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Epidemiology of Bacterial Meningitis in Childhood before and after the Introduction of Conjugate
Vaccines in Hokkaido, the Northernmost Main Island of Japan

Takehiro Togashi”; Hiroshi Sakata?, Hiroyuki Tsutsumi® and Kimiko Ubukata®
YSchool of Nursing, Sapporo City University
?Department of Pediatrics, Asahikawa Kosei Hospital
“Department of Pediatrics, Sapporo Medical University School of Medicine
YKitasato Institute for Life Sciences, Kitasato University

We started in 2007 the surveillance of bacterial meningitis among children in Hokkaido which is geo-
graphically isolated from Mainland Honshu. During 5 years from 2007 through 2011, designated as the pre-
vaccination period during which the vaccination rate was estimated to be under 30% among children under 7
months of age, 60 cases (12 a year) of H. Influenzae meningitis and 20 cases (4 a year) of Streptococcus Pneumoniae
meningitis were reported by pediatric doctors in 35 hospitals, whereas in 2012 designated as the post-vaccine
period, during which the vaccination rate was estimated over 90% among children under 7 months of age,
none of H. Influenzae meningitis and 1 case of Streptococcus Pneumonise meningitis was reported from 1 hospital.
The reason for the dramatic decrease of meningitis cases due to the main two pathogens will be by the intro-
duction of an official vaccination program “the Provisional Special Fund for the Urgent Promotion of Vaccination”
from November 2010 which encourages the vaccination of Hib and PCV7 for children under 5 years through-
out Japan.

Recently meningitis patients due to the serotype 19A and 6C of Streptococcus Pneumoniae were reported in
Hokkaido, further serotype surveillance should be continued and the introduction of PCV10 and/or PCV13
should be expected in Japan.
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Immunogenicity and Safety of a 13-valent Pneumococcal
Conjugate Vaccine in Healthy Infants in Japan

Takehiro Togashi, MD,* Masako Yamayji, i Allison Thompson, MD, FAAR} Peter C. Giardina, PhD,}
Masakazu Aizawa, 1 Scott Patterson, PhD,§ William C. Gruber, MD,} and Daniel A. Scott, MD, }
on Behalf of the 3003 Study Group

Background: A 13-valent pneumococcal conjugate vaccine (PCV13) con-
taining 6 additional serotypes not included in the 7-valent PCV has been
developed to broaden protection against Streptococcus pneumoniae, which
is responsible for over 500,000 deaths annually worldwide in children <5
years of age. This study in Japanese infants evaluated the immunogenicity
and safety of PCV13 given subcutaneously, the standard route for infant
vaccination in Japan.

Methods: This phase 3, single-arm, open-label study was conducted at 25
sites. Subjects received PCV13 as a 3-dose infant series and a toddler dose.
Parents/legal guardians recorded local reactions and systemic events after
each vaccination. The proportion of subjects with serotype-specific antip-
neumococcal polysaccharide immunoglobulin (Ig)G antibody concentra-
tions 20.35 pg/mL was calculated before and 1 month after the infant series
and toddler dose.

Results: A total of 193 subjects enrolled. The proportion of subjects achiev-
ing pneumococcal IgG antibody concentrations 20.35 pg/mL was 297.2%
for all 13 pneumococcal serotypes 1 month after the infant series and
98.9-100% after the toddler dose. IgG geometric mean concentrations were
2.57-14.69 pg/mL after the infant series and 2.06-16.33 pg/mL after the
toddler dose. IgG geometric mean concentrations increased from pre- to
posttoddler dose by >2.8-fold, demonstrating a booster effect. Local reac-
tions and fever were generally mild or moderate in severity.

Conclusions: PCV13 was immunogenic for all serotypes and had a favora-
ble safety profile when administered subcutaneously to Japanese infants.
PCV13 should offer broader serotype protection than 7-valent PCV in pre-
venting pneumococcal disease in Japanese children.

Key Words: pneumococcal vaccine, Japan, immunogenicity, safety,
pediatric

(Pediatr Infect Dis J 2013; 32: 984-989)

S treptococcus pneumoniae causes serious invasive and mucosal
infections and is responsible for approximately 541,000
deaths annually worldwide in children <5 years of age.! In Japan,
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S. pneumoniae caused approximately 15% of cases of bacterial
meningitis in children before introduction of the 7-valent pneumo-
coccal conjugate vaccine (PCV7).2 PCV7 has demonstrated effi-

-cacy*® and effectiveness™ against pneumococcal diseases outside

Japan. To broaden protection, a 13-valent PCV (PCV13), which
contains 6 additional serotypes (1, 3, 5, 6A, 7F and 19A) in addi-
tion to the 7 serotypes in common with PCV7 (4, 6B, 9V, 14, 18C,
19F and 23F), has been developed.

