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uMMARY The quantitative micro-precipitin test using "'I-labeled mouse or Tab-
bit antibodies against Japanese encephalitis virus (IEV) showed that Japanese

encephalitis vaccine, prepared from infected mouse brains and purified by ultracentri-
fugation, contained 10 to 15% viral antigen.

TmmunodilTusion analysis with rabbit antiserum against encephalitogenic basic
protein from mouse brain showed that the vaccine contained no antigeiT or if any, less
than 0,37, . The passive cutaneous ariaphylaxis (PCA) test also showed that the
vaccine contained no encephalitogenic basic protein or if any, less than 0,035%.

Injection of the vaccine at a concentration of as ITigh as 250 times that of the usual
product, did not elicit allergic encephalomyelitis in guinea pigs of the Hartley strain,
while injection of a hornogenate of mouse brain caused definite paralysis and, 'or
histopathological lesions of the central nervous system.

INTRODUCTION

The practical use of Japanese encephalitis
vaccine purified from infected mouse brains
started in 1966, and has led to a rapid increase
lit the number of vaccinated people in Japan
and a rapid reduction in the incidence of this
disease. The previous paper (Tataku at al. ,
1968) reported the method of purification of the
vaccine, involving homogenization of brain
from mice infected \\, ith Japanese encephalitis
virus (IEV), 1.1akayama strain and treatment

of the hornogenate \\, ith protamine and active
carbon and two cycles of ultracentrifugation.
This method yields a very, effective vaccine
containing very little protein nitrogen. The
purified vaccine is rather labile in phosphate-
buffered saline, but can be stabilized by sus-
pension in TC Medium 199 containing gelatin
and phosphate buffer. Ultracentrifugation is
also effective in purification of vaccine from
mice infected with a recently-isolated strain
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IaGAr #01 of IEV.
The purification procedure involving ultra-

centrifugation was found to eliminate most of
the impurities derived from brain tissue
(Takaku at a1. , 1968). However, there is still
fear of possible contamination of the vaccine
with brain tissue substances causing allergic
encephalomyelitis. 111 this \\'ork, the quanti~
tative micro-precipitin test using J"1-1abeled
antibody to Japanese encephalitis viral antigen
was employed to calculate the purity of the

it \\, as found that the \, accine con-vaccine.

tained 10 to 157, antigen. Jinmunodiffusion
analysis and passive cutaneous ariaphylaxis
(PCA) using antiserum against the encepha-
litogenic basic protein from mouse brain tissue
also showed that this vaccine contained no

antigen or if any, less than 0.37, (from data of
jinmunodiffusion) or less than 0,035% (from
PCA data). it \\, as also shown that the
vaccine at a concentration of as higlT as 250
times that of the usual product did not GIIcit
allergic encephalomyelitis in guinea pigs of the
Hartley, strain.

2. Vaccine 11 o111 111ected 1,101!se 61 ai', I pill'Ifed by
141ti'ace, itr"cyan'o11

Infected mouse brain was Itomogenized, treated
^. ith protamine and active carbon and subjected
to t\^o cycles of ultracentrifugation as described
previously (Tal<aku at a1. , 1968). Concentrated
vaccine preparation \\, as obtained from the final

batches of vaccine from routine production line be-
fore dilution \\, itit stabilizing solution. Concentrated
preparations of vaccine at \, at jous steps of purification
Mere obtained either b}, tiltrafiltration or by removal
of medium containing low ntolecular solutes by
swelling of calculated amounts of dry. Sephadex G
25 In the samples

A1ATERIALS AND A, IETHODS

I. '11/1S

(IE\!), \aka}. ainaJapanese encephalitis

(I. :akayama-Yol<en) strain, LISed for the preparation
of mouse braiit \, accine purified by ultracentrifuga-
tion (Takaku at a1. , 1968), was obtained from the
National Institute of Health of Japan, and \\. as nTain-
tained b}, alternate passage in In ice and storage in
liquid nitrogen. The current strain OH 0566, was
isolated in the \;irus Laboiator\, of the Osaka Public

Health 11Tstitute, Osaka, Japan, from the brain of a
patieiTt \\ho died of Japanese eiTcephalitis, and was
qi\, eit to Lis b}, courtes}' of Dr. 1<unita. It \\'as
adapted to primar\' c\'nomolgtis monke\. 1<1dney
(A, H<) cells in this Institute b\. serial passages on the
cells, on \\. hicll it developed a cytopathic effect, and
\\. as LISed as the strain for' preparation of inncti\ ated

vaccine from tissue culture (YoslTida at al. , to be

published). \Iirus titration \\. as carried out by
piaquc counting on a chicl< embryo fibroblast culture
bv a in odincatioit of the Inethod of Porter field

(1960)

3 EiiCephdtitoge, 11c basic PI DieJ',! 11'011! 1/10/13e 61n, '11
1133/1e

Basic protein, \\. hiclt \\. as found to be the causative
antigen of allergic encephalomyelitis (Paterson,
1966) \\, as extracted from normal mouse brains and
partially purified b}. chromatographies on dietll\'-
laininocthyl (DEAE)-, and carboxymethyl (CAIl)-
cellulose columns b}, the method of Kies (1965)
\\'hen it was injected litto the necl< of guinea pigs of
the Hartley strain at a dose of 1.5 A, ,N and 15 14, ,\
in Freund's complete adjuvant, 60 to 90% of the
animals de\. eloped definite paralysis of ITind legs
after 13 to 25 da\. s

virus

+. Hilt, sei'a

I) Niouse antiserum against IEV, Naltayama straiit
(MUV)

I\lice, which survi\, ed ii)tracerebral infection for

the \, accine productioit, \\. ere ftirtlTer jinmunized with
killed \, accine as follo\^s. One weel< after the iiTo-

