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The capsular antigen detection (CAD) kit is widely used in clinics to detect Streptococcus pneumoniae infection from urine, be-
cause it is rapid, convenient, and effective. However, there are several disadvantages, including false-positive results in children
colonized with S. pneumoniae and prolonged positive readings even after the bacteria have been cleared. RP-L7/L12 is a compo-
nent of the 50S ribosome that is abundant in all bacteria and is specific for each bacterial species. We investigated whether RP-
L7/L12 could be used to accurately diagnose pneumococcal pneumonia infection in mouse models of pneumonia and coloniza-
tion generated by infecting CBA/JN or CBA/N mice, respectively, with S. pneumoniae strain 741. RP-L7/L12 detection by
enzyme-linked immunosorbent assay accurately assessed active lung infection, as RP-L7/L12 levels decreased simultaneously
with the bacterial lung burden after imipenem administration in the pneumonia mouse model. Based on the data, antibodies
detecting RP-L7/L12 were applied to rapid immunochromatographic strips (ICS) for urine sample testing. When we compared
the ICS test with the CAD kit in the pneumonia model, the results correlated well. Interestingly, however, when the lung bacte-
rial burden became undetectable after antibiotic treatment, the ICS test was correspondingly negative, even though the same
samples tested by the CAD kit remained positive. Similarly, while the ICS test exhibited negative results in the nasal colonization
model, the CAD kit demonstrated positive results. Bacterial RP-L7/L12 may be a promising target for the development of new
methods to diagnose infectious disease. Further studies are warranted to determine whether such a test could be useful in
children.

Streptococcus pneumoniae is the common pathogen associated
with meningitis, otitis media, sepsis, and community-acquired

pneumonia (CAP) (1–5). Mortality from pneumococcal pneu-
monia is particularly high in infants and the elderly (6, 7). Despite
its importance for CAP pathogenicity, current diagnostic methods
for S. pneumoniae infection are frequently problematic. The cur-
rent standard diagnostic method determining the presence of S.
pneumoniae in blood cultures (8, 9) has low sensitivity and re-
quires a waiting period of at least 2 days (10, 11). In addition,
expectorated-sputum cultures provide only a probable— but not
definitive— diagnosis, since pneumococcal organisms are often
carried in the nasopharynx (12). Thirty-five percent of children
aged 3 to 6 years have nasopharyngeal colonization, even in pa-
tients effectively immunized with the PCV7 vaccine (13). There-
fore, children are more likely to be asymptomatic carriers of pneu-
mococci than adults (14–16).

Antigen detection assays are an alternative to the standard cul-
ture-based methods for pneumococcal pneumonia diagnosis. A
rapid urinary pneumococcal antigen test (e.g., Binax NOW) that
detects the capsular C-polysaccharide antigen present in S. pneu-
moniae is commercially available for rapid diagnosis and has been
widely used in clinical practice (11, 17). Although the method is
highly specific and moderately sensitive for adults (18, 19), it is not
as effective in accurately diagnosing infection in children, due in
part to the following problems: false-positive results occurring
because of S. pneumoniae colonization in children (15, 20), an
inability to detect infection immediately after onset, and sustained
antigen-positive results regardless of treatment (21). Another an-
tigen detection method, ODK0501, has been developed to detect
the C-polysaccharide moiety in sputum samples, although

whether this test can effectively discriminate between children
with and without pneumococcal infection is questionable (22,
23). Therefore, a more effective target for diagnosing pneumococ-
cal infections, especially in children, is greatly desired.

