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G a s t r o e n t e r i t i s  Caused By Human Rotaviruses (Serotype Three) 
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The pathogenic p o t e n t i a l  of human ro t av i ru se s  of se ro types  1 
through 4 was eva lua ted  i n  suckl ing  mice. Oral  i nocu l a t i on  of 
t h r e e  d i f f e r e n t  human r o t a v i r u s e s  of  se ro type  3 i n t o  5-6 day o ld  
CD-1 mice caused d i s e a s e  cha r ac t e r i z ed  by d i a r r h e a  and 
dehydrat ion.  The mean 50% d i a r r h e a  inducing dose (DD50) was 
5 x 1 0 ~  pfu.  His topa thologica l  examination of  smal l  i n t e s t i n e s  
revealed v i l l u s  e p i t h e l i a l  c e l l  vacuo l i z a t i on  l o c a l i z e d  t o  t h e  
d i s t a l  one-third of t h e  v i l l u s .  

Only Serotype 3 ro t av i ru se s  exh ib i t ed  a  rap id  phase of v i r a l  
growth i n  t h e  i n t e s t i n e  between 7 and 12 hours pos t - inocula t ion .  
Larger  i nocu l a  of r o t a v i r u s  se ro types  1, 2, and 4 d i d  no t  cause 
d i s ea se  o r  t y p i c a l  h i s t opa tho log i c  changes. However, 
immunoperoxidase s t a i n i n g  f o r  r o t a v i r u s  an t igen  was p o s i t i v e  i n  
a l l  se ro types  t e s t e d  i nd i ca t i ng  t h a t  i n f e c t i o n  can occur without  
apparen t  d i s e a s e  and i s  not  s e ro type  s p e c i f i c .  This  convenient  
in-vivo model can b e  used t o  eva lua t e  a t t e n u a t i o n  of human o r i g i n  
vacc ine  candida tes  of se ro type  3. o 1987 Soc ie ty  f o r  Experimental Biology 
and Medicine 

Introduction 

Rotaviruses a r e  t h e  l e ad ing  cause 
of v i r a l  g a s t r o e n t e r i t i s  of i n f a n t s  i n  
t h e  developed a s  we l l  a s  t h e  
developing world (1,2) . The morbidi ty 
and m o r t a l i t y  a s soc i a t ed  w i th  
d i a r r h e a l  d i s e a s e s  i n  developing 
c o u n t r i e s  makes prevent ion  of 
r o t a v i r u s  g a s t r o e n t e r i t i s  an important  
g o a l  ( 3 ) .  

A convenient  smal l  animal model 
f o r  t h e  s tudy  of experimental  
i n £  e c t i o n s  i n i t i a t e d  by human-origin 
r o t a v i r u s e s  (RV) would g r e a t l y  enhance 
oppo r tun i t i e s  t o  develop a s a f e  

* Supported i n  p a r t  by g r a n t  
T32AI07278 from t h e  N I H  and t h e  
I n s t i t u t e  Merieux, Lyon, France. 
**TO whom a l l  correspondence should b e  
addressed.  

vacc ine .  We have y r ev ious ly  
demonstrated t h a t  t h e  primate-origin 
r o t a v i r u s  s t r a i n  SA-11 causes 
c l a s s i c a l  symptoms of RV 
g a s t r o e n t e r i t i s  i n  t h e  suckl ing  mouse 
whi le  50 f o l d  g r e a t e r  t i t e r s  were 
requi red  t o  induce d i s e a s e  w i th  a  
bovine r o t a v i r u s ,  NCDV ( 4 ) .  I n  t h i s  
s tudy  we have determined t h a t  t h e  
mouse model system i s  s i m i l a r l y  
app l i c ab l e  t o  t h e  s tudy  of d i s e a s e  
induced by human r o t a v i r u s e s  of 
se ro type  3. 

Materials and Methods 

Conventional ly bred pregnant  CD-1 
mice were ob ta ined  from t h e  Portage 
f a c i l i t y  of t h e  Charles  River Breeding 
Labora tor ies .  The mice were b l ed  on 
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a r r i v a l  and housed i n  s e p a r a t e  
i s o l a t i o n  u n i t s .  Sera were t e s t e d  by 
enzyme-linked immunoadsorbant a s s a y  
(ELISA) and a  plaque r e d u c t i o n  
n e u t r a l i z a t i o n  assay  (PRN) a s  
p r e v i o u s l y  descr ibed  (5) ; only l i t t e r s  
whose dams were s e r o n e g a t i v e  were used 
i n  t h e s e  s t u d i e s .  

