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Experimental infection of reindeer with bovine viral diarrhea virus 
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Abstract: T w o 8-month reindeer (Rangifer tarandus) and a 1-month-old H e r e f o r d - H o l s t e i n calf (Bos taurus) 
were inoculated intranasally w i t h the Singer (cytopathogenic) strain of bovine v i r a l diarrhea ( B V D ) v i rus . C l i 
nical signs i n reindeer inc luded loose stools containing blood and mucus, and transient laminit is or coronit is . 
Signs in the calf were l i m i t e d to b l o o d y mucus in the stool and lesions i n the nasal mucosa. A n t i b o d y titers 
to B V D virus in the reindeer were intermittent , and titers in the calf persisted f r o m days 14 to 63 post- inocu
lat ion (PI). V i r e m i a was detected o n P I day 4 i n one reindeer, days 3-7 in the other, and days 2-7 i n the calf. 
Bovine v i ra l diarrhea virus was isolated f r o m the lung of the calf at necropsy (PI day 63). 
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S e r o l o g i c a l s u r v e y s i n d i c a t e r e i n d e e r (Rangifer 
tarandus) a n d c a r i b o u are n a t u r a l l y e x p o s e d t o 
i n f e c t i o u s b o v i n e r h i n o t r a c h e i t i s ( I B R ) , p a r a i n 
f l u e n z a t y p e 3 (PI-3) , a n d b o v i n e v i r a l d i a r r h e a 
( B V D ) v i r u s e s ( D i e t e r i c h 1980; E l a z h a r y et a l . 
1981). C l i n i c a l signs o f B V D i n f e c t i o n i n d o 
m e s t i c l i v e s t o c k i n c l u d e u p p e r r e s p i r a t o r y t rac t 
i n f e c t i o n s , r e p r o d u c t i v e d i s o r d e r s ( G r a h n et a l . 
1984), l e u k o p e n i a , d i a r r h e a , e r o s i o n s o f t h e o r a l 
m u c o s a , a n d i m m u n o s u p p r e s s i o n ( K a h r s 1981; 
M a r k h a m a n d R a m n a r a i n e 1985; R a d o s t i t s a n d 
L i t t l e j o h n s 1988). S e v e r i t y o f disease ranges 

f r o m m i l d t o a c u t e l y fa ta l d e p e n d i n g o n t h e de
gree o f v i r a l - i n d u c e d i m m u n o t o l e r a n c e a n d 
c r o s s - i n f e c t i n g s t r a i n o f B V D v i r u s ( B a k e r 1987; 
K a h r s 1981). A n i n v e s t i g a t i o n w a s c o n d u c t e d 
o n a l i m i t e d n u m b e r o f a n i m a l s as a p i l o t s t u d y 
t o i n v e s t i g a t e t h e effects o f B V D v i r u s o n r e i n 
deer . 

T w o 8 - m o n t h s - o l d r e i n d e e r (Rangifer taran
dus) a n d a 1 - m o n t h - o l d H e r e f o r d - H o l s t e i n c a l f 
(Bos tarandus) w e r e h o u s e d i n a 1 0 . 5 m 2 i n d o o r 
disease c o n t a i n m e n t r o o m w i t h s h o w e r - i n - s h o -
w e r - o u t f a c i l i t i e s . E a c h a n i m a l w a s i n o c u l a t e d 
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i n t r a n a s a l l y w i t h 1 m l o f m e d i a c o n t a i n i n g 
S i n g e r ( c y t o p a t h o g e n i c ) s t r a i n o f b o v i n e v i r a l 
d i a r r h e a ( B V D ) v i r u s . T h e v i r u s h a d b e e n p r o 
p a g a t e d i n b o v i n e e m b r y o n i c t e s t i c u l a r ( B T E S ) 
ce l ls ( E v e r m a n n 1979; C o r i a a n d M c C l u r k i n 
1978) g r o w n i n M i n i m a l E s s e n t i a l M e d i u m 
( M E M ) 1 s u p p l e m e n t e d w i t h 1 0 % fe ta l b o v i n e 
s e r u m free o f B V D v i r u s a n d B V D v i r u s a n t i 
b o d y . V i r u s t i t e r w a s c a l c u l a t e d t o be 1 0 6 1 t is
sue c u l t u r e i n f e c t i v e doses - 5 0 % p e r m l 
( T C I D s o / m l ) . 

