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DA, TATSUO KIMOTO, SADAO FullTO and NOBUHARU KUNITA
Virus Laboratory, Osaka Prefectural Institute of Public Health, Nakamiclti, Higashinari-ku,
Osaka

(Received Januar\, 7,1972)

uMMARY The natural infection of swine with Japanese encephalitis virus (IE\;)
and its modification by vaccinatioiT were studied \\, ith the following results : I)

After natural infection with IEV all the swine showed detectable viremia and the
duration of viremia \\, as 3 to 6 days, (average 384.7 days). 2) \\Ihen the swine
were jinmunized with Inactivated vaccine, the rate of detection of viremia caused by
natural InfectioiT and its duration were much less than in non-jinmunized controls.
3) Even in a single group, there \\, as about two weeks difference in the onset of
natural infection of individual swine. Thereforc, the period during \\, hich IE\I is
transmissible in a swine population in a restricted area can be longer than two weeks.
4) it Is suggested that the virus coexists \\, ith its hcmagglutination-inhibition (Hl)
antibody in the blood during the latter half of the period of vircmia. 5) \;iremia
observed on natural Infection \\, ith IE\I was less frequent in rabbits, LISed as indicator
animals, than in swine, and it seems that antibody, prodtictioi\ against IE\; in rabbits
has a longer time lag than in swine. by The rate of virus isolation from \, ector in OS-
quitoes in a single pig pelT varied significantly with the method used to collect in OS-
quitoes. Thus it is necessary to consider the methods LISed to collect mosquitoes in
tests o1\ the Infection rate of vectors \\, ith IEV.
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INTRODUCTION

In 1959, Scherer and his collaborators gave the
term " amplifier " to animals which are suscep-
tible to Japanese encephalitis virus without
^h. wing *yinpt. in^ (Sch""er at a1. 1959, ).
The conception of amplifiers has opened up a
new epoch in ecological studies on Japanese
encephalitis virus and there have been many
studies on \\, hiclT Is tlle In OSt Important am-
PIifier.

The characters needed for a good amplifier

are as follows; (1) the population size of the
amplifier must be large enough, (2) the am-
PIifier must pass through repeated generations,
(3) the vectors must eiigorge the blood of the
amplifier and (4) viremia in the amplifier must
last long enough to allow transfer of \, irus to
mosquitoes. Scherer pointed out that swine
are the most probable amplifiers in Japan
(Scherer at a1. , 1959a). This was confirmed
in 1963 by Nakamura and ITis co-workers
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(Nakamura at a1. , 1963) under well-planned ex-
perlmental conditions. ATore recently, from
the ecological standpoint, swine have been re-
garded as the most important amplifiers of
IE\I (K, rin, at a1. , 1966; U, b, at a1. , 1971).
Thus vaccination of swine should suppress In-
fection of vector mosquitoes. In several dis-
tricts in Japan swine have been vaccinated
against Japanese encephalitis to protect preg-
nant animals from abortion caused by IE infoc-
ti, n (Kan^kub. at a1. , 1966). Suppre^^ton of
IE infection of swine by vaccination also seems
important from the point of view of public
health. Reduction in the extent of amplifica-
tion in swine should result in modification of
the course of natural infection. The effect of
immunization of swine on the morbidity of
man is uricertaii\ and this type of indirect PTO-
tection method has not \, et been used for viral

diseases. An experiment to test these expecta-
tions was first done by Oya but insufficient
results \\, ere obtaincd (Oya, 1967). Recent
st"dim by Tat, hachi at a1. (1968) and Tan-
chiya at a1. (1971) suggested that vaccination
of the amplifier' is a useful way to reduce the
density of infected mosquitoes. \\'e have also
reported similar results showing the effective-
ness of vaccination of swine (Ueba at a1. , 1971)
The present paper reports serological and
virological results of our study on natural infec-
tion \\, ith IE\; in vaccinated and non-vaccinated
groups of swine. IE\; infections of vector in OS-
quitoes in the environment and of Indicator
animals were also examined to consider the
effectiveness of vaccination of the amplifiei in
prevention of the disease

A served as controls. Initially pelt A contained about
200 pigs Including a few procreative ones and pen B
had about 60 pigs but the ITUmhers changed slightly
because adult pigs \\'ere sold foi' slaughter and for
suppl\. of \\, eanlings.

