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Summary.  — Neuron-free, astrocyte-enriched brain cell cultures from newborn mice could be infected 
with Japanese encephalitis virus (JEV) as evidenced by immunofluorescence (IF), viral replication and cytopathic 
effect (CPE). Virus-specific cytoplasmic fluorescence was detectable in astrocytes first after 18 hrs, released 
infectious progeny virus in the culture fluid after 24 hrs, and CPE after 11 days post infection (p.i.). 
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Introduction 

Japanese encephalitis (JE)  is a m a j o r  public health prob­

lem in  India. J E V  produces  encephalitis a n d  death predomi­

nantly i n  the  pediatric a g e  g roup  (Webb and  Pereira, 1956; 

Carey  et al., 1969; Banei jee ,  1975). I t  preferentially attacks 

neurons o f t h e  central nervous system (Miyake, 1964; Johnson 

etal., 1985; Mukher j i  and  Biswas, 1976; Ogata  et al., 1991). 

Infection o f  neurons  i n  cortical areas and  Purkinje  cells is 

followed b y  their  damage  and  loss (Miyake, 1964; Johnson 

et al, 1985; Mukhe i j i  a n d  Biswas,  1976; K .  Banei jee ,  per­

sonal communicat ion) .  T h e  virus has  been  shown t o  multiply 

in p r i m a r y  ce l l  cu l tu res  de r ived  f r o m  m o u s e  (Sur i  a n d  

Banei jee ,  1987b) a n d  rat brain (Kimura-Kuroda eŕ  al., 1992). 
Hyperactivity o f  glial cells has been observed histologically 

Abbreviations:  CPE = cytopathic effect; DMEM = Dulbecco's 
Minimum Essential Medium; EM = electron microscopy; 
FBS = foetal bovine serum; FITC = fluorescein isothiocyanate; 
GC = galactocerebroside;  IF = immunofluorescence; 
JE(V) = Japanese encephalitis (virus); MBP = myelin basic pro­
tein; MoAb = monoclonal antibody; NFP = neurofilament pro­
tein; NIV = National Institute ofVirology, Pune; PBS = phosphate 
buffered saline; PDL = poly-D-lysine; p.i. = post infection; 
TCF = tissue culture fluid; TRITC = tetramethyl rhodamine 
isothiocyanate; W N  = West Nile 

in  human cases (Miyake, 1964; Johnson  et al, 1985; Mukhei j i  

and  Biswas, 1976) as  well  as  in  experimentally infected ro­

dent  brains (Hase  et al, 1990). T h e  virus h a s  been  shown t o  

i n f ec t  n e u r o n s  i n  t h e  e m b r y o n i c  r a t  b r a i n  ce l l  cu l tu res  

(Kimura-Kuroda  et al., 1992). T h e  multiplication o f  J E V  in  

astrocytes in brain cell cultures has not  been  well documented. 

I n  o u r  prev ious  communica t ion ,  JEV-spec i f i c  i m m u n o ­

fluorescence (IF) was  demonstrated in  neurons  as  well  as in  

astrocytes in  the  embryonic m o u s e  brain cell  cultures (Suri  

and  Baneijee,  1987b). 

In  t he  present  study, w e  have  shown  infect ion a n d  g rowth  

o f  J E V  in  neuron-f ree  astrocyte-enriched cultures prepared 

f r o m  brains o f  3 day-old mice .  

Materia ls  a n d  M e t h o d s  

Virus. The Nakayama strain of JEV kept at the National Insti­
tute ofVirology, Pune (NIV) was employed at its 62nd and 95th 
mouse brain passages. 

