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Two batches each of diphtheria-tetanus-acellular pertussis vaccine (DTaP) and that combined with
inactivated polio vaccine purchased from the U.S.A., European and Asian markets were compared with
Japanese DTaPs by Japanese control tests for DTaP and laboratory models for local reaction. All the
imported vaccines met Japanese criteria for toxicities of acellular pertussis vaccine except for the tox-
icity to mouse weight gain (body weight decreasing (BWD) toxicity). When injecting into mouse footpad,

rabbit back skin and mouse quadriceps muscle, the imported vaccines induced much severer inflam-
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mation and tissue injury comparing to Japanese DTaPs irrespective of animal species, injection site and
injection volume suggesting that these vaccines may induce stronger local reactogenicity.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

In the mid 1970s, Japanese immunization program with
diphtheria-tetanus-whole cell pertussis vaccine (DTwP) was tem-
porarily suspended after two cases of post-vaccination death.
According to the loss of public confidence in the safety, acceptance
rate of the vaccination was decreased and resulted in the recurrence
of whooping cough until introduction of DTaP in 1981 [1]. The new
vaccine development was targeted to reduce detectable toxicities to
one tenth of the level of DTWP. Quantitative laboratory test methods
necessary for achieving the goal were developed [2] and imple-
mented in Minimum Requirements for Biological Products of Japan
(Japanese Minimum Requirements) in 1981 for controlling newly
developed acellular pertussis vaccines (aPs) [3]. Despite there is
some variation in the vaccine formulation depending on the source
manufacturer, a certain extent of consistency of the vaccines irre-
spective of deriving manufacturer has been achieved by the uniform
regulations on the levels of potencies and antigen contents pre-
scribed in Japanese Minimum Requirements. Japanese DTaPs are
highly safe and effective [4]. DTaPs using exported aP bulk materi-
als from Japan were licensed in the U.S.A. for the fourth and fifth
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doses in 1992. Three DTaP products developed in the US.A. and
Europe were licensed in the U.S.A. in 1996 and fully implemented in
1997. The implementation of DTaP was followed by other countries
[5.6]. ‘

Vaccines from different manufacturers need to have a certain
level of consistency to be used interchangeably in the primary and
booster immunizations. Although DTaPs have been used in Japan,
the U.S.A., Europe and some Asian countries for decades, there have
been no attempt of direct comparison of the available vaccines even
in a laboratory test so far.

Severe local reactions particularly to booster immunizations
with DTaP have been reported in recent years [7-10], while local
reactions to the primary dose have not been noted. However, the
surface observation of injection sites, which is the only clinical
measure for evaluating local reactions to vaccines, might have a
limitation in detecting inflammatory reactions, if any, to a vaccine
injected deeply into muscles as far as not showing evident reactions
such as strong swelling. Japanese DTaPs are administered subcuta-
neously (Japanese Minimum Requirements), while those in other
countries are given intramuscularly and all the vaccines have been
regarded clinically tolerated.

In the present study, we compared the DTaPs for subcutaneous
use and those for intramuscular use in mouse footpad swelling,
rabbit skin swelling and mouse intramuscular injection models for
local reaction. The footpad swelling test using mouse or rat has
been utilized for investigating local reactions to pertussis vaccine
[11-14] and also the rabbit skin test has been reported in relation
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to local reactions at injection sites [15,16]. However, little is known
about their clinical relevance to DTaP-related local reactions. We
developed a laboratory test system based on the combination use
of animal species or strains, injection sites and injection volumes
for evaluating equivalence or difference of vaccines in terms of local
reactogenicity.

DTaPs of various sources were directly compared by Japanese
control tests and the laboratory test system for local reaction and
were found to be significantly different depending on their source.
We are presenting the results to discuss a possible impact on safety
of the different vaccines in the present paper.

2. Materials and methods
2.1. Reference preparation

Reference Pertussis Vaccine for toxicity tests Lot 2 (Reference
Vaccine) was a lyophilized whole cell preparation of inactivated
pertussis organisms being used for the National Control Tests for
acellular pertussis vaccines in Japan [3]. Its assigned unit values of
body weight decreasing (BWD), leukocytosis-promoting (LP) and
histamine-sensitizing (HS) toxicities were 1368 BWDU, 36.0 LPU
and 48.0 HSU per vial, respectively. A vial of the vaccine was recon-
stituted in 12 mL of physiological saline and was serially diluted at
four fold intervals from 1 in 1 to 1 in 64 for use.

2.2. Vaccines

Two batches each of DTaP and DTaP-inactivated poliomyelitis
vaccine (IPV) used in the present study were for intramuscular use
and were purchased from the U.S.A., European and Asian markets.
Japanese DTaPs which were for subcutaneous use were those sub-
mitted for National Control Tests during 1999 and 2005. Batches
of the imported vaccines and a representative J[apanese DTaP were
designated as A, B, C, D and ], respectively, and their formulations
are shown in Table 1.

