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Table 1
Contents of PT, FHA, and diphtheria and tetanus toxoids.
DTaP/DT (manufacturers) PT (pg) FHA (png) Pertactin Fimbrie D (Lf) T(Lf)
DTaP 0.5 ml (Kaketsu) 8 32 <16.7 = 2.5
DTaP 0.5 ml (Biken) 235 23.5 <15 <25
DTaP 0.5 ml (Takeda) 3 34.5 7.5 1 =15 =25
DTaP 0.5 ml (Denka) g 32 15 1 <15 2.5
DTaP 0.5 ml (Kitasato) 6 51.5 5 1 =15 =25
Adacel (Aventis) 25 5 3 2 5
Boostrix (GSK) 8 8 25 25 5
DTaP 0.2 ml 1.2-94 9.4-20.6 6-6.6 1.0
DT 0.1 ml 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+£0.8 11.6+0.8 11.84+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%)
1-2 178 (100.0%) 176 (100.0%) 197 (100.0%) 551 (100.0%)
-3 172 (96.6%) 172 (97.7%) 193 (98.0%) 537 (97.5%)
I-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
(IU)/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 0.1 ml
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 DTaP0.2ml (1) DTaP 0.5ml (2) DT 0.1ml(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%) 141(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)
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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 0.2 ml
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 0.1 ml 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

Day

®DPTO.2
®DPTO.5

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

Theimmunization 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 (1 in DT 0.1 ml,
2in DTaP0.2ml, 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 O (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%
CI: 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%
Cl: 0.87-2.29) on day 6, and 1.54 (95% CI: 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

Headache 25 cases
Fatigue 11 cases
Nasal discharge 10 cases
Sore throat 8 cases
Nasal obst. 7 cases
Cough 7 cases
Vomiting 5 cases
Nausea 2 cases
Chest pain 1 case

Asthmatic attack 1 case

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
0.1 ml 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% CI: 70.54-112.41), and there was no significant
difference after immunization with 0.5 ml 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% CI: 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 m],
DTaP 0.2 ml, and DTaP 0.5 ml 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%

ClI: 14.90-21.80), similar to the 20.96 (95% CI: 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 ml 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 0.5 ml of DTaP. Risk
ratios of a local reaction to 0.5 ml of DTaP compared to 0.1 ml 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 pug of PT, 9.4-20.6 ug 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 0.1ml 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.
DT 0.1ml 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% Cl1) (95% C1) (95% C1) (95% Cl) (95% CI) (95% CI)
Anti-PT 58.6% 58.6% 52.1% 95% 55.1% 95.8%
108 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%
2492 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%
0.23 40.14 0.22 4517 0.16 46.78
(0.11-0.471) (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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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 g of PT, 5-8 ug of FHA, 2.5-3 pg of pertactin, 2-2.5Lf
of diphtheria toxoid, and 5 Lf of tetanus toxoid. The five brands of
DTaPinJapan 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 pg, and the FHA content from 9.4 to
20.6 pgin 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 0.5ml 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 Fim2/3 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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i

BEREEDRSHD JUEHD
2k

A H B R GE E FLBIRGAE - MR R
BICHE SN, £EK3,000D/NBRE S S
HESINTWS. BHEY 7 F v % & {4 DTaP
(diphtheria-tetanus-acellular pertussis) =& &
7 7 F v BiGER O BGHE SR A B AR I B
LERIIBIT B HEEZHRERERT (B
1). 19824 HA4~5FE T L I/NS R E <
DRL PO HMERIIEFECRSLTEL
A%, 20054 LML T &7z, 20074F, W<
DOPDKERLER TCOEMBEI#BE SN,
2008 FE X HE 10 IR WE L HED D - 7.

IAE DRI B EFERmOZEALDH 5. 2000
F, FLIRIX46.7%, 17%18.1%, 2~3i%13.5%
L3 E THHE0% T, 20l EiZ22% T
Holz. REIZ10~ 14D E, Fiz20mEL
EAHEML T &7z, 200 EOEIA 1320024
4.0%, 2004 4E9.5%, 2006 E 24.3%, 2008 4F
36.7%, 20094F 13 MK T38.2% & %2> T
5V (R2). Z o, NERoE SERRE

0370-999X/10/¥100/ H /JCOPY

MATIEBER - RARICOIFUHRARESN, BEESINTVS.