L7/L12 ribosomal protein (RP-L7/L12) is among the most in-
vestigated components of prokaryotic ribosomes, and it interacts
with translation factors during protein biosynthesis in bacteria
(24). RP-L7/L12 is present at approximately a 4-fold higher level
than other ribosomal proteins, and it increases in proportion to
the bacterial growth rate (25). Similar proteins are found in the
large ribosomal subunits of archaebacteria, eukaryotes, and all
eubacteria. Although archaebacterial and eukaryotic proteins are
homologous to each other, they show little homology to eubacte-
rial proteins, as assessed by various physical and functional criteria
(24). Alignments of the complete RP-L7/L12 amino acid se-
quences available from 16 different bacterial species show that the
C-terminus region is highly conserved; however, one of the
monoclonal antibodies (MAbs) cross-reacted only with strepto-
cocci in Western blotting (26). In contrast, a specific epitope on
L7/L12 of Neisseria gonorrhoeae was used for a laboratory-based
evaluation system (27). Therefore, bacterial RP-L7/L12 may be a
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promising target for the development of new methods to diagnose
infectious disease.

In the present study, we generated an anti-RP-L7/L12 antibody
to detect S. pneumoniae and assessed RP-L7/L12 antigen produc-
tion in a pneumococcal pneumonia mouse model. In addition, we
determined the ability of anti-RP-L7/L12 antibody-coated immu-
nochromatographic strips (ICS) to rapidly detect S. pneumoniae
from urine samples taken from S. pneumoniae-induced pneumo-
nia and colonization mouse models and compared its perfor-
mance with the currently used capsular antigen detection kit.

MATERIALS AND METHODS
Animals. Specific-pathogen-free 5- to 6-week-old CBA/JN mice (Charles
River Japan, Tokyo, Japan) were used for the pneumonia model (28), and
CBA/N mice (Sankyo Labo Service, Hamamatsu, Japan) (7) were used for
the colonization model. The mice were maintained under specific-patho-
gen-free conditions within the animal care facility in the Laboratory An-
imal Research Center of Toho University of Medicine until the day of
sacrifice. Experiments were conducted according to our institution’s eth-
ical guidelines for animal experiments. Animal protocols were approved
by the institutional animal care and use committee (approval number
10-52-54).

Bacteria. A clinical isolate of S. pneumoniae strain 741 (serotype 19F)
stocked in the Department of Microbiology and Infectious Diseases, Toho
University School of Medicine, Tokyo, Japan, was used in this study. The
bacteria were incubated on Mueller-Hinton agar (Difco Laboratories, De-
troit, MI) plates supplemented with 5% defibrinated horse blood at 35°C
for 14 h. Bacterial scrapes from these plates were suspended in brain heart
infusion broth (Becton, Dickinson and Company) supplemented with
0.5% yeast extract and cultured at 35°C for 5 h at the mid-log phase.
CBA/JN or CBA/N mice were challenged with approximately 106 CFU of
S. pneumoniae.

Experimental animal models. Mice were anesthetized with an intra-
muscular injection of a mixture of 60 mg/kg of body weight ketamine
(Sankyo Pharmaceutical, Tokyo, Japan) and 10 mg/kg xylazine (Bayer
Japan, Tokyo, Japan). A 30-�l bacterial suspension was intranasally ad-
ministered to CBA/JN mice for the experimental pneumonia model. For
the colonization model, a 10-�l bacterial suspension was intranasally ad-
ministered to anesthetized CBA/N mice by slow delivery over several min-
utes (29). After bacterial inoculation of CBA/JN mice, 50 mg/kg of imi-
penem hydrate/cilastatin sodium (IPM/CS) (MSD, Tokyo, Japan) was
intraperitoneally administered twice a day.

Sample collection and microbiological investigation. At designated
time points (as shown in the figure legends), the mice were sacrificed by
CO2 asphyxiation. Whole lungs were homogenized in 1.0 ml of saline
using a tissue homogenizer (IKA, Osaka, Japan). Nasal passages were
washed with 500 �l of saline. Serial dilutions of the lung and nasal washes
were plated on 5% horse blood agar plates containing 4 �g/ml gentamicin
(Wako Pure Chemical Industries, Ltd., Osaka, Japan). Colonies were
counted after the plates were incubated for 24 h at 35°C. The resulting
lung homogenate, nasal wash, serum, and urine samples were collected
and stored at �20°C for further analysis.