2.3. Pertussis toxicity tests

BWD, LP and HS toxicity tests were performed according
to Japanese Minimum Requirements [3]. In brief, groups of 10
female mice, 4 weeks old (SLC-ddY, specific-pathogen-free (SPF)
grade, Shizuoka Laboratory Animal Center, Shizuoka, Japan) were
intraperitoneally injected with 0.5mL of a test vaccine or a serial
dilution of Reference Vaccine. Their body weight change during
16 h after injection was measured for testing BWD toxicity [17].
The mice were bled from their tail veins 3 days after injection to
count peripheral leukocytes by a microcell counter (Coulter counter
Z1, Beckman Coulter Co., Ltd., Tokyo, Japan) for testing LP toxicity
[18]. For testing HS toxicity, the mice were intraperitoneally chal-
lenged with 4 mg of histamine dihydrochloride (Sigma Chemical

Table 1
Formulation of vaccines.
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Co., Ltd., St. Louis Mo., USA.) in 0.5 mL of physiological saline on
the 4th day of sensitization followed by rectal temperature mea-
surements 30 min later using an electric thermometer (Natsume
Seisakusho Co., Ltd., Tokyo, Japan) [ 19]. BWD, LP and HS toxicities of
atest vaccine were calculated relative to those of Reference Vaccine
according to the parallel line assay method using logarithmic dose
and the mouse body weight change, logarithmic leukocyte count
and the rectal temperature, respectively [20]. Approximate sensitiv-
ity limits of the tests were reported to be 1 BWDU/mL, 0.16 LPU/mL
and 0.04 HSU/mL, respectively [2]. In addition to the HS toxicity of 4-
day sensitization prescribed in Japanese Minimum Requirements,
acellular pertussis vaccine was reported to show a peak sensitiza-
tion of mice also more than 10 days after injection [21]. Therefore,
HS toxicity was measured also on the 11th day of sensitization (late
appearing HS (LHS) toxicity) in addition to the ordinal 4th day (early
appearing HS (EHS) toxicity) [22]. The tests for reversion to EHS as
well as LHS toxicities were done on the vaccine samples incubated
at 37 °C for 4 weeks.

2.4. Mouse footpad swelling model

Eight weeks old SPF female mice of BALB/c strain (Charles River
JapanInc., Yokohama, Japan) were used. Groups of 7 mice each were
allocated to test vaccines and were injected subcutaneously with
50 L of a vaccine into their right footpads. The opposite footpad
of each mouse was injected with the same volume of pyrogen-free
saline (Otsuka Pharmaceuticals Co., Ltd., Osaka, Japan) as the con-
trol. Thickness of the footpads was measured by a laser-equipped
gauge (Natsume seisakusyo Co., Ltd., Tokyo, Japan) and the differ-
ence between the thickness of right and left footpads was taken
as the swelling reaction. Two mice each from the groups were
anesthetized and sacrificed on the 5th day to take specimens of
footpad for histological examination. The footpad specimens were
fixed with 10% phosphate-buffered formalin and were decalcified
in phosphate-buffered saline (PBS) (pH 7.4) containing 10% EDTA
before embedding in paraffin. The footpads were horizontally sec-
tioned through the metatarsal region and stained with hematoxylin
and eosin (HE).

2.5. Rabbit skin swelling model

Twenty weeks old female rabbits of Japanese white strain
(Kitayama Labes Co., Ltd., Nagano, Japan or Japan Laboratory
Animals, Inc., Tokyo, Japan) weighing approximately 3.5 kg were
housed in cages separately in an air-conditioned animal room. Clip-
ping off the hair on the back, the rabbits were intradermally injected
with a 100 p.L-volume of a vaccine sample. Groups of three rabbits
each were injected at more than two different sites and the diame-
ter of swellings at the injection sites was measured for 3 weeks with
calipers daily after the injection to calculate mean area of swellings
for each day. In another experiment, 2 rabbits were anesthetized to

Vaccines PT? FHA? PRN? Fimbrie? Dtd® Ttd® IPV Aluminium salt A" (mg/dose)
Type 1¢ Type 2°¢ Type 3¢
A DTaP 25 25 8 25Lf 10Lf Hydroxide 0.5
B DTaP 10 5 3 5 15Lf SLf Phosphate 033
C DTaP-IPV 25 25 8 25Lf 10Lf 40 8 32 Hydroxide 0.5
D DTaP-IPV 25 25 >30IU >401U 40 8 32 Hydroxide 03
] DTaP 234 234 <15Lf <2.5Lf Phosphate 0.08
* pg/dose.

b Lf: limit of floculation units/dose; IU: international units/dose.
¢ p-Antigen units of poliovirus/dose.



