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IMMUNE RESPONSE IN MICE INFECTED WITH THE ATTENUATED 
JAPANESE ENCEPHALITIS VACCINE STRAIN SAI4-I4-2 
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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. 

Key words :  Japanese encephalitis virus; attenuated vaccine strain; virus growth in vivo; protective im­
mune response; anti-JEV E antibody; anti-JEV NS1 antibody 

JEV, a m e m b e r  o f  t h e  f a m i l y  Flaviviridae, i s  a n  impor ­

t an t  c a u s e  o f  m o s q u i t o - b o r n e  encephal i t i s .  I n  t h e  P e o p l e ' s  

Repub l i c  o f  C h i n a ,  t h e  l ive a t t enua ted  J E  v a c c i n e  s t ra in  

SA14-14-2  w a s  deve loped  f r o m  t h e  v i ru lent  S A 1 4  strain 

(Ao  et al., 1983; Yu  et al., 1988). T h e  l ive vacc ine  strain 

SA14-14 -2  w a s  m a r k e d l y  r e d u c e d  neurov i ru lence  i n  m i c e  

in compar i son  w i t h  t h e  parenta l  s train S A 1 4  ( H a s e  et al., 

1993). I n  o u r  p rev ious  study, w e  c o m p a r e d  t h e  nuc leo t ide  

sequences  o f  S A ( V )  a n d  S A ( A )  strains der ived  f r o m  pa ren ­

tal  s t ra ins  S A 1 4  a n d  S A  14-14-2,  respectively, t o  ana lyze  

t he  mo lecu l a r  ba s i s  o f  t h e  v i ru l ence  o r  a t tenuat ion  (Aiha ra  

et al., 1 9 9 1 ) .  I n  a d d i t i o n ,  w e  s h o w e d  d i f f e r e n c e s  i n  

haemagglu t ina t ion  act ivi ty a n d  e lect rophoret ic  mobi l i ty  o f  

E pro te in  b e t w e e n  S A ( V )  a n d  S A ( A )  strains ( L e e  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 
encephal i t is  v i rus ;  M E M  = M i n i m u m  Essent ial  Med ium;  
PAGE = polyacrylamide gel electrophoresis; p.i. = post inoculation; 
TPB = tryptose phosphate broth 

1995). T h e s e  proper t ies  o f  S A ( A )  E p ro te in  a p p e a r  t o  b e  

der ived from e igh t  a m i n o  ac id  c h a n g e s  i n  t h e  E c o d i n g  r e ­

gion.  I n  this  study, w e  examined  protect ive i m m u n e  response  

i n  m i c e  in fec ted  w i t h  S A ( A ) .  I t  s h o w e d  t h a t  t h e  pe r iphe ra l  

g rowth  o f  S A ( A )  i nduced  a p roduc t ion  o f  b o t h  an t i -E  a n d  

an t i -NS 1 ant ibodies ,  a n d  t h e  an t ibodies  c o u l d  s igni f icant ly  

p ro tec t  m i c e  against  S A ( V )  cha l lenge .  

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 M E M  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 
SA14 and SA14-14-2 strains were plaque-purified inBHK-21 cells 
and then passaged three times in C6/36 cells. The strains derived 
from SA14 and SA 14-14-2 were designated SA(V) and SA(A), 
respectively. 

F o u r  week-o ld  m i c e  ( I C R  s t ra in )  w e r e  inocu la t ed  
intraperitoneally (ip) with 104 PFU of S A(V) or S A(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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Pooled sera taken from mice 14 days post ip inoculation with 
SA(A) were subjected to Western blot analysis. Media from SA(V) 
or mock-infected BHK-21 cell cultures were concentrated by 
ultrafiltration and mixed with Laemmli sample buffer (62.5 mmol/l 
Tris-HCl pH 6.8, 3 %  SDS, 1% 2-mercaptocthanol, 15% glycerol, 
0.01% bromophenol blue).The preparations were electrophoresed 
on SDS-15% PAGE (Laemmli, 1970) and blotted onto nitrocellu­
lose membranes (Towbin el al., 1979). The latter were incubated 
with the sera diluted 1:20, then with biotinylatcd anti-mouse 
immunoglobulin G (Vectastain) and finally with Vectastain ABC 
reagent. The membranes were stained with diaminobenzidine and 
hydrogen peroxide. 

Sera individually obtained from mice 14 days post ip inocula­
tion with SA(A) were heat-inactivated for 30 mins at 56 ' C  and 
were analyzed by serological tests. Neutralization test o f  sera was 
done by 50% plaque reduction of neutralization with SA(V) in 
BHK-21 cells. 

HAI and CF tests o f  sera were performed using SA(V) anti­
gens prepared from SA(V)-infectcd mouse brains by sucrose-ac-
etone extraction according to the methods published by Clarke 
and Casals (1958). 

