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ABSTRACT 

Ea r l i e r  i nvest i ga t i on s  i nto the b i o l og y  o f  SaPcocys tis a r e  

b r i ef l y  rev i ewed ; i n f orma t i on repo rted s i nce 1 972 i s  rev i ewed i n  

d eta i I .  

The re l at i ve e f f i c i ency of haemagg l u t i na t i on C HAT , macro a n d 

m i cro systems ) ,  comp l ement  f i xa t i on CCF T ,  mac ro a n d  m i c ro systems ) 

a n d  t he �nd i rect f l uorescent a n t i body test C I F AT )  w a s  stud i ed u s i ng 

ma croc y s t s  CS. gigantia ) f rom sheep oesophag i a s  a n t i gen . I n  the 

I I 

H AT ,  mac ro s y stem t i tres were a l wa y s  h i gher tha n  mic ro s y stem t i tre s .  

H y pe r i mmu n i sed ra bb i ts had h i g her t i tres tha n  hy pe r i mmu n i sed s heep.  

F i f teen of  24 natura l l y  i n f ected sheep had nega t i ve t i tres . The mac ro 

C FT g a v e  com pa ra b l e res u l ts :  the m i cro C FT was  a f f ec ted by pers i s tent 

a n t i comp!ementa ry facto r s  i n  s heep serum.  The I FAT wa s both sens i t i ve 

a n d  repeata b l e . I n  a l  I test sys tems , SaPcocys tis a n t i bod y t i tres were 

m i n i ma l i-n i n f ec ted a d u l t  s heep a nd i n  pa s t u re- ra i sed l ambs . T he 

va l ue of  se ro l ogy  i n  s u rveys  o f  preva l e nce a nd i n  d i ag nos i s  o f  s arcocy­

stos i s  i s  d i scu ssed . 

Two types of  mac rocy st were f o u n d  i n  s ke l eta l m u s c l e  o f  s heep a t  

s l a ug hter:  ' f a t '  cy sts resemb l ed oesophag ea l cysts CS . gigantia ) 

g ross l y  a n d  i n  u l tra st r u c t u re o f  the wa l I ;  ' t h i n '  cysts  (S. medusifor­

mis n .  sp. ) we re narrowe r  a n d  u l t ra s t r uctura l l y d i s t i nct . The 

r e l a t i ve preva l ences o f  t he three s heep macroc y s ts were i ndependent.  

Fat  a nd thin ma croc ysts  were  tra n sm i tted to ca ts a nd s i m i l ar l y 

s i zed sporocysts  prod uced . S .  gigantia s po rocy sts f a i l ed to i n f ec t  

l am b s ;  rea son s  f o r  th i s a re d i sc u s sed . 

S ur v i v a l o f  S.  gigan tia mac roc y s t s  wa s s t u d i ed u s i ng a n  oxyge n  

e l ectro d e  a nd b y  c a t  f eed i ng .  Macroc y s ts were v i ab l e  a f ter 1 0  

m i n u tes a t  5 2 . 5
°

C b u t  not a f ter 20 m i n u tes a t  5 5
°

C o r  1 0  m i n u te s  a t  



Macrocysts  s u rv i ved 60 days  at  - 1 4°C ,  cysts s tored a t  1 0°C 

f o r  1 3  d ays  a nd 4
°C for  30 days  meta bo l i sed v i gorou s l y . S h eep mea t 

s hou l d  be exposed to 60°C for  a t  l ea st 20 m i n u tes  to render  i t  non -

i n f ec t i v e f o r  cats . 

U s i ng musc l e  d i gest i on a nd h i sto l ogy , SaPcocystis s p p . were 

i i i 

f o u n d  i n  < %; n umber exam i ned ); f era l goa t s  ( 28 ; 60 ) , red d eer  ( 30;50 ) ,  

w i  I d  p i g ( 1 0;50 ) , no rway  ra t ( 84; 50 ) , mouse  ( 8 ; 50 )  a n d  ra b b i t  ( 1 6; 50 ) ;  

none  i n  62  opos s ums a nd 8 wa l l a bies . A goa t spec i es wa s tra n sm i tted 

to dog s ( sporocy sts 1 3 . 6± 0 . 69x9 . 25±0 . 55 ) , a r a bb i t  s pec i es to ca ts 

( s porocysts  1 2 . 5±0 . 3 1 x9 . 29±0 . 4 5 )  a n d  one i n  rats to cats  ( sporocysts  

1 0 . 59± 0 . 52x7 . 87±0 . 4 1 ) .  A p p rop r i a te sporocysts  f a i l ed to i n f ect  l a bor-

a tory rat s  o r  ra b b i ts .  

A su r vey showed t hat  f era l cats i n ha b i t  a nd breed i n  a va r i ety o f  

terra i ns i n  most parts  o f  New  Zea l a nd . The commonest foo d s  ea ten were 

r a b b i t  ( 22% tota l repo rts ) ,  opossum ( 1 8% ) ,  sheep ( 1 6 . 6% ) and  b i rds 

( 1 4 .  5% ) .  

The  d eve l opment a n d  pat hog enes i s  of a dog -der i ved  s pec i es was 

s t u d i ed i n  goats .  
6 

Doses of  5 x 10 sporocysts  cau sed dea t h  a t  1 8  a nd 

1 9  days  a f te r  i n f ect i on ;  nec ropsy  revea l ed extens i v e petec h i a l  haem-

o r rhag es . Sch i zonts  occ u p i ed endothe l i a l  e e l I s , espec i a l l y  i n  rena l 

g l omeru l i .  
5 

6 x 1 0  sporocysts  cau sed death  a t  24 and  34 days; l esser  

doses ca u sed pyrex i a ,  a naem i a ,  a norex i a  a n d  s t u nt i ng .  S a rcocysts were 

f o u nd i n  m u sc l e  f i b res at 34 days , a p pea red matu re at 80 d a y s  a n d  were  

i n f ec t i ve for  dogs  a t  1 29 da y s .  Cha nges i n  l eve l s  of Hb , PCV ,  TP , SGOT 

a nd SaPcocys tis a nt i bod i es were s how n . Fou r  s heep g i ven  s po rocy sts 

were not i n f ected . 

The  potent i a l i mporta nce  of sa rcocys tos i s  i n  an i ma l  p rod uc t i on a n d  

t h e  n eed for  f u rther research i s  d i sc ussed . 



i v  

PRE FACE 

S a r co s por i d i a have  been repo r ted i n  the  m u sc l es o f  a w i de va r i ety 

of  hosts,  espec i a l l y  f a rm a n i ma l s , for more tha n a c e n t u r y . 

I n  New Zea l a nd , s l a ug htered ad u l t s heep a r e  freq u en t l y seen to b e  

i n f ected w i th sa rcocysts  a n d  ca rcas es hav e  to b e  d eta i ned  f o r  t r i mm i ng 

o r  occas i ona l l y cond emned . T h e  p resence of Sarcocys tis mac rocysts i n  

m u t to n  a d d s  severa l m i  11 i on d o l l a r s  a y ea r  to the  opera t i ng costs o f  

t h e  mea t i nd u s try. 

l t  ha s been s hown ex p e r i menta l l y  that Sarcocystis i n f ec t i on s  i n  

r um ina nts  ca n c a u se m i  Id to severe i I l ness,  ev en d ea t h , a n d  a bo r t i on s  

of  p r eg na n t  a n i ma l s . T h e  i mporta nce of  na t u ra l l y  acqui red i n f ect i on t o  

f a rm a n i ma l  product i o n  i n  th i s  country i s  u nknow n.  

The  s t u d i es desc r i bed i n  t h i s  thes i s  were contempora ry w i th the 

ra p i d  expa n s i on i n  know l ed g e  qf Sarcocystis s p ec i es a -fter  1 97 2  and  the  

a i m of  the  research wa s to p ro v i d e ba s i c  i nf orma t i on o n  these  p a ra s i tes 

i n  New Zea l a n d . 
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XV i i 

TERM I NOLOGY 

The ta l ! ow i ng term s  a r e  u sed i n  the tex t :  

b ra d y zo i te ,  n .  

cy st , n .  

d e f in i t i ve host , 
( w i th res p ect to 
Sarcocys tis sp p . ) 

e ndodyog e n y , n .  

e n d opo l ge n y , n .  

g amogony , n .  

gamont , n .  

in termed i a te host 
( w i th respec t  to 
Sarcocys tis sp p . ) 

mac roc y s t , n .  
( he nce ma crocyst i c ,  
a . ) 

mac rog amate , n .  

metrocyte , n .  

m i c rocys t , n .  
( hence  m i c rocyst i c ,  
a. ) 

m ic rogamete , n .  

Non - p ro !  i terat i ve c e l l found  i n  ma t u re sa rcocysts . 
Res i sts  peps i n : HC I  d i gest i on .  < sy n : c ystozoit e ,  
meron t ,  spore ) . 

Abbr .  sa rcocyst ( ma c ro- , m i c ro ) . 

The host i n  wh i c h g amog ony occ u r s ,  a ca r n i voro u s  
mamma l ,  b i r d  o r  rep t i l e . 

The f o rm a t i on of  two d a u g hter ee l I s  w ith i n a 
mothe r  ee l I .  See F i gu re 2 . 6  

The synchronous forma t i on of many  d a ug hter ee l I s  
w i th i n a mother  eel I .  See Fig u re 2 . 6 . 

Deve l opment  of g amo n t s  to mac ro- a nd m i c ro­
gametes a nd t u s  i on to f o rm a z ygote . ( syn : 
gametogony , sex u a l rep rod uct i on ) . 

Tra ns i en t  s tage  f o u n d  i n  i ntest i na l  ee l I s  o f  
d e f i n i t i ve hos t ,  g i v es r i se t o  mac ro- o r  
m i c rogametes .  

The hos t  i n  wh i ch sc h i zogony occ u rs a n d  sa r coc y s t s  
d eve l op .  

Ma ture  s arcocyst w i th a d i ameter g rea ter t ha n  
tha t  o f  a m u sc l e  f i b r e ;  ma y be v i s i b l e  w i tho u t  
mag n i f i ca t i on .  

'Fema l e' g amete,  non -mot i l e ,  i ntrace l l u l a r .  
Fou n d  on l y  i n  d ef i n i t i ve host .  

Pro l i t e ra t i ve ee l I f o u n d  i n  m a t u re a nd i mma t u re 
sa rcocysts , g i ves  r i se to bra d y zoites , not 
res i sta nt to pep s i n : HC I . 

Mat u re s a rcocy st with d i ameter l ess  tha n or  
eq ua l to t ha t  of  a m u sc l e  f i br e . 

' Ma l e' g amete, mot i l e ,  f l age l l a te , br i ef l y  
ex trace l l u l a r (?), f u ses w i th mac rogamate to 
f o rm zygot e .  O n l y  i n  d ef i n i t i ve hos t .  



oocyst , n .  

sarcocyst , n. 

sarcocystos i s ,  n .  

sarcospor i d i a , n .  

sch i zog ony , n .  

sch i zont , n .  

sch i zozo i te. n. 

spore , n .  

sporocys t ,  n. 

sporog ony , n .  

(The ) Sporozoa , n .  

sporozoa I , a .  

sporozoan , n .  

sporozo i te ,  n. 

Res i stant i nfect i v e stage i n  I i f e cyc l e  of 
c l ass i ca l  cocc i d i a , b u t  on l y  a trans i ent 
stage i n  Sarcocystis I i fe cyc l e: breaks d own 
in situ to re l ease two sporocysts . 

