the mul-
tivariable analysis. However, pneumonia sever-
ity scores such as CURB-65 [26] were included.
This score includes evaluation of respiratory
status, such as a respiratory rate C 30 breaths/
min. In addition, chills are reported to be a
predictor of true bacteraemia [35–37]. Bacter-
aemia was included as one covariate, although
Molinos et al.’s study did not include

Table 2 Predictors of a positive pneumococcal urinary antigen test

Univariate analysis (forced entry) Multivariable analysis (stepwise
backward elimination)

Odds ratio (95% confidence
interval)

P value Odds ratio (95% confidence
interval)

P value

Male 0.571 [0.375–0.869] 0.009 0.467 [0.296–0.736] 0.001

Chronic kidney disease 0.328 [0.119–0.903] 0.03

Systolic blood pressure 1.000 [0.993–1.008] 0.943

Heart rate 1.007 [0.996–1.018] 0.20

C-reactive protein 1.030 [1.011–1.049] 0.002

Albumin 0.611 [0.437–0.854] 0.004

Blood urea nitrogen 1.011 [0.998–1.025] 0.11

White blood cell count 0.967 [0.941–0.994] 0.02 0.959 [0.930–0.989] 0.008

Haematocrit 0.995 [0.979–1.013] 0.60

Pre-treatment of antibiotics 1.005 [0.585–1.726] 0.99

Bacteraemia 2.502 [1.423–4.399] 0.001 2.516 [1.387–4.561] 0.002

CURB-65 score 1.067 [0.905–1.259] 0.439

Time trenda 0.901 [0.861–0.942] \ 0.001 0.900 [0.859–0.943] \ 0.001

Seasonal harmonic sin

(p 9 (month/6))

1.147 [0.851–1.546] 0.37 0.958 [0.695–1.322] 0.80

Seasonal harmonic sin

(p 9 (month/3))

1.017 [0.774–1.335] 0.90 1.061 [0.795–1.416] 0.69

Seasonal harmonic cos

(p 9 (month/6))

1.492 [1.136–1.959] 0.004 1.434 [1.075–1.912] 0.01

Seasonal harmonic cos

(p 9 (month/3))

1.040 [0.778–1.391] 0.79 1.012 [0.745–1.375] 0.94

CURB-65 confusion, urea[ 7 mmol/L, respiratory rate C 30 breaths/min, low blood pressure (systolic\ 90 mmHg or
diastolic B 60 mmHg), and age C 65 years
a Time trend means the change rates of the sensitivity of the pneumococcal urinary antigen test per year
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bacteraemia in the analysis. Therefore, the
result of the present study appears reasonable.

The present study found that female sex, low
white blood cell count and bacteraemia were
predictors of a positive BinaxNOW result. As
mentioned above, Molinos et al. [10] also
reported that female sex was one of the predic-
tors of a positive BinaxNOW result. The reason
why the sensitivity of BinaxNOW was signifi-
cantly higher in female patients than in male
patients is unclear. However, it is possible that
urinary antigen is excreted much more in
women than in men, though there is no evi-
dence to support this. Another possible reason
is that many more male than female patients
may have had pneumococcal vaccination as a
result of chronic obstructive pulmonary disease
(COPD). Concerning bacteraemia, some reports
have shown that BinaxNOW had higher sensi-
tivity in patients with bacteraemia than in those
without [8, 20, 30]. In bacteraemic pneumo-
coccal pneumonia, there is a larger bacterial
load than in non-bacteraemic cases; therefore,
pneumococcal capsule antigen is thought to be
excreted in urine, which could lead to the
BinaxNOW having high sensitivity [14, 38, 39].

In the present study, the sensitivity of
BinaxNOW was about 50% in 2010, and it was
lower compared with the previous meta-analy-
sis that examined the sensitivity of the pneu-
mococcal UAT (pooled sensitivity 75%, 95% CI
71–79%) [40]. Recently, some studies have
reported that the sensitivity of BinaxNOW was
50–60% [19, 20], similar to the present result. In
our view, the sensitivity of the UAT should be
much higher for effective use in daily clinical
practice, although the specificity is very high
(90–99%) [9, 10, 41]. On the basis of the result
of the present study, care is needed when
interpreting the BinaxNOW result, even when
the result is negative, especially in male patients
or those without bacteraemia.