2. if"cc, ,jailo, ,

The pigs in group B \\, ere vaccinated four times at
about 7-day intervals bet\\, een June 12 and July 7
using " Hidlt Titer 1<illed Vaccine " for veterinariait
use (Kaketsukeit Lot. 23). The \, accine \\. as ad-
ministered subcutaneously in the necl< region.

3. Collect, 'oil of 1110s"1110es

Mosquitoes \\, ere collected from July through
August at several locations, as shown in Fig. I. NIOs-
quitoes were collected for one hour Just after sunset
using a modified " ite\v dry, ice baited trap " (Kato
at a1. , 1966) lit paddy fields and just outside the pig
pens (#I, #20, #3, #40 and #Sin Fig. I "rid Tab1" 2)
and with a net or by aspiration in the pens (#2N and
#4N). The mosquitoes collected by, each method
were pooled separately. First the mosquitoes \\, ere
Itept to allo\\, digestion of the blood of the pigs, and
then the\, \\, ere anesthetized \\, ith chloroform and

pooled by sex and species, and stored at -70 C
TheIT pools of 200 mosquitoes \\. ere used for in DCuln-
tion of SLickling mice

IVIATERIALS AND A1ETHODS

I. Sti, dy dieds rind pigs

Studies were made in Yamamoto, Yao city, Osaka
Prefecture, \\. hiclT Is situated on a plain about 2 km
west of the Ikoma hills. As shown in Fig. I, padd\
fields and houses make a mosaic in this area. Studies

were made from June 12 to September 20. The pigs
examined \\ere Yorkshire and Landrace breeds. \\;e

chose t\\'o pig pens. A and B about 051<in apart. All
the pigs in pen B were vaccinated \vlTile those in pen

4. 11^^'115 1'3010tio, ,

Isolation from swine : Blood specimens \\. etc ob-
tained from one litter of 4 month old pigs in each
pen (10 in A, 11 in B). Three inI of blood \\, ere
taken front ant ear \, eiiT Lising a syringe containing 1.0
inI of 0.002q, ITeparin solution. The blood \\ as stor-
ed in ait ice bath Lintil inoculation to sucl<ling It, Ice
and centrifuged \\, Ithii, one itoLu' litter I, eing tal<eit
The plasma \\ as frozen at - 20 C to avoid containi-
natioiT \\, ith microorganisms

One litter of 3 to 5-da\, old suckling mice (ICJ
strain) were inoculated Intraperitoneall}, \\, ith 0.2 in I
individual whole blood specimens using SImonsen's
method (SImonsen at a\., 1959). Isolation front the

Virus \\, as isolated from \, ectors Lising poolsvector

of 200 female mosquitoes, (Culex t, lide",'o1/1y, ,ch!, s)
Homogenates \\, ere made by grinding the mosquitoes
in a ntortar with 2 inI of buffered saline (9.0 ntl of

0.02 M NaHP0, , 488.5 inI of physiological saline,
500 Linitsjml of penicillin, 500 I"g!inI of sti'eptomycin
and 29n normal inncti\. atcd chickei, sei. 11m (CSS))
TITe it Dinogenate \\'as stood for I ITr in ain Ice batlt,
and then centrifuged at 10,000 rev!milt for' 30
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nl photograph showing sti, dy sites in Y@o city. A and B shoal POSittb"s of pig pens.
collected at sites 7.2,3.4 and 5. The location of this yep'on in Osaka prefecture 13

UnBA at al. Japn, ,CSe e, ,cephn1,1'1s Dims infectio, , in scorne



min in a refi'igerated centrifuge. The resulting
supernatant \\. as injected Intraperitoneally into a lit-
ter of mice as described above