Glassware, media and IF reagents. Twenty-five cm2tissue cul­
ture flasks (Nunc) and plastic Petri dishes (diameter 55 mm, 
Laxbro) were used for cell growth after coating with poly-D-lysine 
(PDL, Boehringer). Dulbecco's Minimum Essential Medium 
(DMEM) supplemented with 10% foetal bovine serum (FBS) was 
used as growth medium. Cell types were identified by indirect IF 
by use of following cell-specific markers: rabbit anti-glial fibrillary 
acidic protein (GFAP, Dakopats) for astrocytes; rabbit anti-myelin 
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basic protein (MBP, Dakopats) and rabbit anti-galactoccrcbrosidc 
(GC, prepared at NIV) for oligodendrocytes. Neurons were iden­
tified by using monoclonal antibody (MoAb) to neurofilament 
protein (NFP) of 160 K (Pelfrccz) and 68 K (Dakopats). To de­
tect JEV or its proteins in cells by IF, mouse or rabbit anti-JEV 
antibodies (prepared at NIV) were used. Simultaneous detection 
of viral and ccll proteins was carried out by double staining with 
fluorescein isothiocyanatc (FITC) or tctramethyl rhodaminc 
isothiocyanate (TRITC) conjugated anti-rabbit or anti-mouse an­
tibodies (Sigma, Walker et al., 19X4). 

Cell cultures. Primary mixed brain cell cultures were prepared 
form mice as described earlier (Suri and Bancrjee, 1987) except 
that brains of 3 day-old mice were used. Oligodendrocytes and 
microglia were removed by methods described by McCarthy and 
Dc Vellis (1980) and Frei et al. (1986), respectively. Briefly, con­
fluent primary brain cell cultures were agitated on a rotary shaker 
at 250 rpm for 2 hrs on the 8th and 9th days after seeding. The 
detached cells were removed.The cells that remained attached were 
enriched astrocytes which displayed GFAP in IF test. These cul­
tures were maintained further for 20 days before virus infection. 
To make secondary astrocyte cultures, some of the astrocyte-en-
richcd monolayer cultures were dispersed and seeded on PDL-
coatcd glass covcrslips as described by Frei et al. (1986). The cells 
were allowed to grow for 10 days before infection. 

Virus growth studies. The primary and secondary astrocyte-
cnrichcd cultures were infected with JF.V The tissue culture fluid 
(TCF) f rom virus-infected cultures was harvested on day 
1, 2, 5, 7, 9, 13 and 16 p.i. and assayed for virus infcctivity by 
plaque formation in Vcro ccll cultures. To detect virus in cells by 
IF, the detached cells from the infected cultures were removed by 
centrifugation, resuspended in a drop of PBS, smeared on a glass 
slide, dried on air and fixed with formalin-methanol.Thc infected 
and non-infcctcd primary astrocyte cell monolayers in culture flasks 
and secondary astrocytes on covcrslips were fixed in the same 
manner before staining for IF. 

For the observation of IF in the cells remaining attached on the 
plastic surface, discs were cut out from the flask bottom using 
a heated cork borer (Walker et al., 1984) and immcdiatclly plunged 
into chillcd PBS and immunostaincd. 

Results  

B y  the  8th day o f  cultivation  in vitro the pr imary brain 

ccll cul tures  b c e a m c  conf luent ,  the ccll c lumps  disappeared 

and small  polygonal cclls with processes (oligodendrocytes) 

appeared o n  the  top  o f  f lat  eclls (astrocytes).  

Af t e r  agitat ing the flask cul ture  on  a rotary shaker, mos t  

o f  the  polygonal cclls  o f  the  sur face  layer got  detached f rom 

the layer o f  f la t  epi thcloid cclls.  B y  the  9th day, cclls  resem­

bling microglia ( round to  bizzarc-shapcd) appeared on the  

t o p  o f  t h e  m o n o l a y e r  w h i c h  a l s o  g o t  d e t a c h e d  a f t e r  

a repeated agitation together with a few cclls o f  the astrocyte 

layer. T h e  astrocyte layer g r e w  t o  conf lucncy and  did no t  

show any deterioration o r  change  till the  20th day. T h e  cclls 

in the  p r imary  astrocytc-cnrichcd monolayers  showed more  

t h a n  9 5 %  e n r i c h m e n t  w h e n  o b s e r v e d  morpho log i ca l l y  

