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JAPANESE ENCEPHALITIS VACCINATION IN THAILAND
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TAKAYOSHI KAN, ' 1< EIJI OTSU3 and PRAKORB TUCHINDA
Virus RUS' arclt Institutc, I)up artmcnt of \I'd ICHI Scicnccs, A{1111stry of Public ITealtlt, Yod-se,
Bangkol<, Titailand

SUIARTI IATANASEN

lipidumiolog}. Divisioit, ATinisti\ o f Public I{culth, Devavcsnt Palace, Bangl<ok, 'Thailand

PIEi*! CHIO\\;ANICH

I)uriarrment of PCdi"trics, I, \ICLiltv of' NICdicinc, Cltiang A, Tai Univei'sity, Chinng NTHi, Thailai\d
(I{ccei\. cd Octobci I, 1973)

BIKENjo. RN, \I. \'o1.17.21-31,1974

uxiMAR\' TIT 1971 and 1972, \, accinatioit against Japancsc encephalitis (IE) was
cartiecl out 11\ the Chiang A, Iai Province, 11T tite northern region of Thailand, and

about 3,000 school children \\, CTe vaccinated in eaclT year. The vaccine used 111
1971 \\, as supplied in a liquid state and that used in 1972 in a Iyophilized form.

The antibody-negative ratios of pre-vaccinatioiT sera in Chiang IVlai in 1971 and
1972 \\, CTC 40n, , and 56''1, respectively me astircd \\, itIT neutralizing (NT) antibody,
and 54/,, anti 68'},, measured \\Ith hemagglutinatioit inhibitioit (Hl) antibody. The
scroconversion rate measured by the NT-antibody response after vaccination with
liquid \, accinc in 1971 was 861, * anti that witl\ Iyophilizcd vaccine in 1972 was 967 .
NICasuretl by the Hl-antibody, ^esponsc, the rates \\'CTe 60"' and 79'' respectively.
In Initially antibody-negative children the average antibody titers after vaccination
w'CTC 1.5 and 2.2 as log NT-titers and 19 and 32 as Hl units, in 1971 and 1972,
respectively.

The cross responses to IE vaccination against Dengue type 2 and type 4 \, iruses,
examined by thc Hl-test, \\, CTe not much compared with those against the hornolo-
gous Nakayama and IaGAr#01 strains of the IE virus.

These field trials sho\\, that it is better to LISe Iyophilized vaccine in tropical zones
be catise it is inure stable than liquid vaccine.

I On ICave of ribscnc" front thc Resentcl\ Institutc

for Microbial Discuses, Osaka Univcrsit\., Osaka
2 Prescnt address: 1<nnonjilnstitutc, the RescarclT

Foundation for Microbial Discascs of Osaka L;ni-

versity, KanonJi, 1< agri\^a
3 Present address: Osaka PrefectLiral Institutc of

Public Health, Higashinari-ku, Osaka

INTRODUCTION

In Thailand, some predominant virus diseases,
Thai hemorrhagic fever and IE for example,
are caused by arbovirus infection. No vaccine
has yet been developed for Dengue virus andlor
Chikungunya virus, \\, hich arc considered to be
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the causative agents of the hemorrhagic fever
(Hammon, Rudnick and Sather, 1960; Hal-
stead, 1966). However, IE vaccine has been
produced and widely employed witlT satisfac-
tory results in several countries such as Japan.
Therefore we tested it in the northern region
of Thailand where IE is prevalent and \\, here
big epidemics of IE occurred in 1969 and 1970
(Y, mad, at ,I. , 1971).

This was the first large scale trial of IE
vaccination in Thailand. it was aimed at

prevention of dreadful disease for the people
of this country in accordance \\, ith the object
of the \71rus Disease Control Project, as a
part of the scheme for medical cooperation
betweeiT Thailand and Japan under the
Colombo Plan.

This paper describes the antibody response
to vaccination against hornologous IE virus.
The response to Dengue viruses was also
examined as it is known that IE and Dengue
viruses often show setological cross reaction
with each other in cases of natural infection

(Halst. ad, 1966; Igar^^hist a1. , 1969).