CUIatioiT \\, ith the vaccine product they received, at
\\'eekly intervals 3 series of 3 inti riperIt oneal linec-
tion, at two-dan. intervals, of 0.5 inI of 7 times con-

centrated vaccine purified by tiltracentrifugation
(Tai<all<u at a1. , 1968). T\^0 \\. eeks after the last inIec-
tion, ntice were bled. Their sera were pooled, and
stored at -20C \\It110ut any preservative
2) Rabbit antiserum against IEV, strain OH 0566
(RTV)

Rabbits were inoculated intra\. enousl\, \\. itIt 4.0 inI

of live IE\', strain OH 0566. at a concentration of
about 2 x 10' pinqtie tornTing tinits (PFC)!inI \\ltich
ITad been culti\, ated on pi'jinary itH< cells (Yoshida
at al. , to be published). T\\o days after infection,
the\, \\ere litJected Intramuscularl>, \\'itIl 10 ntl of
the same \'ii'us culture emulsified \\. itIT tilt eqtial
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volume of Freund's complete adjuvant contaiiling
85% D"al<e01, 15% A, I". el A, 2ing!inI killed
Julycob, ,cteii'1,111 t, ,bel"11/05i's, straii, H37Rv, 5 ingjml
Viccilin and 20 rug!inI 1<nnamycin. Tllcy received
2 more intramuscular injections of 10 Ittl of the same
culture \\. illt adjuvant tit intervals of 18 days. Two
months after the last linectioit, rabbits \\. ci. c bled 3
times (40 inI of blood eatclt time by iteart punctLire)
at Intervals of 5 days and theIT bled to dentlT I weel<
later. Antiserti \\. ere storcd at -20 C \\ithout nitv

preservative

3) Rabbit tintiserum algainst IEV (Nakavama)
vaccine from 11Tfected inoLisc braii, purified by
ultlaccittrifugation (RUV)

Rabbits were jinmunizcd 4 tinTcs, at intervals of
ribotit o1te montlt, by intitivcnous injectioit of 2.0 ITtl
of 4 times concentrated vaccine pLirified by tilti'"cent-
rifLigation aiTd simultaneously by intramusculai
irucction of 10 inI of the same concentrated \, ticcine

cmtilsificd \\, itit an equal\, o1ume of FrcLind's complete
tidytivant. T\\, o weel<s after the last inoculation. tlte
rabbits \\, ere bled. Antiser, I \\. eie storcd at -20 C

\\'it Ilout any presei'vative
4) Rabbit antiscrunt rigainst encephalitogcnic busic
plotein from IlTo use braii, (RBPM)

Rabbits \\, cre Immunizcd by titree injectioits iitto
the11 footpads tind ITecks at one itTontlT Intel'v:lis of
busic protein SOILitioi\ in 1.25qu SOILiblc calrboxv-
ITtcthylccllulose (NIOioz at ill. . 1963) ei, Tulsified \\. ith
nit equal vomitTe of Frcund's coinplete adju\,:In I
TITe doses of antigen wei'e 70 AgN in the hist. 140
PRN in thc second and 200 AgN in thc tllii. d irunTtini-

Somu animals developed Darnlysis of tltez"tion

ITind legs and some died duiin!! 11, c course of iruinuni-
Two weel<s riftci. the last immunization tl\eZatlOIT

rabbits wei'e bled. Antisei. a \\. CTe stoicd ill - 20 C

\\ ithout any presui. vaii\, c

5) Goat antiserunt against in o. 1se serum it roteiiTs
(Gi. :AIS), goat antisciunt agriiitst labbit scrum PIO-
teins (GNRS) tind rabbit antiserLinT against ITtouse
sci. uitt pi oteins (RNMS)

Thcsc antiscra were obtained by coui. ICs>. of Mi
I\I. Ichiknw:I and Mr. All. I-lavaslti of tliis litstitute

These allTtisera gave 25 to 30 all'CS against the mousc
serLim on an irumiinoelecti'DPIlorctic 1.1atc

column. If I, ecessnry, the fractions obtained during
purification \\, ere concentrated by ultrafiltration

The I G globulin fraction \\, as also obtained fronT
"abbit a, Tti-IEV, OH 0566-antise"am (RTV) by.
ammonium sulfate precipitation followed by DEAE-
cellulose cllTomatography

These fractions \\, ere sho\^n by jinmunoelcctro-
phoi'esis to consist mainly of ; G globulin and to be
little contaminated \\, ith other proteins. (Fig. I)

6. Rndronci, ', e I"hemp of I G "/o6/11^, I

NIOuse or rabbit IG globuliiT \\, as labeled with
12.1 by triiodide solution (Nn"'I \\, as added in a solu-
tion of I'm Kl) at O C for 41trin 0.2 M tris (hydroxy-
riteth}, I) amino methane (Tris-HCl buffer, PI{ 8.5.
by, the method of Covelli and \\, Diff (1968). The
molar I. at 10 of iodine added to the globulin was 1.01
for the mouse antibod\, and 1.98 for. the rabbit rutti-

body in the experiment shown in Fig. 2. 10dinated
protCiil was dialyzecl agriiitst 100 volumes of phD-
sphate-buffcrcd saline, PI{ 8.0, at 4C for 481tr willl
4 changes of the dialysis fluid. Aftcr dialysis, tlte
turbid solution \\,"s centrifuged at 3,000 rcv!in11T for
30 min. 'Fhc clear super nutant \\, as used for' the
quantitative micropiecipitin ICaction. TITe in o1ai
laitio of iodine to j G globulin in titcsc preparations
was 0.21 for nTousc antibody tind 0.31 for rabbit
tintibody. Botlt the Inousc and I'abbit rG globuliit
pi'epai'at ions contained less than 2% of the total
iodine us free iodine us judged by the radioactivity
in the stipeinatant itftcr precipitation of the pre-
pal'allons witl, ti'ICltloroacetic acid