BIZZZ LIBERETH L HICEEFLE
Thb. BAINERTRIABREZZZLT
Wh 7o, RNERIZ &0 -6 %% EET
L0 EEORE VAT LADLE
o TEL. Ok, ENIRGEAENZEHT
BYEERE Y 7 — DA — L=V ICHEE
2ZW L EmE S - ThHETES Y
AT ANEHRINTNEY, EHNOBIREIE
BT 57-0, BHE LB SNHE 386
FBEWVLIZW,

B HBXORIRARRZR

BRI R EREZ 2 LB OREICED S
Nz, FROERERIIIRY. M%EIE
1DABRTHo7. BOKTHEHETY, KE
WOy, ERE - 7T —EPRDH
h, BHE (58) THEAARLZ. Ak,
RO D > -0 RAEEF L 20 o
7z. BIMEk%%17,500/xL (Ly 78%) CRP< 0.30
mg/dL, AHEEADHETS, MEALILE
OHEBR BRI L7z, ABRROMZ T, BE
% DK 3B ET 2 5 33 B I I B VAT
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& BEOBPEICE SHTH
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198284 86 88199092 94 96 98200002 04 06 08 (&)

K1 BEHXREERBERSHOHER (1982~
2009%)

2EO/NRRESE  #3,000.

(BB EMRF BRERR > 2 — &R & V) (FE)

HolWZZ LT Wiholzlzdn, BHEOK
EHITo 72, HIMER6,400/.L (V) ¥ 73EK4T%)
THIIDHETE Lh o725, BHEHEE (per-
tussis toxin; PT) HLAili i Bl TRGLIE & HEE
EN7z. ARMIEIDTaP 7 7 F > % 4 [ R X
nCw/z, BEE R CREHICBEWEND - 72
B3, X7 ME CPTHUAMNIC LIS 2 <, R
3o LMW L7z, F L {DTaP7 7 F ~
rARFEE I TW6E I, AIEEEFL
B S B WD 32, XTHH
HEAOEET &, 7 MECPTHMAEMO A &
EAPRBOOLN, AHEHENNTHHEREOD
B 2 5Nz, 30 BUT/NBIAICY
7797 - BAHY (DP) 72 F % 4mEH
ENnTwWi, BEBUHEEISEIH D,
BAEME D Z ARKIE & AR OIEH 3 X O
BRI B2HEHEOBED R ENRDOLNI. B
HEREA DM CTE, BHRLBHTEL. 2
D& HIZ, DPTT 7 F w HERE R BN DG
BT H R 2 RIREEICHZ 2470 %
WEHHB LB SN W &%, Y
PHAL TS RELERNTE 5.

B - A CERS 5N BEFRER

LD L) ICHBEORKERE, OFEH
@DTPY 7 F V¥R, OEEROMHESE, H
R, WM, @62 HRmIBIIBITIKE

2 & A vol.98-n0.8 2010 (48)

EE LB OER, DTPY 7 F Y EEOA
e, W, OBRYLR L OEMORE LR E£ L
DHFOEBILNVERTH L. BREIEIE
YL T ~ 10 HADS% v (6~20H).

1. MNEOHBMEFHB

DTP 7 7 F v REHEO AL B ITH .

O# &V (1~2:88) { BUEILIEE
D, BEOHEEETIEFHEEL V. 0
R COZMT I RIRNERG AT EE L Vs,
W) 2 PR R EATT & T FEIR DB IS
EREENTWS.

QO (3~ 6HM) @ R LA & P
NBEH1h5b. 5~100E E&Ihz <
CFEAEME THEFEMW % B 2 A (paroxysmal
cough/staccato) TH L &0, KEHEIHE
WA DB A o o P 2 RS ASEE T 5
Z LT, WA (whooping) 2SE L5,
—HEDOBEFEEIIEEICHR L, BRI AIZK B
M, F7 7 —+¥, EFER, EmLE - R
fE (A HBER), BELm (0&< %5 LR
BRge) R EDBALNL,. ZREENLZITI
EERI 7 <, AT LW 0 IR R IE
HDIEDPE,

QIEH 55 A A ARAKE WA LT
KA., ZORH, FREBRGEZ ETHUTRNA
BEREPNLEZ LD L. #E, 3~6HH
TERT 5.

