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A New Method for a Potency Test of
Japanese Encephalitis Vaccine

Direct Challenge Method on Suckling Mice by Subcutaneous Inoculation

TEIJI MIURA 1

The potency of Japanese encephalitis (JE) vaccine is routinely tested by intracerebral
challenge of immunized mice, but since natural infection is by a peripheral route the
author was led to develop a subcutaneous challenge test, using the natural route. Suckling
mice 8-10 days old were immunized twice intraperitoneally with 0.15 ml of different serial
dilutions of vaccine on days I and 4. A challenge dose of JE virus equal to 5000 intra-
cerebral LD50 for suckling mice was given on day 8, when the mice were not older than
19 days. The JaGAr 01 strain was used as the challenge virus, being more freshly isolated
than the Nakayama strain usually employed in Japan and therefore less likely to have
been modified by repeated mouse-brain passage.

This new assay method should give a more accurate assessment of the effect ofa vaccine
which is intended to protect man from natural infection only and not from infection by
an unnatural route.

The purpose of inoculating vaccine into a human
being is to protect him from a particular infectious
disease and consequently to prevent an epidemic of
the disease from spreading. The effect of a vaccine
on man can thus be confirmed only by a field trial.
Because it is impracticable to test the effect of each
lot of vaccine by this method, the potency of vaccines
must be tested in experimental animals.
A potency test should show the effect of a vaccine

in protecting susceptible animals against direct
challenge with the wild strain of the particular
infectious agent by the natural route of human
infection. This principle should be closely adhered
to as far as possible; only when it appears impractic-
able should it be modified.
The potency test of Japanese encephalitis (JE)

vaccine that is authorized as a routine test in Japan
(Ministry of Health and Welfare, 1964) and in the
United States of America (Sabin & Tigertt, 1956)2
does not satisfy this principle, firstly because the
challenge tests are via the intracerebral or intra-

1 Assistant Professor, Department of Hygiene and Preven-
tive Medicine, Faculty of Medicine, University of Tokyo,
Japan.

2 Also: US Federal Security Agency, National Institutes
of Health (1945) Revised potency testfor Japanese B enceph-
alitis vaccine, Bethesda, Md. (mimeographed; revision of
1944 Minimum Requirements).

peritoneal route, both of which are impossible in
natural infections, and secondly because the challenge
strain (Nakayama) of JE virus is believed to have
been modified, probably as a result of its long
history of mouse brain passages. The author has
therefore tried to establish a new system for testing
the potency ofJE vaccine in suckling mice, employing
direct challenge via a peripheral route with a more
freshly isolated wild strain of JE virus.

MATERIAL

Mice
The ICR-JCL strain of mice was used. It was

introduced in March 1967 by the CLEA Laboratory,
Tokyo, as a closed colony and has been kept as free
as possible from bacteriological contamination. It
was originally imported from the Charles River
Breeding Laboratories, in the USA, in 1962.

Virus
The JaGAr 01 strain ofJE virus, originally isolated

in 1959 from mosquitos in Gumma, Japan (Okuno
et al., 1965), was obtained in September 1962 from
Dr Masami Kitaoka, National Institute of Health,
Japan, in its third suckling mouse brain passage.
Suckling mouse brains infected with the virus were
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harvested at the fourth passage and were prepared
as a 1 % suspension in a 20% solution of calf serum
(free from JE virus antibody) in Hanks' balanced
salt solution, containing 100 IU penicillin and
100 ,ug streptomycin per ml.
The virus suspension was stored on dry ice, in

glass ampoules each containing 0.5 ml, until being
used. A sufficient amount of virus suspension was

prepared at one time, so that the same lot was used
throughout the tests described. The virus titre at
which 0.01 ml-0.02 ml contained the LD50 for mice
aged 1-19 days inoculated intracerebrally was 10-7-7.

Vaccine

Licensed JE vaccines were obtained by courtesy of
Dr Masami Kitaoka. They were all made from
mouse brains infected by JE virus, purified by
treatment with ethyl alcohol, protamine sulfate,
and/or ultracentrifugation, and inactivated by
formalin.

