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’ll’.:lbnlren:g effect of alum-adjuvanted whole vaccine to a drifted influenza strain.
Priming Indo0S]PR8-RG2 NIBRG-14
Pre st 2nd Pre 1st 2nd
NIBRG-14 25.9(7.8-85.9) 190.3(46.4-780.1) 264.6 (87.7-798.7) 207.5(82.2-523.8) 1395.8 (448.5-4344.7) 1076.3(291.9-3969.2)
PBS 5.0(5.0-5.0) 16.8(6.1-46.4) 174.5(90.9-335.1) 5.0(5.0-5.0) 5.6 (5.0-5.0) 5.9(3.9-9.0)

Priming vaccines of NIBRG-14 whole alum-adjuvanted vaccines (NIBRG- 14) were injected twice with a 3-week interval, After 4 months, booster vaccines of indo05/PR8-RG2
whole alum-adjuvanted antigens were injected twice with a 3-week interval. The HI antibody titers (GMT, 95%CL) were measured before the first booster vaccination (pre),
2 weeks after the first booster vaccination (1st), and 2 weeks after the second booster vaccination (2nd). All dosages are 0.2 u.g HA/dose,

the formulation and dosage of booster vaccine in order to consider
the best strategy for booster pandemic vaccination.

2. Methods
. 2.1. Vaccines used in animal studies

NIBRG-14, Indo/05/2005(H5N1)/PR8-IBCDC-RG2, A/Solomon
Islands/3/2006 (HIN1)IVR-145, and A/Hiroshima/52/2005 (H3N2)
IVR-142 were used as the vaccine strains. NIBRG-14 is one
of the WHO vaccine reference strains, which is an attenu-
ated form of the A/Vietnam/1194/2004 (H5N1) virus (clade
1) created by reverse genetic engineering at the National
Institute for Biological Standards and Control (NIBSC, Hertford-
shire, UK). Indo/05/2005(H5N1)PR8-IBCDC-RG2 (Indo05/PR8-RG2)
is an attenuated vaccine strain that was derived from the
Allndonesiaf5/2005 (H5N1) virus (clades 2-1) by the Centers for
Disease Control and Prevention (CDC, Atlanta, USA). A/Solomon
Islands{3/2006 (H1N1) IVR-145 and AfHiroshima/52{2005 (H3N2)
IVR-142 are influenza vaccine strains used in the northern hemi-
sphere during the 2007/2008 season, and these were obtained from
the National Institute of Infectious Disease (NIID, Tokyo, Japan).
These strains have a PR8 backbone.

The viruses were cultured in embryonated hens eggs, purified
from allantoic fluid by zonal centrifugation, and inactivated with
formalin to prepare whole vaccine. Split vaccines were prepared by
treating the purified viruses with ether and polysorbate 80,

2.2, Inununization

Specific-pathogen-fice female BALB/c mice (Japan SLC, Inc.)
aged 6-8 weeks were used in all experiments. The number of mice
in each group was 7 or 8. As the adjuvanted, 0.3 mg/ml aluminum
hydroxide (0.3 mg/ml Al) was used in all experiments. The protocols
for these animal experiments were approved by the animal exper-
imentation ethics committee of Kaketsuken (Kumamoto, Japan).

In the first experiment, BALB/c mice received two intramuscufar
injections into the hind leg quadriceps muscles ata 3-week interval
with 0.1 ml of a 0.3 mg/ml Al-adjuvanted NIBRG-14 whole vac-
cine containing 0.2 pg of haemagglutinin (HA) per dose. As control,
0.3 mg/ml Al in PBS was injected. Four months after the first injec-
tion, the mice were re-immunized with 0.3 mg/ml Al-adjuvanted
Indo05/PR8-RG2 whole vaccine (0.2 pgHA/[dose). In the nextexper-
iment, primed BALB/c mice were prepared in a similar fashion.
The booster vaccine was Indo05/PR8-RG2 (0.2 pg HA/dose) with
four different formulations, which were whole, split, 0.3 mg/ml
Al-adjuvanted whole, and 0.3 mg/ml Al-adjuvanted split. In the
third experiment, BALB/c mice were primed with 0.3 mg/ml Al-
adjuvanted NIBRG-14 whole vaccine (0.2 or 0.01 pgHA/dose). As
control, 0.3 mg/ml Al-containing PBS was used. Booster vaccina-
tion was conducted with Indo05/PR8-RG2 (0.2 or 0.01 pg HA/dose)
of four different formulations as was done in the second exper-
iment, In the fourth experiment, BALB/c mice were primed with
two intramuscular doses at a 3-week interval using whole vac-

cines containing 0.3 mg/mli Al adjuvant (0.2 pgHA/dose} and one
of the following viruses: NIBRG-14 (H5N1, clade 1), A/Solomon
Island/3/2006 (HIN1) IVR-145, or A/Hiroshima/52/2005 (H3N2)
IVR-142. Four months after priming, the mice were boosted twice
with 0.3 mg/ml Al-adjuvanted Indo05/PR8-RG2 (H5N1, clades 2-1)
whole or split vaccines (0.2 ug HA[dose).

Serum samples were obtained 3 times in cach experiment,
which were before the 3rd injection (pre), before the 4th injection
(1st), and 14 days after the 4th injection (2nd). Serum was obtained
from the tail vein (pre and 1st) or the heart(2nd). In all experiments
where mice were primed with one dose of vaccine and boosted
with several different formulations, the animals were randomized
in order to normalize the HI titres before injection of the booster
vaccines (Fig. 1).

2.3. Haemagglutination inhibition assay

The immune response elicited after vaccination was evaluated
by performing the haemagglutination inhibition (HI) assay. In brief,
serum samples were treated with RDE (II) (Denka Seiken, Tokyo,
Japan) for at least 16 h at 37 °C, incubated for 1h at 56 °C, and then
incubated with 50% guinea pig erythrocytes (H3N2) or 50% chicken
erythrocytes (the other viruses) overnight at4 °C. The samples were
diluted 2-fold from 1:10 at the start in the V-shaped (H3N2) or U-
shaped (the other viruses) wells of 96-well plates. The HI titre was
defined as the highest dilution that inhibited haemagglutination.
Negative samples were assigned titres of 5 for calculation purposes.

2.4. Statistics

The raw haemagglutinin inhibition titres were transformed into
logio values for calculation of the geometric mean titre (GMT). The
GMTs of each group of mice were compared with the Bonferroni
test. All data handling and statistical computations were done with
Microsoft excel (version 2002).

3. Results

3.1. Priming effect of alum-adjuvanted whole vaccine on a drifted
influenza strain

To investigate the priming effect of alum-adjuvanted whiole vac-
cine on the recall response evoked by later vaccination with drifted
viruses, we immunized mice with NIBRG-14 as the priming vaccine
and then boosted these animals with Indo05/PR8-RG2. To simulate
the situation in which the time available to prepare a vaccine after
the onset of a pandemic is at least 4 months {16,17], we gave the
mice an additional booster vaccination at 4 months after priming.
Four months after priming with NIBRG-14, the mice retained little
cross-reactivity to heterologous Indo05/PR8-RG2, which had an HI
titre of 25.9 (Table 1). On the other hand, the Hl titre for homologous
NIBRG-14 was 207.5 (Table 1). After a single booster vaccination
with Indo05/PR8-RG2, HI antibodies for both Indo05/PR8-RG2 and
NIBRG-14 showed an increase, although the second dose did not



D. Ikeno et al. / Vaccine 27 (2009) 3121-3125

Priming Booster
1st 2nd 3rd 4th

fo {s b1z a0

‘17 ‘20‘22 (weeks)
Pre 1st 2nd

Sampling

Fig. 1. Vaccination and sampling schedule,

appear to further increase the titres (Table 1). In contrast, naive
control mice given alum PBS required two doses of Indo05/PR8-
RG2 to induce a HI antibody response, but the titre was still lower
than that in the primed group given a single booster vaccination.

3.2, Comparison of the recall response in mice given different
booster vaccines

In order to investigate the most appropriate formulation for a
booster vaccine, mice primed with alum-adjuvanted whole NIBRG-
14 vaccine were boosted with four different IndoO5/PR8-RG2
vaccine formulations, As shown inFig. 2, the mice boosted with split
vaccines showed alargerincrease in the Hl titre than the mice given
alum-adjuvanted whole vaccines. Thus, alum-adjuvanted was not
effective and rather suppressed the response to booster vaccina-
tion. As a consequence, a split vaccine induced the best immune
response of the four vaccine formulations. In naive mice, however,
the alum-adjuvanted whole vaccine was the most immunogenic
and induced a higher HI antibody titre than the other vaccines.

