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Bii<E\ IDLR\AL \'o1.11,25-39,1968

uMMARY A procedure for purification of Japanese encephalitis (IE) vaccine
from infected mouse brains is described. The method is based on t\\. o cycles

of ultraccntrifugation of active carbon-treated protamine extract of infected brain
hornogenate. This gives a very effective \, accine containing very little protein
nitrogen. Purified vaccine is rather labile in phosphate-buffered saline, btit can
be stabilized by adding gelatine to TC Liedium 199 buffered with phosphate. The
absence of encephalitogenic substances in the vaccine \\. as demonstrated.

Preliminary successful results on similarly purified vaccine from brains of mice
infected with the current IaGAr#01 straii\ of Japanese encephalitis \, irus, instead
of the Lisual \al<ayama vaccine strain, are also described.

INTRODUCTION

Since 1954 vaccination of Ilurnans against

Japanese encephalitis (IE) Ilas been put into
practice in Japan. The first \, accine employed
\^as the formalin-mactivated super natant of
infected mouse brains. Since then extensive

efforts have been made to prepare more potent
vaccine and to eliminate possible containinat-
Ing substances causing allergic encephalomyeli-
tis from the vaccine. The standard level of

vaccine potency stipulated by the Ajin!stry of

I Presented in part at the 13tlt General Assembl}.
of the Society of Japanese \'ITologists, Nagasaki,
1965

HealtlT and \\'elfare of Japan has heelT raised
almost e\, ery year. TIT 1959 the Annimum

Requirements of this \accinc \\, erc revised to
restrict the total nitrogen coiTtent to less than
0.4 nig!inI. Later protamine sulfate and active
carbon- or kaolin-treated \, acune \\, as de-

veloped. In 1962 the total nitrogen content
of the vaccine \\. as limited to less than 0.2

ing!in I.
In 1965 two 1<1nds of further purified \, accine

prepared from infected mouse brains \\. ere
introduced. One \\ as devised by investigators
at the Nippon Institute for Biological Science
and was prepared by protamine treatment of
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ethai, o1-precipitated viruses. The other \\, as
de\, eloped in this Institute and \\, as prepared
by ultracentrifugatioiT of the protamine- and
active carbon-treated viruses. After extensive

examinations and field surveys by the respective
institutes followed by trails by the Committee
on the Japanese Encephalitis Vaccine, \\, hich
has been organized by experts throughout
Japan, these vaccines have both been recognized
as being better than the previous protamine

(KA\\, AKITA, 1966). Based theon

results obtained by this Committee, the Mini-
mum Requirements of IE vaccine were again
revised to restrict the hot trichloracetic acid

(TCA)-precipitable nitrogen to less than 0.02
ingjml.

Many arboviruses have been recognized
throughout the \\, orld to cause diseases similar
to IE, and most of them are known to inul-
tiply in mouse brains in sufficiently ITigh titer
to prepare vaccine with high potency. Ho\\'-
ever, fear of possible contamination of the
vaccines \\, Ith encephalitogenic substances has
prevented the practical use of mouse brain
vaccines even when these have been recognized
to be effective. 'The method of purification
of IE vaccine described here gives promise for
control of a good number of arbovirus diseases
throughout the \\. ond

vaccine

LDs") and of vaccine potency (mouse EDS") or the
neutralization test by PIaque reduction, in bred
albino mice, strain dd-Y \\ere used

3 . Cellti vices

For separating the super natant from the brain
hornogenate and after tl, e protamine- or acti\ e car-
bon-treatment, bucket type refrigerated centrifuges,

type H-250, Kokusan Enshinki Co. , Ltd. \\. ere Lised

To spin do\^n the virus particles, preparative

ultracentrifuges, Model 40P, SspA or Ssp-2 \\'ith
RP-21 rotors, from Hitachi Ltd. \\. ere used

4. HD, ,, ogeJ, !'gel's

brain, large scaleFor ITonTogenizing
homogenizers, \K mixers from Nihon Seiki Seisaku-
sho Co. were used. Virtis 45 homogenizers from
the Virtis Co. , Inc. were used for resuspending virus
pellets after ultracentrifugation

MATERIALS AND I\IETHODS

I . F1i i's

Japanese encephalitis \, irus, I. :akayama (exactly,
Nakayama-Yoken) strain was obtained from the
National Institute of HealtlT of Japan and was
maintained in this Institute by alternating mouse pas-
sage \\, Ith storage in liquid nitrogen. The current
strain of Japanese encephalitis virus, IaGAr#01
strain, isolated from mosquitoes in 1959 (MATSu-
YA\IA at n1. , 1960), was also obtained from the
National Institute of Health of Japan, and \\. as main-
tamed like tl\e Nakavama strain

5. Che, 111cn/s

ProtanTine sulfate was obtained from Nutritional

Biochemicals Corp. Active carbon \\ as obtained
from \\laito Pure Chemical Industries, Ltd. TC

Medium 199 \V!'O bicarbonate and phenolred, dried,
and Bacto-gelatin were obtained from DTECO
Laboratories

The medium for suspension of the final \, accine
(0.02 per cent gelatin in medium 199 with M!150
phosphate buffe, , pH 7.2 (Gel-PB-199)) was ste"i-
Iized by filtration through a Millipore filter, type HA,
from Millipore Filter Corp