Monoclonal antibodies. Anti-RP-L7/L12 monoclonal antibodies
were obtained by conventional methods. Numerous monoclonal anti-
bodies were prepared by Asahi Kasei Corporation, Japan. Then, we se-
lected clones highly specific for S. pneumoniae by sandwich enzyme-
linked immunosorbent assay (ELISA) with several microbes. Briefly, S.
pneumoniae (ATCC 27336) RPL7/L12 cDNA was cloned into a glutathi-
one S-transferase (GST) fusion expression vector (pGEX-6P-1; GE
Healthcare). The recombinant RP-L7/L12 was expressed in Escherichia
coli, purified on an affinity column, and cleaved into final protein form by
enzyme removal of the GST tag (PreScission Protease; GE Healthcare).
The purified protein was used as an antigen for mouse immunization.
Monoclonal antibodies were obtained and purified using conventional
mouse hybridoma techniques.

ELISA. Two anti-RP-L7/L12 monoclonal antibodies were used for
sandwich ELISA. The detection antibody was chemically conjugated to
peroxidase (enzyme immunoassay [EIA] grade; Roche Ltd., Switzerland)
by conventional methods. Microtiter plates (Nunc-Immuno Plate;
Thermo Fisher Scientific Inc., Waltham, MA) were coated with 100 �l of
10 �g/ml capture anti-RP-L7/L12 monoclonal antibody. After overnight
incubation at 4°C, the wells were washed 2 times with phosphate-buffered
saline (PBS) containing 0.05% Tween 20 (PBS-T). Then, 200 �l of 1%
bovine serum albumin blocking solution (in PBS) was added to each well,
and the plate was blocked for 1 h at room temperature. Each sample was
diluted with diluent (buffer solution containing fetal bovine serum [FBS],
dextran, casein, and 1% Triton X-100 surfactant) to obtain measurable
signal within the standard curve. The recombinant RP-L7/L12 protein
was used as a control. Serially diluted samples were prepared using a
standard curve. The wells were washed once with PBS-T, 25 �l of predi-
luted sample was added to duplicate wells, and the plate was incubated for
1 h at room temperature. After repeated washing with PBS-T, 50 �l of
1-�g/ml peroxidase-labeled detection antibody was added, and the plate
was incubated for 1 h at room temperature. After another wash, 100 �l of
TMB (3,3=,5,5=-tetramethylbenzidine) substrate (KPL, Gaithersburg,
MD) was added for quantitative color development, and 100 �l of 1 M
hydrochloric acid was added to stop the reaction after optimal color de-
velopment was obtained. The results were recorded by measuring absor-
bance at 450 nm (Spectra Max 190; Molecular Devices, Downingtown,
PA). The detection limits of ELISA measurement were 0.06 ng/ml in lung
homogenates and 0.15 ng/ml in urine and serum samples, respectively.

Immunochromatography format assay. The RP-L7/L12 ICS test was
developed as follows. Similar to ELISA, the capture anti-RP-L7/L12
monoclonal antibody was immobilized on a nitrocellulose strip, while a
colloidal gold-conjugated anti-RP-L7/L12 monoclonal antibody was used
in a mobile phase for detection. A sample containing a urine specimen in
dilution buffer was dropped onto the L7/L12 ICS specimen window to
allow the S. pneumoniae antigen (RP-L7/L12) and the anti-RP-L7/L12
gold-labeled detection antibody to react. The resulting immunocom-
plexes traveled via capillary action to the membrane and were trapped by
the captured anti-RP-L7/L12 solid-phase monoclonal antibody, thereby
forming sandwich complexes on the strip. The presence of RP-L7/L12 was
indicated by the test line turning red. In the absence of RP-L7/L12, no
sandwich complex formed, and the test line did not turn red. Rabbit
anti-mouse IgG antibody immobilized on the control line captured excess
gold passing through the test line, causing red color to develop on the
control line, indicating that the liquid sample successfully flowed up the
membrane as a positive control. Cross-reactivity toward various patho-
genic bacteria (the 27 microbes listed in Table 1) was assessed by in vitro
testing of surfactant-extracted RP-L7/L12 antigen from the bacteria (106

