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A FIELD TRIAL WITH AN IMPROVED JAPANESE ENCEPHALITIS

VACCINE IN A NONENDEMIC AREA OF THE DISEASE

A, IASATSUGU KANAIVllTSU, NOBUO HASHliVIOTO, SHOZO
DRASA\\IA, killTSUHIKO KATSURADA and HIR00 1<11\IURA
Department of H}. gicne and Epidemiology, Sapporo A'ledical College. Sapporo, H01{1<nido

(R". ei*cd Jul} 14,1970)

UN^MARY The antibody responses to mactivated Japanese encephalitis (IE)
vaccine of junior itIgh school students and aged persons living in an area \\, here

BIKE\ JouR\AL V01.13,313-328,1970

IE was not endemic \\, ere examined. TIT all, 10 lots of vaccine prepared by different
methods and differing in potcncy and jinmunotypc \\, ere tested. The magnitude of
the response to a primary Inoculation \\, itIT Nakayama vaccine \\. as closely correlated
with the potency of the \, accinc. The response to a single injection with vaccines of
the IaGAr jininunotype \\, as Invariably poor, even \\, hen they had as I}Igh a potency
as that of the I. ;akayama vaccine. However, two successive injections \\, Ith IaGAr
type vaccine resulted in a greatly enhanced response

A booster dose of vaccine hacl a marked effect on the antibody response, Irrespective
of the previous history of IE vaccinatioiT and the jinmunological status before the
booster dose. The increased antibody level remained Itigh enouglT for I or 2 years
after \, accination to prevent natural infection \\, ith not only hornologous but also
heterologous IE viruses to the vaccine. The magnitude of antibody response of
aged persons \\, as similar to that of high school students. The physico-chemical
properties of the ai\tibody produced by the \, accine and the side rcactions caused by
vaccination \\, ere also studied

INTRODUCTION

Inactivated Japanese encephalitis (IE) vaccine
has been greatly improved in recent years.
Tire in, hl, ",.. ti. add (TCA)-pre. IPIt, bl,
nitrogen in the mouse brain type vaccine was
reduced to less than 0.02 ing!inI, \\, ithout
Impairment of the jinmunizing potency, of the
vaccine (Takaku at a!., 1968a; Nakamura et
a1. , 1969). This \, accine does not cause allergic
encephalomyelitis as shown both clinicalIy
(Okinaka at a1. , 1967) and neuropathologically

(Eg"^him ,t a1. , 1966; Shit, I*I, 1966), Cu"-
rently, an Inactivated cell culture vaccine for
IE has been developed (Darwish and Hammon,
1966a; Lee et a1. , 1967; 1<aneko and Trioue,
1967; Kanek0,1968). This vaccine contains
virtually no mouse brain substances responsible
for allergic side reaction.

The serologic response of man to the Im-
proved IE \, accine has also been studied. In
Japan, however, most studies have been
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performed in Honshu, where cases of IE occur
every summer. In this endemic area naturally
occurring IE infection affects the serologic
response following vaccination, and so coin-
PIicates interpretation of results. In asso-
ciation \\, ith the Committee on Japanese
Encephalitis Vaccine (CIEV), organized in
1966 with Dr. Kawakita as chairman, we
studied the antibody response to the vaccine
of high school students living in the northern
part of Hokkaido, the only place in Japan
known to be free from IE (Miura and Kitacka,
1955). Some results have already beeiT re-
potted (Katsurada, 1968a, b). Further results
are described in the present paper.

MATERIALS AND A{ETHODS

I. 8116^^CtS

About 500 junior ITiglT school students of 12 and
13 years old, living all their life in the northern part
of Hokkaido \\. ere chosen as subjects. They ITad not
lived in an endemic area of IE or travelled into the

area during the epidemic season of the disease
None of them showed neutralizing antibody to IE

virus at a serum dilution I : 2.5, at the time of \, ac-
A group of persons of 60 years old orcmation

more, living in an asylum In the middle part of
Hokkaido, \\, ere also included in the subjects to
compare their at\tibody responses to the vaccine \\ith
the responses of the students

2. meci', Ie

A total of 10 lots of IE vaccine prepared by
different methods and differing in potency, and
jinmunot}. pe were tested. Of these, 5 were prepared
from mouse brains infected with Natayama-NIH
strain of IE virus, and the other 5 \\, ere prepared from
viruses of the IaGAr jinmunotype. T^. o of the
latter \\ere mouse brain type \, accine \\, hile the other

3 \\. ere the cell culture t}. pe. Details of these \. ac-
cines are suntmarized in Table I

TABLE I roccz'"e used

Naka}, am a

Vaccine

3. 4th, ,11/13ti at ion of uricc, 'lie ajid collecti'o11 of sell, ,, I

One group of subjects was Inoculated once sub-
cutaneously with a dose a in I) of vaccine, and the
other twice with one dose eaclT \\, ith an Inter\, al of

