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less than 1 year old. Highly accurate determination of
etiological agents in pediatric CAP therefore is an impor-
tant need that is difficult to satisfy.

We constructed a real-time polymerase chain reaction
(PCR) assay for rapid identification of CAP pathogens,
complementing conventional culture methods [15, 16].
Agents responsible for CAP were assessed comprehen-
sively based on the real-time PCR results for 6 bacteria and
11 viruses, bacterial cultures, and blood test results, as well
as chest radiographic and clinical findings. All isolates in
this study were determined from this evidence to be etio-
logical agents of CAP in pediatric patients [5].

In this article, we describe correlation of susceptibility of
oral and intravenous agents with genotypic (g) resistance
based on identification of resistance genes by real-time PCR in
S. pneumoniae and H. influenzae, and detection of a mutation
in the sequence of the 23S rRNA gene in M. pneumoniae.

We also describe coverage rates of heptavalent pneu-
mococcal conjugate vaccine (PCV7) and PCV13 based on
serotype of S. preumoniae shortly before approval of
PCV7 for clinical use in Japan.

Patients and methods
Microorganisms

We identified S. pneumoniae (n = 241), H. influenzae
(n = 123), and M. pneumoniae (n = 54) as etiological
agents in pediatric inpatients with CAP treated at institu-
tions belonging to the Acute Respiratory Diseases (ARD)
study group. These agents were determined by real-time
PCR results using nasopharyngeal swab samples, blood test
results at admission, and clinical findings combined with
chest radiography, as reported previously [5].

The ten institutions and affiliated pediatricians partici-
pating in the ARD study group between April 2008 and
April 2009 included the National Hospital Organization
Tokyo Medical Center (T. Okada, K. Matsubara, and
S. Iwata), Asahikawa Kosei Hospital (H. Sakata), Tohoku
Rosai Hospital (R. Takayanagi), Chiba University Hospital
(N. Ishiwada), Health Insurance Society of General Ota
Hospital, Fuji Heavy Industries Ltd. (Y. Sato), Niigata
University Medical and Dental Hospital (T. Oishi), Ha-
kujikai Memorial Hospital (T. Tajima), Kobe City Medical
Center General Hospital (T. Haruta), Osaka Rosai Hospital
(N. Kawamura), and Kawasaki Medical School (K. Ouchi).

Real-time PCR
Identification of resistance genes in S. prnewmoniae and

H. influenzae isolates by culture were performed by real-
time PCR methods that we previously devised [8, 17].

To confirm that an isolate was S. pneumoniae, the IytA
gene encoding the autolysin enzyme specific to this agent
was amplified simultaneously during real-time PCR to
amplify the three penicillin-binding protein (PBP) genes:
the pbpla, pbp2x, and pbp2b genes encoding PBPIA,
PBP2X, and PBP2B enzymes, respectively. Positive reac-
tions in the real-time PCR occurred only in susceptible
strains possessing normal PBP genes because each probe
and primer set was constructed to amplify part of a normal
PBP gene. Additionally, mef (A) and erm (B) genes, which
confer resistance to macrolide (ML) antibiotics, were
identified. Resistance genotype (g) was represented as
penicillin (PEN)-susceptible S. pneumoniae (gPSSP), PEN-
intermediate S. pneumoniae (gPISP), and PEN-resistant
S. pneumoniae (gPRSP).

For H. influenzae, a 16S rRNA gene specific to this
organism and the capB gene encoding the serotype b
capsule were identified by real-time PCR. Genes affecting
antibiotic resistance were the ftsI gene encoding PBP3,
where two amino acid substitutions, Asn526Lys and
Ser385Thr, can cause f-lactam resistance; and a func-
tioning blargy gene, which encodes TEM-1 f-lactamase.
On the basis of PCR results, genotypic resistance was
classified as f-lactamase-nonproducing ampicillin (AMP)-
susceptible (gBLNAS), f-lactamase-producing AMP
resistance (gBLPAR), -lactamase-nonproducing low-level
AMP resistance (glow-BLNAR), f-lactamase-nonproduc-
ing AMP resistance (gBLNAR), or f-lactamase-producing
amoxicillin (AMX)-clavulanic acid resistance (gBLPACR-
1 or gBLPACR-II).

