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Summary. - Infant mice (NMRI strain) showed the  inhibition o f  
hepatic extramedullary haemopoiesis b y  oral inoculation o f  a 100 
I D 5 0  dose  o f  EB rotavirus and nucleoprotein o f  SA-11 rotavirus 
(serotype 3). T h e  extramedullary haemopoiesis  w a s  observed b y  oral 
inoculation o f  surface protein V P 7  o f  SA-11 rotavirus and in control 
(placebo administered) mice. 
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Introduction 

Rotaviruses are major  cause o f  morbidity and death in young  animals and 
children (Holmes, 1983). T h e  gastroenteritis caused b y  rotavirus infection in 
human infants o f  6 months  to 2 years  o f  age  results in approximately 1 million 
deaths throughout the  world (DeZoysa and Feachem, 1985). T h e  rotaviruses 
belong to the family Reovirideae, are non-enveloped with a diameter of 70-75 nm. 
They  are characterized b y  the  presence o f  11 segments  o f  double-stranded R N A  
(Arias  et a/., 1982). Rotavirus generally inhabits, multiplies and invades mature 
villious epithelial cells o f  the small intestine causing maldigestion and malab­
sorpt ion with consequen t  loss o f  electrolytes in to  t h e  l u m e n  (Little a n d  
Shadduck,  1982; Starkey  et al., 1986). T h e  virus shows  preferential  t issue t ropism 
in t h e  small intest ine (Riepenhoff-Talty  et al., 1982). T h e  severity o f  t h e  infect ion 
varies in d u o d e n u m ,  j e j u n u m  a n d  i leum a n d  perhaps  is a serotype-characteristic. 
T h e  serotype 3 rotaviruses rapidly multiply in t h e  small intest ine a n d  a re  m o r e  
infect ious (Bell et al., 1987). T h e  rotaviruses previously k n o w n  t o  inhabi t  a n d  
infect b rush  borde r  m e m b r a n e  have  recently b e e n  f o u n d  t o  b e  associated wi th  
hepatitis in liver o f  immunodef ic i en t  mice  ( U h n o o  et al., 1990) a n d  h u m a n  
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infants (Kitamoto  et al., 1991). Earlier w e  have reported the  inhibition o f  
extramedullar haemopoiesis (EMH) in the  liver o f  infant mice b y  oral inocula­
t ion  o f  E B  rotavirus (serotype 3) -homologous  strain (Kanwar  et al., 1993). I n  th is  
s tudy  w e  a re  report ing t h e  inhibi t ion o f  hepa t ic -EMH b y  oral inoculat ion o f  
nucleoprote ins  o f  SA-11 rotavirus (serotype 3). 

Materials and Methods 

Animals. T e n  t o  t w e l v e  d a y - o l d  i n b r e d  m i c e  o f  N M R I  s t r a i n  w e r e  u s e d  i n  t h e  p r e s e n t  s t u d y .  T h e  

i n f a n t s  w e r e  n u r s e d  b y  t h e i r  r e s p e c t i v e  d a m s  d u r i n g  t h e  c o u r s e  o f  e x p e r i m e n t s .  

Virus. R o t a v i r u s  s t r a i n  E B  o r i g i n a l l y  s u p p l i e d  b y  D r .  H .  B .  G r e e n b e r g  ( C a l i f o r n i a )  w a s  s e r i a l l y  

p a s s a g e d  1 1 - t i m e s  i n  1 0 - 1 2  d a y - o l d  i n f a n t  m i c e  in vivo a n d  p u r i f i e d  f r o m  i n t e s t i n a l  h o m o g e n a t e  o f  

t h e  i n f e c t e d  p u p s .  T h e  I D 5 0  t i t e r  o f  t h e  s t o c k  v i r u s  f r o m  t h e  1 1 t h  p a s s a g e  ( P n )  w a s  e s t i m a t e d  i n  

a s t a n d a r d  w a y .  

