
University of Montana University of Montana 

ScholarWorks at University of Montana ScholarWorks at University of Montana 

Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 

1982 

The pathology and cross-infectivity of Sarcocystis spp. in mule The pathology and cross-infectivity of Sarcocystis spp. in mule 

deer white-tailed deer and elk deer white-tailed deer and elk 

Daniel B. Pond 
The University of Montana 

Follow this and additional works at: https://scholarworks.umt.edu/etd 

Let us know how access to this document benefits you. 

Recommended Citation Recommended Citation 
Pond, Daniel B., "The pathology and cross-infectivity of Sarcocystis spp. in mule deer white-tailed deer 
and elk" (1982). Graduate Student Theses, Dissertations, & Professional Papers. 7007. 
https://scholarworks.umt.edu/etd/7007 

This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 

https://scholarworks.umt.edu/
https://scholarworks.umt.edu/etd
https://scholarworks.umt.edu/etd
https://scholarworks.umt.edu/grad
https://scholarworks.umt.edu/etd?utm_source=scholarworks.umt.edu%2Fetd%2F7007&utm_medium=PDF&utm_campaign=PDFCoverPages
https://goo.gl/forms/s2rGfXOLzz71qgsB2
https://scholarworks.umt.edu/etd/7007?utm_source=scholarworks.umt.edu%2Fetd%2F7007&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@mso.umt.edu


COPYRIGHT ACT OF 1976

Th i s  i s  an u n p u b l is h e d  m a n u sc r ip t  i n  which  c o pyr ig ht  sub ­
s i s t s . Any further r e p r i n t i n g  of i t s  contents must be approved

BY THE AUTHOR.

MANSFIELD L i b r a r y  
U n i v e r s i t y  o f  Montana 

DATE: --------1 - 9  8 - 2 --------





T H E  P A T H O L O G Y  A N D  C R O S S - IN F E C T I V I T Y  

O F  SA R C O C Y S T IS  S P P . IN  M U L E  D E E R ,  

W H I T E - T A I L E D  D E E R ,  A N D  E L K

B y

D a n ie l  B . P ond

B . S. , U n i v e r s i t y  o f  M o n ta n a ,  1982

P r e s e n te d  in  p a r t i a l  f u l f i l l m e n t  o f  the  r e q u i r e m e n t s  f o r  the  d e g re e  o f

M a s te r  o f  S c ie n c e  

U N IV E R S IT Y  O F  M O N T A N A  

1982

A p p ro v e d  b y :

C h a i r m a n ,  B o a rd  o f  E x a m in e r s

D e an , G ra d u a te  S c h o o l

2  3

D a te



UMI Number: EP37808

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

UMI
Oisserlation F^jblisNng

UMI EP37808

Published by ProQuest LLC (2013). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 

unauthorized copying under Title 17, United States Code

ProQuest
ProQuest LLC.

789 East Eisenhower Parkway 
P.O. Box 1346 

Ann Arbor, Ml 48106- 1346



a b s t r a c t

P o n d ,  D a n ie l  B . , M . S . ,  F a l l  1982 W i l d l i f e  B io lo g y

T h e  P a th o lo g y  and  C r o s s - I n f e c t i v i t y  o f  S a r c o c y s t i s spp . in  M u le  
D e e r ,  W h i t e - t a i l e d  D e e r ,  and E l k  (39 pp. )

D i r e c t o r :  B a r t  W . O 'G a r a

S a r c o c y s t is  f r o m  m u le  d e e r ,  w h i t e - t a i l e d  d e e r ,  and  e lk  w as  
p a s s e d  t h r o u g h  c o y o te s ,  y ie ld in g  2 d i s t i n c t  ty p e s  o f s p o r o c y s t s .  
S p o ro c y s ts  o f  S. h e m io n i l a t r a n t i s  m e a s u r in g  16.2 X  9.9 pm  w e r e  
c o m m o n  to  a l l  i n t e r m e d ia t e  h o s ts ,  and a n o th e r  S a r c o c y s t is  sp . 
m e a s u r in g  19.3 X  12.7 p m  w a s  p a s s e d  o n ly  a f t e r  e a t in g  e lk  m e a t .  
T h e s e  s p o r o c y s t s  w e r e  fe d  to  12 m u le  d e e r  fa w n s  d iv id e d  in to  4 
g r o u p s ,  each  r e c e iv i n g  s p o r o c y s t s  f r o m  1 in t e r m e d ia t e  h o s t  w i t h  
1 c o n t r o l  g ro u p .  T h o s e  fa w n s  r e c e iv i n g  s p o r o c y s t s  d e v e lo p e d  
a c u te  s a r c o c y s t o s is .  C l i n i c a l  s y m p to m s  s t a r t e d  11 days  p o s t  
i n f e c t io n  and  in c lu d e d  a n o r e x ia ,  p y r e x ia ,  w e ig h t  lo s s ,  w e t  cough , 
h a i r  lo s s ,  and s lo u g h in g  o f  the  e a r s ,  t a i l ,  and g la n s  p e n is .  O n ly  
S G P T ,  S G O T, and C P K  le v e ls  in  the  b lo o d  b e c a m e  e le v a te d  d u r in g  
th e  e x p e r im e n t .  T h r e e  fa w n s  d ie d  o f c o n g e s t iv e  h e a r t  f a i l u r e  and 
1 w a s  m o r ib u n d  b e fo r e  b e in g  k i l l e d .  T h e  e x p e r im e n t  w a s  ended 
a f t e r  49 d a y s .  A l l  fa w n s  show ed  s ig n s  o f c o n g e s t iv e  h e a r t  f a i l u r e ,  
l y m p h a d e n i t i s ,  m e n in g o e n c e p h a l i t i s ,  e n d o c a r d i t i s ,  and h y p e r ­
p la s ia  o f  the  s p le e n  and l i v e r .  T h e  p r i m a r y  le s io n s  o c c u r r e d  in  
s k e le t a l  m u s c le  and in c lu d e d  p e r i v a s c u la r  n e c r o s is  w i t h  a m o n o ­
n u c le a r  c e l l  i n f i l t r a t i o n ,  e d e m a , and d e g e n e ra t io n  o f  m u s c le  
t i s s u e .  S c h iz o n ts  a t v a r io u s  s ta g e s  w e r e  seen  in  th e  s k e le ta l  and 
h e a r t  m u s c le s  o f  a l l  fa w n s  and  in  the  a d r e n a l  g la n d s  o r  lu n g s  o f 3 
o t h e r s .  No c y s t  f o r m a t i o n  w a s  seen . T h r e e  p re g n a n t  m u le  d e e r  
does  and 1 p re g n a n t  e lk  f r o m  th e  N B R  w e r e  g r o s s l y  in fe c te d  w i t h  
S a r c o c y s t i s . C y s ts  r a n g e d  in  s iz e  f r o m  0.2 m m  X  0 .4  m m  to
0 .4  m m  X  1 m m .  L ig h t  m ic r o s c o p y  sho w e d  th a t  c y s ts  had 
p r o m in e n t  w a l l s  w i t h  s e p ta e  c o m p a r t m e n t a l i z i n g  b r a d y z o i t e s  and 
m e t r o c y s t s  w i t h in  th e  c y s t .  E le c t r o n  m ic r o s c o p y  re v e a le d  1 c y s t  
w a l l  t y p e  c o m m o n  to  b o th  s p e c ie s  o f  d e e r  and e lk  and a seco n d  
c y s t  w a l l  ty p e  in  e lk  o n ly .  M u s c le  d ig e s t io n  o f  6 f e ta l  m u le  d e e r  
and  1 f e t a l  e lk  r e v e a le d  a c o n g e n i ta l  in f e c t io n  in  1 d e e r  fe tu s .  
A p p a r e n t l y  S. h e m io n i l a t r  a n t is  in fe c t s  m u le  d e e r ,  w h i t e - t a i l e d  
d e e r ,  and e lk ;  and a s e c o n d  u n id e n t i f i e d  S a r c o c y s t is  sp . in fe c t s  
e lk .



A C K N O W LED G M ENTS

I  th a n k  th e  m a n a g e r  and  p e r s o n n e l  o f  th e  N a t io n a l  B is o n  R a n g e  

f o r  t h e i r  a s s is ta n c e  in  o b ta in in g  m y  s tu d y  a n im a ls .

I a ls o  th a n k  m y  g ra d u a te  c o m m i t t e e  m e m b e r s ,  D r s .  B a r t  

O 'G a r a ,  L e s  M a r c u m ,  B e r t  P f e i f f e r ,  and D a ve  W o r le y ,  f o r  t h e i r  h e lp  

in  r e v ie w in g  t h is  m a n u s c r ip t .  A  v e r y  s p e c ia l  th a n k s  to  B a r t  f o r  a l l  the  

h e lp  and g u id a n c e  he has g iv e n  m e  o v e r  th e  y e a r s .

W i th o u t  the  h e lp  o f  m y  p a r e n ts  and R a n d y  f o r  the  m u c h  nee ded

f i n a n c ia l  and  m o r a l  s u p p o r t ,  t h is  s tu d y  w o u ld  n o t  have  been  p o s s ib le .

I  a m  a ls o  g r a t e f u l  to  m y  w i f e ,  S h e ry l ,  w h o  s p e n t  m a n y  h o u rs  t r y i n g  to

r e a d  m y  h a n d w r i t i n g  and  t y p in g  th is  t h e s is .

C . A .  S p e e r  h e lp e d  w i t h  the  e le c t r o n  m ic r o g r a p h y  and ta u g h t  

m e  a v e r y  im p o r t a n t  le s s o n  in  l i f e .  F i n a l l y  I  w is h  to  th a n k  th e  m a n y  

s tu d e n ts  w h o  h e lp e d  m e  c a tc h  the  d e e r  fa w n s ;  t h e i r  t im e  and p a t ie n c e  

a r e  m u c h  a p p r e c ia te d .
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IN T R O D U C T IO N

S a r c o c y s t is  is  c o m m o n  in  th e  m u s c u la t u r e  o f  m a n y  s p e c ie s  o f 

m a m m a ls ,  b i r d s ,  and r e p t i l e s  ( K a ly a k in  and Z a s u k h in  1975).  I t  is  

r e c o g n iz e d  as an im p o r t a n t  c a u s e  o f  d is e a s e  in  c a t t l e ,  s w in e ,  and 

sheep  (D u b e y  1976). S a r c o c y s t i s  has been  r e p o r t e d  in  v a r io u s  N o r t h  

A m e r i c a n  f r e e - r a n g in g  u n g u la te s ,  in c lu d in g  m o o s e  (A lc e s  a l c e s )

( K e l le y  et a l .  1950, D u b e y  1980 , M a h r t  and C o lw e l l  1980); b is o n  

(B is o n  b i s o n ) (P ond  and S p e e r  1 97 9, D u b e y  1980); p r o n g h o r n  a n te lo p e  

(A n t i l o c a p r a  a m e r i c a n a ) (D u b e y  1980); m u le  d e e r  (O d o c o i le u s  h e m io n u s ), 

w h i t e - t a i l e d  d e e r  (O, V i r g in i a n  u s ), and e lk  (C e rv u s  e la p h u s  ) (P ond  and 

S p e e r  1979, M a h r t  and C o lw e l l  1980).

