Tahle 2. Baseline Attributes of Participants in Phase IiI Study
Group M Control Group
(Formulation M + OPV
placebo) (DTaP + OPV)
n (%)

95% Cl (%)

n{%)  95% Cl{%)

6(54.5) 45.2-63

3.2-9.8

55.2-68.4

77(636) 54.4-722

” Tetanus

40.3-53.9 54(45.0) 35.9-54.3

104 (47.1)
tpel e
56-136 11092  4.7-15.8

type 3

Group M received Formulation M and OPV placebo, Control group received
DTaP and OPV.

Abbreviations: Cl, confidence interval; DTaP, diphtheria-tetanus-acellular
pertussis; FHA, filamentous hemagglutinin, OPV, oral polio vaccine; PT,
pertussis toxoid.

injection-site erythema, but most participants were <Grade 3
(long diameter <5 cm). The most common systemic adverse re-
action was pyrexia, but most participants were <Grade 3
(<39.0°C) in both groups. There were no statistically significant
differences in the incidence of Grade 3 or more severe pyrexia
between the 2 groups. Serious adverse reactions occurred in 2
participants. One participant in Group M was hospitalized due
to convulsions that occurred 20 days after the first immuniza-
tion with Formulation M. The patient recovered well 4 days
after hospitalization. The doctor who took care of this patient
commented that a relationship between this case and Formula-
tion M was probably very low, however, it could not be
completely denied. The other participant, in the Control group,
was hospitalized due to pneumonia that occurred 22 days after
the third immunization with DTaP. The patient recovered well
4 days after hospitalization. The doctor commented that a rela-
tionship could not be completely denied. Neither participant
was withdrawn from the study due to the adverse reaction.
Based on these results, it is considered that all adverse reactions
were clinically acceptable.

DISCUSSION

The Phase II and Phase III clinical studies revealed that the
DTaP-sIPV (Formulation M) induced a 100% seropositive rate
not only for the 3 types of Sabin strains, but also for the virulent
poliovirus strains (type 1: Mahoney strain, type 2: MEF-1
strain, type 3: Saukett strain) after the booster immunization. In
the manufacturing of DTaP-sIPV, the addition of sIPV did not
affect the immunogenicity of any DTaP component. Formula-
tion M was well tolerated. Based on the immunogenicity and
safety data obtained in these clinical studies, this DTaP-sIPV
was approved and licensed for use in Japan in July 2012 prior
to its worldwide approval.

DTaP-sIPV has been developed with 3 objectives. The first
objective is to prevent VAPP while maintaining a high immuni-
ty against polio. Theoretically, VAPP will not occur if the OPV
is replaced with an sIPV. In addition, the high immunization
rate of sIPV is expected to be maintained with DTaP-sIPV by
combining an sIPV with DTaP.

The second objective is to prevent paralytic poliomyelitis
caused by VDPVs. The spread of VDPVs has been suppressed
by enhancing the routine immunization with an OPV [3]. In
this study, the titers of neutralizing antibodies against poliovi-
ruses induced by the DTaP-sIPV were higher than those
induced by OPV. Simply comparing the neutralizing antibody
titers may not be sufficient to evaluate the comparative strength
of sIPV and OPV against poliovirus, because sIPV and OPV
may have different mechanisms for protection against polio.
However, it has been shown that neutralizing antibodies play a
major role in the protection, considering the efficacy of passive
immunization of gamma globulin and active immunization of
cIPV to control wild-type polioviruses [22-25]. Therefore, the
DTaP-sIPV may also be effective against VDPVs. In fact, trans-
genic mice immunized with an sIPV were protected against
VDPV [26].

The third objective is to prevent paralytic poliomyelitis
caused by wild-type viruses. While the eradication of polio
caused by wild-type viruses is close to completion, the possibil-
ity of polio import cannot be ruled out, given a recent outbreak
in China [27]. Therefore, it is very important to understand
whether immunity induced by sIPV can prevent polio caused
by wild-type polioviruses. The efficacy of DTaP-sIPV should
have been evaluated in an efficacy study, but it was impossible
to conduct such a study in Japan where polio has already been
eradicated. Therefore, in this study we used the neutralizing an-
tibody titer as a surrogate marker.