Virus purification. T w o  l i t t e r s  o f  1 0 - 1 2  d a y - o l d  i n f a n t s  ( n  = 6 e a c h )  w e r e  o r a l l y  a d m i n i s t e r e d  1 0 0  fA 

o f  E B  r o t a v i r u s  P n  s u s p e n s i o n  a n d  t h e  a n i m a l s  w e r e  s a c r i f i c e d  3 d a y s  p o s t  i n o c u l a t i o n  ( p .  i . ) .  T h e i r  

s m a l l  i n t e s t i n e s  w e r e  d i s s e c t e d  o u t ,  p o o l e d  a n d  h o m o g e n i z e d  i n  v i r u s  s u s p e n s i o n  b u f f e r  ( V S B ,  1.5 

m m o l / 1  C a C l 2  i n  1 0 0  m m o l / 1  T r i s  H C l . p H  7 . 2 )  a t  4 ° C .  T h e  h o m o g e n a t e  w a s  c l a r i f i e d  b y  s p i n n i n g  a t  

1 0  0 0 0  x g f o r  3 0  m i n s  a t  4 ° C  a n d  t h e  s u p e r n a t a n t  w a s  p r e c i p i t a t e d  w i t h  8 . 0  % ( w / v )  o f  p o l y e t h y l e n e  

g l y c o l  ( M W  6 0 0 0 ,  S i g m a ) .  T h i s  s u s p e n s i o n  w a s  o n c e  a g i t a t e d ,  k e p t  u n d i s t u r b e d  a t  4 ° C  o v e r n i g h t  a n d  

t h e n  c e n t r i f u g e d  a t  10 000  x g f o r  3 0  m i n s .  T h e  p rec ip i t a t e  w a s  co l lec ted ,  s u s p e n d e d  i n  5 m l  0 .5  m o l / 1  s t e r i l e  

N a C l  a n d  c e n t r i f u g e d  i n  c o l d .  T h e  c o l l e c t e d  p r e c i p i t a t e  w a s  w a s h e d  t w i c e  i n  0 . 5  m o l / 1  N a C l  a n d  a g a i n  

r e c o n s t i t u t e d  w i t h  5 m l  V S B ,  e x t r a c t e d  w i t h  a n  e q u a l  v o l u m e  o f  t r i c h l o r o t r i f l u o r o e t h a n e  ( S i g m a )  a n d  

c e n t r i f u g e d  a t  3 0 0 0  x g a t  r o o m  t e m p e r a t u r e .  

T h e  v i r u s  c o n t a i n i n g  u p p e r  a q u e o u s  p h a s e  w a s  r e t a i n e d  a n d  c e n t r i f u g e d  a t  1 2 5  0 0 0  x g t h r o u g h  

4 0  % ( w / v )  s u c r o s e  c u s h i o n  a t  4 ° C  f o r  9 0  m i n s  ( M  6 0  I E C  u l t r a c e n t r i f u g e ) .  T h e  v i r u s  p e l l e t  w a s  

finally r e c o n s t i t u t e d  w i t h  2 m l  o f  s t e r i l e  P B S  p H  7 . 2 ,  a n d  u s e d  t o  i n f e c t  fresh l i t t e r s  o f  i n f a n t  m i c e .  

Preparation of virus antigens. A c r u d e  p r e p a r a t i o n  o f  t i s s u e  c u l t u r e  g r o w n  ( M A - 1 0 4  c e l l  l i n e )  s i m i a n  

r o t a v i r u s  S A - 1 1  p r o t e i n s  a n d  n u c l e o p r o t e i n s  ( P N P )  w a s  p r e p a r e d  b y  t h e  m e t h o d  o f  S r i p a t i  a n d  

W a r n e r  (1978) .  T h e  o u t e r  c a p s i d  v i r u s  p o l y p e p t i d e  V P 7  w a s  e x t r a c t e d  f r o m  d o u b l e  c a p s i d  r o t a v i r u s  

b y  t h e  m e t h o d  o f  B r u s s o w  et al. ( 1 9 9 0 ) .  T h e  p r o t e i n  c o n c e n t r a t i o n  w a s  e s t i m a t e d  i n  e a c h  p r e p a r a t i o n .  

