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U;\IMARY In 1969 and 1970, ^ big epid. inIC of Japan, ^. Encephalitis (IE)
occurred in the northcrn rcgion of Thailand, especially in the Chiang A1ai pro-

Virologically and ecologicalI}, studics \\, ere performed on the CPIdemic. Thc
epidemics began in A1ay, Teaclied their peak in July and thcn gradually Lieclincd in
AugList. This is the rainy season in Thailand. In 1969, there \\. as an epidemic of
Thai Hemorrhagic FCver (THF) at the same time in the Chinng A1ai province. The
cases of IE \\, ere under twenty years old and 50'11, of young healthy people of this age
have no antibody for IE. The incidence rate in 1969 due to IE per 100,000 head of
population \\. as 20.3, \\, hich ITad never seen previously in 'Thailand. Two strains of
virus were isolated from the brains of fatal cases in these \, cars. The causal agent \\, as
confii'med to be Japanese Encephalitis virus and the strain had \, ery similai' character-

vince.

I This won< \\. as perfornted by cooperation of
Thailand and Japaii Linder tl, e Colombo Plan

2 Present Address : Osaka Prefectui al Institute

of Public Health, Nakaitichi-I, Higashinari, Osaka

3 Present Address : 1<nnonji Institute of Tite Re-
searclT FOLutdation for Ajici. obial Diseases of

Osaka Unit, errsity, 1<nnonji, 1<nga\\'"
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is tics to the IaGAr #01 strain, \\, hich is a reference strain of IE. The scale of the GPi-
demic had some correlation \\, ith the density of livestock and the scale of rice fields.
Pigs, cattle and horses are considered as the amplifier of IE virus. The weather con-
ditions may also have influenced the scale of the epidemic. Hl tests on sera of pa-
tients showed some cross reactions with Dengue viruses. This makes some problems
for diagnosis of IE in south-east Asia.

INTRODUCTION

In 1969, an epidemic of encephalitis became a
matter of gra\, e concern in the Chiang A, Iai
Province in Thailand, the northern region of
Thailand. The scale of the epidemic \\, as
very large and have ITever experienced in Thai-
land. A similar epidemic occurred the follow-
ing year, 1970, in the same place and at the same
time

This paper reports results of \, irological and
ecological studies on these epidemics. Some
of the problems and factors involved are dis-
cussed. This is the first big epidemic of
Japanese Encephalitis to be confirmed \, irol-
ogically in Thailand

MATERIALS AND A, IETHODS

I. Neiiti "littit, 'o11 Ies! (NT)

The 5096 PIaque reduction Inethod for' riteasur-
ing the serum NT titer \\'as performed essentially' by
the method of Hashimoto and Prince (1963). Pri-
mars, cultures of chicl< embryo cells \\. ere prepared
^. the method of Po, tech"Id (1960)

+. alitJsei'n

Hyper immune rabbit sera of reference arbo-virus
v'ere Lised for sreLim tests. Rabbits \\. ere jinmunized

by intravenous injection of 5 inI of the supernatant of
2096 it rimogenate of infected mouse brain. Four
injections \\ere giveit at one week Intervals. One
w. eek after tlie last Injection, the serum \\. as separated

2. Hc, ,rugg/liti}lotion 1'11h, titio, , t'st (H/) in^of '01/1-
PIP, ,!,, it fixntj'o11 jest (CF)

These tests were done by the ritethods of Ham-
mon (1964). Sera for the Hl test \\-ere treated with
acetone, and sera for the CF test were 11Tactivated at
56C for 30 minutes. Antigens were extracted from
the bcains of infected SLickling n, ice \\, ith acetone-
ether or sucrose-acetone method

5 . ,3-Me I cap!0-ethn, 101 ti errtiiie, 11

'I'his \\'as carried oLit essentially by the method of
Ishida (Experimental Code for NIIcrobiology, and
Serology, 1966). Tite incubation time \\, as one hour
at 37C

6. Ser!1111 $pecJ',,!", is

I) Sera of patients
NIOst sera \\, ere collected from Cltiring A{ai Uni-

\, ersity Hospital and NICCormic Hospital in Chiang
collected fromMai Cit\,. Some specimens \\'ere

other hospitals. Paired sera \\ere exanined
2) Sera of health} subjects

Sera of itealthy subjects in Chinng A, Iai City were
collected in Chiang A, Iai Universit}, Hospital in
March, 1970. Sera of healtl^, subjects in Bangkok
and Thonburi city were collected in Siriraj Hospital
of IVlahidol LTniversit\. from December 1968 to

June 1969

3) Sera of livestock

Pig sera \\'ere obtained in o1tthly from a slaughter
house of Chinng A, Iai Cit\,. Twenty samples of sera
were collected each time. Sera of breeding pigs \\. ere
collected from the Jugular \, ein. Horse and cow
sera were obtained ntonthl}' front tlte same group
of animals o1\ Thai Arm}. Farm at Mae-Sa in the
suburbs of Chinng A1ai City

7. Filloi'esce, !t antJ'body tech, ,Icy!, e (FA T)

Specimens from the brains of fatal cases \\, ere
taken as soon as possible after death. The speci-
nTcns in 1969 \\. ere takeiT at autopsy and those in
1970 \\, ere takeiT by branl puncture (Kimoto at al. ,
1968). The direct FAT technique \\'as done b!'

3. '11/1s

Reference strains of \, irus \\. ere supplied fronT NIH
of Japan and propagated in suckling mice brains
For virus isolation, a 2096 ITomogenate of fresh
brain from a fatal case of IE \\'as in DCulated into the

I-3 day' old suckling ntice

268 Bii<EN JOURNAL \'o1.14 No. 31971



the method of ADyama (1967). Anti-IncA" #01
rabbit serum was used for FITC conjugation

8. Eire!I o11 1111cioscopj,

\TITus preparations \\'ere examined by ITcgative
staining method using phDsphotungstate (Brcnner
and Home, 1959) in a Hitachi electron microscope,
model HU-11d

9. Collcctio, ! of 1110sq, ,no's

Mosquitoes were coliccted at TA-\\'ANC-TAX
Villaoe in Sataphi count\' in Chiang ATai. A light
trap \\'as placed Lindcr a house near a pig-st\'
Sometimes mosquitoes \Tete also caught in a ITand
net supplement ar\'.

