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DA DEREEZEEICHT 2B HRERG =

HEE ey HEE PR
Mink et al Los Angels, CA 1986-1989 13
Wright et al Nashville, TN 1992-1994 16
Jansen et al San Diego, CA 1993-1994 1
Nenning et al San Francisco, CA 1994-1995 12
Strebel et al Mineapolis/St Paul, MN 1995-1996 13
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Article history: The incidence of reported cases with pertussis has increased in young adults in Japan and the lack of
Received 20 July 2010 additional booster immunizations containing pertussis components is suspected to be one of the causal
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reasons. Instead of DT immunization at 11-12 years of age, safety and immunogenicity were investigated
using 0.2ml and 0.5 ml of DTaP. 176 subjects in DTaP 0.5 ml, 178 in DTaP 0.2ml, and 197 in DT 0.1ml
groups were enrolled in clinical trial. The relative risk of local reactionsin the DTaP 0.2 ml group compared
“to the DT 0.1 ml group was 1.13 (95% CI: 0.97-1.30), and that of the DTaP 0.5 ml to the DT 0.1 ml group

’Ifgm‘s’;f; was 1.34 (95% CI: 1.18-1.53). The relative risks of local pain and heat were 1.62 (95% CI: 1.33~1.98) and
DTaP . 1.59 (95% CI: 1.19-2.13), respectively, in the DTaP 0.5 ml group compared to the DT 0.1 ml group. Sero-
DT positive rates against PT and FHA were 54% and 82% before immunization and increased to >95% for both
PT after vaccination with no significant difference in GMT. Instead of the scheduled DT program, 0.2ml of
FHA DTaP was acceptable and demonstrated efficient immunogenicity.

©.2010 Elsevier Ltd. All rights reserved.

1. Introduction

Pertussis is still a serious illness in young infants, causing
whooping cough, apnea, cyanosis, chocking, and encephalopathy
[1]. In Japan, whole cell pertussis vaccine was developed in 1950s
and combined with diphtheria and tetanus toxoids (DTwP). DTwP
became accepted, resulting in a reduction of reported cases of per-
tussis [2,3]. Approximately 10% of recipients experienced a febrile
illness, with 50-60% showing redness and 20% induration [2]. In
1974-75, two accidental deaths after DTwP administration were
reported and, thereafter, DTWP was discontinued for a while. It
was re-introduced for children at 2 years of age, but the number
of pertussis patients increased because of low vaccine coverage
[2,3]. In 1981, a new type of acellular pertussis was developed,
and combined vaccine (DTaP) was introduced into recommended
immunization practice. Principally, two types of DTaP vaccines
were developed: the B-type consisted of two major antigens, per-
tussis toxin (PT) and filamentous hemagglutinin (FHA) and the
T-type contained pertactin and fimbrie besides PT and FHA [4-6].
Nationwide monitoring of clinical adverse events demonstrated

* Corresponding author. Tel.: +81 3 5791 6269; fax: +81 3 5791 61 30.
E-mail address: tetsuo-n@lisci.kitasato-u.ac,jp (T. Nakayama).

0264-410X/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2010.09.050

low reactogenicity and sufficient antibody responses similar to
natural infection. Since 1981, the number of pertussis patients
decreased after the acceptance of DTaP. The incidence of pertussis
in adults has been increasing gradually from 2002 in Japan, and sev-
eral outbreaks on college campuses, and in high schools and offices
have been reported [7,8]. In addition, the incidence in young infants
less than 1 year of age increased as well as adult cases in 2009. .

Pertussis is principally an infectious children’s illness causing
whooping and prolonged cough and the Advisory Committee on
Immunization Practices (ACIP) recommended a 5-dose DTaP sched-
ule, at ages 2, 4, 6, and 15-18 months and 4-6 years, instead
of the previous DTwP in the US in 1997 [9]. In 1990s, the inci-
dence of pertussis in older age increased in many countries because
of waning immunity after primary childhood immunization and
antigenic change of pertussis, and adolescent pertussis was iden-
tified as the source of transmission of pertussis to young infants
through enhanced surveillance studies [10-16]. In 2005, tetanus
toxoid, and a reduced concentration of diphtheria toxoid combined
with reduced acellular pertussis (Tdap) vaccine was licensed, and
the ACIP recommended that adolescents aged 11-18 years should
receive a single dose of Tdap for booster immunization [17]. It was
now recommended for all generations from 19 to 64 years [18].