(Fig. 1) and  through IF  staining f o r  GFAP. T h e  secondary 

a s t rocy te s  s h o w e d  g r o w t h  b u t  d i d  n o t  f o r m  c o n f l u e n t  

monolayers. In these cultures, both  protoplasmic and  f ibrous  

type GFAP-positive astrocytes were  seen  a long wi th  a f e w  

oligodendrocytes ( IF  s tained with  ant i -GC antibody) a n d  

occassionally microglia recognized morphological ly  (Suri 

and  Banerjee ,  1987a). N o n e  o f  t he  astrocytes either f r o m  

pr imary o r  secondary cultures showed I F  staining with anti-

N F P  antibodies thus conf i rming  the  absence  o f  neurons.  

W h e n  infected, t he  pr imary  cell cul tures containing pre­

dominantly astrocytes exhibited distortion a n d  withdrawal 

o f  f i n e  proccesses on  day 2 p.i. bu t  n o  o ther  change  u p  t o  

day 11 p.i. O n  day  12 p.i., rounding o f  s o m e  cells o f  t he  

monolayer  w a s  seen a long wi th  shr inkage o f  the  astrocyte 

Kig. t 

Thirty-three day-old uninfected primary neuron-free astroevte-
enriched monolayer culture 

Phase contrast, magnification x 350. 
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FIR. 2 
The same culture as in Fig. 1 showing CPE 13 days p.i. with JEV 

Note detachment of round cells and trunk-like structures (arrowhead). 

Phase contrast, magnification x 350. 
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Fig. 3 
Thirty-eight day-old uninfected astrocyte culture after  I F  staining 

for  J E V  a n d  G F A P  
Culture on cut-out plastic disc stained for JEV and GFAP with FITC-
and TRJTC-conjugates, respectively. Note negative staining for JEV 

FITC filter used, magnification x 280. 

Fig. 5 
Astrocyte-enriched culture 18 days p.i. w i th  J E V  

Double IF staining as in Fig. 3. Note JEV-positive trunk-like structures 
(arrowhead). FITC filter used, magnification x 280. 

Fig. 4 Fig.  6 
T h e  same f ie ld  as in Fig. 3 b u t  v iewed  through T R I T C  fi lter T h e  same field as in Fig. 5 b u t  v iewed  through TR1TC fi lter 

Note bright fluorescence o f  GFAP-positive cells, magnification x 280. Positivity for both the JEV and GFAP (arrowhead). 
Magnification x 280. 

sheet. Round cells appeared as grape-like bunches around 
"trunk-like network" (Walker et al., 1984) of withdrawing 
and curled up monolayers. Round cells easily got detached 
on mild agitation. 

On day 13 p.i., most round cells got detached from the 
monolayer, leaving back trunk-like structures similar to those 
described by Walker et al. (1984) (Fig. 2). After IF staining 
the slide with thin film of round cells exhibited coexpression 
both for JEV and GFAP in the cell cytoplasm. The TCF 
collected on different days p.i. showed a biphasic growth 
curve (Fig. 13). In the first phase (up to 9 days p.i.), the 
titer was maximum on day 2 p.i., and decreased on days 
3 - 9  p.i., when it reached a minimum. The titer rose again 

in the 2nd phase (from the 10th day onward) and the in­
crease coincided with  the appearance o f  CPE in the  
astrocytes (Fig. 2 and 13). The  remaining patches of  
shrunken JEV-infected monolayers on the plastic discs 
showed cells positive for GFAP staining, implying that these 
were astrocytes (Fig. 6 and 8). The cells also expressed vi­
ral antigen (Fig. 5 and 7). The uninfected cultures did not 
show any fluorescence specific for JEV (Fig. 3) but promi­
nently showed the presence of GFAP (Fig. 4). The second­
ary astrocytes showed 2 types of morphology, protoplasmic 
and fibrous. In the astrocyte subcultures, the protoplasmic 
astrocytes showed viral antigen in the perinuclear area 
(Fig. 9), and in the fibrous astrocytes IF was seen in the 
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Fig. 9 
Secondary astrocyte culture 36 hrs  p.i. w i th  J E V  

Double IF staining as in Fig. 3. Note protoplasmic astrocytes showing 
profuse cytoplasmic (arrowhead) and perinuclear (curved arrow) 

localization o f  JEV. FITC filter used, magnification x 560. 