After inoculation mice were observed daily for 10
days. The brains of mice which became in or died
were ground in CSS to give Toy. hornogenates. The
hornogenates were centrifuged Linder the same colt-

ditions LISed for' hornogeitates of mosquitoes and the
supernatants \,., ere diluted to 10~" and inoculated
intracerebrnll}, into suckling mice for. serial trsanfer
of virus. At the same time, the emulsion was also

checl<ed for. bacterial and fLingal contamination

5. Idr, 11/15cutioi, of the oil lis

Isolated viruses were identified by the Itemagglu-
tination (HA) and hemngglutination inhibition (Hl)
tests, Lising the techniques described by Clarke and
Casals (Clarke at all. , 1961). For the HA test antigen
was prepared from infected mouse brain at the second
vtrus passage level by extraction with acetoite-ether
For the Hl test, mouse sei*I of anti-IncAi. 01
and anti-Naltayama Nil{ strains were used. T'he
red blood cells used for. the tests were obtained from

one day old chicks. Sometimes virus was Identified
by the fluorescent antibody test (FAT') LISing thc
methods described elsewhere (Kimoto at a1. , 1968)

6. Dele, INi, Jail'o11 of trill, 'body 111 PI, 13,113

Plasma of botl\ swine and rabbits were tested with

standard I{A antigen from mouse brant infocted \\, ith
InGAr 01 strain. The plasma werc also subjected
to the Hl test. Stai, daTd antigei. and antisera were
kindly pro\, ided by Di. . Oya, National illstitute o1
}Iealth, Japan, or \\, CTe prepared by standard methods
in his laboratory. The antibody titer is expressed as
the reciprocal of the ITighest dilution of serum caus-
ing detectable inhibitioiT of itemagglutinatioit. Aji-
quots of some of these sera \\, ere treated \\, ith 2-mer-
capto ethanol (2-AJE) to estimate the time of infection
following the method of Koitno at al. (Konno at al. ,
1967). when the Hl titer of the serum was reduced
to I : 3 or less after treatment witl\ 2-\'IE, it was re-

garded as 2-ME sensitive (19S) sei'uitT containing
antibody

RESUl, TS

I. 1301atton of o17tts 101" swz"e
Table I shows results on the isolation of

virus from 21 pigs In pens A (non-vaccinated)
and B (vaccinated). Unexpectedly, virus was
first isolated in the vaccinated group (B). In
group B, 3 of 11 pigs showed viremia o1T July
5. In pig No. 4 in pen B the high antibody
titer of I: 1280 was recorded on July 3 so it
seemed that the virus spread in the vaccinated
group about 10 days earlier than in the control
group.

In the control group viremia was detected in
all pigs, but in the vaccinated group, 6 of 11

did not show viremia and even whenpigs

viremia was detected, its duration was shorter
than in the control group. Some pigs, such as
Nos. 6 and 9 in pen B were infected with IEV
2 or 3 weeks later than other pigs in the same
group. Moreover, in spite of the presence of
an Hl antibody titer of 10, virus was isolated
from the blood of pig No. 6 in pen B.
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TABLE I

Swine
No.

ritemt'a and nittz'body responses Iiz t!acct'"ated and control $2,117ze

A-I <10

A-2 < 10

A-3 <10

A-4 <10

_ A-5 <10
o

o A-6 <10
Q

A-7 <10

A-8 <10

A-9 <10

A-10 <10

Iun

12 21 2

~
,..

3

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

4 5

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

6 7

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

8

10 <10

10

10 <10

B-4 <10 <10

B-5 <10 <10

E B-6 10

> B-7 10

B-8 <10 <10

20 <10B-9

B-10 <10 <10

B-11 <10 <10

9

B-I

10

B-2

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

11

B-3

20

12

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

^
U
+..
a

13 14

Q
U
"

<10

<10

<10

1280

<10 <10

15

Jul

<10 <10
+ +

10

16

<10 <10

<10 <10

<10 <10

<10 <10

<10 <10

I <10 <10
I+ +

<10 <10

<10 <10

<10
+

<10

<10

1280

<10

<10

<10

<10
+

<10

<10
+

<10

10

<10

<10

<10

<10

<10

<10

<10

<10
+I

<10

<10
+

1280

The @770tus inchc"te dates of administration of IE zincci"e (3.0 mildose). Numbers ind, trite Hl titers of sera
+ and - Indit@tes the piese"ce and absence of onemia In saline

320

<10

160

160

<10

<10

<10

<10

<10

<10

<10

320

20

<10

<10

80

320

20

80

320

160

160

40

320

320

640

<10

80

80

<10

640

160

<10

160

160

160 320

<10 <10

160 80

80 160

<10 <10

640 160

80 640<10
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TABLE I. Continued