10. Sinn'$11'cn/ ,/din

Statistical data \\ ere obtained fronT the Natioital

Statistical Onice and tite \. leteorological Depart-
Inent of tlTC Coverliment of Tl, nil"rid

RESULTS

I. Gene, 'a/ o6ser""ti'o71s o11 the epidemic
I) Geographical and seasonal occurrence
According to data from Chiang I\'Tai Lniver-

sits, Hospital, the epidemic of IE in 1969 in
Chiang A'iai begaiT in A, lay, reached a peak in
July and gradually declined in August. An
epidemic of THF also occurred at the same
tim* (Fig. I)

As shown in Fig. 2 and 3, Thailand is usually
divided into four regions (quoted from the data
of the Statistical Office of Thailand) i. e. the
northern, central, north-eastern and southern
regions. The epidemics of IE in 1969 and
1970 occurred mainly in the northern region
However, the epidemic of THF occurred in
the central and north-eastern regions in both
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FIGURE 2. 171ci'ofc, ice of cases of E, icephn/11^^ o11d
Tnni He'll Driftngi'c Free, ' I',, 10/11' legions of Thrilln, Id 111
1969

(based on data from tlTe A, Iinistr\. of Pub. Health,
Thailand)

I, ears. AttentioiT should be paid that cases of
THF \\, ere also seen in the northern region in
1969 at the same time as the epidemic of IE.
The geographical distributions of IE in the
t\\'o I, ears are shown in Fig. +. NIOre than 30
of the cases \\. ere mainly occurred in the north-
tm region. But in the north-eastern region,
more than 30 cases \\, ere seen in Bun Ram

Province only. (Cases of Equine Encephalitis
occurred in the 1<0n 1< aeit Province \\, hiclt Is
next to tlTe Buri Ram Province, and the disease
\\. as confirmed \, ito10gically as IE)

2) Yearlv incidence of IE
As sho\\. rim Fig. 5, before 1969 the incidence

rate per 100,000 head of population \\, as about
2-3. But in 1969, it increased to 20.3 and in
1970 it was 14.4. This incidence rate Is \, ery
high coinparc \\, ill\ that in Japan (A1iura, 1967)

3) Age and sex distribution
The data on the epidemic in 1969 given in

Fig. 6, show that the cases of IE \\. ere under
twenty years old. The peak in the age-Incld-
encc distribution \\. as from 10 to 14 I, ears old.
A10re cases \\. etc men than \\, omen, but fatalit},
\\'as similar in the t\^o sexes (HITaishi, 1967 ;
Kon0,1969). The peak in the age distribution
of cases of THF \\, as from 5 to 9 years old,
\\'hich is a little younger than that of IE

4) Distributioi\ of IE in the different coun-
ties (Amphoe) in Chiang A, Tai

The distribution of cases of IE in the various
counties in Chiang Mai is shown in Fig. 7
The incidence rate in the central part is clearly
higher than the other parts

5) The environment of epidemic area in
Chiang A'Tai

The styles of the farm-houses in Chiang KITai
area are one-stoned \\, ith higli HOOTS and every
house I, as a pig-sty. There are little ponds

and rice fields round the houses \\, here in OSqui-
toes such as Culex tritaeniorhynchus
readily breed

2. C/, incal mailjfestat, 'DJis
A10st of the patients showed disturbance of

conciousness, difficulty in s^. allo^, Ing and
convulsions. Convalescent patients suffered
from malnutrition and the deformatioi\ of the

Their mental faculties \\, ereextremities

reduced, especially the ability to calculate.
The clinical findings, symptoms and signs on
these cases are summarized in Fig. 8 and Tables
I and 2. These data agree \, erv \\'GII \\, It IT those
on IE

3. Sei'o10gaca/ exm"Innti'o11
The results of serological examinations of

patients are given in Table 3. (6 cases at the
beginning of the epidemic in 1969). Every
case ITad ITiglT antibodies against IE in eaclT test
But sometimes, cross antibody, against Dengue
group antigens \\, as recognized. (e. g. Sample
ES-6 and ES-7). So, to confirm that the GPi-
demic \\, as due to IE exactly, the virus isolation
\\, as done

can

4. F1i'o10gi'cQ/ exqmi', inno, I
As shown in Table 4 and 5, six cases \\ere ex-

amined, 3 cases in 1969 and 3 in 1970. The
samples in 1969 \\, ere obtained at autopsv, and
those in 1970 by LISing special braii\ puncture
(Kim. t. , 1968).

I) Fluorescent antibody, test (FAT)
The direct method of FAT \\, as used

Specific fluorescence were recognized in 5 of 6
cases

2) Virus isolation
One-three day, old suckling mice \\'ere used

for \, irus isolation. A 2070 hornoginate of
human brain was inoculated Into the brains of
the nTice. \JITus \\. as isolated from 2 of the 6

specimens and these were temporarily named
Chinng ithi X-I and X-4 (T, b1", 4 and 5)
As the representative strain, Chiang A1ai X-I
was used for further examinatioi\. Spherical

YAMADA, T. at al. InFrillese E, ICcphnlitis 111 Tnni'/alld 271
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FIGURE 3. 111c, dellce of cases of Elfcephn!11^^ and Tnni
He'll o1'1/rug'c Fez^ei' 1'11 foili' I', g, 'o113 of Tnni'/rind ,', I 1970
based on data from the itIii, . of Pub. Health, Thai-
land)

particles of about 35 inn are recognized in an
electronmicrograplT of the isolated \, Irus