TITe antibody and immune precipitates \\. ere
counted in a To shihi F10\\, Counter Scaler, Niodel
UDS-24204 with a No. 4 Gain Select at I 1<V of

Hl volt;Ige

In the region of antibody excess and the equi-
valeiTce zone, till the antigen, IEV in this experinteitt,
SITould be precipitated b>. antibody. TITc amount
of antibody (Ab) precipitated can be calculated froil\
the I adjuncti\, ity precipitntcd. The Iefore, the pui'it},
of titc \, ticcine prepai'at 10n can be calculated us
folio\\Ing

5. ISO/all'oil qj Ihe IC triobii/^,, fincti'oils 11 DJ, , aji/!'srin

Tite ;G globulin fraction \\. as obtained fi. ont nto use
anti-IEV, Nakayama-:Intiseruin (A1UV) by a coin-
binntion of aminoitium sulfate precipit"tioi, and t\\o
c\, cles of gel hill ation thi. Dugl\ a Scphadcx G 150

TotalI N PPIed-Ab N ppted
Punt\. - --^

Vaccine N added

\\'It CTC

YAxiASHiTA, T. et. al. Japo"ese ENcephtt/, I^^ PMJjjied Vaccine

Ab N pptcd-KC
K: " convcisioit constant for. the 12.1_

labeled antibod\. Lised

C : I ridioactivit\, of the precipitate
minus bacl<ground radioactivity.
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FIGURE I. Jinmu"oelect, opho, etic potter" of IG glob"fin fractions from mouse @"d ,@66^^ anti-JET'-nittise, @
a) Upper pattern : mouse rG glob"flitfr@ctio"

Loaner p@tter" : norm@I mouse serum
Goat anti-"orm@! mouse serum-@"tise, "in arias placed fit the trough.

b) Upper pattern : rabbit rG globulinfr@ctio, a
Lower pattern : normal ,@66^^ serum
Goat anti-"o7m@! rabbit serum-@, ztise, "in atlas placed in the trough.

7. rinm""oelectropho, arts

This was carried out according to a modification
of the method of Scheidegger (1955) using 1'0 agarose
in veronal-acetate buffer, pH 8.6, A 0.05.

8. Jinm""odjfi't'sio" a, 101ysis (Ouchte, 1072y tech, ziq"e)

This was carried outin 0.7', agarose in phosphate-
buffered saline, pH 72.

9. a, ,jinais

Gutnea pigs of the Hartley strain were purchased
from Shizuoka Experimental Animals Corp. , Hama-
matsu, Shizuoka. Mice and rabbit were supplied
from local dealers.

10. Nitrogen determin@tio, z

Nitrogen was determined by the Kjeldahl-Nessler
method of Yokoi and Akashi (1955).

11. Chemical

Dinthyl"minoethyl (DEAE)-. ellulose ob.was

tamed from Brown Co. , Berlin, N. H. Carboxyme-
thyl (CM)-cellulose (Setva) was from Gallard-
Schlesinger Chemical Mfg. Corp. , Long Island,
N. Y. Soluble CM-cellulose was obtained from

Nichirin Chemicals Industry Co. , Osaka. Sephadex
G 50 and G 25 were obtained from Pharmacia,
Uppsala, Sweden. Na"51, free of carrier and
reducing agent, was purchased from Danchi Che-
micals Co. , Tokyo.

BIKEN JOURNAL V01.13 No. I 1970

RESULTS

I - Q"@"tt'tattbe macro-preca^Init test of the
t!@ccz'"e ag@I'mst L251-labeled a"tz'-/EV- anti~
body

For estimating the purity, i. e. , viral antigen



content of vaccine purified by ultracentrifu-
gation, quantitative micro-precipitin tests were
carried out LISing 1251-labeled anti-IEV-anti-
bodies. Two kinds of antibodies were used :

a) mouse antibody against mouse brain (Naka-
yama) vaccine purified by ultracentrifugation
(MUV) and b) rubbit antib, dy ,gymst th,
currently-isolated strain, OH 0566, of IEV
cultured in primary Ml< cells (RTV). Neither
antibody showed cross reaction against either
the super natant from a hornogenate of mouse
brain or normal mouse serum.

Anti-UC purllied vaccine mouse antibody

200

Various am Quitts of antigen in 1.8 inI of AlllOO
trisodium ethylenediamine tetraacctate (EDTA) in
PITosphate-buffered saline (0.15 M NatCl in 0.02 M
phosphate buffer), pL18.0 were incubated in 13 x
78 mm conical tubes \\, ith 50 A1 of ''31-labeled j G
globulin fraction of mouse anti-IEV-antiserum at
37 C for 60 milt tind then at 4 C overnight. \\'ith
rabbit aiTtibody, antigen in 2.6 inI of phosphate-
buffered saline containing EDTA \\. as incubated
similarly witlT 400 F1 of labeled antibody. Controls
witltout antigen or antibody \\. ere also set up. Then
tlte reaction mixtures \\, ere centrifuged and the

super natants \\, CTC tested for excess antigen and

t,
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antibody. The precipitates \\. CTe \\. ashcd tlTree times
\^Ith 2.0 inI of cold phosplTate-buffered saline,
pH 80 and theIT dissolved in 3.0 inI of 0.1 \ NilOH

Two in I of earclT solution \\, CTe In Iten for nitrogen
determination, and 0.5 inI\\as LISed for measurement
of radioactivitv

TABLE I. Quanta'10/10e mr'CIO-piecz^21^^ yenctz'on of PMi'illed uricci"e
Ant!-UC pill'inert uricc, "e ,, louse a"tibodJ,