Long-! i ved , res i stant cyst stage i n  
Sar'cocustis I i fe cycle , i ntrace l lu l ar i n  
musc l e . Comprises brad yzo i tes and metrocy tes 
surro unded by a d is t i nct i ve wa l l. 

Infect i on of an i ntermed i ate or d e f i n i t i ve 
h ost , w i th a spec i es o f  Sarcocystis. 

An o l d term for Sarcocystis spec i es ,  st i I I 
usefu l for referr i ng co l lect i ve l y  to sarcocysts 
i n  m usc l e . 

D i v i s i on of a sch i zont to form sch i zozo i tes , 
occurs on l y  i n  i nt�rmed i ate host . See 
endopoly geny . 

Trans i ent d i v i d i ng stage i n  i ntermed i ate hos t , 
g i ves r i se to sch i zozo i tes by endopolygeny . 

Prod uct of sch i zog ony , extra-ce l l u l ar br i e f l y , 
i nvas i ve ,  g i ves r i se to sch i zont or metrocy te d e  
-pend i ng on stage of l i fe cyc l e . (syn: 
merozo i te )  . 

An o u tdated term , rep l aced by brad yzo i te .  

XV j j i 

Res i stant i nfect i ve stage pro d uced by d e f i n i t i ve 
h ost , passed i n  faeces . Conta i ns four sporozo i tes 
and a res i d u u m .  

Deve l opmen1 of the cy top l asm i c  mass (sporont )  
i n  t he oocyst to sporocysts and sporozo i tes. 
(syn: sporu l at i on ) . 

AI I t h e  protozoa i n  the Class Sporozoas i da 
(Sub-phy l um Ap i comp l e xal. 

Referr i ng to a member of the C l ass Sporozoas i da ,  
or feat ures o f  such protozoa . 

A member of the C l ass Sporozoas i d a. 

Invas i ve ee l I, enc l osed i n  sporocyst , released 
i n  excystment . 



trophozo i te ,  n. 

u l t i mate sch i z­
ogo n y  

zoi te , n .  

zygo te ,  n .  

Invas i ve ,  mu l t i p l i cat i v e stage (cf. Toxop lasma ) .  

The phase of schizogo n y  i mmed i ate l y preced i ng 
the i n vas i on of musc l e. 

Shorte nej form of brad yzo i te ,  trophozo i te ,  
sporozo i te ,  etc. 

Pro d uct o f  fus i o n between macro- a n d  m i cro­
gametes, i n trace l l u l ar ,  g i ves r i se to oocys t . 

x i x  



CHAPTER 1 

PRE L I MINARY I NVEST I GAT I ONS : 1 84 3  to 1 972  

1 . 1 I ntrod uc t i on 

Sarcocys tis was f i r st descr ibed by M i escher i n  1 84 3  ( c i ted by 

Scott , 1 943a ) f rom the musc l es of  a mou s e ;  s ub seq ue n t l y  man y  s p ec i es 

w e re reported f rom a w i de v a r i ety of hosts . Dur i ng the per i od o f  more 

tha n one h u n dred yea r s  that  fo l l owed M i escher's d i scovery , ma ny 

a ttempts were made to t ra n sm i t these paras i tes . Howev er , so I i ttle 

p rog ress was mad e  that Sarcocys tis spec i es rema i ned , u nt i I recent l y ,  

i n the  taxon : 1 P rotozoa o f  u ncerta i n  c I a s s  i f  i cat i on 1 w i th Toxop lasma 

gondii� Besnoi tia spec i es a nd s i m i l a r ' en i gma t i c '  organ i sm s .  

When the u l t ra s tr uct u re o f  these p a ra s i tes wa s exam i ned , the i r  true  

re l at i onsh i ps became c l ea r ;  new i nterest i n  Sarcocys tis wa s s t i mu l a ted 

l ea d i ng to the d i scovery of thE I i f e cyc l e  i n  1 972 . Thus  i t  i s  poss i b l e  

to d i v i de the h i story of  i nvest i gat i o n s  on Sarcocys tis  i nto t he per i od 

w h i ch preced ed t he  a p p l i ca t i on of e l ec tron m i c roscopy to s poro zoa a n d  

the  s horter , s ub seq uent per i od i n  w h i ch most o f  t h e  a d va nces h a v e  been 

mad e .  

1 . 2 The pre-e l ec tron m i croscopy per i od 

Much of the resea rch carr i ed out i n  th i s  per i od was  rev i ewed by 

Scott ( 1 9 1 5 , 1 9 1 8 , 1 920 , 1 930 , 1 94 3a ,  b )  a n d , theref ore,  w i  1 1  be  d ea l t  

w i t h re l at i ve l y  b r i ef l y .  Fo l l ow i ng M i esc her ' s d i scovery ,  s i m i l a r  

s t r uc tu res , ' M i esc her ' s  tubes ' ,  were fou nd  i n  other hosts . La n kester 

( 1 88 2 ,  c i ted by Scott , 1 9 30 ) named the g enus  Sar>cocys tis. For ma n y  

yea r s  t h e  discovery of  n e w  spec i es depended  more o n  chance tha n des i gn; 



method i ca l  exam i nat i o n o f  musc l e  f rom poten t i a l  hosts has  occu r red 

on l y  recent l y .  Ka l ya k i n a n d  Za s u kh i n  ( 1 9 7 5 )  recorded 60 ' spec i es '  

of  Sarcocys tis i n  a p p rox i ma te l y  1 09 mamma l ,  72 b i rd a n d  1 1  rept i l e  

spec i es. The va l i d i ty o f  ma ny of  these ' spec i es '  i s  u ncerta i n  a s  t hey 

were named i n  the absence of know l edge of the i r  b i o l ogy . 

Between 1 84 3  a nd 1 97 2  n� ny uns ucces s f u l a ttempts were ma d e  to 

tra n sm i t  sarcospo r i d i a ;  however ,  severa l f eatures posed p rob l em s  for  

t he ea r l y  i nves t i g a tor s .  F i rst l y ,  sa rcocysts  compr i sed s i ng l e-eel l ed 

orga n i sms  s u rro u n d ed by a th i c k wa I I .  The so-ea I I ed ' s pores 1 ( the  

b rad y zo i tes l d i d  not a p pea r to be  ab l e  to  escape and  there was  no 

ev i dence that cysts  r uptu red sponta neou s l y .  Second l y , s pores f reed 

f rom the cysts were l a rg e l y  i nert  a nd exh i b i ted , at mos t ,  feeb l e  move­

ments i n  a rt i f i c i a l med i a .  Attempts to c u l ture  spores in vitro w ere 

u n s uccess f u  I ( Scott,  1 94 3a l .  Th i rd I y ,  the structure o f  a sa rcocyst  

bore I i tt l e  resemb l a nce to tha t o f  other protozoa l cysts  a nd , fourth l y , 

wh i 1 st the mea ns  o f  transm i s s i on wa s obsc ure ,  i nvest i ga t i ons  o f  dom­

est i c  an i ma l s , i n  p art i c u l a r  rev ea l ed tha t the p reva l ence of i n f ec t i on 

wa s h i g h  u nder  a w i d e var i ety of  env i ronmenta l cond i tion s .  A p rob l em 

that reg ula r l y  i mped ed exper i ments i n  tra nsm i ss i on  was  the  i nab i I i ty to 

rea r a n d  ma i nta i n  exper i menta l a n i ma l s  f ree of  extra neo u s  Sarcocystis  

i n f ect i on :  to  p revent i n f ect i on i n  con tro l a n i ma l s  i t  was  necessary  to 

know how tra n sm i s s i on occ u r red! 

Scott ( 1 9 1 5 , 1 9 1 8 ,  1 920 , 1 930 , 1 94 3a ,  b )  wa s h i g h l y  c r i t i ca l  o f  

muc h of  the ea r l i er resea rch on tra nsm i s s i on . Howev er , h i s  exper i ments 

were no better d es i g ned than t hose of h i s  p redecessors a n d  h i s  conc l u­

s i ons  eq ua l l y  i nva l i d .  For ma ny yea rs a f ter Scott1s  wor k there wa s 

I i tt l e  i nterest i n  Sarcocystis . S p i nd l e r a n d  Z i mmerman ( 1 94 5 )  c l aimed 

to have c u l tu red a n  A spergi l lus spec i es f rom sa rcocysts  f rom p i g s a n d , 

2 



f o l ! ow i ng a n umb er of i na d eq uate l y  con tro l l ed transm i s s i on exper i ­

men ts , conc l uded  that Sa�cocys tis sp p . were not pro tozoa , b u t  f u ng i . 

Fu rther poor l y  des i g ned exper i ments s u p ported t h i s  conc l u s i on 

( S p i nd l er ,  Z i mmerma n a n d  J aq uette ,  1 946 ) . When Wa ng  ( 1 950 ) fo u n d  

v a r i a t i on s  i n  t he  structu re of  t he  wa l I s  of sa rcocysts  i n  catt l e  h e  

s ugg ested tha t ,  based o n  the  f i nd i ng s  of  S p i nd l e r a nd Z i mmerma n 

( 1 94 5 ) , on l y  one spec i es o f  Sa�cocys tis ex i sts capab l e  o f  i n f ec t i ng 

ma n y  hosts a n d  g i v i ng r i se to cysts  of  d i f f e� i ng mor p ho l ogy . F u rther  

i na d eq uate l y  des i gned ex per i ments on tra nsm i s s i o n  were reported , some 

a f ter the  l i f e cyc l e  had  been f i na l l y  e l ucida ted ( Pa nasy u k  e t  al . J 

1 9 7 1 ;  Pu roh i t  a n d  D'Souza , 1 9 7 3 ; A f a f  and  Shomme i n ,  1 974 ) . 

1 . 3  Ea r l y i n vest i gat i on s  o f  U l t ra str ucture 

I n i t i a l  exam i na t i on of  the u l trast r ucture o f  Sa�cocys tis 

( L udv i k , 1 95 8 ,  1 960 , 1 96 3 )  revea l ed that  the spore possessed a cono i d ,  

po l a r r i ng a n d  s ub-pe l l i c u l a r m i c rotub u l es s i m i l a r to t hose found i n  

Toxoplasma .  The cyst 1va I I s  of  S . tenel laJ S. miesche�iana a n d  S .  mu�is 

were  found  to d i f f er , p a rt i c u l a r l y  w i th respec t  to the morpho l ogy o f  

t he i r external s u r faces . l t  was  thou g h t  that t he cyst  wa l I wa s paras i ­

t i c  i n  or i g i n a nd the p rojec t i ons  f rom i ts s u r face f u nc t i oned i n  n u tr i ­

t i on .  L u d v i k' s  d i scovery of the  bas i c  s i m i l a r i ty o f  Toxoplasma a n d  

Sa�cocys tis spores wa s o f  major  s i g n i f i car1ce ,  a s  i t  p o i n ted to t h e  poss­

i b i I i ty o f  t he i r hav1 ng s i m i l a r  I i f e cyc l es .  F u rther  u l trastn.ctura l 

s tu d i es o f  Sa�cocystis con f i rmed a n d  extended L u dv i k ' s  work  ( Sena u d  a n d  

d e  Puytorac , 1 96 1 ,  1 962 ;  S ena u d ,  1 963 ;  S i mpson , 1 966 ;  Zeve ,  Pr i ce a n d  

Herma n ,  1 966 ) . The structure o f  Sa�cocys tis i s  d i scu ssed mo re f u l l y i n  

S ec t i on 2 . 5 . 
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1 . 4 E l uc i d a t i on o f  the I i f e cyc l e  

Fa yer ( 1 970 , 1 972 ) repo rted the d eve l opmen t  of  Sarcocys tis i n  ee l I 

c u l t u re .  S po res , removed f rom sa rcocysts i n  g rack l es (Quisca lus 

quiscula) were i noc u l ated i nto c u l t u res of  va r i ous  a v i a n a n d  mamma l i a n  

ce l l s . A f te r  one hou r  t h e  o rgan i sm s were seen to move b y  " f l ex i ng ,  

g I i d i ng a n d  p i vot i ng " a n d  by th ree hou r s a f ter i noc u l at i on had  entered 

e e l I s . Mac ro- a nd m i crogametes were deve l oped w i th i n  24 hou rs a n d  

oocy sts by  4 8  ho u r s ;  b ut  sporu l a t i on d i d  not occu r w hen the c u l t u res 

were l ef t  at room temperatu re for severa l d ay s .  T h u s  i t  wa s estab l i s hed 

that sexua I rep rod uct i on ( gamogony ) to I I ows the re I ea se  o f  s pores f rom 

cysts  bu t not where or  when  gamogony ta kes p l ac e .  