It takes several years to obtain a license to introduce a new
vaccine from foreign countries into Japan, even though Tdap is
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used worldwide. The immunization schedule in Japan incorporates
no booster dose of pertussis components after the completion of
the initial primary immunization (three times over 3 months of
age and additional dose after approximately 12 months after the
third dose), and vaccine containing pertussis components should
be scheduled to cope with an outbreak of pertussis. In this study,
safety and immunogenicity were investigated in clinical trials using
0.2 and 0.5 ml of DTaP at the age of 11~12 years, in comparison with
0.1 ml of DT.

2. Subjects and methods
2.1. Subjects

The study was conducted from September 2008 to August 2009,
involving 29 pediatric outpatient clinics and departments of pedi-
atrics of regional public and university hospitals. Subjects of this
study included 555 children, 11-18 years of age, mostly 11-12
years of age, who had completed primary immunization of more
than three doses of DTaP and had not undergone DT immuniza-
tion. The study protocol was checked by the ethical committee of
National Mie Hospital as a central organization and also checked by
ethical committee of each hospital. Written informed consent was
obtained from their parents or guardians. A total of 555 children
were enrolled, but four children were excluded: three did not com-
plete the primary immunization (one or two doses of DTaP), and
one had already been immunized with DT. They were divided into
two study groups: group 1 consisted of 266 subjects undergoing
serological examination: 29 receiving 0.1 ml of DT, 119 for 0.2 ml
of DTaP, and 118 for 0.5 ml of DTaP. Group 2 comprised 285 immu-
nized without serological examinations, and totaling 551 subjects,
with 197 receiving 0.1 ml DT, 178 for 0.2 ml of DTaP, and 176 for
0.5ml of DTaP, were examined for safety. They are summarized in
Fig. 1.

2.2. Vaccines
Five brands of DTaP were on the market in Japan, and the com-

ponents of each antigen were different for each brand, as shown in
Table 1. Subjects were allocated equally to each brand. The B-type

(Biken and Kaketsu) vaccine consisted of PT and FHA and the T-type
(Takeda, Denka, and Kitasato) contained other components, and the
composition of pertussis antigens differed from the brands of DTaP
available abroad [5,6,19]. The PT antigen contents varied from 3 to
23.5 pg/dose, and FHA from 23.5 to 51.5 pg/dose, but the amount
of diphtheria and tetanus toxoids was 15 and 2.5 Lf/dose, respec-
tively, without a difference among DTaP brands. 0.2 ml of DTaP
contained 1.2-9.4 pg of PT, 9.4-20.6 g of FHA, 6-6.6Lf of diph-
theria toxoid, and 1.0 Lf of tetanus toxoid. Antigen contents of FHA
and diphtheria toxoid were slightly higher in 0.2 ml of DTaP than
Tdap, Boostrix and Adacel (2.5-8 g of PT, 5-8 g of FHA, 2-2.5 Lf of
diphtheria toxoid, and 5 Lf of tetanus toxoid) [17]. A 0.2-ml volume
of DTaP contained similar amounts to Tdap. The antigen content
of tetanus toxoid was lower in 0.2 ml of DTaP than Tdap available
abroad, similar to 0.1 ml of DT.

2.3. Study design

The study was designed as a randomized open trial. Subjects
were allocated randomly to DT 0.1 ml, DTaP 0.2 ml, and DTaP 0.5 ml
groups. They were observed for 30 min for the appearance of ana-
phylaxis. To assess the safety afterwards, they were asked to check
their body temperature and for adverse clinical events based on
the healthcare diary every day for 7 days after immunization. In
study group, paired sera were obtained immediately before immu-
nization and principally 4-6 weeks after immunization and kept at
—20°C. The paired sera were divided into two aliquots and trans-
ferred to the National Institute of Infectious Diseases, Department
of Bacteriology Il to examine antibodies against diphtheria and
tetanus toxoids and to Kitasato-Otsuka Bio-Medical Assay Labo-
ratories for the examination of pertussis antibodies (PT and FHA).