3,000 more children in Satapee district onIv. \;tic-
cination was done in the same manner as In the pre-

ceded year except that 11.0philized vaccine \\, as em-
ploy. d. in botlt years vaccinatioit was done in
Febi'uni\.-\'larch. as the epidemic season of IE be-
gins in Nlay anTd the school SLimm*r \, acation in
Thailand starts in April

A, IATERIALS AND A1ETHODS

3. Conec!,'o11 of bioo, I ^pecJ',, leiis

Paired blood specimens were collected just before
the first injection (pre-vaccination sera) and four
weeks after the second Injection (post-vaccination
sera) from randomly selected vaccinees. In all,
168 paired sera were obtained in 1971 and 97 in
1972

I. Price, lie

Killed IE vaccine (Nakayantn strain) in Iiqtiid (lot
#184) and Iyophilized (lot #15) forms \\, as supplied
from the Research FoulTdation for NIIci. obial Dis-

eases of Osaka University. The vaccine \\. as ob-
tained from mouse brain infected with the Naka-

yama strain by protamine treatm. itt, inactivation
with formalin and several chemical treatments and

was finally purified by tiltiac. ntrifugation (Takaku
et a1. , 1968). Tl, e \, accine passed the national assa},
testin the National Institute of Health. Japan, before
shipment to Thailand

4. Ne, ,t, .rinknt, 'o11 (NT) test

For measurement of the sertim NT-antibod\.

titer, the 50'6 PIaque reduction test \\, as performed
using primary chicl< embryo cell cultures. Primar\
cultures of chicl< embryo c. lis \\'ere prepared by
the method of Porterfield (1959). ,\11 sera \\. ere
heated at 56 C for 30 min before the test

Bi'iefiy the procedure \\, as as folio\\. s : 0.4 in I of
appropriate Iy diluted test serum \\, as mixed witl.
the same \, o1ume of IE \, irus suspension containing

about 400 PFU and the mixture \\. as 1<ept in a \\. ater
bath at 37 C foi. 90 min. As \. irus and serLim con-

trois, the test serun\ \\. as replaced b\ 0.4 in I of tlTe
diluent (TC medium 199 containing 211, fetal calf
sertim) or 0.4 in I of diluted ITvperiinmuiTe SErLim,
respectively

After incLibation for 90 min, the mixtures \\ere

transferred to an ice bath to stop the reaction and
0.2 in I of eacl\ mixture \\. as Inoculated onto a mono-

Ia\, er of chick embryo cells in a piaque bottle. Two
PIaque bottles \\'ere Lised for each serum specimen
After incubation at 37 C for 90 min to allo\\, adsorp-
tion, monolayers were \\'ashed \\. itI, Hanl<s' solution
and the hist overlay \\, as applied

On the third day, after inoculation, the second
overIa\, \\, ith neutral red \\. as added. .\s a double

cl\eque piaques \\, ere couiTted on the 4tll nitd 5th
days

The NT-antibod\, titer \\. as calculated bv the

standard method of the National Institute of Health,

Japan, as folio^. s (Oya at a1. , 1967)

2. Pncci, IC rid, ,innstr"tio, ,

In 1971, the vaccine \\, as used in Sarapee district,
Chiang MaiProvince, and Bangkok-Thonburi Metro-
politan Area. About 3,000 children of I to 16 years
old, mainly in Sarapee, \\, ere given two subcutaneous
injections of I inI (05 in I for children under 5 years
old) of the liquid vaccine \\, ith an inter\, al of one week
bet\\. een injections

In 1972, the \. accination \\, as carried out on about
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w'hurc: Z: log ;*;'I'-antibody titer giving 301,
platquc redtiction

y: Per cent of piaquc rcdLiction obtained
in thc cxpcrimcnt

X: Rcciprocnl of dilutioit of t'st surunt
(This formulai Is \."lid for it Trillge \\'ITUru 1051, S
90 is sritisficd. )

S. I{,,,,!in^/!, tJ11,111011 111hib!fro, ! (Hl) t's!

'I'he Hl-:Intihod\' titc rs algal inst tlIC \tilt"Yam, I jind
JUGAi'#01 str. tins of In \, IrLis and also against
DungLrc tIPL 2 and t\. PC + wrtiscs \\'CTC dctcimincd
b\. thc n\cthod of Clarke and Casnls (1958). SurLim

SPCcimcns \\'CTC trc;itcd \\itit acetonc t\\ICU be forc
LITe test. 'Thc antigens LIScd \\, uru extracted liont
initcted suckling mouse braiit witl\ ticctonc-ether or
SIIcrosc-accton, inclhod

RESULTS

ai\tibody titers 11T prc- and post-vaccination sera
in 1971 and 1972.