Serotypes included in PCV13 are found in approximately
80-94% of isolates causing invasive pneumococcal disease (IPD)
and approximately 56-92% of antibiotic-nonsusceptible isolates
from children in Japan.'®'* Of note, PCV13 serotype 19A was
isolated in 6.3—-12.5% of isolates from children with IPD before
the introduction of PCV7 in Japan.'®? Studies in Europe, North
America and Asia have demonstrated that PCV13 elicits similar
immune responses to the 7 common serotypes as those elicited by
PCV7, and substantially greater immune responses to the 6 addi-
tional serotypes.'*? In addition, early reports suggest that PCV13
is effective in reducing incidence of PCV13 serotype disease and
nasopharyngeal carriage.”?* This study in Japanese infants evalu-
ated the immunogenicity and safety of PCV13 given subcutane-
ously, the standard route for infant vaccination in Japan.

METHODS

Study Design and Population

This phase 3, single-arm, open-label study was conducted
at 25 sites in Japan in accordance with the International Confer-
ence on Harmonisation Guideline for Good Clinical Practice and
the ethical principles that have their origins in the Declaration of
Helsinki. Subjects were healthy infants aged 2—6 months at enroll-
ment. Exclusion criteria included previous vaccination with pneu-
mococcal vaccine, contraindications to any vaccine-related compo-
nent, immune deficiency or suppression, history of IPD or serious
disorder, receipt of blood products and participation in another
investigational or interventional trial. Subjects received PCV13 as
a 3-dose infant series and a toddler dose. Dose 1 of the infant series
was administered between ages 2 and 6 months; dose 2 and dose
3, >28 days after dose 1 and dose 2, respectively, but before age 12
months. The toddler dose was administered between ages 12 and 15
months, but 260 days after dose 3.

Vaccines Administered

PCV13 contains the polysaccharides from the 7 serotypes
included inPCV7 (4, 6B, 9V, 14, 18C, 19F and 23F) plus 6 additional
serotypes (1, 3, 5, 6A, 7F and 19A), each covalently conjugated to
the carrier protein cross-reactive material 197, a nontoxic variant of
diphtheria toxin. The vaccine was formulated to contain 2.2 pg of
each polysaccharide, except for 4.4 pg of serotype 6B, per 0.5-mL
dose. The final formulation contained 5mM succinate buffer,
with 0.125mg of aluminum as aluminum phosphate per 0.5-mL
dose, and polysorbate 80 at 0.02% as an excipient. PCV13 was
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administered subcutaneously in either arm. No concomitantly
administered vaccines were permitted, consistent with the standard
of care for infant/childhood immunizations in Japan at the time of
the study. Live vaccines could be given 228 days before PCV13,
and nonlive vaccines could be given >7 days before PCV13; live or
nonlive vaccines could be given 27 days after PCV13.

Immunogenicity Assessment

Blood samples for immunogenicity assessment were
obtained before and 1 month after the infant series and toddler
dose. Serotype-specific antipneumococcal IgG concentrations were
measured using a standardized enzyme-linked immunosorbent
assay to measure the concentration of antipolysaccharide binding
IgG antibodies.”?® The double-absorption enzyme-linked immu-
nosorbent assay used a cell wall extract containing cell wall poly-
saccharide plus serotype 22F capsular polysaccharide containing
cell wall polysaccharide-2.

Safety Assessment

Parents/legal guardians recorded in an electronic diary the
subject’s local reactions (redness, swelling and tenderness), sys-
temic events and the use of antipyretic medication for 7 days after
each vaccination. Parents/legal guardians used a caliper to measure
redness and swelling in units of 1 to >14, with each caliper unit
representing 0.5cm. Tenderness was recorded as none, present or
interfered with limb movement. Systemic events included fever,
decreased appetite, irritability, increased sleep, decreased sleep and
hives (urticaria). Axillary temperature was measured daily at bed-
time or any time fever (237.5°C) was suspected; the highest tem-
perature each day was to be recorded. Other adverse events (AEs)
were also collected at clinic visits, and a paper diary was provided
as a memory aid to parents/legal guardians to record information
between visits. AEs were collected during the study from the sign-
ing of the informed consent form to 1 month postinfant series, and
from the toddler dose to the last study visit, 1 month posttoddler
dose. Serious AEs (SAEs) were collected throughout the study to
the last study visit.

Statistical Analysis Methods

The proportions of subjects with serotype-specific antipneu-
mococcal polysaccharide IgG antibody concentrations 20.35 pg/mL,
the reference antibody concentration for assessment of vaccine
efficacy against IPD defined by the World Health Organization,?-*!
were calculated before and 1 month after the infant series (primary
endpoint) and toddler dose (secondary endpoint). Exact, uncondi-
tional, 2-sided 95% confidence intervals (CIs) on the proportion
were calculated. Serotype-specific IgG geometric mean antibody
concentrations (GMCs) were assessed before and 1 month after
the infant series and the toddler dose (secondary endpoints). Two-
sided, 95% CIs were constructed. Geometric mean fold rises were
calculated for each serotype based on data obtained before and after
the toddler dose.

The evaluable immunogenicity population included all
subjects who received all study vaccinations, had blood drawn
within the protocol-specified time frames, had >1 valid and deter-
minate assay result and had no major protocol violations. All sub-
jects who received 21 dose of PCV13 were included in the safety
analysis, which included incidences of local reactions, systemic
events and AEs summarized separately for each dose of study
vaccine.