The bas i c  I i f e  cyc l e  o f  Sarcocystis wa s e l uc i d a ted by  Romme l ,  

Heydorn a nd Gruber i n  1 97 2 .  The mo rpho l og i ca l  s i m i l a r i ty between 

Sarcocys tis a n d  Toxoplasma� the f ac t  tha t rep rod uct i on by endodyogeny 

occ u rred i n  both genera a n d  the d i scovery tha t Toxop lasma cyc l ed t h rough  

the  ca t < H utc h i n son et  a l . ,  1 9 70 , 1 97 1 ) po i nted to  t he poss i b i I i ty tha t 

Sarcocys tis a l so i nvo l ved carn i vores a s  def i n i t i ve ho sts i n  i ts I i f e 

cyc l e . 

The f i r st  a ttempt by Romme l e t  a l. �  ( 197 2 )  a t  tra nsm i ss i on  of 

Sarcocys tis f a i l ed :  cats f ed m i nced s heep oesop hag u s  passed on l y  

oocy sts ofT . gondii i n  the i r  faeces .  I n  order  to a vo i d  t ra n sm i tt i ng 

t h i s  pa ra s i te aga i n , a second g roup  of ca ts wa s g i ven mac rocysts 

d i s sected f rom s heep oesop hag i ,  a n d  sporu l a ted sporocysts o f  a p prox­

i ma te l y  8 . 0  by 1 2 . 5  wm d i ameter were passed i n  the f a eces . The  dog 

a n d  cat were l ater found  to be d ef i n i t i ve hosts  for sepa ra te spec i es i n  

c a tt l e  ( Heydorn and  Romme l ,  1 972a ) ,  a n d  ma n f o r  one spec i es i n  ca tt l e  

a nd one i n  p i gs ( Rommel a n d  Heydo r n ,  1 9 72 ) . One h u nd red a n d  twenty 



n i ne yea rs a f te r  the f i r st  descr i p t ion of  a Sarcocys tis spec i es the  

discovery o f  the  I i f e cyc l e enab l ed th ese paras i t i c  p rotozoa to  be  

mo re a dequate l y  i nvest i ga ted . 
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CHAPTER  2 

CONTEMPORARY STUD I E S ;  PRESE NT KNOWLEDGE 

2 . 1 I n trod uc t i on 

S i nce 1 9 72 there ha ve been ma ny i nvest i ga t i ons of  Sarcocys tis 

s p ec i es .  The l a rge amo u n t  o f  i n f orma t i on that  has  accumu l a ted d u r i ng 

t h i s  re l a t i v e l y  br i ef per i od does not l e nd i tse l f to a c h rono l og i ca l  

rev i ew .  I nstead i t  i s  summa r i sed u nder va rio u s  genera l h ea d ing s .  

2 . 2 Nomenc l a t u re 

At p resent the taxonomy o f  Sarcocys tis spec i es i s  con f used . To 

some exten t  t h i s  is a res u l t  of  the rece nt expa n s i o n  i n  know l ed g e ,  b u t  

there a re other ca u ses . 

The g en u s Isospora wa s esta b l i shed to encompass  c l a s s i ca l  cocc i d i a 

w i th d i rect I i f e cyc l es i n  w h i c h one sta ge i s  a n  oocyst  w i th two sporo­

cy st s  each  enc l os i ng fou r  sporozo i tes . Beca use o f  t he new know l edg e 

t h i s  taxon ma y have to be a ba n doned o r  t he cr i ter i a  for  i nc l u s i on i n  i t , 

c ha nged . Some Isospora s p ec i es a re now know n to ha ve op t i ona l l y  

i n d i rect l i f e cyc l es a n d ,  i n  a d d i t i o n ,  the ' typ i ca l  i sosporan  oocys t ' 

h a s  been f o u n d  to occ u r  i n  the  I i fe cyc l es o f  Toxop lasma3 Sarcocys tis3 

Besnoi tia a n d  Frenke lia s pec i es ,  none o f  wh i c h cou l d  be  con s i d ered a s  

c l a s s i ca l  cocc i d i a .  If occu rrence o f  a n  i sospora n  oocyst  i n  the I i f e 

c y c l e  i s  to be the  ma i n  c r i ter i on f o r  i nc l u s i on in the  g en u s  Isospora3 

t hen t he other  g ener i c  names a re u nnecessa ry .  O n  the  other  ha nd  i t  i s  

d i f f i c u l t to see wh i ch other  fea t u res o f  the b i o l og y  o f  these d i verse 

orga n i sms cou l d  be u sed i n  the i r  c l a s s i f i ca t i on .  Va r i ou s  mod i f i ca t i o n s  

o f  gener i c  na mes ha ve been s uggested by  Fren ke l ( 1 974 , 1 9 7 7 ) , Du bey 

( 1 9 76 ) a nd Lev i ne ( 1 977 ) ;  t he i r sugges t i on s  a re p rema t u re a n d  on l y  a d d  
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to the confusion. 

Specific narnes pose fur-ther problems. On most occasions in the 

past new specific names were creai ed whenever the genus was found in 

a new host species. Less frequent I y tl1e same specific name was used 

for sarcocysts in several host species, or no specific name was given 

at a I I .  The discovery i ha t hosts may harbour more than one species of 

Sarcocustis and that Sarcocys ti0 species 1-end to be host-specific has 

made it necessary to create new names and redefine existing ones. 

Heydorn et al., ( 1 9 75 )  suggested that, for simplicity, al l 

S'm'cocustis species shou Id have names formed from the generic names of 

the obligatory hosts in their I ife cycles. Hence S. bovicanis cycles 

between cattle (Bos taurus) and dogs (Canis familim•is); S. ovifelis 

between sheep (Ovis aries) and cats (Fe l is catus). There are at least 

two objections to this proposal. If more than one species of 

Sarcocustis cycle through the same definitive and intermediate hosts -

there are two cat-derived species in sheep and two dog-derived species 

in the horse, for examp I e (see Appendix 1 tab I e 1 for Sarcocustis spp. 

in which transmission has been investigated) - then this system of 

nomenclature is inadequate. Furthermore, using host generic roots, it 

is possible to create only one speci fie name, which is insufficient if 

two or more SaJ•cocustis species are found to I ink the same two host 

genera. In spite of these inherent deficiencies, the system has been 

used in the naming of several recently discovered species and in pro-

viding synonyms for others. lt wi 1 1  be for the I nternational Commission 

on Zoological Nomenclature to decide as to which specific names, new or 

old, are to be used in the future. 

In the present taxonomic confusion it would be presumptuous to try 

to establish priorities with regard to the names of the species covered 

by this review; the alternative, of providing synonyms for each specific 
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n ame u sed , wou l d  be  eq u a l l y  u n acceptab l e . F u rthermore , a l tho u g h  

Sarcocys tis o rg an i sms w i th s i m i l ar f eatu re s  h ave been i nvest i g ated 

i n  severa l  cou n tri e s , no attempt  h as yet b een made to s how t h at they 

are i n  f act  the  s ame spec i es .  I n  the  c irc umstances i t  w as d ec i d ed , for 

the  s ake o f  c lari t y ,  to avo i d  the  u se of  s p ec i f i c n ames a l together i n  

t h i s  thes i s  an d to ref er to Sarcocys tis s p ec i es on l y  i n  terms o f  t he i r 

hosts . Henc e ,  for examp l e , ' a  c at : mouse  s p . '  i s  p ref erred to S. muris ' 

and 'a dog : s heep s p . '  to 'S. ovicanis ( sy n . S. tene l la) ' . The t wo 

c at-der i ved s p ec i es i n  sheep are re ferred to as cat : s h eep s p . ( th e  

oesop h agea l  and f at c arc ase m ac rocyst  f o rm )  and cat : s h eep 2 s p . ( t h e  

th i n  c arc ase m ac rocyst form )  ( see Ch ap ter 4 ) . When a s p ec i f i c n ame 

h as been emp l oyed i n  a p aper w i th no c l ear i nd i c at i on as to the hos t s  

i nvo l ved i n  the I i f e cyc l e , t h e  n ame i s  retai ned in paren thesis eg : 

'S. fusiformis'. S i m i l ar l y ' sp ec i es '  i s  u s ed when t h e  s p ec i f i c i d en­

t i ty o f  an  o rg an i sm i s  i n  do u b t .  

2 . 3 Host d i str i b ut i on and prev a l ence 

a. Host d i str i b ut i on 

S arcospor i d i a  h ave been reported f rom many hos t  spec ies 

( Ka l y ak i n  and Z as u k h i n , 197 5 ) .  Append i x  tab l e  1 I i sts  those forms 

where both hosts are known and i nd i c ates where t he who l e  or o n l y  p art 

of  t he I i fe cyc l e  h as been demo n s t rated . The summary revea l s  t h at a 

l arge n umber o f  cyc l es c an i nvo l ve domest i c  dogs or c at s ; a s i t u at i on 

wh i c h m ay be exp l a i ned by t h e  wor l d w i de occu rrence o f  bot h  i nd i geno u s  

and i ntrod uced forms o f  these hosts . Sma I I Fe lis s p ec i es are to b e  

f o u n d  i n  mos t  co un tr i es i n  a w i de v ari ety o f  h ab i t at s . Man y  are c l ose­

l y  re l ated to F. ca tus and p erh ap s are a l so  c ap ab l e  o f  s erv i ng as d e f ­

i n i t i ve hos ts i n  those I i f e cyc l es known to i nvo l ve t h e  domes t i c  c at.  

Dogs ,  wo l ves , foxes  an d coyotes , a l so h ave an exten s i ve d i str i b u t i on .  
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A I  I t he s p ec i es o f  SaPcocys tis i n vest i ga ted ha ve i nd i rect l i f e 

cycles w i th c a r n i vores a s  def i n i t i v e hosts.  T ra n sm i s s i on f req uent l y  

i nvo l ves  p r ed a t i on - ot rats by s n a kes or m i ce by  cats , f o r  examp l e . 