I or 4 \\'eeks bet\\, een injections. One year after the
primarv \, accination. most groups \\, ere gi\. en a

booster dose \\, hich \\. as irumunologicall}. hornologus
or heterologous to the first dose. Two further

groups \\ ere boosted lit tl\e folio\\ ing ways one

IaGA" type

IaGA, 01

lot I"

2"

3"

149rt

16+C

Mukai

IaOH

Starting material

Mouse brain

do

do

do

do

Experimental vaccine produced by Nippoit Institute for Biological Sciencea;

b, I, g, I', j' ; Experimental vaccine produced by Research Foundation for Microbial Diseases of Osaka University
Commercial vaccine produced by Research Foundation for Microbial Diseases of Osaka Universityc, d, e ;

Experimental vaccine produced by Takeda Chemical Industries, LTDh;

Trich!oracetic acid-precipitable nitrogenA;

lot 21

4"

lot I'

lot 3'

41

Mouse brain

do

Hamster kidney

Monkey kidney
do

Method of purification

314

Alcohol-protamine

Ultracentrifugation
do

do

do
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Ultracentrifugation
do

Membrane filtration

do

do

TCA-NA
(/, g/in I)

8.9

3.0

7.0

4.0

1.5

17. O

4.8

13.6

80

16.0



\\'as given a booster dose 2 years after tlTe primary.
vaccination, and the other \\. as given t\\'o booster
doses I and 3 years respectively after the first \, ac-

Serum samples \\. CTe collected at intervals
from the SLibjects, as described in the text

cination

4. 4/1/'60dj, till aji'o11

lit principle, antibod\. \\, as titrated for \, irus
hornologous to that of \. accine lidministered. How-

ever, tlTe antibody of subjects in DCulated with A{ukai
vacciiTe was titrated against InGArOl virus. The
50% piaque reduction method recommended by the
CIE\; \\. as employ. ed for titratioiT (Tai<aku at al. ,
1968a). lit this metltod, serial4-fold dilutions of
macti\'ated serunt are mixed \\'Itit an eqtia1 \'o1ume
of solutioi\ colttaining about 200 FFU of virus
After incubation at 37 C for 2lit, 0.4 in I of the
mixture is Inoculated into a 70 mm-diameter Petri

disl\ containing a 24 hr-culture of primar}. chick
embryo fibrobalsts (CEF). As controls 10 dislTes
conttiining CEF cell monolayers are in DCulated \\itit
mixtures of \, Irus and phosplTate buffered saline
(PBS) containing 596 it oriTTal calf serum. As POSi-
ti\, c serum controls dishcs are In DCulatcd \\'itIT mix-

tures of virus ai\d rabbitimmune serum winT al<nown

antibod}. titer against IE \. irus. After incubtitioit at
37 C for 90 itTinutes tinder CO, , Earle's medium
(containing I 96 agar. 0.5961actalbumin I, ydrolysate
and 0.1 96 yeast extract) is poured into tl\e disltes to
forITT the first overInv. A second ovena\. is made

2 days later, and 1.1aques arc t'sually couitted the
folio\^ing day. Unless stated otltcr\^ise, a dilution
of surunT I : 10 \\. as taken as tlTe lowest limit of a

positive result. The neutralizing antibody of old
people was titrated by the microtitration teclTnique
of Suilivan and Rosenbaum (1967) using suspension
of PS cells and carbox\, methvl cellulose as an overIn\

(Sanm, 1967)

6. T, ,at, ,!e, ,I of ,e, !,,, I
(2-ME)

Tite method of Svehag (1964) was Lised. Serum
samples \\, ere mixed with ai, equal voluiTte of 0.2 M
2-ME. After incubation at 4 C for 241\r, the
mixture \\. as exhaustively dialysed against PBS. As
a control the same serunt salTtple was treated in tl\e
same \va\. but witltout 2-!\IE