© 2013 Lippincott Williams & Wilkins

RESULTS

Subject Disposition and Demographics

A total of 193 subjects were enrolled in the study (Fig. 1).
Of all subjects, 51.8% were male, all were Japanese, and mean age
at enrollment was 3.7 months.

immunogenicity

Infant Series

Before the infant dose, the proportion of subjects with pneu-
mococcal antibody concentrations 20.35 pg/mL was relatively low,
ranging from 1.1% (serotype 4) to 50.6% (serotype 19A). One
month after the infant series, the proportion of subjects achieving
pneumococcal antibody concentrations >0.35 pg/mL was 297.2%
for all 13 pneumococcal serotypes (Tables 1 and 2). IgG GMCs
were 0.03 pg/mL (serotype 4) to 0.35 pg/mL (serotype 19A) before
the infant dose and increased substantially to 2.57 pg/mL (serotype
23F) to 14.69 pg/mL (serotype 14) 1 month after the infant series
(Tables 1 and 2).

Toddler Dose

Before the toddler dose, the proportion of subjects with
pneumococcal antibody concentrations 20.35 ug/mL ranged
from 79.2% (serotype 3) to 100% (serotypes 14 and 7F). One
month after the toddler dose, the proportion of subjects achieving
pneumococcal antibody concentrations 20.35 pg/mL was 298.9%
for all 13 pneumococcal serotypes (Tables 1 and 2). IgG GMCs
declined by the time of the toddler dose, but increased substantially
from pre- to posttoddler dose for all serotypes. IgG GMCs
pretoddler dose ranged from 0.73 pg/mL (serotype 3) to 5.25 ug/mL
(serotype 14) and from 2.06 pg/mL (serotype 3) to 16.33 pug/mL

Enrolled
N=193 (100%)

Vaccinated dose 1
n=193 (100%)

Vaccinated dose 2
n=190 (98.4%)

|

Vaccinated dose 3
n=190 (98.4%)

Withdrawn during infant series
n=5 (2.6%)

Completed infant series
n=188 (97.4%)

Withdrawn after infant series
n=3 (1.6%)

Vaccinated toddler dose
n=185 (95.9%)

Withdrawn during toddler dose
n=1 (0.5%)

Completed toddler dose
n=184 (95.3%)

FIGURE 1.

Subject disposition.
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20.35 pg/mL (95% CI)*
IgG GMC (pg/mL) (95% CDY

Postinfant series

0.22 (0.18-0.25) 0.08 (0.07-0.09)  0.17(0.14-0.21) 0.06 (0.05-0.07) 0.14 (0.12-0.16) 0.12 (0.10-0.14)

0.03 (0.02-0.03)

97.2(93.5-99.1) 97.7 (94.3-99.4)

98.3 (95.1-99.6) 100 (97.9-100) 100 (97.9-100) 100 (97.9-100)

100 (97.9-100)

Proportion of subjects achieving IgG concentration

20.35 pg/mL (95% CD*
1gG GMC (pg/mL) (95% CI)T

Pretoddler dose

2.57 (2.21-3.00)

5.71 (4.90-6.65)

4.77 (4.07-5.59) 3.39(3.03-3.78) 14.69(13.26-16.26) 3.68 (3.27—4.14)

6.76 (6.02-7.59)

98.9 (96.0-99.9) 94.9 (90.6-97.7) 100 (97.9-100) 89.3 (83.8-93.4) 97.8(94.3-99.4) 83.0 (76.6-88.2)

97.8 (94.3-99.4)

Proportion of subjects with IgG concentration

2.53 (2.23-2.86) 1.09 (0.97-1.22)  5.25 (4.62-5.97) 0.92 (0.81-1.05) 2.28 (1.95-2.67) 0.90 (0.77-1.05)

1.68(1.48-1.90)

>0.35 pg/mL (95% CI)*
IgG GMC (pg/mL) (95% CD)Y

Posttoddler dose

(serotype 14) 1 month after the toddler dose (Tables 1 and 2), with
geometric mean fold rises (pre- to posttoddler) ranging from 2.83
(serotype 3) to 7.48 (serotype 23F) (Tables 1 and 2). In addition, IgG
GMCs were higher after the toddler dose compared with those after
the infant series for 12 serotypes; 95% ClIs did not overlap between
postinfant series and posttoddler dose for 11 of these 12 serotypes,
with the exception of serotype 14. A slight but statistically lower
IgG GMC was seen for serotype 3 after the toddler dose compared
with results after the infant dose, but the proportion of subjects
with pneumococcal antibody concentrations 20.35 pg/mL was not
statistically different between the postinfant series and posttoddler
dose.