2.4. Serology

Antibodies against tetanus toxoid were determined with a
KPA kit (Chemo-Sero-Therapeutic Research Institute, Kumamoto,
Japan) [20]. The kit comprised polypeptide artificial carrier
particles stained with Reaction Blue solution, sensitized with
highly purified tetanus toxoid (3000Lf/mg PN), and provided in
lyophilized form. The test was performed as instructed by the

No. of entries

555 cases
DT 0.1 ml group DTaP 0.2 mi group DTaP 0.5 ml group
199 cases 179 cases 177 cases

-

Cases for immunological analysis

Fig. 1. Number of subjects in the study. A total of 555 subjects were enrolled, of whom four were excluded. Therefore, 551 subjects were evaluated regarding safety. Among
the 551, 197 were immunized with 0.1 ml of DT, 178 with 0.2 ml of DTaP, and 176 with 0.5 ml of DTaP. Study group 1 consisted of 266 subjects for serological examination:

29 with 0.1ml of DT, 119 with 0.2 ml of DTaP, and 118 with 0.5 m! of DTaP.
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Table 1
Contents of PT, FHA, and diphtheria and tetanus toxoids.
DTaP/DT (manufacturers) PT (p.g) FHA (p.g) Pertactin Fimbrie D (LP T(Lf)
DTaP 0.5 ml (Kaketsu) 8 32 £16.7 =25
DTaP 0.5 ml (Biken) 235 235 <15 £25
DTaP 0.5 ml (Takeda) 3 345 7.5 1 =15 =25
DTaP 0.5 ml {Denka) 9 32 15 1 <15 <25
DTaP 0.5 ml (Kitasato) 6 51.5 5 1 =15 =25
Adacel (Aventis) 25 5 3 2 5
Boostrix (GSK) 8 8 25 2.5 5
DTaP 0.2 ml 1.2-94 9.4-20.6 6-6.6 1.0
DT 0.1ml 32 0.7
Table 2

Background of the subjects.

DTaP 0.2ml(N=178)

DTaP 0.5 ml (N=176)

DT 0.1 ml (N=197) Total (N=551)

Gender

Male 93 (52.2%) 95 (54.0%) 113 (57.4%) 301 (54.6%)
Female 85 (47.8%) 81 (46.0%) 84 (42.6%) 250 (45.4%)
Age

11 years 97 (54.5%) 95 (54.0%) 73 (37.1%) 265 (48.1%)
12 years 68 (38.2%) 68 (38.6%) 111 (56.3%) 247 (44.8%)
Others 13(7.3%) 13 (7.4%) 13(6.6%) 39(7.1%)
Mean age +SD 11.6+08 11.6+0.8 11.8+0.8 11.6+0.8
Median age 11.0 11.0 12.0 12.0

Range (min-max) (11-15) (11-15) (11-17) (11-17)
DPT history

I-1 178 (100.0%) 176 (100.0%) 197 (100.0%) 551 (100.0%)
-2 178 (100.0%) 176 (100.0%) 197 (100.0%) 551 (100.0%)
-3 172 (96.6%) 172 (97.7%) 193 (98.0%) 537 (97.5%)
[-boost 172 (96.6%) 168 (95.5%) 191 (97.0%) 531 (96.4%)

manufacturers. Antibodies against diphtheria toxoid were exam-
ined using the micro cell-culture method with Vero cells, and
diphtheria antitoxin titers were expressed as international units
(1U)/ml [21]. Antibodies against PT and FHA were examined using
enzyme-linked immunosorbent assay (EIA) kits (Wako Chemicals,
Japan) as instructed by the manufacturers. Positive levels were
defined as >0.11U/ml for antibodies against diphtheria toxoid,
>0.011U/ml for those against tetanus toxoid, and =10EU/ml for
those against PT and FHA [22,23].