In the Phase II clinical study, the seropositive rate was 100%
for the virulent poliovirus types 1, 2, and 3 after the booster im-
munization with Formulation M. The neutralizing antibody
titer against virulent poliovirus strains was similar to that
against corresponding Sabin types 2 and 3, but the titer against
the virulent poliovirus type 1 tended to be lower than that
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Table 3. Seropositive Rates and Geometric Mean Antibody Titers After Primary Immunization in Phase Ill Study

Group M Control Group
(Formulation M + OPV placebo) (DTaP + OPV)
(n=221° (n=120)°
Seropositive Rate (%) GMT Seropositive Rate (%) GMT

Antigen (95% Cl) (95% Cl) (95% ClI) (95% ClI) Pvalue

7.5(3.5-13.8) 1.38°(1.20-1.56)
99.2 (95.4-100.0) 39.2 (34.6-44.6)

100.0 (96.9-100.0)
0.0(96.9

Group M received Formulation M and OPV placebo, Control group received DTaP and OPV. Primary immunization consisted of 3 immunizations. Seropositive
is >1:8(2).

Abbreviations: Cl, confidence interval; DTaP, diphtheria-tetanus-acellular pertussis; EU, enzyme-linked immunosorbent assay units; FHA, filamentous
hemagglutinin; GMT, geometric mean titer; IU, international units; OPV, oral polio vaccine; PT, pertussis toxoid.

® Immunogenicity population for Sabin polioviruses: 221 participants in Group M, 120 participants in Control group. Immunogenicity population for DTaP
components: 217 participants in Group M, 119 participants in Control group.

b
(loga).
¢ Superiority of Group M for Sabin polioviruses: 1-sample binomial test (to verify that null hypothesis [seropositive rate <90%] could be rejected).

9 Noninferiority of Group M to the Control group for DTaP components: Farrington—Manning test (to verify that Group M was not inferior to the Control group by
more than 10%) in seropositive rate.

Table 4. Seropositive Rates and Geometric Mean Antibody Titers After Booster Immunization in Phase Il Study

Group M Control Group
(Formulation M + OPV placebo) (n = 218)° (DTaP + OPV) (n= 119y
Seropositive Rate {%) GMT Seropositive Rate (%) GMT

Antigen (95% CI) (95% Cl) (95% Cl) (95% CI) Pvalue

S’ab‘ink‘s’t(ai’n typel k12.13’b {11.93-12.33) 97.5(92.8-99.5) 11.55b(11 10-12.01)
Sebinstraintype2 1261°(1246-1277)  992(954-1000) b
Sabin strain type3 (75.2-89.4)

12.22°(12.03-12.42) 83.2

©100.0 (98.3-100.0) 196(176-2200  100(96.9-10

100.0(98.3-1000) 255(232-279)  100(96.9-100.0 -
(UML) 100.0(98.3-100.0) 18.0(16.3-19.9) 100 (96.9-100.0)
Tetanus (IU/mL)  100.0(983-100.0) 544766120  100(96.9-100.0

Group M received Formulation M and OPV placebo, Control group received DTaP and OPV. Booster immunization was the fourth immunization. Seropositive is
>1:8(29).

Abbreviations: Cl, confidence interval; DTaP, diphtheria-tetanus-acellular pertussis; EU, enzyme-linked immunosorbent assay units; FHA, filamentous
hemagglutinin; GMT, geometric mean titer; IU, international units; OPV, oral polio vaccine; PT, pertussis toxoid.

2 Immunogenicity population for Sabin polioviruses: 218 participants in Group M, 119 participants in Control group. Immunogenicity population for DTaP
components: 214 participants in Group M, 118 participants in Control group, whose blood samples were collected.

b
{logy).
¢ Superiority of Group M for Sabin polioviruses: 1-sample binomial test (to verify that null hypothesis [seropositive rate <90%)] could be rejected).

9 Noninferiority of Group M for DTaP components: Farrington-Manning test (to verify that Group M was not inferior to Control group by more than 10%) in
seropositive rate.
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Table 5. Adverse Reactions in Phase Il Study

Group M Control Group

(Formulation M + OPV placebo) (DTaP + OPV)

Adverse reaction n (%) 95% Cl (%) n {%) 95% Cl (%)

2.9-12.6
46.1-64.4

5 (13.2%
_108%)
. 10(83%)

Pharyngeal erythema

Group M received Formulation M and OPV placebo, Control group received DTaP and OPV. Adverse reactions with an incidence of >5% in any group are listed.
Abbreviations: Cl, confidence interval; DTaP, diphtheria-tetanus-aceliular pertussis; OPV, oral polio vaccine.
2 Defined as axillary temperature of »37.5°C.