98.9 (96.0-100)
7.48 (6.56-8.54)

12.2 (10.37-14.25)  6.55 (5.53—17.75)

98.9 (96.0-100)
5.34 (4.63-6.17)

Safety

Local reactions were generally mild or moderate in severity
(Table 3). The most commonly reported local reactions were swell-
ing and redness (Table 3). The most commonly reported systemic
events were irritability and increased sleep (Table 4). One subject
reported severe fever (>40°C) after dose 2. AEs were generally
consistent with childhood illnesses and conditions common in this
age group. The most common category of AEs was infections and
infestations. AEs considered related to study vaccine were gener-
ally injection site reactions, which may be related to the subcutane-
ous route of administration of vaccine. During the infant series, the
most common related AEs were redness (10.9%), swelling (8.3%)
and diarrhea (5.2%). After the toddler dose, the most common
related AEs were injection site redness (9.7%) and fever (2.2%).
A total of 30 SAEs were reported for 22 subjects; none was con-
sidered related to study vaccine. No subjects died during the study.
Three subjects withdrew from the study due to AEs. One subject
who withdrew experienced moderate injection site swelling and
erythema after each infant dose and mild fever after doses 2 and 3;
these AEs were considered related to study vaccine. Two subjects
withdrew due to febrile convulsions due to viral exanthema/exan-
thema subitum (n = 1) and upper respiratory tract infection (n = 1),
which occurred 96 and 113 days, respectively, after vaccination;
these SAEs were considered not related to study vaccine.

100 (97.9-100)
6.09 (5.34-6.95)
6.60 (5.83-7.47)

100 (97.9-100)
16.33 (14.49-18.41)
3.11 (2.71-3.57)

100 (97.9-100)
4.49 (4.00-5.06)

4.13 (3.72-4.60)

100 (97.9-100)
14.61 (12.52-17.05)
5.72 (5.01-6.52)

DISCUSSION

Vaccination with PCV13 elicited strong antipneumococcal
IgG responses in Japanese children to all 13 pneumococcal serotypes
when measured 1 month after the infant series and 1 month after
the toddler dose. These responses were similar to those reported in
studies of PCV13 in other Asian populations'é?'?? and higher than
those reported in other studies of PCV13 in countries outside Asia,
including the United States,' Germany'4 and Canada.” The present
Japanese study differed from the studies in the United States,
Canada and Germany not only in the ethnicity of the subjects but
also in aspects of study design, including older age range (up to age
6 months) at enrollment, longer interval between vaccine doses,
1o concomitant vaccines and subcutaneous administration.'*'** Of
note, the immune responses elicited to the PCV7 serotypes were
comparable to those reported in studies in other Asian countries,
in which children were vaccinated with PCV7 via intramuscular
administration.’> Subjects in these studies had generally higher
levels of immune response to PCV7 than in studies of PCV7 in
the United States™*¢ and Europe,**’ suggesting that responses to
PCVs may generally be higher in Asian populations compared with
European or North American populations, regardless of the route
of administration.

Immune responses increased posttoddler dose compared
with postinfant series for all serotypes except serotype 3, reflecting
immunological memory. IgG GMCs for serotype 3 after the toddler
dose and the infant series had nonoverlapping 95% Cls, but the

100 (97.9-100)
9.70 (8.43-11.17)
5.79 (5.07-6.61)

20.35 pg/mL (95% CI)*
1gG GMC (pg/mL) (95% CD7

IgG GMFRI (95% CI)t

Proportion of subjects achieving IgG concentration
+ClIs are back transformations of a CI based on the Student ¢ distribution for the mean logarithm of the concentrations or the mean fold rises.

+GMFRs were calculated using all subjects with available data from both the pretoddler dose and posttoddler dose blood draws.

*Exact 2-sided 95% CIs for % responders are based on the observed proportion of subjects.
GMFR indicates geometric mean fold rise.

© 2013 Lippincott Williams & Wilkins
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TABLE 2. Immune Responses to PVC13 Before Vaccination, 1 Month After the Infant Series, Before the Toddler Dose
and 1 Month After the Toddler Dose (Evaluable Immunogenicity Population), 6 Additional Serotypes

Serotype

5 6A 7F 19A

Before infant series
Proportion of subjects
with IgG concentration
20.35 pg/mL (95% CI)*

3.4(1.8-7.3)

3.4 (1.3-7.3) 42.9 (85.4-50.5)  31.6(24.8-39.1) 5.1(2.4-9.5)

50.6 (42.9-58.2)

IgG GMC (ng/mL) (95% CI)  0.05(0.04-0.05)  0.06 (0.06-0.07) 0.30(0.27-0.35)  0.24 (0.21-0.28)  0.07 (0.06-0.08)  0.35 (0.31-0.40)

Postinfant series
Proportion of subjects achiev- 100 (97.9-100) 100 (97.9-100)
ing IgG concentration
>0.35 pg/mL (95% CD)*

100 (97.9-100) 100 (97.9-100) 100 (97.9-100) 100 (97.9,100)

IgG GMC (pg/mL) (95% CDt 5.11(4.48-5.82) 2.87(2.55-3.24) 3.85(3.42-4.33) 3.77(3.35-4.25) 5.78(5.19-6.45) 6.97 (6.25-7.77)

Pretoddler dose
Proportion of subjects
with IgG concentration
20.35 pg/mL (95% CI)*

97.2(93.6-99.1) 79.2(72.5-84.9) 98.9(96.0-99.9) 99.4 (96.9-100) 100 (97.9-100)  99.4 (96.9-100)

IgG GMC (ng/mL) (95% CD)t 1.54(1.34-1.77)  0.73(0.64-0.83) 2.11(1.88-2.37) 2.21(1.96-2.49) 2.27(2.02-2.55) 3.16 (2.76-3.62)