2.5. Statistical analysis

The sero-positivity rate and the incidence of solicited adverse
events (fever as systemic reaction, and redness, swelling, pain, heat,
and itching as local reactions) were compared by using Fisher’s
Extraction test. Geometric mean titers (GMTs) of antibodies before
and after immunization were compared by converting to a loga-
rithmic scale using Wilcoxon rank test. The t student Welch method
was employed to evaluate significance and the significant level was
set at p<0.05.

3. Results
3.1. Background of the subjects

The subjects included 555 children aged 11-18 years of age,
as shown in Fig. 1. A total of 555 subjects were enrolled, but four
were excluded. Therefore, 551 subjects were evaluated for safety.
Among the 551, 197 were immunized with 0.1 ml of DT, 178 with
0.2ml of DTaP, and 176 with 0.5 ml of DTaP. The backgrounds of
the subjects are shown in Table 2. A total of 301 (54.6%) were
male, and the gender ratio was similar among the three groups
with no significant differences in ages, which ranged from 11 to 17
years. They had all completed their primary immunizations (three
or four doses of DTaP), confirmed by checking their immunization
records. -

3.2. Incidence of adverse events

The incidences of adverse events are summarized in Table 3.
Febrile reactions were noted in 8 (4.1%) of 197 in the DT 0.1ml
group, 7 (3.9%) of 178 in the DTaP 0.2ml group, and 7 (4.0%)
of 176 in the DTaP 0.5ml group, and the relative risks in DTaP

Table 3

Incidence of clinical adverse events.
Adverse events DTaP 0.2ml (1) DTaP 0.5ml (2) DTO0.1ml(3) Risk ratio (95% CI)

(N=178) (N=176) (N=197) (2)vs. (1) (1) vs.(3) (2) vs.(3)

Fever 7(3.9%) 7(4.0%) 8(4.1%) 1.01 (0.36,2.82) 0.97 (0.36,2.62) 0.98 (0.36,2.65)
Local reactions 123(69.1%) 145 (82.4%) 121(61.4%) 1.19(1.06,1.34) 1.13(0.97,1.30) 1.34(1.18,1.53)
Redness 95(53.4%) ‘109(61.9%) 92(46.7%) 1.16 (0.97,1.39) 1.14(0.93,1.40) 1.33(1.10,1.60)
Swelling 90(50.6%) 95 (54.0%) 76(38.6%) 1.07 (0.87,1.30) 1.31(1.04,1.65) 1.40(1.12,1.75)
Pain 83(46.6%) 116(65.9%) 80(40.6%) 1.41(1.17,1.71) 1.15(0.91,1.45) 1.62(1.33,1.98)
Heat 50(28.1%) 74(42.0%) 52(26.4%) 1.50(1.12,2.00) 1.06 (0.76,1.48) 1.59(1.19,2.13)
Itching 81(45.5%) 83(47.2%) 75(38.1%) 1.02(0.82,1.28) 1.21(0.95,1.54) 1.24(0.98,1.57)

— 307 —



K. Okada et al. / Vaccine 28 (2010) 7626-7633 7629

2.5 @

Risk ratio
DTaP 0.2 mL
Vs. DT 0.1 mL

4
Risk rartio

e 3t T

LR I I

9 DTaP 0.5 mb

Vs, DT 0.1 mb
0.5
¢ e ) | ' S
A PESS ; .

R " & & Q”\o @0& .‘o“\o

%° \/&@c’ qgé' &% S

Fig. 2. Summary of the risk ratio regarding the incidence of adverse reactions. The
relative risks of the incidence of adverse reactions after immunization with 0.2 ml
(@) and 0.5ml (@ ) of DTaP in comparison with those observed after immunization
with 0.1 ml of DT are summarized. Vertical lines represent 95% CI.