3) Identification of \, Irus
Chiang \, Iai X-I was identified as IE \, irus

(Table 6 and Fig. 9) as follows; namely, the
results of the Hl test indicates that Ciliang A, Iai
X-I is a strain of group B arbo-virus. The CF
test sho\\s that it is IE virus, because the box-
Patter us of IE (I, GA" #01) and Chin"g Mad
X-I antigens are very, similar comparing \\, ith
those of other \, iruses. Chiang A, iai X-I \\. as
compared with reference strains of IE, the
I*!akayama and IaGAr #01 strains. The opti-
mum pH ranges of IaGAr #01, Chiang A, IaiX-I
and Chiang A1ai Ogata (isolated by Dr. Ogata
T. in Chieng A1aiin 1964 from a sporadic case. )
are similar (pH 6.6 to 6.8) but that of Nit"yama
is pH 6.2 (Table 7). The Hl patterns of tliese
strains \\, ere also examined, as shown in Table
8, IaGAr #01, Chiang Mai X-I and Chiang Mai
Ogata had the same patterns, but the patterns of
\akayama \\. as different. Therefore, scrolog-
ically Chiang A, Iai X-I seems to be the IaGar
#01 typ. vin, ^. (Akin*a, 1968)

5. ECo/ogicn/ $111dy
I) Antib. dy lord of re in halthy or, pre
To kno\\. the background of the IE epidemic

in Chiang I\Iai, the }11 antibody, levels against
IE in healthy people were examined. As
snown in Fig. 10,509', of the childrei\ of 0-10
years old examined had ITo antibody, against
IE ( < 10 TIT units). But in }, Dung adults of 11
to 20 I, ears old 93y, ITad IE antibody. These
data are consistent \\. Ith the observation that

IE only occurred in young people. For coin-
parison \\, ith data on Chiang XIai, the antibody
levels in Bangkok and Thonburi cities \\, ere
examined. As showi\ in Fig. 11, almost sub-
jects in all age groups had antibody, against IE.

2) Antibody, level of IE in livestock
\\'ith regard to factors causing a IE epidemic,

a relation between people, pigs (or livestock)
and mosquitoes ITas been confirmed (Konno,
1965 ; \akamura, 1966). Pigs seem to be
amplifiers of IE \, irus. As mentioned above,
there \\, ere many, pigs in the Chiang I\, Tai area,
so the antibody, level against IE in Pigs \\, as ex-
amined. As shown in Table 9, all serum
specimens collected in July, 1969 at a slaughter
house of Chiang A, Iai showed a \, efj, high anti-
bodv titer against IE. Specimens from 2 of 5
breeding pigs, showed IE antibody. TITe anti-
bodies against eaclT Dengue \, Irus type were ex-
amined simultaneously, but the \, alue \\. ere
inuclT less than that against IE. The seasonal
change in the antibody level in pigs was also ex-
amined (from August, 1969 to September,
1970). As shown in Fig. 12, from June to
December, the antibody, level remained at a
high plateau and this period \\ as during and
just after the time of the epidemic. From
January, the level began to decreasc gradually
and started to increase again from April. In
\'lay, ,3-mercapto-ethanol sensitive antibody
\^as detected. This sensitive antibody suggests
the occt!rrence of fresl} infection of pigs with
IE virus. The same phenomcnon was seen in
sera of horses and co\^s thougli less clearly.

3) NIOsquitocs examination
Culex tritaeniorlTynchus is considered to be

thc most important species of mosquito as the
carrier of IE (Scherer, 1959). The species of
mosquitoes in Chiang IVlai \\, erc examined.
Culex tritaeniorhynchus \\, as found 111 the
Chiang I\Iai area (Table 10)

DISCUSSION

TIIe IE epidemic that exploded in Chiang \Iai
in 1969 \\. as the biggest epidemic there has ever
beei\ ill Thailand. The incidence rate \\'as 20.3

\^hicl\ \\. as IlIgher than it has ever experienced
in Japan (killura, 1967). A. Iany facts \\, ere
found about the epidemic. The epidemic oc-
curred in young people (Fig. 6). This tend-
enc\, ITas also been noted in the data of 1<0rea

YAA1ADA, T. at all. Japn, lese E, icephn/!lis 111 Tli"11ni, d 273
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and Tai\\'an (Kon0, 1969). The age distribu-
tions of cases in these areas are compared in
Fig. 13. In Thailand this tendency \\, as ex-
plained by the fact that the antibody, level
against IEis 10\\, in young people (Fig. 10). As
shown in Fig. 2 and 3, the epidemic of IE was
almost entirely limited to the northeriT region of
Thailand. On the other nand, epidemics of
THE occurred in the central and north-eastern

regions, but 111 1969, cases were also seen 11T
the It on herit region. No cascs of either disease
\\'ere seen 11T the southcrit region. \\!hy did
the epidemics have these different distribu-
tions ; XIIany, factors may, be considered as

As snown in Table 11, there are not so
detectable differences or rules in the regions
For example, the densities of population are not
so different. However, in the central and south-
ern regions, the incidence rate is not high,
althouglT the densities of pigs in these regions
are ITigh. The influence of the climate type
may, also be considered. According to data
from the A, leteorological Department of Thai-
land, the southern region Ilas a tropical mon-
soon, or tropical rainforest climate. 01T the

28( 3.1)

C, Is, s of nihil, 1,511 Eire, pinJ/11^^ d, hgi, OS, d chill'cnl/J, 111 Gillh, ," Min' Ui, Iteis, 71, Hot!'in/

1966

2(71)

185(203)

25(27)

1967

2( 8.0)

25( 2.7 )

131(14.4)

1968

3(120 )

causes

45( 24.3 )

other hand, otlTer regions I, ave a Savanna
climate. It is curious that in the southern re-

gion, there are 110 cases of IE or THF and this
requires a ftiture study, Including the \, ector
distribution. It is said that epidcmics of simi-
Iar arboviruses do not occur simultaneously, bc-
cause of their Interfere reaction. For cxample,
\\liere there is all epidemic of Dengue, there
**ill nut b, an cold. inI. of IE (Miu, ,, 1967).
Certainly, \\'e did not find a big IE epidemic in a
region \\'liere there \\'as an epidemic of THF,
except in the ITortheril region in 1969 (Fig. 2.3
and Table 12). And the important causal
ageilt of THF is reported as Dengue \, irus by
Halst, ad (1963,1966). hit its ,Hert must b.
affected by, an interference reactioit bets een
IE and Dengue. Lisuall}, a ITigh and broad
antibody response against group B arboviruses
is seen after THF infection. This phenome-
non has been called a " secondary t}, pe " of
antibody, reaction to group B arbovirus anti-
gun^ (Igar, *hi, 1969 ; Halst, ad, 1966). A^
sho\^n in Fig. 11, the antibody level of IE in
Bangkok is \, ery 111gh. This may, depend on
the effect of the existence of THF (Table 12).