against corresponding Sabin type 1, although being much  for Biological Standards and Control for comparison with the
higher than the protective level. Subsequently, the neutralizing  previously reported results of clinical studies of cIPV, as shown
antibody concentrations (IU/mL) were calculated using the in- in Table 6 [28, 29]. The concentration of neutralizing antibody
ternational standard serum provided by the National Institute  against virulent type 1 induced by Formulation M after the

Table 6. Comparison of Concentration (IU/mL) of Neutralizing Antibodies against Virulent Poliovirus Strains Induced by DTaP-sIPV and
clPVs

Neutralizing Antibody Concentration (IU/mL, geometric mean)a (95% CI)

After Primary Immunization® After Booster Immunization

Vaccine Type 1 Type 2 Type 3 Type 1 Type 2

DTaPsIPV (FormulationM) ~ 15(1.1-1.9)  10(7.2-14)  44(31-62)  91(67-14)  240(150-360)
cIPV(IP\‘/-‘A’)C 2.1 36 - 50 25
clPV (IPV-B e oy

Abbreviations: Cl, confidence interval; cIPV, conventional IPV produced using virulent polioviruses; DTaP, diphtheria-tetanus-acellular pertussis; IPV, inactivated
polio vaccine; 1U, international units; OPV, oral polio vaccine; siPV, IPV using attenuated Sabin strains.

2 The neutralizing antibody titers (log,) were converted into the neutralizing antibody concentrations (IU/mL) using international standard serum provided by the
National institute for Biological Standards and Control.

> DTaP-sIPVand cIPV were administered in 3 doses and 2 doses, respectively, for primary immunization,
¢ Data were cited from reference No. 28.
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primary and booster immunizations was comparable to that
after the primary and booster immunizations with a cIPV, indi-
cating that Formulation M is expected to prevent polio caused
by wild-type polioviruses as effectively as the cIPV with an es-
tablished efficacy. In a similar analysis for virulent types 2 and
3, the antibody concentration after the primary and booster im-
munizations with Formulation M was equal to or higher than
that with cIPV, strongly suggesting that DTaP-sIPV is also ef-
fective for wild-type polioviruses.
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Immunogenicity and Safety after Booster Vaccination of Diphtheria,
Tetanus, and Acellular Pertussis in Young Adults: an Open
Randomized Controlled Trial in Japan

Megumi Hara, Kenji Okada,® Yuko Yamaguchi,© Shingo Uno,° Yasuko Otsuka,® Chisato Shimanoe,® Hinako Nanri,® Mikako Horita,?
Iwata Ozaki, Yuichiro Nishida,® Keitaro Tanaka®

Department of Preventive Medicine, Faculty of Medicine, Saga University, Saga City, Japan® Department of Pediatrics, Fukuoka Dental College, Fukuoka City, Fukuoka,
Japan®; The Chemo-Sero-Therapeutic Research Institute (Kaketsuken), Kumnamoto City, Kumamoto, JapanS; Health Care Center, Saga University, Saga City, Saga, Japan®

The recent increase of pertussis in young adults in Japan is hypothesized to be due in part to waning protection from the acellu-
lar pertussis vaccine. While a booster immunization may prevent an epidemic of pertussis among these young adults, little is
known about the safety and immunogenicity of such a booster with the diphtheria, tetanus, and acellular pertussis vaccine
(DTaP), which is currently available in Japan. One hundred and eleven medical students with a mean age of 19.4 years were ran-
domly divided into 2 groups of 55 and 56 subjects and received, respectively, 0.2 or 0.5 ml of DTaP. Immunogenicity was as-
sessed by performing the immunoassay using serum, and the geometric mean concentration (GMC), GMC ratio (GMCR), sero-
positive rate, and booster response rate were calculated. Adverse reactions and adverse events were monitored for 7 days after
vaccination. After booster vaccination in the two groups, significant increases were found in the antibodies against pertussis
toxin, filamentous hemagglutinin, diphtheria toxoid, and tetanus toxoid, and the booster response rates for all subjects reached
100%. The GMCs and GMCRs against all antigens were significantly higher in the 0.5-ml group than in the 0.2-ml group. No se-
rious adverse events were observed. Frequencies of local reactions were similar in the 2 groups, although the frequency of severe
local swelling was significantly higher in the 0.5-ml group. These data support the acceptability of booster immunization using
both 0.2 and 0.5 ml of DTaP for young adults for controlling pertussis. (This study was registered at UMIN-CTR under registra-

tion number UMIN000010672.)