Concent-
rated
Uc-

purified
vaccine N

Total
N

piccipitatcd

,!g

752

1504

2256

3008

3760

Antibody
N

calctilated
from

c. pm

The experiment shown in Fig. 2 \\, as to
compare mouse and rabbit antibodies and to
estimate the effect of two cycles of ultracentrifu-
gation in tlle purification of vaccine (Tal<aku
at a1. , 1968). The antigens used were the

Itg
3+. 7

59. O

84.7

107.2

132.9

181

361

543

722

903

Antigen
N

I, g
9.1

12.9

14.4

15.2

16.2

Ab. molecules

Ag. molecule

precipitated
complex

27.1

49.3

70.8

94.4

110.7

ant, '-MK cult"led IE an'I'"s ( OH 0566) labhi! ""t, '60dj,

11g
25.6

46.1

70.3

92.0

116.7

After 1st UC

Conccnt-
rated
UC-

purified
vaccine N

in

Ab. N

Ag. N

8.3

11.8

13.5

14.2

14.6

for for
In

d excess excessprecipitated
complex antibody antigen

Total
N

prccipitated

51.6

41.8

306

24.6

20.8

Super natant test

jig
1504

2010

3008

6016

12032

18.8

37.5

57.3

802

96.1

Aftcr 2nd UC

65.9

47.0

35.2

26 .+

22.7

Antibody
N

calculatcd
fi. om

c. p. in

0342

0280

0205

O. 165

0139

I!g

55.8

70.3

91.4

175.2

94.0

Purity
of

vaccine

(%)

+r
+

+

361

481

722

1444

2888

Antigen
N

0442

0315

0236

O. 177

O. 152

11g
15.7

15.8

15.8

17.0

6.7

Ab. molecules

Ag. ntolccule

precipitated
complex

Aftei 1st UC

45.1

60.4

80.5

139.7

141.9

11g
40.1

54.5

75.6

158.2

+F
+

+

in

3.4

3.1

3.1

3.1

3.1

30

Ab. N

Ag. N

precipitated
complex

13.8

14.7

15.2

15.4

11.2
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pellets plus the bottom I 20 of the super natants
from the first and second ultracentrifugation
cycles of a single batch of mactivated pro-
tamine extract after treatment with active

carbon (Takaku at a1. , 1968). The precipitin
curves for mouse antibody in this experiment
cover only the region from antibody excess to
the equivalence zone as judged by the super-
natant test. However, the curves for rabbit
antibody extend to the antigen excess region.

Table I shows the actual values obtained and

the punties of these vaccine preparations cal-
CUIated from the results. In this thecase,

mouse IG globulin preparation contained
3.94 ingN inI and 532 cpm 11gN of antibody
and the rabbit preparation contained 1.51
ingN inI and 1,640 cpm figN antibody. With
both mouse and rabbit antibodies the values

obtained for the purities of these vaccine
preparations coincide well.

From several similar experiments, it was

concluded that the final preparations of the
mouse brain vaccine purified by ultracentri-
fugation contained 10 to 15', viral antigen.

2. Jinm""odjff'"$30" andb, $23 for detectz'off of
possz'61e containz'"@tt'on of the uriccz'"e 202'th
e"ceph@titoge"IC basz'c protean

The preceding experiments showed that
after ultracentrifugation the
tamed 85 to 90', impurity. There was a fear
of possible contamination of the vaccine with
brain tissue substances causing allergic en-
cephalomyelitis like in the many tragic cases
caused by rabies vaccine. Recently, a basic
protein located on the myelin sheath of the
central nervous system of various mammals
has been shown to produce allergic encepha-
loinyelitis in experimental animals (Robez-
Einstein at a1. , 1962 ; Rauch and RaiTe1,1964 ;
Kies, 1965 ; Paterson, 1966).

A^ ^haw" previ, usIy (Tat^k" at a1. , 1968),
the antigens reacting with antiserum against
normal mouse brain hornogenate are eliminated
as purification proceeds. Anti-normal mouse
brain hornogenate-antiserum sometimes deve-
loped a few faint arcs against vaccine purified

by ultracentrifugation and concentrated 15
times, but none of these arcs either fused into,
or formed spurs with the arc formed between
the antiserum and the encephalitogenic basic
protein prepared form mouse brain tissue
(Tat^k" at a1, , 1968). Thus^ re^ults ^haw that
there is little possibility of contamination of the
vaccine with encephalitogenic antigen. How-
ever, this possibility was examined further using
both the antiserum against the encephalitogenic
basic protein, purified by the method of Kies
(1965), and more concentrated vaccine pre-
paration.

Fig. 3 shows results of jinmunodifTusion
analysis of preparations of vaccine at various

@

3

vaccine con-

^
A

4

2

16

A

11

11

FIGURE 3. Jinmu, ,odjjff"sio" analysis of samples at
Dano"s PM, inc@tio, a steps ogoi, ,st ,@66^^ a, ,ti-e, iceph@-
litoge"ic basic protein a, ,tiser"in
A : Rabbit anti-e, teeth@!^toge, ,ic baste protein-@,,-
tire, urn (RBPM-2)
I : Super, ,at@"t of 60'0 ,, o77"a! mouse brat, , fromo-

gen@te
2: * Protami, ,e extract.

3. . Super, Iota, ,t after actitie carbon treatme, it
4 : * Super, ,@tantjrom tilt*@centrjf"g@tin".
5 : * Pellet and bottom I 20 of the super"@tant from
ultrace, It, Jug@tio".
7776. E, ,ceph@!^loge, ,ic basic trotei, , from mouse
brain (77: 1601, gNm1,72: OOFgNm1, 13: 40
14gN inI, 74: 20 AgN in!, 75: 70 AgN inI and 76
5I, gNjmi).
20: Normal mouse serum

* The antige, is used alleyefrom a single batch of protC-
mine extract at "@,'IOUs stages of parrjjic@tio, ,, @"d
their concentrations are, e adyt, sted to 260 times that
of the 71,701 o0cci"e product
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steps of purification and of various concentra-
tions of encephalitogenic basic protein against
rabbit antiserum against the basic protein.