0.2 ml and DTaP 0.5 ml groups were 0.97 and 0.98, respectively, in
comparison with that observed in the DT 0.1 ml group. The relative
risk of local reactions after immunization with DTaP at 0.2ml
was 1.13 (95% CI: 0.97-1.30) in comparison with the incidence
after immunization with DT at 0.1 ml, and that of the DTaP 0.5 ml
compared to the DT 0.1ml group was 1.34 (95% CI: 1.18-1.53).
Relative risks of redness, swelling, local pain, heat, and itching
in the DTaP 0.2 ml group compared to the DT 0.1 ml group were
1.14 (95% CI: 0.93-1.40), 1.31 (95% CI: 1.04-1.65), 1.15 (95% CI:
0.91-1.45), 1.06 (95% CI: 0.76-1.48), and 1.21 (95% CI: 0.95-1.54),
respectively. However, the relative risks of redness, swelling,
local pain, heat, and itching in the DTaP 0.5ml group compared
to the DT 0.1 ml group were 1.33 (95% CI: 1.10-1.60), 1.40 (95%
Cl: 1.12-1.75), 1.62 (95% CI: 1.33-1.98), 1.59 (95% CI: 1.19-2.13),
and 1.24 (95% CI: 0.98-1.57), respectively. The relative risks of the
adverse reactions after immunization in the DTaP 0.2 ml and 0.5 ml
groups in comparison with those observed after immunization in
the DT 0.1 ml group are summarized in Fig. 2. Thus, the incidence of
local reactions after immunization with 0.2 ml of DTaP was similar

to that observed after immunization with 0.1 ml of DT, but those
observed after immunization with 0.5ml of DTaP were higher
than after immunization with 0.1ml of DT, notably regarding
the incidences of local pain and heat, demonstrating the relative
risks: 1.62 (95% CI: 1.33-1.98) and 1.59 (95% CI: 1.19-2.13),
respectively.

3.3. Onset of adverse reactions

The immunization day was defined as day 0. The onset of adverse
reactions was examined, and the results are shown in Fig. 3. Febrile
reactions were noted from days 0 to 7 without any case accumu-
lation, but the incidence of local reactions peaked on days 1 and
2. Systemic adverse events were reported sporadically: headache
in 25 (9 in DT 0.1 ml group, 9 in DTaP 0.2 ml group, and 7 in DTaP
0.5 ml group), fatigue in 11 (3 in DT 0.1 ml group, 4 in DTaP 0.2 ml
group, and 4 in DTaP 0.5 ml group), rhinorrhea in 10 (1in DT 0.1 ml,
2inDTaP 0.2 ml, and 7 in DTaP 0.5 ml group), sore throat in 8, cough
in 7, and nasal obstruction in 7. Three subjects with urticaria erup-
tion were reported: two on day 0 (one for each DT 0.1 ml and DTaP
0.5 ml group) and one on day 1 in DTaP 0.5 ml group. Generalized
eruption was reported on day 1 in DTaP 0.5 ml group. The relative
risk of local reactions on day 0 after immunization with 0.2 ml of
DTaP compared to that observed after 0.1 ml of DT was 1.08 (95%
Cl: 0.74-1.58), 1.18 (95% CI: 0.96-1.44) on day 1, 1.09 (95% CI:
0.91-1.30) on day 2, 1.19 (95% CI: 0.97-1.47) on day 3, 1.3 (95%
Cl: 0.99-1.71) on day 4, 1.56 (95% CI: 1.09-2.23) on day 5, 1.42 (95%
CI: 0.87-2.29) on day 6, and 1.54 (95% Cl: 0.87-2.72) on day 7. The
incidence of local reaction for each day after immunization with
0.2 ml of DTaP was similar to that observed after 0.1 ml of DT. The
incidence of local reactions after immunization with 0.5 ml of DTaP
was higher than that observed in the DT 0.1 ml group, especially
on days 1 and 2, with a relative risk of 1.61 (95% CI: 1.35-1.92) on
day 1, and 1.33 (95% CI: 1.13-1.92) on day 2. Most local adverse
reactions appeared on day 1 and continued for 3-4 days, but those
observed in the DTaP 0.5 ml group became prolonged, showing a
relative risk of 2.15 (95% CI: 1.39-3.33) on day 6.