During the last few decades, the number of reported pertussis
cases has increased in developed countries, despite high vac-
cination coverage (1). This resurgence of reported pertussis has
been hypothesized to be due to several reasons, including in-
creased awareness of pertussis; use of PCR assay for diagnosis;
failure of the diphtheria, tetanus, and acellular pertussis vaccine
(DTaP); and genetic changes in circulating strains of Bordetella
pertussis (2, 3). DTaP does not confer lifelong immunity, and it
has been reported to last for 4 to 12 years after infant immuni-
zation (4). A recent study demonstrated that after the fifth dose
of DTaP, protection against pertussis waned during the follow-
ing 5 years, and the risk of pertussis increased by an average of
42% per year (5).

The prevalence of pertussis in Japan was estimated to be 2.4
(95% confidence interval, 1.6 to 3.3) per 100,000 population in
2007 (see the National Institute of Infectious Diseases fact sheet
for pertussis vaccine [in Japanese] at http://www.mhlw.go.jp/stf
/shingi/2r9852000000bx23-att/2r9852000000byfg.pdf), while the
prevalence in the United States was reported to be 9.0 per 100,000
population in 2010 (3). It is difficult to compare these values,
because of differences of diagnostic methods applied and case def-
initions for surveillance. However, the proportion of adults
among recently reported pertussis cases has been increasing in
Japan (see the National Institute of Infectious Diseases fact sheet),
even though underreporting of adult cases was suspected due to
the fact that pertussis cases were primarily reported from pediatric
clinics. In Japan, children receive 4 doses of the DTaP vaccine,
with 3 primary doses and a single booster dose at ages 3, 4, 5, and
18 to 23 months. Thus, a decreased protective effect of the vaccine
may contribute to the increasing frequency of pertussis in the last
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decade on college campuses and in high schools and offices in
Japan (6-10). Pertussis prevention among young adults is impor-
tant because unrecognized adult pertussis is the major source of
pertussis in young infants, in whom the disease can be severe and
fatal (2).

The tetanus, reduced antigen content diphtheria, and acellular
pertussis vaccine (Tdap) is used as a booster vaccination world-
wide for adults, and its effects in adolescents and adults, as well as
in specific risk groups, such as pregnant women and their new-
borns, health care workers, and older adults, have been reported
(11-13). Since Tdap has not yet been licensed in Japan, DTaP may
be available for booster immunization in the interim. Safe and
effective booster immunization using DTaP in adolescents has
been confirmed (14); however, little is known about the immuno-
genicity and safety of the DTaP vaccine in young adults. In this
study, we examined the immunogenicity and safety of 0.2 and 0.5
ml of DTaP in young adults in Japan.

MATERIALS AND METHODS

Study subjects and design. The participants were recruited at the Saga
University, located in southern Japan, where an outbreak of pertussis had
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occurred among medical students during April and May in 2010. After the
outbreak, we used an enzyme-linked immunosorbent assay (ELISA) at a
commercial laboratory (SRL, Tokyo) to examine antibodies against per-
tussis toxin (PT) in all 548 students during July and August 2010. We
found that the levels of antibodies against PT among 258 students (47%)
were <10 ELISA units (EU)/ml, and those among 24 students (4%) were
=100 EU/ml. We announced the participation of these students in this
study during August 2011. Students were excluded from participation if
their antibody levels against PT were =100 EU/ml in 2010; if they had any
history of diphtheria, tetanus, and pertussis; if they had received any other
drug or vaccine within 30 days of entry; if they had a history of allergic
reactions to any vaccine component; or if they had received immunoglob-
ulins or any blood products. Subjects were also excluded if they had acute
disease or febrile illness at the time of vaccination. Overall, 111 students
aged 19 to 20 years participated in this study. They had undergone pri-
mary vaccination with the DTaP vaccine in Japan during childhood. The
immunization histories of 83 subjects were confirmed by checking their
immunization records, whereas those of the remaining 28 subjects could
not be verified because they did not submit their records.

This study (registered at UMIN-CTR under registration number
UMINO000010672) was an open randomized controlled trial performed
using blocked randomization for gender and prevaccination antibody lev-
els against PT. The study subjects were stratified according to seropositiv-
ity for PT (PT-IgG, =10 EU/ml) or nonseropositivity for PT (PT-1gG,
<10 EU/ml) in the previous year, and according to gender. Then, the
subjects within each group were randomly assigned to receive 0.2 or 0.5 ml
of DTaP vaccine. Serum samples were obtained before immunization and
1 month after immunization. All serum specimens were stored at —~80°C
until assayed. All subjects were included in the safety and immunogenicity
analysis.