17

<10 <10 <10 <10 <10 <10

<10 40 1280 640 1280
+

<10 <10 <10 <10 <10 <10

<10 <10 <10 <10 <10 <10

<10 <10 <10 <10 <10 <10

18 19 20 21

<10 <10 <10
-++

22

<10 <10 <10 <10
+ + + +

23

<10
+

24

<10 I <10 <10 <10 <10 20
-I+++++

<10 <10 <10 <10 <10 <10
+

<10 <10 <10 <10
+ + ++

1280 1280

<10 <10 <10 <10 I
++++;

<10 <10 <10 <10I 160
++++I

20, 640
+I

<10 <10
++

25

80

640 1280

26

160

160

27

20
+

160

<10 <10 <10 <10 20
- + + +I-

28

320

1280

29 30

40

160

1280

80

640

1280 1280 2560

80

640

640 1280

320

31

1280 1280

640 640 1280

<10 <10 80
++

<10 <10

160

320

640

80

Aug

40

2560

160

8

640

320

640

1280

1280

1280

1280

1280

640

320

<10 <10 <10 <10 <10

640 1280 2560 1280

1280 1280 640

1280

1280

640

25

640

40

10

160

640

320 640

1280 1280

320

80

640

10

320

640 1280

10

40 1280

640

640

320

160

80

320

320 1280

80

80

1280 1280

1280

1280

640 1280

80

80

10

1280

160

1280

320

640

160

10
+

80

640 1280

72

640

320

640 1280

160
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<10 <10 <10 <10

160 1280

640

80

80

80

160

320

80

40

640

160

40

320

80

80

80

160

80

640

40

160

20

1280

320

160

40

80

160

80

1280

160

80

40

160

80

160

40

640

640

40

320



An antibody, response to natural infection
with IE\; was seen in all 10 pigs in group A.
Table I shows several interesting phenomena,
such as the variation in the time of infection

\\, ith virus within a litter and the simultaneous

3 ; ''l ' ; I ' , , ,,,, ,< I O x-^x-x-X^X-x-X-x- X

;=1280 A-9
320 ~ 640
80~160

20~ 40 x

10 ++ +I
< I O x^X-x- x^x-X^X^x-X+<-x-x

detection of virus and antibody, in pigs Nos. 6,
8 and 9 in group A. Fig. 2 shows the in or-
tallty of suckling mice in DCulated \\, ith blood
obtained from pigs after the onset of viremia.
\'10rtality, was less among mice innculated \\, itIT

21280
320~ 640

80 ~ 160
20~ 40

10

< 10

B-I

=1280
320 ~640
80 ~160
20~ 40

10

<10

X

\
11 I
x+<--. X-x-X

B-4

11
X-x

=1280
320 ~ 640
80~160
20~ 40

10

<10 I 11 , , , ,/^-,^"~' ' ,_, ,___,.
21280

320 ~ 640
80~160
20~ 40

10

<10

B-11

11 I I
.*<--><-X^X^X^

X

AUGJUL

FIGURE 3. Nnti, Ie of alit, '/, oofy 111 1'71d, b, 'd, fat pigs linti, Inny i, !/ected rel'1/1 IFF. T/Ie '11/11/6, I'S of PI:43
n, e tile san, e "s 111 T"file I. The nil of us 171d, tat, 11'111es of rid, ,1111/3t, nti'o11 o11E tncc, ', Ie.

+, till'lis POSit^^e, ., 2-AJIE s, ,ISI'tit", ., 2-AJE I'err'31n, it, x, 1101 i'st, d 701'1/I2-:VIE

^. x
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summarized in Table 2. IE virus was first
isolated from a pooled sample of mosquitoes
caught by in a net on July 5 in pen B after pigs
had been vaccinated. Then \, Irus were Isolated

on July 19 at site No. 3, on July 21 at No. 5, on
July 24 at No. 2 and on July 26 at No. I. In all,
IEV was found in 38 of the 486 pools of in OS-
quitoes examined. The isolation rate at site
No. 4 throughout the observation period was
21.0 per cent, being higher than that at site
No. 2 (isolation rate, 10.61',). The rates at
sites No. I, No. 3 and No. 5 on rice farms
similar ranging from 5.5 to 6.8%. July 5 is
the earliest date that we have isolated IE\I from
vector mosquitoes since the beginning of our
field works in 1963. Usually, we isolated
viruses during the period from late July to inid-