In 1971,4016 (651161) of all tire pre-wadn^-
tion sera tested werc I\cgativc (log I\;T-titer,
<1.0). \\'hen the rates of negative cases In
Bangkok and Chiang \, Iaiarcas \\, erc compared,
the former \\, as 33'-j (31193) \\, hicl\ was a littlc
I. wer than that in th" kitty (50'1, ; 34168).
The distribution of the log 1.1T-titers of pre-
vaccination sera in the Bangkok area \\, as
slightly different from that in the Chiang XIai
area, showing a peak at 10:<z<2.0 \\, hile the
highest frequency in the Chiang A, Iai area was
observed at Z<1.0.

In 1972, the experiment was performed only
in the Chiang Mai area and the NT-negativc
rate of the pre-vaccinatioi\ sera was 561-,
(54197). Thi, figure and th" dim, Ibuti. n of
the log NT-titer of pre-vaccination sera were
VCfj, similar to those in thc same area in 1971.

In post-vaccination sera, 41'1, (651161) and
17'6 (271161) .f tire norin",^ ^I". wad I. g NT-
titers of 2.0<Z<3.0 and 3.0<Z<+. 0, respcc-
tiveky. in 1971, while in 1972, these percentage
woe SOY, (+8197) and 321, (31197). \.
significant difference \\, as observed in the
distribtitions of post-vaccination N'F-titers in

I. I\!7'-(1,111'b0(111 I'espoiise 10 "nCCiM, 1110/1
In 1971, a total of 161 paired sera (68 pairs

from Chiang A, Iai and 93 pairs from Bangkok)
\\'erc testetl foi. tl\eir NT-antibody titers against
thc I*;akayama straiit of IF \. irus. in 1972,
97 paired sera flum Chiang A1ai were examined
in thc same way.

Fig. I sho\^s the distribLition of the log :*;T-

Z < 1.0

I OS Z< 2 O

Bangkok

2 OS Z < 3.0

3 OSZ <4 O

5000 0 0-0O,

FluLRi: I . Dr'sti i'bill, 'o11 of A'T-'11/1'body, 111, I'S '14/1'JIS! A'tiledyn, Iru $11'a, ,I 6</01'e nil, / nit, I uricc!,,"11'011 I, , 7971 and
I972. Z. log, , rillt!'hotly ti'IPI 7,111'c/, grrre 50''\, PItiq!, e I', of 11ctioJ! ; ... A1'e-"acci'linti'o11 sri'a ; ^, post-"ac-
C!lid1,011 StJW

1971 Chiang Mai 1971 Chiang Mai 1972

5000 0 'b

FCKrxAGA, T. at al. IE Fncc, 'lintJ'o11 111 Tnni/nild

5000
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the Bangkok and Chiang Mai area in 1971,
although the distributions of pre-existing NT-
antibody in these areas were different, as
described above.

The NT-antibody response to \, accination
can be most clearly seen from the cumulative
curves shown in Fig. 2. In the figure, the
percentages were accumulated from the right
to the left, namely from the freqLiency of higher
log NT-titers towards those of lower titers.
In both 1971 and 1972, the cumulative percent-
age curves for post-vaccination sera shifted
moderately to the right (i. e. , to ITigher log NT-
titer side) \\, hen compared to the curves for
pre-vaccination sera. Thus, both liquid and
Iyophilized IE vaccines could elicit a responses
to vaccination in human subjects.

In 1971 (using liquid vaccine) the cumulative
percentage of vacciness having Z22.0 was in-
creased from 177, in pre-vaccination period to
58% in post-vaccination period, while in 1972
(using Iyophilized vaccine) such percentage
was increased from 20q, , to 82%. 0bserva-

tion confined to vaccinees showing Z23.0,
the cumulatIVC percentage of I% in pre-
vaccination sera was Increased to 17% in post-
vaccination sera \\, hen LISing liquid vaccine in
1971. In the similar observation in 1972
when iyophilized vaccine \\, as used, this rise
was greater, i. e. from 2'. 1 to 3201.