P r i o r  to  1977 , m u le  d e e r  p o p u la t io n s  m a y  have  d e c l in e d  

b e c a u s e  o f S a r c o c y s t is  in  O re g o n  (H u d k in s  and K i s t n e r  197 7) and South 

D a k o ta  (A n o n y m o u s  1977). S. h e m io n i l a t r  a n t is  in v o lv in g  c o y o te s  (C an is  

l a t r a n s ) and  m u le  d e e r  w a s  fo u n d  to  be p a th o g e n ic  to  e x p e iT m e n ta l ly  

in fe c te d  m u le  d e e r  fa w n s  (H u d k in s  and K i s t n e r  1977, K o l le i '  c t  a l .  1977). 

H o w e v e r ',  th e  im p a c t s  o f  S a r c o c y s t is  on w i l d  p o p u la t io n s  ar e n o t  c le a i ' l y  

u n d e rs to o d .

O n th e  N a t io n a l  B is o n  R a n g e  (N B R )  n e a r  M is s o u la ,  M o n ta n a ,  

th e  d e e r  and  e lk  p o p u la t io n s  h a v e  a h ig h  in c id e n c e  o f S a r c o c y s t is  (P o n d  

a nd  S p e e r  197 9 ).  T h e  N B R  is  b o r d e r e d  b y  a 3 - m  h ig h  w e ld e d  w i r e

1



f e n c e  e f f e c t i v e l y  p r e v e n t in g  im m i g r a t i o n  o r  e m ig r a t io n  o f  b ig  g a m e  

a n im a ls ,  A  s u r v e y  o f  m u le  d e e r  in  1980 r e v e a le d  th a t  100% (N = 65) o f  

th e  d e e r  w e r e  g r o s s l y  in fe c te d  (P ond  u n p u b l .  d a ta ) ;  in  1976, 80% of 

th e  m u le  d e e r ,  50% of the  w h i t e - t a i l e d  d e e r ,  and 50% o f the  e lk  w e r e  

g r o s s l y  in fe c te d  (P ond  and S p e e r  1 979). In fe c te d  d e e r  and e lk  fo und  

on th e  N B R  m u s t  h a v e  r e c e iv e d  t h e i r  in fe c t io n  f r o m  a s o u r c e  on the 

N B R .

T h e  d e f in i t i v e  h o s t  o f  S. h e m io n i l a t r  an t is  is  th e  c o y o te  

(H u d k in s  and  K i s t n e r  1977, S p e e r  et a l .  1980), the  p r i m a r y  c a r n i v o r e  

on the  N B R .  In  1 976, 12 o f  17 (70%) f r e s h  c o y o te  s c a ts  c o l le c te d  

f r o m  50 k m  o f  r o a d  on the  N B R  in  a s in g le  day  c o n ta in e d  S a r c o c y s t is  

s p o r o c y s t s  (P o n d  u n p u b l .  d a ta ) .  S e ven teen  o f 19 (89%) c o y o te s  k i l l e d  

on th e  N B R  in  1978 w e r e  a ls o  in fe c te d  (P ond  un p u b l.  da ta ) .

T h e  h ig h  in c id e n c e  o f  in fe c te d  d e e r ,  e lk ,  and c o y o te s  on the  

N B R  m a y  in d ic a te  th a t  t h e r e  is  1 s p e c ie s  o f  S a r c o c y s t is  fo u n d  in  

th e s e  a n im a ls .  T h e  o b je c t iv e s  o f  th is  s tu d y  w e r e  to  e x a m in e  the  

d e v e lo p m e n t  and h is to p a th o lo g y  o f  Sa r -c o c y s t is  in fe c t io n s  in  m u le  d e e r  

and  d e t e r m in e  i f  S a r c o c y s t i s  f r o m  w h i t e - t a i l e d  d e e r  and e lk  c o u ld  be 

p a s s e d  th r o u g h  c o y o te s  and  in fe c t  m u le  d e e r  fa w n s .



M A T E R I A L S  A N D  M E T H O D S

I n fe c t io n  o f  C o y o te s

T h e  o r i g i n a l  s o u r c e  o f  S a r c o c y s t is  w a s  o b ta in e d  f r o m  f r e e -  

r a n g in g  m u le  d e e r ,  w h i t e - t a i l e d  d e e r ,  and e lk  c o l le c te d  on the  N B R .  

A l l  o f  th e s e  a n im a ls  w e r e  g r o s s l y  in fe c te d .  T h e  s k e le ta l  m u s c u la tu r e  

o f  each  a n im a l  w a s  g ro u n d ,  d iv id e d  in to  5 0 0 -g  p a c k e ts ,  and  s to r e d  a t 

7 ° C .

S t a r t i n g  a t 6 m o n th s  o f  age , 4 c o y o te  pups  w e r e  used  as 

d e f i n i t i v e  h o s ts  t h ro u g h o u t  the  e x p e r im e n ts .  A l l  pup s  w e r e  housed  

t o g e th e r  and  had  been  w e a n e d  and  m a in ta in e d  on d r y  c o m m e r c i a l  dog 

fo o d .  F o r  14 d a y s ,  d a i l y  f e c a l  s a m p le s  w e r e  o b ta in e d  f r o m  each  

c o y o te ,  f lo a te d  on S h e a th e r 's  s u g a r  s o lu t io n  (sp . g r .  1 .12 ) ,  and 

e x a m in e d  f o r  p a r a s i t e s  p r i o r  to  the  s t a r t  o f  each  e x p e r im e n t .  N one 

o f  the  c o y o te s  e x h ib i te d  c o c c id ia n  o o c y s ts  o r  s p o r o c y s t s  d u r in g  th o s e

1 4 - d a y  p e r io d s .

T h e  c o y o te s  w e r e  i n i t i a l l y  fe d  3 kg  o f  g ro u n d  m u le  d e e r  each 

d u r in g  a 1 -w e e k  p e r io d .  F e c a l  s a m p le s  w e r e  c h e c k e d  d a i l y  f o r  

s p o r o c y s t s  o r  o o c y s ts .  P r e p a te n t  and p a te n t  p e r io d s  w e r e  d e t e r m in e d  

and  a l l  c o y o te s  w e r e  a g a in  c h e c k e d  f o r  14 c o n s e c u t iv e  days  a f t e r  the  

la s t  s p o r o c y s t  w a s  o b s e rv e d  b e f o r e  th e  c o y o te s  w e r e  c o n s id e r e d  

S a r c o c y s t i s  f r e e .  T h e  s a m e  p r o c e d u r e  w a s  used  w h en  the  c o y o te s  

w e r e  in fe c te d  w i t h  S a r c o c y s t i s  f r o m  w h i t e - t a i l e d  d e e r  and e lk .



O o c y s ts  and s p o r o c y s t s  w e r e  c o l le c t e d  d a i l y  b y  f l o a t in g  fe c e s  

on S h e a th e r 's  s u g a r  s o lu t io n  in  p e t r i  d is h e s  (H a m m o n d  et a l .  1968), 

c le a n e d  o f  e x c e s s  f e c a l  d e b r i s ,  and  s to r e d  s e p a r a te l y  in  d i s t i l l e d  w a te r  

o r  2 .5%  w / v  p o ta s s iu m  d ic h r o m a te  s o lu t io n  a t 7 °C  f o r  1 w e e k  to  6 

m o n th s .  M o r p h o lo g ic a l  c h a r a c t e r i s t i c s  o f  50 s p o r o c y s t s  f r o m  each  

o f  th e  3 d i f f e r e n t  i n t e r m e d ia t e  h o s ts  w e r e  c o m p a r e d  u s in g  l i g h t  

m ic r o s c o p y .

I n fe c t io n  o f  D e e r  F a w n s  

T w e lv e  1 -1 0  d a y  o ld  m u le  d e e r  fa w n s  w e r e  c a u g h t  on the  NB R  

and  p la c e d  to g e th e r  in  an o u td o o r  pen is o la te d  f r o m  c a r n iv o r e s .  One 

a d d i t io n a l  m u le  d e e r  fa w n  and a w h i t e t a i l  fa w n  w e r e  o b ta in e d  f r o m  the 

M o n ta n a  D e p a r tm e n t  o f  F i s h ,  W i l d l i f e  and P a r k s  ( M T  F W P )  and 

i s o la t e d  f r o m  th e  N B R  fa w n s .  F a w n s  w e r e  b o t t l e - f e d  r a w  c o w 's  m i l k  

3 t im e s  d a i l y  and w e r e  g iv e n  g r a in ,  s a l t ,  and  w a te r  ad l i b  a f t e r  2 

w e e k s .  A t  e v e r y  fe e d in g ,  fa w n s  w e r e  s t im u la t e d  to  u r in a te  and 

d e fe c a te  w i t h  a w a r m  w e t  p a p e r  t o w e l  to  h e lp  p r e v e n t  c o n ta m in a t io n  

f o r  th e  f i r s t  3 w e e k s .

A t  7 -2 0  d a y s  o f  age , th e  12 N B R  fa w n s  w e r e  r a n d o m ly  ta g g e d  

and  p u t  in to  1 g ro u p  o f  3, 2 g ro u p s  o f  4, and 1 c o n t r o l .  TJ iese a n im a ls  

w e r e  o r a l l y  in fe c te d  w i t h  S a r c o c y s t is  a c c o r d in g  to  T a b le  1. S p o ro c y s ts  

w e r e  s u s p e n d e d  in  m i l k  and  b o t t l e - f e d  to  each  a n im a l .  A l l  4 g ro u p s  

r e m a in e d  h o u s e d  t o g e th e r .



T a b le  1. In o c u la t io n  s c h e d u le  o f  m u le  d e e r  fa w n s
w i t h  S a r c o c y s t i s  sp p ,  f r o m  3 i n t e r m e d ia t e  
h o s ts .

I n te r m e d ia t e  
h o s t  o r i g i n  
o f  in o c u la

N u m b e r  o f  
m u le  d e e r  
in o c u la te d

N u m b e r  o f 
s p o r o c y s t s  
in  in o c u la

M u le  d e e r 3 1.0  X  10^

W h i t e - t a i l e d  d e e r 4 5.5 X  lO'^

E l k 4 1.2 X  10^

T h e  2 fa w n s  o b ta in e d  f r o m  M T  F W P  w e r e  used  as u n in o c u ­

la te d  c o n t r o l s  and k e p t  i s o la te d  f r o m  the  N B R  fa w n s .  N o  r e c t a l  

t e m p e r a t u r e s  o r  b lo o d  w e r e  ta k e n  f r o m  th o s e  2 a n im a ls .  A l l  fa w n s  

w e r e  o b s e rv e d  3 t im e s  d a i l y  th ro u g h o u t  the e x p e r im e n t ,  and 

b e h a v io r a l  c h a n g e s  and c l i n i c a l  s y m p to m s  w e r e  r e c o r d e d .