CFU/ml).
IC procedure with urine specimen and signal interpretation. Mouse

urine specimens were diluted between 2 and 20 times with PBS for
analysis and used for S. pneumoniae antigen detection by the RP-L7/
L12 ICS test. Commercially available diagnostics (Binax Now S. pneu-
moniae; Binax, Inc., Waltham, MA) were simultaneously used to mea-
sure the same samples in accordance with the manufacturer’s
instructions. The assays were read after a 15-min incubation and in-
terpreted by detecting the presence or absence of a line, as follows: 3
independent judgments classified each line as positive or negative by
light reflection intensity. In cases of discrepancy among the 3 indepen-
dent evaluations for low-intensity lines that might be weakly positive
(a faint line in comparison with the control line) or negative, the lines
were labeled plus-minus.

Statistical analysis. Statistical analyses were performed using
GraphPad Prism 5 software (GraphPad, Inc., CA). All values are expressed
as means � standard deviations (SD). Data were analyzed with Student’s
t test. A P value of �0.05 was regarded as statistically significant.
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RESULTS
RP-L7/L12 protein can be detected in an S. pneumoniae pneu-
monia mouse model. To determine whether RP-L7/L12 can be
detected in a mouse model of S. pneumoniae pneumonia, we
measured RP-L7/L12 production in the lungs, sera, and urine
of infected mice. First, we evaluated the bacterial burden in the
lung after intranasal administration of S. pneumoniae in
CBA/JN mice. As shown in Fig. 1A, approximately 104 CFU of
bacteria was found in the lung on day 2 postinfection, which
gradually increased to 107 CFU in the lung at day 7. Of 10 mice,
5 died by day 7. During this infection, we examined RP-L7/L12
production in samples harvested from infected mice by ELISA.
No RP-L7/L12 was detected in mice before infection (data not
shown). At day 2 postinfection, RP-L7/L12 was detected in
lung homogenates and urine, but it was below the detection
limit in serum (Fig. 1B to D). At day 7, approximately 800, 650,
and 40 ng/ml of RP-L7/L12 was detected in lung, urine, and
serum samples, respectively. We next examined whether RP-
L7/L12 levels depended on bacterial numbers in the lung by
collecting samples the day after inoculating CBA/JN mice with
103, 104, 105, or 106 CFU/ml of S. pneumoniae. The lung bacte-
rial burden correlated with the inoculum dose 1 day after in-
fection (Fig. 1E). RP-L7/L12 was detected in lung homogenates
from mice inoculated with more than 105 CFU/ml of S. pneu-
moniae, whereas an inoculum dose of 106 CFU/ml was neces-
sary to detect RP-L7/L12 in urine (Fig. 1F and G). RP-L7/L12 in
serum remained below detection limits at all inoculation doses
(data not shown). These results indicated that RP-L7/L12
could be detected in S. pneumoniae-infected mice in an inocu-
lum dose- and time-dependent manner.