Posttoddler dose
Proportion of subjects achiev- 100 (97.9-100)  99.4 (96.9-100)
ing IgG concentration
20.35 pg/mL (95% CI)*

100 (97.9-100) 100 (97.9-100) 100 (97.9-100) 100 (97.9-100)

IgG GMC (pg/mL) (95% CDT 9.85(8.62-11.27) 2.06(1.83-2.32) 7.31(6.52-8.20) 11.03 (9.69-12.55) 8.31(7.39-9.35) 15.97 (14.07-18.13)

IgG GMFR} (95% CD

6.41(5.62-7.30)  2.83(2.53-3.17) 3.46(3.14-3.81) 4.99(4.38-5.68) 3.66(3.27-4.10) 5.05 (4.46-5.72)

*Exact 2-sided 95% Cls for % responders are based on the observed proportion of subjects.
FClIs are back transformations of a CI based on the Student ¢ distribution for the mean logarithm of the concentrations or the mean fold rises.
+GMFRs were calculated using all subjects with available data from both the pretoddler dose and posttoddler dose blood draws.

GMFR indicates geometric mean fold rise.

proportion of subjects with pneumococcal antibody concentrations
20.35 ng/mL was similar at both time points. Previous studies have
also noted similar IgG GMC responses to serotype 3 elicited by
PCV13 posttoddler dose compared with those postinfant series.'*!
Importantly, responses to serotype 3 as measured by opsonophago-
cytic activity assays increased from postinfant series to posttod-
dler dose in both these studies, demonstrating a functional booster
response.

Early effectiveness data for PCV13 have begun to be
reported. During the first 15 months after introduction of PCV13
in England and Wales, there was a 50% reduction in the inci-
dence of IPD cases caused by the additional serotypes in PCV13
(including the cross-reactive serotype 6C) in children <2 years
of age.” The vaccine effectiveness of PCV13 against all PCV13
serotypes (including serotype 6C) was 78% (95% CI: —18 to 96)

for children receiving 2 doses at <12 months of age and 73%
(95% CI: 29-90) for children receiving 1 dose at 212 months of
age; in addition, significant effectiveness of =1 dose of PCV13
was demonstrated against PCV13 serotypes 7F (vaccine effec-
tiveness 76%; 95% CI: 21-93) and 19A (vaccine effectiveness
70%; 95% CI: 10-90).2 Of note, effectiveness of PCV13 against
serotype 3 has not yet been demonstrated. It is anticipated that
additional studies will provide further information on PCV13
effectiveness in the United States, the United Kingdom and other
regions of the world.

PCV13 was well tolerated by subjects in this study. The types
of AEs reported were generally consistent with common childhood
illnesses and conditions in this age group. In Japan, subcutaneous
administration is the standard route for childhood immunization.
Local site reactions, particularly redness and swelling, occurred

TABLE 3. Proportion of Subjects Reporting Local Reactions Within 7 Days of Each Dose of PCV13

Infant Series

% (n/N) Dose 1 Dose 2 Dose 3 Toddler Dose
Tenderness
Any 13.3 (22/165) 19.9 (31/156) 14.3 (21/147) 18.2 (26/143)
Significant™ 0.6 (1/160) 0 (0/152) 0 (0/143) 0(0/132)
Swelling
Any 47.2 (83/176) 53.8 (93/173) 53.9 (89/165) 57.1(93/163)
Mildt 46.0 (80/174) 49.1 (84/171) 50.3 (82/163) 44.2 (68/154)
Moderatet 14.4 (24/167) 28.7 (47/164) 29.3 (44/150) 36.4 (55/151)
Severet 0 (0/160) 1.3 (2/153) 0.7 (1/143) 2.3 (3/132)
Redness
Any 74.2 (138/186) 74.4 (134/180) 67.8 (116/171) 68.1 (113/166)
Mildt 68.3 (125/183) 64.8 (116/179) 55.6 (90/162) 53.8 (84/156)
Moderatet 24.7 (42/170) 43.5 (73/168) 38.9 (61/157) 40.6 (63/155)
Severef 0 (0/160) 1.3 (2/153) 0.7 (1/143) 1.5(2/132)

*Significant indicates present and interfered with limb movement.
TMild, 0.5-2.0 cm; moderate, 2.5-7.0 cm; and severe, >7.0cm.

n/N indicates number of subjects reporting the specific characteristie/number of subjects reporting “yes” for 21 day or “no” for all days.
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TABLE 4. Proportion of Subjects With Systemic Events or Antipyretic Medication Use Within 7 Days of