TABLE 2. ISO/atton of Inpo"ese errcephn!21is o17us from nector in OSqut'lose collected at flue $1'tes

blood from vaccinated pigs than among those
inoculated with blood from controls. After

recovery from viremia, the antibody titer of
group A was generally higher than that of
group B. Some sera of pigs in groups A and
B were treated with 2-ME and results are

shown in Figure 3. The effects of 2-ME on
the antibody of pigs in the two groups differed.
Antibody of 19S remained for one to two
weeks in group A while, in group B, it soon
shifted from 19 S in all but one serum (No. 4).

2. Isolation of Dai, Ms from mosquitoes
A total of 97,000 female mosquitoes (CM/ear

trt'toe"!'orhy"ch"s-arshn"i complex) were ob-
tained from the five sites and were examined

of virus. The results arefor the presence

Date

Jul. 5
7

14

17

19

21

2+

26

28

31

Aug. +
8

11

15

18

23

29

D

,/,
"/.
"I, ,
'I,
"I.
'I, .
,/,,

./,,

D

2

"I,

"/,
'I"
"/,
"I,
'I, "
"!,
,/,,

'I, "
'I"

N

,/,
"/,

Site

3

D

./,

./,
"I"
"I, ,
"I, ,
"/,

./,,
,/,
,/,
,/,
./"
,/,

'I, "
"I, .

Sep. 5

D

+

01,
,!,"
'I,
,/,
'I, ,
,!,,
'I, ,

"I,

Total

Isolation
rate

'I,
,/,,

,/,
"/.

N

,/.

"I, ,,

5.5

D: Diy lee halt trap includr"g light. A1: Netting DJ' saneep, '"g
I. ~ Pi','Ms POW'tit^e pools ""?ribe, of ,"OSq",'to pools

,/"
'/*

5

D

74

,/,
'I"

'I,
'I,
'I,
"/,,

'I, ,

Total

./,"

"I, ,

0.0
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,/,,
"/"
,/,,
"I, "
./,,
'I,
,/,

'I,

isolation
rate

,/,
"I,
"I,
,/""
,/,,
,/.,
'I, "
./,,
,,/,"
,/,,

"/,,
'I. ,
"/"
"/""
"I, .
./,.
'I",

,/,,

10.6

25.0

0.0

0.0

3.1

5.3

185

7.7

13.8

22.0

8.2

00

8.3

0.0

0.0

0.0

0.0

0.0

0.0

7.8'I, ,

6.8

"I,

./,"

'I, ,

3.3

"I, ,

,"/,.

21.0

"I, ,

,/,,

6.6

,/,

",/,."

7.8



TABLE 3

Pig pen Rabbit
No

91

Natural infection of Tabbt'ts tit PIt! pens 2:11'th IE,

A 95

17

<10 <10 <10 <10 <10 <10

<10 <10 <10 D

<10 <10 <10 <10 <10 <10
+

96

19

July

87

88

89B

21 24

<10 <10 <10 <10 <10 <10

<10 <10 <10 D

<10 <10 <10 <10 <10 <10

28

94

D

31

97

Death. Symbols and numerals die us lit Table I

August in Osaka prefecture.
it is also interesting that mosquitoes caught

by different methods showed significantly dif-
forent rates of virus isolation: mosquitoes col-
Iected in a " new dry ice baited trap " showed
a lower Isolation rate than mosquitoes caught
by netting or syneping (I'=12.9, "<0.01).

3. Ingfectz'0" of indrcntor animals colth IEP
Table 3 shows the rates of virus isolation and

Hl antibodies in blood of rabbits which were

kept in pens A and B. All the rabbits in both
pens were infected with IE\I at the same time
in late July and produced antibodv. in some
instances, virus was isolated from the blood,
as in the case of swine. The period of Infec-
tion of rabbits with IEV was shorter than that
of pigs.