TABLE 1 Microorganisms used in this study

Microorganisma Strain

Bacillus subtilis NBRP GTC01672
Chlamydia pneumoniaeb CWL-029
Enterococcus faecalis ATCC 19433
Escherichia coli ATCC 25922
Haemophilus influenzae ATCC 10211
Haemophilus parahaemolyticus NBRP GTC1529
Haemophilus parainfluenzae NBRP GTC2091
Klebsiella pneumoniae ATCC 13883
Moraxella catarrhalis ATCC 25240
Mycoplasma pneumoniae ATCC 15531
Neisseria gonorrhoeae ATCC 43070
Neisseria lactamica ATCC 23970
Neisseria meningitidis ATCC 13090
Propionibacterium acnes NBRP GTC00154
Proteus mirabilis NBRP GTC01262
Pseudomonas aeruginosa ATCC 27853
Sarratia marcescens NBRP GTC00135
Staphylococcus aureus ATCC 25923
Staphylococcus epidermidis NBRP GTCDY0064
Streptococcus agalactiae ATCC 12386
Streptococcus mitior NBRP GTC1140
Streptococcus mitis NBRP GTC0495
Streptococcus mutans NBRP GTC0218
Streptococcus pneumoniae ATCC 27336
Streptococcus pyogenes ATCC 19615
Streptococcus salivarius NBRP GTC0215
Streptococcus sanguis NBRP IID1633
a Obtained from ATCC or NBRP (National Bioresource Project, Japan).
b Cultured in HL cells. Chlamydia pneumoniae cell lysate was purchased from Microbix
Biosystems Inc., Canada.

FIG 1 Effect of bacterial burden on RP-L7/L12 production in the pneumococcal pneumonia mouse model. (A to D) Bacterial numbers in the lungs were
determined (A), and RP-L7/L12 production was measured in lung homogenates (B), urine (C), and serum (D) at days 2 (n � 10), 4 (n � 8), and 7 (n � 5) after
infection of CBA/JN mice with S. pneumoniae at 106 CFU/ml. (E, F, and G) After 24 h of infection (n � 5) with various doses of S. pneumoniae in CBA/JN mice,
bacterial numbers in lungs were determined (E), and RP-L7/L12 production was measured in lung homogenates (F) and urine (G). The results are expressed as
means and SD. The limits of detection for ELISA measurement were 0.06 ng/ml in lung homogenates and 0.15 ng/ml in urine and serum. The asterisks denote
significant differences (*, P � 0.05; **, P � 0.001; ***, P � 0.0001) compared to day 2 or 103 CFU/ml.
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RP-L7/L12 production decreases upon antibiotic treatment
in a mouse model of pneumonia. To further evaluate whether
RP-L7/L12 is a good readout for the levels of S. pneumoniae pres-
ent in the lungs of an infected host, we determined whether RP-
L7/L12 levels correlated with decreasing bacterial burden after
antibiotic treatment in the mouse model of S. pneumoniae-in-
duced pneumonia. CBA/JN mice were treated with IPM/CS 2
times a day starting at 48 h postinfection and continuing for 7
days. As the bacterial burden in the lungs of antibiotic-treated
mice gradually decreased (Fig. 2A), RP-L7/L12 production de-
tected in lung homogenates and urine correspondingly decreased
(Fig. 2B to C). No RP-L7/L12 was detected at any time point in
serum (data not shown). These data suggest that there is a corre-
lation between the lung bacterial burden in infected mice and
RP-L7/L12 production detected in the lungs or urine throughout
antibiotic treatment.

RP-L7/L12 protein can be detected in nasal wash, but not
urine, after S. pneumoniae colonization of the mouse nasal cav-
ity. To examine whether RP-L7/L12 could be detected in urine
following S. pneumoniae colonization, CBA/N mice received a
dose of 5.5 � 105 CFU in the nasal cavity. Nasally infected mice
consistently harbored 104 to 105 CFU of bacteria within the nasal
cavity throughout day 11, whereas the bacterial burden in the lung
decreased till day 11 (day 5, 103 CFU/lung; day 11, 102 CFU/lung).
Under these conditions, RP-L7/L12 production was detected in
nasal cavity washes, but not in urine or lungs, at days 5 and 11 after
colonization (data not shown).

Development of the immunochromatographic strip assay
for RP-L7/L12. We developed a rapid antigen detection method by
generating an ICS test that detected S. pneumoniae-derived RP-L7/
L12 in urine samples within 15 min, as evaluated by our mouse model
of pneumonia. Cross-reactivity toward various other pathogenic bac-
teria (27 microbes) was assessed by in vitro testing of surfactant-ex-
tracted RP-L7/L12 antigen from these bacteria (Table 1). No cross-
reactivity was detected in 25 tested microbes; however, cross-
reactivity was observed against Streptococcus mitis and Streptococcus
mitior at 106 CFU/ml. Among 5 strains (serotypes 19F, 21, 29, 34, and
35) of clinical isolates of S. pneumoniae, positive results were found in
all strains tested by ICS testing.