Each Dose of PCV13

Infant Series

Systemic Event or Medication Use, % (n/N) Dose 1 Dose 2 Dose 3 Toddler Dose
Any fever (237.5°C) 32.9 (56/170) 33.1 (54/163) 40.3 (62/154) 50.7 (76/150)
Mild fever (238°C but <39°C) 6.7 (11/163) 12.2 (19/156) 10.3 (15/146) 20.4 (28/137)
Moderate fever (>39°C but <40°C) 1.2 (2/161) 2.6 (4/153) 2.8 (4/143) 5.3 (7/133)
Severe fever (>40°C) 0 (0/160) 0.7 (1/152) 0(0/143) 0(0/132)
Decreased appetite 11.7 (19/163) 16.5 (26/158) 9.7 (14/144) 18.1 (25/138)
Irritability 30.6 (52/170) 36.1 (60/166) 23.5 (35/149) 26.4 (37/140)
Increased sleep 40.6 (71/175) 29.4 (47/160) 22.2 (34/153) 24.5 (34/139)
Decreased sleep 21.3 (36/169) 23.1 (37/160) 15.9 (23/145) 12.3 (17/138)
Hives (urticaria) 1.3 (2/160) 1.3 (2/152) 0.7 (1/143) 0(0/132)
Use of medication to treat symptoms 1.9 (3/160) 6.5 (10/153) 5.5 (8/145) 8.1(11/135)
Use of medication to prevent symptoms 0.6 (1/160) 3.3 (5/153) 2.1 (3/144) 3.0 (4/134)
Any systemic event™® 59.1 (107/181) 60.0 (105/175) 43.7 (69/158) 52.0 (79/152)

*Includes fever =38°C, decreased appetite, irritability, increased sleep, decreased sleep and hives (urticaria).
/N indicates number of subjects reporting the specific characteristic/number of subjects reporting “yes” for 21 day or “no” for all days.

at somewhat higher rates in this study compared with studies that
administered PCV13 via intramuscular injection.’*'¢ In this study,
47.2-57.1% of subjects had any swelling and 68.1-74.4% had
any redness at the injection site, compared with 7.9-44.0% and
15.4-54.4% of subjects, respectively, who received intramuscular
injections in other studies.''¢ Nevertheless, local reactions in
this study were generally mild or moderate, consistent with other
published studies.'*

This was an open-label study that had only 1 treatment arm,
so the data on immune response to PCV13 in this population were
not directly compared with immune responses to PCV7. However,
the substantial increase in responses following the infant series and
toddler dose clearly demonstrate the immunogenicity of PCV13
in this population. PCV13 elicited robust immune responses, was
well tolerated and had a favorable safety profile when administered
subcutaneously to Japanese infants. PCV13 should offer broader
serotype protection in preventing pneumococcal disease in Japa-
nese children.
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Abstract: Before the introduction of vaccines, the incidence of bacterial
meningitis among children aged 28 days to 5 years was 8.48, Haemophi-
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dence of bacteremia caused by S. preumoniae was 60.15 and H. influenzae
was 18.80.
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In August 2012, reports emerged that the Japanese government
planned to add Haemophilus influenzae type-b (Hib) vaccine,
7-valent pneumococcal conjugate vaccine (PCV7), and human
papillomavirus vaccine to the routine schedule in April 2013. Japan
moved from its decades-old conservative vaccine policy toward the
active vaccine policy. The milestone event was approval of the Hib
vaccine in 2007, after nearly 10 years of discussions between the
manufacturer and the Japanese government. Not long after the Hib
vaccine was approved, PCV7 was approved in 2009, and human
papillomavirus vaccines were approved in 2010 and 2011.

Japan is a relatively small, highly populated country with a
universal healthcare system that allows all citizens to access any
healthcare facility, regardless of place of residence. People often
cross prefecture borders to visit and be admitted to hospitals located
outside of their place of residence. In addition to these facts, Japan
has no centralized disease database; therefore, it is very difficult to
obtain the population-based incidence data that serve as the basis
for vaccine introduction. Our study area Hokkaido Prefecture is an
island, thus one of very few places in Japan where population-based
studies are possible.

METHODS
We conducted a comprehensive prospective study of inva-
sive bacterial diseases among children aged 28 days to 5 years who
were admitted to hospitals in Hokkaido Prefecture. All hospitals in
the study area with a pediatric admission facility participated in the
study. Only children whose blood or cerebrospinal fluid culture was
positive and who legally resided in the study area were included in
the study. Children clinically diagnosed with meningitis or bactere-
mia but who had negative culture results were excluded, irrespec-
tive of prior antibiotic use. Polymerase chain reaction diagnosis
was available for culture-negative cases.
The study of bacterial meningitis throughout Hokkaido

1394 | www.pidj.com

Prefecture began on January 1, 2007, after the institutional review
boards of all 64 participating institutions had approved the proto-
col. Doctors were asked to immediately ship all bacteria cultured
from cerebrospinal fluid to Kitasato University for serotyping using
Transystem transport swabs (Copan Italia S.p.A, Brescia, Italy),
which allow for maintenance of bacterial viability at room tem-
perature. Between January 1, 2008, and December 31, 2010, we
conducted a study of bacteremia in Eastern Hokkaido. We selected
this area because it is geographically isolated from the rest of the
prefecture by the Tokachi-Taisetsu Mountains, and therefore, the
data remain population-based. Streptococcus pneumoniae speci-
mens were preserved frozen in Microbank containers (Pro-Lab
Diagnostics, Richmond Hills, ON, Canada) and shipped periodi-
cally to the Nagasaki University Institute of Tropical Medicine for
serotyping. The bacteremia study protocol was approved by the
Clinical Study Review Board at the Graduate School of Hokkaido
University School of Medicine on December 21, 2007. The men-
ingitis/bacteremia target populations were 206,910/35,244 in 2008,
204,247/35,035 in 2009 and 203,366/36,117 in 2010.