Sequencing

The full length of the 23S rRNA gene of all M. pneumoniae
strains was sequenced with an ABI Prism 3130/3130x1
genetic analyzer (Applied Biosystems, Carlsbad, CA,
USA) by methods described previously [18]. ML-resistant
M. pneumoniae (MRMP) possessing the A2063G,
A2064G, or C2617A mutation was indicated as gMRMP.

Susceptibility testing

Antibiotic susceptibility testing of S. pneumoniae and
H. influenzae was performed by an agar dilution method
using Mueller-Hinton II agar (MH; Becton—Dickinson,
Franklin Lakes, NJ, USA) as described previously [19, 20].
Susceptibility of M. pneumoniae isolates was determined
by a microdilution method using pleuropneumonia-like
organism (PPLO) broth [18].

The antibiotics tested were AMP, AMX, cefdinir
(CDR), cefditoren (CDN), cefotaxime (CTX), tebipenem
(TBM), meropenem (MEM), panipenem (PAM), tosuflox-
acin (TFX), erythromycin (ERY), clarithromycin (CLR),
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Fig. 1 Susceptibility distributions and genotypes of eight f-lactam agents for Streptococcus pneumoniae (n = 241)
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azithromycin (AZM), telithromycin (TEL), and minocy-
cline (MIN). Standard strains of S. pneumoniae ATCC
49619, H. influenzae ATCC 49247 and ATCC 49766, and
M. pneumoniae M129 were used as quality control for
susceptibility testing.

Serotyping

Serotype of S. pneumoniae strains was determined by the
capsular swelling reaction using antiserum purchased from
the Statens Serum Institute (Copenhagen, Denmark).
Except for capsule type b, serotypes in H. influenzae were
determined using antiserum (Denka Seiken, Tokyo, Japan).
Results

Streptococcus pneumoniae

Figure 1 shows minimum inhibitory concentration MIC)
distributions of eight -lactam antibiotics for S. pneumoniae

' (n = 241). Genotype was based on real-time PCR results for

the pbpla, pbp2x, and pbp2b genes as already described. The
resistance rate of gPRSP (pbpla + 2x + 2b) was highest at
47.7 %, followed by 26.1 % for gPISP (pbp2x), 14.9 % for
gPISP (pbpla + 2x), and 4.9 % for gPISP (pbp2x + 2b).
Occurrence of gPSSP having normal PBP genes was only
6.2 %.

Table 1 shows MICgygs of antimicrobial agents in every
resistant genotype together with comparison of the MICygs
with that of gPSSP. MICgs of AMP, AMX, and TBM for
gPISP (pbp2x) strains were influenced slightly by the
pbp2x alterations, resulting in MICqos about 2 times greater
than that for gPSSP. MICggs of the cephalosporin agents
CDN, CDR, and CTX showed greater increases from the
pbp2x alterations (4-32 times). No carbapenem agents
(PAM, MEM, and TBM) were affected by this abnormal
gene.

In contrast, MICqos of AMP, AMX, TBM, PAM, and
MEM were affected slightly by pbp2b alterations. MICggs
of all agents for gPRSP (pbpla + 2x + 2b) generally were
32-128 fold that for gPSSP.

Table 1 MICy, of S-lactam agents affected by pbp gene alterations in Strepfococcus pneumoniae

gPSSP gPISP (pbp2x) gPISP (pbpla + 2x) gPISP (pbp2x + 2b) gPRSP
(n = 15) (n = 63) (n = 36) (n=12) (pbpla + 2x + 2b)
(n = 115)

Ampicillin 0.031 0.063 (x2% 0.5 (x16) 0.5 (x16) 4 (x128)
Amoxicillin 0.031 0.063 (x2) 0.25 (x8) 0.5 (x16) 2 (x64)
Cefdinir 0.125 0.5 (x4) 4 (x32) 4 (x32) 8 (x64)
Cefditoren 0.031 0.25 (x8) 1(x32) 0.5 (x16) 1(x32)
Cefotaxime 0.016 0.5 (x32) 1 (x64) 0.5 (x32) 2 (x128)
Tebipenem 0.002 0.004 (x2) 0.016 (x8) 0.031 (x16) 0.125 (x64)
Panipenem 0.004 0.004 (x1) 0.016 (x4) 0.063 (x16) 0.125 (x32)
Meropenem 0.016 0.016 (x1) 0.063 (x4) 0.25 (x16) 0.5 (x32)

gPSSP penicillin (PEN)-susceptible S. pneumoniae, gPISP PEN-intermediate S. pneumoniae, gPRSP PEN-resistant S. pneumoniae