1969 1970

( ~15. Sep )

20( 15.3 )

YAMADA, T. at all. Japn, lese E, ICEph"/, I^^ 111 Tnn, '/rilld 275
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TABLE I. Ft'"chitgs on cei'ebro-spano! fund of
cases of Japanese encephalitis I'M 1969 (Chia"g
Min' UmbelTity Hospital)

Cerebro-spinal
Fluid

Cell No 10

11-100

101-500

501-1000

1001-1500

Total cases

No. of
Cases

Poly 50%

I, yinph 50%

11

40

6+

6

2

%

Protein normal

slightly up

Sugar normal

slightlv do\\. n

Fatal cases

9.0

32.5

52.0

5.0

1.5

No. of
Cases

This is consistent \\, ith the fact that no GPide-
inIC of IE \\, as seeil in Bangkok, although IE
virus \\, as found in the region (Gould, 1966)
On the other hand, in the northern region,
there has not been a big epidemic of THF
(Table 12). The TeasoiT for this cannot be
discussed since few data are available. And

the antibody level of IE in Chiang Anal is not so
high as that in Bangkok. This indicates that
THE in^, have less influence on the antibody
level of IE in the Chiang Anal area

\\Ihat is the etiology, of THF ; A second in-
fection \\. ith a different t}, pe Dengue is con-
sidered as the cause of THE (Russell, 1969 ;
Halstead, 1966 ; Okun0, 1966). Then is it
impossible to make the assumption that THF
may, also be caused by other B group arbo-
viruses including IE ; THF is probably not
caused by repeated infections with IE, because
in Japan, \\, here usually only IE epidemics

there ha\, e been ITo cases of THFoccur

The IT is it possible that THF might occur on
infection \\, ith IE after previous Infection with
Dengue ; If this is so, then the epidemics of
IE and THF in 1969 might both be catised by
IE virus. That is to say, a subject \\, ho had
previously been infected \\, Ith Dengue might
manifest the symptoms of THF \\. hile a subject
who had ITo antibody, of an^ kind against B
group arboviruses might manifest the sym-
ptoms of IE. This is only a speculation at
present and requires further study.

The next problem Is why the incidence rate
of IE in different coui\tries in Chiang A1ai
Province differed. As mentioned above, most
cases \\, ere in the central part of Chiang A{ai
Province (Fig. 7). It has been reported that
the scale of IE epidemics is influenced by the
density of pigs in the region, and pigs are con-
sidered as amplifiers of IE. A clear correla-
tion of direct proportion \\, as found between the
incidence rate of cases of IE and density of
pigs in Osaka (Report of an investigation on
for casting epidemics of Japanese Encephalitis
in Osaka 111 1968, in Japanese). To see what
animals are important as amplifiers of IE in
Chiang I\Iai, \\, e studied the number of live-

28

83

>

96

13

26

25.0

75.0

62

62

10.7

28.3

56.5

2.2

2.2

; ,I

50.0

50.0

95

12

13

28

; I

88.5

11.5

31.7

68.3

20

24

o
Z

1234567891011

Day s

FIGURE 8. Dnys /10/11 o115, t to dean! of cases onripn-
liese E, icepho/it's
(Chimig IV/ai Uni'"eJsitj, Hospital)

45.5

54.5

28

3

90.3

9.7

TABLE 2. The symptoms and sal!Ms in cases
of I"panes, e"cephol, lis ,'" 1969 (Chiong Mai
Unitersity Hospital)

15

Symptoms and sign

Conciousness impaired
Fever

Convulsions and I or spasticity

Meningeal signs

278
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%

100

97.7

68.8

+ 163.8
44.1

19.7



TABLE 3. Sei'o10gz'cal examz'"atton of patt'e"ts'
eptdemt'c in 1969)

Patient isex ^Age

\I. M

\o
of

s am -

I':. V. I All

' F

Davs
from

onset
PIe

ES-I I
12 IES-2

I ES-3

Neutralization

N. K

IE
Naka-

Yama

IES-+ , 3
ES-5 15

3

+

12

PC. F 10

I\I

IE
IaGAr

#01

ES-6
5I

ES-7

ES-8

ES-9

sera

240

190

700

P. N

(13 sri?"pies from the begt'nitz'"g of the

IE
Naka-

yama

380

460

I+00

PI

Hemagglutination inhibition test

200

490

+

18

M

IE
IaGAr

#01

+

<100

+500

+O

40

160

<100

360

ES-10 3

ES-111 U

F

a

16

a Challenge dosis per 0.2 in/. Abbi e"I'd 11'011s : IE =/niba, !"e Elfcephahti's, PFU =Piaqi, , 101'111i'11g 1/11/'15

3I

Dengue Dengue Dengue Dengue
-I -2 -3 -+

80

160

2560<

ES-12 7

ES-13, 14

970

520

130

+500

40

320

stocl< tlIere (Table 13). From the reports of
Ueba (1968), Committec on invest IgatioiT for
forcasting epidemics of Japanese Encephalitis
in O^, k" (1968), Halst. ad (1965), T, ^litk"w,
(1960) and Toshioka (1960), it seems that in
Japan, the most important nTosquito for the
vector of IE is Culex tritaeniorhynchus (Culex
tritaen. ). And in Titailand, Culex. tritaen.
and Culex gelidus are found. As their ITabit,
they, like to bite pigs or other livestock suclT as
cows and I}orses, but don't attack chickens
much. On the other nand, Aedes aegypti, the
vector of Dengue does not attack big livestock
This is also suspected from the data in Table 9,
showing that the Hl titers against Dengue in
pigs are \, er}, low compared \\. ith those against
IE. And this mealT the vector of Dengue does
not attack pigs so much. Thus, big livestock