The study was conducted in accordance with good clinical practice
guidelines and the principles of the Declaration of Helsinki and Japanese
regulatory requirements. The study protocol was approved by the Insti-
tutional Review Board of the Saga University Faculty of Medicine (ap-
proval number 23-14, 2011). The nature and possible consequences of the
study were discussed at length with all subjects, and written informed
consent for participation was obtained from all.

Vaccines. The single doses of 0.2 and 0.5 ml of adsorbed diphtheria-
purified pertussis-tetanus combined vaccine (DTaP vaccine, lot number
42A; Kaketsuken) contained 3.2 and 8 p.g of PT, 12.8 and 32 pg of fila-
mentous hemagglutinin (FHA), <6.7 and <16.7 Lf of diphtheria toxoid
(D), and =2.7 and =6.7 Lf of tetanus toxoid (T, respectively. This DTaP
also contained 0.004 mg/m! of thimerosal, <3 mg/ml of aluminum hy-
droxide, and <1 mg/ml of formalin. The vaccine was administered sub-
cutaneously in the lateral upper arm by using a 27-gauge needle of length
25 mm.

Assessment of safety. All subjects were carefully observed for anaphy-
lactic shock for at least 30 min after vaccination. To assess for adverse
reactions occurring during the initial 24 h and the 7 days immediately
following vaccination, the subjects were asked to perform daily self-assess-
ments and record their body ternperature at the axillary fossa and their
adverse reactions based on a standard health care diary. Adverse reactions
occurring within 24 h included the following: fever (temperature of
238.0°C), eye hyperemia, facial edema, cough, dyspnea, dysphasia,
hoarseness, and sore throat. After 24 h, the adverse local symptoms con-
sisted of erythema, swelling, pain, warmth, and pruritus, whereas systemic
reactions included fever (temperature of =38.0°C), headache, fatigue,
cough, and sore throat. The degrees of erythema and swelling in the local
reactions were evaluated by the diameter of the swelling and were defined
as follows: mild (<2.0 cm), moderate (2.0 to 4.9 cm), and severe (=5.0
cm). The degrees of pain, warmth, and pruritus in local reactions were
also categorized based on the patients’ perceptions and defined as follows:
mild, if the patient was aware of the reaction but not concerned; moderate,
if the patient was anxious; and severe, if the patient required medication
for pain and/or pruritus. All subjects were monitored for 6 months after
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vaccination to get the maximum information regarding unexpected seri-
ous adverse events.

Serological assays. Serum antibodies against PT, FHA, D, and T were
concurrently measured by Kaketsuken. Antibodies to PT and FHA were
measured using standard enzyme-linked immunosorbent assays (ELISA),
and pertussis antibody titers were expressed as ELISA units (EU)/ml (15).
Diphtheria antitoxin titers were examined using the micro cell culture
method with Vero cells and expressed as international units (IU)/ml (16).
Tetanus antitoxin titers were determined using a KPA kit (Kaketsuken,
Japan) and expressed as international units (IU)/ml (17). Limits of quan-
tification for each antibody against PT, FHA, D, and T were 1.0 EU/ml, 1.0
EU/ml, 0.005 TU/ml, and 0.005 IU/ml, respectively. Seropositive levels
were defined as =10 EU/ml for antibodies against PT and FHA, =0.1
IU/ml for diphtheria antitoxin, and =0.01 IU/ml for tetanus antitoxin
(14). Abooster response for PT and FHA was defined as a postvaccination
antibody concentration of =20 EU/ml with a prevaccination antibody
concentration of <5.0 EU/ml, a postvaccination rise of at least 4 times the
prevaccination antibody concentration in subjects with a prevaccination
antibody concentration of 5.0 to 20 EU/ml, or at least twice the prevacci-
nation antibody concentration in subjects with a prevaccination antibody
concentration of =20 EU/ml. Booster responses for D and T were defined
as a postvaccination antibody concentration of 0.4 IU/ml with a prevac-
cination antibody concentration of <0.1 IU/ml, or a postvaccination in-
crease of at least 4 times the prevaccination antibody concentration with
an initial concentration of =0.1 IU/m] (18).

Statistical analyses. The primary objective of the study was to dem-
onstrate booster response rates of at least 80% for PT, FHA, D, and T in
the two groups. The chi-square test or Fisher’s exact test was used to
compare the baseline characteristics or seropositivity rates and frequency
of adverse reactions between the groups. The 95% confidence interval
(CI) of seropositivity rates were calculated with the exact binomial distri-
bution for proportions. Because distributions of antibodies were skewed,
all antibody calculations were done using a log scale. The Wilcoxon rank-
sum test was used to compare the GMC and GMC ratio (GMCR) between
the 2 groups, while the Wilcoxon signed-rank test was used to determine
the significance of the increase in antibodies after vaccination in each
group. Hypothesis testing was conducted using two-sided tests, withan o
value of 0.05 considered statistically significant. All statistical analyses
were performed using the SAS software (version 9.1).

