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uMMARY Two shots of the current Japanese encephalitis (IE) vaccine were given
to children and their immune responses to the Nakayama strain (the vaccine

strain) and two wild strains (IaGAr-01 and E~50) of IE virus were examined by
neutralizing (N) antibody titrations.

Seventy vaccinees had no N antibody to IE virus before the first vaccination and
were bled one montlT after the second vaccination. The N antibody responses to
the IaGAr-01 and E-50 strains were found to be similar and to be less than that to
the Nakayama strain after the second vaccination: the geometric mean titers (GA, {T)
of N antibodies to the IaGAr-01 and E-50 strains (as logarithms) were 1.87 and
1.75, respectively, while the GA, I'T to the I\Iakayama strain was 2.89. The sero-
conversion rates to the Nakayama, IaGAr-01 and E-50 strains were 70170 (100%),
69170 (9970) and 68170 (97%), respectively, after the second vaccination.

Twenty-seven of the 70 vacciness were also bled before the second vaccination.
Most of them showed a considerably high N antibody response against the Naka-
yama strain and only one vaccinee failed to show seroconversion after the first vac-
cmation. However, the antibody response to the E-50 strain appeared to be rather
low and 9 of 25 \, accinees did not show any seroconversion. Similarly 3 of 25 failed
to show any seroconversion against the IaGAr-01 strain.

These results indicate that at the initial immunization two shots, at least, of the
current IE vaccine are necessary to stimulate effective immune responses to wild
strains of IE virus.

I Present adress : Department of Microbiology,
China Liedical College, 91, Seisu-Rd, TalclLung,
Taiwan, R. 0. C. 400
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INTRODUCTION

Since the early 1970's, cases of Japanese en-
cephalitis (IE) have been decreasing in Japan.
Vaccination of school children in Japan may
be one reason for this decrease. On the other

hand, the positive rate of antibody to IE virus
in swine sera from slaughter-houses has been
found to be more than 507, in many prefectures
and IE virus has been isolated from Owle"
trt'tae"toriiy"CMs mosquitoes in the field in the
epidemic season of IE in south-western parts
of Japan (Igarashi at a1. , 1981). Moreover,
during the last 10 years, IE has been a major
problem in public health in some Asian coun-
tries, such as Thailand and India, where IE
vaccine has not been used extensively.

Previously we reported (Susilowati et al. ,
1981) the immune responses induced by IE
vaccine in comparison with the neutralizing (N)
antibody, responses to the hornologous Naka-
yama strain and a wild strain of E-50, which
had been isolated from wild C. In'tae"107hync"s
in clone C6j36 of Singh's Aedes albopict"s cell
culture (Igarashi, 1978). The work was done
because (1) the Nakayama strain used in the
vaccine might differ in antigenicity from wild
strains and (2) no data have been reported on
the N antibody Iesponses to newly isolated wild
strains induced by the current IE vaccine.
However, the results obtained in the work
were not clear, because the study was made on
adults (20-60 years .Id) most of wh. in had ^

positive N titer to IE before vaccination.
Furthermore, in the previous study, IE vac-
cine was administered as a single booster dose,
whereas two shots of IE vaccine are usually
given at the time of initial immunization in
Japan. Therefore, in this work we used the
standard immunization procedure and we ex-
amined the immune responses of children who
had no N antibody before vaccination.

This paper describes the N antibody re-
sponses of the children to the Nakayama,
IaGAr-01 and E-50 strains of IE virus after
the first and second vaccinations.

MATERIALS AND A{ETHODS

I. Pacei, ,@tio, , and bleed^^Ig

Purified innctivated vaccine (Takaku at a1. , 1968)
was obtained from the Researcl\ Foundation for

Microbial Diseases of Osaka University (Lot No
285,294 and 340, in the liquid state). The schedule
of vaccination and bleeding of the vaccinees is
shown in Fig. I. In all 119 children of I to 11 years
old were given two shots of IE vaccine (0.5 inI for
I-3 year olds and 1.0 in I for older children) with an
interval of one month bets\, Gen shots. The children

were bled by cubital puncture 3 times : once before
the first vaccination (pre-vaccination serum), once
before the second \, accination (post-vaccination se.
rum I) and finally one month after the second vac-
cmation (post. vaccination serum 11), as shown In
Fig. I. Administration of tlTe vaccine and taking

Vaccination I

Bleeding I
(Pre-vaccination serum)

one month

FIGURE I. Schedule of \, accination and bleeding of vaccinees

Vaccination 11
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Bleeding 11
(Post-vaccination serum I )

one month- -

Bleeding in
(Post-vaccination serum 11. )
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of blood samples \\. ere carried out in the Department
of Pediatrics, School of Medicine, Osaka University
Tite sertmT specimens collected \\, ere brought to the
Serum Bank of the Research institute for Microbial

Diseases, Osaka University and stored in a nitrogen
container until tests.