270

3600

<20

<20

<20

230 I 160

230 1280

170 : 80

+80 1280

80

1280

40

640

860

1600

160

2560<

105"
PFU

+O

20

80

<20

<20

460 I

150

80

1280

<20

80

CF-
Test

40

+O

80

<20

20

80

2560<

320

320

IE
\aka-

ran. a

<20

<20

<20

< 20

<20

+O

320

<20

40

6+O

1280

<20

< 20

<+

<4

16

20

40

80

320

<20

<20

<20

<20

< 20

40

+O

<+

<+

80

20

40

<20

<20

+O

+O

seem to be the amplifiers of IE in 'Thailand and
of these, pigs are probably the most important
because of long duration of their viremia (Ueba,
1968). To see if this \\'as tile case in Chiang
I\, Tai, Chiang A'Iai Province \\ as divided in to
three regions (Fig. 14) and CUIctilated each value
(Fig. 15, T"b1.13 and 14). Th, in. id. nor rut*
of cases of IE \\, as directly proportional to the
density of pigs or livestock. (Fig. 15). TITe
area of rice fields in a\, also be correlated \\'it 11

the Incidence rate of IE, because \\. e cal\ coin-
monl\, guess that in areas where there are maiTy
farmhouses, there are many rice fields and live-
stock. Rice fields are suitable places for Culex
tritaen. to breed. Same correlation \\, as seen be-
t\\, een the area of rice fields and the incidence of

IE in Chiang Mad. (Fig. 14 and T^b1.14). Thus
in Chiang lv, Iai, there is probably a cycle of the

<+

32

<20

20

20

40

<+

16

<20

<20

<4

8

8

8
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00

o

virus between mosquito, pig and man. The
above data are o1T the epidemic ill Chiang A'Iai

with regard to the \\, hole of Thailand,
the datain Table 11 sho\\. that there is ITo clear
relation betweei\ these factors and the incidence

of IE in the four regions. The question of
\\. hat factors control epidemics of IE and THE
in the four big regions of Thailand requires
further study. Konno et a1. , (1965), proposed a
model for the mechanism of epidemics in
JapaiT drawing at tentioiT to the fact that the
rainy seasolT (the so called " Tsu-yu " in Japan)
provided suitable places for mosquitoes to
breed. In Chiang A'Iai, \\, here the big epide-

,
,

I

00

A. ~ ~ '

C

,
,

area.

000000

00 o000

,, _.. A

11 ~ 20

o

o0

a

o

21 ~ 30

o

o

31 ~ 40 41-50 51~ (Age group)

inic occurred, a similar situation seems to ITa\'e
occurred judging the facts describe above.
(Fig. 16). That is ; by the information of
Allnistr\, of Public Healtli of Thailand

(Tuchind, , 1970), SEATO L, b, ""t. "y of
Bangkok confirmed that the Ilumber of CUIcx
tritaen. increases from April and decreases
from October, April to October being the
rainy seasoi\ in TITailand. SEATO succeeded
to isolate IE virus from Culex tritaen. in April
One nTontlT later in A, lay \\. heit the first case of
IE occurred, IE \, irus was isolated from a fatal
case at the \irus Research Institute. Since

the epidemic of IE in Cliiaiig A, Iai started in

,
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TABI, E 4. Exnmz'"atto" of brain specz}Mens (1969)

Case Sex Age

T. D

MCCormic Chiang II 13 19 I after Frontal cortex
a 61- Hospital Mai I I I

July July 2 hours Parietal cortex
X-I# 44352

Hospital
& No tory Onset ' Death Autops, I Materials Collected FA Inoc. Passage

No. I SM SMAM

P. A a

Chiang

I AJIai

Hospital

# 335310

+

T. I a

Chinng I
10

Mai

X-2

Abbre",'niloii$ alld sy, ,, 601s. SM=I-3 day old $11ck/,, Ig ,,, ice; Ally/=odini 1111ce, + ="iriis Isolation o1 flito-
yesce"t antibody test POS, flue, 11.1. =, lot tesied, litoc. =,,, DC1, /"110", - =", 1115 Isolation o1' 1/1/01'esce, ,I antibody
test negnt, tie

12

Cerebellum

Morter cord

Chiang
Mai

Hospital

# 333228 I

Aug. ! Aug I

I 'irus isolation

May, the epidemic circulation between pigs,
mosquitoes and humans \\, as probably as fol-
lows ; In April, \\, hen the rainy season begin,
the mosquitoes Increase in number and gradual-
Iy IE virus spread ^in. rig them. (The prob-
Iems of where the IE virus came fronT and what
the reservoir of IE virus is are still tinsolved. )
Then, pigs or other livestock are infected with
IE virus by mosquito. The virus intiltiply in
pigs (viremia of pigs lasts for about 5 days,
Ueba et a1. , 1968). By repeating this cycle,
large numbers of mosquitoes are infected with
IE virus. Then humai\ cases of IE occurs
On infection of pigs with IE virus, the IE anti-
body begins to increase in pigs. \\Ihen all the

I Basal ganglia
Brain stem

Cerebellum

Brain stem & cord

White mattei

Hippocampus

Sensory cortex

Substantia nigra

Cerebellum

Brain stem

Cord

I Hippocampus
Frontal cortex

Basal ganglia

17 ^

Chinng

Mai

X-3

1st 2nd

pooled

24

July

+

+

4

Aug

+

after

36

hours

+ +

pooled'

n. I

282

n. t

pooled

pigs have ITigh IE antibody, they can no longer
harbor the virus, so the mosquitoes cannot get
any virus from pigs. Therefore, the humber
of cases IE gradually decreases. It seems that
there is not much difference in mechanisms of

epidemics in Japan and Thailand. However,
in Japan there Is a winter season when there are
very few mosquitoes. Any IE virus can not be
isolated. \\!hile, in Thailand there is not such
the cold season. Never the less, the epidemic
occurred from June to August. The similar
phenomenon is seen in Taiwan and 1<0rea
(K. n, , 1969 ; Han, 1969). Th. reus. n for
this Is also an Interesting problem.