For tissue culture, trypsin, Bactoagar, Bacto-
yeast extract, Bactotr}. ptose phosphate broth, de-
hydrated, and TC Medium 199, dried, were ob-
tained fronT DIFCO Laboratories. Lactalbumin

hydrol\'sate \\, as obtained from Nutritional Biochemi-
cals Corp. Calf sera \\, ere obtained from a local
slaughter house, and those containing no inhibitor
to IE virus **ere selected for use

ntouse

2. MICe

For vaccine production, four \\. cek old albino
mice of mixed-breed and botlT sexes were purchased
from local dealers. For titration of virus (mouse
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6. antiseirr

a) Anti-mouse brain serum : Rabbits were jin-
in unized 3 times Intramuscularl\, at intervals of 4

\\'eeks \\. itIT a freslT hornogenate of 0.5 g (wet \\. t) of
normal mouse brain in complete Freund's adju\'ant
The rabbits \\. ere bled 3 \\, eeks after the last injec-
lion

b) Anti-ultracentriftige-purified \, accine serum ;
Rabbits were jinmunized intravenously 3 times,
e\, er\, other da\, \\, ith I inI of 7 times concentrated

purified \, accine. Then after an interval of 2 weeks,



Immunization \\ as repeated 3 ITtore times. T\\o

\\'eeks after the last injection, rabbits were bled
Antiserti were inncti\'ated b} itenting at 56'C for
30 ntinutes and then stored at -20'C \\into Lit an\

preservative

7. Ei, cephntitogeiJ, c b"siC PI'Die!11 Jul 111 1/10/13e 61'in',,
lissi, e

Basic protein, \\hich was recognized as a causati\. c
antigen of allergic enccphaloinvelitis (PETERSo\.
1966) was extracted and partially purified according
to tl, e method of KITS (1965)

S. 011chte, 1011J. fern, 11qi, e

Supporting gel \\as ntade from a mixture of 0.35
pel' cent eacl, of Special ,\gar \oble, DIFCO and
agar front " ogonori " (Gi'nci/a, In rel'I'llcosn), \\'hich
\^as obtained tlTrough the generosit\, of Dr. S
Tanabe of the Department of Bacteriology, Osaka
Universit\' A, ledical Sc1. o01, in phosph"te buffered
saline, pi{ 7.2

9. Till'nilnJ! o1.1L' ti'ills

a) Piaque fontting units (PFU) \\'CTC tiliatcd on
a chicl< emhr\o librohalst (CEF) cultuie h\. tile
metliod of PollT'mriri. D (1960) \\ itit slight mudific;I-
tions (ICARASHi at rr/., 1963)

b) A{ousc I'D, , : The \. irus sample \\ as serial11.
diluted ten-fold. usualI\, fioi. t 10~' to 104. \\ith

phosphate huffei. cd saline, pi{ 7.4. A prouj, of 10
mice \\'ere in DCLilated inti'acerebr"lI\, \\ it I, 0.03 in I

of each dilution. The mice \\. eie obseived for I+

da\. s. .\t tite end of the test tl\e I'D, ,, was calculated
b\. the Reed-\, Iuenclt itccuntulation foi. multi

Japan or our or\n reference vaccine

by Neutralization test by PIaquc reductioiT was
carried out by the nTethod developed b\ the Cum-
mittee on the Japanese Encephalitis \:accine (OVA,
1966 ; 0Y. \ at a!., 1966 ; 1<. 3:IT, \ at n/., 1966 ;
\oBLTo at n/., 1966). The test sample was diluted
\^ith phosphate btifTered saline, pH 7.4 to obtaii, 3
serial4-fold dilutions. Eaclt dilution was inoculated

t\^ice Intrapcritoneall\. into more than 10 mice in a
dose of 0.5 in I \\ith an interval of 7 davs bet\\'een

the injections. On the 1stIT day' after the first
immunization n. Ice \\, ere bled b\ cardiac puncture
The Indi\. idual blood samples immediately
mixed witlt an equal \, o1ume of phosphate buffered
saline, pH 7.4. The diluted blood samples \\ere
stored at 4'C overnight to allo\\. complete congtila-

The diluted serum was separated by centri-tion

Iugatioi, and diluted ftirther \\. itIt tin equal volume
of I, H medi\jin containing 5 per cent calf serum.
and was mactivated by heating at 56'C for 30

This diluted serum was defined as 1110minutes

diluted serum, and \\as stored tit -20'C until use
Volumes of 0.4 ntl of the " I '10 diluted " scrum

wei'e mixed \\ItIT an equal volume of an ripprcpri"te
dilution of IE \. irus to gi\. e approximateI\ 100
PInques per disll. Each mixtui'e was Incubated at
37'C for 1.51tours. After incLibation the mixture

\\'as In DCulated onto a one-dav monolriver of CEF
cultLire in a Petri disl, of 70 mm diametei. . The

plate \\as incubated at 37'C foi 1.51Tours, and titen

\^as o\. erla\'ed \\'itI, 8 in I of I per cent agar containing
Earle's ritedium, 0.59, Inctalb\Imin IT\. drolysate and
0.1 rib yeast extract. Then tllc plate was incubated
f\Irthei' tindci a 5 per cent CO, atmosphere at 37'C
for 48 hours. After this period it \\'as again o\ CT-
hived \\itit 4 inI of I per cent agar containing neutral
red in Earlc's incditim, and was incubated at 37'C

in a CO, incubator. At the 24tlt and 48th It our,

the PIaqucs were counted. As control series. \'11'us
suspensions without serum, and \\itIl kno\^n POSiti\'e

and itegative sera \\ere Included. The plates sho\\'-

ing less than 50 per cent of the numbei. of PIaques
in tite plate of control \. irus were recorded as sho\\Ing
a positive reduction. The neutralization ED*,