C l i n i c a l s igns w e r e m o n i t o r e d . H e p a r a n i z e d 
b l o o d s a m p l e s w e r e c o l l e c t e d a s e p t i c a l l y f r o m 
t h e j u g u l a r v e i n d a i l y f o r t h e f i rs t w e e k f o r v i 
r u s i s o l a t i o n ( E v e r m a n n 1979). J u g u l a r b l o o d 
s a m p l e s w e r e c o l l e c t e d t w i c e w e e k l y f o r h e m a 
t o l o g i c s tudies a n d o n c e w e e k l y f o r s e r o l o g i c 
d e t e r m i n a t i o n s ( s t a n d a r d m i c r o t i t e r v i r u s n e u 
t r a l i z a t i o n , R o s s i a n d K i e s e l , 1971). A l l a n i m a l s 
w e r e n e c r o p s i e d 63 days p o s t - i n o c u l a t i o n (PI ) . 
S a m p l e s o f m e s e n t e r i c l y m p h n o d e s , s p l e e n , l i 
v e r , k i d n e y , l u n g s , a n d r u m e n w e r e c o l l e c t e d 
f o r h i s t o p a t h o l o g i c e x a m i n a t i o n . P o r t i o n s o f 
b u f f y coat a n d l i v e r , s p l e e n , a n d l u n g w e r e i n o 
c u l a t e d o n t o B T E S cel ls f o r v i r u s i s o l a t i o n 
( E v e r m a n n 1979; C o r i a a n d M c C l u r k i n 1978), 
a n d m o n i t o r e d f o r B V D v i r a l ant igens b y d i r e c t 
i m m u n o f l u o r e s c e n c e ( F e r n e l i u s 1964) u s i n g b o 
v i n e a n t i - B V D F I T C c o n j u g a t e r e c e i v e d f r o m 
the N a t i o n a l A n i m a l D i s e a s e C e n t e r , A m e s , 
I o w a . 

C l i n i c a l s igns i n b o t h r e i n d e e r i n c l u d e d l o o s e 
s t o o l s c o n t a i n i n g b l o o d a n d m u c u s , a n d t r a n s i 
ent l a m i n i t i s o r c o r o n i t i s . A r e l a t i v e l e u k o p e n i a 
w a s o b s e r v e d i n each r e i n d e e r o n P I d a y 17. A 
serous nasal d i s c h a r g e ( P I d a y 8) p r o g r e s s e d t o a 
m u c o p u r u l e n t d i scharge ( P I d a y 15), a n d be
c a m e d r y a n d c r u s t y (PI d a y 29) i n o n e r e i n d e 
er. S igns i n the ca l f i n c l u d e d b l o o d y m u c u s i n 
the s t o o l ( P I d a y 7) a n d l e s i o n s i n the nasa l m u 
cosa . S m a l l p i n k m a c u l e s 2 t o 3 m m i n d i a m e 
ter w e r e o b s e r v e d i n each n o s t r i l f r o m P I d a y s 
16 t o 19. A f e w m a c u l e s a n d p a p u l e s 1 t o 2 
m m i n d i a m e t e r w e r e o b s e r v e d i n the left n o 
s t r i l f r o m P I d a y 23 t o 28 , a n d o n e 2 t o 3 m m 
p a p u l e w a s n o t e d i n that same n o s t r i l f r o m P I 
days 31 t o 34. A l e u k o p e n i a w a s o b s e r v e d o n 
P I d a y 13. 

V i r e m i a w a s detec ted o n P I d a y 4 i n o n e r e i n 
deer , days 3 - 7 i n the o t h e r , a n d days 2 - 7 i n t h e 
calf . A n t i b o d y t i ters t o B V D v i r u s w e r e detec-
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t e d o n d a y s 2 1 , 28 , 35 , a n d 56 i n o n e r e i n d e e r ; 
a n d o n d a y s 28 , 35, a n d 63 i n the s e c o n d . A n t i 
b o d y t i te rs i n the ca l f p e r s i s t e d f r o m d a y s 14 t o 
63 P I . T i t e r s w e r e l o w e r i n b o t h r e i n d e e r t h a n 
i n t h e ca l f . 