201t/I 2-me leaptoeih", 101

RESULTS

I. Effects qf cell ci!/till'e p, 133(Ige of IE un'lis o"
lis dbi7i7y to ledc/ 20/1/1 a, It160dy

we found that \\, hile the antibody responses
of ITigh school students to prima^, injection
with Nakayama \, accine \\, as as expected, the
response to IaGAr jinmunotype vaccines \\. as
very poor even \\, he IT vaccines of as high
potency as that of Nakayaina \\, ere injected.
Recently, using currently isolated IE \, irus,
Ozaki and 1< urnagai (1969) found that the
neutralizing antibody, titer of a given serum
was much greater \The I\ measured using \, irus
whiclT ITad been serialIy propagated in PS cell
cultures. This finding is very relevant to our
worl< since thc viruses \\. e used for antibody
titration had different histories of passage after
isolation (Okuno at a1. , 1968; Takaku at al. ,
1968b). Accordingly, the possible effect of
serial passage of IE \, irus in cell cultures on its
ability to react \\, Ith antibody, \\, as studied.
Two viruses, Nakayama-NIH and JarGArOl,
which ITad been maintained by intracerebral
passage in mice \\, ere serialIy propagated in
CEF cell cultures \\, ith transfer at 2 day inter-
vals. 1.1akayama \, Irus \\'as serialIy propagated
also in primary pig kidney, (PK) cell cultures in
a similar \\, ay. Anti-Nakayama and -IaGArOl
hyperimmune rabbit sera and ITUman sera of
different origins \\, ere titrated for neutralizing
antibody against the original \, iruses and those
after serial passage. Antibody titration was
performed on cultures of cells of the same kind
as those employed for \, ITal passage. Results are
shown in Tables 2 and 3. The antibody titers
of some sera \\, ere similar \\, ith the original
virus and that after passage in cell cultures,

5. Gel 11/1/0110, I

A column (1.8 I80 cm) of Sephadex G-200
(Pharmacia) \\. as prepared by the method of F10din
and 1</11ander (1962) witlt slight modifications
T^. o nTl of serum sample \\. ere applied to the gel, and
tl\e column was eluted \\, ith PBS, pH 7.3, under
hydrostatic pressure at a flow rate of 11 nt, hr
Fractions of 2 in I of emuent \\. ere collected. TITe

protein concentration of tlte fractions \\, as estimated

from the absorption at 280 init, and their \. irus-
neutralizing activity, \\. as measured as described
above

KA\AMITsu, M. at al. Japn"ese e"cephn!, I^^ zinccJ'"e 315



TABLE 2. Pal'tatz'on an antt'body talers of carlous sei'a OS mensuitd tcz'th Nnkoyn"10 of juses 201'th
d4iffe, errt hz\to, a'es of passage in cell cultmts

Serum and history

Rabbit HyperImmune to I
Nakayama virus

Human I Received Naka-
Yama \, accine

do2

do6

3 Naturally in-
rected \\. ith IE

a Nor passaged in cell culture
b 8th passage in chick embryo cells
c 14th passage in primary pig kidney cells

TABLE 3. Pal. intz'on tit antz'604, tz'lei. s of uni. 20us sein OS niensuitd tcz'th IRGH, .01 or',. uses of
diffe, ENt passage numbei. s in GEF cell cultures

Original"

Exp. I

4

CEF(8)"

160

640

16

160

640

2560

011ginal

Hyperimmune to IaGArOl virusRabbit

Human + Received Nakavama vaccine

do5

Exp. 2

Serum and it 1st Ory

For explanation see Table 2

+

160

CEF (10)

160

6+O

however, the titers of most sera \\, ere 2- or
4-fold higher with virus after passage. AC-
cordingIy, antibody in sera of subjects \\, Ith all
vaccines of the IaGAr jinmunotype, except
IaOH, \\, as titrated using cell culture \, irus as
antigen while that \\, ith the Nakayama vaccine
was titrated using virus propagated in mouse
brains.

2. Antzbody I'espoizse to pr!Mary 1720ct, /at10"
with Nnknynma "accz'"e

Fig. I shows the antibody responses to pri-
mary inoculations \\, ith I dose of different lots
of Nakayama vaccine. The responses to lots

16

Original

40

640

640

Exp. 3

+

160

PK (I+)"

' Exp. I

I 011ginal

160

16

16

40

640

CEF(13) I

6+

160

>

FIGURE I. DJ, ratioJi of alitibody PI'odi, cert by $1'11gle
fluectio, , of of, Iffei. e, it lots of N"hayn"!n uricchie

%
100

Original

316

Exp. 2

16

80
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80

CEF(13)

Lot 3

60

32

160

6+O

Lol I(Tokyo !
I

I~---___,
I

40

20

I

,

Lot 2

o
4W

Lot I

4M . ..,



2 and 3 \\, ere apparently greater thaiT that to
lot I. Seventy per cent of the subjects \\'ho
received lot 2 and 887, of those receiving lot
3 acquired an antibody titer of I : 10 or more
after 4 \\, eeks. Approximately 607, of the
subjects in these groups \\, ere still serologically
postivie I year later. The magnitudes of the

the three lots of \, accine \\. ereresponses to
closely correlated \\, Ith the respective potencies
of the lots, as described later.

In parallel \\, itIt this study, a field trial \\, as
made with Nakayama lot I on students at a
nursing school in Tokyo who ITad ito antibody

The antibody responsesagainst IE virus.
of the students inoculated \\, ith I dose of the

vaccine are also shown in Fig. I by permission
of Dr. Ezaki, Director of Toyotama Hospital,
who directed the trial. The response \\. as
apparcntly greater than that of the group in
Hokkaido to this lot. This indicates that the

Tokyo group contained subjects who had
previously been exposed to IE \, Irus Infection,
although they Ilad no detectable antibody
against the \, Irus at the time of \, accination.
The increased response Ina^ be due to Immuno-

TABLE 4. Relationship bet?ceen polencj, of IE ORCcz'"e and antibody, 18spo"se an "Jan

logical memory of the previous Infection.