(\TEDsr) was calculated b\. the Reed-I\Iuench
accumulation forIt. ula

10. Polei, cJ. filial1011 of tticci, ,e

a) Niouse ED, , was estimated bv the itTetlTod

described in A'jinimum Requirements of Biological
Products, Japan, 1967. The test sample \\as diluted
to obtain + sei. inl 4-fold dilutions. Fatcli dilution

\^as Inoculated intraperitoneall\ Into more than 10
mice in a dose of 0.5 inl. The inoculation was

repeated + times at 2 din' intervals. Tite IT. ice \\'CTe

challenged intracerebi all\ on the 14th day front the
first jinmtinizatioit \\. itIT IE virus, binl<all'alma sti'ain,
tinless otherwise stated. in a dose of 0.03 in I, con-

taining an rippropi'late LD, " of tite \Irtis. The

clTallenged ntice were obser\. ed for 21 da}. s. Fifty
per cent survival of the \. accinated mice \\as cal-
CUIated b\ the Reed-\, Iuencl. accumulation formula

As controls, animals \\ eie treated witlt the standard
\ aceine from tlte \ational Institute of Healtlt of

\\ere

11. Heijingg/!, ti, !rill0, ! 111h, 6,110, I resi

This was carried out bv tl, e method of Ci. ARI< and

CAs, \Ls (1958) but the serum specimen was treated
\^ItI, kaolin instead of acetone to relt:0\ e inhibitor

TAKAKc. 1<. at al. Japanese EMCeph0!21^^ pm'ined FCCci"e 2~



(OVA, 1964)

12. Arti'oge, I delei, ,,,',, nil'o71

The content of TCA-precipitable nitrogen in the
samples \\, as determined as tollo\^s : The sample
was mixed with trichloracetic acid to a concentra-

tion of 5 per ceiTt, and then heated in a boiling
water batlT for 15 minutes. The insoluble ntaterial

was collected by centrifLigation and its nitrogen
content \\. as measured by the micro-Kjeldahl rite-
thod (Minimunt Requiremeitts of Biological Pro-
ducts, Japan, 1967)

13. Electro, , Infer DSCopj,

Virus preparations \\. ere examined bv the negati\'e
staining method Lising phosphotungstate (BRrx>;ER
and HORNE, 1959) in a Hitachi electroi. nticioscope,
model HU-11B

RESULTS

removed until I '20 \, o1ume of the bottom

layer of super natant \\. as left. The pellet
and the bottom 120 portion of super- natant
\\'ere collected and homogenized in 0.02 per
cent gelatin in phosphate buffered saline, pH
7.2, (Gel-PBS) in a \;irtis 45 homogenizer.
The resulting \, Irus suspensioiT was again
ultracentrifuged in the same condition. The
pellet and the bottom layer of super natant were
homogenized. The virus suspension was then
mixed with 0.5 M glycine, and formalin was
added to a concentration of 005 per cent.
Glycine was necessary for maintaining a high
jinmunogenic potency of the purified virus
during the Inactivatioit period. The formalin
inactivation \\. as carried out at about 4'C for

60 days. During this period the inactivation
\\. as checked at intervals by intracerebral in-
jection of the suspension into suckling mice.
Usually Inactivation \\, as complete within 40
days.

After filtration througl\ a NIIllipore filter
membrane, type HA, the \, Irus suspension was
diluted to the desired concentration with TC

Medium 199 containing 0.02 per cent gelatin
and AVI50 ph. ^phat, b, ffer, pH 7.2 (Gal-
PB-199).

In the " killed virus procedure " the viruses
\\. ere in activated by formalIn following to the

In this case the addi-protamine-treatment.
tion of glycine \\, as unnecessary. Before active
carbon treatment the Inactivated \, irus sus-

pension was passed througlT a sintered glass
filter, grade M, to remove the Hocculent preci-
pitate formed during the inactivation period.
The virus particles \\, ere purified by two cycles
of ultracentrifugation under the same condition
used in the live virus procedure. For routine
productioiT the killed virus procedure was
used, as showiT in the left half of Fig. I. The
final vaccine preparations contained 2-5 ,!!g
of hot TCA-precipitable nitrogen per in I as
compared to the amount of 20 14g or less per
in I stated for the Minimum Requirements of
Biologic Products by the Ministry of Healtlt
and welfare of Japan.

I. Method of piepm'all'o71 of the 21ncci"e
As sho\^n in Fig. I, two alternative methods

can be LISed for virus purification, i. e. , purlfica-
tion of Inacti\, ated \, iruses and InactrvatioiT of

purified live viruses. These methods give
coinparable purlties and potencies.

Mice were inoculated intracerebrally \\'itIT
IE virus, Nakayama strain. After full de\, elop-
merit of the disease, mice were killed, and their
brains were taken out and itomogenized in
phosphate buffered saline, pH 8.0, at a
centration of 20 per cent brain tissue. After
10\\, speed centrifugation, the supernatant was
treated \\, Ith protamine sulfate at a concentra-
tion of 1.8 ing. 'inI for 90 minutes in an ice
water bath. Then, the protamine precipitate
was removed by centrifugation.