% The x symbol throughout indicates multiple numbers compared to the minimum inhibitory concentration (MIC) of gPSSP
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Fig. 2 Susceptibility distributions of clarithromycin (CLR) and azithromycin (AZM) for Streprococcus pneumoniae (n = 241)
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Fig. 3 Susceptibility distributions and genotypes of seven f-lactam agents and tosufloxacin (TFX) for Haemophilus influenzae (n = 123)
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Two strains showing high MICs of § pg/ml or more for
AMP, AMX, and CTX had two amino acid (aa) substitu-
tions in a conserved motif of the pbp2x gene. This Ser-
Thr-Met-Lys (STMK) motif was altered to become
Ser-Ala-Phe-Lys (SAFK), although the first of these amino
acid substitutions, from Thr to Ala, usually can be identi-
fied in most gPRSP [21]. Another two strains showing
MIC:s of 8 pg/ml or more for AMP and AMX and 2 pg/ml
for CTX had amino acid substitutions in the pbp2b gene.

Figure 2 shows MIC distributions of CLR and AZM for
S. pneumoniae. ML-resistant strains were distinguished
according to presence of mef(A), erm(B), or both genes, at
respective frequencies of 34.4, 48.1, and 10.4 %. Suscep-
tible strains possessing no ML resistance genes were less
common (7.1 %). MICygs of CLR for strains with
mef(A) or erm(B) were 4 pg/ml and >64 pg/ml, respec-
tively; those of AZM were 16 pg/ml and >64 pg/ml.

Haemophilus influenzae

MIC distributions of eight antibiotics for H. influenzae are
shown in Fig. 3. Resistance classes of 123 H. influenzae
strains were distinguished according to real-time PCR
results. Prevalence of each class among them was 27.6 %
for gBLNAS, 0.8 % for gBLPAR, 6.5 % for glow-
BLNAR, 62.6 % for gBLNAR, and 2.4 % for gBLPACR-
I, respectively, showing predominance of gBLNAR
among all isolates.

Table 2 shows MICygs and ranges of seven agents in
every resistant genotype together with comparison with the
gBLNAS MICggs. MICqgs of seven f-lactam antibiotics for
gBLNAR were affected in the following order: 64 pg/ml or
grater (x64) for AMX and CDR, 2 pg/ml (x64) for CTX,
16 pg/ml (x32) for AMP, 0.5 pg/ml (x16) for CDN, and
1 pg/ml (x8) for TBM and MEM. Substitutions of

Table 2 MICy, of f-lactam agents affected by fts/ gene mutations in
Haemophilus influenzae

gBLNAS glow-BLNAR gBLNAR

(n = 34) (n=238) n="177)
Ampicillin =~ 0.5 2 (x4% 16 (x32)
Amoxicillin 1 4 (x4) >64 (x64)
Cefdinir 1 2 (x2) >64 (x64)
Cefditoren  0.031 0.063 (x2) 0.5 (x16)
Cefotaxime 0.031 0.063 (x2) 2 (x64)
Tebipenem  0.125 0.5 (x4) 1 (x8)
Meropenem 0.125 0.25 (x2) 1 (x8)

gBLNAS [f-lactamase-nonproducing ampicillin (AMP)-susceptible,
glow-BLNAR f-lactamase-nonproducing low-level AMP resistance,
gBLNAR f-lactamase-nonproducing AMP resistance

% The x symbol throughout indicates multiple numbers compared to
the MIC of gBLNAS

Arg517His or Asn526Lys, plus Ser385Thr in PBP3, espe-
cially influenced MICs of penicillin and cephalosporin
antibiotics [22, 23]. Influence of the substitutions on TBM
and MEM MICs was less than for cephalosporins.

The only excellent MIC for gBLNAR was TFX, ranging
from 0.008 to 0.063 pg/ml, with an MICq, of 0.031 pg/ml.

Among all isolates, only 8.1 % could be serotyped: type
b, 6.5 %, type e, 0.8 %, and type f, 0.8 %.The remainder
were nontypeable (NT).