RESULTS

Baseline characteristics of the subjects. Baseline demographic
characteristics of the 2 groups are shown in Table 1. There were no
statistical differences between the 2 groups in the proportions
of female subjects, age distributions, DTaP histories, current
diseases, and allergy histories. Furthermore, the distributions
of prevaccination antibodies and seropositivity rates before
vaccination against PT, FHA, D, and T were similar in the 2
groups (Table 2).

Immunogenicity. After each DTaP vaccination, each group
demonstrated significant increases in the GMC and GMCR of
antibodies and seropositivity rates against PT, FHA, D, and T
(Table 2). The immune responses were significantly lower in the
0.2-ml group than in the 0.5-ml group; however, both groups
reached 100% seropositivity and booster response rates against all
antigens. These results satisfied our primary objectives.

Safety. No serious adverse events occurred during the study
period. Several adverse reactions occurred, but all were transient
and occurred at similar frequencies in the 2 groups (Table 3).
Within 24 h after vaccination, the most frequent symptoms were
cough (3.6%), dysphasia (3.6%), and sore throat (3.6%). After
24 h, local reactions were frequently observed, with few sys-
temic reactions. The onset of local reactions is summarized in
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TABLE 1 Baseline characteristics of the study subjects

Booster DTaP Vaccination in Young Adults

TABLE 3 Adverse reactions after vaccination

Values for subjects who received:

0.2 ml DTaP 0.5 ml DTaP

Characteristic (n = 55) (n = 56) P
Female (n [%]) 42 (76.4) 41 (73.2) 0.703
Age (mean * SD) (yr) 194 = 1.2 194+ 0.8 0.97
DTP history (n [%])

1 dose 1(1.8) 0(0) 0.617

3 doses 2(3.9) 2(3.9)

4 doses 33 (63.5) 37 (72.6)

Uncertain 16 (30.8) 12 (23.5)
Disease (7 [%])

Asthma 1(1.8) 0(0) 0.496

Atopic dermatitis 2 (3.6) 2(3.6) 1
Allergy history (n [%])

Drugs 3(5.4) 2(3.6) 0.679

Foods 7 (12.7) 3 (5.4) 0.202

2 P values were tested by the ¢, chi-square, or Fisher’s exact test.

Table 4. Erythema, swelling, and pain were reported by more
than half of the subjects. Most injection site reactions resolved
within 3 days.

The severities of the local reactions are summarized in Table 5.
The frequencies of severe local reactions tended to be higher in the
0.5-ml group than in the 0.2-ml group. Moreover, the frequency
of local swelling was significantly higher in the 0.5-ml group than
in the 0.2-ml group (relative risk [RR], 4.42; 95% CI, 1.00 to
19.54). However, none of these reactions affected the subjects’
ordinary daily activities.

No. (%) of subjects with adverse

reaction to:
Time span and 0.2 ml DTaP 0.5 ml DTaP
adverse reaction (n=55) (n = 56) P
Within 24 h
Fever (238.0°C) 0(0) 1(1.8) 1.000
Eye hyperemia 0(0) 1(1.8) 1.000
Face edema 0(0) 1(1.8) 1.000
Cough 2(3.6) 2(3.6) 1.000
Dyspnea 0(0) 1(1.8) 1.000
Dysphasia 0(0) 2(3.6) 0.495
Hoarseness 0(0) 1(1.8) 1.000
Sore throat 1(1.8) 2(3.6) 1.000
After24 h
Local reaction
Erythema 39 (70.9) 33 (58.9) 0.186
Swelling 33 (60.0) 33 (58.9) 0.908
Pain 34 (61.8) 38 (67.9) 0.505
Hotness 23 (41.8) 27 (48.2) 0.444
Itching 27 (49.1) 25 (44.6) 0.639
Systemic reaction
Fever (=38.0°C) 0(0) 1(1.8) 1.000
Headache 0(0) 2(3.6) 0.495
Fatigue 3 (5.5) 2(3.6) 0.679
Cough 1(1.8) 2(3.6) 1.000
Sore throat 2(3.8) 1(1.8) 0.618

P values were tested by Fisher’s exact test or chi-square test.