3. Reln!!'off ship beltt!ee, I the pote, ICJ, of aacci'?Ie
and the di!ti'body re $1,011se

Table 4 sho\^s the antibody, responses of
groups after single primary' inoculation \\, ith
I dose of different vaccines, and after two
doses \\'itIT + \\. eeks interval between them.

The table also shows the result of potency
tests on the \, accines performed by the Section
of Potency Testing of CIEV. In the table,
FD- indicates the highest dilution of vaccine
at \TITich 507, of the jinmunized mice were
protected from an intracerebral challenge \\, Ith

(mouse protection test),hornologous
antl NTED. the highest dilutioit of \, accine
at \\ hiclt 507, of the Immunized mice pro-
duced antibody, (antigen extinctioiT limit titer
test).

The magnitudes of the responses to singlc
injections \\. itit different lots of Natayama
vaccine \\, ere closely correlated \\. Ith the res-
pecti\, e potencies of the lots, except in the
case of lot 149. A similar correlation \\. as seen

after t\^o injections. The responses to single

Nakayama

I 4 \\. ks after 1st \, tic

MealT titeiNo

lot I

149

2

3

164

virus

InGAr type"
A, Iukai lot I

I"GA"01 lot 2

4

lot 3

4B

87

39

71

52

I \\1< after 2nd vac

it, lean litei

InOH

5.8

7.9

11

27

I\'o

a Values in parenthesis indicate the LD, o of the \, Irus used for intracerebral challenge
b Antibodies of groups \\ith ^, Iukai and InGArOl vaccines were titrated using CEF-adapted IaGArOl
virus, as antigen, and that \\, itIt IaOH \\. as titrated using the mouse brain-adapted IaOH virus

54

72

34

62

62

61

45

1.5

2.0

2.8

3.3

E05o
(4")

67

53

70

O. 92 (100)"

I. 50 ( 63)

I. 51 (100)

230( 63)

2.85 ( 37)

NTE05o
(4")

+9

8.7

88

Infectivity before
Inactivation

(10")

1.70

+. 50

2.75

4.20

4.60

27

10+

2.163.00( 13)
4.502.45 ( 44)

I. 79 ( 52) 3.20

1.30( 39) >4.50

8.2 TclDso
8.6 PFU

8.3 PFU

8.6 PFU

8.4 PFC

KANA NITSu, M. at al. Japanese errcepho!, I^^ a^"cci', Ie

8.2 PFU

7.2 PFU

8.4 PFU

87 PFU

8.6 PFU
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injections with vaccines of the IaGAr jin- More than 95% of those receiving two in-
inunotype were invariably poor, even though jections became seropositive. Antibody \\, as
some lots had as high potency as that of Nata- detectable in 88%(54164) of subjects vaccinated
yama vaccine. Two injections with allvaccines I y, ar orgyi, us Iy with I, GA, 01, and in 79%
of the IaGAr jinmunotype, except Mukai, (39^^9) of those vaccinated 3 months pre-
greatly increased the antibody, but the in ag- viously with IaOH. The maximum per-
nitude of the response was not correlated with centage of seropositive persons in the Tou
the potency of the vaccines. The difference in vaccinated with Mukai was 68%(51175), and
the responses to Nakayama and IaGAr type decreased to 297, (9131) one year later. The
vaccines is clear in the table. The mean anti- time Interval between the first and second

body titer after a single injection of Nakayama vaccinations had little effect on the response.
lot 3 was about 10 times more than that after an

5. antt'body response to booster t!@cci'"at1011injection of IaGArOl lot 4, although the two
Groups which have received a primary vac-vaccines had a similar potency. The difference

remained even after two injections of the same cination I year previously were boosted \\, Ith a
further dose of vaccine hornologous to that used
for the primary vaccination. In addition, one

+. Duratzb" of antz'body after pri?"dry t:ac- group received a booster Injection of Nakayama
cmntions vaccine 2 years after the primary Injection of

The above results show that the antibody the same vaccine, and the another group re-
response is enhanced by two primary Injec- ceived two booster injections I and 3 years
tions of the same vaccine. Next, the duration after the primary vaccination. Results are
of antibody after the primary vaccinations and shown in Table 6 and Fig. 2. A booster vac-
the effect of the time interval between the first cination had a marked effect on the antibody
and second vaccinations on the response were response. Thus, irrespective of the previous
studied. Table 5 shows the results. More history of IE vaccination or the potency and
than 907, of the subjects injected twice with jinmunotype of the vaccine used as booster,
Nitayama lots I and 2 acquired antibody titer the antibody titer of most groups rose on an
of I : 10 or more. Sixty per cent of the sub- average to a height of I : 1,000 or more after
jects with lot I and 88% of those \\, ith lot 2 4 weeks. The effect of the booster vaccination

still had high antibody levels I year later. \\, as more striking \\, hen examined on indi-
Results with IaGAr jinmunotype vaccines \\, ere viduals. Many subjects developed an anti-
similar to those \\, ith Nakayama body titer of I : 40,000 or more. In groups

TABLE 5. Antt'body JESpo"se to primal'y Docct'"atto" an 12co doses

vaccines.