In the " live virus procedure " the protamine
extract \\, as further treated \\, Ith active carbon

at a concentratioi\ of I per cent (\\'!'v) in aiT Ice
\^ater bath for 15 minutes to adsorb some

non-viral substances. The carbon

moved by centrifugation. For higher purlfica-
tion the supernatant should be filtered through
a Millipore filter membrane, type HA. The

suspension \\, as centrifugedclarified virus

at 59,000 x g for 6 hours in a prepatative ultra-
centrifuge. Then the super natant \\. as slowly

con-

28 BIKEN JouR\AL V01.11 No. I 1968

\\'as re-



Killed Virus Procedure
- . , . ..,, I

"051 Formalin, 4'C, 60 days
Cent"ifug" (3,000 x g, 20 min. )

Sup

Filter througl. Sintered Glass, M
I% Active Carbon, 15 min

Cent, ifuge (3,000 xg, 30 min. )

Sup

Filter through Millipore Filter, I{A
Centrifuge (59,000 xg, 61", s. )

PPI

Homogenize in Gel-PBS
Cent, ifuge (59,000xg. 6 h"s. )

PPI

Homogenize in Gel~PBS
I Filter Ihrouglt Millipore Filter, I-IA

Dilute with Medium 199 containing 0.02%
Gelatine and All150 PhDsphatc Buffer, pi-17.2
(Gel-PB-199)

FIGURE I Procedures for Purification of Japanese Encephalitis Vaccine

20% Brain Homogenate

Sup

Protamine Sulfate (1.8 ingjml, final, 90 min. )
Centriftige (3,000xg, 20 min. )

Sup

1.1vc \/Irus Procedure

196 Active Carbon, 15 min
Centrifuge (3,000 x g, 30 min. )

Sup

Filter through Millipore
Filter LIA

Cent, ifug" (59,000 xg, 61, ,s. )

PPt

Homogenize in Gel-PBS
Cent"ifugc (59,000 x g, 6 hrs. )

PPI

Homogenize in Gel-PBS
Add equal volume of 0.5 A1 Glycine

Add 0.05% F, "maiin, 4'C, 60 d"ys
Filter through Milliporc

Filter, I-IA

Dilute witlt Gel-PB-199

Cent"ifuge (3,000 xg. 20 min. )

TABI, E I

Treatn. cnt

F11'11s 121ei's and PI'Diein corrients 10/10tci"g errc/I pill'tricota'on step*

Protamine
treatment

Active carbon
treatment

PFUjml
11g proteinlml
PFUj"g protein

FFU!in I
Ing proteinjml
FFUj/, g protein

PFUjml
Ifg proteinlml
PFUj/, g protein
Per cent PFU

recovery

Single
ultracentri-

fLigation

with active carbon treatment without active carbon treatment

Bottom 1120 sup. +Pellet Pellet only Bottonm 1120 sup. +Pellet Pellet only

11 ., x 108 17.9 x 108 7.8 XIoa 12.5 x 10s

3,5993,397 3,393 3,223
33 2860 38

11.3 x 108 16.7 XIoa

1,283 1,427
87 119

51.8 XIos 77.7 x 108

730 105

1,960 6,686

3479

* Average values of several experiments

TAKAKL, 1<. at al. Japanese E"cephn!it's PMi'died Vaccine

102.5 XIoe

2,053
437

95

77.5 xios

160

6,829

67
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2. Parr, '61 of the "@cct'"e

Table I shows the results obtained by the
live virus procedure using a single cycle of
ultracentrifugation. Results are expressed as
the values of several experiments.average

As shown in this table, the active carbon step
yielded material for ultracentrifugation which
was about twice as pure as the original pro-
tamine extract.

when only the pellet obtained by ultracentri-
fugation was used for vaccine, the purification
ratio was greatly increased but the loss of virus
was also significant. To avoid loss of virus
and increase purity, two cycles of ultracentri-
fugation of the pellet plus the bottom I 20
of the super natant obtained at each cycle v*. as
adopted as the standard method.

Fig. 2 shows an Ouchterlony plate of diffu-
sion of samples at various purification steps
against anti-normal mouse brain rabbit serum.
All the antigen samples were of a stages of
purification of a single protamine extract, and
their concentrations were adjusted to 6.5 times
that of the final vaccine product by ultrafiltra-
tion or dilution. As shown in this figure,
some antigens in the mouse brain hornogenate
and the samples of earlier purification steps
cross-reacted with mouse serum proteins.
As the purification proceeded, the antigens,
which reacted with anti-normal mouse brain

serum, were lost. The final product in well
No. 6 contained little of these antigens.

Fig. 3 shows an electron micrograph of the
final vaccine seen by the negative contrast
method (BRENNER and HRONE, 1959). Many
typical virus particles of 40 in/t diameter and
smaller entities identified as disintegration
products of the virus particles can be seen
(FUKAi and KITAN0,1968).

3. Jinmu"oge"IC pote"des of the Docci"e
Fig. 4 shows the distribution of the potencies

of our products for 1966 and 1967, expressed
as the log4 of the mouse E050's plotted against
the logjo of the challenge virus doses in L050.
The open circles represent our products, and
the solid circles are those of the standard

L

FIGURE 2 jinmunodifTusion analysis of samples
from various purification steps.