METHODS

Immunization

Three serial dilutions of vaccine were made (1: 4,
1 : 16, and 1: 64) in 0.85% saline solution. Ten

suckling mice from one litter were inoculated intra-
peritoneally, each with 0.15 ml of the same dilution
of vaccine, on day 1; the inoculation was repeated
on day 4. This procedure was repeated for each
dilution of vaccine, using a different litter of mice
for each dilution.
Two further tests were performed for comparison

with the above method. In one, vaccine was inocu-
lated intraperitoneally once only, and in the other,
subcutaneously on days 1 and 4.

Challenge

The challenge virus, stored on dry ice as a 1%
suspension, was diluted in chilled 5% calf serum

(free from JE virus antibody) in Hanks' balanced
salt solution to obtain serial 10-fold dilutions. An
amount of virus equal to approximately 5000 intra-
cerebral LD50 for suckling mice was inoculated
subcutaneously on day 8, following which the
challenged mice were observed for a further 21 days.
The dilution of vaccine that would protect 50% of
challenged mice (the 50% effective dose, or EDzo)
was calculated from the Reed-Muench accumulation
formula (Reed & Muench, 1938), and was expressed
by the negative log4 of the vaccine dilution.

SUSCEPTIBILITY OF MICE OF DIFFERENT AGES TO JE VIRUS INFECTION
BY SUBCUTANEOUS ROUTEa

a Virus dilutions are plofted on a logarithmic scale (log ,o)
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JAPANESE ENCEPHALITIS POTENCY TEST BY SUBCUTANE9US CHALLENGE

TABLE 1

EFFECT OF JE VACCINE ON SUBCUTANEOUS CHALLENGE TEST IN MICE OF VARIOUS AGES

EDso (10g4) at indicated age at first immunization
a

10 days 9 days j 8 days 7 days 6 days 5 days 4 days _1day

1I | G >1.50 <0.50

2 G 2.00 <1.63 0.96

A 1.41 <1.50

3 B 2.04

C 2.15 <1.69

E 2.69 0.80

4 F 1.43 1.55 0.75

G 2.25 1.57 1.32 1.29

5 E 1.85 1.28

6 E >2.12

7 H 1.61 1.24

RESULTS

Susceptibility of mice to JE virus infection by sub-
cutaneous route

The mouse-age - virus-dose system that would give
a constant mortality of 100% was found using
846 mice of various ages. Only mice aged 1-19 days
showed an almost uniform susceptibility to sub-
cutaneous infection, a mortality of nearly 100%
being obtained with a dose of virus equal to
5000 intracerebral LD50 for suckling mice (see figure).
For mice aged 1-19 days, it is estimated that 1 sub-
cutaneous LDI50 of the virus is approximately equal to
40 intracerebral LD50. The mortality was much
lower with mice more than 22 days old and never

reached 100% even with a dose of virus exceeding
100 000 subcutaneous LDI50 for mice aged 1-19 days.
Subsequently, a challenge dose of virus equal to
5000 intracerebral LD50 for suckling mice was used
throughout the experiments described and mice were
challenged at an age of less than 19 days.

Age of mice and effect of vaccine

The first experiment showed that mice could not
be immunized at all 1 day after birth, whereas at the
age of 8 days they were well immunized and protected
against the challenge virus (Table 1). When mice
aged 4-10 days were immunized twice and then
challenged, the younger ones were shown to be less
effectively immunized. As Table 1 shows, the effect
of the vaccine was poor when mice aged 5 days or
less were immunized and the best results were
obtained in mice aged 8-10 days.