3.3. Dosage

Next, we tested the dosages for both the priming and booster
vaccinations that achieved the optimal antibody response. Mice
were primed with the alum-adjuvanted whole NIBRG-14 vaccine
and then boosted with alum-adjuvanted whole or splitIndo0O5/PR8-
RG2 vaccines at a dosage of 0.2 or 0.01 pg HA (Fig. 3). Primed
mice showed a significant response after a single booster injec-
tion, whereas naive mice did not. The highest booster response
was achieved in mice primed with alum-adjuvanted whole vac-
cine (0.2 ng HA) and boosted with split vaccine (0.2 pg HA). When
the dosage for either priming or booster vaccination was reduced
to 0.01 ug HA, the response was slightly weaker. Even with both
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Fig. 3. Dosage strategy of priming and booster vaccination to I1ndo05/PR8-RG2. The
priming vaccination is whole alum-adjuvanted antigens of NIBRG-14. The booster
vaccination is whole alum-adjuvanted vaccines (whole + AL) or split vaccines (split)
of Indo05/PR8-RG2. Dosages are indicated under the graph and are labeled: prim-
ing dose and booster dose, respectively (g HA/dose). The HI antibody titers were
measured before the first booster vaccination (pre), 2 weeks after the first booster
vaccination (1st), and 2 weeks after the second booster vaccination (2nd). Error
bars represent standard error of the GMT. We compared the statistical difference
between the HI titers of the 1st and 2nd primed groups and the 2nd non-primed
group injected with alum-adjuvanted whole vaccine by Bonferroni test (*p <0.05,
**p<0.01),

priming and booster doses reduced to 0.01 pg HA, the response to
a single booster dose of the split vaccine formulation was almost
equivalent to that seen in naive mice immunized twice with the
alum-adjuvanted whole vaccine (0.2 pg HA).

3.4, Specificity of the priming effect

Since hetero-subtypic immunity is a well-known phenomenon
in mice [18], we examined whether the prime-boost response
was induced by hetero-subtypic viruses. Mice primed with an
alum-adjuvanted whole vaccine (NIBRG-14, HIN1, or H3N2) were

(B) 10000 e o e
B Whole+AL
[ Whole

1000 |- @ SPiteAL

[l Spit

[y

3

<~ 100

bod

&

I

Fig. 2. Comparison of recall response injected with different booster vaccines Priming vaccines of NIBRG-14 whole alum-adjuvanted (A) or alum-cohtaining PBS (B) were
injected twice with a 3-week interval, After 4 months, booster vaccines of four formulations of the Indo05/PR8-RG2 vaccine were injected twice with a 3-week interval, The
HI antibody titers were measured before the first booster vaccination (pre), 2 weeks after the first booster vaccination (1st), and 2 weeks after the second booster vaccination
(2nd). Error bars represent standard error of the GMT. All dosages are 0.2 ug HA/dose. The statistical difference of each group to the alum-adjuvanted whole vaccine group

was analyzed by Bonferroni test (*p <0.05, **p <0.,01).
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Table 2
Strain specificity of second vaccination.

Priming Booster (Indo05/PR8-RG2) Indo05/PR8-RG2
Pre st 2nd
NIBRG-14 Whole +AL 40.0 (20.0-80.0) 320.0(133.2-768.5) 452.5(199.4-1027.0)
Split 48.8(20.1-118.1) 2152.7(908.8-5098.9) 2560.0(1198.8-5467.0)
HIN1 Whole + AL 5.0(5.0-5.0) 21.8(11.4-41.9) 160.0{80.0-319.8)
Split 5.0(5.0-5.0) 32.8(20.2-53.3) 262.5(128.6-535.7)
I-RM9 Whole +AL 5.0(5.0-5.0) 20.0(9.4-42.7) 246.8(124.0-491.1)
Split 5.0(5.0-5.0) 21.8(17.8-26.8) 207.5 (86.7-496.6)
Whole + AL 50(50-50) 51 9(261-1032) 3490(2152-5660)
PBS Split 5.0{5.0-p.0) 5.5(4.4-6.7) 30.8(13.6-69.7)

The priming vaccination was alum-adjuvanted whole vaccine of NIBRG- 14, HINT and H3N2. To the control mice, alum-containing PBS was injected. The booster vaccination
is whole alum-adjuvanted vaccines (whole + AL} or split vaccines (split) of Indo05/PR8-RG2, The HI antibody (GMT, 95%CL) to Indo05-RG2 was measured before the first
booster vaccination (pre). 2 weeks after the first booster vaccination (1st), and 2 weeks after the second booster vaccination (2nd). Al dosages are 0.2 jug HA/dose.

boosted with alum-adjuvanted whole or split Indo05/PR8-RG2 vac-
cines (Table 2).

In order to confirm that priming had elicited an immune
response, Hl titres for the priming vaccine strain were measured
after four months. The results confirmed that the mice had been
appropriately primed (data not shown). NIBRG-14-primed mice
showed a significant response after a single booster injection of
Indo05/PR8-RG2 as both alum-adjuvanted whole and split vaccines.
In contrast, when Indo05/PR8-RG2 vaccines were injected into the
H1N1- or H3N2-primed mice, there was little response.

4. Discussion

We investigated the effect of a prime-boost vaccination strat-
egy on the immune response to H5N1 influenza viruses in a mouse
model. In order to simulate a pandemic situation where influenza
viruses from two phases may have differing antigenicity, mice were
primed with a Vietnam strain vaccine (NIBRG-14) and then boosted
with an Indonesian strain (Indo0O5/PR8-RG2). The primed animals
showed high HI titre responses after only one booster injection,
whereas naive animals revealed a more modest HI response after
two injections. Interestingly, split vaccines evoked stronger Hl titre
responses than whole or alum-adjuvanted vaccines.

The alum-adjuvanted vaccine used in our study has shown the
ability to produce effective immunological memory that evokes a
significant anti-H5 response after booster vaccination. The mem-
ory effect for the HI antibody response is mainly derived from a
haemagglutinin and not from other viral components, because vac-
cination with H1IN1 or H3N2 showed little priming effect on the
recall response to H5N1 viruses. Although there was weak cross-
reactivity of Hl antibodies induced by the Vietnam strain for the
Indonesian strain, the two viruses have more than 95% identity of
their haemagglutinin amino acids and possibly share the same T
helper cell and B cell epitopes. With cross-reactive memory, a rapid
and vigorous recall response induced by the prime-boost regimen
could reduce viral replication in the early stage of infection, limit
the spread of infection, and possibly reduce illness and death in a
pandemic,

Our results suggested that the split vaccine is the most suitable
formation for a booster vaccine, while the alum-adjuvanted whole
vaccine elicits the best Hl response in naive animals. It was reported
with regard to HIN1 and H3N2 that split vaccines are similar to or
more immunogenic than whole vaccines in a primed population,
but achieve a worse response in naive hosts[13-15]. The H5 subtype
isevenlessimmunogenic than HIN1 and H3N2 [19,20], but the split
vaccines evoked a more vigorous response after booster injection
than that induced by the whole vaccines in our mouse model. One
possible reason is that the whole virus vaccinations mainly induce
an lgG2a antibody response (Th1 response), whereas split vaccines

induce amixed IgG1 and IgG2a response (mixed Th1/Th2 response)
[21}]. In addition to showing comparable or even better immuno-
genicity with respect to inducing a humoral recall response, the
split vaccine is less reactogenic than the whole vaccine {12-15].
Thus, with respect to both immunogenicity and reactogenicity, a
split vaccine is likely to be a better formulation as a booster vac-
cine for H5 pandemic influenza if the vaccinees have already been
primed.

Why does the split vaccine achieve a better response than the
alum-adjuvanted vaccine booster injection? The common view is
that alum-adjuvanted vaccines enhance the Th2 antibody response
and activate DCs. Alum-adjuvanted vaccines also influence Thl
and Th2 responses by promoting the secretion of IL-18 and IL-
18 [22], and the presence of alum means that the antigens are
slowly released over time [23]. Sustained and slow release could
be preferable for stimulating primary immune cells like DCs and
other phagocytes, but could be too slow to trigger a rapid recall
response.