2. Sei DCo, reelsi'o11 us $hott!, I by NT- d"d H/-
11ti'allo"

Fig. 3 shows the distribution of post-NT-
titers in pre-NT-negative vaccinees. In pie-
vaccination sera, 40% (651161) of the vaccinees
showed negative titers on NT-titration in 1971
while 5611 (54197) showed negative titers in
1972. As shown in the figure, after vaccina-
tion in 1971 trial 14'}, (9165) of those who

initially NT-negative remained NT-
negativ, , whil, in 1972 .nly 4% (2154) re
mainecl NT-negative after vaccination. Thus,
the setoconversion rates in 1971 and 1972
wei'e 86yj and 961.1, respectively.

The geometric mean postNT-titei. s of pi. e-
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1<T-negative \, accinccs as calculatetl in log
NT-titcrs were 1.5 in 1971 and 2.2 in 1972

(TIT the calculation Z<1.0 \\, as treated as 10''.)
In 1971,5411, (901168) of th" prow. .inn-

tion sera tested \\, cre found to be negative
(<10) o1t Hl-titration \\, hile ii\ 1972, 68'1, ,
were Hl-negative (66197)

Fig. 4 shows the distribution of Hl-titei's
(post-Hl-titer) ofof post-vaccination

pre-Hl-negative \, accinees against Nakayaina
strain antigen. The Hl-scroconversion rates
judg. d by th* Hl-titer un* 6011, (90-36190),
in 1971 and 791, (66-14166), in 1972. Th"
average post-Hl-titers of pre-I{I-negative vac-
cinees were 19 and 32 (<10 \\, as regarded as
O in the calculation) in 1971 anc1 1972, IC-
spectivel}'.
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3. C! OS$ lesionses ,/Me 10 oncci, Idiio"
The data sho^t\ in this section \\, erc all

obtained in 1972 with Iyophilized \, accine, as
results in 1971 \\, CTe less satisfactor\, for analy-
SIS of cross responses, as sho\\ n above.

10 20 40 80

Hl-titer

FCKuxAOA, T. at al. IE Pttcci, Inti0, I 111 T/lulln, Id

160 320

25



TABLE I. Drit1'1'btttio" of post-H/-titers of pre-H/-negotzbe "accz}lees doria'"st Nahajnmo, IRGHr
#01, Dengite type 2 and Dengt!e type I o1'714ses

Post-Hl-titer

<10

10

20

40

so

160

320

Anti-Naka\ am a

I+ (2196)

17 (2696)

13 (20%)

12 (1896)

7 (1196)

2 ( 3%)

I ( 2%)

Total

I) Cross Hl-antibody response between
1.1'akayama and IaGAr#01 strains of IE \, irus,
Dengne type 2 and type + viruses

Table I shows the distribution of post-Hl-
titers of pre-Hl-negative vaccinees. Among
97 vaccinees there were 66.60,62 and 56 pre-
Hl-negative against the Nakayama,
IaGAr#01, Dengue type 2 and type 4 \, irus,
respectively.

The setoconvei. SIon rates \\, ere calculated as

791, and 8011 with the hornologous Nakayama
strain and IaGAr#01 strain of IE virus and
3211 and 291b with Dengue type 2 and type
4 viruses. The highest Hl-titer in post-vac-
cination sera of pre-HT-negative vaccinees \\, ere
320 against both strains of IE virus, and only
80 and 40 against Dengue type 2 and tvpc 4
viruses, respectively.

Fig. 5 shows the Hl-antibody, responses
against the Nakayama and IaGAr#01 strains of
IE virus as well as against the Dengue type 2
and type 4 \, Iruses. In the vaccinees who had
been pre-Hl-positive, the Hl-antibody, re-
sponses against the Dengue type 2 and type 4
viruses seem rather poor compared \\, ith those
against the Nakayama and IaGAr#01 strains
of IE virus.