2. Piri, ses

The Nakayama strain (the vaccine strain) and the
IaGAr-01 and E-50 strains of IE virus \\, ere used
for neutralization tests on the sera of the vaccinees
The Nakayama and IaGAr-01 strains ITave been
serialIy passaged In mouse brain and virus stocks
were prepared from 1011 hornogenates of infected
suckling mouse brain lit Eagle's minimal essential
medium. The ITomogenates were clarified by CGn-
trifugation at 10,000 rpm for 30 min and super-
natants were stored in sealed ampoules at -70 C
until use. The E-50 strain was isolated fronT C

tr, tne, Ifo, '/, y, !ci, s mosquitoes in tlTe field using clone
C6j36 cell cultures in 1979, at Mihara City, Osaka,
and \\, as 1<1ndly supplied by Dr. N. Uuba, Osaka
Prefectural litstitute of I'ublic Health. The \, irus

was propagated in C6j36 cell cultures 4 times and
Infected culture fluids \\, etc harvested and Itept in
sealed ampoules at -70 C until use

3. Nei, I, allgotio, I test

The N antibody titers of tlle sera front vaccinees
were determined by focus reduction neutralization
tests applyiilg peroxidase-anti-peroxidase stalrimg
method (Okuno at "I. , 1978). For the test, BHK21
cells cultured on Lab-Tek 8 chamber slides (Miles,
111. , USA. ) were used. Serum specimens \\, ere
heat-Inactivated at 56 C for 30 min before the test.

RESULTS

I. N a, !tibody titers o"e 1110"1/1 after the seco"of
ORCCJ""tio" (post-tiffcc!'?,@lion 11)

Post-vaccination serum H (cf. Fig. I) was
obtained from 70 vaccinees who had had no N

antibody, to IE virus before the first vaccina-
In these 70 specimens of post-vaccina-

tion serum U the distribution patterns of N
antibody, titers to E-50 and IaGAr-01 strains
appeared similar, but the peak of the distribu-
tion pattcrn of titers to the Nakayama strain
was shifted to higher titers, as shown in Fig. 2.
The geometric mean titers (GINIT) of the N
antibodies to the E-50 and IaGAr-01 strains
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were 1.75 and 1.87, respectively, and that to
the Nakayama strain was 2.89. All the vac-
cinees showed seroconversion to the Naka-

y^in^ st"^in, hat 2 of 70 (37, ) and I of 70 (170
vaccinees did not show seroconversions to the
E-50 and IaGAr-01 strains, respectively (Fig.
2).

2. Gol. relatio" of the A1 antibody titers of the
post-t!@cci""11'071 serum 11

The correlation of the titers of the post-vac-
cmation serum H to the Nakayama and E-50
strains (r=04611) is shown in Fig. 3. The
distribtition is markedIy shifted toward the
Nakayama strain, indicating that the N an-
tibody responses induced by the IE vaccine
are much stronger to the hornologous strain
than to the wild E-50 strain. Similarly in
Fig. 4, showing the correlation between the
titers to the Nakayama and IaGAr-01 strains
(r=05188), the distribution pattern appears to
be shifted toward the Nakayama strain, indicat-
ing that the N antibody response to the Naka-
yama strain is stronger than that to the IaGAr-
01 strain. Figure 5 shows the correlation be-
tween the N antibody titers to the E-50 and
PCA"-01 struts ("=0,4485). Thongh th*
distribution pattern seems to be shifted toward
the IaGAr-01 strain, the shift is not so distinct
as that to the Nakayama strain in Figs. 3
and 4.

The correlations shown in Figs. 3.4 and 5
were analyzed statisticalIy. As shown in Table

I, the correlations of the N antibody titers to
the three strains after the second vaccination
were all statisticalIy significant, while those of
the titers to three strains after the first vac-
cmation were all not significant.

3 . Dirti'ib"tin" of A' antibody titers lit age-
grottps

The 70 vaccinees were divided into 4 age-

groups: 4 children of :is I year old, 27 of >I-3
years old, 30 of >3-5 years old and 9 of >5
years old. The distribution patterns of N an-
tibody titers to the three IE virus strains in
these age-groups are shown in Fig. 6. Though
the numbers of the vaccinees in the youngest
and the oldest age-groups were too small for
comparison, the numbers in the age group of
>I-3 and > 3-5 years old were sufficient to
allow comparison of the distribution patterns
of titers. As shown in Fig. 6, there is no dis-
tinct difference in the distribution patterns of
titers in the age groups of >I-3 years and
>3-5 years old, for the three strains of the

This suggests that the capacities ofvirus.

children in these two age-groups to show N
antibody, responses to IE vaccine are similar.

4. Inditiidwnl N nitti'body re$ponses 4/1e, ' the
first inId second "acci"allo"s

All three blood samples were obtained from
27 of the 70 vaccinees, as shown in Fig. I. As
shown in Fig. 7, the N antibody response of

I to the Naka-the post-vaccination serum

TABLE I .