Fig. 10 
T h e  same f ie ld  as in Fig. 9 b u t  v i e w e d  through T R I T C  fi lter 

Most cells are positive for both the GFAP and JEV. 
Magnification x 560. 

Fig. 7 
Portion of shrunken,  back-rolled p r i m a r y  astrocyte monolayer  18 

days p.i. wi th  J E V  
Double IF staining as in Fig. 3. Note JEV-positive cells. FITC filter 

used, magnification x 320. 

Fig. 8 
T h e  s a m e  f ie ld  as in  Fig. 7 b u t  v iewed  through T R I T C  fi lter 

Most cells arc positive for both the GFAP and JEV 
Magnification x 320. 

f ine processes and cytoplasm of  cells (Fig. 11). Both the 
types stained heavily with GFAP (Fig. 10 and 12).Thus the 
infected astrocytes cocxprcsscd both the antigens. 

In subculturcd astrocyte monolayers, a few oligodendrocytes 
were also present. They could be distinguished by their reac­
tivity with anti-GC antibody. They also expressed JEV thus 
showing that oligodendroglia were also infected by the virus. 

Discussion 

The neuronotropic nature of JEV has been well described 
in histopathological studies of J E  cases, (Dropulic and Mas­
ters, 1990; Johnson et al., 1985; Mukherjee and Biswas, 

1976; Miyakc, 1964) and in the experimental infection of  
rodent brains (Hase  et al., 1990; Ogata et al., 1991). In our 
earlier studies of primary mouse brain cell cultures, neu­
rons as well as astrocytes were shown to b e  infected with 
JEV (Suri and Bancrjee, 1987b). Kimura-Kuroda  et al. 

(1992), however, showed infection of neurons only with this 
virus in rat brain cell cultures. Therefore, to reconfirm our 
earlier observation that the astrocytes are capable o f  allow­
ing JEV multiplication, we set u p  cultures f rom brains of 3 
day-old mice instead of embryonic mice. 

Brain cell cultures f rom 3 day-old mice have been shown 
to be  free f rom neurons (McCarthy and D e  Vellis, 1980; 
Walker et al., 1984). In the ccll cultures derived from brain, 
the astrocytes grow first  and form confluent monolayer, 
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Fig. 11 
Secondary astrocyte culture 36 hrs  p.i. w i th  J E V  

Double IF staining as in Fig. 3. Note JEV-specific IF in the cell 
processes and the perikaryon of a fibrous astrocyte. FITC filter used, 

magnification x 560. 

log PFU/ml 
6 

6 8 10 
days p.i. 

Fig. 13 
Growth o f  J E V  in neuron-free astrocyte-enriched p r i m a r y  mouse  

bra in  cell culture 

Fig.  12 
T h e  same f ie ld  as in  Fig. 11 b u t  v iewed  through T R I T C  f i l ter  

The astrocyte positive for JEV in Fig. 11 is positive also for GFAP. 
However, some GFAP-positive cells are negative for JEV (curved 

arrow). Magnification x 560. 

while cell like neurons, oligodendrocytes and microglia grow 
on top of the flat cell layer without firm contact (McCarthy 
and DeVellis, 1980; Walker et al., 1984; Suri and Banerjee, 
1987). Neurons differentiate fully before birth and fail to 
regrow in cultures from brains after birth (McCarthy and 
DeVellis, 1980). Since the cultures in this study were made 
from 3 day-old mouse brains, they could not have contained 
neurons. 