However , i r, ma ny cyc l es ,  tra n sm i ss i on i s  more l i k e l y to res u l t  f rom 

sca veng i ng .  Where t h e  i nte rmed i a te hosts a re l a r ge s pec i es e . g .  

catt l e ,  s heep , and  pig s ,  on l y  very  you n g  a n i ma ls tha t a re u n i n f ec te d  

o r  ha rbo u r i ng on l y  i mma t u re sa rcoc y s ts a re I i ke l y to b e  p reyed u pon 

b y  sma l I f e l  i d s o r  c a n i d s .  The re f o re the  scaveng i ng o f  t h e  ca rca ses  

of  a d u l ts i s  I i ke l y  to be  the ma i n  nat u ra l mea n s  of tra n s m i ss i o n o f  the 

spec i es i n  f a rm a n ima l s . Cats a re capab l e  o f  ea ting a w i de va r i ety o f  

f ood s i nc l u d i ng the ca rca ses o f  domest i ca ted a n d  w i  I d  a n i ma l s  

( Co l i i n s a n d  Cha rleston , 1 979a ) . 

Sarcocys tis spec ies appea r  to b e  host-s p ec i f i c  pa rt i c u l a r l y  w i th 

r e ga rd to t heir i ntermed i ate hos ts ,  w h i c h ma y po i nt  io a l on g  per i od 

o f  evo l ut i on for  t h i s  genus ,  a l l ow i ng c l ose a dap t at i on to t he i r  host s . 

Howev e r ,  i t  wou l d  b e  p remature  to d i sc u s s  t h i s  a spect o f  d i st r i b ut i on 

a s  host  s p ec i f i c i ty h a s  not been f u l l y invest i ga ted i n  a n y  s p ec i es .  

b .  Preva l ence in intermed i a te hosts 

Va r i ou s  method s h a ve been u sed  to s u r vey t h e  p reva l ence  of  

sa rcospor i d i a i nc l u d i ng v i s ua l i n s p ect i on of c a r c ases , ' t r i c h i noscopy ' ,  

h i sto l og i c a l  examina t i on o f  m usc l e  a n d  in vi tro d i gest i on of m u sc l e . 

A I  I o f  these  p roced u re s  have the i r  I i m i ta t i on s  a nd a r e  I i ke l y  to u nd er­

est i ma te t h e  true  p rev a l e nce to  va ry i ng deg rees.  Thus  i ns p ec t i on o f  

a n i ma l  ca rcases c a n  d etect on l y  mac rosco p i c  c y s t s  o n  t h e  exposed m u sc l e  

s u rfaces.  Tr i ch i noscopy,  w h i l e  a b l e  to  detect sma l l er c y s t s , can  b e  

a p p l i ed t o  on l y  a sma l l f ract i on o f  the  tota l m u scu la t u r e .  Sa rcoc y s t s  

o f  a l  I s i zes  are  rea d i l y detected i n  h i s tolog i ca l  sec t i on s  b ut t h e  

a mount  o f  t i s s ue tha t  can  b e  sca n ned i s  sma l I .  D i gest i on tech n i q ues 
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ena b l e  l a rger  amou nts  of t i ssue  to be  exam i ned  b ut the p roportion of  

t he tota l m u sc u l a t u re of a l a rge a n i ma l  tha t can  be  p rocessed  i s  s t i  I I 

I i m i  ted. 

A musc l e  d i gest i on techn ique deve l oped  for the detec t i on of 

Toxoplasma b ra dyzoites in musc l e  a n d  u sed  to s u rvey f a rm a n i ma l s  

( J acob s a n d  Me l ton , 1 9 57 ; J acobs , Rem i ng ton a n d  Me l ton , 1 9 60)  has  been 

a da p ted for the detec t i on of Sarcocystis ( Senev i ra tna , E dw a rd a n d  De 

G i u st i , 1 9 7 5) . Musc l e  digest i on wa s repor ted to be more e f f i c i ent  t h a n  

a musc l e-p re s s  tec hn ique i n  detec t i ng m i c roscop i c  c y s t s  i n  cow b i rds 

(Molothrus ater) ( Box a n d  Duszynsk  i ,  1 9 7 7 ) . S u rveys , u s i ng muse  I e 

d i gest i on ,  have revea l ed p reva l ences of 62 . 0, 7 5. 3 a n d  1 2 . 7  p e r  cent  i n  

a du l t  catt l e , shee p  a n d  p i g s respec t i ve l y  ( Senev i ratna et al.� 1 9 7 5 )  

a n d  93  p e r  cent  i n  g ra c k  I e s  (Quiscalus quiscula) ( Fay e r  a n d  Koca n ,  1 97 1 ) 

i n  the U . S . A. Drost a n d  Gra ubma n n  ( 1 9 73, 1 975Hou nd 100 p er c e n t  p rev ­

a l ence i n  dee r  a nd 7 0  p e r  cent i n  w i  I d  a n d  dome st i c p i gs i n  Ge rma n y  

u s i ng tr i c h inoscop y a n d  h is to l ogy . In a s u r vey of meat a n i ma l s  i n  

Ta sma n ia ,  A u s tra l i a ,  u s i ng a comp l emen t f ixat i on tes t ( CFT )  M u n day , 

( 1 9 7 5) f ou n d t h a t  100 p e r  cent of l amb s ha d Sarcocystis a n t i bod i es ; 

a l t houg h  l es s  t han one p e r  cent were v i s i b l y  a f f ected at  s l a ughter . 

S i xty-s i x  p e r  cen t of a du l t  sheep , f ou r  or more yea rs of a g e , had 

mac roscop ica l l y v i s i b l e  sa rcocysts . I n  con tra s t  on l y  7 . 6  p e r  cent were 

v i s i b l y  i n f ec ted i n  a s urvey of aged  s heep i n  South  A u s t ra l i a  ( Mu n da y , 

1 9 7 5) . i t  w a s  s uggested that a dif f erence i n  c l imate or i n  t he den s i ty 

of def i n i t i ve host s  cou l d  have been respon s i b l e  for t h e  d i f f erence i n  

p reva l ence . 

c .  Preva l ence  i n  the def i n i t i ve h os t  

L i tt l e  p u b l i s hed i n f ormat i on i s  a va i  !a b l e  on t h e  f req u ency of 

occ u r rence of s poroc y s t s  in t he f a eces of dog s , cats or h uma n s . S t re i ­

tel a n d  Dubey , ( 1 9 76 )  e xamined the f aeces of 500 stray dog s i n  Col u mb u s ,  

1 1  
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Oh i o ,  U . S . A . , for  sporocysts : 1 . 8 per  cent of  the  samp l es were 
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pos i t i v e .  Of  1 000 stray cats i n  the same l ocat i on on l y  0 . 2  per cent  

were pos i t i ve ( Ch r i st i e , Du bey and  Pa ppo s ,  1 97 6 ) . Th i s  i s  i n  contra st  

to  the p reva l ence f ou nd i n  dog s  a n d  cats i n  New  Zeala n d  CMcKenna , 1 978) : 

58 . 8  per  cent  of 48 1 d og s  a nd 1 6 . 9  per  cent o f  508 ca ts had s po rocysts 

i n  t he i r  f a eces . S i nce  on l y  a s i ng l e  samp l e  was exam i ned f rom each  

a n i ma l  i t  i s  I i kely that  the  p reva l ences recorded cons i d erab l y  u nder­

est i ma ted the  numbers o f  i n f ec ted a n i ma l s .  

2 . 4  L i f e cyc l e  

a .  I nt rod uct i on 

A l t houg h the ba s i c  I i f e cyc l e  of  Sarcocys tis i s  k nown ( see F i g u re 

2 .  1 ) , some p ha ses have not yet been f u l l y  i nvest i gated . The  fo l ! ow i ng 

sect i on s  d i scuss  current  know l edg e of  the d eve l opment of Sarcocystis 

i n  the i ntermed i a t� a n d  def i n i t i ve hosts . 

b .  I n f ec t i on of the  i ntermed i ate host 

S porozo i tes l eave the sporocy st , i . e .  exc yst , i n  response to 

certa i n  i n test i na l  con s t i tuents . Excystment i n  a dog : ox s p . took 

place in vi tro a f ter a two- phase st i m u l u s CFayer  a n d  Lee k ,  1 97 3 ) : f i rst  

a so-ca l l ed ' p retrea tmen t '  p hase  of  a ca rbon d i ox i d e : a i r  m i xtu re i n  cys­

te i ne hyd roch l or i de ,  f o l l owed by  t reatment w i th a b i  l e : tryps i n  m i x t u re . 

Up to 1 8  hours  of p retrea tment wa s necessa ry to ac h i eve  90 per  cent  

excysta t i on .  Mc Kenna Cpers . comm . ) ,  u s i ng a s i m i l a r tec h n i q u e ,  a c h i eved 

excy stment  i n  a dog : s heep a n d  a dog : goat  sp . ( Co l  I i ns a n d  Crawford , 

1 978 ) . Howev e r ,  sporoc ysts  of the  cat : s heep 1 sp . f a i l ed to respond to 

t hese st i mu l i ( see a l so C ha pter 5 ) . T he f i nd i ng s  of Fa yer a nd Lee k  

( 1 97 3 ) , a n d  o f  McKenna p o i nt  to excy stment of ce rta i n  spec i es i n  rum­

i na n ts ta k i ng p l ace i n  the sma l I i ntes t i ne fol !ow i ng p retrea tment  i n  the  

rumen a nd/o r a boma sum . The  next stage i n  i n f ec t i on has  not been stud i ed .  
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P res uma bly sporozo i tes , l i ke bradyzo i tes , enter mucosa by penetra t i ng 

ep i thel i al cells , then move i nto the lam i na p rop r i a .  Later they must  

enter t he c i rc ula t i on a nd be ca r r i ed to the s i te o f  the i r  next p ha se 

of  d evelopment . 

c .  Sc h i zogony 

F i g u res 2 . 2 , 2 . 3  a nd  2 . 4  s umma r i se w ha t  i s  known o f  the t i me 

seq uence of  deve l opmen t ,  follow i ng i n f ect i on of  the i ntermed i ate host , 

i n  t he I i f e cycles o f  va r i ous  spec i es o f  SaPcocys tis . Dog-der i ved 

spec i es i n  cattle and  i n  sheep have been most i nvest i ga ted a n d  i t  i s  

a ss ume d  tha t the  i n forma t i on i nco rpora ted i n  F i g u res 2 . 2 a nd  2 . 3  refers  

to on l y  two d i s t i nct spec i es ,  a lthough  t h i s has yet to be d emon stra ted . 