The supernatant from the 609, normal mouse
brain hornogenate (\\rell No. I) and normal mouse
serum (wells No. 20) \\, ere not concentrated but the
concentrations of the other samples at \, anous
purification steps were adjusted to 260 times that of
tl\e final vaccine product. Serial dilutions of the
basic protein isolated froi. t mouse brain \\. ere placed
lit wells Nos. 11 to 16

Fig. 3 shows that a precipitin arc formed
between the antiserum LISed (\\Iell A) and the
concentrated vaccine (\\;GII No. 5) and this arc
fused with the arc formed by the encepha-
litogenic basic protein (\\Iell No. 11) or the arc
formed by normal mouse serum (\\Iell No. 20).
However, another arc formed between the

and thisantisertim and the basic protein
neither fused into, nor formed a spur witlT the
arc formed by the concentrated vaccine. This
main prccipitin arc was very clearly formed
by the concentrated vaccine. This mailT pre-
cipitii\ arc was very clearly formed against the
enccphalitogenic basic protein,
concentration aslo\\, as 5ItgNjml aVell No. 16).
The concentrated protamine extract (Well
No. 2) also formed a failTt arc. This arc
formed a spur with the mailT precipitin arc by
the basic protein. A similar faint arc was also
observed betwecn the antiserum and the super-
natant after treatment with active carbon.

The arcs, which formed and fused with each
other betweeit the antiserum and the prepa-
rations at various purification steps or normal
mouse serum, were not due to encephalitogenic
antigen but to the antibody against an impurity
in the preparation of basic protein isolated by
Kies' method, in this hyper-immune antiserum.
it seems that the concentrated vaccine con-

tains no encephalitogenic basic protein. it
does not even contaiit as little as less than

5 11gNlml, because, if the vaccine contained
a small amount of encephalitogen too low to
develop a visible precipitin arc, the nTain arc
form, d by thts corephalitog, n (\\', 11 N. . 11)
would be bent toward the antiserum \\, ell near

the \\, GII containiiTg concentrated vaccine (\\'ell
No. 5).

On the other hand the faint arc formed by
the concentrated protamine extract and by
the concentrated super natant after treatment
with active carbon show that these preparations
may contain a little encephalitogen. There-
fore, this irumunodiffusion analysis clearly
shows the necessity and value of ultracentri-
fugation in purification of the vaccine.

This assay shows that vaccine purified by
ultracentrifugation and concentrated 260 times
(\\'*11 N, . 5) (1,495 I, gNjmlin thi^ ,xperim, nt)
contains no basic protein or if any, less than
5 11gN. Therefore, mouse brain vaccine pun-
fled by ultracentrifugation contains no encepha-
litogenic basic protein or if any, less than
0.3%.

To study the relationship between the
precipitin arcs showit in Fig. 3, the antiserum
was absorbed with irisolubilized normal mouse

serum proteins.

F1fteeit inI of normal inoLise serum \\, erc irisolu-

billzcd by treatmeiTt witlt glumraldehyde ticcoi diitg to
the ritethod of Avramens and Ternyncl< (1969).
The irisolubilizcd proteins \\. etc washed three times
witlT phosphate-bLiffered saline, pH 7.4. Volumes
of 4 inI of the antiserum used ii\ the I, receding
experiment were absorbed o11 packed gels at 4 C
overnight. TITeiT the insoluble gels were Ternovcd
by centrifugatioiT aiTd jinmunodiffusion analysis \\. as
carried out us in the precediitg experiment

As shown in Fig. 4 this absorbed antiserum
(A') still formed a precipitin arc against ence-
phalitogenic basic protein but no longer formed
one against the vaccine. The faint arc formed
between antiserum and the concentrated pro-
tamine extract (Well No. 2) was still seen,
eveiT after absorptioiT of the antiserum with
msolubilized normal serum proteins, and it
formed a spur with the arc against the basic
protein.

3. Passt'ae CUIa"eons aimj>fry/darts (PCH) test
for' e"cephafitoge"IC btisz'c plotez'?, 171 the

even at a
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FIGURE 4. Jinmu"od^"sin, I on@!ysi$ of samples at
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litoge, ,,'c basic trotei, , @71ta'serum

The saline antigens 2:1ere t'sed us for Fig. 3. The
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from this antiserum by absorption of the
serum with irisolubilized normal mouse serum

proteins. Antibodies reacting with concent-
rated vaccine purified by ultracentrifugation or
normal mouse serum could also be removed

from rabbit anti-basic protein-antiserum by a
similar absorption procedure.

Concentrated vaccine purified by ultracent-
rifugation prepared from infected mouse brains
gave a positive reaction with hornologous
rabbit antiserum and also with rabbit anti-
basic protein-antiserum and rabbit anti-normal
mouse serum-antiserum, but gave negative
reactions with mouse hornologous antiserum
and rabbit anti-tissue-cultured IEV (OH
0566)-antiserum. The sensitizing activities
of rabbit hornologous antiserum and of rabbit
anti-basic protein-antiserum to concentrated
vaccine were removed by absorption of the
antisera with msolubilized normal mouse serum

proteins. On the other hand, normal mouse
serum used as an antigen also gave positive
reactions with rabbit or goat hornologous
antiserum, rabbit anti-basic protein-antiserum
and rabbit antiserum a a'against vaccine purl
fled by ultracentrifugation, but not with
either of the latter antisera after their absorp-
tion with msolubilized normal mouse serum

proteins.