Rotavirus  s e r o t y p e  3  s t r a i n s  WI77, 
WI78. CC3-17; W179 ( se ro type  1 )  and 
WISC2 (se ro type  2) were i s o l a t e d  i n  
t h e  course  of i n v e s t i g a t i o n  of 
c h i l d r e n  w i t h  g a s t r o e n t e r i t i s  i n  t h e  
w i n t e r s  of 1981-82 and 1982-83 (6) .  
Adaptat ion t o  growth i n  c e l l  c u l t u r e  
was accomplished by t h e  method of Sa to  
e t .  a1. (7) . Each has been adapted t o  
grow t o  a  t i t e r  of 2 1 o 5 o 5  pfu/ml i n  
f e t a l  g reen  monkey k idney  c e l l s  
(MA-104). The Wa s t r a i n  of human 
r o t a v i r u s  was ob ta ined  from Richard 
Wyatt (Bethesda, MD) . A seed s tock  of 
bovine r o t a v i r u s  NCDV was ob ta ined  
from Robert Yolken (Bal t imore,  MD) . 
The S2 s t r a i n  was ob ta ined  from Marie 
Riepenhoff-Talty (Buffalo,  N Y ) .  The 
S t .  Thomas (ST) s t r a i n  of human 
r o t a v i r u s  was acqui red  from J o r g e  
F l o r e s  (Bethesda, MD). The RRV s t r a i n  
of r o t a v i r u s  was ob ta ined  from t h e  
American Type Cul tu re  C o l l e c t i o n  

(Rockvi l l e ,  MD). The bovine  r o t a v i r u s  
WC-3 was i s o l a t e d  from a  cow i n  
s o u t h e a s t e r n  Pennsylvania i n  1981 and 
adapted t o  growth i n  MA-104 c e l l s .  A 
v i r a l  i n f e c t i v i t y  p laque  assay  and PRN 
a s s a y  were used t o  determine v i r a l  
c o n c e n t r a t i o n s  and t h e  s e r o t y p e  
s p e c i f i c i t y  of t h e  d i f f e r e n t  r o t a v i r u s  
s t r a i n s .  

L i t t e r s  of 5-6 day o l d  mice were 
o r a l l y  i n o c u l a t e d  wi th  s i n g l e  doses of 
106.5 t o  107e8 p f u f s  of d i f f e r e n t  
r o t a v i r u s  s t r a i n s  i n  e q u i v a l e n t  
volumes. I n f a n t  mice were inspec ted  
d a i l y  f o r  d i a r r h e a  a f t e r  g e n t l e  
p a l p a t i o n  of t h e  abdomen. I n  t h o s e  
l i t t e r s  i n  which d i a r r h e a  developed,  
t h e  r o t a v i r u s  dose was t i t r a t e d  t o  
determine t h e  dose  a t  which d i a r r h e a  
was induced i n  50% of t h e  l i t t e r  
(DD50>. 

R e p l i c a t i o n  of human r o t a v i r u s e s  
i n  t h e  mouse model was s t u d i e d  by 
o r a l l y  i n o c u l a t i n g  l i t t e r s  of 6  day 
o ld  mice w i t h  lo6  t o  lo7  pfu of 
d i f f e r e n t  s t r a i n s  of r o t a v i r u s  
r e p r e s e n t i n g  s e r o t y p e s  1 through 4. 
Mice were s a c r i f i c e d  a t  timed 
i n t e r v a l s  p o s t - i n f e c t i o n  and t h e i r  
i n t e s t i n e s  exc i sed  and homogenized a s  

TABLE I:  Diarrhea and Histopathologic Changes i n  Mice Following Oral 
Infection with Rotaviruses 

Maximum Incidence 
of Diarrhea Induced DD50* Histopathology 

Serotype Strain (% (PFUIdose) IP H& E 

One W179 
WA 

Two WI-SC2 
S2 

Three W177 
W17 8 
CC3-17 
SA-11 (simian) 
RRV (simian) 

Four ST 

Bovine NCDV 
WC3 

* DD50 = Dose a t  which diarrhea i s  induced i n  50% of ,mice  
IP = Immunoperoxidase 
H&E = Hematoxylin-Eosin 
ND = Not Done 
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descr ibed  prev ious ly  (8).  I n  
add i t i on ,  s e c t i o n s  of d i s t a l  small  
i n t e s t i n e  were obtained a t  72 hours 
pos t  i nocu l a t i on ,  f ixed  i n  Bouin's 
s o l u t i o n ,  and embedded i n  p a r a f f i n  f o r  
l a t e r  h i s t opa tho log i ca l  s tudy.  