I n  the per i od between i nvas i on o f  the i n termed i ate hos t ' s  t i s s ues 

by excy sted sporozo i tes a n d  the development of sa rcocysts i n  m u scle one 

or  more p hases of sc h i zogony occ u r .  Fayer and  J ohnson ( 1 97 3 ,  1 9 74 ) 

found sch i zonts  i n  the endothe I i a I ce I I s  of  ea I ves i n f ected 26 to 33 

days p rev i ously w i th dog : ox sp . sporocysts ( see F i g u re 2 . 2 ) . Sc h i zog­

ony ha s s i nce b een reported i n  several other SaPcocystis I i f e cyc l es 

( s ee F i g u re s 2 . 3 ,  2 . 4 )  b u t  the t i m i ng a ppea rs to be d i f f erent for  each 

spec i e s .  S i nce t here i s  ev i dence for sch i zogony occ u r r i ng mo re than  

once i n  the p re-musc l e  p ha se ,  the  sc h i zogony i mmed i a tely p reced i ng 

musc l e  i nva s i on w i  I I be termed the ' ult i ma te sc h i zogony ' .  A ' p enul­

t i mate sch i zogony ' was reported i n  sma l  I a n d  med i um s i zed a rter i es of  

ca l ves  i n fected w i th a dog : ox sp . ( Faye r ,  1 97 7 )  and  i n  the I i ve r  i n  a 

man : p i g sp . ( Heydorn , 1 9 7 7 ;  Heydorn a n d  lpc zyns k i , 1 978 ) . A sl i g h t  

temperature r i se ,  a p p rox i mately 1 5  days  a f ter i n fect i on o f  s heep w i th 

dog : s h eep sp . sporocysts , p o i nts to t he I i kel i hood o f  a penult i ma te 

sch i zogony i n  t h i s  spec i es a I so ( Leek ,  Fa yer and  J oh n  son , 1 97 7 ;  Leek 

a n d  Fayer , 1 97 8 ) . Although  t he t i me sequence i n  development o f  t he 

ma n : p i g  sp . ( see F i g u re 2 . 4 )  appea r s  to a !  low for  on f y  two p ha ses of  

1 5  
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sch i zogony , i t  i s  poss i ble tha t  t h ree p hases occ ur i n  spec i es i nf ect­

i ng rum i nants ( see Cha pter 9 ) . Th i s  a spect o f  t he I i f e cycle need s  

f u rther i nvest i gat i on .  W i th f ew excep t i ons the ult i ma te sch i zogony 

usually ta kes place i n  endothel i a l  cells of sma l l  b lood vessels . 

Howeve r ,  the  u lt i ma te sc h i zogony  was  repor ted to occu r i n  the I i ve r  i n  

a kestrel: vole sp . < Cerna and Louc kova , 1 976 ) a cat : mouse s p . ( Ru i z 

and Frenkel, 1 9 76 ) and a n  owl : mouse sp . (Munday , 1 9 7 7 ) . Sch i zonts o f  

a sna ke : ra t  sp . were found only i n  t h e  lung s  of  ra ts 5 t o  1 2  days  

a f ter i nf ect i on ( Zaman  a n J Colley , 1 97 5 ) . 

d .  Development i n  m usc le 

lt i s  p res umed that  sc h i zozo i tes , deve l oped i n  the u lt i ma te sch i z­

ogony , enter  muscle soon a f ter  the i r  relea se f rom sch i zonts . However ,  

t here i s  only i nd i rec t ev i dence for  t h i s seq uence o f  events : you ng 

sa rcocysts have been f ou nd i n  musc l e  f i b r � s  soon a f te r  t he end of  sch i ­

zogony and there i s  no ev i dence of  sc h i zozo i tes develop i ng i nto stages 

other than sa rcocy sts . Several reports desc r i be f i n d i ng sa rcocysts at  

the same t i me as  sc h i zonts follow i ng s i ngle expe r i menta l i nf ect i ons 

( Fayer and J ohnson ,  1 974 ; J o h nson, H i  I deb randt  and  Fayer , 1 97 5 ;  

Munday , Ba r ker and R i c ka rd , 1 975 ) . Bu t s i nce none o f  these exper i ments 

i nvolved spec i f i c pathogen- f r ee an i mals the coex i s tence o f  na tu rally 

acq u i red i nf ect i on cannot be exclu ded . F u rthermore , i t  i s  I i kely that  

a f ter exper i menta l ly dos i ng r um i nants w i t h s porocysts some a re d e l ayed 

i n  the r umen and that  the t i m i ng of the u l t i mate  sch i zogony i s  therefore 

asynch rono u s . 

How sc h i zozo i tes enter f i b res i s  not known .  Penetra t i on of  the 

sa rcolemma ma y occ u r  d i rectly or the i nter i or o f  the f i b r e ·may be 

reached t h rough the memb rane of a per i p herally placed nucle u s  or  a 

sate l I i te eel I .  The la tter a re known to f unct i on a s  myob la sts and a re 

ca pable o f  be i ng i nco rporated i nto f i b res as  ad d i t i onal nucle i d u r i ng 
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g rowth of musc l e  ( Ham ,  1 969 ) . 

A sa rcocyst i n i t i a l l y  cons i sts of  a s i ng l e metrocyte su rrou nded 

by t he u n i t  mem b ra ne of a p a ra s i top horous  vacuo l e  ( Meh l horn , Ha rt l ey 

a n d  Heydorn , 1 97 6 ;  Pacheco , S hef f i e l d a nd Fa yer , 1 97 8 ) . Growth  i s  

1 8  

by mu l t i p l i ca t i on of metroc ytes and  exp a n s i on ma i n l y  i n  a l ong i tu d i na l  

d i rec t i on .  The u n i t  membra ne  i ncrea ses i n  th i c knes s a n d  exter na l p ro­

j ec t i ons deve l op ( see Sect i on 2 . 5 f ) .  A t  some stage metrocytes g i ve 

r i se to i n termed i a ry ee l I s  tha t ,  a f ter  a n  u n known n umber  of  d i v i s i ons , 

become bradyzo i tes ( spores ) . On l y  at t h i s  stage  i s  the  sa rcocyst  

mat u re and  i n f ec t i ve f or a def i n i t i ve host . The t i me ta ken to  reach  

matu r i ty h as  not  been spec i f i ca l l y  i nves t i ga ted i n  a ny spec i es ,  but  

some i nd i ca t i on of the  l ength of  th i s  p e r i od ma y be  ga i ned f rom reports 

of  tra nsm i s s i on a nd of recog n i t i on of brad yzo i tes i n  sa rcocysts . Ba sed 

so l e l y  on t he c r i ter i o n  o f  i n f ect i v i ty for t he def i n i t i ve hos t ,  sa rco­

cysts i n  two s pec i es a re ma tu re  by a bo u t  70 days  a f ter  i n f ec t i on ( see 

Ta b l e  2 . 1 ) .  

Metroc ytes g i ve r i se to b rad yzo i tes by endodyogeny  ( Senaud , 1 967 ) 

( see F i gure 2 . 6 ) . The g rowth of  sarcocysts ,  a n d  prod uct i on of  

bra d y zo i tes , i s  a ssumed to  be con t i n uou s : metrocytes a re p resent at  the  

pe r i p hery of  even  the l a rgest cysts . 

S a rcocy sts ,  d epend i ng on  the spec i es ,  a re e i ther m i crocysts  o r  

mac rocy sts . The  f ormer do  not ex pa nd  m uch beyond  the w i d t h  of a s i ng l e  

musc l e  f i b re a n d  g row ma i n l y  i n  l eng th . Mac rocysts ex pa nd i n  w i dt h  a nd 

l ength  and  may ac h i eve d i amete rs o f  two cent i metres or mo re a l t houg h 

st i 1 1  enc l osed by  the rema i n s of the i n f ec ted musc l e  f i bre .  La rge 

mac rocysts have centres d evo i d  of ee l I s , b u t  conta i n  a m i l ky f l u i d  

thoug h t  to be t he  rema i ns o f  b radyzo i tes that  have d i ed f rom l ac k  o f  

nu tr i t i on .  The structu re of  the sa rcocyst  wa l l ,  metrocyte a nd b ra d y­

zo i te a re desc r i bed i n  Sect i on 2 . 5 .  
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d og :  sheep 

dog: sheep 

cat : ox 

ca t : ox 

cat:mouse 
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cet : rat 

human:ox 

huma n : ox 

h�n : p l g  
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milture t l on 
t i me ( d a y s )  

5 4  

62 

76 

60 

1 50 

70 

8 1  

1 04 

63 

8 1  

67 

62 

98 

1 1 6 

42 

78 

75 
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62 

62 

56 

67 

42 
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e .  Deve l opment i n  the def i n i t i ve host 

Re l ease of  b ra d y zo i tes f rom sa rcocysts may occ u r  d u r i ng ma st i ­

ca t i on b u t  i s  more I i ke l y  to fo l l ow contact w i th stomach  secret i on s .  

Mac rocysts  ( cat : sheep 1 sp . )  f rom sheep oesop hag i r u pt u red i n  one to 

two m i n utes when exposed to a pep s i n : HC I  d i gest med i um ( Co l  I i n s ,  

u n p u b l .  obs . ) .  Brad yzo i tes i nvade  the mucosa of  the sma l I i ntest i ne ;  

the st i mu l u s for i nvas i on i s  u n known . Scot t ( 1 94 3a ) f o u nd that 

b radyzo i tes  were st i mu l a ted to move by contact w i th b i l e ;  however , 

Fayer ( 1 97 0 ,  1 9 72 ) reported that i nva s i on o f  ce l l s  in vitro took p l ace 

i n  the a b sence o f  d i gest i ve s u b sta nces . Bra d y zo i tes penetrate gob l et 

ce l l s  u nder  the ep i t he l i um ( Ru i z  a nd Frenke l ,  1 976 ) ; the i n f ec ted  

ee l I s  may m i g rate i n to the  l am i na prop r i a  ( Meh l hor n a n d  Scho l tysec k ,  

1 974 ) .  Gamogony ta kes p l ace ma i n l y  i n  the t i p s o f  the v i l l i ( Heydor n  

a n d  Romme l ,  1 972b ; Fa ye r ,  1 97 4 ;  Munda y ,  Ba r ker a n d  R i c ka r d , 1 97 5 ) 

a nd mac ro-gametocy tes a re more n umerous tha n m i c ro-gametocytes 

( Mu nday , Ba rker a nd R i c ka rd ,  1 9 7 5 ;  Ru i z  a n d  F renke l , 1 976 ) . F l ag­

e l l a te m i c ro-gametes f u se w i th mac ro-gametes , t he  zygote p rod uces a n  

oocyst  wa l I a n d  the con tents d eve l op i n to s porob l a sts a n d  the n s poro­

cy sts . S poru l a t i on occ urs  in situ i n  a few days . The  seq uence o f  d ev ­

e l opment i n  va r i ou s  spec i es ,  i s  s umma r i sed i n  Tab l e  2 . 2 . 

There i s  no ev i dence  o f  i nva s i on of  ext ra - i ntes t i na l  t i ssues , 

a l t hough  on l y  one exper i ment  to i n vest i gate t h i s  poss i b i I i ty ha s b een  

reported ( Romme l e t  a l. J 1 9 74 ) .  I n  t he  Sarcocystis l i fe cyc l e , b ra d y­

zo i tes deve l op d i rect l y  i n to gametocytes , i n  con tra st  to the Toxop lasma 

I i f e cyc l e  where gamogony i s  p receded by sc h i zogony ( Ferguson e t  a l. J 

1 9 74 ) .  T h i s  ra i ses i nterest i ng q u est i ons  a s  to when the red uct i on 

d i v i s i on occurs i n  the  cyc l e  a n d  whether o r  not brad y zo i tes a re p r e­

d eterm i ned i n  the i r deve l opment  to mac ro- or m i c ro-gametocytes . 