4

<10 <10 <10 <10 <10 <10
+

<10 <10 <10 <10 <10
+

8

August

1511

<10 20

40

18

80

80

I <10 <10
+

20<10

23

80

640

160

25

+O

320

160

160

80

160

from mosquitoes caught in pen B, and a high
Hl antibody titer was observed in swine in
this pen earlier than in pen A. From these
results the efficacy of vaccination seems doubt-
ful. Howe\, er, vaccination seems to be elfec-
tive in blocking the spread of IEV in swine for
the following reasons: (1) viremia was detected
in all the pigs in group A but in only 45 per
cent of those in group B, (2) viremia lasted 3
to 6 days in group A, but less in group B, (3)
after virus isolation the average Hl antibody
titers of swine in group B were lower than those
in group A, and (4) as shown in Fig. 3, the Hl
antibody in the sera in groups A and B after
natural infection responded differently to 2-
ME treatment. The titers of virus in the blood

specimens were not estimated, but Fig. 2 shows
that there was an apparent difference between
the virus titers in groups A and B, Vaccination
did not prevent the occurrence of viremia in
swine but reduced their capacity to amplify
IEV.

On July 3, at the time of the third vaccina-
tion, pig No. 4 in group B had a high Hl anti-
body titer. This was probably due to natural

640

320

DISCUSSION

The times of infection of swine with IE\; and
of isolation of virus from mosquitoes in pens
A (control) and B (vaccinated) are summarized
in Fig. 4. Unexpectedly virus was isolated

160 1280

320

160

640

320

1280
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infection with IE\; since an antibody, titer of
as high as I : 1280 can not usually be obtained
by \, accination \\, itIT Inactivated IE\: and the
response of the antibody, in this pig to 2-A'IE
was quite similar to that of antibody from
animals in group A (Fig. 3).

Various investigators have suggested that
swine are the most important amplifiers
(Scherer at a1. , 1959) in Japan but their re-
sponse at natural infection with IEV, (e. g. , the
duratioiT of viremia, virus titer in the blood and
antibody titer) have not been studied in detail.
The data show that the chance of infection ex-

tends over a period of two to three \\, eeks, evei\
in pigs in the same litter in the same pen, that
viremia lasts for 3 to 6 days and that produc-
tion of antibody reduces the \, 11'us 111 thc
blood

The aveiage dtiratioii of vircmia was found
to be 3.8-4.7 days. This is one or two day's
longer than the period of 2.6 days reported bv
Nakamura (Nakamura at a1. , 1964). Scherei.
reported that viremia lasts for 4 days in swine
on experimental infection \\, ith IEV (Scheiei.
at a1. , 1959b). it ha^ been .. nside"ed that IE\I
infection of s\\, ine in a certain area all occurs

within a short period, but it seems to be a
sporadic phenomenon in some areas.

Virus \\, as isolated from the blood in spite of
the presence of detectable Hl antibody in 3 of
10 pigs in group A and I of 11 in group B.
These results may be Intel'preted in terms of a
quantitative relationship bet\\, Gen antigeiT and
antibody. The time relationship of the anti-
body titer to the clearance of virus suggests
that antibody may be Important in elimination
of IE\! from the blood stream. Barker also
reported a time relationship between the ap-
pearance of ITUmoral antibody and parasitein jar
in experiments witli 1'1'o1070a (Barker at al. ,
1971). At site No. 4 the rate of virus isolation
was significantlv higher than at otliei. sites and
the time of \, Irus isolation \\. as also earlier than

elsewhere. Thus the \, irus probably spread
from sitc No. 4 to situs No. 3.2 and I 11^ in-
fectccl vectors, although, the SPCed of spread
seems slow' judging fronT reports on the spread

of mosquitoes (Provost at a1. , 1952; Uemoto
at a1. , 1967; \\'ada at a1. , 1969). It also seems
likely that, spread of virus in groups A and B,
respectively occurred Independently.