Immunoperoxidase s t a i n i n g  was 
performed on t h e  i n t e s t i n a l  s e c t i o n s  
using hyperimmune r a b b i t  s e r a  aga in s t  
SA-11 r o t a v i r u s  and a  b i o t i n y l a t e d  
goa t  an t i - r abb i t  IgG (Vectas ta in  ABC 
K i t ,  Vector Labora tor ies ,  Burlingame, 
CAI (9) 

Resu l t s  

CC3-17 (rerotype 3) 
0 W1079 (rerotype 1) 

Three d i f f e r e n t  human r o t a v i r u s  
i s o l a t e s ,  a l l  s e ro type  3 ,  caused 
d i s e a s e  i n  5-6 day old CD-1 mice wi th  
DDS0 r e  uirements  ranging from 104.3 
t o  l o 6 * %  ( t a b l e  1 ) .  Diar rhea  was 
r a r e l y  o r  never  induced by 
human-origin ro t av i ru se s  of se ro types  
1, 2 o r  4. Rotavirus i n f e c t i o n  i n  
mice was cha r ac t e r i z ed  by 
watery-yellow d i a r r h e a  w i th  mild 

0 4 8 1 2  24 36 48 72 

Hours post-inoculation 

Figure 1. Viral infectivity of intestinal 
homogenates (pfu per total intestinal 
tract) from CD-lmice orally infected 
with either CC3-17 (serotype 3) or WI079 
(serotype 1) rotavirus. The dose of virus 
used to inoculate animals is shown as 
the viral titer 0 hours after infection. 

Figure 2. Hemataxylin and eosin stained section (X 400) of distal 
ileum from a CD-1 mouse 3 days after oral inoculation with 
CC3-17 (human serotype 3) rotavirus. 
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Figure 3 A). Immunoperoxidase staining (X 1000) of d i s t a l  ilium from a 
0 - 1  mouse 3 days a f t e r  oral  inoculation with WI-79 (human 
serotype 1) rotavirus showing (arrows) discreet  brush 
border and/or d i f fuse  cytoplasmic staining.  

B). Control picture of the same v i l l u s  with oblation of 
s taining with prior absorption of the detecting anti-serum 
with purified SAll v irus .  
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TABLE 11: Serum Neutralization* Titers In Mice Following Single 
Oral Inoculation With Human Rotaviruses 

Inoculating Reciproc a1 
Serotype Strain Dose (Pfu/ml)  ice# Titers 

* Plague reduction neutralization performed against the homologous 
virus .  

# Mice designated as 1 or 2 were given the same inoculating dose of 
v irus .  

dehydrat ion developing 24 t o  48 hours 
pos t - inocula t ion .  The i n f e c t i o n  
u sua l l y  reso lved  by t h e  5 t h  t o  6 t h  day 
pos t - inocula t ion  without  mor t a l i t y .  
Each of t h e  se ro type  3  s t r a i n s  t e s t e d  
(WI77, WI78 and CC3-17) exh ib i t ed  a  
s i n g l e  rap id  phase of v i r a l  growth i n  
t h e  i n t e s t i n e  between 7  and 12 hours 
pos t - inocula t ion  followed by a  rap id  
d e c l i n e  over  t h e  next  48 hours.  
F igure  1 demonstrates  a  c h a r a c t e r i s t i c  
r e p l i c a t i o n  curve fol lowing i n f e c t i o n  
wi th  s e ro type  3  ro t av i ru se s .  No 
r e p l i c a t i o n  was seen wi th  W179 
(sero type  1)  S2 ( se ro type  2) o r  ST. 
( se ro type  4) .  A l l  v i r u s e s  recovered 
from t h e  i n t e s t i n a l  suspensions,  were 
re -cu l t iva ted  i n  t i s s u e  c u l t u r e  and 
shown t o  have t h e  same e l e c t r o p h o r e t i c  
p a t t e r n  a s  t h e  inocula ted  s t r a i n .  

Hematoxylin-eosin s t a i n i n g  of t h e  
d i s t a l  small  i n t e s t i n e  revea led  v i l l u s  
e p i t h e l i a l  c e l l  vacuo l i z a t i on  
l oca l i z ed  t o  t h e  distal one-third of 

t h e  v i l l u s  i n  only those  mice i n f ec t ed  
wi th  se ro type  3 s t r a i n s  of r o t a v i r u s  
(Figure 2) .  The h i s t o l o g i c a l  
appearance of t h e  i n t e s t i n e s  of mice 
inocula ted  w i th  o t h e r  s e ro types  was 
s i m i l a r  t o  t h a t  of c o n t r o l  l i t t e r s  
inocula ted  w i th  c e l l - f r e e  medium from 
uninfec ted  MA104 c e l l s .  