If the dosage is reduced, the pandemic vaccination strategy
could be improved. Our results indicate that priming and booster
doses of only 0.01 pg HA still evoked a significant recall response.
Although it is difficult to estimate the human response from our
murine data, we consider that the vaccine dose can be reduced on
the basis of the results of several previous experiments. For exam-
ple, booster H5N3 vaccination of only 7.5 pg HA also achieved a
favorable booster response in human trials {8}, In addition, several
other clinical studies on HIN1 and H2N2 influenza have indicated
that dose reduction may be feasible for both priming and booster
vaccination [17]. When 25 or 90 pg HA of A/HK/156/97 (clade 0)
recombinant heamagglutinin vaccine was injected, it was found
that a booster dose of rgA/VN/1203/04 (clade 1) alum-adjuvanted
split vaccine elicited areaction irrespective of the priming dose {10].

In conclusion, we confirmed the advantage of using priming vac-
cination to create immunological memory for pandemic viruses
even if different clade vaccines were used. Our results suggested
that an appropriate vaccination strategy was to use a split vaccine
instead of an alum-adjuvanted whole vaccine during an influenza
pandemic. This strategy will possibly improve the immunogenicity
and reactogenicity of vaccines and could also increase the vac-
cine supply by reducing the dosage necessary for a significant
immune response. Clinical trials are needed to confirm our find-
ings in humans and these will provide some answers regarding the
appropriate dosage and formulation for influenza vaccines.
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Abstract

Vaccines differ from other pharmaceutical products. The quality and safety of batches are regulated to high standards by national regulatory
authorities. Various quality control and safety tests have been developed, including the abnormal toxicity test (ATT), which is described in the
World Health Organization (WHO) guidelines and in each country’s pharmacopoeia. However, the criteria for abnormal results are not well
defined in these guidelines. In addition, the animal grade to be used in ATT, classified on the basis of microbial colonization, was not designated
in either guideline.

In this study, we report a new and improved method of performing ATT, including statistical, histopathological analysis and hematological
findings. It is based on the observation that there are body weight changes characteristic to each vaccine, and such standardized changes can be
used as references for evaluating test vaccines. In addition, histopathological data are useful for determining vaccine guality and safety.
Combined with histopathological examination, the improved ATT will be of great use for evaluating the consistency, quality and safety of

different batches of vaccine. The results of these analyses were similar using either ‘clean’ or specific pathogen-free guinea pigs.
© 2008 The International Association for Biologicals. Published by Elsevier Ltd. All rights reserved.

Keywords: Abnormal toxicity test; General safety test; Vaccine; Quality control

1. Introduction and history

Vaccination is one of the most effective and beneficial
strategies for preventing and controlling human infectious
diseases around the world. Various vaccines have been
developed and can successfully prevent infectious diseases
such as diphtheria, Haemophilus influenza b (Hib), pertussis,
tetanus, polio, and influenza [1]. Vaccines are considered to

Abbreviations: ATT, abnormal toxicity test; MRBP, minimum require-
ments for biological products; CFR, Code of Federal Regulations; SPF,
specific pathogen-free.

* Corresponding author. Tel.: +81 44 561 0771; fax: +81 44 561 9722.

E-mail address: 130hama@nih.go.jp (I. Hamaguchi).

differ from other pharmaceutical products because they are
primarily intended for use in healthy people, including chil-
dren. Vaccine production processes are also highly variable,
depending on the target infectious disease. Current vaccines

- consist of inmactivated, killed or live attenuated, antigenic

components purified directly from organisms or produced by
recombinant DNA technology. In addition, adjuvant is added
to some vaccines to induce increased immunogenicity. On
account of the complex production processes, vaccines are
regulated by the national regulatory authorities of individual
countries, on a lot-to-lot or batch-to-batch basis, and require
high levels of quality and safety control.

To control and maintain vaccine quality, various quality
control and safety tests have been developed, and are used to

1045-1056/08/$36.00 © 2008 The International Association for Biologicals. Published by Elsevier Ltd. All rights reserved.
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test the starting materials, materials under processing and the
final products [2). Among them, the abnormal toxicity test
(ATT) (also known as the general safety test, innocuity test, or
test for freedom from abnormal toxicity) has been developed
to detect non-specific toxicity and/or contamination exogenous
substances, and its inclusion in the national vaccine control
regime is recommended by the WHO [3]. Many countries,
including Japan [4] and the United States (21 CFR 610.11) [5],
(but not EU countries) require ATT as a batch release testing to
be performed on mice or guinea pigs for vaccines, sera and
immunoglobulins [6]. In the EU, ATT is still included in some
pharmacopeia European monographs and is required for the
licensing and product validation process.

According to the WHO guidelines [3], the method of ATT
is simple: 5Sml of vaccine is injected intra-peritoneally into
guinea pigs and the animals are observed for 7—12 days. If
there are no abnormal health signs, the product passes the test.
The most frequently used signs to determine the safety of the
vaccine are death rate and abnormal body weight changes.

In Japan, ATT was introduced in 1948 after immunization
with a certain lot of diphtheria toxoid caused severe adverse
events claiming 84 deaths in Kyoto and Shimane prefectures
[7]. Since then, ATT has been conducted to test the safety of
vaccine and blood products, both by the manufacturers and by
the National Regulatory Authority, National Institute of
Infectious Diseases (NIID).

ATT was described in the “minimum requirements for
biological products (MRBP)” in article 42(1) of the Pharma-
ceutical Affairs Law in Japan, which defines the
manufacturing methods, quality control and test methods
applicable to pharmaceuticals [4]. According to the MRBP, the
guinea pigs are required to survive without any abnormal signs
during the observation and the body weight should return to its
starting level within a specified time [8]. However, the criteria
for abnormal signs are not detailed in either guideline. In
addition, the required grade (defined by microbial coloniza-
tion) of guinea pigs to be used in ATT is not designated in
these guidelines. It has been suggested that animal grade is
important in order to minimize the variation between test
results and the effects of infectious agents on experimental
results. When ATT was introduced in Japan in 1948, hemolytic
streptococcal infection in guinea pigs was one of the most
serious problems affecting body weight changes and test
results. In 1971, a ‘clean’ grade of animals derived from
specific pathogen-free (SPF) guinea pigs were introduced in
ATT, which cleared problems caused by the infections.
Nevertheless, it was thought that the clean grade guinea pigs
were generated from SPF animals and were maintained under
the SPF condition; they were fed with non-sterilized food and
not monitored regularly for pathogens. Ideally, SPF and inbred
animals should be used for ATT [9] and better methods could
reduce the number of animals needed for research [10]. In
Japan, inbred guinea pigs sufficiently well-characterized with
respect to vaccine quality control testing are not available. In
addition, it has been suggested that conventional guinea pigs
are not suitable for evaluating liver toxicity, due to the natural
occurrence of focal liver necrosis in clinically normal guinea

pigs [11.12]. Thus, a change from “clean’ to SPF animals for
ATT is urgently required in Japan.

In this study, we report an improved method of ATT,
including statistical and histopathological analyses. The trend
in body weight changes following the inoculation of each
vaccine, together with statistical and pathological analyses,
were used to evaluate consistency among different vaccine
batches. We also report that body weight changes and histo-
pathological trends were not affected by changing the animal
grade.

2. Materials and methods
2.1. Animals

According to the minimum requirements for biological
products (MRBP) in Japan [4], we purchased female Hartley
guinea pigs (280—300 g body weight, ‘clean’ grade and SPF
grade) from SLC (Shizuoka, Japan). Both clean and SPF
guinea pigs were derived from same Nakaizu colony. They
were housed in solid-bottomed metal cages and fed on stan-
dard guinea pig chow. The temperature was maintained
between 24—26 °C. Five guinea pigs were caged together
during the tests. All of our experiments were performed as
national control tests for vaccines and in accordance with the
guidelines for animal experiments of the National Institute of
Infectious Diseases, Japan.