F o r  1 w e e k  p r i o r  to  i n f e c t io n  and  th ro u g h o u t  th e  e x p e r im e n t ,  

r e c t a l  t e m p e r a t u r e s  w e r e  ta k e n  tw ic e  w e e k ly  u n t i l  o n s e t  o f  c l i n i c a l  

s y m p to m s ,  th e n  t e m p e r a t u r e s  w e r e  ta k e n  d a i l y .  B lo o d  w a s  d ra w n  

f r o m  the  ju g u l a r  v e in  in to  p la in  v a c u t a in e r  tu b e s  f r o m  each  a n im a l  

p r i o r  to  i n f e c t io n  and  a p p r o x im a t e ly  e v e r y  2 w e e k s  t h e r e a f t e r .  S e ru m  

w a s  s e p a ra te d  and f r o z e n  a t - 2 0 ° C  u n t i l  t e s ts  w e r e  p e r f o r m e d .

B lo o d  c h e m is t r i e s  w e r e  p e r f o r m e d  on th e s e  s e r a  u s in g  a S M A C  I I  

m a c h in e .

W h e n  fa w n s  d ie d  o r  w e r e  k i l l e d  a f t e r  b e c o m in g  c l i n i c a l l y  i l l .



n e c r o p s ie s  w e r e  p e r f o r m e d  and s a m p le s  o f  th e  f o l l o w in g  t is s u e s  w e r e  

f i x e d  in  10% f o r m a l i n  a f t e r  g r o s s  e x a m in a t io n :  b r a in ,  eye , s k e le ta l  

m u s c le ,  to n g u e ,  h e a r t ,  d ia p h r a g m ,  lu n g ,  k id n e y ,  l i v e r ,  s p le e n ,  l y m p h  

n o d e s ,  a d r e n a l  g la n d s ,  s m a l l  in te s t in e ,  and r e p r o d u c t i v e  o rg a n s .

T h e s e  t i s s u e s  w e r e  r o u t i n e l y  d e h y d ra te d ,  e m b e d d e d  in  p a r a f f i n ,  and 

s e c t io n e d  a t 5 p m .  S e c t io n s  w e r e  s ta in e d  w i t h  c i t h e r  h e m a to x y l in  

and  e o s in  ( I I  & E ) ,  o r  J e n n e r 's  s ta in s .

C r o s s  P la c e n ta l  T r a n s m is s io n

T h r e e  a d u l t  p r e g n a n t  m u le  d e e r  does and 1 p re g n a n t  cow  e lk  

w e r e  c o l le c t e d  on th e  N B R .  T h e  d e e r  and e lk  w e r e  a p p r o x im a t e ly  190 

and  2 35 days  in to  t h e i r  p r e g n a n c ie s .  S k e le ta l  m u s c le  s a m p le s  w e r e  

o b ta in e d  f o r  in  v i t r o  t i s s u e  d ig e s t io n  (B o x  and M c G u in n e s s  1 978) to  

c o n f i r m  in fe c t io n  and  s tu d y  m o r p h o lo g y  o f  m e t r o c y t e s  b y  p h a se  

m ic r o s c o p y .

S p e c im e n s  f o r  e le c t r o n  m ic r o s c o p y  w e r e  f ix e d  in  m o d i f ie d  

K a r n o v s k y 's  o r  3% ( v / v )  g lu ta r a ld e h y d e  in  0.2 M  c a c o d y la te  b u f f e r ,  

p o s t  - f i x e d  in  o s m iu m  t e t r  o x id e ,  p r e s ta in e d  w i t h  1% ( w / v )  u r a n y l  

a c e ta te  and 1% ( w / v )  p h o s p h o tu n g s t ic  a c id  in  70% e th a n o l,  e m b e d d e d  

in  E p o n  812 o r  S p u r r ' s  m e d iu m ,  s e c t io n e d ,  s ta in e d  w i th  le a d  c i t r a t e ,  

and  e x a m in e d  w i t h  a Z e is s  E M 9 -S 2  e le c t r o n  m ic r o s c o p e .

S ix  f e tu s e s  (3 s e ts  o f  tw in s )  w e r e  o b ta in e d  f r o m  th e  3 does 

and  1 fe tu s  w a s  o b ta in e d  f r o m  th e  cow  e lk .  S k e le ta l  m u s c le  s a m p le s
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w e r e  ta k e n  f r o m  a l l  fe tu s e s  f o r  t i s s u e  d ig e s t io n ,  and a l l  m a jo r  o rg a n s  

w e r e  f i x e d  in  10% f o r m a l i n  w i t h  r e p r e s e n t a t i v e  s a m p le s  o f  f e t a l  

m e m b r a n e s  and  p la c e n ta e .  T h e s e  t is s u e s  w e r e  r o u t i n e l y  e m b e d d e d  

in  p a r a f f i n ,  s e c t io n e d  a t  5 jum on a c l i n i c a l  m ic r o t o m e ,  and s ta in e d  

w i t h  H & E .

R E S U L T S

C o y o te  In fe c t io n s  

C o y o te s  w e r e  s u c c e s s f u l l y  in fe c te d  w i t h  S a r c o c y s t is  sp . 

f r o m  each  o f  the  3 i n t e r m e d ia t e  h o s ts .  T h e s e  in fe c t io n s  y ie ld e d  

o o c y s ts  and s p o r o c y s t s  o f  2 d i s t i n c t  s iz e s  and p a te n t  p e r io d s  (T a b le  2). 

S p o ru la te d  and  u n s p o r u la te d  o o c y s ts  w e r e  shed  o c c a s io n a l l y  d u r in g  the  

f i r s t  5 d a y s  o f  in fe c t io n .  S p o ro c y s ts  w e r e  t y i^ ic a l  o f  S a r c o c y s t is  in  

t h a t  t h e y  c o n ta in e d  4 s p o r o z o i t e s  and a g r a n u la r  r e s id u u m  ( F ig s .  1 -3 ) .

T a b le  2. S a r c o c y s t is  s p o r o c y s t s  shed  in  c o y o te  fe c e s  a f t e r  e a t in g  
m u le  d e e r ,  w h i t e - t a i l e d  d e e r ,  and e lk  m e a t .

H o s t
o r i g i n

P r e p a te n t
p e r io d ^

P a te n t
p e r io d ^ S ize  in  p m ^ S .D .^

M u le  d e e r 9 33 16.2 X  9.9 1.95

W h i te  - t a i l e d
d e e r 10 35 16.3  X  9.9 2 .02

E l k 9 30 16.1 X  9.8 1 .79
7 21 19.3 X  12.7 1.81

'A v e r a g e  n u m b e r  o f  days  f o r  4 c o y o te s .

'A v e r a g e  o f  50 s p o r o c y s t s  p o o le d  f r o m  4 c o y o te s .



F ig u r e  1, S p o ro c y s t  o f  S a r c o c y s t is  h e m io n i l a t r a n t i s  p a s s e d  in  
c o y o te  fe c e s  a f t e r  e a t in g  m u le  d e e r  m e a t  (1000 X ) .

F i g u r e  2. S p o ro c y s t  o f  S. h e m io n i l a t r a n t i s  p a s s e d  in  c o y o te  
fe c e s  a f t e r  e a t in g  e lk  (1000 X ) .

F i g u r e  3. S p o ro c y s t  o f  S a r c o c y s t is  sp , p a s s e d  in  c o y o te  fe c e s  
a f t e r  e a t in g  e lk  m e a t  (1000 X ) .

F ig u r e  4. U n s p o ru la te d  o o c y s t  c o n ta in in g  2 s p o r o b la s t s  f r o m  
a c o y o te  fe d  w h i t e - t a i l e d  d e e r  m e a t  (1000 X ) .

F ig u r e  5. S p o ru la te d  o o c y s ts  in  an in t e s t in a l  s c r a p in g  o f  a 
c o y o te  fe d  e lk  m e a t  (400 X ) ,
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F a w n  In fe c t io n s

C l i n i c a l  S y m p to m s

C l i n i c a l  s ig n s  o f i l l n e s s  f i r s t  a p p e a re d  p o s t  in fe c t io n  d a y  

( P ID )  11 (T a b le  3). T h e s e  e a r l y  s y m p to m s  o c c u r r e d  in  a l l  3 in fe c te d  

g r o u p s  and  c o n s is te d  o f  a f e v e r  ( F ig .  6), s l i g h t l y  p a le  m u c o u s  m e m ­

b r a n e s ,  and  a co u g h . T e m p e r a t u r e s  c o n t in u e d  to  r e m a in  e le v a te d ,  

c o u g h in g  b e c a m e  w o r s e ,  and  in fe c te d  fa w n s  b eg an  to  lo s e  w e ig h t  and 

a p p e a re d  l e t h a r g i c  u n t i l  P ID  17 w h e n  a l l  fa w n s  beg an  to  im p r o v e .  

T e m p e r a t u r e s  s lo w l y  r e t u r n e d  to  n o r m a l ,  fo o d  in ta k e  in c re a s e d ,  and 

th e  a n im a ls  b e c a m e  m o r e  a c t iv e ,  b u t  th e  coug h  r e m a in e d  ( F ig .  6 and 

T a b le  3).

S y m p to m s  r e a p p e a r e d  s u d d e n ly  on P ID  22 and w e r e  m o r e  

s e v e r e .  In  s o m e  a n im a ls ,  fo o d  in ta k e  s to p p e d  c o m p le te ly .  T e m p e r ­

a tu r e s  r e m a in e d  h ig h  ( F ig .  6) and  c o u g h in g  b e c a m e  m o r e  p ro n o u n c e d  

and w e t .  T h e  g e n e r a l  c o n d i t io n  o f a l l  in fe c te d  a n im a ls  d e t e r io r a t e d  

u n t i l  P ID  33 w h e n  fa w n  5 w a s  fo u n d  dead . F a w n s  1, 7, 9, 10, and 11 

d e v e lo p e d  s i t e s  o f  n e c r o s i s  on the t ip s  o f t h e i r  t a i l s  and e a r s ,  and h a i r  

lo s s  and  b la c k e n in g  o f the  s k in  a p p e a re d  on t h e i r  e a rs ,  t a i l s ,  s id e s ,  

and  th e  b a c k s  o f t h e i r  h e a d s .  F a i r  on a l l  a n im a ls  w a s  f r a g i l e  and 

c o u ld  be  p u l le d  o u t  e a s i l y .  C o n d i t io n s  d e t e r io r a t e d  w i t h  a lo s s  o f  

c o o r d in a te d  m o v e m e n ts  and an u n w i l l i n g n e s s  to  r i s e .  On P ID  37, 

fa w n s  1 and  2 w e r e  fo u n d  dead  and fa w n  3 w a s  m o r ib u n d .  F a w n  3 w a s  

k i l l e d  on P ID  40. F a w n s  7, 8, 9, and  10 g re w  s t e a d i l y  w o r s e ,  lo s in g



T a b le  3. O n s e t  o f  c l i n i c a l  s y m p to m s  and  d e a th  in  m u le  d e e r  fa w n s  in fe c te d  w i t h  S a r c o c y s t i s  
h e m io n i l a t r a n t i s  and S a r c o c y s t i s  sp .