Mycoplasma pneumoniae

MIC distributions of six antibiotics for 54 M. pneumoniae
isolates are shown in Fig. 4. ML-resistant strains possess-
ing a mutation in domain V of the 23S rRNA were iden-
tified most frequently: A2063G (40.7 %), A2064G (1.9 %),
or C2617A (1.9 %). Although MICqps of four ML for
isolates without such mutations were excellent (0.0156
pg/ml or less), MRMP if possessing either an A2063G or
an A2064G mutation showed high resistance to ERY, CLR,
and AZM (MIC, 16 pg/ml or greater). A C2617 mutation
was associated with a much smaller decrease in suscepti-
bility to ML.

Although the MICs of MIN and TFX for M. pneumoniae
were not excellent, these agents were equivalent in ML~
susceptible and ML-resistant strains with MICgps of 1 and
0.5 pg/ml, respectively. No isolate showed resistance to
both agents.

Serotype of Streptococcus pneumoniae

Figure 5 shows serotype distribution in relationship to
genotypic resistance in 241 S. pneumoniae isolates. Sero-
type 6B (20.3 %) predominated in the isolates, followed, in
order, by 19F (15.4 %), 14 (14.5 %), 23F (12.0 %), 19A
(6.2 %), and 6C (5.4 %). Strains with the first four sero-
types were almost all gPISP and gPRSP. The top four
serotypes included no gPSSP.

Coverage of PCV7 and PCV13 for all isolates were
calculated as 685 and 809 %, respectively; among
gPRSP, coverage of both vaccines were high, calculated as
89.7 and 96.6 %, respectively. Notably, gPRSP strains
were detected among non-vaccine types 19A, 6A, 35, and
15A.

Discussion

The three species Streptococcus pneumoniae, Haemophilus
influenzae, and Mycoplasma pneumoniae are the main
causative bacteria in patients with CAP [1-6]. Worldwide,
the increase of resistant strains among these microorganisms
poses problems in treatment for patients with CAP [7,9, 11].
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Fig. 4 Susceptibility distributions of macrolides, minocyclin (MIN), and TFX for Mycoplasma pneumoniae (n = 54)

In many countries, Hib conjugate vaccine and PCV7
have been incorporated into the pediatric vaccination
schedule, with the aim of infection control. Presently,
immunization with both Hib and PCV7 has been intro-
duced in more than 100 countries worldwide.

Incidence of invasive pneumococcal disease and pneu-
monia causing vaccine-type S. pneumoniae has been
reported to have decreased significantly after introduction
of the vaccine [24, 25]. In Japan, PCV7 was approved in
October 2009 by the government and marketed in February
2010. Although the pneumococcal isolates in this study

@ Springer

were obtained just before marketing of PCV7, coverage for
PCV 7 and PCV13 compared to our previous results in
2005 [21] has decreased somewhat, from 70.9 to 68.5 %
for PCV7 and from 84.9 to 80.9 % for PCV13. Notably, in
this study, gPRSP already were identified in non-vaccine
types, specifically 19A, 6A, 35, and 15A.

Although reliable statistics are not yet available, the
attainable vaccination rate for Japanese infants was con-
sidered to be about 60 % according to the 2011 official
support provided by “Provisional Special Fund for the
Urgent Promotion of Vaccination against Such Diseases as
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Cervical Cancer.” The decrease in invasive pneumococcal
diseases (IPD) from 333 cases in 2010 to 113 cases in 2011
(data not shown here) was attributed, in our nationwide
surveillance, to the introduction of PCV7. However, the
non-vaccine types 35 and 15A of gPRSP in addition to
resistant 19A and 6A had increased significantly among
IPD isolates in 2011, markedly limiting the efficacy of
PCV7 to 46 %. Serotype changes favoring those not cov-
ered by PCV7 and PCV13 will become increasingly
important clinical problems worldwide.

Nontypeable H. influenzae (NTHi) has attracted wide-
spread attention for decreasing susceptibility to many oral
and parenteral f-lactam antibiotics. In Japan, gBLNAR
among Hib and NTHi isolated from patients with menin-
gitis, pneumonia, and acute otitis media (AOM) has
increased rapidly since 2000, to presently exceed 60 %,
because the Hib vaccine was not marketed until late 2008
and also because oral cephalosporins were prescribed
freely for respiratory diseases in children. Serum concen-
trations obtained using oral cephalosporins usually are low,
exceeding the MIC of causative gBLNAR only on rare
occasions.