2.2. Abnormal toxicity test (ATT)

Prior to ATT, the body weights of the guinea pigs (clean
grade and SPF grade) were monitored for 7 days. Only
animals with no abnormal signs were used for the test. Each
injection group consisted of two animals selected randomly
from the healthy animals. Vaccines (Table 1) at a dose of 5 ml
were injected intra-peritoneally into each guinea pig. Vaccines
used in this study were test specimens for vaccine testing and
some vaccines were provided from manufactures for detailed
examination. Body weight was monitored for 7 days after the
injection. At day 7, the guinea pigs were anesthetized with
pentobarbital (50 mg/kg) and processed for histopathological
analysis. For hematological analysis, 2 ml peripheral blood
was collected from the heart and immediately submitted to
automatic measurements of peripheral blood leukocytes
(PBL), mean corpuscular hemoglobin (HGB), red blood cells
(RBC), hematocrit (HCT), mean corpuscular volume (MCV)
and platelets (PLT) by automatic hematocytometer, the Celltac
MEK-5254 (Nihon Kohden, Tokyo, Japan).

Animals were considered to have passed the test if there
was no abnormal histopathological changes and no significant
difference (P < 0.01) in the body weight curves between the
test vaccine and reference population.

2.3. Statistical analysis

Significant differences were calculated using the z-test for
the body weight changes and Student’s t-test for other
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Table 1
Body weight change after inoculation of various vaccines

Biological name N Body weight change after inoculation
Day 1 Day 2 Day 3 Day 4
AVE VAR AVE VAR AVE VAR AVE VAR
Control (non-treatment, NT) 138 2.065 40.777 11.261 43.056 19.355 61.807 52297 175.145
Control (saline, SA) 68 —2.382 23.046 8.544 35.714 16.176 36.386 48456  147.326
Influenza HA vaccine (Flu-HA) 460 ~5.098 59.160 8.148 63.372 16.467 65.914 52507 173.819
Adsorbed diphtheria-purified pertussis—tetanus 274 —-4.704 40.495 6.215 44.199 14.712 61.808 47588  179.100
combined vaccine (DPT)
Japanese encephalitis vaccine (JEV) 248 -9.734 45.370 6.520 46.639 15.210 47470 47895 148.119
Adsorbed hepatitis B vaccine (CHO) (HBV) 81 -6.074 27.119 6.568 35.248 14.074 62.519 50235 168.307
Adsorbed tetanus toxoid (ATT) 79 -3.633 51.671 7.544 68.636 15.759 88.236  49.595  200.039
Adsorbed diphtheria—tetanus Combined Toxoid (ADCT) 55 -6.164 54.325 4.709 53.877 14.218 69.433 47545 192.808
Ppeumococcal vaccine polyvalent (PVP) 48 383813 65.092 —44.375 90282 —-27.021 97.340  21.667 101.163
Cholera vaccine (CV) 44  -14.568 79.879 —-3.045 106.789 6.227 54.087 38.000 179.349
Freeze-dried inactivated tissue culture rabies vaccine (RV) 29 —11.241 40.047 4.276 68.778 12.448 68.399 43345  105.448
Freeze-dried inactivated tissue culture hepatitis 28 -0.964 58.554 9.107 39.284 14.357 38.608 47.321 142.078
A vaccine (HAV)

Yellow fever vaccine (YFV) 12 —1.000 24.545 10.917 24.992 18.500 47364 55417 142.629
Well’s disease and Akiyami combined vaccine (WDACV) 12 -15.083 85.174 ~7.750 171.477 2917 101902 37.583 341.174
Adsorbed habu-venom toxoid (HT) 10 ~7.000 33.333 3.800 22.400 10.700 237789  40.500 134722
Adsorbed diphtheria toxoid for adult use (ADT) 8 —12750 36.500 -0.375 42.554 7.250 42214  47.000 143.143
Freeze-dried mamushi antivenom, equine (MA) 6 -1.500 16.300 6.667 47.867 14.500 30.300 51.833 224.967
Freeze-dried habu antivenom, equine (HA) 6 2.500 14.300 14.167 116.167 25.833 198.167 55.667 435.067
Freeze-dried botulism antitoxin, equine (BA) 4 1.500 13.667 12.000 22.000 18.750 18917 56.250 47.583
Freeze-dried gas gangrene Antitoxin, equine (GGA) 2 —-8.000 128.000 14.500 60.500 23.000 0.000 53500 112.500
Gas gangrene antitoxin, equine (GGAe) 2 8.000 2.000 16.000 18.000 22.500 84500 38.500 40.500

The average (AVE) and variance (VAR) of body weight change 1, 2, 3, and 7 days after various vaccines treatment were shown.

statistical analyses, according to the MRBP in Japan [12]. To
evaluate difference between clean grade and SPF grade guinea
pigs, Spearman’s rank correlation coefficient () was calcu-
lated. All statistical analyses were performed using GraphPad
Prism (version 4, GraphPad Software, San Diego, CA), Excel
2008 (Microsoft Japan, Tokyo, Japan) and JMP Statistical
Software (version 5, SAS Institute Inc., Cary, NC).

2.4. Histology

At day 7 after vaccination, animals were anesthetized with
pentobarbital (50 mg/kg). Afterwards, pancreas, spleen and
liver specimens were excised and weighed. Tissues were fixed
in Bouin’s solution (Sigma, St. Louis, MO) and 4% (w/v)
paraformaldehyde in phosphate-buffered saline (PBS) at 4 °C
for 24 h. After fixation, tissues were dehydrated through
a series of graded ethanols and xylene and embedded in
paraffin. Paraffin-embedded specimens were cut into 4 pm
sections and stained with hematoxylin and eosin. The surface
area of focal necrosis and aluminum deposition were measured
using a slide gauge.

3. Results
3.1. Selection of healthy animals in the preliminary test

Prior to performing ATT, guinea pigs (280300 g body
weight) were monitored for 7 days under normal conditions

(Fig. 1A). Fig. 1B shows the data of body weight change
monitored for 7 days before the start of ATT, which was

obtained from previous tests done in NIID using 8000 guinea
pigs. As shown in Fig. IC, the increase in body weight
followed a linear regression (Y = 14.899X — 13.054,
R*=0.9655) and the daily increase in body weight was
normally-distributed at days 2 and 3 after the animals arrived at
the laboratory. Body weights were increased by 10.87 + 6.58 g
at day 2 and by a further 7.963 % 5.51 g at day 3. Body weight
changes at day 1 were highly variable due to transportation
stress and dietary conditions prior to delivery. Thus, we have
not taken body weight changes at day 1 into consideration (data
not shown). Based on these preliminary test data above, we
judged and selected animals with coefficients of regression of 5
and coefficients of correlation to the parent population of 0.866
as being suitable for further experimentation. After selection,
the guinea pigs were classified according to their final body
weights and randomized to different vaccine-treated groups.
Vaccines was injected intra-peritoneally and body weights
were monitored for the next 7 days.

3.2. Body weight changes after vaccine injection

Table 1 shows types of vaccines used in this study. We used
two control groups, non-treated (NT) and saline-treated (SA)
one. Fig. 2A-1 shows body weight changes after the vaccine
injection over the 7 day period. In the NT group, body weight
increased by 2.065 g at day 1, then by 11.261 g (day 2),
19.355 g (day 3), and 52.297 g (day 7) (Iig. 2A). In the SA
group, body weight initially decreased by 2.382 g at day 1, but
then increased by 8.544 g (day 2), 16.176 g (day 3), and
48.456 g (day 7) (Fig. 2B). As in the SA group, body weights
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Fig. 1. Preliminary phase of abnormal toxicty test. (A) Summary of preliminary test. (B) Body weight changes after the arrival of guinea pigs at our animal facility.
Collinear approximation is ¥ = 14.899X — 13.054 and coefficient of determination R? = 0.9655. (C) Upper panel: normal distribution of daily body weight change
at day 2 and 3. Lower panel: cumulative distribution of daily body weight changes at day 2 and 3.

initially declined in several vaccine-treated guinea pigs:
—5.098 g (influenza vaccine;; Flu-HA), —4.704 g (adsorbed
diphtheria-purified pertussis—tetanus combined vaccine,
DPT), —9.734g (Japanese encephalitis vaccine, JEV),
—6.074 g (recombinant adsorbed hepatitis B vaccine, HBV),
—3.633 g (adsorbed tetanus toxoid, TT), —6.164 g (adsorbed
diphtheria—tetanus combined vaccine, ADCT), and —38.813 g
(pneumococeal vaccine polyvalent, PCV) (Fig. 2C-J). At day
2, body weights increased to reach and exceed the initial body
weights in the Flu-HA-, DTP-, JEV-, HBV-, TT- and ADCT-
treated guinea pigs. Body weights continued to decline at day
2 only in the PVP-treated guinea pigs (—44.375g), and
although body weights had increased by day 3, they had still
not reached the initial body weight. At day 7, body weights
had increased and recovered to the initial body weights in the
PVP-treated guinea pigs. These trends in body weight changes
" followed a specific pattern with an initial reduction in body
weight followed by an increase to the original body weight,
with the increase being almost linear. Body weight changes at
day 1 for various vaccines are summarized in Fig. 2J. Using
the body weight curve data for each vaccine of at least 50
batches of vaccine, we constructed standard body weight
change values for each vaccine. The population of animals

with these values are known as the “reference population”
(RP) (Table 1). Deviations from RP values were calculated by
z-test, and if the values are within the reference range
(P < 0.01) and no pathological signs were evident, we judged
that the test specimen passed ATT. If the body weights fell
below the reference values, ATT was repeated twice more
before final judgment.