Oral inoculation of infant mice. F i v e  l i t t e r s  o f  1 0 - 1 2  d a y - o l d  i n f a n t  m i c e  w e r e  i n t r a g a s t r i c a l l y  

a d m i n i s t e r e d  1 0 0  n \  ( 1 0 0  I D 5 0 )  o f  E B  r o t a v i r u s  ( P n ) .  T h e  p u p s  w e r e  k e p t  w i t h  t h e i r  r e s p e c t i v e  

m o t h e r s .  S i m u l t a n e o u s l y  t w o  l i t t e r s  o f  1 0 - 1 2  d a y - o l d  i n f a n t  m i c e  w e r e  g i v e n  1 0 0  f i \  o f  t h e  p l a c e b o  

( p r e p a r e d  f r o m  u n i n f e c t e d  1 0 - 1 2  d a y - o l d  i n f a n t  m i c e  i n t e s t i n e s )  a n d  k e p t  a w a y  f r o m  t h e  i n f e c t e d  

p u p s .  T h r e e  t o  s i x  i n f a n t s  f r o m  p l a c e b o  o r  i n f e c t e d  r e g i m e n t s  w e r e  s a c r i f i c e d  o n  d a y  1 , 3 , 5  a n d  7 p .  i . ,  

t h e i r  l i v e r  s e c t i o n s  w e r e  f i x e d  i n  1 0  % f o r m a l i n e  s a l i n e  a n d  t i s s u e s  w e r e  e m b e d d e d  i n  p a r a f f i n  b l o c k s .  

B e s i d e s  t h e  i n f e c t e d  a n d  p l a c e b o  r e g i m e n t s ,  o n e  l i t t e r  o f  1 0  d a y - o l d  i n f a n t  m i c e  e a c h  w a s  o r a l l y  

a d m i n i s t e r e d  6 fig o f  c r u d e  S A - 1 1  r o t a v i r u s  P N P  a n t i g e n  o r  S A - 1 1  r o t a v i r u s  V P 7  a n t i g e n .  T h r e e  m i c e  

from e a c h  g r o u p  w e r e  s a c r i f i c e d  o n  t h e  3 r d  d a y  a f t e r  a n t i g e n  i n t a k e  f o r  s t u d y  o f  l i v e r  h i s t o l o g y .  

Histological stainings. 4 - 5  f i m  t h i c k  l i v e r  s e c t i o n s  f r o m  e a c h  i n f a n t  l i v e r  b i o p s y  w e r e  s t a i n e d  w i t h  

H a e m a t o x y l i n - E o s i n  o r  r o t a v i r u s - s p e c i f i c  i m m u n o p e r o x i d a s e .  F o r  i m m u n o p e r o x i d a s e  s t a i n i n g ,  t h e  

t i s s u e  s e c t i o n s  w e r e  p a s s e d  t h r o u g h  d e s c e n d i n g  c o n c e n t r a t i o n s  o f  m e t h a n o l  a n d  b r o u g h t  i n t o  P B S .  

T h e  e n d o g e n o u s  p e r o x i d a s e  a c t i v i t y  w a s  q u e n c h e d  w i t h  0 . 3  % H 2 0 2  i n  m e t h a n o l  a n d  t h e  n o n ­

s p e c i f i c  s i t e s  w e r e  b l o c k e d  w i t h  3 % b o v i n e  s e r u m  a l b u m i n  ( B S A )  i n  P B S .  T h e  E B  r o t a v i r u s  i n  t h e  

b i o p s i e s  w a s  t a g g e d  w i t h  a n t i  E B  r o t a v i r u s  r a b b i t  h y p e r i m m u n e  s e r u m .  F i n a l l y ,  s w i n e  a n t i - r a b b i t  

h o r s e  r a d i s h  p e r o x i d a s e - c o n j u g a t e d  s w i n e  i m m u n o g l o b u l i n s  ( D a k o p a t t s ,  D e n m a r k ) ,  w e r e  a d d e d  a s  

a d e t e c t o r  a n t i b o d y  a n d  t h e  e n z y m e  r e a c t i o n  w a s  v i s u a l i z e d  w i t h  d i a m i n o b e n z e d i n e  s o l u t i o n .  T h e  

c o u n t e r - s t a i n i n g  w a s  d o n e  w i t h  H a e m a t o x y l i n  f o r  1 m i n .  T h e  t i s s u e  s e c t i o n s  w e r e  t h e n ,  p a s s e d  

t h r o u g h  a s c e n d i n g  c o n c e n t r a t i o n s  o f  m e t h a n o l  a n d  k e p t  i n  x y l e n e  f o r  3 0  m i n s  b e f o r e  m o u n t i n g .  
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Results 

T h e  EB rotavirus-infected mice became lethargic, developed distention o f  
stomach, haunchback and muscle cramping 2-3 days  p. i. T h e  incidence o f  
diarrhoea was  maximum 3-4 days p. i. T h e  diarrhoea was  self-limiting and 
resolved by the 6th day p. i. T h e  diarrhoeal mice passed yellowish, watery stools 
and even the caecum was  found to b e  filled with yellowish fluid on dissection. 
T h e  infected pups lost 30-40 % o f  their body weight a s  a result o f  dehydration as  
compared to the control mice. 