This study had some limitations. First, only
hospitalised patients were included; therefore,
these results could be overestimated because
outpatients would have less severe disease or
more would be non-bacteraemic. Second, this
was a single-centre study, and whether the
results of the present study could apply to other
areas or other countries is unclear, because the

rate of pneumococcal vaccination and the dis-
tribution of serotypes of S. pneumoniae differ in
each area and country. Third, pneumococcal
vaccine status could not be adjusted for because
pneumococcal vaccine status was not investi-
gated in most patients (83.0%). Finally, the
serotypes of S. pneumoniae were not identified;
therefore, whether the change in the distribu-
tion of serotypes would affect the sensitivity of
BinaxNOW is unknown. The strengths of the
present study were that it was relatively large
scale, including about 2300 patients with CAP,
and it examined a long period of 15 years.

CONCLUSIONS

A significant decrease in the sensitivity of
BinaxNOW for diagnosing pneumococcal CAP
occurred gradually after adjusting for some
covariates including sex, white blood cell count,
bacteraemia and seasonality over a 15-year
period in Japan. In addition to the time trend,
male sex, low white blood cell count and
absence of bacteraemia were predictors of a
negative BinaxNOW result. We should use and
interpret the BinaxNOW to diagnose pneumo-
coccal CAP on the basis of such background
information, and the development of a new kit
with good sensitivity and specificity is
anticipated.
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18. Sordé R, Falcó V, Lowak M, et al. Current and
potential usefulness of pneumococcal urinary
antigen detection in hospitalized patients with
community-acquired pneumonia to guide antimi-
crobial therapy. Arch Intern Med. 2011;171:166–72.

19. Choi MJ, Song JY, Cheong HJ, et al. Clinical use-
fulness of pneumococcal urinary antigen test,
stratified by disease severity and serotypes. J Infect
Chemother. 2015;21:672–9.

20. Shoji H, Domenech A, Simonetti AF, et al. The Alere
BinaxNOW pneumococcal urinary antigen test:
diagnostic sensitivity for adult pneumococcal
pneumonia and relationship to specific serotypes.
J Clin Microbiol. 2018;56:e00787-e817.

21. Ehara N, Fukushima K, Kakeya H, et al. A novel
method for rapid detection of Streptococcus pneu-
moniae antigen in sputum and its application in
adult respiratory tract infections. J Med Microbiol.
2008;57:820–6.

22. Izumikawa K, Akamatsu S, Kageyama A, et al.
Evaluation of a rapid immunochromatographic
ODK0501 assay for detecting Streptococcus pneumo-
niae antigen in sputum samples from patients with
lower respiratory tract infection. Clin Vaccine
Immunol. 2009;16:672–8.

23. Fukushima K, Nakamura S, Inoue Y, et al. Utility of
a sputum antigen detection test in pneumococcal
pneumonia and lower respiratory infectious disease
in adults. Intern Med. 2015;54:2843–50.

24. Ikegame S, Nakano T, Otsuka J, et al. The evaluation
of the sputum antigen kit in the diagnosis of
pneumococcal pneumonia. Intern Med. 2017;56:
1141–6.

25. American Thoracic Society; Infectious Diseases
Society of America. Guidelines for the management
of adults with hospital-acquired, ventilator-associ-
ated, and healthcare-associated pneumonia. Am J
Respir Crit Care Med. 2005;171:388–416.

26. Lim WS, van der Eerden MM, Laing R, et al.
Defining community-acquired pneumonia severity
on presentation to hospital: an international
derivation and validation study. Thorax. 2003;58:
377–82.

27. Fine MJ, Auble TE, Yealy DM, et al. A prediction rule
to identify low-risk patients with community-ac-
quired pneumonia. N Engl J Med. 1997;336:243–50.

28. Chalmers JD, Singanayagam A, Akram AR, et al.
Severity assessment tools for predicting mortality in
hospitalised patients with community-acquired
pneumonia. Systematic review and meta-analysis.
Thorax. 2010;65:878–83.

29. Ito A, Ishida T, Tokumasu H, et al. Prognostic fac-
tors in hospitalized community-acquired pneumo-
nia: a retrospective study of a prospective
observational cohort. BMC Pulm Med. 2017;17:78.
https://doi.org/10.1186/s12890-017-0424-4.