In this study, the extents of redness and swelling were moni-
tored when they appeared and the degree of adverse reactions was
evaluated (Fig. 4). There was no significant difference in the inci-
dence of redness and swelling of <2.0cm and 2-5cm among the

mDT0.1
DPT0.2
N Headache 25 cases
EDPTO.5 i
Fatigue 11 cases
Nasal discharge 10 cases
Sore throat 8 cases
% Nasal obst. 7 cases
80 ©DTO0.1 Cough 7 cases
70 uWDPTO.2 Vomiting 5 cases
o #DPTO.5 Nausea 2 cases
o Chest pain 1 case
Asthmatic attack 1 case
40 ~
30
20
10 -
0
0 1 2 3 4 5 6 7
Day

Fig. 3. Onset of febrile and local reactions within 7 days after immunization and the no. of cases with systemic adverse events.
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Fig. 4. Onset of local redness and swelling, and the severity of adverse events.

three groups, but 0.5 ml of DTaP had a tendency to induce a serious
local reaction (redness and swelling) >5.0 cm.

3.4. Immunogenicity

Study group 1, in whom paired serum samples were examined,
consisted of 266 subjects with serological examination, 29 with
0.1ml of DT, 119 with 0.2 ml of DTaP, and 118 with 0.5 ml of DTaP.
The sero-positivity of antibodies for diphtheria toxoid >0.1 was
60.9% (162/266), 90.6% (241/266) for tetanus toxoid >0.01, 54.13%
(144/266) for PT >10, and 82.33% (219/266) for FHA>10 EIA units.
Antibodies against PT were markedly reduced at the age of 11-12
years.

The results of sero-positivity and GMT are shown in Table 4. The
sero-positivity of PT and FHA and their GMT were the same before
and after immunization in the DT 0.1 ml group. After immuniza-
tion, the sero-positivity against PT increased from 52.1 to 95% in the
DTaP 0.2 ml group and from 55.1 to 95.8% in the DTaP 0.5 ml group.
The GMT of PT antibodies after immunization with 0.2 ml of DTaP
was 89.05 (95% Cl: 70.54-112.41), and there was no significant
difference after immunization with 0.5ml of DTaP, being 102.74
(95% CI: 82.91-127.32). Sero-positivity against FHA increased from
85.7 to 100% in the DTaP 0.2 ml group and from 78.8 to 98.3% in
the DTaP 0.5ml group. The GMT of antibodies against FHA was
252.82 (95% CI: 214.29-298.27) after immunization with 0.2 ml
of DTaP and 302.06 (95% Cl: 254.2-358.93) after immunization
with 0.5 ml of DTaP, without a significant difference. Sero-positivity
against diphtheria toxoid was 55.9-66.4% before immunization and
increased to 100% in all three groups. The GMT of antibodies against
diphtheria toxoid was 40.14 (95% Cl: 28.28-56.96), 45.17 (95% CI:
35.59-57.32), and 46.78 (95% CI: 35.73-61.24) in the DT 0.1 ml,
DTaP 0.2 ml, and DTaP 0.5 m! groups, respectively. As for the anti-
bodies against tetanus toxoid, 86.2-94.1% sero-positivity before
immunization increased to 100%. The GMT of antibodies against
tetanus toxoid after vaccination with 0.2 ml of DTaP was 18.02 (95%

CI: 14.90-21.80), similar to the 20.96 (95% Cl: 13.37-32.84) after
immunization with 0.1 ml of DT. However, the GMT of antibod-
ies against tetanus toxoid was 27.12 (95% CI: 22.79-32.27) after
immunization with 0.5 ml of DTaP, higher than those in DT 0.1 ml
and DTaP 0.2 mi groups.

3.5. Difference in immunogenicity of different brands

There was no significant difference in immunogenicity against
PT and FHA after immunization with 0.2 or 0.5ml of DTaP. Risk
ratios of a local reaction to 0.5 ml of DTaP compared to 0.1 m! of DT
were higher than that to 0.2 ml of DTaP. GMTs after immunization
with different brands of DTaP are shown in Fig. 5. A volume of
0.2ml of DTaP contained 1.2-9.4 pg of PT, 9.4-20.6 pg of FHA,
6-6.6 Lf of diphtheria toxoid, and 1.0 Lf of tetanus toxoid. A volume
of 0.1 ml of DT contains similar amounts of tetanus and diphtheria
toxoid antigens in different brands and compared with 0.2 ml of
each DTaP brand. 29 were immunized with 0.1 ml DT, 26 with
0.2ml of Takeda DTaP, 26 with Biken, 19 with Kaketsu, 19 with
Kitasato, and 29 with Denka. There was no significant difference in
GMTs of antibodies against diphtheria toxoid after immunization
with the five different brands in comparison with that induced
after immunization with 0.1 ml of DT. The GMT against tetanus
toxoid after immunization with Kitasato was higher than that
after 0.1 ml of DT. As for the pertussis antigens, the GMT of PT
antibodies after immunization with Takeda or Denka vaccine was
lower than those induced after the other brands. These two brands
contained lower amounts of PT antigen. The GMT against FHA after
immunization with Denka was slightly lower than the others, not
reflecting the concentration of vaccine material.