RESULTS

Meningitis

There were 87 admissions for bacterial meningitis among
children aged 28 days to 5 years between January 1, 2007, and
December 31, 2011, across Hokkaido Prefecture. Of these 87
cases, 59 cases were caused by H. influenzae (Hi) and 19 cases
by S. pneumoniae. The calculated incidence of bacterial meningitis
was 8.48, Hib meningitis was 5.65 and pneumococcal meningitis
was 1.85 per 100,000 person-years in Hokkaido Prefecture. Fifteen
of the 19 pneumococcal strains were serotyped. Reported serotypes
were 6B (5), 23F (3), 19F (2), 14 (2), 6C (2) and 19A (1). The
overall serotype coverage of PCV7 was 80% and PCV13 was 87%.

Bacteremia

Between 2008 and 2010, 101 admissions for invasive bac-
terial diseases were reported in Eastern Hokkaido. There were 92
cases of bacteremia and 11 cases of bacterial meningitis; 2 cases
of meningitis occurred with bacteremia. S. pneumoniae infection
accounted for 70% (64 cases), whereas Hi infection accounted for
22% (21 cases). Before introduction of the Hib vaccine and PCV7,
the average annual incidence per 100,000 children aged 28 days to 5
years was 95.87 for invasive bacterial disease, 87.41 for bacteremia
and 10.34 for meningitis in Eastern Hokkaido. The average inci-
dence of bacteremia by pathogen was 60.15 (S. preumoniae) and
18.80 (Hi). We serotyped 45 of 64 S. pneumoniae strains during the
study period. Serotypes identified were 23F (12), 6A (10), 6B (8),
14 (5), 9A (3), 19A (2), 19F (1), 22F (1), 23A (1), 28A (1) and 9L
(1). The average annual serotype coverage of PCV7 for bacteremia
was 58% and PCV13 for bacteremia was 84%. Serotypes included
only in PCV13 accounted for 26% (12/45) of all strains serotyped.

DISCUSSION

We presented the first population-based incidence data of
vaccine preventable invasive bacterial diseases in Japan from a
study conducted on the island of Hokkaido in this article. Before
vaccines were introduced, the incidence of invasive Hi diseases in
children <5 years old in Hokkaido Prefecture was 23, compara-
ble with that in Europe (France: 21/100,000; Spain: 12/100,000),'?
where data primarily reflect hospital admissions. In contrast, the
incidence of invasive pneumococcal diseases in Hokkaido was 63,
comparable with that in the United States (54.7/100,000).° It is said
that despite a similar socioeconomic status, the incidence is much
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TABLE 1. Incidence of Invasive Bacterial Diseases and Serotype Coverage of PCV in Hokkaido and Okinawa
Prefectures Before Vaccines Introduction (2008 to 2010)
2008 2009 2010
Hokkaido Okinawa Hokkaido Okinawa Hokkaido Okinawa
Incidence (/100,000)
Meningitis
All-cause 8.22 11.0 9.30 14.67 7.87 15.79*
Streptococcus pneumoniae 0.97 4.89 1.96 7.33 1.97 4.86
Hib 5.80 4.89 6.36 4.89 5.90 8.50
Bacteremia
All-cause 113.49 N/A 85.63 N/A 60.91 N/A
S. pneumoniae 65.26 97.80 57.09 80.68 58.14 89.86
Hib/Hi 36.89 13.44 17.13 23.22 2.77 12.14
Invasive pneumococcal disease 71.06 102.69 59.05 88.01 60.11 97.42
Invasive Hib diseases 42.69 18.33 17.78 40.11 8.67 20.6
PCV serotype coverage for invasive pneumococcal disease (%)
PCV7 65 82 82 58 76
PCV13 78 78 82 92 94 92
Population <5 yr (Eastern Hokkaido) 206,910 (35,244) N/A 204,247 (35,035) 81,798 203,366 (36,117) 82,353

The PCV serotype coverage for Hokkaido is based on the data from Eastern Hokkaido.

Population data are based on the annual national census.

PCV coverage for Okinawa was modified from the data in the reports referred. According to the reports, as of the end of 2010, the vaccination coverage of both Hib vaccine and

PCV7 in Okinawa remained very low.

*Data not available from the original report. Calculation was based on the number of cases shown in the 2011 report per population <5 years old.

N/A indicates not available.

higher in the United States than in Europe, presumably due to dif-
ferences in blood culture practice.

To our knowledge, Sakata*® conducted the only other popula-
tion-based studies in Japan, prospectively estimating the incidence of
bacterial meningitis among children <5 years old at 6.3/100,000 in
1993 to 2005 and retrospectively estimating the incidence of pneu-
mococcal bacteremia at 30.95 in 1997 to 2004 in Hokkaido. Our
estimated incidence in Hokkaido was almost double that of Sakata.