N antibody titer

Statistical nitab, ses o11 the correlations of N antibody titei's to Ihe three IE o11'"s strains

After the

first vaccination

Naltayama: E-50After the

second vaccination Nakayama : IaGAr-01
E-50 : IaGAr-01

Correlation bet\\, ecn

it Assayed by F-distribution (Fisher & Yates, 1953)

Nakayama : E-50
Nakayama: IaGAr-01
E-50 : IaGAr-01

30

Correlation Number of Significance
level" :COGmcient : paired data

r (n-2,0.01)nr

06226

06226

06226

03613

03613

03613
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01835

01943

01926

04611

05188

04485

16

16

16

50

50

50

Significance of
correlation

not significant
not significant
not significant

significant
significant
significant
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yama strain appeared to be high (GMT=2.42), seroconversion to the IaGAr-01 strain (GATT
and only one vaccinee failed to show serocon- =1.32). However, after the second vaccina-

However, the Gi\IT for the E-50 tioiT on Iv one of 27 vaccinees remained N an-
strain was distinctly lower (104), and at least tibody, negative to E-50, and all 27 vaccinees
9 of 27 vaccinees showed no seroconversion showed seroconversion to the Nakayama and
Similarly, 3 of 27 vaccinees did not show aru, IaGAr-01 strain. These results indicate that

GMT= 1.58

> 5Yrs

GMT= 165

2 4

version.

GMT=271

6 8

GMT=194

GMT= 193

10

GMT-1.59

GMT- 190

2

GMT= 155

4 6 8

JUANo, R. F. at al. IE AT alit, 'body responses

10

31



30

2.0
^ ^.^.

AI 4'' '

44-1 I4 I I4.
^ ^^,^
11 I

+e

A

1.0

4 I
14.1 4 ^4^,. I 14.4',14^ I I I4-1 ^4, .,

I 11^I, I'll411
I 1111 I 11' 11
1111/11/1

3.0

..^
.-
co
^

.-

2.0

Ẑ
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two shots, at least, of the current IE vaccine
are necessary to induce effective N antibody
responses to wild strains of IE virus.

DISCUSSION

The pathogenesis of Japanese encephalitis
(IE) is not completely clear. For instances,
how does IE virus pass througlt the so called
" blood-brain barrier " ; \\!hy do most indi-
viduals infected \\, itIT the IE virus develop only
Inapparcnt infection and not show enccphalitic
symptoms ; So far, there is no good answer
to these questions. However, it has been
shown that mice treated with the IE vaccine
and having N antibody in the serum can sur-
vive a drastic challenge with hornologous virus
given by unnatural Intraperitoncal or intra-
cerebral injection. This observation suggests
that the N antibody existing in the blood is
able to blocl{ virus transmission to the brain

through blood vessels or to inhibit growtll of
the virus in the brain. Therefore, the N an-
tibody levels of human individuals induced bv
IE vaccine are presumably related to the ca-
pacity to withstand IE virus infection. Actual-
Iy, an N antibody titer of I: 10, or 1.0 as a
logarithm, to IE virus was demonstrated to be

effective for survival of experimentalIy jin-
in unized mice challenged with the virus (Oya,
1967).

The N antibody, responses induced by the
IE vaccine have been studied using only " stan-
dard ' ' IE virus of the Nakayama and!or Ia-
GAr-01 strain, which has been passaged many
times in mouse brain (Darwish at a1. , 1967;
Kurina at a1. , 1968; 1<ariamitsu at a1. , 1970;
Fukunaga at a1. , 1974; Qtiina at a1. , 1978), and
the only report on the N antibody response to
the wild strain of IE virus is our previous paper
(Susilowati at a1. , 1981). However, our pre-
vious study was made on adult \, accinees many

of whom already had N antibody before vac-
cmation, and so the results were not clearcut.

In this work we studied 70 children with no
N antibody to IE virus before vaccination.
Must (61170; 877, ) of th. in unre 5 y, "rs .Id
or younger and so the IE vaccine was probably
their first antigenic stimulation with IE virus
antigen.

In 27 of these 70 vaccinecs we examined the

N antibody response after the first vaccina-
ti. n finding that 9 of 25 (36%) did n. t ^h. w
any, seroconvcrsion to the \\, ild E-50 strain

This value is consistent with the rate of 318
(389'0) in the previous study. After the first
vaccination, the N antibody, response to the
Nakayama strain was sufficiently higlT (Glv, IT'
-2.42), and only one vaccinee failed to show
scroconversion.

After the sccond vaccination, the N an-
tibody, responses to thc IaGAr-01 and E~50
strains were similar, as shown by the distribu-
tion^ (Fig. 2) and comumti, us (Fig. 5) of tire
titers. Thc N antibody response to the Naka-
yama strain was distinctly higher than those to
the IaGAr-01 and E-50 strains, as seen in
Fig. 2. The GMTs, however, of the N an-
tibodies to the IaGAr-01 and E-50 strains
werc 1.87 and 1.75, respectively and the
^er. .. n, .xi. n ruts un", 69170 (99%) and 681
70 (97%), re^perch. Iy.

Thus the current IE vaccine seems to induce
effective N antibody responses to the wild
strains of IE virus when given by the two-
shot procedure, because an N antibody titer of
1.0 is considered to be effective in preventing
IE virus infection.
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