I : Protamine extract

2 : Active carbon. treated protamine extract
3 : Supernatant from the first Ltltracentrifuga-

tion

4 : Pellet and bottom I 20 of the super natant
from the first ultracentrifugation

5 : Supernatant from the second ultracentri-
fugation

6 : Pellet and bottom I 20 of the super natant
from the second ultracentrifugation

7 : Normal mouse serum

8 : Super natant from normal mouse brain
hornogenate

9 : Anti-normal mouse brain rabbit serum

(RMB-2)
The concentrations of antigen samples were adjusted
to 6.5 times that of the final vaccine product by
ultrafiltration or dilution, except in the cases of the
super natant from the 20 per cent normal mouse
brain hornogenate and normal mouse serum, neithet
of which were either concentrated or diluted.

2

9 o

6 o
4

FIGURE 3 Electronmicrograph of the final product
of the ultracentrifuge-purified IE vaccine. Negative
stain with phosphotungstate

FIGURE 4 Mouse EDS" of ultracentrifuge-purified
IE vaccine prepared for 1966 and 1967.

Ultracentrifuge-purified vaccine,
. : Standard reference vaccine from National

Institute of Health of Japan

30 BIKEN JOURNAL V01.11 No. I 1968

vaccines of each year from the National In-
stitute of Health of Japan. The solid line
represents the proposed standard distribution
line for the standard vaccine of the National

Institute of Health (OGATA and OYA, 1965).
As shown from the scattered distribution of

the plots of the standard vaccines, the estima-
tion of vaccine potency by mouse E050 is

^.

-^
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TABLE 2 eyect of the suspend^^g med^it"I on the stabzlzlj, of ultrace"tryuge-purified uriccz'"e stored
at 2' to 5'C

Mj75 phosphate buffered saline
0.02% Gelatin in Mj75 phosphate buffered saline
0.02% Gelatin- "rid Mj150 ph, sphate bum" in TC

Medium 199

Reference protamine vaccine**

Challenge virus doses in mouse I'D, o

Suspending medium

This test lot of vaccine contained 2.1 11g hot TCA-precipitable nitro en ET in I.
* Expressed as the log4 of the mouse ED

** Standard vaccine fronT the National institute of }Iealth of Japan distributed for 1965 roduction se o .

not very exact. I{owever, most of the plots
for our ultracentrifuge-purified
far above the proposed line.

4. Stab^^^tv of the "acc?',!e

The potency of the old type protamine
vaccine was maintained in phosphate buffered
saline, as showiT in 'Table 2. As the purity
was Improved, however, the stability was lost
abruptly, CSpecially when the protein content
(hot 'TCA-precipitable ITitrogcn content) in
the vaccine was less than 15 Ag per inI. Many
chemicals \\, ere tested for tlTeir ability to main-
tain the potency of purified vaccine. As

shown in this table, the addition of gelatin
prevented the loss of potency to some extent
Several amino acids alone and in combination

had some effect. However, Gel-PB-199 \\, as
finally found to give the best results of the
chemicals tested.

One of our prodticts, manufactured during
the 1966 production season, was also used as
our own reference vaccine in mouse ED, , tests
during the 1967-1968 production
This lot of the vaccine contained 2.5 11g of hot
TCA-precipitable nitrogeiT per inI. As shown
in Fig. 5, the potency of this vaccine has been
well maintained at 4'C over a period of more
than 20 months.

Potency at the end of indicated month
after preparation*

o

1.9

1.9

1.9

2

1.9

1.6

21

26

vaccines are

2.3

4

<1 . O

2.6

1.9

24

2.8

6

<1.0

2.1

2.0

FIGURE 5 Mouse ED"" of a lot of tlTc product
prepared in 1966

This lot of \, accine was put in vials on February
18,1966, and was stored at 2' to 5'C during the
period. The hot TCA-precipitable nitrogen con-
tent \\, as 2.5 11g!inI

The letters showing plots TCPresciTt the tests
completed in the months shown below

A : March, 1966 K : March, 1967
B : April, 1966 L : April, 1967
C : July, 1966 M : May, 1967
D : August, 1966 N : June, 1967
E : September, 1966 0 : July, 1967
F : October, 1966 P : August, 1967
G : Novembe, , 1966 Q ^ S"prember, 1967
H : December, 1966 R : October, 1967
I : January, 1967 S : November, 1967
I : February. 1967 T : December, 1967

16

2.6

12

<1.0
1.6

2.5

2.0

20

2.1

14
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5. E/^'minati'o71 of e, ,cephafitogeN!'c $146s/@"ces
fom the aacct'"e

when vaccine Is prepared from brain tissue,
there Is a danger that it in av be contaminated
with substances whiclT could cause allergic
encephalomyelitis in persons Irumunized with
it. Since administration of IE vaccine started
in 1954, no compatible case of allergic encep-
halomyelitis resulting from administration of'
IE vaccine has been reported, even before
ultracentrifuge purified vaccine was introduced.
This problenT of possible contamination by

seasons.
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Norinal rabbit spinal cord hornogenate

Normal mouse brain hornogenate

50 x concentrated** protamine vaccine
50 x concentrated** ultracentrifuge-purified

o

2.0

Challenge DOSis in log LD

Antigen

vaccine

Antigen was mixed with an equal volume of adjuvant containing 85% Dracke01,15% ATlacel A and 2
ingjml My cobocter, '",, I triberc"!OSt's, strain Aoyama B, and injected intramuscularly into the femoral re jolt on
either side

* Total nitrogen (for brain and spinal cord) or hot TCA-precipitable it itrogeiT (for vaccines)
** Concentrated by lyophilization
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S

ing Nimi*

25

1.0

10. O
0.98

5.9

Dose, in I
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1.0

1.0
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1.0

Clinical
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Histological ICsion
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encephalitogenic substances is still very
portant, however, when it is considered that
the number of vaccinated people has recently
been increasing rapidly. Therefore, this point
was re-examined using cynomolgus monkeys
as test animals.