The correlations between the Hl-titers

against IaGAr#01 and the Hl-titers against
Nakayama, Dengue type 2 and type + are
summarized in Figs. 6A-F. Before \, accina-
tion, the Hl-titers against IaGAr#01 weie
slightlv higher or the same as those against

Anti-IaGAr#01

12 (2096)
9 (1596)

11 (1896)

12 (2096)

10 (17'0

3 ( 596)

3 ( 5%)

66

Anti-D engue-2

42 (6896)

8 (1396)

8 (13.6)

3 ( 510

I ( 210

o(-)

o(-)

cases

60

Anti-Dengue-+

40 (71Q, )

S (1496)

5 ( 9%)

3 ( 590

o(-)

o(-)

o(-)

the Nakayama strain. The Hl-titers against
Dengue type 4 corresponded more closely to
those against IaGAr#01 than the Hl-titer
against Dengue type 2.

In plots of titers after vaccination against
IaGAr#01 versus those against Dengue type
type 2 and Dengue type 4 many values \\, ere
distributed on the IaGAr#01 side (compare
Figs. 60 and F with Figs. 6C and E), but in
the plot of titers against Nakayama versus
thus, ,gymst I, GA, #01 (Fig^. 6A and B), thi^
tendency \\, as not so marked.

2) Cross NT-antibody response against the
IaGAr#01 strain of IE virus

Fig. 7 shows NT-antibody responses agsinst
the Nakayama ancl IaGAr#01 strains due to
vaccination. In the case of the Nakayama
strain, 74 points were above the dotted line,
whiclT means an Increase of more than one

log, , unit in the log NT-titer after vaccination.
On the other hand, in the case of NT-

antibody against the IaGAr#01 strain, only
43 points were above this line, showing that
the NT-antibody response was lower than that
against the Nakayama strain.

Fig. 8 shows the correlation between NT-
antibody titers against the Nakayama and
IaGAr#01 strains before and after vaccination.
TITe NT-titers of most pre-vaccination sera
(861, ) ware alightly higher. "galnst I^GA"#01
than against the Nakayama strain. However,
in post-vaccination sera, the distribution of
values changed, 46 points (47%) being on the

62 56

26 BIKEN JOURNAL \'o1.17 No. I 1974



Nakayama side, 15 points (16'11) in the middle,
and 36 points (371. ,) on th. I, GA, #01 SId. .

Therefore, although the Hl-antibody re-

sponsc to Nakayama straii\ vaccine appeared
to be higllCT against IaGAr#01 thatIT against
the hon\o10gous ;'!aka}, am a strain, as sho\^n
abo\, c, the NT-antibody rcsponse appeared to
be I\Ighei' against thc ITomologous \akayama

1280

640

320

160

80

40

20

. 10

T
<10

Nakayama

straii\ than against JarGAr#01, one of the ne^, er
sti. ains of IE \, irus.

.

DISCUSSION

To control Japanese encephalitis Inuch know-
ledge is required on the ecology of the virus
and o1, the environment where the disease oc-
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IE \, irus is 1<no\\, IT to ITavc \-tctors andcurrs

amplifiers. 'Thrcc species of Ciner in OS-

qtiitocs, C. ti'11, reliioi'frillchiis, C. genViis and C.
IIJscocepha/a arc consider CLI to bc \, cctors of
IE virus in Thailai\d (Grossmai\ at a1. , 1972)
Pigs tire considerecl to be the most Important
amplifier of IE \, irus in Japai\ (Schercr ct al. ,
1959; Nitamura at a1. , 1964) and this also
seems to be so in Thailand, especially in the
Chinng A1, I man (Yarnad" at a1. , 1971).

Thus mosquito control and measures to
control amplifier, that Is mainly pigs, should
prevent IE in Thailand. However, at present
such controls seem to be Impractical. FTC-
quent and rather \\, Ide-spread spraying of
insecticide, as is LISually done to control CUIer
mosquitoes is ITot possible as it ntay, catisc
critical SOCio-agricultural problems and dis-
turbanccs lit ecological systems, such as thosc
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suffered 11\ several other COLInti'ICs. The POS-
SIbility of establishing aiT inTintinc barriu' In
pigs against IE througlT vaccination is tinder
in VCstigation in Japan (Ueba et al. , 1972) but
no suitable \, accinc is yet availablc. 'Thcre-
fore, since the age incidcncc of IE in Chiang
A'Iai is betwcciT 10 and 14 years and 70'1 of
the cases of IE in the 1969 and 1970 epidemics
were under 15 years old, \\, e chosc \, accination
of school children as a more direct way of
preventing IE.