3.3. Pathological changes in vaccine-treated guinea pigs

Pathological changes, such as hemorrhagic ascites
(Fig. 3A) and inflammation of the pancreas (Fig. 3B, C) were
seen with guinea pigs receiving DPT, aluminum adsorbed
vaccine and toxoid. Such changes were associated with
a significant decrease of the body weight in comparison with
RP (P <0.01). However, the pathological effects varied
among different batches of vaccines. The statistical analysis of
ATT results improved the identification of pathological
changes in the liver, spleen and pancreas. We measured the
number of leukocytes (Fig. 3F), pancreas (Fig. 3G) and spleen
weights (Fig. 3H), the area of focal necrosis in the liver
(Fig. 3D) and the area of aluminum deposition in the pancreas
(Fig. 3)), using more than 10 batches of each vaccine. These
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Fig. 2. Effects of several vaccine treatments on guinea pig body weight. Body weight changes after vaccination. (A) non-treated (NT) and (B) saline (SA)-treated
animals as a control. (C) influenza HA vaccine (Flu-HA), (D) adsorbed diphtheria-purified pertussis-tetanus combined vaccine (DTP), (E) Japanese encephalitis
vaccine (JEV), (F) hepatitis B vaccine (HBV), (G) adsorbed tetanus toxoid (TT), (H) adsorbed diphtheria-tetanus combined toxoid (ADCT), (I) pneumococcal
vaccine polyvalent (PVP). (T) Body weight changes at day 1. WDACV, Weil’s disease and Akiyami combined vaccine; CV, cholera vaccine; RV, rabies vaccine;
GGA, freeze-dried gas gangrene antitoxin, equine; HV, adsorbed habu-venom toxoid; MA, freeze-dried mamushi antivenom, equine; HAV, freeze-dried inactivated
tissue culture hepatitis A vaccine; BA, freeze-dried botulism antitoxin, equine; HA, freeze-dried habu antivenom, equine; GGAE, gas gangrene antitoxin, equine.

pathological changes were characteristic to each vaccine, and
occurred not-only in animals receiving the re-tested and
rejected vaccines, but also in the passed vaccines, especially in
the DPT, aluminum adsorbed vaccine and toxoid. The degree

of pathological change varied, though no significant differ-
ences. were found. between controls and the test vaccines
(P.< 0.05). These data indicate that the pathological changes
were due to the reactogenicity of the vaccines, rather than their
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Fig. 3. Histopathological analysis in the guinea pig after vaccination. (A) Specific toxic and pathological changes, such as hemorrhagic ascites in the abdomen of
the DPT-treated guinea pigs at day 7. (B) Inflammation in the DPT-treated pancreas at day 7. (C) Histological analysis of inflammation in the DPT treated pancreas
by hematoxylin and eosin staining (H E). (D) Focal necrosis in the DPT-treated liver at day 7. (E) Histological analysis of focal necrosis in the DPT-treated liver. H
E staining. (F) The number of leukocytes in the peripheral blood after vaccination at day 7. (G) Pancreas weight after vaccination at day 7. (H) Spleen weight after
vaccination at day 7. (I) The area of focal necrosis in the vaccine-treated liver (mm?). (J) Total area of aluminum deposition in the pancreas (mm?). NT, non-treated;
SA, saline; Flu-HA, influenza HA vaccine; DTP, adsorbed diphtheria-purified pertussis-tetanus combined vaccine; JEV, Japanese encephalitis vaccine; HBV,
hepatitis B vaccine; TT, adsorbed tetanus toxoid; ADCT, adsorbed diphtheria-tetanus combined toxoid; PVP, pneumococcal vaccine polyvalent.
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toxicity. These histopathological reference data will help us to
define the criteria for abnormal toxicity levels in histopatho-
logical analyses.

3.4. Effects of animal grade change on ATT

To improve the quality of histopathological analyses,
‘clean’ animals need to be substituted by SPF animals. Our
body weight RP was based on ‘clean’ animals, and we needed
to determine the effect of changing the animal grade on the
results of ATT. To validate the reliability and reproducibility
of our reference population based on ‘clean’ animals, we
focused on the vaccines (Flu-HA, DTP, YFV, JEV, HBV, TT,
ADCT, PVP) for which a RP of body weights and histopath-
ological features had already been established and confirmed
in our current ATT.

Compared with the RP based on ‘clean’ guinea pigs, no
significant differences in body weight changes were observed in
NT, SA, Flu-HA, DTP, JEV, HBV, TT, ADCT and PVP-treated

T. Mizukami et al. | Biologicals 37 (2009) 8—17

SPF guinea pigs (P < 0.01). Strong correlations between body
weight changes in the ‘clean’ and SPF-based RPs were
demonstrated (Fig. 4). Using the SPF-based RP, the conclusions
from ATT based on the ‘clean’ RP were not changed.

3.5. Effects of animal grade change on pathological
changes

To validate our modified ATT, we compared the data
obtained with clean animals with those obtained with SPF
animals. No significant differences in body weight changes
were observed in NT, SA, Flu-HA, DPT, JEV, HBV, TT,
ADCT and PVP-treated SPF guinea pig (P < 0.01) (Fig. 4).
Pathological changes were similar for the both group injected
with JEV, PVP, YFV, Flu-HA, TT, HBV, ADCT and DPT. The
WBC (Fig. 5A), the pancreas (Fig. 5B) and spleen weights
(Fig. 5C), and the area of focal necrosis in the liver (Fig. 5D)
and area of aluminum deposition (Fig. 5SE) were similar in
both sets of animals (P < 0.05).
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Fig. 4. Effects of animal grade changes from ‘clean’ to specific pathogen-free (SPF). The body weight changes after vaccination in the SPF reference group were
similar to those in the ‘clean’ reference group. A strong correlation in body weight change was observed between the ‘clean’ and SPF-based reference populations.
NT, non-treated; SA, saline; Flu-HA, influenza HA vaccine; DTP, adsorbed diphtheria-purified pertussis-tetanus combined vaccine; JEV, Japanese encephalitis
vaccine; HBYV, hepatitis B vaccine; TT, adsorbed tetanus toxoid; ADCT, adsorbed diphtheria-tetanus combined toxoid; PVP, pneumococcal vaccine polyvalent.
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3.6. Proposal of improved ATT (Fig. 6)

The diagram of the improved protocol for ATT is shown in
Fig. 6. It has two steps: first, arriving animals weighing 280—
300 g were monitored for 7 days and only healthy animals are
used for ATT. The animals are then randomly allocated to

control and vaccine-treated groups, each consisting of two
animals. After vaccine injection, the body weight is monitored
for 7 days. If there is no significant deviation (P < 0.01) from
RP values in Table.1, vaccines are considered to have passed
the test. If a significant difference is found, histopathological
analyses should be performed and the test should be repeated
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Fig. 5. Comparison of histopathological data between ‘clean’ and specific pathogen-free (SPF) reference groups. (A) The number of leukocytes, (B) pancreas
weight, (C) spleen weight, (D) the area of focal necrosis in the liver, (E) total area of aluminum deposition in pancreas were similar in the ‘clean’ and SPF-based
reference populations. NT, non-treated; SA, saline; Flu-HA, influenza HA vaccine; DTP, adsorbed diphtheria-purified pertussis-tetanus combined vaccine; JEV,
Japanese encephalitis vaccine; HBV, hepatitis B vaccine; TT, adsorbed tetanus toxoid; ADCT, adsorbed diphtheria-tetanus combined toxoid; PVP, pneumococcal

vaccine polyvalent; YRV, yellow fever vaccine.
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Fig. 6. Criteria of Japanese abnormal toxicity test.

at least twice. If, after two re-tests, the results are still
significantly different, the vaccine is considered to have failed.