30. Murdoch DR, Laing RT, Mills GD, et al. Evaluation
of a rapid immunochromatographic test for detec-
tion of Streptococcus pneumoniae antigen in urine
samples from adults with community-acquired
pneumonia. J Clin Microbiol. 2001;39:3495–8.

Infect Dis Ther (2021) 10:2309–2322 2321

https://doi.org/10.1186/s12890-017-0424-4


31. Zhou F, Gu L, Qu JX, Liu YM, Cao B, for CAP-China
network. Evaluating the utility of Binax NOW
Streptococcus pneumoniae urinary antigen test in
adults with community acquired pneumonia in
China. Clin Respir J. 2018;12:425–32.

32. Chiba N, Morozumi M, Sunaoshi K, et al. Serotype
and antibiotic resistance of isolates from patients
with invasive pneumococcal disease in Japan. Epi-
demiol Infect. 2010;138:61–8.

33. Chang B, Amemura-Maekawa J. Bacteriological
analysis of adult invasive pneumococcal disease-
derived strains, Health and Labor Science Research
Award subsidy, Emerging/Re-emerging Infectious
Diseases Research Project 2014 General/Shared
Research Report. 2015;2015:63–7 (in Japanese).

34. Sando E, Suzuki M, Furumoto A, et al. Impact of the
pediatric 13-valent pneumococcal conjugate vac-
cine on serotype distribution and clinical charac-
teristics of pneumococcal pneumonia in adults: the
Japan Pneumococcal Vaccine Effectiveness Study (J-
PAVE). Vaccine. 2019;37:2687–93.

35. Tokuda Y, Miyasato H, Stein GH. A simple predic-
tion algorithm for bacteraemia in patients with
acute febrile illness. QJM. 2005;98:813–20.

36. Tokuda Y, Miyasato H, Stein GH, Kishaba T. The
degree of chills for risk of bacteremia in acute febrile

illness. Am J Med. 2005;118:1417. https://doi.org/
10.1016/j.amjmed.2005.06.043.

37. Komatsu T, Takahashi E, Mishima K, et al. A simple
algorithm for predicting bacteremia using food
consumption and shaking chills: a prospective
observational study. J Hosp Med. 2017;12:510–5.

38. Smith MD, Derrington P, Evans R, et al. Rapid
diagnosis of bacteremic pneumococcal infections in
adults by using the Binax NOW Streptococcus pneu-
moniae urinary antigen test: a prospective, con-
trolled clinical evaluation. J Clin Microbiol.
2003;41:2810–3.

39. Boulware DR, Daley CL, Merrifield C, Hopewell PC,
Janoff EN. Rapid diagnosis of pneumococcal pneu-
monia among HIV-infected adults with urine anti-
gen detection. J Infect. 2007;55:300–9.

40. Horita N, Miyazawa N, Kojima R, et al. Sensitivity
and specificity of the Streptococcus pneumoniae uri-
nary antigen test for unconcentrated urine from
adult patients with pneumonia: a meta-analysis.
Respirology. 2013;18:1177–83.

41. Lee J, Song JU. Performance of pneumococcal uri-
nary antigen test in patients with community-onset
pneumonia: a propensity score-matching study.
Korean J Intern Med. 2020;35:630–40.

2322 Infect Dis Ther (2021) 10:2309–2322

https://doi.org/10.1016/j.amjmed.2005.06.043
https://doi.org/10.1016/j.amjmed.2005.06.043

	Time Trend of the Sensitivity of the Pneumococcal Urinary Antigen Test for Diagnosing Pneumococcal Community-Acquired Pneumonia: An Analysis of 15-Year, Prospective Cohort Data
	Abstract
	Introduction
	Methods
	Results
	Conclusions
	Trial registration number

	Introduction
	Methods
	Study Design and Setting
	Criteria for Pneumococcal Pneumonia
	Urinary Antigen Test for Diagnosing Pneumococcal Pneumonia
	Outcome
	Statistical Analysis

	Results
	Patients’ Characteristics
	Changes in Sensitivity of Pneumococcal Urinary Antigen Test Between 2001 and 2015
	Predictors of Pneumococcal Urinary Antigen Test Result

	Discussion
	Conclusions
	Acknowledgements
	References