The ICS test rapidly detects RP-L7/L12 production in a
mouse model of pneumonia. We used CBA/JN mice for our

mouse model of pneumonia and evaluated RP-L7/L12 produc-
tion in urine samples from each mouse using the ICS test. In the
mouse pneumonia model, 104 to 108 CFU of S. pneumoniae was
present in the lungs of infected mice; during the course of
infection, 3/8 mice with pneumonia died between days 4 and 7
(Fig. 1A). The ICS test exhibited high detection sensitivity by
RP-L7/L12 recognition in urine from 80% (8/10) of infected
mice at day 2 and 100% (8/8) at day 4 after infection (Table 2).
The capsular antigen detection (CAD) kit also detected infec-
tion with high sensitivity in serum samples (Table 2). To con-
firm that the ICS test could accurately distinguish pneumonia
infection in the lung from bacterial colonization in nasal pas-
sages, we evaluated RP-L7/L12 production in urine samples
from CBA/N mice colonized with S. pneumoniae in their nasal
cavities (Table 3). In this colonization model, colonized
CBA/N mice harbored approximately 104 CFU of bacteria in
the nasal cavity but demonstrated no bacterial burden in the
lungs at day 6 or 13 after infection. While urine samples from
these mice remained negative on ICS testing throughout the
testing period, the CAD kit exhibited positive readings in 80%
(4/5) of colonized mice at day 3 and 100% (5/5) at days 6 and
13. These results suggest that RP-L7/L12 ICS testing correlates
well with the presence of S. pneumoniae only in the context of
lung infection that indicates pneumococcal pneumonia.

FIG 2 Effect of antibiotic treatment on RP-L7/L12 production in a mouse model of pneumonia. CBA/JN mice (n � 10) infected with S. pneumoniae at 106

CFU/ml were treated with IPM/CS 2 times a day starting at day 2 postinfection and continuing for 7 days. (A) The bacterial burdens in lungs at days 4, 7, and 9
after infection were determined. (B and C) RP-L7/L12 production in lung homogenates (B) and urine (C) were measured by ELISA. The results are expressed as
means and standard errors of the mean (SEM). The limit of detection for ELISA measurement was 0.06 ng/ml in lung homogenates and 0.15 ng/ml in urine and
serum. The asterisks denote significant differences (*, P � 0.01; ***, P � 0.0001) compared to the onset of treatment.

TABLE 2 Comparison of ICS test and CAD kit results in the mouse
pneumonia model

Test
resulta

No. of results on day:

ICS test CAD kit

2
(n � 10)b

4
(n � 8)

7
(n � 3)

2
(n � 10)

4
(n � 8)

7
(n � 3)

� 2 0 0 1 0 0
� 5 2 0 1 0 0
� 3 6 3 8 8 3
a The performances of the ICS test and CAD kit in urine were evaluated at days 2, 4,
and 7 after infection of CBA/JN mice with S. pneumoniae at 106 CFU/ml. �, positive;
�, negative; �, low-intensity lines that might be weakly positive (a faint line in
comparison with the control line) or negative.
b n, number of mice tested.
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ICS test results from urine samples correlate with a decrease
in the lung bacterial load after antibiotic therapy in a mouse
model of pneumonia. Testing for the presence of pneumococcal
pneumonia with the CAD kit has been reported to exhibit long-
term antigen-positive results regardless of antibiotic treatment
(21, 30). We therefore evaluated the effect of antibiotic treatment
on RP-L7/L12 production in the mouse pneumonia model to de-
termine whether this was a more sensitive and accurate readout of
infection. Both the ICS test and the CAD kit showed positive read-
outs from urine samples in 80% (8/10) and 90% (9/10) of infected
mice, respectively, before the initiation of antibiotic treatment.
After antibiotic treatment, we first assessed the pulmonary bacte-
rial burden in the mouse and found that it gradually decreased
after IPM/CS treatment at day 2 postinfection (Fig. 2A). Corre-
spondingly, the ICS test was negative for the presence of RP-L7/
L12 in 100% (0/8) of antibiotic-treated mice at days 7 and 9 after
inoculation (Table 4). In contrast, the CAD kit exhibited positive
results in 25% (2/8) and 37% (3/8) of antibiotic-treated mice at
days 7 and 9 after inoculation, respectively, even though these
mice demonstrated lower bacterial counts in the lung (Table 4).
Although these results suggest that the positive readouts from
both tests largely correlated with the bacterial burden in the lung,
the ICS test may more accurately reflect the diminishing bacterial
load in the lung in the mouse model of pneumonia after antibiotic
treatment.