Results obtained on collection of vector

mosquitoes \\, Ith light traps are shown in Table
2 and Fig. 4. Fewer mosquitoes were usually
caught at site 2 than at site +. Pig pen A is
surrounded by houses, so some mosquitoes
might not have been able to reach the shelter
(Fig. I). The rates of virus isolation differed
significantly \\, Ith different collection methods.
Using the " new dry ice baited trap " method
the Isolation rate \\, as usually less than that
us!rig sweeping or netting. BUGi et al. re-
ported that the physiological age of mosquitoes
caught by, different methods \, aned (Buei at al. ,
1968). \\'c did not examine the age of the
mosquitoes \\, e caught but otn^. esults seem to
support their data. TITis \\, ill be discussed in
detail elsewhere

Our results sho\\, cd that the rate of \, irus ISO-

Iation of mosquitoes in pig pen B was higher
than in lieiT A. This result does not support
the idea of the efficacy of vaccination of the
amplifier. Recently \\, c reported that \, accina-
tion of swine seems to be valuable in preventing
the amplification of IE\; judging from the rate
of virus isolation from mosquitoes (Ueba et al. ,
1971). Tllis is incompatible witlT the results
in this paper. Ho\\'evei. the ntost important
findings in the present work \\, ere that the ex-
tent of viremia, the \, irus titer and the duration
of viremia, \\, ere reduccd remarkably by \, ac-
cination of swine, as shown in Table I and
Fig. 2. To elucidate the results in detail, the
following factors should be examined: the
area of vaccination of swine, the potency of the
vaccine Lised and the migration of vector in OS-
quitocs

All the rabbits bred in both pig pens \\, ere
infected \\, ith IEV. The I. efore these animals
could not be used as indicators to study the
effectiveness of \, accination of swine. Ho\\,-

ever, Intel'CSting ICsults \\, ci'c obtained on na-
tural infection of rabbits by IE\I: namely
viremia was detectable in rabbits and rabbits

LEn\ at ill. nipti, its, 1.11ccphulJti$ '11/1s 1141, cti'o11 ill SECi',!e 77



were infected with IE\I later than swine.
From the present results it seems that the

best \\. ay to prevent IE\I is to vaccinate swine
before the epidemic season. Use of improved
vaccine, such as live attenuated vaccine (Koda-
ina at a1. , 1967; Tsuchiya er a1. , 1970) or ad-
juvant vaccine (And0, 1971) and better pro-
cedures of vaccination should also be examined.

REFERENCES

Ando, Y. 1971. Studies on the in activated adjuvant
vaccine against Japanese encephalitis \, Irus. I
Experiments on the prophylaxis of viremia in

VirLis. 21 : I-5. (in Japanese, English sum-
mar\,)

Barker, L. R. , and K. G. POWrs. 1971. Immuno-
suppression in rodent malaria; Effect upon recov-
ery and antibody response. Amer. I. Trop. Med
& H}g. 20: 389-393

Buei, 1<., H. Arai, N. Lieba, S. Nakajima, and A
ATaeda. 1968. Ecological studies on C, ,/ex tiltnP, ,,'-
o1hy, !ch!13 and their it at ural infection \\, itIt Japanese
encephalitis \, irus in Osaka prefecture. Jap. I
Salti. Zoo1. 19 : 237-248. (ii, Japanese, Engiisl,
suminar}.)

Kato, All. , 'T. Ishii, T. \\, atariabe, and S. Yoshida
1966. A ite\\, dr\. ice baited trap for' collecting
mosquitoes. Jap. I. Sani. Zoo1 17: 83-88

Ka\Yakubo, A. , H. Nakamura, K. Takehara, I Naka-
inura, T. FLijii, and S. He un. 1966. Field trial
of Japanese encephalitis vaccine for the prevention
of \, iral stillbirth aimong pigs in Shizuoka prefec-
tui'e in 1964. Jap. I. \;et. Sci. 20: 255-261. (in
Japanese, Englislt summar\')

Kimoto, T. , T. Yamada, N. Ueba, N. Kunita, A
K"\\'ai, S. Yamag"inI, K. Nakajima, AT. Akao, and
S. Sugi}, am a. 1968. Laborator\, diagnosis of Japa-
nese encephalitis. Coinparisoi, of the fluorescent
antibody techiiiquc with virus ISOlatioit and sero-
logic tests. Bikeit I. 11: 157-168

Kodama, K. . N. Sasaki, and Y. 1<. inoue. 1968
Studies of live titrenated Japanese encephalitis
vaccine in swine. I. Immun01. 100: 194-200