DISCUSSION

In this randomized clinical trial comparing 0.2 ml to 0.5 ml of
DTaP vaccine in young adults, we showed that effective immuno-
genicity for PT, FHA, D, and T was achieved in both groups. All

TABLE 2 Antibody GMCs, seropositive levels, and booster responses after DTaP vaccinations®

GMC concn (per ml [95% CI])

No. (%) (95% CI) of subjects who

were seropositive® No. (%) (95% CI)

Dose of subjects with a
Antibody (ml) n Prevaccination Postvaccination GMCR P Prevaccination  Postvaccination  booster response’
Anti-PT 0.2 55 7.81(5.31,1149)EU  90.90(73.95,111.74) EU  11.6 <0.0001 23 (42) (29,56)  55(100) (94, 100) 55 (100) (94, 100)
0.5 56 6.83(4.97,9.40)EU 168.71 (141.93,200.54) EU 24.7 <0.0001 21(38)(25,52) 56 (100) (94, 100) 56 (100) (94, 100)
P 0.6205* <0.0001¢ <0.0017 0.6434° NC NC
Anti-FHA 0.2 55 24.39(16.76,35.51) EU 213.36 (177.63, 256.26) EU 8.7 <0.0001 43 (78) (67,88)  55(100) (94, 100) 55 (100) (94, 100}
0.5 56 20.71(15.48,27.72)EU 397.77 (333.80, 474.00) EU 19.2 <0.0001 40 (71) (58,52) 56 (100) (94, 100) 56 (100) (94, 100)
P 0.4951° <0.0001" <0.001* 0.4148° NC NC
Anti-D 0.2 55 0.22(0.16,0.30) [U 4.29 (3.53,521) IU 19.8 <0.0001 41 (75) (63,86) 55 (100) (94, 100) 55 (100) (94, 100)
0.5 56 0.21(0.15,0.30)IU 6.28 (4.86,8.11) IU 30.1 <0.0001 39 (70) (56,81) 56 (100) (94, 100) 56 (100) (94, 100)
P 0.9016% 0.0109% 0.017 0.5666° NC NC
Anti-T 0.2 55 0.25(0.18,0.34) IU 1.46 (1.26, 1.69) IU 5.9 <0.0001 55 (100) (94, 100) 55 (100) (94, 100) 55 (100) (94, 100)
0.5 56 0.27(0.21,0.35)IU 2.52(2.14,2.96) 1IU 9.4 <0.0001 56 (100) (94, 100} 56 (100) (94, 100) 56 (100) (94, 100)
P 0.9112% <0.0001¢ <0.001* NC NC NC

@ P values were calculated between groups by using the Wilcoxon rank-sum test with a log scale of antibodies.
b p values were calculated between prevaccination and postvaccination by using the Wilcoxon signed-rank test with a log scale of antibodies.
¢ P values were calculated between groups by using the chi-square test.
4 CI, confidence interval; GMC, geometric mean concentration; GMCR, ratio of GMC of prevaccination to postvaccination; NC, not compared.
¢ Seropositive Jevels were defined as =10 EU/ml for antibodies against PT and FHA, 0.1 IU/ml for those against diphtheria toxoid, and =0.01 IU/ml for those against tetanus

toxoid.

fBooster responses for PT and FHA were defined as postvaccination antibody concentrations of 220 EU/ml with a prevaccination antibody concentration of <5.0 EU/ml, a
postvaccination rise of at least 4 times the prevaccination antibody concentration in subjects with a prevaccination antibody concentration of 5.0 to 20 EU/m, or at least twice the
prevaccination antibody concentration in subjects with a prevaccination antibody concentration of =20 EL U/ml. Booster responses for D and T were defined as a postvaccination
antibody concentration of 20.4 IU/ml with a prevaccination antibody concentration of <0.1 IU/ml or a postvaccination increase of at least 4 times the prevaccination antibody
concentration with an initial concentration of =0.1 IU/ml.
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TABLE 4 Onset of local reactions
No. (%) of subjects with indicated local reaction

Local Vaccine Day of onset Total no. (%) with
reaction dose (ml) 0 1 2 3 4 5 6 7 indicated reaction
Erythema 0.2 10 (18.2) 14 (25.5) 11 (20.0) 3 (5.5) 0 0 1(1.8) 0 39 (70.9)

0.5 9(16.1) 14 (25.0) 8(14.3) 1(1.8) 0 1(1.8) 0 0 33 (58.9)
Swelling 0.2 6(10.9) 15 (27.3) 9 (16.4) 2 (3.6) 0 1(1.8) 0 0 33 (60.0)