Vaccine

Nakayama Lot I
Lot 2

Lot IMukai

I, GArOl

I"OH

Tnn. Iinterval

vaccines.

I IVl

lilyl

I \V.

IM

IW

IM

IM

Lot 2

318

Lot 3

62

61

75

53

43

70

49
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IW

45

67

Mean titer after 2nd vaccination

4 \\,

8.7

88

27

3 IVi

14

21

34

60

+ All

4.3

11 M

31

11

7.5

10

20

25

12 M

13

3.5

23



TABLE 6

UndtZO"

Co??JPnriso"s of boostei' antibody responses I'M gioups tcit/I diffei'errt miloiies of IE uric-

Primary, vaccination

Nakayama

Lot I, once

twice

Lot 2, once

twice

Nakavama

Lot I or Lot 2 followcd

by Lot 3, as booster

Lot 3, once

No
Time

interval

I"GA, 01

Lot 2, t\\ ice

I\Iukai

Lot I, twice

--- ---.--^.--^- ^- ^.^. -^ ---

21

56

22

53

Booster

a Immediately before booster vaccination
b Values in parentl\CSis indicate the It umber of subjects tested

IY
Lot 3

Nakamaya

18

13

Primary injection
with lot I and 2,
N akayama

O"

' 2Y

I 4.1

10

96

^ 20

A, lean antibodv titer

4\\, IYI\\:

31

Lot 149 I

I Nakayama

31

IY

2000

1000
600

2060

1360

3900

2790

34

3.5

Primary and booster
injections with lot 3,
Nakayama
Primary injection with
two JaGAr types

Lot +

I"GArOI I

166 (53)"

441 (51)

292

460

200

100
60

17

2Y

1079

867

3.5

2300

27 (18)

57 (23)

20

10

6

2

o

2 x, lot I & 2 Naka

A~~
~--- -- --

I x, lot I & 2 Naka

2190

Booster injection
with lot 4,
JaGArOl

I' \

528

5W

FIGURE 2

I

I

I

\
\
\
\

2Y. 4W 3Y. 4WIY. 4W 4M4M

Alitibody yespo, ises to boostei' tiacciimti'o11 of groirps reini tin, y, 'Jig histories of IE t:acer'lint, o11

\
\

\

,,~ ~ ~ ~

Booster injection
with lot 149,

N akayama

2 x, JaGArOl

\
\
\

2 x, Mukai ~~

\

I x. lot 3 Naka

2000

1000
600

KANA NITSu, A, I. at al. Japanese encephalitis ancc, }re

200

100
60

20

10

6

2

o
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boosted \\, ith Nakayama \, accine, the antibody typ, (Okun. at a1. , 1968). Th, iru^,^ ar.
level before the booster injection did not jinmunologically distinct from I*!akayama-
greatly influence the response. The increased NTH virus, \\, hich ITas usually been used to
antibody slowly decreased, but all 104 subjects prepare IE \, accine for human use. Although
receiving booster injections maintained a the two jinmunotypes share common antigens,
detectable antibody titer for I year, and 38 of the efficacy of Nakayama vaccine in preventing
41(92%) \\, ere still seropositive after 2 years' infection of the prevalent jininunotype \, irus
In the group boosted with the IaGAr jin- required investigation. Sera collected \\, ithin
inLinotype vaccine, the antibody level before 4 \\, eeks after a primary or booster vaccination
the booster injection affected the response. were simultaneously titrated for antibodies
The low response of the group \\, ith A1ukai against hornologous and ITeterologous \, iruses
vaccine was probably due to the low potency to that of the \, accine. A titer of I : 10 \\, as
of this vaccine. taken as the lowest antibody level effective in

preventing IE virus infection by a mosquito
6. Antz'body re$ponse to netero/ogo"s 21irMses to bite (Oya, 1967). Results are showit in Table
the zinccz'"e 7. The antibody titer against Nakayama virus

it is known that almost all of the recently increased to the required level after two
isolated IE viruses are of the IaGAr jinmuno- primary injections of the hornologus Natayama

TABLE 7. COM1poi'130" of anta'body responses to booste, ' doses of fro"1010gous rind heterologous uriccz'"e

Booster

Primary

Time after last \, ac

Antibody
<10

10

40

160+

Total

a Twice 4 weeks apart
b T\^Ice I \\. eek apart

Nakayama lot 2"