PID I
I n t e r m e d ia t e  h o s t  o r i g i n

M u le  d e e r ' W h i t e - t a i l e d  d e e r ^ E lk 4 C o n t r o l ^

0 - 7

8 -1 4  P y r e x i a ,  a n o r e x ia ,  c o u g h ,
w e ig h t  lo s s ,  r e lu c t a n c e  to  — 
r i s e .

1 5 -2 1  T e m p e r a t u r e s  r e t u r n e d  to
n o r m a l ,  fo o d  in ta k e  n e a r  — 
n o r m a l ,  co u g h  r e m a in s .

22 -2 9 P y r e x i a ,  a n o r e x ia ,  w e ig h t
lo s s ,  r e lu c t a n c e  to  r i s e ,  _  
u n c o o r d in a te d  m o v e m e n ts ,  
w e t  coug h ,

3 0 -3 7  F a w n s  1 and  2 dead .
P y r e x i a ,  a n o r e x ia ,  d y s p n e a ,  
r e lu c t a n c e  to  r i s e ,  t ip s  o f 
t a i l s  and e a rs  n e c r o t i c ,  h a i r  
lo s s ,  coug h .

3 8 -4 5  F a w n  3 k i l l e d .

4 6 - 4 9  A l l  r e m a in i n g  fa w n s  k i l l e d .

N N

P y r e x i a ,  coug h , 
s l i g h t  w e ig h t  lo s s .

H

F a w n  5 dead .

S y m p to m s  b e c o m e  m o r e  
s e v e r e  in  fa w n  7.
F a w n s  4 and 6 im p r o v e .

S y m p to m s  b e c o m e  m o r e  
s e v e r e  in  fa w n s  8 -1 0 .  
F a w n  11 im p r o v e s .

N

N

N

N

N

N

I p o s t  i n f e c t io n  da y .  ^ F a w n s  4, 5, 6, and 7. ^2 m u le  d e e r ,  1 w h i t e - t a i l e d  d e e r  fa w n s

^ F a w n s  1, 2, and  3. ^ F a w n s  8, 9, 10, and 11. = no  s y m p to m s .



F i g u r e  6. R e c ta l  t e m p e r a t u r e  ch a n g e s  o f  in fe c te d  and c o n t r o l  
fa w n s .
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w e ig h t  and  h a i r .  T h e y  e x h ib i te d  s k in  n e c r o s i s ,  g e n e r a l  le t h a r g y ,  

r e lu c t a n c e  to  r i s e ,  la b o r e d  b r e a t h in g  w i t h  a w e t  co u g h , and h ig h  

t e m p e r a t u r e s .  F a w n s  4, 6, and 11 s lo w ly  im p r o v e d .  T he  c o n t r o l  

f r o m  the  N B R  and  the  2 fa w n s  f r o m  M T  F W P  r e m a in e d  v ig o r o u s  and 

c o n t in u e d  to  g a in  w e ig h t .  On P ID  48 and 49, th e  e x p e r im e n t  w a s  

ended  w h e n  a l l  r e m a in i n g  fa w n s  w e r e  k i l l e d  (T a b le  3).

T h e  3 fa w n s  th a t  d ie d  a p p e a re d  to  h a ve  d ie d  s u d d e n ly .  F a w n  

5 w a s  la s t  seen  a l i v e  b e d d e d  w i t h  i t s  head  up. A b o u t  8 h o u rs  l a t e r  i t  

w a s  fo u n d  dead  on i t s  s id e  in  th e  s a m e  bed . F a w n s  1 and 2 w e r e  

s ta n d in g  w h e n  la s t  seen  a l i v e .  T h r e e  h o u rs  l a t e r  t l ie y  w e r e  fo u n d  

dead  s p r e a d  e a g le d  on th e  g ro u n d  w h e r e  th e y  had been  s ta n d in g ,  g iv in g  

th e  a p p e a ra n c e  o f h a v in g  c o l la p s e d  and d ie d .

C l i n i c a l  C h e m is t r i e s

R e s u l t s  o f  s e r u m  c h e m is t r i e s  a r e  l i s t e d  in  A p p e n d ix  A .  M o s t  

p a r a m e t e r s  r e m a in e d  n e a r  n o r m a l  t h ro u g h o u t  the  e x p e r im e n t .  S e ru m  

g l u t a m i c - p y r u v i c  t r a n s a m in a s e  (S G P T ) ,  s e r u m  g lu t a m ic - o x a lo a c e t i c  

t r a n s a m in a s e  (S G O T), and c r e a t i n  p h o s p h o k in a s c  (C P K )  in c i 'e a s e d  

2 - 3  t im e s  h ig h e r  th a n  th e  c o n t r o l  d u r in g  th e  e x p e r im e n t  ( F ig s .  7 -9 ) .

N e c r o p s ie s

L e s io n s  a s s o c ia te d  w i t h  s a r c o c y s t o s is  w e r e  m o r e  s e v e r e  in  

in fe c te d  fa w n s  th a t  w e r e  k i l l e d  a t the  end o f  th e  e x p e r im e n t  than  th o s e  

th a t  d ie d  e a r l i e r .  G e n e r a l ly ,  th e  s a m e  le s io n s  w e r e  s e e n  in  a l l  fa w n s .



F i g u r e  7. C h ange s  in  S G P T  le v e ls  in  s e r a  o f in fe c te d  and  
c o n t r o l  fa w n s .

F ig u r e  8, SG O T changes  in  s e r a  o f  in fe c te d  and c o n t r o l  fa w n s
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F ig u r e  9. C P K  changes  in  s e r a  o f  in fe c te d  and  c o n t r o l  fa w n s .
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I n fe c te d  fa w n s  had  a b i l a t e r a l l y  s y m m e t r i c a l  h a i r  lo s s  on

t h e i r  f l a n k s ,  e a r s ,  and t a i l .  S k in  on the  to p s  o f  t h e i r  e a rs  and t h e i r

h ea ds  w a s  b la c k .  T he  m a r g in s  o f the  e a r s ,  t a i l ,  and g la n s  p e n is  w e r e  

n e c r o t i c .  A l l  fa w n s  a p p e a re d  d e b i l i t a te d  and  th in  w i t h  r i b s  s h o w in g  

and " h o l l o w "  a p p e a r in g  f la n k s .

In fe c te d  fa w n s  w e r e  d e p le te d  o f  b o d y  fa t  and  th e  s c le r a  w e r e

i c t e r i c  and  c o n g e s te d .  S k e le ta l  m u s c le s  w e r e  p a le  and f r i a b l e .  C e r v i ­

c a l ,  a b d o m in a l ,  and  in g u in a l  l y m p h  n od es  w e r e  e n la r g e d  and e d e m a to u s  

K id n e y s  w e r e  c o n g e s te d  and f r i a b l e ,  and h e p a to s p le e n o m e g a ly  w a s  

n o te d  in  a l l  b u t  2 fa w n s .  A d r e n a ls  w e r e  g r e a t l y  e n la rg e d ,  s o m e  w i t h  

e c c h y m o t ic  h e m o r r h a g e s .  T h e  lu n g s  o f  a l l  a n im a ls  w e r e  e d e m a to u s  

and  c o n g e s te d .  C o n t r o l  fa w n s  a p p e a re d  n o r m a l  in  a l l  r e s p e c t s .

T h e  p r i m a r y  h is to p a th o lo g ic  le s io n s  a s s o c ia te d  w i t h  s a r c o -  

c y s t o s is  w e r e  lo c a te d  in  s k e le t a l  and c a r d ia c  m u s c le .  L e s io n s  c o n ­

s is t e d  o f  p e r i v a s c u la r  n e c r o s is  w i t h  m o n o n u c le a r  c e l l  i n f i l t r a t i o n  

( F ig s .  10 and  11). T h e s e  le s io n s  w e r e  a s s o c ia te d  w i t h  e d e m a , d e g e n ­

e r a t io n ,  and f o c a l  n e c r o s i s  o f  the  m u s c le .  L y m p h o c y te s  w e r e  fo und  

a m o n g  n e c r o t i c  m u s c le  f i b e r s  in  t i ie  m o r e  s e v e r e l y  a f fe c te d  m u s c le s .  

M a c ro p h a g e s  c o n ta in in g  d e v e lo p in g  s c h iz o n ts  w e r e  fo u n d  b e tw e e n  

m u s c le  f i b e r s  in  th e  a r e a s  o f  f o c a l  n e c r o s i s  ( F ig .  12). O f te n  s c h iz o n ts  

w e r e  s u r r o u n d e d  b y  a c le a r  h a lo  in  a re a s  w h e r e  n e c r o t i c  d e b r i s  had 

b e e n  r e m o v e d  ( F ig s .  12 and 15). O c c a s io n a l l y ,  s c h iz o n ts  w e r e  fo u n d  

in  b lo o d  v a s c u la r  s p a c e s  ( F ig s .  13 and 14).



F i g u r e  10, P e r i v a s c u l a r  n e c r o s i s  and  e d e m a  o f s k e le t a l  m u s c le  
in  F a w n  3 (H  & E ,  2 0 G X ) .

F i g u r e  11. I n f i l t r a t i o n  o f  m o n o n u c le a r  c e l l s ,  p r i m a r i l y  
ly m p h o c y te s ,  in  th e  h e a r t  o f  F a w n  5 ( J e n n e r 's  
s ta in ,  2 0 0 X ) .

F i g u r e  12. M a tu r e  s c h iz o n t  in  an a r e a  o f  f o c a l  n e c r o s i s  in  th e  
s k e le ta l  m u s c le  o f  F a w n  8. N o te  th a t  th e  a r e a  is  
a lm o s t  c le a r  o f  n e c r o t i c  d e b r i s  (H & E ,  400 X ) .

F i g u r e  13. M a tu r e  s c h iz o n t  n e a r  a c a p i l l a r y  b e d  in  th e  h e a r t  o f  
F a w n  2 (H & E , 400 X ) .

F i g u r e  14. M a tu r e  s c h iz o n t  in  a c a p i l l a r y  fo u n d  in  the  h e a r t  o f 
F a w n  9 (H & E , 6 0 0 X ) .

F ig u r e  15. M a c ro p h a g e  c o n ta in in g  an im m a t u r e  s c h iz o n t .  N o te  
th e  a re a  a ro u n d  the m a c ro p h a g e  has b e e n  c le a r e d  o f  
n e c r o t i c  d e b r is  (H & E , 1000 X ) .

F ig u r e  16. I m m a t u r e  s c h iz o n t  c o n ta in in g  m e r o z o i t e s  w h ic h  have  
push ed  th e  n u c le u s  to  th e  p e r i p h e r y  o f  th e  c e l l  (H & 
E ,  l lO O X ) .