Sporu l at i on ( sp orogony ) ta kes  p l ace a t  mamma l i a n  bod y tempera t u re ;  

20 



oocy sts d eve l oped i n  ee l I c u l tu re f a i l ed to spor u l ate a t  room temp­

era t u re ( Fayer ,  1 97 2 ) . Howeve r ,  i n  spec i es i n f ect i ng po i k i l otherm i c  

hosts spo r u  I at  i on m ust  occu r  a t  I ower tempera tu res ( Rzepczy k ,  1 97 4 ;  

Za ma n a n d  Co l l ey ,  1 9 7 5 ) .  Sporocy sts  a re p robab l y  re l eased f rom the 

mucosa by the  b rea kdown o f  i n f ected ee l I s . The shed d i ng o f  sporocysts  

i s  t he re fore sporad i c ,  w i th a n  ea r l y  pea k  o f  p roduct i on fo l ! owed by a 

l on g  per i od of  i nterm i ttent shed d i ng .  I n  expe r i menta l i n f ec t i ons  i t  i s  

not u n usua l for some sporocysts to be passed before they a re sporu l a ted 

( Co l  I i ns ,  u n p ub I .  ob s . ) .  

De f i n i t i ve hosts may con t i n ue to shed sporocysts for a s  l ong a s  

severa l mon ths a fter a s i ng l e i n f ect i on ,  b u t  i t  i s  dou btf u l  i f  ' o l d '  

sporocyst s ,  i . e .  those that  have been reta i ned  i n  the i ntest i na l  

mucosa for  severa l mon t h s ,  a re v i a b l e  ( As h f ord, 1 978 ) . 

2 . 5 Morpho l ogy 

a .  Mac rogamete 

Young mac rogametes �n vi tro were a p p rox i ma te l y  8 . 0  x 4 . 5�m i n  

d i ameter a n d  had  p rom i nent n uc l e i ( Vetter l i ng ,  Pacheco a n d  Fayer , 1 97 3 ) . 

Mac rogametes were s u r rounded by a pe l I i c l e  composed o f  two u n i t  membra­

nes and  I a rge  g ra n u  I es  were p resent  a t  the p er i p hery . Less deta i I ed  

descr i pt i on s  of  s i m i l a r structu res in vivo have been g i ven by  others 

( Heydorn a n d  Romme l ,  1 972b ; Fayer , 1 9 74 ; Munday , Ba rke r  and  R i c ka rd , 

1 9 7 5 ; R u i z  and  Fren ke l ,  1 9 76 ) . 

b .  M i c roga mete 

Vette r l i ng et a l . � ( 1 97 3 )  found  young m i c rogametocytes , in vi tro� 

o f  a p p rox i mate l y  4 . 4  to 6 . 5�m by 3 . 5  to 5 . 0�m d i ameter . F l age l l a te 

m i c rogametes , re l eased i n to the pa ra s i top horous  vac uo l e ,  were s l ender , 

comma - s ha p ed and  about  3�m i n  l ength . The two f l age l l a ,  o r i g i na t i ng 

f rom a n ter i or basa l bod i es ,  extended poster i or l y .  M i c rog ametocytes 

have been f ound and d escr i bed on l y  i n f requ ent l y  in vivo ( Heydorn  

2 1  



TABLE 2 .  2 

DEVE LOPMENT OF  SARCOCYSTIS S PEC I ES I N  THE DEF I N I T I VE HOS T :  

Sarcocys tis 
spec i e s 

f ree 
bradyzo i tes 

b ra d y zo i tes 
i n  ee l I s  

gametocytes 

gametes 

zygotes 

oocyst wa I I 

sporob l a s t  

sporocyst  
wa l l  

sporu l a ted 
sporocysts  

dog : 
ox 

2 - 1 3d 

7- 1 3d 

1 Od 

<;t r-0\ 

L Q) >-CO LL 

CHRONO LQ(;y 

dog : 
sheep 

24 h r  

4 d  

7 d  

"" 
L 
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dog ( fox ) :  ca t :  
s heep ox 

4 h r  

1 6 hr 8 h r  
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3d 

2 td 
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5d 
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r- N 0\ r-"" 0\ 
-o c L L -0 0 Q) '+-- -o E 
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a nd Romme l ,  1 972b ; Fayer , 1 97 4 ;  Mu nday , Ba r ke r  and R i c ka rd , 1 97 5 ;  

Zama n a n d  Co l l ey ,  1 97 5 ; Ru i z  a nd Frenke l , 1 97 6 ) . 

c .  Oocyst 

The  ooc yst wa l l  d eve l op s  f rom p er i p hera l g ranu l es a n d  ves i c l es 
-

i n  the zyg ote ( Vetter l i ng e t  a l . _, 1 97 3 ) , a n d  cons i sts o f  f i ve  l ayers  

i n  a d d i t i on to  the two membra nes of the pe l I i c l e . Deve l opment of the 

oocyst wa I I i s  repo rted to occ u r  a t  w i de I y d i f f er i ng t i mes a f ter 

i n f ect i on a ccord i ng to spec i es ( see Ta b l e  2 . 2 ) bu t  th i s  p hase  of  the 

I i fe cyc l e  need s more deta i l ed stu d y .  

d .  Sporocyst 

S porocysts of d i f f erent spec i es of SaPcocys tis a re rema r kab l y  

s i m i l a r  i n  s hape ,  be i ng e l l i p so i da l  w i th one s i de s l i g ht l y  f l attened 

( see F i g u re 2 . 5) . The d i mens i ons  of sporocysts d i f f er w i th spec i es b ut  

the  ranges f requent l y  over l a p .  The  d i mens i on s  of sporocysts desc r i bed 

s i nce 1 97 2  a re compa red i n  Appen d i x  2 ta b l es 1 and  2 .  A p pa rent d i f f -

e rences i n  d i mens i ons  of sporocysts of the same spec i es ,  a s  recorded by 

v a r i ou s  wor kers , p roba b l y  resu l ted f rom the u se of  d i f f erent measu r i ng 

techn i q ues a n d  pos s i b l y  a l so f rom the i n f l u ence of the med i a  i n  w h i ch 

the  sporocy sts were s tored . 

The sporocy st wa l l  has been I i tt l e  stu d i ed .  l t  i s  poss i b l e  that  

there are  d i f f erences i n  the p hy s i co-c hem i ca l  structu re of the  wa l I s  i n  

each spec i es that cou l d  be i nvo l ved i n  host spec i f i c i ty a nd a l so a f f ect 

excystment  in vi tPo ( see Sect i on 2 . 4 b ) . Meh l horn a n d  S c ho l tysec k  ( 1 974a ) 

reported that  sporocysts , i n  the i ntest i nes of cats i n f ected w i th ca t :  

sheep 1 sp . mac rocysts , ha d wa l I s  composed o f  a 50 to 6 0  nm th i ck osm i o-

p h i  I i c  l a ye r  a n d  a n  outer g ranu l a r  l ayer , t hought  to be a re i i c  of the  

oocyst wa l l  ( see F i g u re 2 . 5 ) . 
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S poru l a ted sporocysts  conta i n  f o u r  sporozo i tes a n d  a g ra nu l a r 

res i d u um < see F i gu re 2 . 5 ) . There a re no d escr i p t i ons  of the  u l tra­

st ructu re  of  Sarcocy s ti s  sporozo i tes ; presuma b l y  they resemb l e  

cocc i d i a n sporozo i tes a n d  conta i n  t he  u sua l sporozoa n org a ne l l es .  The 

structure and chem i ca l  n ature of the res i du um i s  a l so u n know n . The 

res i d u um g ra n u l es ,  w h i c h  may form a comp act rosette or  be  sca t tered 

th roughout ha l f  of the sporocyst , perhaps  serve as  f ood  reserves ,  or 

f u nct i on i n  osmoreg u l a t i on or even i n  b u f f er i ng the ef f ects  o f  

externa l e l ectro l ytes . 

e .  Sc h i zon t s, sc h i zozo i tes and  sch i zogony 

Fou r  d i f ferent structu res have been desc r i bed f rom the per i od 

p r eced i ng i nvas i on of  m u sc l e . 

( i )  Sch i zont  type 

Th i s  str uctu re ,  f o u n d  i n  the en dothe l i a l ce l l s  of sma l l b l ood 

vesse l s  d u r i ng the u l t i ma te sc h i zogony , i s  a ssoc i ated w i th the  patho­

gen i c  p hase  of sa rcocystos i s . Up to 200 sch i zozo i tes may be p resen t  i n  

a sc h i zon t ,  somet i mes a r ra nged i n  a pa l i sade  o r  rosette f orma t i on .  

Th i s  type o f  sc h i zon t  g i v es r i se to sch i zozo i tes a p p rox i ma te l y  3 to 

4 �m l ong w i t h a nuc l eu s  about 2 �m i n  d i ameter < Fayer a n d  J oh nson , 

1 9 7 3 ,  1 97 4 ; Ma r ku s ,  K i  1 1  i c k- Kend r i c k and  Ga r nham , 1 97 4 ;  J oh n son , 

H i  l debra n d t  a nd Faye r ,  1 97 5 ;  Mu n da y ,  Ba r ker a n d  R i c ka rd , 1 97 5 ;  Zama n 

a n d  Co l l ey , 1 97 5 ;  Ru i z  a nd F ren ke l , 1 97 6 ;  Fa yer ,  1 97 7 ;  Lee k ,  Fa yer  

and  Johnso n ,  1 97 7 ;  Mu n da y ,  1 97 7 ;  Heydo rn and  l pczyns k i , 1 97 8 ;  Leek 

a n d  Faye r ,  1 978 ) . 

( i  i )  Sch i zon t type 2 

A sma l l e r structu re tha n the a bove , conta i n i ng sma l l er sch i zo­

zo i tes ( 2  x 1 �m ) ,  wa s descr i bed by Ma rkus  e t  a l . J ( 1 97 4 )  i n  a k i d ney 

of a ca l f  i n f ected w i t h dog : ox sp . sporocysts . Sma l I sc h i zonts  con­

ta i n i ng sma l l sch i zozo i te s were a l so t ou nd i n  the l u ng s of rats i n f ect­

ed w i th sna ke :  rat sp . sporocysts  ( Zama n a n d  Co l l ey ,  1 975 ) . 
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(i i i )  Ba soph i I i c monon uc I ea r orga n i sms  

Fayer  a nd J oh nson ( 1 974 ) descr i bed f i nd i ng "mononuc l ea r  ba so­

p h i  I i c  org a n i sms"  i n  o rg a n s of ca l ves  i n f ec ted w i th dog : ox sp . spore­

cysts at 27 a nd 33 days  a f ter  i n f ec t i on .  The  d i mens i ons  o f  these 

structures and the ee l I type i n  w h i c h they occu rred were no t reported . 

O ne s i m i l a r structure was  fou nd  by Mu nday e t  a l . �  ( 1 974 ) i n  endothe l ­

i um i n  a l ymp h nod e .  

( i v )  La rge zo i tes i n  b l ood 

Zo i tes w i t h mea n d i mens i ons  of 7 . 85 x 2 . 48 wm ( n  = 2 5 )  were 

found  i n  the  b l ood of rats  4 to 9 days  a f ter  i n f ect i on w i th a s na ke : ra t  

sp . ( Zama n a n d  Co l l ey , 1 9 75 ) . These organ i sm s  were p resent a t  the same 

t i me as type 2 sch i zont s . 