it is possible to guess mechanism of the epi-

I^
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TABLE 5. Examz'"atto" of 61nt'" SPCz'mens (1970)

Case Sex

B. S

Age Hospital

9

D. S. I ?

Labora-

tory
No

8

Chiang

Mai

Hospital

Onset, Death Autopsy Collected by I FA

S. C

Chiang
Mai

X-4

13

Chiang

Mai

Hospital

Abbre"fati0,13 a"d symbols: SM=I-3 day old slick/, frg mice, ' AM=adult 71n'ce, ' ". t. ="o1 tested, ' 1110c=
1'110culOt, On, ' + =POS, true, ' - =, legal, "e

a

12

May

1970

21

May I

Chiang

Mai

X-5

12

Chiang
Mai

Hospital
(Chiang
Rai)

1970

28

June

1970

>

a ACctone-ether antigen
b Sucrose-acetone antigcn
c Antibody titer \\, hen 4 units of I{An in arc used

not

done

t special biopsy
needle

I hr after

death

special biopsy I
needle

Immediately
after death

special biopsy
needle

6 hr aftcr

death

Chiang

Mai

X-6

6

July

1970

I Virus isolation
^1st

2nd PassageI In DC

SM SM AM

17

July

1970

not

done

demic but it is tincertain \\, hy a big epidemic
suddenly occurred in 1969. A{any factors may
have been contributory causes. One of these
is the an I\ual change in the antibody level.
Committee on investigation for forecasting
epidemic diseases in Osaka (1968) reported
that " \\, hen the temperature 11T February is
higher than normal for the month, a big GPide-
inIC may, occur ", (A longer period of observa-
tion may be necessary to confirm this). There-
fore, the climatic conditions in Chiang Mai
were studied. TIT Fig. 17, the temperatures of
monthly normal are showiT as a continuous
straight line and the difference in the actual
average temperatures for each month from the

31 I
; not

July

'9, , I
done

+ + +

+

+

TABLE 6. H/ test 101' Ide"tillcatz'on of Chin"g
Min' X- I strain rimo"g the arbouz, .Ms group

n. I

+ I

n. I

Group

n. I n. t

A

Antibody

Chikungunya
(Bar1 306)
Sindbis

SLE

Dengue-I

Langat

WN (Eg. 101)

IE (InGA, #01

,, (Mizushima)

" (IaTH)

Oriboca

Akabane

Antigen

IE JarGfu Chiang
^ # 01" Mai X-I"

< 20"

<20

1280

640

2560

2560

1280

640

1280

<20

<20

<20

B

C

SImbu

Bunyam-

<20

<20

1280

1280

2560

2560

1280

1280

1280

<20

<20

<20
\\. era
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TABLE 7

----

pH

IaGAr # 01"

COM1pnr!'son of pH ro"ge of $11'az'"s of Japanese e"cephaltlis oarws

HA

pH

Chinng IVlai X-I'

6.0

6.2

6. +

6.6

6.8

7.0

HA

800

+

+

+

1600

+

+

+

+

+

+

3200

+

pH

Chieng A1ai Ogata, !

+

+

6.0

6.2

6.4

6.6

6.8

7.0

HA

+

+

6400 12800 25600 51200 102400

L

80

+

+

+

++

+

+

T

160

+

+

+

+

+

+

+

+

+

+

+

T

+

320

+

+

pH

Nakayamah

6.0

6.2

6.4

6.6

6.8

70

HA

+

+

+

+

640

80

+

+

+

+

+

+

1280

+

+

+

+

+

L

+

160

C

2560

+

a Reference strain of Japanese Encephalitis (acetone-ether)
b Reference strain of Japanese Encephalitis (acetone-ether)
c Current strain isolated in Chiang !\Iai, 1969 (acetone-ether)
d Strain isolated in Chiang IVlai by Dr. T. Ogata. 1965 (sucrose-acetone)

+

+

+

+

320

5120

+

+

+

6.0

6.2

6.4

6.6

6.8

7.0

+

+

+

+

+

+

640

10240

T

L

800

+

+

+

+

+

+

+

+

1280

+

+

+

+

+

1600

C

+

2560

T

+

+

+

+

L

3200

+

+

+

L

5120

+

+

+

+

+

+

6+00 12800 25600 51200 102400

e

e
+

+

+

+

102+O

284

T

+

+

+

+

+

e
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FIGURE 11. DJ'st, '1'61,11'01, of H/ nilt, 'body, rigm', 1st Itrpn, i'se E, IC, phn/11^^ 1'11 neatthy prop/e (Bn, Igko/t @ T/!o116/11',
C, 't, ts, Dec. '68-/1111. '69). '
Chanel, ge 1/1/'15: H/ initi:gen of InGr1, ' #01

Pel'ceilinge of $11byects ?cit/, nil H/ lit, ,' of illoie than 10 1,111'ts (R, c, hi'DCn/ of d, 7/1/1011).. ---.

Geol, ,, ill'cn1 111, nil titei.A------,

Titer

~,~ ~

,O

Age

N umber
of

^^^

O-56-10

~ ~. A~,,

49

.~ ^ ~

50

.~~&

11 - 20

10

21 - 30

10

31 - 40

10

41 - 50

10
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TABLE 8 COM1pni'ISOn of H/ patei'its of sti'alits of lopo"ese e"cepho/znS an'I'Ms

Serum

Anti-Nakayaina-R

Anti-IaGAr #01-R

Anti-Chiang IVlai-R-I

Anti-Chinng Mai-R-2

ES-3"

ES-13

ES-+2

Anti-Dengue-I-R

Anti-Dengue-2-R

r\nti-Dengue-3-R

Anti-Dengue-+-R

Dilution

"

:= a

;;,;;
-.