4. Discussion

Pertussis is an infectious disease affecting young infants
and children, leading to severe illness in very young infants,
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Table 4
Immunogenicity of DT and DTaP.
DT0.1ml DTaP 0.2 ml DTaP 0.5ml
Sero+ rate Sero+ rate Sero+ rate Sero+ rate Sero+ rate Sero+ rate
GMT pre GMT post GMT pre GMT post GMT pre GMT post
(95% C) (95% Ch) (95% CDH (95%Cl) (95%C1) (95% CI)
Anti-PT 58.6% 58.6% 52.1% 95% 55.1% 95.8%
10.8 13.93 12.11 89.05 10.88 102.74
(6.38-18.29) (8.98-21.61) (9.21-15.94) (70.54-112.41) (8.27-14.32) (82.91-127.32)
Anti-FHA 82.8% 86.2% 85.7% 100% 78.8% 98.3%
24.92 31.2 33.73 252.82 25.83 302.06
(16.34-38.00 (22.43-43.42) (27.32-41.64 (214.29-298.27) (20.67-32.28) (254.2-358.93)
Anti-D 58.6% 100% 66.4% 100% 55.9% 100%
023 40.14 0.22 45.17 0.16 46.78
(0.11-0471) (28.28-56.96) (017-0.30) (35.59-57.32) (0.12~0.24) (35.73-61.24)
Anti-T 86.2% 100% 94.1% 100% 88.1% 100%
047 20.96 0.87 18.02 0.59 27.12
(0.28-0.81) (13.37-32.84) (0.70-1.09) (14.90-21.80) (0.44-0.79) (22.79-32.27)

causing whoop, staccato, apnea, and choking with sputa. To pre-
vent the disease, acellular pertussis vaccines have been used in
many developed countries. However, the acellular vaccine did not
confer a long-lasting antibody response after vaccination and so
in the late 1990s several pertussis outbreaks occurred in young
adults [10-16]. The diagnosis of pertussis in adults was difficult
because they only demonstrated mild atypical symptoms, showing
a prolonged cough without whooping [24-26]. The adult patients
showing a prolonged cough were not suspected to have pertussis
because general physicians believed that pertussis was a disease
only affecting children. They were, therefore, undiagnosed, and the
number of patients with pertussis was underreported. In addition,
they were not treated and transmitted pertussis to young infants

before DTaP immunization [27]. The adult pertussis vaccine trial
was conducted in 2781 subjects consisting of 1391 received the
acellular pertussis vaccine and 1390 received the control vaccine.
Ten patients of pertussis were diagnosed by culture, PCR, or sero-
logical responses and nine were in the control group and one in
acellular pertussis vaccine group. An incidence of 370-450 cases
per 100,000 person-years was noted in the control group aged
15-65 years and the acellular pertussis vaccine was protective in
the same age group [28]. These adult patients with pertussis were
considered to be an infectious source for transmission to young
infants in household contact. Through such household contacts,
even vaccinated children who had been completely immunized
showed typical pertussis, and the most likely source of infant
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2 2
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Fig. 5. GMTs of anti-D, T PT, and FHA antibodies after immunization with different brands of DTaP at 0.2 ml.
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infection was reported, being a sibling (41%), mother (38%), and
father (17%). To control pertussis, Tdap was developed and recom-
mended as the booster in teenagers and young adults [15]. It is
necessary to maintain a high level of immunity in all generations
[29,30]. Thus, Tdap was newly recommended for all generations
from 19 to 64 years as well as teenagers [17,18].