Thus, after removing a common antibody or
antibodies to normal mouse serum proteins
from these antisera by the absorption tech-
nique, it was demonstrated that the ence-
phalitogenic basic protein antigen only reacted
with hornologous antisera, and not with anti-
vaccine-antiserum. On the other hand, con-
centrated vaccine purified by ultracentrifuga-
tion did not give a positive reaction even
against hornologous rabbit antiserum ab-
sorbed with msolubilized mouse serum pro-
reins. it is uncertain why the vaccine did
not give a positive reaction with mouse horno-
logous antiserum, absorbed rabbit hornologous
antiserum or rabbit anti-tissue -cultured IEV~
antiserum. However, if the concentrated
vaccine preparation contained encephalitogenic
basic protein as a contaminant at a concent-

20

A

13

the vaccine with encephalitogenic basic protein
further a passive cutaneous ariaphylaxis (PCA)
test was carried out.

11

12

Guinea pigs of the Hartley strain, weighed 400 to
450 g, were sensitized by intracutaneous injection of
0.1 inI doses of various dilutions of antiserum,
usually in 4 rows of 6 spots on the back of a single
animal. Six hours later, antigens in 1.0 inI of
3.0 ing inI Evans blue solution were injected intra-
venously. Twenty minutes later the animals were
sacrificed, and the sizes of the blue spots were
measured from the under-surface of the skin.

Absorption of antisera with irisolubilized normal
mouse serum proteins was carried out as described
in the preceding paragraph

As shown in Table 2, the encephalitogenic
basic protein preparation elicited positive
reactions against various dilutions of horno-
logous antisera even at a concentration as low
as 0.3 AgN inI. This antigen preparation,
when injected at a higher concentration, some-
times gave weak reaction against rabbit anti-
serum against vaccine purified by ultracentri-
fugation. However, the antibodies reacting
with basic protein preparation were removed

YAMASHiTA, T. et. al. Japanese E"ceph@!, I^^ Purified I'@cci"e



TABLE 2. PCA Testjor Errcepha/^loge"z'c Basz'c Protez'" rind Pacct'"e Piirjjied 61, Ultrace"tr4ft, grino"

Antiserum

Antigen

RBPM-3"

I Dilution

RUV-12 (abs. )b

23 x 10

2 x 10
22 x 10

24 x 10
25 x 10

2 xiO
22 x 10
23 x 10
24 x 10

5
2 xiO
2 XIO

22 x 10

5
10

2 xiO
22 x 10

2
2'

2
2'
23

2
2'

I
2
2'

RBPM-6

30.3

N T'
NT
NT
NT
NT

NT
NT
NT
NT

21 x 21
17 x 21
21x15
18 XI5

20 xi8
15 XI3
12 x 12
10 XIO

RBPM-6 ("bs. )"

Encephalitogenic Basic Protein front Mouse Brains ("gNlml)

30.3

NT
NT
NT
NT
NT

NT
NT
NT
NT

20 x 21
21 x 22
17 xi8
15 xi5

14 XI4
14x13
11 xi4
10x 9

MUV-15

1.5

15 xi+
12 XIO
7 XII

11 XII
8x 9

15 x 15
13 XIO
12 XIO
11xlO

NT
13 xi2
10 x 11
7x 8

14x 14
11 XII
10 XII
NT

RUV-12

1.5

15 x 15
12 XIO
15 xi3
11 XI3
8x 9

13 x 15
11 XI2
11 xiO
10x 8

NT
14x15
11 XIo
9x 8

13 XII
12 XIO
10x 8
NT

RUV-12 (abs. )"

0.6

15 XI8
11 XIo
10x 9
9x 9
7x 6

15 XI7
12 XIO
9x 9
8x 6

NT
14x12
15 xi3
6x 8

15 XI4
13 x 12
15 XI4
NT

RTV-8

0.6

14 xi3
13 XI2
10 XII
6x +
6x 7

14x12
12 XI2
8x 7
6x 5

NT
12 XII
10x 8
4x 5

13 XI4
13 XI3
11 XIO
NT

NT
NT

5x 5

RNMS-14

0.3

19 xi6
15 XI6
15 xi5
12 xi6

NT
NT

GNMS-2

0.3

NT
NT

NRS

16 xi8
10 xiO
8x 8
8x 7

18 xi6
15 XI5
15 x 15
11 XIO

NT
15 xi8
15 XI7
10 xi2

16 x 16
12 xi3
11 XIo
NT

NT
NT

NMS

2
2~
2'

NT
NT
NT
NT

NT
NT

NGS

PBS

15 xi7
12 XII
10x 8
8x 8

NT
10 XI3
9x 9
8x 7

12 xi2
11xlO
9x 9
NT

NT
NT

NT
NT
NT
NT

NT
NT

it RBPM : rabbit antiserum against cnccphalitogenic basic protein isolated from mouse brains ; MUV : mouse
against mouse brain (Nakayama) vaccine purified by ultracentrifugation ; RTV : rabbit antiserum against tissue-
against normal mouse scrum ; NRS : normal rabbit scrum ; NMS : normal Inouse scrum ; NGS : normal goat
b Antiserum absorbed with irisolubilized normal mouse serum proteins
' Figures combined \\, ith a x represent the cross diameters of the blue spot measured on the under-surface of

NT
NT

NT
NT
NT

10

2'