DISCUSSION

There is a need to develop improved methods for rapid and accu-
rate determination of pneumococcal pneumonia, especially in
children and the elderly. This study revealed that the presence of
RP-L7/L12 in urine correlated well with the lung bacterial burden
in a mouse model of pneumococcal pneumonia. In addition, the
ICS test measuring S. pneumoniae-derived RP-L7/L12, which we
developed as a new detection method, exhibited efficient and ac-
curate assessment of pneumococcal pneumonia in infected mice.

The bacterial capsular polysaccharide antigen has been widely
used as a target for rapid detection of the presence of pneumococ-
cal pneumonia, including the CAD kit (13, 18, 22). Dominguez et
al. reported that the sensitivity and specificity of this CAD test
using urine samples from patients with a definite diagnosis of
pneumococcal pneumonia were 80.4% and 97.2%, respectively
(18). Other studies testing CAD kit sensitivity and specificity in
blood cultures reported a range of 79 to 87% for sensitivity and a
range of 83 to 97% for specificity (17, 28, 31). While these detec-

tion rates are high, the CAD kit presents some disadvantages, in-
cluding false-positive results due to pneumococcal colonization,
particularly among children, and long-lasting positive results after
antibody treatment (32, 33). Therefore, other detection methods
for rapidly identifying pneumococcal pneumonia have been de-
veloped by several laboratories. Recently, new targets for rapid
detection testing, such as putative proteinase maturation protein
A (PpmA) (22) and the C-polysaccharide moiety of S. pneumoniae
(ODK0501) (23), have been exploited. Although these targets
have been useful for diagnosing pneumococcal pneumonia, the
same limitations exhibited by the CAD kit mentioned above apply
to these new methods and have not been resolved. In this study, we
focused on testing the S. pneumoniae-derived RP-L7/L12 protein,
which we argue is a more appropriate target for detecting S. pneu-
moniae in the following ways. First, RP-L7/L12 is a component of
the 50S ribosome, which is abundant in all bacteria and is specific
for each bacterial species (26, 34). Second, the RP-L7/L12 levels
increase in proportion to the bacterial growth rate, since the pro-
tein is essential for protein synthesis in bacteria (25, 35). In this
study, our newly developed assay detected RP-L7/L12 in lung ho-
mogenates, urine, and sera harvested from the mouse model of
pneumococcal pneumonia in a dose-and time-dependent man-
ner. In addition, the decreased RP-L7/L12 protein levels detected
in urine by our assay accurately reflected the reduced bacterial
numbers in the lungs due to antibiotic treatment of infected mice.
Therefore, further studies are needed to determine whether this
protein can be used to accurately diagnose pneumonia in children.