1<01ino, I. , K. Endo, H. Agatsuma, and N. Ishida
1966. Cyclic outbreaks of Japanese encephalitis
among pigs and ITUnTans. Amer. I. Epidemiol. ,
84: 292-300

s\\'Ine

ACKNO\\ILEDGEiVIENTS

The authors \\, ish to thank Drs. Akita Oya and Lintsuo
Takahashi of the National Institute of Health, Japan
and Dr. }Iiroshi Arai of Yakuruto Institute for their

valLiable suggestions and constant encouragement.
Thanks are also due to Drs. Sadao Higashino, Taka-
shi Nishii and A{asaki Nakayama of tlle Domestic
Animal Health Center of Osaka Prefecture for. col-

ICcting blood specimens

Konno, I. , K. Endo, and N. Ishida. 1967. 'The na-

ture of antibody in swine naturally Infected with
Japanese encephalitis virus. Proc. SOC. Exp. Biol
A{ed. 124: 73-75

Nal<amura I. , H. Nal<amLit a, and I. Nozaki. 1964

Studies on Japanese encephalitis among pigs and
lambs. \Iirus 14: 252-253. (in Japanese)

Okuno, T. , A. Oya, and T. It0.1961. The identifica-

tion of Negishi virus. Jap. I. Med. Sci. Biol. 14
51-59

Oya, A. 1967. TITe role of mammals as primary and
supplemental>. 1.0sts. Jap. I. A"ed. Sci. Biol. 20
26-30

Provost, AJI. \\'. 1952. 'rite dispersal of Hedes tne"101'-
fry^chiis. I. Preliminary studies. Mosquito News,
12: 174-190

Scherer, \\'. F. , I. T. NIOyer, T. Izumi, I. CTesser,
and I. MCCown. 1950a. ECologic studies of Japa-
nese enceplialitis \, irus in Japan. Vl. Swine in-
re. tion. Ame". I. Trop. Med. Hyg. 8: 698-706

Scherer, \\'. F. , I. T. Moyer, and T. Izumi. 1959b
IrunTunologic studies of Japanese encephalitis \, irus
in Japan. I. jinnttin01.83 : 620-626

SImonsen, All. aind E. lensen. 1959. p. 214.111 F

A1bert and P. B. AJIedawar led. l Biological prob-
Iems of grafting. Blacl<\\'elI Scientific Publication,
Oxford

Takahashi, K. , R. IVlatsuo, A, I. 1<urna, I. Baba, H

Noguchi, S. Taguclti, H. A{atsumoto, T. Aiza\\, a,
and T. Llamasat0. 1968. Effects of jinmuniza-

tion of swine Lipon the ecological cycle of Japanese
encephalitis virus. Trop. IVled. 10: 181-194. (in
Japanese, English summary)

Tsuchiya, N. T. Karaki, A. Kuroda, Y. 1<nraji, and
O. Sasaki. 1970. Field studies o1T immunization

of s\\'Ine LISing live attenuated Japanese encepha-
litis \, accine. Virus. 20 : 290-300. (in Japanese,

78 BIKEN JouRNAi, \:o1.15 No. 21972



Engiisl\ summar} )
Ueba N. , A. i\Iaeda, 1<. Buei. B. Alitsuda, 1<. 0tsu,

T. Kimoto, N. Kunita, and H. Arai. 1971. ECo-
logical stLidies on Japanese encepahalitis \, irus in
Osaka prefectu, e (1963-1967). Jap. I. Pub. Heal
18: 267-275. (in Japanese, English summary)

Uemot0,1<., 1<. Takeura, S. 1<0ndo, K. To it a, O
IVlaeda, tind 1<. Takenokuma. 1967. Dispersal

experiment on C!,/ex 11'11ne, 1101/1y, Ichi, s by marking
and recapture method. Jap. I. Sanit. Zoo1. 18
150-151. (in Japanese)

wada, Y. , S. Ka\Tai, T. Oda. I. NII}, agi, 0. Suenaga,
I. Nishigaki, N. Qinori, K. Takahashi, and R
Matsu0. 1969. Dispersal experiment of Cii/ex
117'1ni',, 1'01'hj, ,ichiis in Nagasaki area (Preliminary
,GPort). Trop. Med. 11: 37-44

UEBA at al. I"pn, i's, nicephn/11^^ '11/1s 1111, c!10, , 111 SEu, ,,, 79