The antigens used were a spinal cord horno-
genate from rabbits, a brain hornogenate from
mice and old type protamine vaccine and new
ultracentrifuge-purified Thevaccine. vac-

cines were concentrated 50 times by Iyophiliza-
tion. All the antigens were injected with
Freund's complete adjuvant. As shown in
Table 3, all the monkeys receiving rabbit
spinal cord preparation containing I ing total
nitrogen developed clinical paralysis on or
after the 14th day after injection. Histo-
pathological examination showed that these
animals had lesions in the cerebrum, thalamus,
cerebellum and pons. Two of the 4 monkeys
in this group also showed lesions in the spinal
cord. No monkey showed clinical paralysis
after injection of mouse brain hornogenate
containing 10 ing total nitrogen. However,
when animals were examined on the 35th day,
some of them showed lesions in the brain and

spinal cord.
No animal, receiving either kind of con-

centrated vaccine, showed clinical paralysis or
histopathological lesions.

Recently, a basic protein extracted from the
tissues of the central nervous system of various
mammals at an acidic pH has been shown to
produce allergic encephalomyelitis in experi-
mental animals (ROBEz-EiNSTEiN at a1. , 1962 ;
KiEs, 1965 ; PETERSON, 1966). This antigen
prepared from normal mouse brain can de-
velope a definite precipitation line against anti-
normal mouse brain serum, but not against
anti-ultracentrifuge-purified vaccine serum, as
shown in Fig. 6. On the other hand, con-
centrated ultracentrifuge-purified vaccine oc-
casionally developes a few faint lines against
anti-normal mouse brain serum. However,
neither fusion nor spur-formation is observed
between the precipitation lines formed by the

and that by encephalitogenic basic

Im-

^I

FIGURE 6 ImmunodifTusion analysis of ultracentri-
fuge-purified IE vaccine.

A : Anti-ultracentrifuge-purified vaccine rab-
bit serum (RUV-9)

B : Anti-normal mouse brain rabbit serum

(RMB-24)
I : Ultracentrifuge-purified vaccine (15 times

concentration of the final vaccine product)
2 : Super natant from 30 per cent normal brain

hornogenate
3 : Encephalitogenic basic protein from mouse

brain (24 Ag N in I)
4 : Normal mouse serum

\

I

2

I'^'!
3

^

B

4

protein, and only the clear Intersection between
them can be observed. These results indicate

the absence of encephalitogenic basic protein
in the purified vaccine preparation.

6. 82de ofects observed in people titoc"toted with
ultrace"try"ge-parryied 2/@ccz'"e

The protamine vaccine used previously
usually gave severe local pain when injected.
The alcohol-protamine vaccine is also said to
cause this symptom to some extent. The
ultracentrifuge-purified vaccine described in
this paper, however, gives little or no pain.
This difference might be due to the lower
protein content of the latter, because it seems
difficult at present to prepare an alcohol-
protamine vaccine of high potency but con-
taining less than 10 14g hot TCA-precipitable
nitrogen. Table 4 shows the side effects
observed in a group of subjects following the
administration of the ultracentrifuge-purified

As shown in this table, this vaccine
is one of the most favorable vaccines in practical

vaccine
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T'ABLE + Side effects o6sei"ed 10/10tc, >10 rid-
7112"1'311ntio" of 1,111'acentrjfi, ge-purified IE roc-
cine*

1.0cal pain

1.0cal pailt o1t pres-
sure

1.0cal raslt

1.0cal swelling
Slight fever

(less thai\ I'C rise)
High fever

(more than I'C rise)

Number
observed**

* Administration : subcutaneous injection of 1.0
in I dose into upper arm on one side
** Total number observed : 675 persons

3

36

Per cent
incidence

21

o

7. 01t, .anew!r!/"ge-pi, ,'yied
11 o1" the ct, r, 'errt strain, IaG, '11' # 01

For a long time the antigenic composition of
IE virus in various strains \\, as regarded to be
homogeneous. However, as more strains were
Isolated from mosquitocs and from patients,
their antigenic heterogeneity \\, as revealed, but
most of the current-Isolated strains \\, ere shown

to possess the similar antigenic structure (HALE
antl LEE, 1954 ; OGATA, 1959 ; 1<0BAYASHi,
1959). 'The Nakayama strain used for the
present \, accine, was Isolated by 1< asahara and
hts ., w, "kan in 1935 (KASAHA"A at "/., 1936).
it has a Itistory of more than 100 passages in
mouse brain, and Is 1<nown to possess \, anous
antigenic differences from other currently-
isolated strains (OGATA, 1959 ; 1<0BAYASHi,
1959). 0ya and his coworkers reported that
tile IE patieiTts and non-vaccinated adults in
CPIdemic areas had the same levels of ITeutral-
Izing antibody for both the I*;akayama and the
current strain, IaGAr#01 of IE \, irus (The
IaGAr#01 strain was isolated from the in OS-
quito Gille;v flitae"101'frynch"s in 1959 (ATATsu-
YA\. IA at a/., 1960)). Among the people jin-
in unized recently \\, itI\ the present I. ;akayama
vaccine, ho\\. ever, some showed a remarkably
higher level of neutralizing antibody against
the hornologous strain than against heterologous

IaGAr#01 strains (OY. \ at at. , 1965 ; HAN
at n/., 1967).