@EBERE © 7 A A T28187THID ABER &
PHEDHENH 5. 600 AKMBIZEL, A
BesRI2 63.1%, Mifk11.8%, F\WLA 1.4%,
BMIE 0.2%, JETC0.8% Tdh -7z, EER T
e 26 B (0.1%), BEEZETE 6261 (0.2%)
o TWnWAh,

2. DTPOOF VEERODIEIR
W% D e <0 EAE AT AU H I 13 & Tl
&w?ﬁﬁﬁawéﬁﬁfé.%uv7%y
FERIZZ . Yaari 5 iF, 5~305% (F358.9
5@077%/§E%®rﬁ%ﬁitfwé
B DFEfEIE 4 +3.6:80, B E TICFEH23
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BH

S

100%

2% oH%

k3 .t 68.9% -
90% — 5.1% ey 13.4% o

4.6% 52% 39%  igyw 5.5% 24.3% o
50% % 8.6% ' 36.7% 38.8%—
70%
60%
50%
40%
30%

46 7%-46‘3?45 45.0% 44.0%
50% 5.0% 44,09

. 33.0%
10%
I 1 Il

2000 20014  2002%  2003%F
HOm MIm B2~3% W4~58

20044

B~7m) W 8~9m®

2005 20064 20074  2008% 20094

10~145% M 15~19m® 20mklL

H2 BHHKERRWRSHEHIEESERHE (2000 ~20094%F)

O30 © IndexFMm2BRED SHAAED
BCZ D
(Zl3#40H™)
DPDoF4[E

10/8 WBC 5,500/ul.(U>//(Ek23%) CRP(-)
BHEKE(+)

OS3mAHR : Index5 | 4BANED SBLHH 2B/

1NABRARE 260 319 40fF WBC6.400/uL(Ly47%)

(DUF VEARE)
PT FHA RE%M(18.323%)

CRP<0.30 mg/dL

23H% 204 231 20f8

30#% (DP4E) [J——) 338 (74 F ERH)

BEEZE(+)

[
NSEAEEG) [ 68
(DTP4[@)

O 4%

oTPam)””

I
O raEewE-+)

06 : BIEEE URHICBRLKD D (%I HE L) (F3E)
(DPTDOFVACHERE | BEREZEZFEVIIFY)
PT FHA &R CRITH)

IASREARE 1 1 <10f& WBC10.400/ulL(Ly30%)
CRP<0.30 mg/dL
258% 93 77 20f8 NSHEAZE(+)

O475g © IndexFEBRANCEVKD D (KAL) (K9 1:38R)
(DPT4[ ; BERESFHEVNDTIFY)
PT FHA &Sl CRiTH)

TASREARE 31 37 <108 WBC13,100/uL(Ly57%)
CRP<0.30 mg/dL
258% 37 b2 <10f3

BEMEEE L. OBPEICBU, REICHHNDELED,
TRICIERIER - F7 /—E&RD, BN Ak (Whoop#s U,
staccato#®h)

ABFHRE | BMIRE 7.500/uL(Ly 78%)
CRP<0.30 mg/dL BHEEZE(+)

PT FHA BRI
N 2 2 BRI (20f8) FiTHE (2015)
2BME 22 2

ABEHIR - 198/ SZMR 108 268 #1808

M3 HENGERZZEUCARORENBRRTROSNIERA (TH), FEROER

H, MM LERERLEZDEDTHI6% T,
A M Bk BT 8.7 + 2.6/mmb ) ¥ S ER I
40E12% T - 729,

CORIIAEHBEEZH SNDE Z LWLk
{, BYGBE LA LAHETH 5.

U & BBE  vol.98-n0.8 2010 (49) [1259
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R BEOREEICESHTH

&1 EHZBHEEE (X) 2008

BHRER 14BLLEOEP SV, pOTHREKRE—DLEEMFS (CDC 1997, WHO 2000)
1. BEEOKI A 2. BEMEE (whoop) 3. B AEOEM
EREDN
TGED S 4ABERILIA ¢ HEE, LAMPE-+HHILEIC & 5 MiE2
43BRLIRE LAMP iE+3 M3E S & 5 MBS HT
1. BEHEXES#
2. W=FEM : PCRIEZ /213 LAMP &
BEEATIR, LAMPERLESPFROBAKL 7 7L Xt 42— (EXBREEMERS £
UM ASEMRRERR) TLATELEY
3. IMiEEH
a) BEFEM
(1) DTP 77 F L kERIR - & Tk (WO, 77 F 4% GEHK wWThr40EE
(2) DTP7 U F 48R - EX /3R BB TEFMETZ 2V
WIBECORTH, 77F o H0nFhr4ELUENOEREL
BEWBTILENHD

1260

b) EIA% : PT (BHEER)-IgG

(1) DTP 72 F k@R - & 1 EUmLEIE (Ball-ELISA)