Meningitis had decreased dramatically in 2011 because
of official support as described above [26]. However, the
Hib vaccine cannot contribute to the decrease in CAP
caused by NTHi. Targeting other antigens in H. influenzae
such as P6 membrane protein [27, 28] will be required
to decrease NTHi diseases associated with resistance to
p-lactam agents.

In this study, gMRMP was prevalent (44.4 %) and was
associated with high ML resistance; a few patients initially
received MIN. Subsequently, an outbreak of M. pneumo-
niae pneumonia occurred among children throughout

Japan, beginning in early summer of 2011; 87.1 % of
isolates were gMRMP [29]. Clinical findings of prolonged
cough and fever characterized patients with gMRMP
pneumonia; accordingly, the antibiotic was changed to
MIN, doxycycline (DOX), or TFX for almost all patients.
The clinical and bacteriological effectiveness of these three
agents differed considerably, but only MIN is approved for
treating M. pneumoniae infections in Japan. MIN or DOX
was significantly more effective in achieving deferves-
cence within 24 h and in decreasing numbers of gMRMP
DNA copies 3 days after initiation than TEX (p < 0.05)
[29]. Clinical trials of these agents are likely to gain
approval for more agents in gMRMP-associated infections.

Finally, the rapid increase of resistant strains in these
important causative pathogens contributes to narrowing the
range of choice of oral antibiotics among pediatricians. To
prevent increase of resistant strains, rapid identification of
causative pathogens in CAP is needed, including both
bacteria and viruses. Chest radiography and blood tests on
admission also make important contributions. In likely
bacterial infections, the most appropriate antibiotic must be
chosen based on current information concerning antibiotic
resistance and with reference to the Japanese Guidelines
for the Management of Respiratory Infectious Diseases in
Children 2007 [30].
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The 7-valent pneumococcal conjugate vaccine (PCV7) and Haemophilus influenzae type b (Hib) vaccine
reduce nasopharyngeal carriage of vaccine-type bacteria, which may in turn influence the presence of
other nasopharyngeal bacterial pathogens. To investigate this possibility, nasopharyngeal carriage of
potential pathogens was examined before and after official financial support was provided to offer the
PCV7 and Hib vaccines in healthy children attending a day care centre in Japan during 2011-2012.
Despite a virtual disappearance of PCV7 serotypes over time, the overall pneumococcal carriage rate
remained unchanged. Although others have reported an increase in PCV13 serotypes following PCV7
vaccination, only non-PCV13 serotypes were observed to have increased in this study. The majority of
H. influenzae isolates were non-typeable and Hib was not found. Our data identified an unexpected
pattern of pneumococcal serotype replacement following PCV7. Continuous monitoring of pneumococcal

carriage is important for decisions regarding the future of national vaccination policy in Japan.
© 2013, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
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The 7-valent pneumococcal conjugate vaccine (PCV7) and pneumococcal carriage rate {1]. As a result, PCV13 vaccination is

Haemophilus influenzae type b (Hib) vaccine prevent nasopharyn-
geal acquisition and transmission of 7 serotypes of pneumococci
and Hib in children, respectively {1—3}]. Vaccinating children with
both PCV7 and Hib vaccines offers effective protection against
invasive disease due to PCV7 serotypes and Hib in all age groups

PCV7-vaccinated children is immediately occupied by non-PCV7
but PCV13 serotype pneumococci either due to true replacement,
unmasking, or capsular switch, resulting in a similar overall
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Tel.: +81 (43) 226 2144; fax: +81 (43) 226 2145.

E-mail address: sikawa@chiba-u,jp (J. Oikawa).

now a prevailing strategy to prevent against severe pneumococcal
disease, including invasive pneumococcal disease (IPD), in the US
and Europe. In Korean children, Streptococcus pneumoniae serotype
19A is increasingly recognized as a cause of IPD prior to the intro-
duction of PCV7 {6]. In Japanese children, rates of invasive pneu-
mococcal disease (IPD) due to 19A and non-PCV13 serotypes
increased soon after the introduction of PCV7 {7}].