The re l a t i onsh i p  of these four  struc tu res  to eac h  other i n  t he  

I i f e cyc l e  i s  not certa i n .  U ndou b ted l y  t y pe  1 sch i zonts a re i nvo l ved  

i n  the u l t i ma te sc h i zogony a nd g i ve r i se to  sc h i zozo i tes a p p rox i ma te l y  

4 wm i n  l eng t h .  The typ e 2 sc h i zont found  by Ma rkus  e t  a l . � ( 1 974 ) ,  

i n  t he tu b u l es on l y  of  a k i d ney that  a l so harbou red type 1 sch i zon ts  i n  

g l omeru l i , wa s thoug ht  to be that  of "a d i f ferent  genera t i on . "  Ba se­

p h i  I i c  monon uc l ea r  o rga n i sms ma y have been ea r l y  sc h i zont s :  they re­

semb l e  structures i d ent i f i ed as i mma ture sch i zon ts d u r i ng a study of 

the I i f e c yc l e  of a dog : goa t  sp . ( see Cha p ter  9 ) . The l a rge zo i tes 

seen by Zama n a nd Co l l ey ( 1 97 5 )  a r e  d i f f i c u l t  to p l ace i n  re l at i on to 

other sta g es i n  the I i f e cyc l e : t hey a ppa rent l y  d i d  not der i ve f rom 

the sc h i zonts  found i n  t he  l u ngs of the same a n i ma l s . 

L V  

Pac heco a nd Fayer ( 1 977 ) ca r r i ed out the  on l y  study  of  u l tra­

structu re d u r i ng sch i zogony .  They desc r i bed sc h i zogony a s  be i ng endo­

p o l ygeny - the forma t i on of ma ny d a ug hter ee l I s  w i th i n  one  mother ee l I 

( see F i g u re 2 . 6 ) . Sch i zonts had a pe l l i c l e  formed of  two u n i t  membranes 
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but  were not su rro u n d ed by a p a ra s i top horous  va cuo l e .  F ree sc h i zo­

zo i tes have  been d i scovered i n f req uent l y  i n  h i s to l og i ca l  sec t i on s ;  

Pac heco a n d  Fa yer ( 1 97 7 ) reported t h a t  matu re  sch i zozo i tes resem b l ed 

brad yzo i tes  i n  shape  a n d  possessed s i m i l a r  o rg a ne l l es .  

f .  The  sa rcocyst wa l I 

A young sa rcocyst  cons i sts  of  metrocytes s u r rounded b y  f i ne 

g ra n u l a r  g round  s u b sta nce and  enc l osed b y  t he  u n i t  mem b ra ne of  the  

paras i top horous  vacuo l e .  The sa rcocyst wa l l  i s  formed f rom th i s  u n i t  

membrane o n  the i n s i d e o f  wh i c h dense  g ro u n d  s u bstance i s  d epos i ted . 

The ea r l y  cyst  wa l I has  sma l I reg u l a r  p rotruberances externa l l y 

( Pacheco , S h ef f i e l d  a nd Fa yer,  1 9 -/ 8 ) .  I n  the  d eve l opment  of the dog : 

s heep sp . sarcocys t ,  v i l l i have d ev e l oped f rom the p rotru bera nces by 
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8 1  days a f te r  i n f ect i on (Meh l hor n ,  Heydorn a n d  Gestr i ch ,  1 97 5b ) . A 

study of the  deve l opme n t  of dog : ox sp . sa rcocysts  (Meh l horn , Heydorn  a n d  

Gestr i c h 1 97 5a )  s howed that g rowth o f  wa l l s too k p l ace  between v i  1 1  i 

a nd ,  a f ter  76  days , v i  1 1  i were f o l d ed hor i zonta l l y to the wa l l  s u r f a c e .  

T h e  u l trastructu re o f  t h e  matu re sa rcocyst  wa l l  i s  o f  cons i d era b l e  

i nterest i n  u n dersta nd i ng the hos t : paras i te r e l at i onsh i p  a nd i n  the i den­

i f i cat i on o f  certa i n  spec i es .  Cyst wa l I s  o f  v a r i ous  spec i es of  Sarcocys­

tis have b een d escr i bed by ma ny wo r kers ( Meh I ho rn and  S cho I tysec k ,  1 97 3 ;  

Heydorn e t  a l . � 1 9 74 ;  Scho l tysec k ,  Meh l horn  a n d  Mu l l e r ,  1 9 74 ; Bergmann  

and  K i nder , 1 97 5 ;  Gest r i c h ,  Meh l horn  a nd Heydorn , 1 97 5 ;  Ka l i ner , 1 97 5 ;  

Meh l horn , Heydorn a n d  Gestr i c h ,  1 97 5a ,  b ;  Zama n and Co l l ey ,  1 97 5 ;  Meh l ­

hor n ,  Ha rt l ey a nd Heydorn , 1 97 6 ;  V i  l es a n d  Powe l l ,  1 97 6 ; Erber , 1 977 ; 

Ka n a n d  D i ssana i ke ,  1 97 7 ;  Shef f i e l d , Fren ke l a nd Ru i z ,  1 97 7 ;  a n d  

Pac heco , S hef f i e l d  a n d  Fayer , 1 978 ) . A typ i ca l  sa rcocyst  i s  bou nded  o n  

the outs i de b y  t h e  sa rco l emma o f  t he  or i g i na l  m u sc l e  f i b re ( see F i g u re 

2 . 7 ) .  T h i s  enc l oses the  remnants  o f  the cytop l a sm a n d  o rg a ne l l es of  the 



t i b re i n  c I o se contact w i th the v i  I I i . V i  I I i have a va r i ety of  

shapes depend i ng on  the spec i es ,  a re I i ned w i th a dense g ro u nd s u bsta nce 

and enc l ose b u nd l es of  m i crotu bu l es .  The s u r f aces of the v i  1 1  i a n d  i nt­

erv  i I I a r wa I I may  be p i erced by i nvag  i nat i o ns tha t ,  together w i th the  

m i crotub u l es ,  p roba b l y  f u nct i on i n  n u t r i t i on .  The  i n ner l ayer  o f  the 

wa l I i s  a t h i c k band  of g rou nd s u b sta nce t ha t  a l so extends  a s  septae 

i n to the centre of t he cyst to form compa rtments i n  wh i c h metrocytes 

a n d  deve l op i ng bradyzo i tes a re fou n d . Sa rcoc ysts  of the ca t : s heep 

s p .  on l y  a re su rro u nded by an a d d i t i ona l l ayer - the secondary  wa l l 

- wh i ch i s  composed of  host-der i ved co l l ag enou s  connect i ve t i ssue  ( see 

F i gure 2 . 7 ) . The  cyst wa l l s of va r i ou s  spec i es of SaY'cocys ti s  were 

compa red i n  a paper by  Meh l hor n ,  Ha rt l ey and Heydorn ( 1 976 ) , who 

s howed tha t  i t  i s  not a l wa ys pos s i b l e  to i d ent i t y spec i es so l e l y b y  

w a  I I structu re . 

g .  Metrocyte 

The  u l t rastruc ture  of the metrocyte i n  the ea r l y  sa rcocyst ha s not 

been stud i ed ,  b u t  i t  p roba b l y  resem b l es tha t  of a metrocyte i n  a 

ma ture cyst ( see F i g u re 2 . 8 ) . Th i s  stag e i s  bou nded by  a p e l I i c l e  com­

posed of a doub l e  u n i t  mem b ra ne i nvag i na ted occa s i ona l l y b y  m i c ropores , 

A l l the orga ne l l es fou n d  i n  b ra d y zo i tes are p resent i n  metrocytes i nc l ­

u d i ng the cono i d  ( Heydor n ,  Meh l horn  a n d  Gestr i c h ,  1 97 5 ) . Metrocytes 

are found  i n  c l ose con tac t  w i th the g rou nd  s u b stance of  the sarcocyst 

wa l l .  Bra d y zo i tes d eve l op f rom met rocytes by  a n  u n known n umber  of 

p hases of en dodyogeny  ( see F i g ure  2 . 6 ) . 

h .  Bradyzo i te 

Th i s , the  spore of the  ea r l i er  wor kers , a n d  s i nce g i ven  severa l 

other names , ha s been stu d i ed on ma ny  occa s i on s .  Brad y zo i tes a re 

cu rved cy l i nd r i ca l  ce l l s  w i th ta pered end s . One end i s  more  po t nted 

tha n the other  end a n d  i s  termed a nter i or .  S i ze var i es to some extent 

w i th spec i es a nd ha s been record ed many t i mes ( Ka l ya k i n a nd Za s u kh i n , 
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1 9 7 5 ) . Howev e r ,  the c u rved s hape of brad y zo i tes ma kes accu ra te 

mea s u rement of  l ength d i f f i cu l t  a n d , therefore , d i mens i on s  a re of  

3 1  

I i tt l e  va l u e i n  i den t i f y i ng s pec i es .  T he d eta i l ed structu re o f  a 

typ i ca l  b ra dy zo i te i s  s hown i n  F i g u re 2 . 8 .  The  pe l I i c l e , a p p rox i mate l y  

400 A
0 

th i c k,  comp r i ses  a n  i nner do u b l e  a n d  outer s i ng l e u n i t  memb ra ne . 

At the extrem i t i es the i n ner membrane i s  a b sent  a s  i t  end s a t  the a nt­

er i or a nd poster i o r po l a r r i ng s .  Twentytwo s ubpe l I i c u l a r m i crotu b u l es ,  

tha t a re thoug ht  to f u nct i on i n  movemen t a nd /or s upport ( Ha mmond  a n d  

Long , 1 97 3 ) , r u n  l ong i tu d i na l l y  betwee n t he po l a r  r i ngs . M i c ropo res 

penetrate the pe I I i c I e i n  a f ew p I  aces a n d  a re  thought  to have a 

n u tr i t i ona l f u nc t i on .  Metrocytes a nd b rad y zo i tes of the ma n : ox sp . 

were d escr i bed by Heydorn  e t  a l .  ( 1 9 7 5 )  a s  i ngest i ng ves i c l es l y i ng 

nea r by . Howeve r ,  the a s soc i a t i on they fou nd cou I d  eq ua I I y we I I h ave  

been  i nterp reted a s  excret i on .  

The  a nter i o r end  enc l oses a cono i d  a n d  re l a ted structures t ha t  

a re s i m i l a r to t hose o f  ma ny other sporo zoa ( Sc ho l tysec k ,  Meh l horn  a n d  

F re i d hof f ,  1 9 70 ) . A cono i d  i s  a tr u nca ted cone of sp i ra l l y  a r ra nged 

f i b r i  I s  260-300 A0 i n  d i ameter w i th a n  open  top enc i rc l i ng the e n d s  of  

the rhoptr i es .  The po l a r r i ng and  cono i d  a re not connec ted a nd t he  

l atter may be fou nd  a n ter i o r or  poste r i or to t he  former . Rhop tr i es 

a re orga ne l l es w i th a g l a n d u l a r ap peara nce a n d  a re thoug ht  to f u nct i on 

w i th t he cono i d  i n  ee l I penetra t i on .  M i cronemes , convo l uted cord- I i ke 

str uct u res of  600-900 A0 d i ameter pac ked a round  the rhop tr i es i n  the 

a n ter i or th i rd o f  the ee l I ,  are  a l so thoug h t  to f u nct i on i n  the  i nva­

s i on of  ee l I s . The g l ob u l a r n u c l eu s I i e s i n  t he poster i or ha l f  of the 

brad y zo i te s u r rounded by  n umerous  po l y saccha r i d e gra n u l es ( Meh l hor n a n d  

Scho I tysec k,  1 97 4 b) a nd other o rga ne I I es . Ad enos i ne tr i p hos p hatase has  

been found i n  the endop l a sm i c  ret i c u l um ,  per i n uc l ea r  space and  between 
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the i nner  membra nes of the pe l l i c l e ( Meh l hor n a nd Scho l tysec k ,  1 97 4 b ) ; 

i ts a bsence f rom m i tochond r i a  wa s a scr i bed to the re l a t i ve l y  l ow energ y  

requ i rements  o f  th i s  stage .  A l ka l i ne p hosp hata se act i v i ty wa s p resent 

on  the outs i de of  the pe l l i c l es of bot h brad y zo i te and  metrocyte a n d  

o n  t h e  i n ner  su rface o f  t h e  p r i ma ry cy st  wa l I .  Study  of the  cytoc hem­

i stry  of  the cono i d  and  a ssoc i a ted structu re m i g ht p rov i de u sef u l i n f ­

o rma t i on o n  the i r  f u nct i on .  