NT

NT

NT
NT
NT
NT

NT
NT

NT
NT

NT
NT
NT

NT

NT

NT

I NT

NT
NT
NT
NT

NT
NT

NT
NT
NT

NT
NT
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NT

NT
NT
NT
NT
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NT
NT

NT
NT
NT

NT
NT

NT

NT

NT

NT
NT
NT
NT

NT

NT
NT

NT
NT
NT

NT
NT

NT

NT

NT
NT

NT
NT
NT

NT

NT

NT

NT

NT
NT

NT

NT

NT
NT

NT

NT

NT

NT



0.03 0.03 260

NT
NT
NT
NT
NT

NT
NT
NT
NT

17 xi3NT

260

NT
NT
NT
NT
NT

NT
NT
NT
NT

13 x 15

Vaccine (times concentrated)

130 130

NT NT
NT NT
NT NT
NT NT
NT NT

NT NT
NT NT
NT NT
NT NT

14x14 11x 9NT

NT

NT
NT

NT

NT
NT

NT

NT
NT
NT
NT

65

NT
NT
NT
NT
NT

NT
NT
NT
NT

NT

NT

NT
NT
NT
NT

NT
NT

NT
NT
NT

65

NT
NT
NT
NT
NT

TN
NT
NT
NT

18 XI5
I 14x15

12 XI+

NT

NT

Normal Niouse Serum

1/1 111

NT
NT

NT
NT
NT

NT

NT

17 xi5
14 xi+
12 XI3

NT
NT
NT
NT

NT
NT

NT
NT

11xll

NT
NT

NT

NT

I+x 15
17 x 15
5x +

NT
NT

NT
NT
NT
NT

NT
NT
NT
NT

12 x 10

I 17 x 19

NT
NT

I NT

NT

NT

NT

NT

16 x 15
12 XII
6x 6

NT

NT

NT NT
NT NT
NT NT

16 xi5 23 x 21 23 x23
21 XI7 22 x 20

NT NT NT NT 17 x 20 21 x 21
NT NT NT NT 14 xi5 17 x 20

NT NT NT NT ' - 16x17

NT NT NT NT NT NT

NT NT
NT NT NT

antiserum against mouse brain (Nakayama) vaccine purified by ultraccntrifugation ; RUV : rabbit antiserum
cultured IEV (OH 0566) ; RNMS : rabbit antiserum against normal mouse serum ; GNMS : goat antiserum
serum ; PBS : phosphate-buffered saline, pH 7.2

the skin. - : negative reaction ; NT : not tested

NT

12 XII
8 XIO
+x 6

^^ ^ - .----

NT
NT
NT

12x 8 23x22
20 x 18IX I

15 xi6
14 xi3

NT
NT

NT

NT

NT

NT

NT

NT

NT

NT
NT
NT

23 x 23
21 x 20
16 XI8
14x15

I. : T

NT

---.--^-^-^

NT

NT

NT

NT
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ration of as low as 0.3 11gNlml, it should have
been detected using rabbit antiserum against
this antigen, \\, hich ITad been absorbed with
msolubilized normal mouse serum proteins.
Therefore, these results indicated that the
260 times concentrated vaccine (856 AgN!'inI in
this experiment) contained no encephalitogenic
basic protein or if any, less than 031856 or
0,0359'0 -

4. Expel. jinentn/ alleigz'c e, ,cephdlomyetiti's Ih
grrr}zen pi:gs cnused by adj. lot, s pi. epni'ations
fom the centi al nervous system of nit'ce

The previous paper (Tataku at a1. , 1968)
showed that ITeither concentrated vaccine

purified by ultracentrifugatioiT nor concent-
rated vaccine after protamine treatment, which
was used clinicalIy before introduction of
vaccine purified by ultracentrifugation, elicited
allergic encephalomyelitis in cynomolgus
monkeys.

Experimental allergic encephalomyelitis in-
duced by various preparations from the central
nervous system of mice and by vaccines was
Teexamined using guinea pigs of the Hartley
strain, which are known to be very sensitive to

experimental allergic encephalomyelitis. The
concentrated vaccine was obtained from a

final batch of a routine product \\, ithout dilu-
tion \\, ith stabilizing medium, as described in
Materials and methods, instead of being con-
centrated by lyophilization used in the previous
.xperim. nt (Tat"ku at a1. , 1968), which might
result in degeneration or denaturation of
possibly contaminated encephalitogen.

TABLE 3. litdticti'on of alle, gz'c e"cephn/onlyel^tat (HE) I'M gin'"ea palgs of the Hn, .t/ey sti, or'", tci'th con-
ce"t, 'ated coccz'Me and uru, 10tts prepni'nit'ons of mouse centi'o1 itei"ONs system

Antigens \\, ere injected into the t\\, o foot-pads
of guinea pigs with Freund's complete adjuvant
The animals were examined for development of
paralysis or death for 5 weeks after the injection
All animals \\. hiclT died and all those \\. hiclt survived

the experimental period \\, ere examined ITistopatho-
logically by, study of preparations stained \\. inT hema-
toxylin-eosin

250 x Concentrated UC-purified vaccine
50 x Concentrated protamine vaccine
50% Normal mouse brain hornogenate (A, IB)
2 x Concentrated supernatant of lvlB
Protamine precipitate from MB
14.6 x Concentrated protamine extract

from MB

50% Mouse spinal cord hornogenate
Adjuvant controlb
Unsensitized control

As shown in Table 3, animals receiving vac~
cine purified by ultracentrifugation and con-
centrated 250 times did not develop paralysis.
These animals were killed after 35 days and
compared with control animals. No lesions
of allergic encephalomyelitis were found in
them in the cerebrum, cellebellum, pons, me-
dulla oblongata or spinal cord. Fifty times

Antigenn

it Antigen \\. as mixed \\, ith an equal volume of adjuvant containing 85% Drakeol No. 6.15% ATlacel A, 2 ing/
inI killed Mycobacter, '"", tube, CUIos, 's, strain H37RV, 5 ing/inI Viccilin, 20 ing/inI Kanamycin. It was injected
into two foot pads.
b Phosphate-buffered saline \\. as injected \\, ith adjuvant
" Received no injection.