F ig u r e  17. M a tu r e  s c h iz o n t  c o n ta in in g  m e r o z o i t e s .  N o te  th a t
th e  c e l l  n u c le u s  is  no  lo n g e r  v i s i b l e  (H & E ,  1 1 0 0 X ) .
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The  e a r l i e s t  s c h iz o n t  s ta g e s  w e r e  fo u n d  in  m a c ro p h a g e s  and 

c o n s is te d  o f  a s o l id  b a s o p h i l i c  b o d y  ( F ig .  15). A s  d e v e lo p m e n t  p r o ­

ce e d e d ,  c y t o p la s m  w a s  f i l l e d  w i t h  m e r o z o i t e s  d is p la c in g  the  n u c le u s  to  

th e  p e r i p h e r y  o f the  c e l l  ( F ig .  16). E v e n tu a l l y ,  the  n u c le u s  d is a p p e a re d  

and m e r o z o i t e s  w e r e  s u r r o u n d e d  b y  a t h in  c y t o p la s m ic  m e m b ra n e  ( F ig .  

17).

S c h iz o n ts  c o n ta in in g  m e r o z o i t e s  w e r e  o b s e rv e d  in  the  s k e le ta l  

and  c a r d ia c  m u s c le s  o f  a l l  in fe c te d  fa w n s ,  r e g a r d le s s  o f w h en  th e y  

d ie d .  M u s c le  c y s ts  o r  c y s t  f o r m a t i o n  w a s  no t  o b s e rv e d .

E x c e p t  in  m u s c le  t i s s u e ,  s c h iz o n ts  w e r e  o b s e rv e d  in  the 

a d r e n a ls  o f  2 fa w n s  ( F ig s .  18 and 19), and an im m a t u r e  s c h iz o n t  w a s  

fo u n d  in  th e  lu n g s  o f  a n o th e r  ( F ig s .  20 and  21). S c h iz o n ts  w e r e  not 

fo u n d  in  o th e r  o r g a n s .  T h e  a d r e n a ls  o f fa w n s  k i l l e d  F ID  48 and 49 had 

a m a r k e d  n o d u la r  h y p e r p la s ia  in d ic a t in g  l o n g - t e r m  s t r e s s .

A l l  t i s s u e s  sh o w e d  a m a r k e d  c h r o n ic  i n f l a m m a t io n  w i t h  

i n f i l t r a t i o n  b y  m o n o n u c le a r  c e l l s  and a p r o l i f e r a t i o n  o f f i b r o b la s t s .

T h is  i n f l a m m a t o r y  r e s p o n s e  w a s  seen  in  a l l  t i s s u e s  e x a m in e d  even 

th o u g h  no  s c h iz o n ts  w e r e  o b s e rv e d .  T h is  in f l a m m a t io n  r e s u l t e d  in  

ly m p h a d e n i t i s ,  r e a c t i v e  m e n in g o e n c e p h a l i t i s ,  e n d o c a r d i t i s ,  and 

r e a c t i v e  h y p e r p la s ia  o f  the  s p le e n  and l i v e r .  M a n y  p e r i p h e r a l  c a p i l ­

l a r i e s  b e c a m e  h y p e r p la s t i c  and r e s u l t e d  in  r e s t r i c t e d  b lo o d  f lo w  

c a u s in g  a r e a s  o f  n e c r o s i s  in  the  e x t r e m i t i e s .

T h e  p r i m a r y  c a u s e  o f d e a th  in  th e  3 fa w n s  th a t  d ie d  w a s



F i g u r e  18. S c h iz o n ts  ( a r r o w s )  in  the  a d r e n a l  c o r t e x  o f  F a w n  7 
(H & E ,  1000 X ) .

F i g u r e  19. S c h iz o n t  in  the  c a p s u le  o f  an a d r e n a l  g la n d  in  F a w n  9 
(H & E , 6 0 0 X ) .

F i g u r e  20. I m m a t u r e  s c h iz o n t  in  th e  lu n g  o f  F a w n  5 (H & E , 
600 X ) .

F ig u r e  21. L o w -p o w e r  v ie w  o f F i g u r e  20 s h o w in g  the  s c h iz o n t  
( a r r o w )  and the  c e l l u l a r  i n f i l t r a t i o n  and  t h ic k e n in g  
o f the  a l v e o la r  w a l l s  (H & E ,  150 X ) .
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c o n g e s t i v e  h e a r t  f a i l u r e  (C H F ) .  A l l  o th e r  in fe c te d  fa w n s  sho w e d  s ig n s  

o f  C H F  w h ic h  a p p e a re d  to  be  f a i l u r e  o f the  l e f t  s id e  o f the  h e a r t .  

K id n e y s  w e r e  c o n g e s te d  and th e  lu n g s  w e r e  s e v e r e l y  c o n g e s te d  and 

e d e m a to u s .  T h e  a l v e o la r  s p a c e s  w e r e  f i l l e d  w i t h  a f i b r in o u s  e xud a te  

w i t h  a m a r k e d  f i b r o s i s  and t h ic k e n in g  o f the  a l v e o la r  w a l l s  (F ig .  21).

A l l  c o n t r o l  fa w n s  a p p e a re d  n o r m a l  a t n e c r o p s y .  O n ly  the  

w h i t e t a i l  fa w n  s h o w e d  a n y  a b n o r m a l i t y ,  w h ic h  c o n s is te d  o f g r a n u la t io n  

and  s c a r  t i s s u e  in  an i n j u r y  r e c e iv e d  p r i o r  to  b e in g  ca u g h t.

C r o s s  P la c e n ta l  I n fe c t io n  

T h r e e  a d u l t  p re g n a n t  m u le  d e e r  and 1 p re g n a n t  e lk  w e re  

g r o s s l y  in fe c te d  w i t h  S a r c o c y s t is  w h en  sh o t (F ig .  22). D ig e s t io n  of 

m u s c le  t i s s u e  f r o m  th e s e  a n im a ls  c o n f i r m e d  in fe c t io n s .  M e t r o c y te s  

w e r e  n u m e r o u s  in  the  d ig e s t io n  f l u i d  ( F ig .  24).

S a rc o c y s ts  a p p e a re d  w h i t e  and e l l i p s o id a l  in  shape ; h o w e v e r ,  

a fe w  c y s ts  in  m u le  d e e r  d ia p h r a g m s  w e r e  s p h e r o id a l .  S a rc o c y s ts  

r a n g e d  in  s iz e  f r o m  a p p r o x im a t e ly  0.2 m m  X  0 .4  m m  to  0.4 m m  X  

1 m m ,  a l th o u g h  s o m e  w e r e  as lo n g  as 5 m m  in  the s k e le ta l  m u s c le  of 

m u le  d e e r  ( F ig .  2 2 ) .

E x a m in a t io n  o f  s a r c o c y s t s  b y  l i g h t  m ic r o s c o p y  r e v e a le d  a 

s i m i l a r  s t r u c t u r e  a m o n g  s a r c o c y s t s  in  d e e r  and e lk .  T h e  c y s t  is  

b o u n d  b y  a p r o m in e n t  w a l l .  Septae t r a v e r s e  th e  c y s t  s e p a r a t in g  i t  in to  

c o m p a r t m e n t s ,  e a ch  o f  w h ic h  c o n ta in  b r a d y z o i t e s  and  m e t r o c y t e s  (F ig .  

23 ) .



F i g u r e  22 . I n t e r c o s t a l  m u s c le s  c o n ta in in g  s a r c o c y s t s  in  a 
m u le  d e e r .

F i g u r e  23. C r o s s  s e c t io n  o f  a s a r c o c y s t  in  th e  d ia p h r a g m  of 
a m u le  d e e r .  T h e  c y s t  i s  c o m p a r t m e n t a l i z e d  b y  
s e p ta e  and c o n ta in s  m a n y  b r a d y z o i t e s  and  m e t r o ­
c y te s  (P a ra g o n ,  400 X ) .

F i g u r e  24. M e t r o c y t e s  in  th e  d ig e s t io n  f l u i d  o f  e lk  m u s c le  
( lO O O x ).

F i g u r e  25. M e t r o c y t e  fo u n d  in  the d ig e s t io n  f l u i d  o f  a f e t a l  
m u le  d e e r  m u s c le  ( l lO O X ) .





2 1

E le c t r o n  m ic r o s c o p y  r e v e a le d  s i m i l a r i t i e s  b e tw e e n  c y s t  w a l l  

s t r u c t u r e s  in  d e e r  and e lk .  I  fo u n d  o n ly  1 w a l l  ty p e  in  d e e r  ( F ig s .  26 

and  2 7) and 2 d in t i n c t  w a l l  ty p e s  in  e lk  ( F ig s .  28 and 2 9). A l l  c y s ts  

w e r e  s i m i l a r  in  th a t  b r a d y z o i t e s  c o n ta in in g  m ic r o n e m e s ,  r h o p t r e s ,  

and  an a p ic a l  c o m p le x  w e r e  o b s e rv e d  ( F ig .  26).

T h e  c y s t  w a l l s  in  th e  d e e r  c o n s is te d  o f 2 z o n e s .  T h e  in n e r  

zone  w a s  a m o d e r a t e l y  e le c t r o n  dense  m a t r i x  m a d e  up o f f in e  g r a n u le s .  

T h is  zone  w a s  c o n t in u o u s  w i t h  the s e p ta e  th a t  t r a v e r s e  the  c y s t  ( F ig .  

2 6 ) .  T h e  g r a n u le s  o f  th e  o u te r  zone w e r e  m u c h  c o a r s e r  th a n  the  in n e r  

m a t r i x .  T h e  o u te r  zone  had  in v a g in a t io n s  f r o m  the  s u r fa c e  m e m b ra n e  

s u r r o u n d in g  the  c y s t .  T h is  m e m b r a n e  c o n s is te d  o f 2 th in  m e m b ra n e s  

th a t  c o u ld  be  d i f f e r e n t ia t e d  b y  t h e i r  e le c t r o n  d e n s i t y  ( F ig s .  2 6 and 2 7). 

T h e  a r e a s  w h e r e  the  2 zones  m e t  w e r e  h ig h ly  c o n v o lu te d  f o r m in g  a 

r e t i c u l a r  m e m b r a n e  ( F ig s .  26 and 27). In v a g in a t io n s  o f the  o u te r  

z o n e s  f o r m in g  c o n v o lu t io n s  w i t h  th e  in n e r  zones  w e r e  in te r c o n n e c te d ,  

g i v in g  the  c y s t  w a l l  a h o n e y c o m b  a p p e a ra n c e  ( F ig .  2 7).

T w o  c y s t  w a l l  t y p e s  w e r e  fo u n d  in  e lk .  T y p e  A  c y s t  w a l l s  

w e r e  m u c h  t h in n e r  th a n  o th e r s  ( F ig .  28). T h e  p e r ip h e r y  o f  th e  c y s t  

w a l l  c o n s is te d  o f a u n i f o r m l y  c o n v o lu te d  m e m b r a n e  c o m p le x  o f  2 

c lo s e ly  a p p l ie d  m e m b r a n e s .  T h e  in n e r  p o r t io n  o f the  c y s t  w a l l  c o n ­

s is t e d  o f  a m o d e r a t e l y  e le c t r o n  dense  m a t e r i a l  w h ic h  w a s  v e r y  

g r a n u la r .  T h is  a r e a  w a s  c o n t in u o u s  w i t h  the  c y s t  se p ta e  and an 

in d e n ta t io n  in  the  w a l l  w a s  a s s o c ia te d  w i t h  the  o r i g i n  o f  the  s e p ta e .