TABLE 8

Homo

o

o

16

21

I \\. k

Hetero

14

20

3

o

Nakayama lot 3

Effect of pre"IONS IE ORCca'"at 20n on booster nittz'body, 72spo"se

Primary

37

Homo

o

o

o

54

4 \\ks

Nakayama

Nakayama

IaGArOl

IaGArOl

Vaccine

Hetero

o

2

11

41

37

a 4 \\. eeks after booster vaccination

IaGArOl lot 2"

Booster

54

Homo

2

9

16

16

4 \\. ks

Nakayama

I, GA, 01

IaGArOl

Nakayama

320

54

Hetero
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I"GArOI I. t 4

No

N. D

+3

Homo

o

o

o

30

4 \\, ks

31

32

31

31

Naka}, am a

Before After"

Hetero

o

o

6

24

13

24

2.8

2.6

A'lean antibody titer

30

984

2406

191

207

30

Before

IaGArOl

After

3.6

4.6

16

I -^

173

317

2190

2403



However, in most subjects a booster
injection I year later \\ItIT the samc \, accine \\as
needed to increase the antibody to heterologous
IaGArOl virus to the Ie\, el. Similarly, a
booster injection of IaGArOl \, accinc after a
primary, \, accination \\'as ITeceSSary, to increase
the antibody against I. ;akayama \, irus to the
required level.

Next, the ariamnestic antibody response In-
dLiced by booster \, accination was studied.
Sixty-three subjects \\'h0 11ad received a pri-
mars, injection \\. ith Nakayama \, accine 2 years
previously were divided into 2 groups. One
group received a booster Injectioit of the I\omo-
1000us :*{akayama \, accinc, and the other group
received tlle heterologous IaGArOl \, accine.
T\^o otlter groups of 31 subjects each \\, ho
had received a primary injection of IaGArOl
vaccine I year previously received a booster
dose of ITomologous and heterologous \, accines,
respectively. Results are sho\^n in Table 8.
Groups recerving the same Irumunotype \, accine
for botlT the primary and booster Injections
showed greatcr antibody rcsponse to the \, accinc
after the booster dose, as expccted. However,
after booster Injection \\'it11 different
inunotype \, accines from that of primary in-
jection, the antibody response to the type uscd
in the primary \, accinatioi\ \\, as al\^ays greater
than that to the booster type. lit other \\, ords,
the magnitude of the response to the booster
vaccination \\, as al\\, ays greater against the IE
virus to \\, hiclt the subjects had first been
exposed. This indicates that the doctrine of
original antigenic sin kno\\, n for influenza Is

\, accine. also true for IE.

7. fffects of age o11 the rillt?'body I'espo?ise
Forty-SIX persons of 60 years old or nTore,

living in an asylum \\, ere Injectcd witlT I dose
of IaOH \, arccinc lot 4. Paired sera were col-
Iectcd before and 4 \\eeks after vaccinatioil and

their antibody against IaOH \, irus \\, as titrated
by the nTicrotitratioiT technique. Paired sera
from I}IglT scltool students who had received a
primary, injection \\, ith I dose of IaOH \, accine
lot 3 \\, ere subjected also to antibody, titration in
a similar way, to compare results from the t\\ o

Table 9 shows the results.age groups.

Old people are divided into 3 groups based on
their I\1st orics of living in an endemic area of IE
and the jinmunological status at the time of

A 2-fold or greater increase invaccination

antibody titer was observed in 207, of the ITigh
school students, and a 4-fold or greater increase
in 470 Elevcil of the 46 older subjects \\'ere
similar to the students in respect to botl\ the life
history and jinmunological status. Four of the
11(36,37, ) responded to the \, accine. The
magnitude of antibody, response was more
marked in subjects with the history of living in
ai\ endemic are of IE. Therefore, the capacity
of old people to respond to IE \, accine is ITot
necessarily inferior to that of the I\Igh school
studcnts.

T'ABLE 9

Im-

Hittz'60d3, I'esponse of oged persons to pri'?, idol onccz'"o12'0" tczt/I I dose of 100H

Age

60 or oldei

Place of previous
residence

12 and 13

Hokkaido only I

S. F1rysi'CDChemica/ plopei'ties of the ONtibo, ly
frothced by the corct'?Ie

Serum samplcs \\, ere collected at intervals
from subjects after a primary dose of Nakayama

Hokkaido and
Endemic area

Hokkaido onIv

Prevaccin at10n

antibody

Ncgativc

Negative

Positive

No

Negative

11

26

9

>x2

increase

4

49
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20.4

2

o%

3.8

22.2
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vaccine and after a booster dose of the same

After the primary vaccination neut-
Tallzing antibody began to appear within 6 to
12 days, reaching a maximum within I month,
and then gradually decreasing. The sensitivity
of the antibody to 2-ME was tested and the
results are shown in Fig. 3. The antibody
titer of sera collected in the initial 34 days after
vaccination decreased to a quarter or less of the

vaccine.