Sensitizing
dosejanimal

(rug Hot-TCA-
precipitable N)
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O. +

2.7

2.3

3.0

3.2

No. of
animal

sensitized

11

11

11

11

11

2.3

No. of animals \\. ith

Signs of AE Lesion of AE

2.3

o

o

+

o

o

11

11

8

b

o

o

8

o

o

o

o

o

o

3

3

o

o



concentrated \, accine after protamine treatment
also caused no POSiti\'e clinical signs or histo-
pathological lesions.

On the other nand, some animals \\. hich had
received 509', mouse brain hornogcnate de-
veloped definite paralysis of their hind legs
while others developed lesions, mainly ap-
pearlng as perivascular infiltration of round
cells, in their central nervous svstem even

thouglT they developed I\o clinical signs.
Similar lesions \\. ere observed in animals re-

ceiving a mouse spinal cord hornogenate or the
super natant (extract) or precipitate of a nTouse
braiit Ilo1nogenate after protamine treatment.

DISCUSSION

Since 1954 formalin-mactivated \, accine pre-
pared from infectecl mouse brains has bcen
used clinical Iy as a vaccine against Japanese
encephalitis. Year by year the potency of the
vaccine It as been increased and impurities
eliminated. 11\ 1966 purified \, accines, includ-
ing our preparatioi\ purified by tiltracentri-
ftigation (Takaku at a1. , 1968) \\'CTC introduced
into practice. Since then the ITUmber of
cases and deaths by this disease It as rapidly
declined. I{owevcr, there is still the fear
that \, accine prepared from brain tissue may
cause tragic cases of allergic encephalomyelitis.

The quantitative micro-precipitiiT test \\'as
used to estimate the purity of the \, accinc, and
showed that after purification by ultraccntri-
fugation the vaccine contained 10 to 15%
\, it al antigen. This prompted us to Teexamine
the possibility of contamination of the vaccine
\\. itIT brain tissue substances causing allergic
encephalomyelitis. It is \\. ell established that
a basic protein or peptide located on the myelin
sheath of the central nervous system is the an-
tigen causing this disease (Robez-Einstein at
a1. , 1962 ; Rauch and Raf}c1,1964 ; Paterson,
1966). Both jinmunodifTusion analysis and the
PCA test using antibody, against this antigen
sho\^cd that the vaccine contained no encepha-
litogen or if any, less than 037, (from jinmuno-
diffusioi\ analysis) or less than 0,035g, ', (from

PCA). Experiments on the development of
allergic encephalomyelitis LISing concentrated
vaccine as \\. ell as \, arious preparations of mouse
brain tissue also showed that the \, accine, at a
concentration of as high as 250 times that of the
usual commercial product, did not GIIcit al-
Iergic encephalomyelitis in guinea pigs of the
Hartl^, strain, \\ hile a brain tissue horno-
genatc or other preparations of the central
nervous system of mice caused distinctparalysis
of the 111nd legs and, or histopathological lesions
in the central nervous of animals.system
TmmunodiffLision analysis also showed the
effectiveness of the ultracentrifugation method
in purification of the vaccine. Both the con-
centratcd protamine extract and the super-
natant after treatment \\, it I, acti\, e carbon still
formed a faint precipitiiT arc against anti-
encephalitogenic basic protein-antiserum, even
after absorption of the antiserum \\. ith msolu-
billzed mouse scrum proteins. Ho\^e\, er, the
samples front later purification steps gave no
precipitin arc against the absorbed antiserum,
which forms aiT arc against the basic protein.
This also demonstrated the necessity and \, aime
of ultracentrifugation in purification of the
vaccine.

The quantitative micro-precipitin test using
1251-labcled antibody showed that this vaccine
contained 10 to 1570 IEV antigen. it \\, as
showiT that IE\I is a spherical particle of
38 init diameter \\. ith a buoyant density of
1.24 (F. k, i in Tat^ku at "I. , 1968). F"om
these values, assuming that the nitrogeiT con-
rent of IEV i^ 167, , ^ ^ingl. parchl. of IEV
should weigh 3.56 x 10~" Itg or 5.69 xi0~12
11g:*!. \Iaccine purified by tiltracentrifugation
contains ai\ average of 311g of nitrogen per in I
precipitated by hot trichloroacetic acid, and 2
to 5 x 10s PFU on chick fibroblasts per inI \TITen
prepared by the " live procedure "virus

(Takaku at a1. , 1968) \\. ithotit formalin mactiva-
tion. From these \, alues the vaccine should

possess 5.3 to 8.0 x 1010 IEV particles per inI,
if all the \, ITal antigen precipited \\, Ith the
specific antibody can be counted as \, ITal par-
ticles. Therefore, the ratio of \, ITal particles to
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infectious units on chick fibroblasts is calculated

as 100 to 400. When IEV preparations are
measured by 50% lethal doses (LD, ,) for suck-
ling mice infected intracerebrally, 4 to 5 times
higher values are usually obtained as compared
to the FFU values on chick fibroblasts. Then

the ratio of viral particles to the LD is cal-
CUIated as 20 to 100. These values do not

mean that IEV is Inactivated during the ' ' live
virus procedure " of purification, in which the
final yield in FFU has routinely been observed
to be more than 60% of that of a brain horno-
genate, but rather indicates that the brain tissue
of infected mice can synthesize more non-
infective virus particles than infective ones.

The results of quantitative micro-precipitin
analysis described here also suggest that this
method may be used without using labeled
antibody. if a fairly wide range of equivalence

zone is obtained as in the case described here,
increase in the precipitate should be due to
increase in the amount of antigen precipitated
within the equivalence zone. Therefore, in
such cases, the purity can be readily calculated.
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