In Japan, the PCV7 and Hib vaccines were not approved by the
Japanese Ministry of Health, Labor and Welfare until January of
2007 and 2008, respectively. Therefore, it was not possible to have
children voluntarily vaccinated against Hib and PCV7 until late
2008 and 2009, respectively. In November 2010, the Japanese
Ministry of Labour Health and Welfare established a Provisional
Special Fund and recommended vaccination of children with Hib
vaccine and PCV7 for the Urgent Promotion of Vaccination. After

1341-321X/$ — see front matter © 2013, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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this, Hib vaccine and PCV7 were formally added to the immuniza-
tion schedule for Japanese infants in 2013.

Since February 2011, Hib and PCV7 vaccines have been publically
funded for children under 5 years old in Chiba Prefecture. However,
because these vaccines were not yet widely accessible in Japan,
vaccination rates among infants and younger children at risk were
estimated to be 40—60% at the end of 2011. Therefore, the aim of
this study was to investigate the nasopharyngeal carriage of bac-
teria in healthy children before and immediately after official
financial support was provided for these vaccinations.

After obtaining written informed consent from at least one
parent, a nasal swab was taken from the participating child and the
parent was asked to complete a standardized short questionnaire.
The study population consisted of 57 children.

Approval for this study was obtained from the Medical Ethical
Committee of Chiba University (no.1120).

Children attending a day care centre at Chiba University Hospital
were studied from February 2011 to October 2012 with nasopha-
ryngeal swabs taken every 6 months. At least one of their parents
worked at Chiba University Hospital. Parents of the participating
children completed a brief survey about their PCV7 and Hib
vaccination history. Samples of nasopharyngeal flora were obtained
from the children with a nylon flocked flexible sterile Copan E-swab
according to World Health Organization standard procedures {8].
After sampling, all swabs were directly inoculated in a liquid me-
dium and plated within 1 h at the Microbiology Laboratory of Chiba
University Hospital. All swabs were processed by the same labo-
ratory and cultured to detect the presence of S. pneumoniae, H.
influenzae and Moraxella catarrhalis according to standard bacteri-
ological procedures for conventional cultures. One pneumococcal
colony per plate was subcultured and serotyped by Quellung re-
action using type-specific antisera from the Statens Serum Institute
(Copenhagen, Denmark). To determine the sequence type (ST) of
the isolates, multi-locus sequence typing (MLST) was performed as
described previously {9]. STs were determined by an internet
database search at http://spneumeniae.nist.net/.

One H. influenzae colony per plate was subcultured and sero-
typed using a slide agglutination test using six monovalent antisera
(serotypes a-f) manufactured by Remel (Remel Inc.,, Lenexa, KS,
USA). Specimens were also inoculated on Hib antiserum agar pre-
pared with Levinthal base and Hib antiserum as described previ-
ously {10}

SPSS statistics 18.0 software was used to examine differences in
distribution between the studied populations. The crude odds ratio
(OR) and Mantel—Haenszel OR stratified by age with 95% confi-
dence intervals (CIs) were calculated using the y? test. A P value of
<0.05 was considered statistically significant.

Table 1 shows the baseline characteristics of the children who
participated in the study. A total of 57 children aged from 5 months
to 6 years were enrolled in the study. Twenty children participated
once and 37 children participated more than once with 11, 22 and 4
children participating 2, 3 and 4 times, respectively. During the
course of the study, no participants hospitalized with IPD or inva-
sive Hib disease.

The number of non-immunized children and children vacci-
nated on a catch-up schedule gradually decreased, while the
number of fully immunized children increased during this study.

S. pneumoniae, H. influenzae, M. catarrhalis and Staphylococcus
aureus were isolated from nasopharyngeal culture as pathogenic
bacterial species of interest. Because S. aureus was detected at a
very low rate (n = 6), specific bacterial species refers to
S. pneumoniae, H. influenzae and M. catarrhalis in this report. The
distribution of carriage of each pathogen is shown in Table 2.
Overall carriage rates of pathogenic bacteria were 47.6% (n = 59) for
S. pneumoniae, 35.5% (n = 44) for H. influenzae and 58.1% (n = 72)

Table 1
Characteristics of the children participating in this study.
Mar. 2011 Oct. 2011  Mar. 2012 Oct. 2012

Children 29 35 32 28
Male 18 20 22 16
Femnale 11 15 10 12
Age group
<lyr 2 4 3 0
1yr 6 12 10 9
2yr 9 8 8 9
3yr 5 5 3 5
4yr 2 2 4 4
>5yr 5 4 4 1
PCV7 status
Fully immunized (4 doses) 4 4 8 13
Catch up® (1-3 doses) 11 14 12 9
On going” (1—3 doses) 5 12 9 4
Not immunized® 9 5 3 2
Hib vaccine status
Fully immunized (4 doses) 5 5 5 12
Catch up® (1-3 doses) 12 10 13 9
Ongoing” (1-3 doses) 8 16 12 7
Not immunized® 4 4 2 0

2 Catch up: a child first vaccination started after 7 months old and finished with
reduced doses.

b Ongoing: a child who has not completed his or her vaccination schedule.