In 1971, a liquid IE \, accine \\, as employed
in the trial and the antibody response \\, as
rather unsatisfactory, compared to results re-
ported in Japan (Kanamitsu, Hashimoto aiTd
Katsurada, 1966).

The cause of this discrepancy \\, as inVCs-
tigatcd in the Research Foundation for ATicro-
bial Diseases of Osaka University (Fukai;
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personal communication). All the liquid vac-
cine supplied had been used in the field trial,
so no residual vaccine was available for exami-

nation. Therefore, a sample of vaccine of the
same lot which had been kept in the Research
Foundation was divided in half. One ITalf

was subJected to \, 101ent shaking and an elevated
temperature (30C) several times to simulate
conditions during transporatation. Then the
potencies of the treated and control samples
^, ere assayed. \'10derate loss of poten^, \\, as
detected in the treated sample, suggesting that
potency of deteriorated during long-distance
ti. an sportation from Japan to the site of the
field trial.

Thus it seems that liquid IE vaccine for field
work must be treated very carefully, especially
in tropical zones, or when long-distance trans-
portation is necessary. (Killed liquid IE vac-
cine has been found to lose potency on freez-
ing. )

To avoid this decrease in poten^, Iyophilized
IE vaccine was employed in 1972 and results
were much better.

when the distributioiT curvcs of the log
NT-titers of pre-vaccination sera from the
Bangkok area and Chiang A, Tai area in 1971
were compared, a slight difference was found
between them. The latter curve \\, as very

similar to that obtained in Chiang I\Iai in
1972. The cause of the difference in the pre-
vaccination log NT-titers Is not clear. That
obtained in Bangkok may reflect the status of
an urban area, or of central Thailand, while
those obtained in Chiang A1ai may express the
rural or northern Thailand epidemiological
status.

The seroconversion rates after vaccination

based on the NT-titers were 861.1, in 1971 and
961', in 1972. Based on the Hl-titers, the rates
were rather lower, being 607, and 79%,
respectively.

This setoconversion was due entirely to
vaccination, not to latent Infection, because
the observations were made in an Inter-

epidemic season.
The NT-antibody level 11as been proved the

more essential for protection of animals against
IE infection in direct challenge experiments.
Therefore, the seroconversion rate based on
the NT-titer is probably the more reliable
estimate, especially with IE vaccine.

The geometrical mean log NT-titers of
post-vaccination sera of pre-NT-negative vac-
cinees were Z-1.5 in 1971 and Z-2.2 in 1972.

In Japan it is considered that a log NT-titer
Z (measured by the 50/1, piaque reduction
method) of 21.0 indicates immunity against
IE infection (Oya, 1967). Thus the vaccina-
tion against Japanese encephalitis were prob-
ably successful. None of the vaccinees has
developed IE since the time of vaccination,
but the effectiveness of the vaccination is still

not proved because there have been no GPi-
demics in the area since 1971.

with regard to seroconversion, it must be
mentioned that 1411 and 491 of the pre-NT-
negative vaccinees remained NT-negative after
vaccination in 1971 and 1972, respectively.
The percentage observed in 1972 is not unusual
but that in 1971 is high, probably due to in-
stability of the liquid vaccine used. Further
analysis of the cases who showed no conversion
should provide useful information \\, itIl regard
to IE immunity.

Cross response experiments showed that IE
\, accination did not stimulate am, secondary
response against Dengue viruses, e\, en in \, ac-
cinees \\, ho had it Igh titers of antibody against
dengue viruses before vaccination.

Post-vaccination sera \\, ere found to have

higher Hl-titers to the newer strain, IaGAr#01,
than to the classical Nakayama strain used for
production of the vacdne. However, the
response of the NT-titer to the hornologous
strain (Natayama) appeared to be IlIgher than
that to IaGAr#01. At present, there is no
adequate explanation on this. But the fact
that pre-vaccination sera showed more affinity
to IaGAr#01, as shown in Fig. 8 may be
related to this point.

The cross responses between IE viruses and
Dengue viruses were measured by Hl-titration
only owing to limitation in the present tech-
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for the \T-titer. 'Thesenique nTcasui'Ing

should be made using the 1<T-titer as aiT in-
aicator and for this purpose it Is IToped that a
TCProduciblc piaque reduction techniqtie for
Dengue antibody titratioi\ in a\, bc established.
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