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Summary. — We characterized protective immune response in mice infected with the attenuated Japanese
encephalitis virus (JEV) strain SA(A) derived from the live JE vaccine strain SA14-14-2. In the sera of mice
infected with SA(A), antibodies to JEV envelope (E) and non-structural NS1 proteins were detected by West-
ern blot analysis and neutralization, haemagglutination-inhibition (HAI), and complement fixation (CF) anti-
bodies were detected by serological tests. Production of antibody to NS1 protein strongly indicated peripheral
growth of SA(A) in mice and its growth induced the immune response. A single immunization with SA(A)
significantly protected mice against lethal intracerebral (ic) challenge with the virulent SA(V) strain.
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JEV, a member of the family Flaviviridae, 1s an impor-
tant cause of mosquito-borne encephalitis. In the People’s
Republic of China, the live attenuated JE vaccine strain
SA14-14-2 was developed from the virulent SA14 strain
(Ao et al, 1983; Yu et al, 1988). The live vaccine strain
SA14-14-2 was markedly reduced neurovirulence in mice
in comparison with the parental strain SA14 (Hase ef al,
1993). In our previous study, we compared the nucleotide
sequences of SA(V) and SA(A) strains derived from paren-
tal strains SA14 and SA14-14-2, respectively, to analyze
the molecular basis of the virulence or attenuation (Athara
et al, 1991). In addition, we showed differences in
haemagglutination activity and electrophoretic mobility of
E protein between SA(V) and SA(A) strains (Lee et al,

Abbreviations: BSA = bovine serum albumin; CF = complement
fixation; FCS = foetal calf serum; HAI = haemagglutination-inhi-
bition; HBSS = Hanks’ balanced salt solution; ic = intracerebral(ly);
ip = intraperitoneal(ly); JE = Japanese encephalitis; JEV = Japanese
encephalitis virus; MEM = Minimum Essential Medium;
PAGE = polyacrylamide gel electrophoresis; p.i. = post inoculation;
TPB = tryptose phosphate broth

1995). These properties of SA(A) E protein appear to be
derived from eight amino acid changes in the E coding re-
gion. In this study, we examined protective immune response
in mice infected with SA(A). It showed that the peripheral
growth of SA(A) induced a production of both anti-E and
anti-NS1 antibodies, and the antibodies could significantly
protect mice against SA(V) challenge.

BHK-21 cells were grown at 37 "C in Eagle’s Minimum Es-
sential Medium (MEM) supplemented with 5% foetal calf serum
(FCS) and 0.3% tryptose phosphate broth (TPB). Mosquito C6/36
cells were grown at 28 "C in MEM supplemented with 10% FCS
and non-essential amino acids (Igarashi, 1978). JEV SA14 and
SA14-14-2 strains were obtained from Dr. Yu Yong-Xin. Both the
SA 14 and SA14-14-2 strains were plaque-purified in BHK-21 cells
and then passaged three times in C6/36 cells. The strains derived
from SA14 and SA14-14-2 were designated SA(V) and SA(A),
respectively.

Four week-old mice (ICR strain) were inoculated
intraperitoneally (ip) with 10* PFU of SA(V) or SA(A) strains di-
luted in Hanks’ balanced salt solution (HBSS) containing 0.5%
bovine serum albumin (BSA). Brains, spleens, or bloods were
obtained from mice after virus inoculation. Brains and spleens
were homogenized (10% w/v) with HBSS, centrifuged, and the
supernatants were collected. These samples were assayed for vi-
rus infectivity by plaque test in BHK-21 cells.
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Table 2. Antibody response and protection of mice immunized with JEV strain SA(A) against challenge with JEV strain SA(V)

Inoculum Antibody titers against SA(V) Mouse protection
Neutralization test HAI test CF test No. of survivors/No. of tested

SA(A) strain 60.0 = 11.0 222422 11.2 3.2 18/20

HBSS (control) <10 <10 <4 0/20

Four week-old mice were inoculated ip with the SA(A) strain, followed 14 days later by lethalic challenge with the SA(V) strain. The sera were
obtained from mice 14 days p.i. with the SA(A) strain and serum antibodies were tested against the SA(V) antigen. Antibody titers are means + SE of

sera from 10 mice.

cific to JEV proteins (Fig. 1). Antibodies in the sera formed
three bands of relative molecular mass of 52 XK, 80 K and
100 K. The distinct 52 K band corresponded to JEV struc-
tural protein E, and two bands of 80 K and 100 K to JEV
non-structural NS1 oligomers (Winkler ef al., 1988; Lee et
al, 1991). Immunization with SA(A) induced the produc-
tion of both anti-E and anti-NS1 antibodies in mice. The
production of anti-NS1 antibody strongly indicates periph-
eral growth of SA(A) in mice, since NS1 is a non-struc-
tural protein and is not supposed to be contained in SA(A)
virus sample inoculated into mice (Mason, 1989).

Neutralization, HAI, and CF antibodies of the sera were
then analyzed. They were detected in the sera of all (100%)
ten mice and their mean titers were 60.0, 22.2 and 11.2,
respectively (Table 2). The results of production of neutrali-
zation and CF antibodies induced by SA(A) were similar to
those observed for live yellow fever 17D vaccine by
Schlesinger et al. (1985).

The protective efficacy of immunization with SA(A) was
tested in mice againsta lethal ic challenge with SA(V) (Ta-
ble 2). None of the control mice inoculated with HBSS sur-
vived the challenge. In contrast, eighteen of twenty (90%)
mice immunized with SA(A) survived the challenge with
no signs of encephalitis. A single ip inoculation of SA(A)
induced significant protection in mice against a lethal ic
challenge with virulent strain SA(V). It has been demon-
strated that flavivirus E protein induces the production of
neutralization and HAI antibodies, and confers a protective
immunity in mice (Russell et al, 1980: Gollins and
Porterfield, 1986). It is likely that the anti-E antibody pos-
sessing neutralization and HAI activities induced by SA(A)
is mainly responsible for the protection. It was recently re-
ported that immunization with flavivirus NS1 induced pro-
duction of CF antibody and protected mice against flavivirus
(Gibson et al, 1988). Therefore, anti-NS1 antibody pos-
sessing CF activity induced by SA(A) may also be respon-
sible for the protection.
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