Recently, a population-based study using the same protocol
used in our study was conducted in Okinawa Prefecture. Okinawa
and Hokkaido are the only island prefectures in Japan. Okinawa
Prefecture is subtropical islands situated at the southernmost end of
the Japanese archipelago, whereas northernmost Hokkaido is sub-
arctic. The rest of Japan is temperate. Despite some climatic and
cultural differences, the socioeconomic status of both prefectures is
similar to that of the rest of Japan. Compared with Hokkaido, the
incidence of pneumococcal diseases in Okinawa was 2.5-5 times
higher for meningitis and 1.5 times higher for bacteremia, although
there was no significant difference overweighing the annual fluc-
tuations regarding Hib/Hi diseases (Table 1).7

The difference may be due to the climatic difference partly,
but probably more to the differences of antibiotics use and blood
culture practices, and its consequences. In outpatient clinics in
Japan, antibiotics are commonly prescribed without blood cultures,
especially in areas with few large medical facilities, such as Eastern
Hokkaido. However, a blood culture is generally performed when
the patient is admitted for acute febrile syndrome. We assume the
frequent use of antibiotics differently affects the epidemiology,
antibiotic resistance and possibly the progress of pneumococcal
and Hib/Hi diseases.

The same assumption applies to differences in incidence
between Japan and other developed countries. Compared with
other developed countries, invasive pneumococcal diseases were
more detectable than invasive Hib/Hi diseases in Hokkaido. This
trend is more prominent when looking only at meningitis. The inci-
dence of pneumococcal meningitis was 0.97-1.97 in Hokkaido,
whereas that is 2.1-7.0 in Europe?® and 3.6 in the United States.® The
incidence of Hib meningitis was 6.02 in Hokkaido, whereas that

is 12-22 in Europe® and 16-30 in the Americas.” Compared with
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other developed countries, the incidence of Hib meningitis is much
lower in Hokkaido, but a substantial burden of this fatal disease was
observed. Again, climate/geography may play a role in the relative
differences in pneumococcal and Hib incidence, but it may also be
due to frequent antibiotic use.

The reported incidence of pneumococcal bacteremia in chil-
dren <5 years old in prefectures other than Hokkaido and Okinawa
in 2008 to 2010 was 6.5-26.1%7 and that of invasive Hib/Hi dis-
eases was 11.2-24.2.%7 In Hokkaido, the invasive pneumococcal
disease incidence was 2- to 5-fold higher and invasive Hib diseases
was higher than other prefectures, with the exception of some of
the more heavily populated prefectures that might have admitted
patients from neighboring prefectures. Differences in the data from
the mainland and island prefectures most likely arise from the con-
siderable flow of patients across prefectural borders. Many bactere-
mia cases also likely go unreported in some areas.

At the end of 2011, the estimated immunization coverage
of the Hib vaccine in Hokkaido Prefecture by the manufacturers
was 76% and that of PCV7 was 90%, but we saw no significant
reduction in incidence of meningitis. However, from January 1 to
October 31, 2012, only 1 case of bacterial meningitis (by group
B Streptococcus) was reported to us. According to the Hokkaido
Prefecture government, utilization of the prefecture’s reimburse-
ment system indicates that as of April 2012, over 95% of chil-
dren <§ years old had been vaccinated with at least 1 dose of
Hib vaccine and/or PCV7 (unpublished data). Although it is too
early to state any evidence-based conclusions, we expect that the
Hib vaccine and PCV7 will prove highly beneficial in Japan and
believe it is important to strengthen surveillance to monitor their
impact.

Note: The immunization coverage of PCV7 provided by the
manufacturers is calculated as follows:

Vaccination coverage = number of vaccines sold in the area /
number of children <5 year old.

www.pidj.com | 1395
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ABSTRACT

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

Nasopharyngeal carriage

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.

The 7-valent pneumococcal conjugate vaccine (PCV7) and
Haemophilus influenzae type b (Hib) vaccine prevent nasopharyn-
geal acquisition and transmission of 7 serotypes of pneumococci
and Hib in children, respectively {1—31. Vaccinating children with
both PCV7 and Hib vaccines offers effective protection against
invasive disease due to PCV7 serotypes and Hib in all age groups
{3~5]. However, in many countries, the nasopharyngeal flora of
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

* Corresponding author. Department of Pediatrics, Chiba University Graduate
School of Medicine, 1-8-1 Inohana, Chuo-ku, Chiba-shi, Chiba 260-8670, Japan.
Tel.: +81 (43) 226 2144; fax: +81 (43) 226 2145.

E-mail address: cikawa@chiba-wjp (J. Oikawa).

pneumococcal carriage rate {1}. As a result, PCV13 vaccination is
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 {&]. 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 hitp://spneumeoniae.nistnet/.

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 (Cls) were calculated using the x? 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)

J. Oikawa et al. / | Infect Chemother xxx (2013) 1-4

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
Female 11 15 10 12
Age group
<1yr 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 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

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

> 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)
15B 0 0 3 0 ST199 (3)
6C 0 0 0 3 ST2942 (1)
ST5823 (2)
11AJE 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 f 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% Cl 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% (I 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 (Tabie 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 (Tabie 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 (Tabie 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 {12}.

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, 15A, 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




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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