F i g u r e  26 . E le c t r o n  m i c r o g r a p h  o f  th e  c y s t  w a l l  fo u n d  in  m u le  
d e e r  d ia p h r a g m ^  ( U r a n y l  a c e ta te /p h o s p h o tu n g s t ic  
a c id ,  8 0 0 0 X ) .

F i g u r e  2 7. H ig h e r  m a g n i f i c a t io n  o f  th e  c y s t  w a l l  fo u n d  in  m u le  
d e e r  s h o w in g  h o n e y c o m b  a p p e a ra n c e ^  ( U r a n y l  
a c e ta te /p h o s p h o tu n g s t ic  a c id ,  9250 X ) .

F i g u r e  28. T y p e  A  c y s t  w a l l  fo u n d  in  e lk  d ia p h r a g m ^  ( U r a n y l  
a c e ta te /p h o s p h o tu n g s t ic  a c id ,  6820 x ) .

F i g u r e  2 9. T y p e  B  c y s t  w a l l  fo u n d  in  e lk  d ia p h r a g m ^  ( U r a n y l  
a c e ta te /p h o s p h o tu n g s t ic  a c id ,  8000 X ) .

^ A b b r e v ia t io n s  f o r  F ig u r e s  2 6 -2 9 :  A C ,  a p i c a l  c o m p le x ;  
B Z ,  b r a d y z o i t e s ;  D B ,  d e g e n e ra t in g  b r a d y z o i t e s ;  I Z ,  in n e r  zone ; 
O Z ,  o u te r  zone ; O M , o u te r  m e m b ra n e ;  SP, s e p ta ;  SK, s k e le ta l  
m u s c le .
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C y s t  w a l l  ty p e  B  w a s  s i m i l a r  to  th a t  in  d e e r  ( F ig .  2 9). T h is  

w a l l  ty p e  had  2 z o n e s ,  an e le c t r o n  lu c e n t  in n e r  zone  w h ic h  w a s  c o n ­

t in u o u s  w i t h  th e  c y s t  s e p ta e  and  an o u te r  zone  w h ic h  w a s  m o r e  e le c t r o n  

d e n s e  and  c o n ta in e d  m ic r o t u b u le s .  T h e  o u te r  zone  had in fo ld in g s  f r o m  

th e  s u r f a c e  o f the  c y s t  to  the  in n e r  zone  and w a s  t h i c k e r  than  th e  w a l l  

fo u n d  in  d e e r .  L i k e  the  d e e r  w a l l ,  th e  o u te r  m e m b ra n e  w a s  a c t u a l l y  

2 c lo s e ly  a p p l ie d  m e m b r a n e s  w h ic h  w e r e  c o n v o lu te d .  T h e  c y s t  show n  

in  F i g u r e  2 9 a p p e a re d  to  be  an o ld e r  c y s t  c o n ta in in g  d e g e n e ra te d  

b r a d y z o i t e s  and  o th e r  m a t e r i a l .

S ix  f e t a l  fa w n s  and 1 f e t a l  c a l f  w e r e  e x a m in e d .  G ro s s  and 

m i c r o s c o p i c  e x a m in a t io n  o f r e p r e s e n t a t i v e  t is s u e s  w e r e  u n r e m a r k a b le .

D ig e s t io n  w a s  p e r f o r m e d  on 1 c o m p le te  h in d  le g  f r o m  each  

f e tu s .  O ne m e t r o c y t e ,  a p p a r e n t ly  id e n t i c a l  to  th o se  fo u n d  in  the  a d u l ts ,  

w a s  o b s e rv e d  in  1 fe tu s  ( F ig .  25).

D IS C U S S IO N

D e e r  and  e lk  w e r e  p r e v e n te d  f r o m  m o v in g  in  and ou t o f the  

N B R  b y  a 3 - m  h ig h  w e ld e d  w i r e  fe n c e .  C o y o te s ,  the  p r i m a r y  p r e d a to r  

p r e s e n t ,  w e n t  u n d e r  th e  fe n c e .  S in c e  p r e d a t io n  w a s  no t  e x te n s iv e ,  

a n n u a l  h e r d  r e d u c t io n s  b y  N B R  p e r s o n n e l  w e r e  o f te n  n e c e s s a r y  to  

r e g u la t e  d e e r  and  e lk  p o p u la t io n s .  T h e  h ig h  in c id e n c e  o f S a r c o c y s t is  

i n f e c t io n s  in  c o y o te s ,  d e e r ,  and  e lk  r a i s e d  th e  p o s s i b i l i t y  th a t  1 s p e c ie s  

o f  S a r c o c y s t i s  in fe c te d  a l l  o f  th e s e  h o s ts .  F o r  the  s a m e  r e a s o n s .
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M a h r t  and  C o lw e l l  (1980) b e l ie v e d  t h is  m a y  be t r u e  f o r  E l k  I s la n d  

N a t io n a l  P a r k ,  A l b e r t a .

T h is  s tu d y  sh o w e d  a d i r e c t  c o n n e c t io n  b e tw e e n  S a r c o c y s t is  

fo u n d  in  m u le  d e e r ,  w h i t e - t a i l e d  d e e r ,  and e lk  on the  N B R . C o y o te s  

fe d  m e a t  f r o m  th e s e  3 c e r v id s  p a s s e d  o o c y s ts  and s p o r o c y s t s  o f 2 

d i f f e r e n t  p r e p a te n t  and  p a te n t  p e r io d s  and s iz e s  (T a b le  2). S. h e m io n i - 

l a t r a n t i s  w a s  p r e v io u s l y  id e n t i f i e d  in  m u le  d e e r  f r o m  the  N B R  (Speer 

e t a l .  1980) h a v in g  s p o r o c y s t s  16.2 X  9.9 jum and a p r e p a te n t  p e r io d  

o f  9 da ys  and  a p a te n t  p e r io d  o f  31 d a y s .  T h o s e  f in d in g s  w e r e  r e p r o ­

d u c e d  in  t h is  s tu d y  f o r  a l l  3 in t e r m e d ia t e  h o s ts  (T a b le  2).

C o y o te s  fe d  e lk  m e a t  p a s s e d  a se co n d  ty p e  o f s p o r o c y s t  (T a b le  

2) th a t  w a s  19.3  X  12.7 p m .  S t a t i s t i c a l l y  i t  w as  d i f f e r e n t  th a n  S. 

h e m io n i l a t r a n t i s  (P < 0.01 ), S. b o v ic a n is  (16 X  11 p m ) ,  and o th e r  

s p e c ie s  fo u n d  in  d o m e s t ic  a n im a ls  (D u b e y  1976), and S. o d o c o i le o c a n is  

(11.1 X  8.1 p m )  in  w h i t e - t a i l e d  d e e r  ( C r u m  et a l .  1981). T h is  

S a r c o c y s t i s  sp. has n o t  b e e n  p o s i t i v e l y  id e n t i f ie d .

S. h e m io n i l a t r a n t i s  w a s  e x t r e m e l y  p a th o g e n ic  to  the  m u le  

d e e r  fa w n s .  A l l  fa w n s  r e c e i v i n g  s p o r o c y s t s  d e v e lo p e d  a cu te  s a r c o -  

c y s t o s is  (T a b le  3). T h e  m a jo r  c l i n i c a l  s y m p to m s  s ta r te d  a p p r o x im a te ly  

11 P ID  and  in c lu d e d  a n o r e x ia ,  p y r e x ia ,  w e ig h t  lo s s ,  w e t  cough , h a i r  

l o s s ,  and  s lo u g h in g  o f  the  e a r s ,  t a i l ,  and g la n s  p e n is  (T a b le  3).

S i m i l a r  s y m p to m s  a p p e a re d  18 P ID  in  9 - m o n t h - o ld  m u le  d e e r  fa w n s  

in fe c te d  w i t h  S. h e m io n i l a t r a n t i s  ( R o l le r  et a l .  1977). T h e s e  s y m p to m s
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a lo n g  w i t h  a n e m ia ,  c a c h e x ia ,  e n la r g e d  p a lp a b le  l y m p h  n o d e s ,  a b o r t io n ,  

and  e x c e s s iv e  s a l i v a t io n  have  been  n o te d  in  a c u te  b o v in e  s a r c o c y s t o s is  

( C o r n e r  e t a l .  1963, P a y e r  et a l .  1976, F r e l i e r  et a l .  1977, C le g g  

e t a l .  1978).  A c u te  s a r c o c y s t o s is  c a u s e s  a n e m ia ,  a n o r e x ia ,  a ta x ia ,  

and  a b o r t io n s  in  d o m e s t ic  shee p  (M u n d a y  et a l .  1975, L e e k  and P a y e r  

1978, M u n d a y  1979).

C l i n i c a l  s y m p to m s  in  t h is  s tu d y  w e r e  m o s t  s e v e r e  d u r in g  3 

p e r io d s  (T a b le  3). T h e s e  c r i s e s  c o r r e s p o n d e d  w i t h  3 c y c l i c  b o d y  

t e m p e r a t u r e  p e a k s  (P ig .  6). P a y e r  (1 977) s p e c u la te d  th a t  t e m p e r a tu r e  

p e a k s  in  c a t t l e  in fe c te d  w i t h  S. b o v ic a n is  o c c u r r e d  w h e n  s c h iz o n ts  

r u p t u r e d ,  r e le a s in g  m e r o z o i t e s  and r e s u l t i n g  in  i n f l a m m a t o r y  r e s p o n s e .  

P r o m  t h e i r  h i s t o l o g i c a l  s tu d ie s ,  K o l l e r  et a l .  (1977) b e l ie v e d  th a t  1 

o r  2 s c h iz o g o n o u s  s ta g e s  p re c e d e d  d e a th  o f  in fe c te d  fa w n s .  I b e l ie v e  

t h a t  fa w n s  in  t h is  s tu d y  d ie d  o r  w e r e  k i l l e d  ju s t  a f t e r  th e  r u p t u r e  o f 

t h i r d  g e n e r a t io n  s c h iz o n ts  c o r r e s p o n d in g  to  the  t h i r d  t e m p e r a tu r e  

p e a k  (P ig .  6 and T a b le  3).