Hitherto, it 11as been regarded that the cur-
tenth, -Isolated strains of IE \, irus do not gi\'e
a good \, accine \\ hen prepared by a similar
method to the present \akayama \. accine.
'rhus, \\. hile the \, accine prepared from Naka-
}, am a strain-infected adult mouse brain could
protect mice against intracerebral challenge
from eitlTer the Nakayama or the currently
isolated IaGAr # 01 strain, \, accinc prepared
from the latter \-irus material failed to protect
mice from either strain (OYA, 1960. Further-
more, it \\, as reported that alcohol-protamine
IaGAr#01 vaccine made from infected mouse
brain gave a much lower antibody response
when tested by the neutralization test by PIaque
reduction (OYA at a/., 1966).

In this respect, it \\. as thought that the
failures might be due to inadequate methods for
preparing \, accine, and vaccine from adult
mouse brains infected \\, ith the IaGAr#01
strain \\, as prepared by the ultraccntrifugation
method. Table 5 shows the results of a ntouse

potency, test by the direct challenge method.
IaGAr # 01 vaccine could protect jinmunizcd
mice against challciTge by the hornologous
strain, \\, hile it showed 10\\'er potency, against
challenge by the Nakayama strain. On the
other hand, the \akayama \, accine gave the
same degrees of protection against challenge
by either strain. Similar results \\'ere obtained
by the Ileutralizing antibody, test by PIaque
reduction, \\ hiclt It as heel\ proved to gi\, e a
more accurate ED, , titer than the mouse
potency test by direct challenge (OYA, 1966 ;
OYA at n/., 1966 ; 1<uxi'FA at rr/., 1966 ; XORUTo
at at. , 1966). 'I'able 6 sho\\. s that botl\ \, ac-
cines gave more effective antibody, responses
in jinmunizcd mice against the hornologous
virus stiain thaiT against the Iteterologous strain.

A preliminary field trial \\. as carried out
among the ITe\\ Iy-employed technicians of the
1<an-onji Institute Lising this IaGAr#01 \, ac-

Although individuals, \\'ho \\ ere de-
finite Iy kno\^n to have been irumunized pre\. I-
ously \\'ith IE (\akavama) \, accine, \^ere

04

3

5.2

o

3.1

o

0.4

o

offcci, Ie prepn, 'ed

cine.
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TABLE 5 Coinport'son of pole"ct'es of ultlacentr!INge-purified "accz'"es prepni'ed Ironi the JOGHi'
# 01 rind Nohnj, onin styat'"s bj! the d, I. ect mouse challenge test

Vaccine

IaGAr#01 vaccine**
Nakayama vaccine***

* The numerator shows the ITUmbers of deaths, and the denominator shows 111e total numbers in the group

** Ultracentrifuge-purified IaGAr # 01 vaccine
*** Ultracentrifuge-purified \akayama vaccine

TABLE 6 COMpni'ISO?, of pole"cz'es of u/ti'rice"lid'uge-PMi'died tocct'"es PI'epu, 'ed lioni the JOGrli'
# 01 and Nohnj, awln $11'027is bji the me14t, ntist'"g antzbodj, test by pinque redi, ctzo"

Challenge virus

Nakayama (51 mouse LDso)I"GA, #01 (13 mous. LD, ,)

Vaccine dilutionVaccine dilution
484'414'424140

o110*

017
2110
218

Vaccine

IaGAr#01 vaccine**
Nakayama vaccine***

2110
2110

* The numerator sho^. s the numbers of plates showing less than 50 per cent of the number of piaques

in the plate of control \, Irus, and the denominator shows the total Itumbers of plates in the group
** ultracentrifuge-purified IaGAr# 01 vaccine

*** ultracentrifuge-purified \akayama vaccine

219
2110

EDSo

43. U

42.3

I"GA"#01 (85 PFUlpl"Ie)

Vaccine dilution
4342 4441

40

219*
119

519

0110

100

.-

5 80

5110
518

.
D

719
019

vs. JaGAr 01 strain

= 60
co

.

I= 40
co
o

a; 20
a

8110
419

Challenge virus

6110
8110

QA

719
518

919
9110

<10 10 20 40 80 1603206401280 Hemagglutination-inhibition Titer

FIGURE 7 Distribution of Itemagglutination inhibition titers against the IaGAr#01 and Nakayania strains
of IE virus before and after immunization \\, itit ultracentrifuge-purified IaGAr# 01 \, accine

TITe \, accine \\. as inDCulated in doses of 1.0 inI on the 1st, 9th, and 30th days of the experiment.
Total number of jinmunized persons : 31
A : Before immunization

B : 9th day, after the first immunization
C : 21st day after the second in. inunization (30tlt day after the first immunization)
D : 17th day after the third immunization (47th day after the first immunization)
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eliminated from this group, some individuals
in the test group may have received IE \, accine
previously but have forgotteiT about it, and
some of them may have been abortiveIy infected
witli IE before, as judged from the result
obtained. Thirty-one persons \\ ere inoculated
\\. Ith this vaccine in a dose of 1.0 inI each on

the 1st, 9th, and 30th day. Serum specimens
were taken immediately before each inoculation
and on the 47th day after the first jinmuniza-

Fig. 7 shows the hemagglutination-
Inhibition antibody responses. The antibody
levels increased sharply against the hornologous
IaGAr# 01 strain, and those to the I\eterologous
I*;akayama strain also Increased to some extent.

tion

DISCUSSIO\

Japanese encephalitis (IE) is one of the most
important infectious diseases in Japan and
neighboring countries. 'Lhere are also manv
other cliseases known to be caused by various
arboviruses. For control of these diseases two

methods are a\, ialable : namely, eradication of
arthropod vectors and immunization of in-
dividuals bv \, accination.