4. Discussion

ATT is performed as a safety test, in accordance with the
WHO guidelines [3]. These tests ensure that the minimum
requirements for vaccine safety and consistency between
vaccine batches are met in Japan [4] and in other countries [s1.
In Japan, tests performed by the National Regulatory
Authority are important for ensuring the minimum safety
requirements for vaccines. In this study, we improved the
current ATT by using combined statistical and histopatho-
logical analyses and by comparing the results with RPs based
on previously-passed vaccines. Since introducing these new
methods to ATT, the number of re-tests has decreased and the
number of animals used in ATT for DPT has been reduced
from 3 to 2. Using statistical and histopathological analyses,
the accuracy of the test has been improved. These test methods
will enhance vaccine safety and quality control. Our method
can be easily applied and is useful for vaccine manufacture by
constructing a vaccine specific reference population based on
the currently passed 50 lots of vaccines. Together with our
data, these methods will help to understand internal quality
control and future validation study for manufactures.

In the EU, in order to conform to the ‘3R’ principle [13],
animal safety tests for vaccines, sera and immunogloblins
were abolished after the introduction of Good Manufacturing

Practice (GMP) and Good Laboratory Practice (GLP) princi-,

ples. In the US, however, the general safety test is still required
by the FDA for vaccines for human use. Whether or not ATT is
relevant for determining the safety of vaccines is an ongoing
discussion [14]. In the US, whole blood, red blood cells,
cryoprecipitated antihemophilic factor (AHF), platelets,
plasma, and cellular therapy are not required to pass ATT and

are described in US the Code of Federal Regulations (CFR)
(21 CFR 610.118) [15]. Recently, the FDA amended the 21
CFR 610.118(g), such that manufacturers can now submit
a request for exemption from ATT requirements to the director
of the Center for Biologics Evaluation and Research (CBER),
if they believe that their product is not appropriate for ATT, or
if they can demonstrate alternative methods to ensure the
safety of their products [5].

In Japan, ATT are aimed at ensuring the safety and
consistency of vaccine batches. It has been suggested that
adsorbed toxoid [16] and DPT [17] cause specific histopath-
ological effects in treated animals. We proposed the afore-
mentioned modified protocol of ATT, whose result was not
affected by using the clean animal in place of SPF animals.
ATT with additional statistical and histopathological analyses
should therefore be the first choice for determining vaccine
safety and quality.

The use of ATT for blood products was abolished in Japan
in 2005, more than 10 years after the introduction of GMP
regulations covering these products. This abolition resulted in
an 80% reduction in animal use for ATT in Japan (data not
shown). This refinement [ 18] in the use ATT is consistent with
the spirit and concept of the ‘3R’ principle [13].

It has been suggested that ATT cannot detect target
substances causing adverse events and body weight changes.
Although the mechanism causing body weight change is still
unclear, Hamaguchi et al. reported that the reactogenicity and
toxicity of pertussis vaccine in the rat was strongly correlated
with global gene expression patterns in the liver, and they
identified biomarkers relating to the pertussis vaccine-related
toxicity [19]. Mizukami et al. also reported that global gene
expression patterns were strongly correlated with ATT and the
other current regulatory test, the leukopenic toxicity test,
performed in Japan [20]. It has been suggested that reductions
in body weight were due to nutritional changes caused by
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changes in water consumption by animals after vaccination
{21]. The two gene profiles established following pertussis
vaccine and influenza vaccine treatment were different, sug-
gesting that body weight reduction occurred as a result of
changes in the expression of different genes in animals treated
with different vaccines. Furthering improvements in ATT is
one of the most important roles for the NRA in Japan.

In this study, we have reported on an improved method for
ATT, including statistical and histopathological analyses. It
based on the observation that there is body weight change
characteristic to each vaccine, and such standardized changes
can be used as references for evaluating test vaccines. Our
improved method can both evaluate the degree of vaccine
toxicity itself and lot-to-lot difference in vaccine. These
improvements will help to ensure the safety and quality of
vaccines.
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SUMMARY: Transcriptomics is an objective index that reflects the overall condition of cells or tissues, and
transcriptome technology. such as DNA microarray analysis, is now being introduced for the quality control of
medical products. In this study, we applied DNA microarray analysis to evaluate the character of Japanese
encephalitis (JE) vaccines. When administered into rat peritoneum, Vero cell-derived and mouse brain-derived
JE vaccines induced similar gene expression patterns in liver and brain, Body weights and blood biochemical
findings were also similar after administration of the two vaccines, Our results suggest that the two JE vaccines
are likely to have equivalent characteristics with regard to reactivity in rats.

INTRODUCTION

Japanese encephalitis (JE) is a seasonal and sporadic viral
encephalitis in East Asia, caused by infection with the JE
virus. The JE virus exists in a zoonotic cycle between mos-
quitoes and swine and/or water birds. Infectious mosquitoes
transmit JE to humans, a dead-end host (1). The great majority
of infections are not apparent; the incidence of JE is consid-
ered to be | case per 250 to 500 infections (2). Even if the
disease becomes manifest, recovery from mild illness occurs
in most cases. Severe infection can cause febrile headache
syndrome, aseptic meningitis, or encephalitis after an incuba-
tion period of about 6 to 16 days (1). Once JE has developed,
the fatality rate is relatively high, from 5 to 40%, depending
on the outbreak. Permanent neurological or psychiatric se-
quelae are left in 45-70% of survivors (1-3). No specific
treatments for JE are available; therefore, preventing virus
infection with vaccination is the most effective form of de-
fense.

The approved and widely used JE vaccine is manufac-
tured from inactivated JE virus that has been propagated in
mouse brain, This mouse brain-derived (MBD) vaccine is
currently manufactured and used in Japan, Korea, Taiwan,
Thailand, Vietnam, and India, and is licensed in the United
States, Canada, Israel, Austalia, and several other Asian coun-
tries. Vaccination has succeeded in the near elimination of JE
in several countries.

The MBD JE vaccine is a very pure form; impurities are
removed during the manufacturing process, especially brain-
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derived matter (3). Thus the vaccine has been considered safe.
However, adverse reactions, such as local reactions and mild
systemic events, may occur in 10~30% of vaccinated sub-
jects (3). Acute disseminated encephalomyelitis (ADEM) co-
inciding with the administration of MBD vaccines has been
reported at frequencies of 1 to 2 out of 100,000 doses (2,3).
In the wake of a severe case of ADEM, the recommendation
for a program of routine childhood immunization against JE
was suspended in Japan in 2005 (2.4). It is of great concern
that non-immunized children are not given the JE vaccine in
JE-infected areas of Japan.

To replace the current MBD vaccine, Vero cell-derived
(VCD) vaccines have been developed (5~10). The cessation
of using mouse brain for virus propagation is expected to
reduce the incidence of severe adverse reactions. including
ADEM, because myelin basic protein, which is abundant in
the central nervous system, is a possible substrate that pro-
vokes ADEM (11). Further, a cell culture-based technique is
advantageous for large-scale production of JE vaccine, The
demand for JE vaccine is growing, because the distribution
of the JE virus has expanded throughout Asia and towards

_the northern edge of Australia over the last decade (12,13),

and these newly JE virus-infected countries will require JE
vaccine.

Apart from these concerns about the JE vaccine, moving
towards cell culture-based vaccines is a global trend in the
field of virus vaccine development (14). Primary hamster
kidney cells were the first cells to be accepted for the produc-
tion of JE vaccine, and continue to be used in China and some
other countries (3,15). Recently. vaccine production using
primary cell culture systems has been replaced by produc-
tion using continuous cell lines (CCLs). including the Vero
cell line (14). The Vero cell line is the most widely accepted
CCL by regulatory authoritics and has been used for over 30
years for the production of polio and rabies virus vaccines
(16.17). In addition. VCD vaccines for rotavirus, smallpox
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virus, and influenza virus have been developed (14,1R). In the
case of JE vaccines, one of the developed VCD vaccines has
received recent approval in the United States and Europe.
Another was licensed in Japan in February 2009.