Although mice inocula ted  w i th  
l a r g e r  doses t o  1 0 ~ ~ ~ )  
r o t a v i r u s e s  of se ro types  1, 2  and 4 
d id  no t  show d i a r rhea ,  t y p i c a l  
h i s t opa tho log i c  changes o r  i n t e s t i n a l  
r e p l i c a t i o n ;  r o t a v i r u s  an t i gen  was 
de t ec t ed  by immunoperoxidase s t a i n i n g  
i n  a l l  se ro types  t e s t e d  ( t a b l e  1 ) .  
F igure  3A demonstrates  t h e  s t a i n i n g  
seen i n  mice fol lowing o r a l  
i nocu l a t i on  wi th  WI-79, human sero type  
1. Although t h e  mouse was 
asymptomatic approximately 10% of 
c e l l s  demonstrated d i s c r e e t  b ru sh  
bo rde r  o r  d i f f u s e  cytoplasmic 
s t a i n i n g .  The r o t a v i r u s  s p e c i f i c  
s t a i n i n g  was ob la ted  when t h e  
d e t e c t i n g  ant iserum was f i r s t  absorbed 
w i th  p u r i f i e d  SAll v i r u s  (Figure 3B). 
Although t h e  immunoperoxidase s t a i n i n g  
of i n t e s t i n a l  s e c t i o n s  d id  no t  al low 
an exact  assessment of t h e  number of 
i n f ec t ed  c e l l s ,  t h e r e  appeared t o  b e  a  
h ighe r  inc idence  of s t a i n e d  c e l l s  i n  
t h e  s e ro type  3-infected mice. 

A n e u t r a l i z i n g  ant ibody response 
was de t ec t ed  i n  mice wi th  symptoms of 
r o t a v i r u s  d i a r r h e a  ( t a b l e  2) .  
Serotype 3  r o t a v i r u s  s t r a i n  CC3-17 
induced n e u t r a l i z i n g  ant ibody 
d e t e c t a b l e  a t  4 weeks post- inf  e c t i on .  
Other  se ro types  occa s iona l l y  induced 
n e u t r a l i z i n g  ant ibody i n  lower t i t e r s .  
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Discussion 

We have prev ious ly  determined 
t h a t  a d u l t  mice could b e  u s e f u l  f o r  
p r epa ra t i on  of s p e c i f i c  hyperimmune 
re fe rence  an t i - s e r a  t o  heterologous 
ro t av i ru se s  (5) . Subsequently (8) , i t  
was determined t h a t  t y p i c a l  r o t a v i r u s  
d i s e a s e  can b e  induced i n  newborn mice 
inocula ted  w i th  t h e  s e ro type  3  s imian 
r o t a v i r u s  SA-11. I n  t h i s  s tudy ,  we 
have deterniined t h a t  d i a r r h e a  i s  
c o n s i s t e n t l y  induced wi th  a l l  s e ro type  
3  ro t av i ru se s  t e s t e d ,  whether of human 

o r  lower primate o r i g i n .  

Immunoperoxidase s t a i n i n g  was 
p o s i t i v e  f o r  a l l  human r o t a v i r u s  
s t  r a i n s  t e s t e d  i nd i ca t i ng  
t r a n s c r i p t i o n  and t r a n s l a t i o n  of t h e  
v i r a l  genome and production of v i r a l  
p ro t e in s .  However, i n t e s t i n a l  c e l l s  
of mice i n f ec t ed  w i th  se ro type  t h r e e  
s t r a i n s  demonstrated more i n t e n s e  
s t a i n i n g  and d i s ea se  ensued. The 
human s e ro type  3  s t r a i n s  of r o t a v i r u s  
appear  t o  b e  s e r o t y p i c a l l y  s i m i l a r  t o  
a t  l e a s t  one s t r a i n  (EB) of murine 
r o t a v i r u s ,  a s  shown by Harry Greenberg 
i n  1986 (10) .  This s i m i l a r i t y  
demonstrated by a  n e u t r a l i z a t i o n  assay  
i n d i c a t e s  t h e  p o s s i b i l i t y  of shared 
ep i t opes  on VP3 and/or VP7 and may 
account f o r  t h e  v i r u l e n c e  of human 
sero type  3  s t r a i n s  i n  mice (11). 

The a v a i l a b i l i t y  of t h i s  smal l  
animal model may he lp  i n  eva lua t ing  
bo th  a t t e n u a t i o n  o r  immunogenicity of 
se ro type  3  ro t av i ru s .  Such informat ion  
i s  d e s i r a b l e  bo th  because se ro type  3  
r o t a v i r u s  i s  a  common cause  of human 
d i s e a s e  and because p r i n c i p l e s  of 
a t t e n u a t i o n  a sce r t a i ned  f o r  one 
se ro type  may b e  app l i c ab l e  t o  o the r s .  
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