T h e  Haematoxylin/Eosin stained liver biopsies o f  control group o f  10-20 day-
old mice showed presence o f  EMH. T h e  latter w a s  d i f fuse  and characterized b y  
the presence o f  large-sized megakaryocytes with simultaneous presence o f  
granulocytes (Fig. 1). All  the liver biopsies o f  control infant mice were  positive 
for  EMH. T h e  EB rotavirus infection gradually inhibited EMH in the liver 
(Table 1, Fig. 2). By the 5th day p. i. EMH w a s  completely inhibited. Further­
m o r e ,  25  % t o  60 % o f  t h e  infected liver biopsies revealed also dilatation o f  
central vein. 

T h e  rotavirus (serotype 3) specific immunoperox idase  staining pe r fo rmed  o n  
liver sect ions 3 days  p .  i. was  positive f o r  E B  rotavirus in 40 % o f  t h e  tes ted  

Fig.  I 
I n h i b i t i o n  o f  h e p a t i c  E M H  b y  r o t a v i r u s  i n f e c t i o n  
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Fig. 2 
For legends see page 472 
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biopsies (Table 1, Fig. 3). Hepatocytes as well as  Kupffer cells showed positivity 
for rotavirus antigen. 

The liver biopsies of  the animals orally administered with rotavirus outer 
capsid VP7 polypeptide revealed normal histology and presence of  EMH on the 
13 th day of  age as observed in the controls (Table 2). However, the animals given 
orally an equal amount o f  crude PNP antigen showed inhibition o f  EMH on the 
same day o f  age. T h e  virus antigen could not be detected in any o f  the liver 
biopsies o f  VP7 or PNP antigen-administered mice by EB rotavirus specific 
immunoperoxidase staining. 

Discussion 

The rotaviruses, previously known to multiply exlusively in the small intesti­
nal mature  villous enterocytes with o r  without  clinically recognizable diarrhoea, 
have recently been  implicated in liver infection in immunointact  and  immuno-
deficient animals (Uhnoo  et al., 1990) and  infants (Kitamoto  et al., 1991). T h e  
involvement and  demonstration of  t he  rotavirus in t he  hepatocytes have fur ther  
complicated t he  clinical manifestation and pathogenesis of  t he  rotaviral disease. 
U h n o o  et al. (1990) have recently demonstrated that mice (both immunointact  
and  immunodeficient)  develop lesions in t he  liver resembling diffuse hepatitis 
with focal areas of  parenchymal necrosis with two heterologous animal rotavirus 
strains; RRV (rhesus) and  W C 3  (bovine) (Uhnoo  et al., 1990). 

In o u r  earlier study w e  have shown the  inhibition of  hepatic E M H  by oral 
inoculation homologous  EB rotavirus and  also demonstrated t h e  presence of  
rotavirus antigen in hepatocytes, Kupfľer cells and enterocytes of  ileum of mice 
by immunoperoxidase staining by 3 days p. i. (Kanwar et al., 1993). T h e  infection 
was rapidly cleared and viral antigen could b e  demonstrated by 7 days p. i. in the 
small intestine. Thus  it appears that virus migrates from the small intestine after 
it had replicated within the villous enterocytes and reaches the liver either 
through the blood circulation or lacteals. In addition to the demonstration of  the 
virus in the hepatocytes, a striking inhibition of  the aggregation of haemopoietic 
cells in the liver was observed in the infected animals. Such an observation has 
not been hitherto mentioned in any of  the earlier studies. It is postulated that the 
rotavirus (antigen) has an inhibitory effect on the haemopoietic cells while the 
virus could only b e  demonstrated for a very short period. Furthermore, such an 
inhibitory effect might have been carried out by the products o f  the virus. It may 