A newly licensed VCD JE vaccine must be at least equiva-
lent to the current high-quality MBD vaccine in effective-
ness. In this study, we applied conventional animal tests to
demonstrate the equivalence of the MBD JE vaccine and
the VCD JE vaccine. Further, based on our previous studies
demonstrating that DNA microarray analysis was able to
assay the features of a vaccine with high sensitivity, com-
prehensive gene expression analysis was performed to charac-
terize the physiological reactivity of both JE vaccines.

MATERIALS AND METHODS

Animals: Eight-week-old male Wistar rats, weighing 160~
200 g, were obtained from SLC (Tokyo, Japan). Animals were
housed in rooms maintained at 23 £ 1°C, with 50 = 10%
relative humidity and 12-h light/dark cycles, for at least 1
week prior to the test challenge. All procedures used in this
study complied with institutional policies of the Animal Care
and Use Committee of the National Institute of Infectious
Diseases.

Vaccines: The approved JE vaccine (MBD) is an inacti-
vated, highly purified JE virus (Beijin-1 strain), propagated
in mouse brain. The improved inactivated vaccine (VCD) is
manufactured from the same strain in Vero cells. Both vac-
cines were generous gifts from Biken, The Research Foun-
dation for Microbial Diseases of Osaka University, Japan.
We administered 5 ml of MBD or VCD into rat peritoneum.
Physiological saline (SA) was used as a control.

Weight check: The rat decreasing body weight test was
performed according to the Minimum Requirements for Bio-
logical Products in Japan (19). After we injected 5 ml of
samples into the peritoneum, animals were weighed daily.
Five rats in each group were used.

Hematological test: Rats were treated with SA, MBD, or
VCD, and blood samples were collected on days 1, 2, 3, and
4 after administration. Blood was immediately mixed with
EDTA., and the number of erythrocytes, hematocrit level,
hemoglobin value, number of leukocytes, and number of
platelets (PLT) were determined using an automatic
hematocytometer, the Celltac MEK-5254 (Nihon Kohden,
Tokyo, Japan). Five rats in each group were used.

Serum test: Blood samples for the serum test were col-
lected separately from the same rats used for the hematologi-
cal test. After centrifugation at 3,000 rpm for 15 min, 10-fold
diluted supernatants were used for subsequent tests. We meas-
ured the activity of glutamate oxaloacetate transaminase/
aspartate aminotransferase (GOT/AST), glutamate pyruvate
transaminase/alanine aminotransferase (GPT/ALT), alkaline
phosphatase (ALP), amylase (AMYL), and creatine phospho-
kinase (CPK), and the quantity of blood urea nitrogen (BUN),
creatinine (CRE), total cholesterol (TCHO), triglyceride (TG),
glucose (GLU), and C-reactive protein (CRP) using a
DRICHEM-3030 according to the manufacturer’s instructions
(Fujifilm, Japan). Five rats in each group were used.

RNA preparation: Rats were sacrificed to obtain the whole
brain and the lateral left lobe of the liver. Tissues were im-
mediately frozen in liquid nitrogen for storage. Thawed
tissue was homogenized and mixed with Isogen reagent
(NIPPON GENE, Tokyo, lapan). Total RNA was prepared
from the lysate in accordance with the manufacturer’s instrue-
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tions. Poly(A) RNA was prepared from total RNA with a
Poly(A) Purist Kit (Ambion, Austin, Tex., USA) according
to the manufacturer’s instructions.

Microarray preparation and expression profile acqui-
sition: For microarray analysis, rats were treated with SA,
MBD, or VCD (3 rats per treatment), and 2 tissue samples
from each animal, brain and liver, were analyzed on days
1-4 post-treatment. A set of synthetic polynucleotides (80-
mers) representing 11,468 rat transcripts and including most
of the RefSeq genes deposited in the NCBI database
(MicroDiagnostic, Tokyo, Japan) was arrayed on aminosilane-
coated glass slides (Type I; Matsunami, Kishiwada, Japan)
with a custom-made arrayer (20,21). Poly(A)' RNA (1.5 1 g)
of each sample was labeled using SuperScript II (Invitrogen,
Carlsbad, Calif., USA) with Cyanine 5-dUTP. A common
reference RNA (MicroDiagnostic) was labeled with Cyanine
3-dUTP (PerkinElmer, Boston, Mass., USA). Labeling, hy-
bridization, and washes of microarrays were performed with
a Labeling & Hybridization Kit (MicroDiagnostic) accord-
ing to the manufacturer’s instructions. The common refer-
ence RNA was purchased as a single batch and was labeled
with Cyanine-3 for a single microarray side by side with each
sample labeled with Cyanine-5. Hybridization signals were
measured using'a GenePix 4000A scanner (Axon Instruments,
Union City, Calif., USA) and then processed into primary
expression ratios ([Cyanine 5-intensity obtained from each
sample}/[Cyanine 3-intensity obtained from common refer-

~ence RNA], which are indicated as ‘median of ratios’ in

GenePix Pro 3.0 sofiware [Axon Instruments}). The GenePix
Pro 3.0 software performed normalization for the median of
ratios (primary expression ratios) by multiplying normaliza-
tion factors calculated for each feature on a microarray.

Data analysis: Data processing and hierarchical cluster
analysis were performed using Excel (Microsoft, Redmond,
Wash., USA) and an MDI gene expression analysis software
package (MicroDiagnostic). The primary expression ratios
were converted into log, values (log, Cyanine-5 intensity/
Cyanine-3 intensity) (designated log ratios) and compiled into
a matrix (designated primary data matrix). To predict the most
obvious differences obtained from cluster analysis of the
primary data matrix, we extracted genes with log, ratios over
1 or under —1 in at least 1 sample from the primary data
matrix and subjected them to two-dimensional hierarchical
cluster analysis for samples and genes.

To identify genes demonstrating significant changes in
expression, we extracted genes by ¢ test between SA- and
MBD-, SA- and VCD-, or MBD- and VCD-treated samples
(P<0.01).

RESULTS

Vaccine-treated animals showed no weight loss: Vac-
cines for public use are all made according to Good Manu-
facturing Practice (GMP), and many tests must be done be-
fore releasing vaccines to assure their quality. Conventional
animal tests including the decreasing’body weight test are
applied for the quality control of vaccines (19). To explore
the effects of the JE vaccines in a conventional method, we
first applied the decreasing body weight test to the MBD and
VCD JE vaccines, as described in Minimum Requirements
for Biological Products in Japan (19). For this test, 5 ml of
the vaccine was injected into the rat peritoneum, and the
weight of the treated rats was mcasured daily for 4 days. As
shown in Fig. 1, VCD-treated rats (filled circles) did not show



any weight loss, and gained weight in a similar manner to-

that of the SA- and MBD-treated groups (open and gray
squares, respectively). Further, no abnormalities were observed
in the condition or behavior of the rats during the testing pe-
riod. Severe toxicity of MBD and VCD was not detected from
this test.

Hematological tests revealed no significant changes in
vaccinated rats: To investigate the influence of JE vaccines
on hematological parameters, we treated rats with SA, MBD,
or VCD (5 rats per treatment) and collected blood samples
on days 1, 2, 3, and 4 after administration. We counted eryth-
rocytes, leukocytes, and PLT and measured hematocrit levels
and hemoglobin values. At any time point, all characteristics
examined were within normal ranges and showed no signifi-
cant differences among SA-, MBD-, and VCD-treated groups
(Fig. 2). These results indicated that neither MBD nor VCD
exhibited hematotoxicity to the treated rats.

Normal levels were observed in serum tests in vaccine-
treated rats: To evaluate the reactivity of JE vaccines on
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Fig. 1. Body weight analysis of the JE vaccine treated animals. The
effects of mouse brain-derived (MBD) JE vaccine, Vero cell-derived
(VCD) JE vaccine, and saline (SA) treatment were measured using
decreasing body weight toxicity tests. All rats were weighed at days
0, 1, 2,3, and 4. Changes in rat body weight were assessed as the
percentage increase or decrease, and are indicated by the mean change
+S.D.