¢ Not immunized: a child who has not been immunized.

for M. catarrhalis. No significant association was found between
gender and colonization by specific bacterial species. The age-
specific recovery of specific nasopharyngeal pathogens is shown
in Fig. 1. S. pneumoniae and M. catarrhalis carriage rates were
observed to decline with age, while H. influenzae carriage rates
remained almost the same. Younger age (<24 months) was
significantly associated with S. pneumoniae colonization
(OR = 1.639, 95% Cl 1147-2.343, P = 0.008). Carriage of
H. influenzae was not associated with age. M. catarrhalis declined
with age and was significantly more prevalent among children

Table 2
Characteristics of bacterial isolates.

Mar. 2011 Oct. 2011 Mar. 2012 Oct. 2012 MLST (No.

of isolates)
Total No. of S. 16 15 14 14
pneumoniae
PCV7 serotypes 7 (43.8%) 3(20.0%) 1(7.1%) 0 (0%)
6B 4 2 0 0 ST902 (5)
ST5233 (1)
19F 3 0 1 0 ST8454 (1)
ST236 (3)
23F 0 1 0 0 ST242 (1)
Non-PCV13 9(56.2%) 12 (80.0%) 13(92.9%) 14 (100%)
serotypes
23A 2 1 0 0 ST338(3)
15A 1 2 1 2 ST63 (6)
15C 1 0 1 2 ST199 (4)
34 3 7 1 0 ST7388 (11)
35B 1 2 7 2 ST2755 (12)
37 1 0 0 0 ST447 (1)
158 0 0 3 0 ST199 (3)
6C 0 0 0 3 ST2942 (1)
ST5823 (2)
11A/E 0 0 0 3 ST8737 (3)
10A 0 0 0 1 ST5236 (1)
Non-typeable 0 0 0 1 ST4845 (1)
Total No.of H 5 4 24 11
influenzae
Type d 0 0 0 1
Type e 1 1 4 0
Type 1 0 0 0
Nontypeable Hi 3 3 20 10
Total No.of M. 19 12 27 14

catarrhalis
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Fig. 1. Recovery of specific nasopharyngeal pathogens with age.

under 48 months (OR = 1.857, 95% CI 1.073-3.214 P = 0.006).
Almost one third (n = 45, 36.3%) of the cases had only one respi-
ratory pathogen. More than one pathogen was colonized in 56 cases
(45.2%). Thirty-six cases (29.0%) had two respiratory pathogens and
20 children (16.1%) had three species. Even when the influence of
age was eliminated using the Mantel—Haenszel test, a positive as-
sociation was noted for co-colonization with S. pneumoniae and
M. catarrhalis (OR 4.878, 95% Cl 1.442—16.495, P = 0.009). No sig-
nificant associations were observed between the presence of
H. influenzae and colonization with the other two bacterial species.

We then analyzed the characteristics of 59 S. pneumoniae and 44
H. influenzae isolates. Near complete eradication of PCV7 serotype
carriage was observed within 2 years of announcement of the
Provisional Special Fund recommendation for PCV7 immunization.
The 6B and 19F PCV7 serotypes were also effectively eliminated
following vaccination (Table 2). Although previous studies have
reported vaccination to produce an emergence of PCV13 serotypes
6A and 19A, only non-PCV13 serotypes were identified in this
study. In PCV7 immunized children (including on going immuni-
zation schedule), 50 S. pneumoniae strains were isolated, whereas 9
S. pneumoniae strains were isolated from PCV7 non-immunized
children. Forty-two non-PCV13-type strains and 8 PCV7-type
strains were isolated from PCV7 immunized children. Six non-
PCV13-type strains and 3 PCV7-type strains were isolated from
unvaccinated participants. There was no significant association
between the S. pneumoniae serotypes and PCV7 immunization
status. There were 4 children who participated in this study 3 or 4
times, and carried a PCV7-type strain at the first culture. The PCV7
immunization status of all 4 children did not change during this
study. Among them, one child acquired a non-PCV13-type strain
and three did not carry any S. pneumoniae strains in the last culture.
Furthermore, we performed MLST analysis and identified the
sequence type (ST) of each serotype (Table 2). Most of isolates with
the same serotype had one sequence type (ST).