Fig. 2 
Aggregates  o f  megakaryocytes  a n d  W B C  precursors (EMH posit ive)  i n  n o r m a l  l i ver  

Fig. 3 
Hepatocytes a n d  K u p f f e r  cells posit ive  ( b r o w n  co loured  areas) f o r  E B  rotavirus ant igen 
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also b e  mentioned that  E B  rotavirus did not  cause hepatitis-like lesions in 
contrast t o  w h a t  h a s  b e e n  demonstrated b y  Uhnoo  et al. (1990). T h i s  di f ference 
m a y  b e  caused b y  di f ferent  rotavirus strains u s e d  and/or i m m u n e  status o f  the  
animals.  

T h e  inhibitory e f fec t  o n  E M H  in t h e  liver appears t o  h a v e  a direct relationship 
t o  t h e  presence o f  v i r u s  in the  l iver reticuloendothelial cells. But  h o w  d o e s  t h e  
rotavirus multiply and infect t h e  hepatocytes wi thout  undergoing  a proteolytic 
cleavage (Off i t  et al., 1986) (trypsinization) o f  V P 4  polypeptide (viral haemagglu-
tinin) i s  presently unknown.  It m a y  b e  presumed that  t h e  virions are activated in 
the  smal l  intestine b e f o r e  reaching t h e  liver. T h e  hepatocytes s e e m  t o  b e  
competent  t o  display rotavirus-speciflc binding receptors o n  their surface  b u t  it 
i s  y e t  t o  b e  seen  whether  t h e  nature o f  rotavirus W 7 - s p e c i f i c  300 K receptor 
(glycoprotein), recently isolated f r o m  t h e  infant  m o u s e  brushborder  m e m b r a n e  
(Bass  et al., 1991) is  similar t o  those  present  in the  liver o f  t h e  infant  mice.  
Immunodeficient  mice  (SCID) develop severe  acute  diarrhoea with rotavirus 
shedding  that  continued indefinitely, b u t  n o  evidence o f  extramucosal  spread or  
altered t i ssue  tropism o f  h o m o l o g o u s  rotavirus w a s  observed  (Uhnoo  et al., 
1990). Inspite o f  t h e  high prevalence o f  rotavirus infections in h u m a n  infants, 
extraintestinal localization o f  this  infectious v irus  h a s  not  b e e n  previously 
examined perhaps  d u e  t o  ethical implications. Several reports  o n  elevated 
aminotransaminases  (Kovacs  et al., 1986) a n d  a s ingle case o f  hepatomegaly in 
children (Tallett et al., 1977) indirectly suggested involvement  o f  l iver rotavirus 
disease.  A n  attempt w a s  also m a d e  in t h e  present  s tudy  t o  underl ine the  factor(s) 
responsible  f o r  mediating inhibition o f  hepatic E M H  in rotavirus infection. It 
w a s  observed  that t h e  component(s)  responsible  f o r  E M H  inhibition w e r e  
present  both  in the  virulent E B  rotavirus (serotype 3) a n d  crude PNP SA-11 
rotavirus (serotype 3)  antigen. It w a s  fur ther  conf irmed that rotavirus outer  
capsid glycoprotein V P 7  d o e s  n o t  cease t h e  hepatic E M H .  B u t  it i s  ye t  t o  b e  seen  
whether  the  E M H  inhibition is  mediated b y  rotaviral haemagglutinin (VP4 
polypeptide) o r  s o m e  other  viral substance or  it i s  a serotype characteristics o f  
t h e  rotavirus strain. A n o t h e r  possibility m a y  b e  that  t h e  viral nucleic acid (RNA) 
present  in the  crude PNP preparation mediates  t h e  inhibition o f  hepatic E M H  
because  t h e  viral R N A  d o e s  not  require  "trypsinization" which is  indispensable 
f o r  the  infectivity o f  the  l ive virus.  

In t h e  light o f  foregoing discussion it i s  evident that  t h e  children suf fer ing  
f r o m  rotavirus infections m u s t  b e  kept  u n d e r  close observation. Furthermore,  
the  clinical evaluation a n d  fo l low u p  o f  the  patients should include assessment  
o f  l iver function in rotavirus infections or  prospective vaccine trials. 
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