80

a
A
^

NAKAYAiVIA

G++
+++

++++

++++

++++++

+++++

++++++++

=++++++++

e++++++
+++++

a Reciprocal of dilution
b Convalescent serum of patient
Abbreviation and symbols : R = rabbit ; ES = Sample of Japanese Encephalitis ; + = HA positive ;

20480

TABLE 9

+O

HI Titer __ _ _ ___ _ _ __ _ _ _ ___ ____ _----- - - -- ---- - " ' ~~ ~~~ ~ ~~~~ I I

IE IaGA" #01 6+0 640 1280 1280 5120 1280 I 2560 I 6+0 I 1280 1280 , 5230:=I 5120<
---------------------- I

IENakayama 320 320 640 640 1280j 640'/280i 320 640 I 640 I 1280 1280
Dengue-I <40 s+0^ +0 :=40' 801 40 540: :=40 1280 , <+0 I 4 _

------. -....--.. .---.-.. .

Dengue-2 <+o1 40 801 401 160 80' 841:=401 160, 80 I 160 I ''D""gun-3 <40I 40 ' 80 40 1601 801 80 401 160 I co ^ 160 I 80
------- .. ---...--- -..

Dong, .-4 <40 40 80 401801801801S40t 160 I 40,160 10240

+++

No. of sample

Antz'body dt^11.1'buno" an pi;! sei. a in Chiong Mar' (July, 1969)

IaGA" #01

T

++++++

L

Pig-I Pig-2 Pig-3 Pig-+ Pig-5 Pig-6 Pig-7 Pig-8 Pig-9 Pig-10 Pig-11 Pig-I

++

+

++

+

+++

++++

+++++

+++++

++

+++

++++

S, ,'" of p, 'g, I to 20 am, ', I, ',", " ,!""ght, ,' hon, , i" Chi""g M, i (, o11, ,t, d 29, July 1969)
Sei'a of pi:gs 21 to 25 coei'e collected 11'0", 61'eedr"g pills I'M Ta-Wong-Tn, I Pi'!/age in

10240

+ T

286
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40

Chiang Mai X-I

+

T

10240

+

+

+

+

+

+

+

+

+

+

+

+

+

+
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TABLE 10. Specz'es of "10squz'toes collected lit
Ta- Wonu- Tan Pailage tit Chin"a Mn!
Prow'"ce (, ttg. 1969)

Anopheles philippinensis

Aedes Sp. (unidentified)

Culex tritaeniorhynchus

Culex pseudovishnui
Culex \\hitmorei

Culex sinensis

Culex pipiens fatigans
Culex annulus

Culex fuscocephala

Culex bitaeniorhynchus

<

(/dentined by DJ . S. Ito, Osaka PI. <Iecttti o1 Inst!'lute
of Pubfic Health, Osaka, Japan)

5120

2560

1280

640

320

160

80

40

20

10

< 10

Patient
virus ( + )

00 o0.00

' 2ME Sens.
0000

88

o0

.

coneo
o0

capo

000

oa,

^g;88 00

Patient

MOSq. virus ( + )
virus (+) !! 'x ,. !!- ,,"@X , 2ME "'

SenS. o0

o

Corb
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Sep. 1970)
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TABt, E 11

Region

Natural features of each region tit Thoz'land

Central R

North-East

North

South

Total

Number of

.,*"* (IE)"

76

123

466

10

675

Region

Central R. '

North-East

North

South

Total

No. of deathstt

Area of

RegionJ

103,579

170,226

170,006

70,189

514,000

a Data in 1969

b Data in 1960

16

47

86

3

152

Fatal ity rated

Density of
Populationu

79.5

52.9

33.7

46.7

51 .I

21.0

38.2

18.5

30.0

22.5

%
10

c Data in 1968

of Numbers are percentages

Number of

pigs'

I, 406,461

895,109

891,893

949,605

+, 143,068

Population"

8,271,302

8,991,543

5,723,106

3,271,965

26,257,916

5

Density of
pigs"

13.6

5.3

5.2

13.5

8.1

Incidence rate'

O~4

%
60

50

40

30

20

10

Japan (1962-64)

0.9

1.4

8.1

0.3

2.6

Area or
rice fields/

19,363

30,562

15,688

5,280

70,893

e Per 100,000 head of population
I in square 1<ilo-meters

10~ 20 ~

% of areas
rice fields

18.7

18. O

9.2

7.5

13.8

30 ~ 40 ~

Korea (1962-64)

FIGURE 13

O~4

%

30

50 ~

10~

g Per areas

Age of 1st ribittio, I aniong IE patients 112 fom' Asinn Coll"tries.
a: Ironi WHO Bill!eti, I (Kono at ul. ).

60 ~

20

20 ~

C hiang -mai
(1969)

70~ Yrs

10

30 ~ 40 ~

%
50

40

30

20

10

O~4

50 ~ Yrs

10~

Taiwan (1962-6, I)'

20 ~ Yis
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TABLE 12. Vein. b, inczde"ce of rhoz' hemorrhugzb 100ei. nitd Japanese errcephn/znS tit Bonukok
ONd Chiding Min' (by claim'cal dztignosz's)
Thai hemorrhagic fever

Bangkok

Chiang-Mai

Japanese encephalitis

1961

481

Bangkok

Chiang-Mai

1962

+, 185

- not reported
F1 Din Statistics of the Dept. of Hen/Ih, Thrilla"d

1963

1,657

TABLE 13. Null, bel' of Lines lock an Chieng ,Vin

1964

5,403

69

1965

1965

1.99+

31

pigs (1963)

Catt1. (1965)

Buffal. us (1965)

HD, ses (1965)

Du. ks (1963)

Chicken* (1963)

1966

1966

3,046

11I

28

1967

834

1967

~' - District

Total

TABLE 14

1968

1,107

25

1969

1,298

83

1968

125,921

173,759

188,803

7, +11

120,133

1,421 ,81+

District

(Chinng IVlai
Pro. )

Relntt'on ship bettcee" the Incidence of IE and some err"Ironn!errtn/ factoi s

25

1970

158

2

1969

9

235

11

111

No. of Populn-
cases 1969 lion 1969

25,030

38,910

60,628

I, 488

19,168

272,526

(Chio"g Mai' PI. owl',, ce, T/, ai'!a, Id)

1970

18

131

18

166

11

, 163,963 ;

81,791

108,688

96,067

5,082

100,088

968,406

Incidence

cascs per No. of
100,000 pigs 1963
people

11.0

22.7

1.1

730,412 I

91,565

111

19,100

26,161

32,108

841

877

180,882

' 25,030

81,791

I 19,100 I

Area of Density Area of
district of pigs ricefield

A (km') p. , (km') B (km')

6,503

10,596

9,079

3.8

7.7

2.1
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0.6

291



25

20
Q
...

to
L.

co
U
.

a,
T.