Next, the capsular serotypes of 42 H. influenzae isolates were
analyzed and 8 out of 42 (19%) of them were found to be capsulated,
after which they were categorized as type d, e, or f (Table 2). No
colony was identified on Hib antiserum agar.

Since bacterial colonization depends on numerous factors,
including economic and environmental variables as well as host-
related factors and vaccination effects, bacterial carriage rates vary
widely among different studies and geographical sites {11}]. The
objective of the present study was to establish the prevalence and
specific features of S. pneumoniae, H. influenzae, and M. catarrhalis
strains circulating amongst day care centre attendees in Japan.

In our study, a majority of children (81.5%) harbored at least one
potential respiratory pathogen. Rates of Hib and PCV7 vaccination

were high among subjects even before public funding became
available. This might be attributable to greater interest among
parents regarding their children’s health, since at least one parent
of each child was working at Chiba University Hospital.

This study shows that the risk of being colonized by
S. pneumoniae is not associated with colonization by H. influenzae
but positively associated with colonization by M. catarrhalis. The
risk of being colonized by H. influenzae was not associated with
colonization by M. catarrhalis, which is consistent with the findings
of a previous report {121.

After the introduction of PCV7 vaccination, the prevalence of
PCV13 serotypes 6A and 19A has been reported to increase, while
PCV7 serotypes are known to become less dominant. PCV13,
including serotypes 6A and 19A, replaced PCV7 in vaccination
schedules in the US in 2010. Presently, PCV7 is being gradually
replaced with PCV13 worldwide. In addition, an increase in non-
PCV13 serotypes 15A and 22F has been reported in the US [13]. In
our study, carriage of vaccine type strains decreased significantly
after PCV7 vaccination became publically funded. Unlike the find-
ings reported in the US and elsewhere, an increase in non-PCV13
serotypes, including serotypes 6C, 154, 15C, 35B and 11AJE, was
observed as opposed to PCV13 serotypes. A similar prevalence of
pathogens has been reported in Japanese pediatric patients with
IPD {7} Spread of microorganisms is commonplace in the era of
globalization. As such, replacement of the PCV7 vaccine with a
PCV13 vaccine may have little efficacy, even in those areas that are
currently observing emergence of PCV13 serotypes in the setting of
PCV7 vaccination. Prevention and control of pneumococcal in-
fections in young children will require the development of new
vaccination strategies aimed at targeting additional serotypes or
other antigens.

Introduction of Hib vaccination led to a significant reduction of
Hib disease and carriage in both vaccinated and unvaccinated
children due to a herd immune effect { 14]. More than 80% of chil-
dren in our study were vaccinated against Hib, and no Hib strain
was recovered in any child. Kuroki et al. reported a Hib carriage rate
of 0.84% among healthy Japanese children prior to introduction of
the Hib vaccine [10}. Specific data regarding the prevalence of Hib
carriage prior to introduction of the Hib vaccination are not avail-
able in this setting and the absence of Hib isolates is likely to be the
result of a very low prevalence of Hib carriage alone. H. influenzae
capsular type d, e and f were present in small amounts but detected
every time. Invasive disease due to H. influenzae type d, e or fis rare,
but needs to be considered as a possibility. Although a randomized
controlled study reported that no changes in carriage rate with
H. influenzae and M. catarrhalis were observed after vaccination
with 2 or 3 of doses PCV7 {15], the carriage rate of H. influenzae and
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M. catarrhalis in this study seems to have increased after official
financial support for the PCV7 and Hib vaccine was introduced.
Higher PCV pressure following a 4 doses schedule and nationwide
introduction in the routine infant vaccination schedule may induce
bacterial shifts. We should monitor the colonization status of
immunized children to evaluate this potential phenomenon.

Continuous surveillance of carriage of invasive disease patho-
gens will allow us to establish the effect of conjugate vaccine use on
S. pneumoniae and H. influenzae serotype distribution.
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