0.5 8(14.3) 15 (26.8) 8(14.3) 2(3.6) 0 0 0 0 33 (58.9)
Pain 0.2 11 (20.0) 14 (25.5) 7 (12.7) 2(3.6) 0 0 0 0 34 (61.8)

0.5 15 (26.8) 17 (30.4) 5(8.9) 1(1.8) 4] 0 ] 0 38 (67.9)
Hotness 02 7(12.7) 10 (18.2) 4(73) 2(3.6) 0 0 0 0 23 (41.8)

0.5 8(14.3) 8(14.3) 10 (17.9) 1(1.8) 0 0 0 0 27 (48.2)
Itching 0.2 8(14.5) 10 (18.2) 4(7.3) 2 (3.6) 2 (3.6) 1(1.8) 0 0 27 (49.1)

0.5 6(10.7) 12 (21.4) 6(10.7) 0 1(1.8) 0 0 0 25 (44.6)

subjects in the two groups demonstrated sufficient booster re-
sponses against all vaccine antigens. None of the severe adverse
reactions observed required medications. The total number and
onset of local and systemic reactions between the 2 groups were
similar, although the frequency of severe local swelling was signif-
icantly higher in the 0.5-ml group (P < 0.05). Thus, both doses of
DTaP may provide adequate booster immunization in young
adults in Japan, where the Tdap vaccine has not yet been licensed.

Clinical trials evaluating the duration of protective immunity
provided by 3 or 4 doses of DTaP against pertussis demonstrated
that protective immunity was sustained for 5 to 6 years after im-
munization (19, 20). The immumization schedule of DTaP in Ja-
pan consists of 4 doses in young children during 4 to 23 months of
age and 1 dose of DT during 11 and 12 years of age. Thus, in our
study participants, 17 to 18 years had elapsed since their last im-
munization. In our study, the prevaccination antibody seroposi-
tivity rates against pertussis were around 40% for PT and 70 to
80% for FHA, which are lower than those reported in Japanese

TABLE 5 Degrees of local reactions

adolescents (14) and Finnish young adults (21). In the former
study, seropositivity rates against pertussis were 52 to 59% for PT
and 79 to 86% for FHA among the adolescents, who were immu-
nized for pertussis about 10 years prior (14). In the latter study,
seropositivity rates at 10 years after the fifth dose of Tdap were
61.3% for PT and 100% for FHA (21).

Since immunogenicity to vaccination is influenced by the pre-
vaccination antibody level, vaccination history, doses of vaccine
components, and laboratory where the antibodies were measured,
it is difficult to compare immunogenicity between previous stud-
ies using Tdap and the present study. With regard to the prevac-
cination antibody level, we observed antibody levels against PT
and FHA that were lower than those in previous studies (14, 21).
Thus, immunogenicities in our subjects may have been lower than
those of the previous studies if the components of the vaccine were
the same. The 0.5 ml of DTaP vaccine (Kaketsuken) contains the

" same dose of PT and higher doses of FHA, D, and T than the
Boostrix Tdap (13) and higher doses of PT, FHA, D, and T than

No. (%) of subjects with:

Reaction

Vaccine Absence of Risk ratio (95% CI)? for
Type of reaction® dose (ml) reaction Mild Moderate Severe severe local reactions
Redness 0.2 16 (29) 5(13) 26 (67) 8 (21) 1 (reference)

0.5 23 (41) 5(15) 17 (52) 11 (33) 1.35 (0.59-3.10)
Swelling 0.2 23 (42) 8 (24) 22 (67) 2 (6) 1 (reference)

0.5 23 (41) 6 (18) 18 (55) 9 (27) 4.42 (1.00-19.54)
Pain 0.2 21 (38) 23 (68) 10 (29) 1(3) 1 (reference)

0.5 18 (32) 22 (58) 13 (34) 3(8) 2.95 (0.32-27.47)
Warmth 0.2 32 (58) 20 (87) 3(13) 1 (reference)

0.5 29 (52) 21(78) 6 (22) 1.96 (0.52-7.46)
Pruritus 0.2 28 (51) 14 (52) 12 (44) 1(4) 1 (reference)

0.5 31 (55) 6 (24) 16 (64) 3(12) 2.95 (0.32-27.47)

“ Degrees of redness and swelling: mild (<2.0 cm), moderate (2.0 to 4.9 cm), or severe (=5.0 cm). Degrees of pain, warmth, and pruritus: mild (sensed, but not anxious about),

moderate {anxious), or severe (needs medication).
5 Cl, confidence interval.
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