64

16

L_

co
~.

--.

=
o
--.

r,
N

to

original titer on treatment with 2-ME, however,
3 of the 4 sera collected on or after the 41st day
were tinafTected by this treatment. Next,
three serum samples collected at intervals from
the same person were subjected to gel filtration
to determine the immunoglobulin class con-
taming the antibody. Results are shown in
Fig. 4. The antibody titer of serum on the
14th day was I :40, and the antibody activity
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activity was found in both 19S and 7S. Pairedof the serum \\, as located entirely in the 19S
macroglobulin fractions. 01\ the 22nd day, sera collected from another subject before and

4 weeks after a booster \, accination \\, ere alsothe activity \\, as still predominantly in the 19S
examined. Before the booster dose the anti-fractions, but there \\, as some activity in the

7S also. The activity in the 7S fractions sub- body titer \\, as I : 10, and the activity \\, as almost
sequently increased and on the 41st day fair exclusively in the 7S fractions. The booster

TABLE 10. Side reactions 24 and 48 hours riflei' the pri, lidi3, titj'ectz'on ECz'1/2 I dose o1 t!acct', Ies
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vaccination increased the titer to I : 10,240
after 4 \\, eeks, and this increase \\, as largely due
to increase in the activity in the 7S fractions.

9. 81'ofe ledcti'o713 10/10zo, "g Dorci?ratz'o71
High school students \\, ho had received a

primary Injection \\, ith a single dose of vaccines
differing in the jinmunotype and the method of
preparation \\, ere examined for side reactions

24 and 48 hr after vaccination.occurring

Results are shown in Table 10. Among the
three \, accines tested, IaGArOl vaccine was
the greatest in the frequencies of occurrence
in both local and systemic side reactions. The
frequencies \\, ere approximately the same bet-
ween the groups injected \\, ith Nakayama and
A{ukai vaccines, and the reactions were greatly
reduced 48 hr later.

Side reactions \\, ere examined more care-

fully in 14 medical students injected primarily
with a single dose of IaGArOl lot 4 vaccine of

Redness of 50 mmthe mouse brain type.
diameter or more developed at the site of
injection in 9 students (64.2%). It de\, eloped
within 24 hr after vaccination and lasted for

I or 2 days. The maximum size of the redness
was 140 x 140 mm. Three of the 14 students

felt lassitude or feverish on the day of vaccina-
tion. The maximum body temperture of the
subjects \\, ith fever \\, as 37.6 C. These symp-
toms, however, disappeared within 2 days after

None of the high school or med-
ical students developed longlasting sequelae.

ployed \\, as found to be 81% effective.
The antibody, response to IE vaccine is also

an useful measure of the efficacy of the vaccine.
This method is easier than a survey of in or-
bidity, but \\, hen it Is employed in an area \\, here
IE is endemic, it is difficult to evaluate results
because natural IE virus infection may modify
the response (Matsumoto at a1. , 1956; Ezaki
at a1. , 1966). In this respect, the present study
has been conducted under ideal conditions.

TITere are various methods available for

testing the potency of IE \, accine (Darwish and
Hammon, 1966b; Oya, 1966; 1<urata at al. ,
1964; Lee at a1. , 1967). However, the potency
is useful only when it was correlated with the
ability of vaccine to produce antibody in man.
This \\, as found true with Nakayama \, accine,
but not always true \\, ith IaGAr jinmunotype
vaccines. Two primary Injections with the
latter \, accines greatly enhanced the antibody
response, however, the magnitude of the res-
ponse \\, as not always correlated with the

of the \, accines. There Is evidencepotency
that the jinmunological characters of IE
virus are altered by serial passage in animals or
cell cultures (watanabe at a1. , 1954; Ftijie at
a1. , 1962; Okuno at a1. , 1965). 0zaki and
Kumagai (1969) suggested that the alteration

vaccination.

DISCUSSION

IE Ilas been studied intensive Iy for years, but its
ecology is still largely unknown. Therefore,
the only possible \\, ay of preventing the virus
infection is immunization. Recently, large-
scale production of highly purified potent IE
vaccine has been achieved, so this was possible.
The effect of IE vaccine has been evaluated by
Investigating the morbidity from the disease
(Tigertt at a1. , 1956). R, ., ntly, ^ ^Imjin" but
more extensive investigation \\, as made
Formosa (\\lei at a1. , 1966). The vaccine em-

might be due to a change in the a\, Idity of IE
virus for antibody. Recently, a certain IE
virus of the IaGAr jinmunotype was found to
differ from Nakayama-NTH virus both in the
physicochemical properties and the lipid
metabolism of the infected mouse brain

324 BIKEN JOURNAL V01.13 No. 41970

(Nishimura at a1. , 1968). These factors are
possibly Involved in causing such a peculiar
relationship between the poten^, and the
ability to produce antibody in man of IaGAr
Jinmunotype vaccines.