10007 Erythrocyte 50 Hemalocrit 16 Hemglabin
200 V; i‘ﬁ” 40 W 12
= 600 30 =
¥ £ 3
& 400 20
200 10 4
0 L]
01 2 3 4 01 2 3 4 0 012 3 4
100 Leukocyte 120 Platelet
100
80
= o B0
a 60 a2
S 3 e
g 40 = 4
& SA
2 20 -8-NED
o ha'*
° 01 2 3 4 01 2 3 4

days after administration

Fig. 2. Hematological tests for vaccinated rats. Blood obtained from
individual rats was subjected to hematological tests. The tests were
performed for 4 consecutive days after SA (open square), MBD (gray
square), and VCD (filled circle) administration. Values are expressed
as mean + S.D.

biological functions, we performed serum tests on vaccine-
administered rats. On days 1, 2, 3, and 4 after administration
of SA, MBD, or VCD, we collected blood from the same rats
used for hematological tests, and isolated serum. Each serum
sample was tested for liver function, renal function, muscle
dysfunction, and metabolic abnormalities. No significant in-
crease was observed in GOT/AST, GPT/ALT, ALP, or AMYL
in any samples tested, indicating that no liver damage had
occurred (Iig. 3 top panels). CRP values were all below de-
tection limits {data not shown). Tests of renal (BUN and CRE)
and muscle (CPK) function and of metabolism (TCHO, TG,
and GLU) showed no differences among the vaccine-treated
groups (Fig. 3 middle and bottom panels). These results
suggested that SA, MBD, and VCD had similar biological
reactivity in rats.

Microarray analysis of tissues from vaccine-treated
rats: Although the animal tests described above have long
been accepted for the quality control of biological reagents
(22-24), the progress of molecular biotechnology presents
the possibility to improve or renew the traditional tests.
Among recent technologies, the high-throughput ‘omics’-
based technologies have led the way to clarify immune re-
sponses to pathogens and responses of metabolic pathways,
as well as to develop new vaccine candidates (25-27). Now,
several efforts have been made to analyze the side effects
of pharmaceuticals using one of the ‘omics’ technologies,
transcriptomics (28,29). In this context, we performed DNA
microarray analysis of the vaccinated rat tissues, liver and
brain, and tried to determine the effects of MBD and VCD by
analyzing gene expression patterns. The liver is thought to
be one of the most appropriate organs to analyze biological
alterations due to vaccination, because it is the major organ
of metabolism. The brain was taken as another target tissue
because a neurological effect can be one of the side effects of
JE vaccination.

For the analysis, SA-, MBD-, and VCD-treated rats (3 rats
per group) were sacrificed to obtain the liver and brain on
days 1, 2, 3, and 4 post-administration. Thirty-six samples
from each tissue type were obtained. Poly(A) RNA purified
from the samples and a rat common reference RNA were
labeled with Cyanine-5 and Cyanine-3, respectively, and
hybridized to microarrays representing 11,468 transcripts,
Hybridization signals were processed into expression ratios
as log, values (designated log ratios) and compiled into a
matrix designated as the primary data matrix (see Materials
and Methods).

To predict the most obvious differences obtained from the
cluster analysis, we extracted genes with log ratios over 1 or
under —1 in at least | sample in each group. Eventually, 2,386
genes for liver and 4,075 genes for brain were extracted and
subjected to two-dimensional hierarchical cluster analysis for
samples and genes (Fig. 4A). With hierarchical cluster analy-
sis, genes were grouped according to expression patterns; thus
samples having a similar gene expression pattern were clus-
tered together, and samples having a distinct gene expression
pattern formed a separate cluster (Fig. 4A) (30-32). If all test
samples showed similar gene expression patterns, no clear
clusters were formed. Thus, whether distinct clusters were
formed was the criterion for the assessment of whether
treatment with the 2 vaccines induced different gene expres-
sion patterns. Each column represents a sample. Each row
represents a gene, and gene expression values are typically
illustrated by a colored rectangle, red for up-regulation, blue
for down-regulation, and yellow for no change. As shown, no
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Fig. 3. Serum tests for vaccinated rats. Serum was separated from blood abtained from individual rats, and subjected to serum
tests. The tests were performed for 4 consecutive days after SA (open square), MBD (gray square), and VCD (filled circle)
administration. Values are expressed as mean + S.D.
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Fig. 4. Gene expression profiling and cluster analysis of vaccine-treated rat tissues. The procedure for gene expression analysis
is outlined in A. For the cluster analysis, 2,386 genes for liver (B) and 4,075 genes for brain (C) were extracted from 11,468
targets and assembled in the order obiained from the results of the two-dimensional hierarchical cluster analysis. The results
were drawn as a dendrogram based on the similarities of gene expression patterns of each sample. The y-axis of the dendrogram
shown in (B) and (C) depicts the Euclid square distance as the dissimilarity coeflicient, indicating the relationship between the

- samples. Red and blue indicate increases and decreases in the expression ratio, respectively.

clear clusters, corresponding to distinguishable gene expres- in all vaccine-treated samples.
sion patterns, were apparent, either in liver (Fig. 4B) or in Further, we tried to identify specific genes whose expres-
brain (Fig. 4C). Gene expression patterns were very similar sion levels were changed following JE vaccine treatment.
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However, no genes could be selected from the comparison -

between MBD- and VCD-treated groups. MBD and VCD
treatment could not be distinguished by gene expression
analyses, indicating equivalent characteristics of MBD and
VCD.

DISCUSSION

Comprehensive gene expression analysis is now an estab-
lished approach to analyzing the effects of any manipulation
on the whole ttanscriptome of living organisms. The genomic
data associated with drug responses are expected to aid in the
analysis of inter-individual variability and the tailoring of the
admintstration of drugs to individuals to achieve maximal
efficacy and minimum risk. The US Food and-Diug Admin-
istration (FDA) now encourages voluntary genomic data sub-
missions to the agency as part of new drug applications and
biologics licensing applications (33). In this context, we have
been trying to introduce DNA microarray analysis to the con-
ventional guality control tests of the pertussis and influenza
vaccines. The resultsTof DNA microarray analysis corre-
lated well with the results of conventional animal tests, and
toxicity-related biomarkers were successfully extracted from
the analysis (30-32). In the present study, we further applied
this DNA microarray technology to analyze the biological
reactivity of the JE vaccines (MBD and VCD). In liver and
brain, the overall gene expression patterns were similar
between MBD- and VCD-treated rats (Fig. 4), which was in
accordance with the results obtained from the decreasing body
weight test (Fig. 1) or the blood and serum tests (Figs. 2 and
3).

ADEM, an adverse reaction associated with JE vaccina-
tion, is thought to be a monophasic autoimmune disorder of
the central nervous system, typically following a febrile in-
fection or a vaccination (34). The precise mechanisms of
ADEM have not been fully elucidated; however, recent stud-
ies-suggested the involvement of inflammatory cytokines,
'such as tumor necrosis fattor (TNF)-«@ and chemokines (35~
37). Further, several genes associated with inflammation or
immune responses, including Irf7, were up-regulated in JE
virus-infected mouse brains (38,39). Therefore, inflamma-
tion above certain levels may be associated with adverse re-
actions to vaccines, that is, inflammation-related genes could
be markers to detect contaminating toxicity that can cause
adverse reactions. However, we found no significant changes
in the expression levels of inflammatory genes between MBD-
and VCD-treated rat tissues. We showed by using animal tests
and comprehensive gene expression analysis that the two
Japanese encephalitis vaccines, the existing MBD and the im-
proved VCD vaccines, seemed to possess identical biological
reactivity in rats.

To address concern about the reliability of the genomic
data obtained from DNA microarray analysis, the FDA
recently launched the MicroArray Quality Control (MAQC)
project in anticipation of the regulatory submission of
pharmacoinformatic and toxicoinformatic data in applica-
tions or supplements (33). The resuits of the MAQC project,
showing interplatform reproducibility, were reported in 2006
(40-45). Subsequently, the follow-up MAQC-II project is
progressing towards the development and the validation of
genomic data in clinical applications. Similarly, in Japan, the
Japan MicroArray Consortium (JMAC) for the standardiza-
tion and the international harmonization of microarray plat-
forms is ongoing and is coordinated with the FDA and the

European Medical Agency (EMEA ) (46). The efforts to achieve
array platforms for the practical application of genomic data
are being accelerated on a worldwide scale.

Although our experiments were limited with regard to the
number of animals and vaccines examined, our DNA micro-
array technology was previously shown to be reproducible
(30,32). The genomic data obtained in this study is, we be-
lieve, reliable. Recently, the VCD JE vaccine was licensed in
Japan. It is desirable to accumulate gene expression profiles,
especially data documenting the dynamics of inflammatory
cytokines, in addition to generating animal testing data to
enable a more reliable evaluation of the new JE vaccine.
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