In yello\\. fever the famous discovery of
transmission of the causative agent through
Hedes negypt!' mosquitoes led to an anti-aegypti
campaign \\. hich successfully eradicated yello\\
fever from various epidemic areas. In the
case of IE, the complicated ecological behaviors
of the vector, Ci, /ex tritaeni'orb, richMs, and the
meteorological, agrico-SOCiological environment
of this area, however, arc making an anti-culex
campaign very difficult.

Most arboviruses are knowiT to multiply in
mouse brain in a sufficiently high titer to permit
preparatioiT of an effective \, accines. 'The
fear, however, of possible contamination of
vacines \\, ith brain tissue substances causing

allergic encephalomyelitis has prevented the
practical use of this type of \, accine. Since
formalin-in activated from infectedvaccine

mouse brain \\. as introduced in 1954 for the

control of IE, extensive efforts ITave been made
to raise the poten^, of the \, accine and more

especially to eliminate possible encephalitogenic
substances from it.

One of the authors reported that IE \, irus
could be purified from the protamine extract
of brain hornogenate of infected mice by
ultracentrifugation, and that the infectivity of
the virus \\. as sedimented coincidentally \\, Ith
its hemagglutinating activity. His purified
preparation revealed ITomogeneous size of virus
particles of 38 inn in diameter \\. Ith little con-
tarminating materials under electron micro-

The sedimentation constant and thescope.

buoyant density of the \, Irus \\, ere calculated
as 180.3 S and 1.24, respectively (FUKAi,
1962). Based on these experiments, we have
studied on the purification of IE \, accine by
ultracentrifugation on a large scale, resulting
in the successful production of the purified
vaccine for practical use as described in t}Tis
paper.

The animal experiments sho\\, it in ,.'able 3
indicate that ultracentrifuge-purified vaccine
and even old type protamine vaccine did not
cause allergic encephalomyelitis in monkeys
even \\, hen inoculated at 50 times the normal

concentration : while Ilomogenates of normal
rabbit spinal cord and of normal mouse brain
caused clinical paralysis and '0r histopathol-
ogical lesions in the central nervous system.
Similar results reported by the Committee o1\
the Japanese Encephalitis \'accine using cyn-
omolgus monkeys and guinea pigs of the
Hartley strain (EGASHiRA at at. , 1966 ; SHIi{AKi,
1966) hare reconfi"mad th. ^^faty of th" IE

Furthermore, Immunodiffusion
analysis, as sho\\ n in Fig. 2 reveals clearly that
the purification steps employed in our pro-
cedure are very effective to remove the antigens
\^hich react \\itI\ rabbit anti-normal mouse

brain serum. and another set of experiments
demonstrated the absence of possible con-
tamination of the ultracentrifuge-purified \, ac-

preparation by encephalitogenic basic
protein (cf. Fig. 6).

In practical measures, about 800 in I of the
material can be processed at one time in a
Hitachi ultracentrifuge, fitted \\, ith an RF-21

vaccine.

cine
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If the centrifuge is run 3 times a day,rotor.

about 12 liters of the \, Irus material can be

handled in one centrifuge in 5 working days
per week. Therefore, if 10 tiltracentrifuges
are available, 120 liters of the \, irus material,
corresponding roughly to 60,000 to 70,000
mice, can be routinely managed a \\, eek

Kanamitsu and his coworkers reported the
results of a IE vaccine field trial in \Vakkanai
City, H. kkald. (K^NAM""su, 1966). They
tested 2 types of purified IE vaccine on the
boys and girls in junior high schools of the city
who had never been exposed to IE virus. The
results showed that ultracentrifuge-purified
vaccine gave a better response than alcohol-
protamine vaccine, irrespective of the inocula-
tion frequency. All the pupils showed a good
response after inoculation with the vaccine, and
the serum neutralizing antibody titer 4 months
after the first immunization was still high.
Further surveys showed that the retention of
antibody was fairly good even after one year,
and all the pupils, \\, ho had received the vac-
cine one year previously, responded very well
to a booster inoculation of this vaccine in a

dose of 1.0 inI.

The same group of investigators have also

carried out field surveys using the ultracentri-
fuge-purified \, accine preparation of the IaGAr
# 01 strain described in this paper, and obtained
an excellent response from the pupils jinmuniz-
ed (KANAMiTsu at a1. , 1968).

As mentioned before, however, it has long
been believed that a good vaccine cannot be
prepared from the IaGA, # 01 strum by a similar
method to that used for the present Nakayama

The preliminary results obtained on
the ultracentrifuge-purified IaGAr # 01 vaccine
described above, open the \\, ay for reconsider a-
tion of the IaGAr#01 strain and preparation
of better vaccine against Japanese encephalitis
and related diseases.

vaccine.
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