DTaP was first developed in Japan and has been used since 1981
[4]. Some pertussis patients were reported sporadically in Japan,
and a survey of 89 households showed that the source of infection
was an adult in approximately 11% and the secondary attack rate
was 10%, confirmed by serological responses with asymptomatic
infection [31]. The estimated efficacy of DTaP was 84% (95% CI:
71-91%) in children aged 2-8 years. Since vaccine-induced immu-
nity waned 6-10 years after immunization, immunization with
vaccines including pertussis components was proposed for both
children and adults [32]. Adult patients with pertussis have gone
undiagnosed and, therefore, the disease burden of pertussis has
been neglected. In 2007-08, there were several outbreaks in uni-
versities, schools, and other facilities, and the number of reported
cases of pertussis increased. Most of the patients were over 15 years
of age and, the number of patients aged less than 1 year increased.

To control pertussis, an active immunization strategy should be
implemented. Some ideas were considered to import Tdap, as well
as change the immunization schedule. The immunization schedule
of DTaP in Japan is 4 doses in young children only, being one or
two times fewer doses in comparison with the schedule of DTaP
in the EU and US. The components of Tdap (Adacel and Boostrix)
were 2.5-8 pg of PT, 5-8 jug of FHA, 2.5-3 pg of pertactin, 2-2.5Lf
of diphtheria toxoid, and 5 Lf of tetanus toxoid. The five brands of
DTaPin Japan have different formulations of components, as shown
in Table 1. The B-type DTaP has only two components (Biken and
Kaketsu) and T-type vaccines contain several other components
besides PT and FHA (Takeda, Denka, and Kitasato). A dose of 0.1 ml
of DT was scheduled at the age of 11-12 years. The concentration
of tetanus toxoid in 0.2 ml of DTaP was similar to that in 0.1 ml of
DT, but that of diphtheria toxoid was higher than that in 0.1 ml of
DT. In comparison with Tdap used abroad, 0.2 ml of DTaP contained
higher amounts of diphtheria toxoid and there was no significant
difference in the incidence of adverse local reactions and serologi-
calresponse. Also, 0.2 ml of DTaP contains lower contents of tetanus
toxoid and they induced efficient antibodies against tetanus toxoid.
As for the antigen content of pertussis components, the PT antigen
content varies from 1.2 to 9.4 p.g, and the FHA content from 9.4 to
20.6 p.g in 0.2 ml of different brands of DTaP. The GMT of antibodies
against PT and FHA showed no significant difference after immu-
nization with 0.2 or 0.5 ml of DTaP, but when comparing the GMT
after immunization among different brands with different antigen
concentrations, DTaP with higher antigen content did not always
induce higher antibody titers. A lower-level serological response
was observed in those immunized with a lower antigen content,
but sero-positivity (protection levels > 10) was almost 100% after
immunization with different bands of DTaP. DTaP with higher anti-
gen content induced more marked serological responses at 4 years
of age on booster immunization, but the difference was ten-times
for PT antigen and five-times for FHA [33].

In the late 1990s, the resurgence of pertussis might have
been associated with multi-factorial events: waning immu-
nity, increased awareness, inappropriate vaccination schedule,
improved diagnostic methods, and variant strains evading immu-
nity acquired by immunization [8,34-36]. There have been several
reports on mutation of the PT gene and it is still controversial
which antigens are related to promoting immunity or reducing the
severity of symptom [37,38]. Antibodies against PT reduced sus-
ceptibility to pertussis and those against pertactin or im2/3 were
protective antibodies [39]. Protective immunity was considered to
be induced by multiple components [40].

In many developed countries, the control of pertussis is com-~
plicated because of the difficulty in case identification, limited
persistence of vaccine-acquired immunity, and transmission from
unrecognized very mild patients or asymptomatic cases. In Japan,
the number of pertussis patients has been increasing and resur-
gence in very young infant due to household contact was reported
[41]. In this report, safe and effective immunization was achieved
by 0.2 ml of DTaP instead of 0.1 ml of DT. The booster immuniza-

. tion with pertussis components should be implemented to achieve

more effectively control the epidemiology of pertussis in Japan.
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