T h e  d e v e lo p m e n t  and  p a th o lo g y  o f  S. h e m io n i l a t r a n t i s  o b s e rv e d  

in  t h is  s tu d y  w a s  t y p i c a l  o f  Sa r c o c y s t i s  spp . I m m a t u r e  and m a tu r e  

s c h iz o n t s  w e r e  se e n  p r i m a r i l y  in  s k e le ta l  and c a r d ia c  m u s c le  b u t  w e r e  

a ls o  se e n  in  lu n g  and a d r e n a l  t i s s u e s .  T h e  p r i m a r y  le s io n s  w e r e  

p e r i v a s c u la r  n e c r o s i s  w i t h  a m o n o n u c le a r  c e l l  i n f i l t r a t i o n ,  e d e m a , 

a nd  d e g e n e r a t io n  o f m u s c le  t i s s u e .  T h e s e  le s io n s  w e r e  o b s e rv e d  in  a l l  

t i s s u e s  e x a m in e d  even  th o u g h  no  s c h iz o n ts  w e r e  o b s e rv e d .  S c h iz o n ts
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h a v e  b e e n  se e n  in  a l l  o rg a n s  in  c a t t le  ( F a y e r  and  J o h n s o n  1974, D u b e y  

1976 , C le g g  et a l .  1978) and sheep  (M u n d a y  et a l .  1 975, L e e k  and 

F a y e r  1978),  u s u a l l y  in  e n d o th e l ia l  c e l l s  o f  a r t e r i e s  o r  c a p i l l a r i e s .

T h is  in d ic a te s  th a t  th e  p a r a s i t e  w a s  p r e s e n t  as f r e e  m e r o z o i t e s  

r e le a s e d  in to  th e  m u s c le  t i s s u e  b u t  no  c y s ts  had f o r m e d .  T h e s e  r e s u l t s  

d u p l i c a te  K o l l e r  et a l .  (1977 ),  a l th o u g h  th o s e  a u th o r s  saw  c y s t  f o r m a ­

t io n .  F a w n s  used  b y  K o l l e r  e t a l .  w e r e  o ld e r  and the  e x p e r im e n t  

la s te d  lo n g e r  th a n  th e  p r e s e n t  s tu d y ,  a l lo w in g  the  p a r a s i t e  to  d e v e lo p  

f u r t h e r .

C o n g e s te d  lu n g s  and k id n e y s ,  l y m p h a d e n i t i s ,  m e n in g o e n c e p h a ­

l i t i s ,  e n d o c a r d i t i s ,  and h y p e r p la s ia  o f  th e  s p le e n  and l i v e r ,  as seen 

d u r in g  th is  s tu d y ,  h a v e  been  n o te d  in  m a n y  s tu d ie s  ( C o r n e r  et a l .  1963, 

M u n d a y  et a l .  1975, F r e l i e r  et a l .  1 977, C le g g  et a l .  1978, L e e k  and 

F a y e r  1 978) and is  t y p i c a l  o f a c u te  s a r c o c y s t o s is  (D ube y  1976). C I IF ,  

th e  p r i m a r y  ca u se  o f  d e a th  o f  fa w n s  in  t h is  s tu d y ,  has no t been  no ted  

in  o th e r  s tu d ie s .  T h e  h e a r t  f a i l u r e  w a s  ca u se d  b y  the  h y p e r p la s ia  o f 

th e  p e r i p h e r a l  c a p i l l a r i e s  and a r t e r i e s ,  d a m m in g  the  b lo o d  in  the  

v e n o u s  s y s te m  and in c r e a s in g  th e  b lo o d  p r e s s u r c / v o lu m e  lo ad  on the  

h e a r t  (R o b b in s  and  C o t r a n  1 979). T h e  in c r e a s e d  p r e s s u r e  and v o lu m e  

c a u s e d  th e  lu n g  and k id n e y  c o n g e s t io n ,  m u s c le  ede m a , and f i n a l l y  the  

h e a r t  f a i l u r e .  P n e u m o n ia  w a s  a c o n t r ib u t in g  f a c t o r  in  the d ea ths  o f 

fa w n s  u se d  b y  K o l l e r  et a l .  (1977 ),  b u t  th o s e  a u th o r s  d id  n o t  o b s e rv e  

C H F .  O ne r e a s o n  f o r  t h is  d i f f e r e n c e  m a y  be th a t  the  fa w n s  used  in  t h is
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s tu d y  w e r e  q u i te  y o u n g  and le s s  t o le r a n t  o f th e  c i r c u l a t o r y  f a i l u r e  

r e s u l t i n g  in  C H F .

S e ru m  c h e m is t r i e s  d id  n o t  show  a c y c l i c  e le v a t io n a l  p a t te r n  

l i k e  b o d y  t e m p e r a t u r e .  The  e n z y m e s  S G P T , S G O T, and C P K  w e r e  

th e  o n ly  p a r a m e t e r s  th a t  w e r e  e le v a te d  d u r in g  the  e x p e r im e n t  ( F ig s .

7 - 9  and  A p p e n d ix  A ) .  T h e  S G O T le v e ls  on 0 and 21 P ID  in  the  

w h i t e t a i l  g r o u p  w e r e  h ig h e r  th a n  a t  the  end o f the  e x p e r im e n t  (F ig .  8). 

T h is  w a s  due to  e x c e p t io n a l l y  h ig h  le v e ls  in  fa w n  4 w h ic l i  r a is e d  the  

g ro u p  a v e r a g e .  I  c o u ld  f in d  no  re a s o n  w h y  th is  a n im a l  had a h ig h  SG O T 

a t  th a t  t im e .  A l l  o f  th e s e  e n z y m e s  r i s e  b e c a u s e  o f  d a m a g e  to  s k e le ta l  

and  c a r d ia c  m u s c le  and  l i v e r  t is s u e s  (M a u c k  and D a v is  1980) w h ic h  

w e r e  o b s e rv e d  in  g r o s s  and m ic r o s c o p i c  e x a m in a t io n  o f  th e s e  and 

o th e r  t i s s u e s .

In  n a t u r a l l y  in fe c te d  d a i r y  c a lv e s ,  SG O T and L D H  ( la c t ic  

d e h y d ro g e n a s e )  w e r e  e le v a te d  w h i le  s e r u m  a lb u m in  le v e ls  d e c re a s e d  

( F r e l i e r  e t a l .  1977 ).  M a h r t  and F a y e r  (1975) o b s e rv e d  an in c r e a s e  

in  S G O T , L D H ,  and C P K  in  c a lv e s  a r t i f i c i a l l y  in fe c te d  w i t h  S. 

f u s i f o r m i s. T h e y  a ls o  n o ted  an o l ig o c y th e m ic  a n e m ia  and a le u k o c y te  

s h i f t  to  th e  l e f t  w h ic h  w a s  p r o b a b ly  due to  a m a s s iv e  l y m p h o c y t i c  

i n f i l t r a t i o n  o f in fe c te d  t i s s u e s .  A l th o u g h  no h e m a to lo g ic  p a r a m e t e r s  

w e r e  s tu d ie d  h e r e ,  I  a s s u m e  s i m i l a r  c o n d i t io n s  o c c u r r e d  in  fa w n s  

in fe c t e d  w i t h  S. h e m io n i l a t r a n t i s  b e c a u s e  o f  th e  o b s e rv e d  l y m p h o c y t i c  

i n f i l t r a t i o n .
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O n e  m e t r o c y t e  w a s  fo u n d  in  th e  d ig e s t io n  f l u i d  o f  1 f e t a l  m u le  

d e e r ,  d e m o n s t r a t i n g  c o n g e n i ta l  S a r c o c y s t i s  i n f e c t io n  in  a n a t u r a l l y  

in fe c t e d  w i l d  u n g u la te .  H u d k in s  and  K i s t n e r  (197 7) fo u n d  a s o l i t a r y  

c y s t  in  a c o n t r o l  fa w n  b u t  a s s u m e d  i t  w a s  due to  c o n ta m in a t io n .  C o n ­

g e n i t a l  i n f e c t io n s  h a v e  b e e n  r e p o r t e d  in  c a t t l e  (M u n d a y  and  B la c k  1976) 

and  h o r s e s  (C u n n in g h a m  1973).  O th e r  w o r k e r s  have  r e p o r t e d  f in d in g  

s c h iz o n t s  o n ly  in  p la c e n ta e  ( C o r n e r  et a l .  1 963, F a y e r  et a l .  1976). 

S c h iz o n ts  w e r e  n o t  seen  in  th e  p la c e n ta  o r  f e t a l  m e m b r a n e s  o f  th e  

fa w n  th a t  w a s  in fe c te d  b e c a u s e  th e  in fe c t io n  had a l r e a d y  re a c h e d  the  

c y s t  s ta g e  and  f o r m e d  m e t r o c y t e s .

S a r c o c y s ts  fo u n d  in  th e  a d u l t  d e e r  and e lk  w e r e  t y p ic a l  c y s ts  

(D u b e y  1976).  T h e y  w e r e  bou n d  b y  a c y s t  w a l l  w i t h  se p ta e  th a t  c o m ­

p a r t m e n t a l i z e d  the  b r a d y z o i t e s  and m e t r o c y t e s  (F ig .  23). U l t r a - 

s t r u c t u r a l l y ,  1 c y s t  w a l l  ty p e  w a s  fo u n d  in  b o th  s p e c ie s  o f d e e r  (F ig s .  

26 and  27) and 2 ty p e s  in  e lk  ( F ig s .  28 and 29). T h e  ty p e  B  c y s t  w a l l  

in  e lk  ( F ig .  2 9) w a s  s i m i l a r  to  th o s e  found  in  d e e r  and is  S. h e m io n i ­

l a t r a n t i s . E a c h  o f th e s e  c y s t  w a l l s  have  an in n e r  zone o f f in e  g ra n u le s  

th a t  is  c o n t in u o u s  w i t h  t i ie  s e p ta e .  T h e  o u te r  zone  is  c o n v o lu te d ,  g iv in g  

th e  w a l l s  a h o n e y c o m b  a p p e a ra n c e .  T h is  h o n e y c o m b in g  is  a c tu a l ly  

t h i c k  f i n g e r l i k e  p r o je c t i o n s  in to  the  m u s c le  t is s u e .  S i m i l a r  p r o je c t io n s  

c a n  be  s e e n  in  c y s ts  o f  S. b o v i f e l i s  and S. b o v ih o m in is and o th e r  

s p e c ie s  ( M e h lh o r n  e t a l .  1976).

T h e  ty p e  B  c y s t  s h o w n  ( F ig .  29) is  p r o b a b ly  o ld e r  than  th o s e
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s e e n  in  d e e r  ( F ig s .  26 and  2 7). A s  th e  p r i m a r y  c y s t  w a l l  d e v e lo p s ,  

th e  o u te r  m e m b r a n e  b e c o m e s  m o r e  c o n v o lu te d  and m ic r o t u b u le s  f o r m  

w i t h i n  th e  f i n g e r  l i k e  p r o je c t i o n s  ( M e h lh o r n  et a l .  1976). T h e  o u te r  

m e m b r a n e  o f  ty p e  B  is  m o r e  c o n v o lu te d  th a n  the  d e e r  w a l l  and c o n ta in s  

m ic r o t u b u l e s  ( F ig .  2 9). N u m e r o u s  d e g e n e r a t in g  b r a d y z o i t e s  a ls o  

in d ic a te  th a t  t h is  c y s t  is  o ld e r .