Mouse protection test was performed as follows. Mice were 
immunized by ip inoculation with 104 PFU of SA(A) or with HBSS 
as a control. At 2 weeks post immunization, the mice were chal­
lenged by ic inoculation with 100 LDW of SA(V) and observed 
daily for 21 days for morbidity and mortality. 

W e  e x a m i n e d  v i rus  g rowth  o f  S A ( V )  a n d  S A ( A )  strains 

in m i c e  a f t e r  ip inocula t ion.  Table  1 s h o w s  v i rus  infect ivi ty 

in t h e  sera ,  sp leens ,  a n d  bra ins .  S A ( V )  w a s  detec ted  in t h e  

s e r a  o n  d a y s  1 a n d  3 a n d  in t h e  sp leens  o n  days  1,3, a n d  5 ,  

w i th  m e a n  p e a k  t i ters  o f  103 2  P F U / m l  a n d  10"3 P F U / g ,  re ­

spectively. S A ( V )  in t he  b ra ins  appea red  o n  day  3 ,  r eached  

h i g h  t i ters a n d  m o s t  o f  t h e  m i c e  d i ed  o f  encephal i t is .  O n  t h e  

o the r  hand ,  S A ( A )  w a s  de tec ted  in t h e  sp leens  o f  only  t w o  

m i c e  o n  d a y  3 a n d  o n e  m o u s e  o n  day  5 ,  a n d  t h e  v i rus  t i ters 

w e r e  ex t remely  low ( 1 0 ' 7  PFU/g ) .  S A ( A )  w a s  no t  de tec ted  

in t h e  s e r a  a n d  bra ins  o f  all ten mice .  S A ( A )  g rowth  in vivo 

w a s  m a r k e d l y  r e d u c e d  in con t ras t  t o  S A ( V ) ,  a n d  S A ( A )  

showed  a lack o f  v i r emia  a n d  neuroinvasion.  
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Fig. I 
Western blot analysis of the mouse sera af ter  i p  inoculation w i t h  

J E V  strain SA(A)  
Mock- and SA(V)-infected'BMK-21 cell culture supernatants (lanes 1 and 2, 
respectively) were resolved by SDS-PAGE and probed with the sera 
obtained from mice 14 days post ip inoculation with 104 PFU o f  SA(A). 
E and NS1 (oligomer) proteins, and molecular size markers ( M r x  10'3) 

are indicated. 

W e  examined antibody response  in m i c e  infected wi th  
SA(A) .  The  sera  o f  mice  taken 14 days  p.i.  w e r e  subjected 
to Western blot analys is  to determine their antibodies spe ­

Table 1. Growth of JEV .strains SA(V) and SA(A) In mice after ip inoculation 

Strain Orgnn Virus infcctivity titer (infcctivity rate) at various days p.i. Strain Orgnn 

1 3 5 7 

Serum 2.73 (9/10) 3.24 (7/10) N D  N D  
SA(V) Spleen 3.00 (2/10) 4.02 (10/10) 4.29 (9/10) N D  

Brain N D 4.18 (4/10) 4.81 (8/10) 6.42 (4/8) 

Scrum NU N D  N D  N D  
SA(A) Spleen N D  1.70 (2/10) 1.70 (1/10) N D  

Brain N D  N D  N D  N D  

Virus infcctivity expressed in mean log PFU per g (tissue) o r  per ml (scrum). Infectivity rate = No. o f  virus-positive mice/No. of mice tested. N D  = virus 
not detected, i.e. virus infcctivity titer below 1.00. 

i 
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Table 2. A n t i b o d y  response a n d  protection o f  mice i m m u n i z e d  w i th  JEV strain SA(A) against challenge w i th  J E V  strain SA(V)  

Inoculum Antibody titers against SA(V) Mouse protection 

Neutralization test HAI test CF test No. of survivors/No. o f  tested 
SA(A) strain 60.0 ± 1 1 . 0  22.2 ± 2.2 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  o f  
sera from 10 mice. 

cific to JEV proteins (Fig. 1). Antibodies in the sera formed 
three bands of  relative molecular mass of 52 K, 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 et al., 1988; Lee  et 
al., 1991). Immunization with SA(A) induced the produc­
tion of both anti-E and anti-NS 1 antibodies in mice. The 
production of anti-NS 1 antibody strongly indicates periph­
eral growth of SA(A) in mice, since NS1 is a non-struc­
tural protein and is not supposed to b e  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 f o r  live yellow fever 17D vaccine b y  
Schlesinger et al. (1985). 

The protective eificacy of immunization with SA(A) was 
tested in mice against a 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-NS 1 antibody pos­
sessing CF activity induced by SA(A) may also be respon­
sible for the protection. 
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