G r o s s l e s i o n s i n the f i rs t r e i n d e e r at n e c r o p s y 
( P I d a y 63) w e r e l i m i t e d t o excess h e m o r r h a g i c 
p e r i c a r d i a l f l u i d . M i c r o s c o p i c l e s i o n s i n c l u d e d 
p e r i b r o n c h u l a r a c c u m u l a t i o n s o f p o l y m o r p h o 
n u c l e a r a n d m o n o n u c l e a r ce l l s . R a r e f o c a l a c c u 
m u l a t i o n s o f i n f l a m m a t o r y ce l ls w e r e o b s e r v e d 
i n the l i v e r . N o m i c r o s c o p i c l e s i o n s w e r e o b s e r 
v e d i n t h e r u m e n . 

N o gross l e s i o n s w e r e o b s e r v e d i n t h e s e c o n d 
r e i n d e e r . M i c r o s c o p i c l e s i o n s i n c l u d e d p e r i p o r 
ta l i n f i l t r a t i o n b y m o n o n u c l e a r cel ls a n d areas 
o f f o c a l n e c r o s i s i n t h e l i v e r , a n d m a n y areas o f 
m o n o n u c l e a r i n f i l t r a t i o n p r i m a r i l y a s s o c i a t e d 
w i t h t h e g l o m e r u l a r s t r u c t u r e s i n t h e k i d n e y s . 

B o v i n e v i r a l d i a r r h e a v i r u s w a s i s o l a t e d f r o m 
the l u n g o f t h e ca l f at n e c r o p s y . P e t e c h i a l he
m o r r h a g e s w e r e p r e s e n t o n the r u m e n w a l l a n d 
t i p s o f t h e p a p i l l a e . M i c r o s c o p i c l e s i o n s a p p e a 
r e d t o be l i m i t e d t o s m a l l areas o f n e c r o s i s a n d 
m o n o n u c l e a r i n f i l t r a t i o n i n t h e r u m e n v i l l i . 

C l i n i c a l s igns i n a l l t h r e e a n i m a l s w e r e c o n s i s 
tent w i t h t h e s p e c t r u m o f c l i n i c a l disease as
s o c i a t e d w i t h B V D v i r u s i n f e c t i o n s ( E v e r m a n n 
a n d F a r i s 1981; B l o o d et a l . 1979). A l t h o u g h 
signs i n a n i m a l s i n t h i s s t u d y w e r e c o n s i d e r e d 
m i l d , l a b o r a t o r y i n f e c t i o n s w i t h B V D v i r u s are 
o f t e n n o t as severe as f i e l d i n f e c t i o n s w h i c h 
m a y i n v o l v e c o m p l i c a t i n g f a c t o r s s u c h as s e c o n 
d a r y v i r a l a n d b a c t e r i a l i n f e c t i o n s , o r s u p e r i n 
f e c t i o n o f B V D - i m m u n o t o l e r a n t a n i m a l s w i t h a 
h e t e r o l o g o u s s t r a i n o f B V D v i r u s ( K a h r s 1981; 
R a d o s t i t s a n d L i t t l e j o h n s 1988). M o r b i d i t y a n d 
m o r t a l i t y i n catt le c a n be i m p r e s s i v e w h e n t o 
t a l l y s u s c e p t i b l e p o p u l a t i o n s are i n f e c t e d ( K a h r s 
1981). 

T h i s s t u d y i n d i c a t e s tha t B V D v i r u s is c a p a b l e 
o f r e p l i c a t i n g a n d c a u s i n g c l i n i c a l disease i n 
r e i n d e e r . T h e p o t e n t i a l exists f o r f r e e - r a n g i n g 
r e i n d e e r i n s t ress fu l s i t u a t i o n s t o d e v e l o p acute 
c l i n i c a l s igns o f B V D i n f e c t i o n . T h e p o s s i b i l i t y 
o f m a n i f e s t a t i o n o f c l i n i c a l s igns o f B V D o r 
o t h e r r e s p i r a t o r y i n f e c t i o n s s h o u l d be c o n s i d e 
r e d i n r e i n d e e r b e i n g t r a n s l o c a t e d . 

The authors greatly appreciate the technical assis
tance of H o l l y H o g a n . 
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