When shaken on a rotary shaker on days 8 - 1 2  p.i., the 
cultures grown from 3 day-old mice (McCarthy and De 
Vellis, 1980; Walker et al., 1984) release cells of the super­
ficial layer, and only a purer population of astrocytes re­
mains in the monolayer (Walker et al., 1984). When such 

neuron-free monolayers (negative forNFP) containing about 
95% astrocytes were cultivated for 20 days in vitro and then 
were infected with JEV, sufficient progeny virus was pro­
duced and released in the TCF (by 24 hrs p.i. onwards). In 
the biphasic growth curve, the second phase of titer rise 
beginning around days 10 - 16 p.i. and coinciding with the 
appearance of CPE indicates increased virus activity. Both 
the detached and adherent cells exhibited label for  GFAP 
(astrocytes) as well as JEV antigen. The infection of sec­
ondary astrocyte cultures not only confirmed susceptibility 
of astrocytes but also of oligodendrocytes to JEV The pos­
sibility of the infected cells being A2B5-plus glial progeni­
tor cells, as suggested by Kimura-Kuroda et al. (1992), is 
ruled out as (1) the differentiation of astrocytes is report­
edly completed prenatally in mouse brain (Norton, 1983), 
and (2) the cultures used in this study originated from 3 
day-old post-natal brains and were grown for  up to 20 days 
in vitro and then infected with JEV 

We have already shown that besides JEV dengue and West 
Nile (WN) viruses also infect astrocytes in cultures from 
embryonic mouse brains (Suri and Banerjee, 1987b). Liu et 
al. (1989) also confirmed our finding by showing the growth 
of WN virus in secondary astrocyte cultures. Infection and 
growth of  other arboviruses causing encephalitis, like 
Murrary Valley encephalitis virus (Mims, 1960) and East­
ern equine encephalitis virus (Murphy and Whitefield, 
1970), have been observed in astrocytes in brains of experi­
mentally infected mice by EM. These observations provide 
substantial evidence fo r  infection of  glial  cells with 
arboviruses. 

The infection of primary astrocyte-enriched cultures with 
JEY resulting in virus growth and CPE, presented in this 
study confirms beyond doubt the view that the lysis of brain 
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cells  in JE is due to direct damage o f  the infected cells b y  
the virus.  The rounding o f  virus-infected astrocytes due to 
CPE also conf i rms  the degeneration o f  cell cytoskeleton 
after  J E V infection (Suri and Bancrjec, 1987b). The late 
appearance o f  CPE after  11 days o f  infection conf irms the 
v i e w  o f  Pfefferkorn and Shapiro (1974) that in comparison 
to alphaviruses, the growth o f  f laviviruses  in cultured cells  
is slower, since the host cell macromolecular synthesis is 
inhibited gradually till late after  infection. The appearance 
o f  CPE in JEV-infected cultured brain astrocytes is likely to 
b e  delayed because f laviviruses  induce the expression o f  
class II major  histocompatibility complex in these cells, ren­

der ing  t h e m  immunocompetent ;  these  cells  a re  also trig­

gered  t o  secrete  cytokines  including interferons a lpha and  

be ta  (Liu  el al., 1989). T h e  probable reason as  t o  why J E V  

antigen could no t  b e  detected in brain astrocytes in termi­

nal J E  cases  o r  experimentally infected rodent  brains, migh t  

b e  the  death  o f  t he  subjec t  through fas t  neuronal depletion, 

be fo re  the  vi rus  could  infect  t he  astrocytes to  the  level de­

tectable by  the  conventional  tests. Thaka re  et al. (1991)  have 

shown mi ld  demyelination in J E  cases  wi th  shedding o f  in­

creased amoun t s  o f  M B P  in the  scrum o f  J E  cases. This  

could b e  d u e  to  the  infection o f  ol igodendrocytes with the 

vi rus  a s  seen in t he  secondary  culture. 

T h e  phenomenon  o f  reactive gliosis (astrogliosis) which 

h a s  been  descr ibed histopathologically in post mortem ex­

aminat ion o f  J E  cases,  however, could no t  b e  observed as  

n o  p.i. cell hypertrophy o r  proliferat ion w a s  seen in t he  in­

fected cultures.  
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