Mukai vaccine is a cell culture vaccine which

was first tested in man in Japan. Thus, it \\, as
unexpected that the response to this vaccine
should be poor. This vaccine lot showed an
unsual increase in pH value on treatment \\, ith
sodium bisulfate to neutralize residual formal-

dehyde (personal communications). Over-
neutralization may have reduced its potency.

In



The antibody response to IaOH vaccine,
another one of cell CLIlture vaccines \\, as as

expected. It \\, as prepared by propagating the
in. nkey kidney (MK) coll-ad, pred I"OH iru^
in A1K cell cultures. Unfortunately, antibody
response to this \, accine \\. as measured on CEF
cell cultures in the present study. A greater
response could probably ITave been obtained if
the antibody titration \\'as made o1\ NIT< cell
cultures. At any rate, the results Indicate that
large-scale productioil of a potent IaGAr jin-
inunotype vaccine completely free of mouse
brain substances is possible.

A booster injection of IE vaccine is 1<nown to
have a considerable effect (\\'at Ten et al. ,
1948; 1<1taoka, 1965; Darwisll at a1. , 1967).
This \\, as confirmed in our study. A booster
Injection had a marked effect, irrespective of
the previous ITistory of IE vaccination, the
antibody level before the booster injection and
the Immunotype of vaccine injected. The

marked even after aresponse \\, as primary

injection of vaccine \\, ith 10\\, poten^, such as
Allukai. A booster \, arccination \\, as also needed

to increase the antibody to the level required to
prevent natural infectioil of heterologous IE

There arc many reports that previous expo-
sure to or previous vaccination against group B
arboviruses other than IE enhanced the anti-
body response to IE vaccine injected later, and
vice VCrsa (HammoiT at a1. , 1956; Tmam and
Hammon, 1957; Darwish at a1. , 1967). Naka-
yama and IaGArOl viruses arc jinmunologically
distinct from each other, but the difference is
much less than that between IE and other
group B arbovirtises. The ariamnestic re-
sponses induced by booster Injections \\. ith IE
vaccines hornologous and heterologous to that
injected primarily, however, clearly distin-
guished between viruses of the t\^o jinmuno-
types.

The capacity of older people to respond
serologically to IE vaccine Is controversial
(Ishii, 1967; 1<unita at a1. , 1968; 0tsuka at al. ,
1970). This problem is of particular impor-
tance since both the morbidity and mortality

from IE increase \\. Ith age in mai\ (A1iura,
1967). \\:e did not test \, ery ntany old people,
but the percentage of those showing Z-fold
or more Increase in antibody, titer was rather
higher in the aged thai\ in the higll school
students. The potency of the vaccine lot \\. hich
was giveit to the aged \\. as slightly lower than
that to the students, as seen in Table +; never-
theless, the antibody response of the aged \\. as
greater than that of the students

B, lhinti ,t a1(1965) repo"red that guine" pig
responded serologically to experimental IE
virus Infection 11T a sin\liar manner to that on

jinmunizatioil of animals \\'Ith nonreplicating
antigens ; that is, the antibody began to appear
initially in the 19S macroglobuliiT fractions
followed by appearance in the 7S globulin
fractions as early as 14 days after infection.
Results o1T patients \\, it IT IE \\. ere different in
that the 19S antibody persisted for 30 days or
more after the onset of the disease (Ogata at al. ,
1967; Ichii ,t *I. , 1968). 0u, ".^ults on IE
vaccination agree \\, ItIT those on patients.

Side reactions follo\^ing Injection of the jin-
proved IE vaccine have been investigated
,xt, ,, wily (Okin"k, "t a1. , 1967). Must
persons subjected to the investigatioit were,
ho\\, ever, those living all their life in ail endemic
area of IE. The previous exposure to the virus
or previous IE \, accination may, affect the DC-
currence or severity of the side reactions.
\\'e investigated the reactions on junior high
school and medical students \\, ithout the history
of living in the endemic area and also with-
out the history of the vaccination. Among
the three vaccines tested, both local and sys-
ternic side reactions occurred witl\ the highest
frequency and severity in the group receiving
IaGArOl vaccine. Allukai and Nakayama vac-
cines were the same to IaGArOl vaccine in
respect to the jinmunotype and the method of
preparation, respectively. Side reactions in the
groups with the two \, accines \\, ere, however,
very mild. The high frequency of the reac-
tions following injection \\, ith IaGArOl vaccine
may not be due to impurities in the \, accine
since the amount of TCA-precipitable it it To gen

virus.
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did not differ greatly from those in the two
other vaccines. There \\, ere considerable dif-

forences in the potencies between the three vac-
cines tested, but it is still unknown whether
this is the only factor responsible for the side
reactions.
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