11p ( 7.7 )

15

o 10

I

.

I

,' Pigs
I

,

I4(38,

5

o 1116 ( 2.1) 111

( 27.0)

Pigs, Cattle and
Buffaloes

2010

Density of pigs or livestock
(Pigs, Cattle and Buffaloes)

<

FIGURE 15. Reint, 'o715hi> betat^eeli the ,, ICide, ,ce late
of cases of IE a, Id the dells, Iy of pts or 11t:estock
(Ch, h, ,g Mai Pro"i, ,ce)

(85)

(192)

pig

>

FIGURE 17. '71/11/01 needthe, ' ill Chin, Ig Min' City

(ir^eteor0/o9tn! Dept. of Tnniln, Id).
Rainfall. 0 : Incl'dellce rate per
100,000 people
045'eye, ice 1'11 ouei'rige tellipe, at111'efoi' the
1110/1t/I 1101/1 the 1,011"o1 71,011thb, acei'age.

30

MOSq
Culex

t ritaen

H urn a n
Case s

Virus( + )
1970( SEATO)

, Antibody Change in Pigs

Weather

I Number of Mosquitoes

Virus

in Mosquitoes

JAN

30'

20'

C

FIGURE 16

----

FEB MAR

292

PI esi, ,lied 111echmi, '$111 of IE ep, delliic 172 Club, ,g IPIm'.

!!.

APR

BIKEN JOURNAL V01.14 No. 31971

Monthly normal value of temperature
- ----- ----

Rainy
^^

MAY JUN JUL AUG SEP OCT Nov

~ ~^



+2C

+IC

1970

- IC

,
I

I
I
,

1969

I

~~ ---,

A,
,

J

,

I
I

I

,

I
,

\

,

\
\

\
\

~~~~..

1968

------

I
,/\

I
,

,
I

I
,

\

\

A

I '

\

1967

\

1/1
L,

,

,J

I

I
,

I
I

I

,

^

( 14.4 )

Monthly normal value
of temperature showed
as straight line

300mm

200 mm

100 mm

1966

*

~~~~

^^~

~~~

^

\

~

,

I

\

\

^
,~

~

~

~

~

1965

~

\

~

\

~

~

\

~--~--

~~~------

\

\

,

JAN

,

,

\

,

I

o

( 20.3 )

,,
,f ~ , ,

,

,

,

,

\

I
,

I

,

\

,

I

FEB

~

~~~~,,

\

I

\

,

MAR

I

I

I

,

,,'*

I

I

APR

\

I

(27)

\

I. '

\

^^

,^

\

MAY

. ,\

- - ---- - - ---,

\

\
\

\

\

\

~.~~~-

JUN

\

,,~ ~
,

\

,
,

,
,

I
,

,

\

(27)

JUL

\
\

~*-"~~'*

AUG

YAMADA, T. at al. Inpanese Ei, CCPhn/, lis 111 Tnn!'/",, d

SEP

\

( 3.1 )

\

\

OCT Nov

\
\

.~---
^^

DEC
I( 34)

293



10240

5120

2560

1280

640

320

160

80

40

< 40

~-

.

....

...

\
\

*. ~

\

^
^^

\

^
^

.---- - - -----.~

\

J E (JaGAr #01)

FIGURE 18. C, 'DSS I'eocti'o11 qf IE rind Dellgi, e alit!ken rel't/, IE alld THF pntie, it's sei n
Geo, ,let, fed1711en" litei of IE crises.^.

Tite, ' of THF casesSpecial case o17E .------..^ -.

Halst*ad (1966), Okun. (1966) and H, mm. n
(1964), after THF infection, patients have very
high antibody with broad specificity against
group B arboviruses. This makes serological
diagnosis of IE difficult in south-east Asia
(Ishii, 1967). As shown in Table 15, cases of
type I are easy to diagnose but those types 11,
111, and IV are sometimes very difficulty. The
Hl titers of cases of IE are plotted in Fig. 18
and the behavior of the sera can be recognized
Cross reaction \\, ith Dengue 2 is dominant.
Further studies are required o1T this problem
However, from careful clinical examination
combined witlt exact serum analyses, the diag-
nosis of IE in this area should not be impossible

Hl
Titer

b-. ' ' '

temperatures of monthly normal is plotted as a
continuous bent line. The monthly total of
rain-fall is plotted as a dotted line. It can be
seen that the monthly rain-falls in May, in 1968,
1969, and 1970 were very great. The average
temperatures in September and October in
1968 and 1969 were higher than normal through
these 2 months. These facts may be related to
the scale of the epidemic since high rain-fall
provides good conditions for mosquitoes to
breed. A, loreover, high temperatures in Sep-
ternber and October facilitate survival of in OS-

until the next year. Thus thesequitoes
doubled conditions favor spread of the virus.
Further prolonged observations on these factors
are required

IE is Lisually diagnosed by the Hl test in
Japan. But in south-east Asia, mosquito
borne hemorrhgic fever is prevalent (Halstead,
1966), and us report, d by Igar^*hi (1968),
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TABLE 15. Results of sero/ogt'cal exnmz'"atto" of sera of cases (July 1969 Chinng Min)

CD. Type Age Sex

9

Days
from
onset

"

~.

a

a
,
Q,
U
U

=
;=:

U
"
e. ,

=
a

a
a
^.

4

3

15

11

17

9

a
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640
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