In this study, we applied the antibodies that we generated to
detect the target protein RP-L7/L12 to ICS testing technology and
determined that the ICS test exhibited positive correlation with
the bacterial burden in the lungs of mice in the pneumonia model.
We further compared the detection capability of the RP-L7/L12-
targeted ICS test developed here with that of the widely used CAD
kit for the presence of S. pneumoniae lung infection in both the
pneumonia and colonization mouse models. The ICS test and
CAD kit test have similar minimal detection levels for S. pneu-
moniae lysate. In the S. pneumoniae colonization model that con-
tained bacteria only in the nasal cavity, we found that the CAD kit
exhibited false-positive results, whereas the ICS test accurately
gave negative results for all sample types. This was consistent with
RP-L7/L12 protein levels in these mice as measured by ELISA,
where antigen was present in the nasal wash but not in lung ho-
mogenate, serum, or urine samples. These results indicated that

TABLE 3 Comparison of ICS test and CAD kit results in the mouse
colonization model

Test
resulta

No. of results on day:

ICS test CAD kit

3
(n � 5)b

6
(n � 5)

13
(n � 5)

3
(n � 5)

6
(n � 5)

13
(n � 5)

� 5 5 5 1 0 0
� 0 0 0 0 1 0
� 0 0 0 4 4 5
a The performances of the ICS test and CAD kit in urine were evaluated at days 3, 6,
and 13 after infection of CBA/N mice with S. pneumoniae at 106 CFU/ml. �, positive;
�, negative; �, low-intensity lines that might be weakly positive (a faint line in
comparison with the control line) or negative.
b n, number of mice tested.

TABLE 4 Comparison of ICS test and CAD kit results during antibiotic
treatment in the mouse pneumonia model

Test
resulta

No. of results on day:

ICS test CAD kit

2
(n � 10)b

4
(n � 10)

7
(n � 8)

9
(n � 8)

2
(n � 10)

4
(n � 10)

7
(n � 8)

9
(n � 8)

� 2 9 8 8 1 5 6 5
� 5 1 0 0 1 1 1 0
� 3 0 0 0 8 4 1 3
a The performances of the ICS test and CAD kit in urine were evaluated at days 2, 4, 7,
and 9 after infection of CBA/JN mice with S. pneumoniae at 106 CFU/ml. CBA/JN mice
infected with S. pneumoniae were treated with IPM/CS 2 times a day starting at day 3
postinfection and continuing for 7 days. �, positive; �, negative; �, low-intensity lines
that might be weakly positive (a faint line in comparison with the control line) or
negative.
b n, number of mice tested.
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the RP-L7/L12-targeted ICS test might be a useful diagnostic
method in children who harbor S. pneumoniae colonization and
do not have pneumonia. When mice with pneumococcal pneu-
monia were treated with antibiotics, ICS tests were negative for the
presence of infection, which corresponded to low or absent bac-
terial burden in the lung. Under these conditions, however, the
CAD kit results indicated that 4 of 5 mice remained positive.
While the reason for this difference is still unclear, we speculate
that differences in how long these detected antigens remain in the
host after bacterial death may be an underlying factor. While
the capsular antigen remained present in clinical samples such as
urine even in the absence of viable S. pneumoniae (21), RP-L7/L12
decreased simultaneously with bacterial growth suppression in
our mouse model. Consequently, RP-L7/L12-targeted ICS tests
may address the problem of long-lasting positive readings by the
CAD kit even after bacteria have been cleared by antibiotic treat-
ment. In addition, although specimen dilution might affect the
test result slightly in each experiment, it might still be applicable in
human clinical or animal models.

In conclusion, RP-L7/L12 detection in murine urine samples
reflects the real-time infection status due to pneumococcal pneu-
monia. In addition, our study indicated that RP-L7/L12-targeted
ICS testing is more accurate than current detection methods by
providing fewer false-positive results in cases of colonization and
lower incidence of lasting positivity after antibiotic treatment in a
mouse model of pneumonia. The results of our study suggest that
the RP-L7/L12-targeted ICS test may be used as a complementary
tool to accurately detect pneumococcal pneumonia in a clinical
setting, especially in young children, although clinical trials need
to be performed to support the data shown here and confirm the
applicability of the ICS test to the clinic.
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