T h e  ty p e  A  w a l l  is  p r o b a b ly  a d i f f e r e n t  s p e c ie s  o f S a r c o c y s t i s . 

C y s t  w a l l s  a lo n e  c a n n o t  b e  used  to  d i f f e r e n t ia t e  b e tw e e n  s p e c ie s  

( M e h lh o r n  et a l .  1976). H o w e v e r ,  the  added  e v id e n c e  o f  a d i f f e r e n t  

s p o r o c y s t  and  p a te n t  p e r io d  th a n  f o r  S. h e m i o n i l a t r a n t is  in  the  c o y o te  

( T a b le  2) in d ic a te s  2 s p e c ie s  o f  S a rc o c y s t is  in  e lk .  S p ee r and D u b e y  

(1982) fo u n d  o n ly  1 w a l l  ty p e  in  e lk  th e y  e x a m in e d .  T h e i r  d e s c r ip t i o n  

o f  th e  c y s t  w a l l  o f  S. w a p i t i  sp . n. is  v e r y  s i m i l a r  to  w a l l  ty ] ie  A ;  

b o th  h a ve  a t h in  o u te r  c o n v o lu te d  m e m b ra n e  c o m p le x  and a g r a n u la r  

in n e r  l a y e r  w h ic h  in v a g ln a te s  and is  c o n t in u o u s  w i t h  th e  s e p ta e .

S o m e  a u th o r s  b e l ie v e  th a t  S a r c o c y s t is  spp . a r e  v e r y  hos t 

s p e c i f i c  (D u b e y  1980).  T h e s e  r e s u l t s  in d ic a te  th a t  S. h e m io n i l a t r a n t i s  

has  l i t t l e  s p e c i f i c i t y  f o r  m u le  d e e r  b y  p a r a s i t i z in g  w h i t e - t a i l e d  d e e r  

and  e lk .  F i g u r e  30 is  a g r a p h ic  r e p r e s e n t a t io n  o f  the  l i f e  c y c le  of 

Sa r c o c y s t i s  sp p .  fo u n d  in  d e e r  and e lk .  A l th o u g h  S. h e m io n i l a t r a n t i s  

is  p a th o g e n ic  to  m u le  d e e r ,  i t  m a y  be n o n p a th o g e n ic  to w h i t e - t a i l e d  

d e e r  o r  e lk .  S. o d o c o i le o c a n is  is  n o n p a th o g e n ic  to  i t s  s e c o n d a r y  

i n t e r m e d ia t e  h o s ts  ( C r u m  et a l .  1981). I f  S. h e m io n i l a t r a n t is  is



F ig u r e  30, L i f e  c y c le  o f  S a r c o c y s t is  spp . in  d e e r  and  e lk  on the  
N B R .
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n o n p a th o g e n ic  to  th e s e  2 s p e c ie s  th e y  w o u ld  a c t  as I m p o r t a n t  

r e s e r v o i r s  to  in f e c t  c o y o te s  and u l t i m a t e l y  m u le  d e e r .

T h is  s tu d y  w a s  c a r r i e d  ou t  in  th e  hop es  o f  f i n d in g  a c le a r  

c l i n i c a l  and  p a t h o lo g ic a l  p i c t u r e  o f  s a r c o c y s t o s is  in  d e e r  so  i t  w o u ld  

b e  m o r e  r e c o g n iz a b le  and  e a s ie r  to  i d e n t i f y  u n d e r  n a t u r a l  c o n d i t io n s .  

W i l d l i f e  m a n a g e r s  s h o u ld  be  a w a re  o f  t h is  c o m m o n  and p a th o g e n ic  

p a r a s i t e  b e c a u s e  S. h e m io n i l a t r a n t is  m a y  have  d i r e c t  and i n d i r e c t  

im p a c t s  on d e e r  p o p u la t io n s .  A b o r t i o n s ,  s t i l l b i r t h ,  and c o n g e n i ta l  

i n f e c t io n  w o u ld  lo w e r  h e r d  p r o d u c t i v i t y .  A c u te  s a r c o c y s t o s is  c o u ld  

c a u s e  d e a th  o r  s e v e r e  d e b i l i t a t i o n  p r e d is p o s in g  d e e r  o r  e lk  to  o th e r  

d is e a s e s  o r  p r e d a t io n ,  t h e r e b y  lo w e r in g  p o p u la t io n  n u m b e r s .
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T a b le  1. F a w n s  in fe c te d  wi th  S a r c o c y s t i s  f r o m  m u le  dee r ,

D O I^ 21 P I d 2 35 P ID

N A  m e g / I 141 .0 140 .0 139 .0

K  m e g / l 6 .4 6.0 5.5

C l  m e g /1 100 .0 100 .0 97.0

COg m e g / I 2 5 .0 25 .0 25 .0

B U N  m g / d l 4 2 .0 17.0 31 .0

G r e a t  m g / d l 1.2 1.3 1.2

T o t  P r o t  g / d l 5 .5 4.7 4 .8

A lb  g / d l 2 .6 2.5 2.2

Ca m g / d l 9.6 9.6 8.7

P  m g / d l 7 .6 7.8 8 .8

C h o i  m g / d l 155 .0 116 .0 99.0

T o t  B i l i  m g / d l 0 .3 0 .2 0 .3

D i r  B i l i  m g / d l 0.1 0 .0 0 .0

A i k  P h o s  N u / d l 341 .0 2 7 0 .0 i 0 0 .0

L D H  N u / d l 185 .0 2 6 5 .0 168 .0

S G P T  N u / d l 33 .0 35.0 60 .0

S C O T  N u / d l 146 .0 2 1 5 .0 2 0 9 .0

C P K  N u / d l 2 2 .0 15 .0 42 .0

G O T  N u / d l 197 .0 2 7 2 .0 178 .0

1 D a y  o f  in fe c t io n .

^ P o s t  i n f e c t io n  day .
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T a b le  2. F a w n s  In fec ted  w i th  S a r c o c y s t i s  f r o m  w h i t e - t a i l e d  d e e r .

D O l l 21 PID% 35 P ID 49 P ID

N A  m e g /1 122 .0 142 .0 142.0 143.0

K  m e g / I 5 .9 5.6 5.4 7.0

C l  m e g /1 102 .0 101 .0 98.0 100 .0

COg m e g /1 2 5 .0 26 .0 25 .0 2 7 .0

B U N  m g / d l 20 .0 17.0 22 .0 2 3 .0

G r e a t  m g / d l 1.3 1.1 1.1 1.1

T o t  P r o t  g / d l 5 .3 5.4 5.8 5.8

A lb  g / d l 2 .8 2 .7 2.7 2 .4

C a m g / d l 10.2 10 .9 10.3 9.7

P  m g / d l 7.6 8.5 8.2 9.1

C h o i  m g / d l 123 .0 192 .0 166 .0 133 .0

T o t  B i l i  m g / d l 0 .4 0.2 0 .4 0.2

D i r  B i l i  m g / d l 0.1 0.0 0 .0 0.0

A i k  P h o s  N u / d l 5 ( 17 . <. 523 .0 2 8 9 .0 2 0 7 .0

L D H  N u / d l 2 4 9 .0 324 .0 2 5 1 .0 331 .0

S G P T  N u / d l 19.0 44 .0 51 .0 73 .0

S C O T  N u / d l 2 6 0 .0 2 98.0 187 .0 3 09 .0

C P K  N u / d l 45 .0 30 .0 16.0 84 .0

g o t  N u / d l 2 7 3 .0 358 .0 2 15 .0 2 1 1 .0

 ̂D a y  o f in f e c t io n .  

P o s t  in f e c t io n  day .



T a b l e  3. F a w n s  in fe c te d  w i th  Sa r c o c y s t i s  f r o m  elk.

D O l l 21 P I d 2 35 P ID 49 P ID

N A  m e g /1 152 .0 147 .0 146.0 148.0

K  m e g / l 6.2 6 .4 6.3 5 .4

C l  m e g / l 106 .0 104 .0 104.0 103 .0

C O 2  m e g / l 2 8 .0 2 3 .0 23 .0 27 .0

B U N  m g / d l 30 .0 12.0 2 2 .0 17.0

G r e a t  m g / d l 1.2 1.3 1.2 1.0

T o t  P r o t  g / d l 6 .3 5 .9 5 .8 6.1

A lb  g / d l 2 .8 3.1 3 .0 3.0

C a m g / d l 10.8 10 .8 10 .8 10.1

P  m g / d l 8 .4 8 .4 9.2 9.4

C h o i  m g / d l 121 .0 174 .0 190 .0 136 .0

T o t  B i l i  m g / d l 0 .4 0.2 0 .3 0.2

D i r  B i l i  m g / d l 0.1 0.0 0.0 0 .0

A i k  P h o s  N u / d l 3 54 .0 395 .0 2 5 4 .0 2 3 8 .0

L D H  N u / d l 192 .0 2 0 6 .0 2 7 5 .0 2 95 .0

S G P T  N u / d l 37 .0 46 .0 83 .0 84 .0

S C O T  N u / d l 168 .0 148 .0 2 99 .0 3 25 .0

C P K  N u / d l 20 .0 39.0 29 .0 53 .0

g o t  N u / d l 144 .0 2 6 6 .0 2 0 4 .0 2 41 .0

^ D a y  o f  in fe c t io n .

2 P o s t  i n f e c t io n  day .
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T a b le  4. C o n t r o l  faw ns .

D O I^ 21 P I d 2 35 P ID 49 P ID

N a  m e g / l 154 .0 134 .0 146 .0 143 .0

K  m e g / l 5 .6 5.3 7.3 5.5

C l  m e g / l 108 .0 96.0 103,0 98.0

C O 2  m e g / l 2 8 .0 25 .0 27 .0 30 .0

B U N  m g / d l 2 1 .0 19.0 2 2 .0 13.0

C r e a t  m g / d l 1.2 1.1 1.4 1.1

T o t  P r o t  g / d l 6 .0 4 .8 4 .9 4 .8

A lb  g / d l 2 .5 2.5 2 .8 2 .7

C a m g / d l 11.2 10.6 11.1 9.4

P  m g / d l 9.3 7.4 11.5 9.8

C h o i  m g / d l 102 .0 154 .0 152 .0 125 .0

T o t  B i l i  m g / d l 0 .4 0.1 0 .4 0.2

D i r  B i l i  m g / d l 0.1 0 .0 0 .0 0.0

A i k  P h o s  N u / d l 467 .0 178 .0 155 .0 154 .0

L D H  N u / d l 130 .0 126 .0 112 .0 120 .0

S G P T  N u / d l 31 .0 2EL0 41 .0 4 9 .0

S C O T  N u / d l 91.0 96.0 98.0 126 .0

C P K  N u / d l 19.0 8.0 25 .0 2 5 .0

G G T  N u / d l 66 .0 17.0 55 .0 5 5.0

^ D a y  o f  in fe c t io n .

2 P o s t  i n f e c t io n  day .
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