(2) DTP7 U F B - &% 1213 RHH

WME : e S h =R EE WY, 2ELUEERERIET S
B[ (£%) 94 EU/mLELE (Baughman AL, 2004), 100 EU/mLLELE (de Melker HE, 2000)
BEEERZMT EEFRERIEFEYTEY, RREZHEVTLDZALEVEE
BEDSE OBRFREREZYL, EREZHOI~300WThrFEETIEE
OEEFREREZU L, EREDMINABELOEMY» H oS

3. RABEBX

BATIEEI O EL ZWFEIIZZ LRV
TEBHEL, HHELIZLALRE#EBEINTIC
FLIEADBGERE & %2 o T A9, Bisgard b
&, FLIEE HBEOBLE T7~20 HLATIZE:
W olHExw YR L LTRE L. BRYER
AHIBE L 228 TR BESS {, RATRS,
LB, HXEE R o TS,

a) 2B EDETZEZELL20R LD
WMAZBIC T CEMUIES

W CIEPER L EFE T, 2ABLU EOBT
ZZLEBRABRELNRICRIIIRTEHK
ZHOBERICHE:, HHREERTHREL TS
727, BHEOZHIE, HUERHBEL LT,
Be3e X LAMPEELC & A PTEMG TR, Bl
& L CPTHUHMETIT o 7.

B H e RE b IR & b ARG, HIEK
¥, %) URERIZIEES E oS, ZBET
DY ORI E H BBgeht & IR R
THEEN S -7, A ARIIFHN L [51E
MO A OHMBERIZEHHCED» 7.
70 F v REEOILYNBER AL LEE

PHEAE  vol.98-n0.8 2010 (50)
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ZbhTwi [RAEEHERE] &, BATY
10.5~50.0% TRH b7z, [RKIEN % EFEH
DO \E, T ARRGEE L R L THE
ENROON, MZLOFRLERA Y PEE
ZAbhd (R2).
b) {EMIFHEZBMEBEDEHLDIS

1~ 48 #HE < Bt B S COE HE
FDE|EZ, WATO %R CEEICHE 8 & PCR
BXUHHBEE RN S PTICNT 5504
MDA THWT 5 &, BRADFREBES T
OEHERIZ1~17% (F¥13%) THho729,

28R

77 F RN T SRR
T o T&7N, ERESHE;BEMFIZE
FoTtwiw, ThIToHREYSEIZAEH
MR AR IIRT. RRERE, 14
HU EOBICH HAEE OB (BIEROK S
A, BRMEHE, B AEOERE) O—D2L
FAREIBEELTWS. FIEN S 48H L
PNCIERE 2 & BB IES: (PCREE, LAMP),
4 AL O MEZ M CHES 5.



F2 [2BEULOBK] ZEERICEZUCBABRED LAMPERY - BE1ER ORISR
LAMPEz1E (n =43)

BT RN

(n=17)
CH¥
47.5
7,022
31%
2B~ 4 F

(F4911.838) #1xt

10113 (76.9%)
3/13 (23.1%)
113 (7.7%)*

LAMP 514 - o
(5 =28} ik (REFRM S /213 PT-I9G) Bt
(n =26)
AR B#
Fg 51 46.9
B MERE 6,188 6,190
)2 NER (%) 28% 28%
S E TOROFEGEIR* 2BE~4»A 2EM~55F
(F95.038)* (Fi54.88)#11
RN & 18/20 (90.0%) * * 819 (42.1%) **
% Z & 14 DR 7/20 (35.0%) 3/19 (15.8%)
RIS 10/20 (50.0%) ** 2/19 (10.5%) *
HEHE 8/16 (50.0%) 10/19 (52.6%)

B 9/20 (45.0%)

BELV 7/20 (35.0%)
BTN ZS 6/20 (30.0%)
%08 2/20 (10.0%)

BEOK (RiEES E) 13/23 (56.5%) **

7113 (53.8%)
3/13 (23.1%)
4/13 (30.8%)
2/13 (15.4%)
4/13 (30.8%)
1/15 (6.6%)**f

4/19 (21.0%)
4/19 (21.0%)
1/19 (5.3%)
2/19 (10.5%)
9/19 (47.4%) 1t

#1 FHOHEHICIEFEE T1EREDOEG LR <
*% (AVSB) p<0.01, %% (AVSC) p <0.01

* (AVSB) p <0.05 % (AVSC) p<0.05 t (BVSC) p<0.01
BE D EH - U N (%) 28Rt RE, BMmMBRE - REE TOROEGEIE (B) (& 2484 Wilcoxon 185, EEFRAEIR IE Fisher ®

EERERTE.
(ELRPEE SRR AT - NEFH

1. 158

BRENPOFELDPVEEDDOVI AT T %
HWTHREZHRIL, EREICEAT .
SEERIZE INE T THE . IEIAY 2 FEIR
DA, BWOERIIH2% L&, FHDH
BELTHERTH L., BIREHBO-D, B
ZICHMNEAFMICHOETBLLEYD
5.