Route of immunization

Since man is usually immunized subcutaneously,
this route was compared with the routine intra-
peritoneal method. The ED50 of vaccine (lot E)
was <0.70 by the subcutaneous route and 1.85 by
the intraperitoneal method (Table 2). Subcutaneous
immunization was therefore regarded as unsuitable
for a vaccine potency test and was abandoned.
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TABLE 2
EFFECT OF JE VACCINE ON MICE AGED 6-9 DAYS BY VARIOUS ROUTES

AND DOSES

Vaccine EDso (1og4) at indicated age
Expt No. at first immunization

__ Route Dose Lot 8-9 days 6 days

Subcutaneous <0.70 <0.50
5 0.15 mIx2 E

Intraperitoneal 1.85 1.28

0.15 mlxI 0.80
6 Intraperitoneal E

0.15 mlx2 >2.12

Frequency of immunization
The effects of one and two immunizations were

compared. The ED,, of vaccine (lot E) was 0.80 by
the single method and >2.12 by the usual two-shot
method of immunization (Table 2). The single-shot
method was therefore abandoned as being less
effective.

DISCUSSION

Since natural infections by arboviruses are be-
lieved to occur via the subcutaneous or intravenous
route, one would not expect even the most effective
vaccine to give protection against intraperitoneal or
intracerebral infections. The chick embryo type of
JE vaccine was reported to be effective only when
challenged intravenously and to be ineffective when
challenged intraperitoneally (Koprowski & Cox,
1946). Nevertheless, potency tests for JE vaccine
routinely employ challenge by intracerebral or intra-
peritoneal inoculations, since JE infection by the
natural peripheral routes does not kill mice con-
sistently even with a very large dose of virus.
Young mice are more susceptible than adult mice

to clinical JE infection, especially by peripheral
routes (Lennette & Koprowski, 1944; Sigel, 1952),
although inapparent infection has been shown to
occur with about the same frequency in young mice

and in mice aged 6 months (Grossberg & Scherer,
1966). On the other hand, young mice are believed
to respond poorly to immunization.

It was necessary, therefore, to work out a practical
age-dose system within the limits of the susceptibility
of young mice to peripheral infection and of the
immune responsiveness of adult mice. The results
obtained showed that 19 days was the upper age
limit for subcutaneous infection and that 6-8 days
was the lower age limit for intraperitoneal immuniza-
tion.

This new potency test differs from previous ones
in the following ways:

(1) Challenge is by the natural, subcutaneous
route in place of the intracerebral or intraperitoneal
route.

(2) A more freshly isolated strain of challenge
virus is employed in place of a strain that has been
passaged many times through mouse brains and
that may be somewhat modified as a result.

(3) The dose of challenge virus, approximately
5000 intracerebral LD50 for suckling mice, is rela-
tively small. It is thus comparable to the dose
received by natural infection and is less likely than
a larger dose of virus to induce interference devel-
oped in response to the challenge dose.

,UME
NOUVELLE MITHODE POUR MESURER L'ACTIVITt DU VACCIN ANTI-ENCEPHALITE JAPONAISE:

INOCULATION DIRECTE DU VIRUS D'EPREUVE, PAR VOIE SOUS-CUTANEE, AU SOURICEAU
NON SEVRE

On evalue d'ordinaire l'activite du vaccin anti-ence-
phalite japonaise (JE) en employant comme materiel
d'epreuve chez la souris la souche Nakayama, inocul6e

par voie intracerebrale ou intrapdritoneale. L'auteur
montre les inconvenients de cette methode et propose de
la modifier.
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Des souriceaux a la mamelle Ag6s de 8-10 jours sont
immunises par deux injections intraperitoneales, a
4 jours d'intervalle, de 0,15 ml de differentes dilutions de
vaccin. Le 8e jour, on leur inocule par voie sous-cutan6e
une dose d'epreuve de virus JE (souche JaGAr 01) 6qui-
valant a 5000 DLrO intracerebrales. On calcule ensuite la
DEE, (dose assurant la protection de 50% des souriceaux).
Le proced6 comporte divers avantages. L'infection

d'6preuve est r6alis6e par voie sous-cutanee, celle qu'em-
prunte l'infection naturelle. La souche JaGAr 01, dont
l'isolement est assez recent, est moins suspecte d'avoir
ete modifiee par de nombreux passages sur tissu cerebral
de souris que la souche Nakayama classiquement utilisee.
La dose de virus d'epreuve, relativement faible, est
comparable a la quantite de virus inoculee dans les
conditions naturelles de la transmission.
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