2. ERtEiEx (PCRiZ%, LAMP%)

B X DEEDS L, BHEMICHEL, 7B
BETHMRETE S, FRICLAMPIEIZHRG 72 6%
ERLETEW O, SHHAFEREL LTE
HCTE 5 REENH 5.

3. [MiE2SHmE

HHETIIBRERMRELIL CIHER ST
WL, EBRMICIZREORTHE ) HIES

v, WiETHELZIZ4FLED
EADPERTH L. BEHKGEHEL ETEZR
Lcsa, PUklinsd TIZER LT 2 ER)
b4, BRMPES TRV, HIETHWI
WD EIL, BEgeIEE DI S D3 IERE % HIkT
BTE R\,

FE#%0%E (enzyme immunoassay ;EIA) T
PT-IgG (immunoglobulin G) b HIETZ 5.
7272, PTRBFTOTXTODTaP T 7 F » D
FERETHY, 77 F BRI ERT
b, FOI, 77T EEROSH D EE Y
PWT 556, DIPT 7TV BEBEILT 5
LEHNDH B, WHOTIET 7 F M 6 34
B L BEICOWTOARREDREM % H#E
J/LTWBO, WFMFVERLE D05 FE
EADEEN V. BMEOHE, TAUA
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B BRIOBRRYEICESHTN

AR
= FLIRHR / IR /
BanBAnAEHEenE THE 11 g 2PR TR 18
2»B3NB4nASHBENATHNA 11ﬁﬁ(1)&)37‘)\ﬁ67)‘ﬁ] ARG SHE OB 10 1R 12 13/ 14 1%
*+—Z b 13MLIEI0FET &
7 5Ll EIRSET &
h+ & TRTOMTIREW
N U ZTEISENEE
Ky iE (EmitsE, Bk
RN, HERCE
(ST AmEA L)
TAUH
A% pr

M4 FKTOEEKD S FVEEN 6B LOES EHREINTVIEEFRS SUDHED DPT/DT &8

i

NEWFRE LHET, 94 EUmMLL L% B%
ELTWwWAhID,

A
BEEOSERERIE, B HEEIRERH
PRI CEAET A HAEMERICL L LE
ZHNTWA, IO, MEEITESNL
EASH 2 RTD B & VHET o TIER D ERE(L
WEMTH 50, RIEPBGRREABG R &
RSN, TR AT GO 70 W,
HHVWEIEP (R ETHOTEHRE: b
N5, ZOROPIRHERE I OLERF
B VH, BET S I & CTRENORE
WoHELIENTELLOEETH L. BF,
HEAGHS ~TH CEHBREIIRE L 2 5.
27U 4 FEFERIRETH 5.

y 707 v BENI R AR AT
NBZeDH oD, FRAEIELINTYE
v,

RAREE

7 X ANRRESTIE, OBRE L OEm
FETDTPY 7 F » 1~ 2 B E LB A,
QOFRENCRBE RN OEREEME X)) X

M & BB vol.98-n0.8 2010 (52)

O~ A 14 HBEWR, QOEBEEEE D EM
%21 HRIIB SRR L, BT HIRD 72 HRE#E
BARRES, PURENREHERL TWwa 2,
MeEEmE | & 3EEREEL3I 74— b
(#09m) LINTOXER 1 KL v E
NTORZELR EORRE HIT TV 5.

FiEE

DOOSENI TSRS, FE A EEI UG D
Mo ZHAEAKTY 2T ERRL, A
BT DA% BEEL, BIRISIEA 2 CRIRS
FMELEMREEE Y 2 F v 2% L. ¥
TT)T - BEBE NV A FEREL, DTaP
(a:acellular) & L TI19814EFkA HRALEL, 28
EHFEE L7z, BEEOmLEE & HIT/NNER
BHIIEFHIIEAL, BhoRReRLTEL
A%, 4R, MATEOIC 105 DL oo BB oS
LTWw5,

Rk CTIREER - RABEHBEARE LTH
LAY 77VT - HHEOFFEEZ MO L7
=fERE7 7 F ~ (Tdap) #EAL THEREL
TWwWa3, FHKY 7 F @ 6l ED
MokoE 4 &, #ERIN TV EEERTE
412 F. b ETHHML TEEEHE -
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