2 . 6  Sa rcocystos i s  

a .  I nt rod uct i on 

Unt i I recen t l y  i n f ect i on w i th a Sa�cocys tis  spec i es wa s regarded 

a s  of  I i tt l e  patho l og i ca l  s i g n i f i ca nce . However ,  Fa yer a nd J o h nson , 

( 1 97 3 ,  1 974 ) s howed that  i n  certa i n  c i rcum stances S�cocys tis spp . ca n 

be h i g h l y  p a t hogen i c  to i n termed i a te hosts . I I l ness may be a ssoc i a ted 

w i th the u l t i mate sc h i zogony and i ts sever i ty va r i es d i rect l y  w i th the 

s i ze of  t he i n f ect i ve dose of  sporocy st s .  S i nce there i s  no c l ea r  

d i v i d i ng I i ne between p athog en i c  a n d  non-pathogen i c  i nf ec t i on ,  the 

term sa rcocy s tos i s  i s  u se d  here for  a l  I i n f ct i on s  w i th S�cocystis  sp p .  

The  p athogenes i s , g ross a nd c l i n i ca l p at ho l og y ,  symp tom s ,  d i ag nos i s  a n d  

t reatment of sa rocystos i s  a re d i scu s sed i n  t he  f o l l ow i ng sect i on s .  

b .  Pathogenes i s  a nd pa tho l ogy  

I I l ness  a nd death  a ssoc i ated w i th the u l t i ma te sch i zogony  i n  

endothe I i a I ce I I s  have been reported f rom ex per  i m enta I i n f ec t i on s  w i th 

severa l spec i es of Sa�cocys tis ( see Ta b l e  2 . 3  a nd F i g u res  2 . 9 a nd 2 .  1 0 )  

a n d  f rom one p resumed natu ra I i n f ect i on (Corner e t  aZ . _, 1 963 ) .  The 

cau se of the i I l ness i s  not f u l l y u nderstood . l t  i s  p resumed that when  

ma tu re sch i zonts  d i sc harg e  t he i r  con tent s , the d i sru p t i on of  host  endo­

t he l i a l  ee l I s  i s  accomp a n i ed by haemorrhag e i nto s u rrou nd i ng t i ssues . 

Whether or not other factor s ,  such  a s  the  re l ea se of ee l I b rea kdown 

_) _)  
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p rodu cts or p a ras i te tox i n� ,  a l so contr i b ute to the pa thog enes i s  i s  

u n known . A l so i t  i s  not u nd erstood how heavy i n fec t i on of a preg na nt 

a n i ma l  ca n cause foeta l d eath  and abort i on .  

.J O  

Nec ropsy  of a n i ma l s  at  the  pea k  of the  sch i zogo n i c  c r i s i s  revea l s  

p etech i a l  haemo rrhages i n  a l  I orga n s ;  petech i ae a r e  espec i a l l y  obv i ous  

i n  the mesenter i es ,  on the serosa l s ur faces a nd i n  s u bcutaneous  musc l es .  

F req uent l y  the  hea rt i s  severe l y  a f f ected and  may a p pear u n i form l y  d a r k  

red f rom t h e  conf l uence o f  haemo rrhages a nd f rom cong est i on .  H i sto l og ­

i ca l  exam i nat i on revea l s  petech i ae i n  a l  I t i ssues , b u t  espec i a l l y i n  

those we l l  s u p p l i ed w i th sma l l b l ood vesse l s . Sch i zonts a re p resent i n  

endothe l i a l  ce l l s a nd a re most p l ent i f u l  i n  g l omeru l i  ( see Cha pter 9 ) . 

A f f ected t i ssues a re d i f f use l y  i n f i l trated w i th monon uc l ea r  ce l l s  

( Fa yer  and  J oh n son , 1 97 3 , 1 9 74 ; J ohnson , H i  l debrandt  a n d  Fayer , 1 97 5 ;  

Lee k ,  Fayer a n d  J ohn  son , 1 977 ) ( see a I so Chapter 9 ) . 

The  d og : ox , dog : sheep , ma n :  p i g  a n d  ca t : p i g  s pp . have a l  I been 

desc r i bed as ca us i ng severe i l l nes s .  The  pathog en i c  e f f ects o f  a dog : 

goa t sp . are  descr i bed i n  Cha p ter 9 .  I n fec t i ons  of  catt l e  w i th the ma n :  

ox a n d  cat : ox sp p .  were reported a s  caus i ng on l y  m i  I d  symptoms < Gestr i c h ,  

Heydorn  and  Ba ysu , 1 97 5 )  a nd reports o f  i n f ec t i ons w i th the  ca t : mouse  

and  ca t : ra t spp . d i d  not ment i on any  pathog en i c  e f f ects ( Ru i z  a nd Fren ke l , 

1 97 6 ;  Ash ford , I 977 ) .  

T he  poss i b i  I i ty of there be i ng d i f f erences i n  pathogen i c i ty be­

tween Sarcocys tis spec i es has not been a deq uate l y  i nvest i gated . To 

ma ke such  compar i son s i t  w i  I I b e  neces sa ry to be a b l e  to re l a te i n f ect­

i ve doses on  the ba s i s  of  spo rocysts per  u n i t  we i g ht of the host a nd 

a l so to mea s u re the n umber o f  s porocysts tha t f a i I to esta b l i s h  a nd pa ss 

out u nc ha nged i n  the faeces . 

c .  Symptoms a n d  c l i n i ca l  pa tho l ogy  

I n  exper i menta l l y i n d uced severe sa rcocystos i s  there i s  I i tt l e  

not i ceab l e  c hange i n  hea l th bef o re the sch i zogon i c  cr i s i s . A sma l l ,  
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trans i en t  r i se i n  temperatu re ha s been recorded i n  i n f ec t i on s  w i th two 

spec i es ,  p robab l y  assoc i a ted w i th a pen u l t i mate sc h i zogony ( see 

F i g u res 2 . 9  a n d  2 .  1 0 ) .  The  sch i zogon i c  cr i s i s  i s  ma r ked by  pyrex i a ,  

a norex i a ,  a naem i a ,  we i g ht l oss a nd dep ress i o n  ( see Tab l e  2 . 3 ) , d ea th 

ma y fo l l ow qu i ck l y  or a f te r  a per i od of recumbency . A n i ma l s  that 

su rv i ve ,  s l ow l y retu rn to no rma l h ea l th .  However , recovery may be 

accompa n i ed by  stu nt i ng ,  ha i r  l os s  a n d  neurom uscu l a r symptoms ( Fayer , 

J oh nson a n d  L u nd e ,  1 976 ;  Leek a n d  Fayer , 1 978 ) . A n  i ma I s  a f f ected 

d u r i ng p reg na ncy may abort ( Corner  et a Z . �  1 963 ;  Fayer , J oh n son and  

L u n de  1 976 , Leek and  Fa ye r ,  1 978 ) . The  c h rono I ogy of  symptom s  i n  

i n f ect i on s  w i th the dog : ox a n d  dog : s heep spp . i s  shown i n  F i g u res 2 . 9  

a n d  2 .  1 0. 

The acute a naem i a that  resu l ts ,  p res uma b l y ,  f rom the extens i v e  

petec h i a l  haemor r hages , i s  ref l ected  by  a rap i d  f a l l  i n  t h e  n um be r  of 

c i rcu l a t i ng erythrocytes , pac ked ce l l vo l ume and haemog l ob i n  concentra-

t i on  ( see Tab l e  2 . 4 ) . A f a  1 1  i n  the tota I serum p rote i n  ha s been 

recorded i n  some i nf ect i on s  ( Leek , Fayer and J o h n son , 1 977 ; Leek  a n d  

Fayer , 1 978 a ) .  Serum enzymes ( see Tab l e  2 . 4 )  were mon i tored b y  Fayer 

a n d  Johnson ( 1 97 5 )  and  Ma h rt a nd Fayer ( 1 97 5 ) ;  the  l eve l s  rose s i g n i f -

i ca n t l y  f rom a bout  fou r wee ks a f ter  i n f ect i on .  However , s uch  changes 

a re not d i�ost i c  of sa rcocystos i s  a nd mere l y  ref l ect t i ssue  damag e .  

d .  D i agnos i s  

D i agnos i s  of  severe sarcocystos i s  i s  d i f f i c u l t  a nd ha s to b e  

based l a rg e l y  o n  c i rcumsta n t i a l ev i d ence ;  no  spec i f i c test ha s been  

dev e l oped . T he  p rob l em ,  i n  a part i cu l a r  c i rcumsta nce , i s  i n  d eterm i n-

i ng whether or  not c l i n i ca l i l l ness or  i 1 1 -thr i f t has been cau sed by 

the i ngest i on of l a rge numbers of sporocysts over a short p er i od of  

�i me . Therefore d i ag nos i s  may have  to re l y  ma i n l y  on  h i story , s u p por-
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ted by the res u l ts of haemato l og i ca l a nd  sero l og i ca l exam i na t i on .  

A d d i t i ona l ev i dence m i g h t  be p rov i ded by mu sc l e  b i opsy  or  nec ropsy 

of  a severe l y  a f f ected a n i ma l .  The  p resence of  sa rcocysts i n  musc l e , 

a l t houg h ev i dence of i n f ec t i on w i th a SaPcocy s tis spec i es ,  a t  some 

t i me i n  the past ,  i s  very common , a n d  not a n  i nd i cat i on of recent 

i ngest i on o f  sp orocysts . 

Long - s tand i ng Sarcocys tis i n f ect i ons a re a s soc i a ted w i th on l y  

l ow l eve l s  of  a nt i bod i es ( see Cha p ter  3 ) , w h i l st the i ngest i o n  of  

pathogen i c  doses  of sporocysts resu l ts i n  r i s i ng l eve l s of i mmu no­

g l obu l i n s ( Fayer and L u n d e ,  1 97 7 )  ( see Cha p ters 3 and  9 ) . l t  i s  

poss i b l e , t herefore , that a p resump t i ve d i ag nos i s  of severe sa rcocys­

tos i s  on  the bas i s  of h i s tory and  c l i n i ca l  s i g ns cou l d  be con f i rmed by 

d etect i ng r i s i ng l eve l s  of  Sarcocys tis ant i bod i es .  The a p p l i ca t i on of 

sero l og i ca l  tests  to the d i ag nos i s  o f  sa rcocystos i s  i s  d i scu ssed more 

f u l l y i n  Cha p ter  3 .  

e .  Treatmen t  

There i s  on l y  one report of  t h e  use  of d rug s i n  exper i menta l 

sa rcocystos i s  ( Fayer a n d  J oh n son , 1 97 5 ) . Ca l v es dosed w i th dog : ox sp . 

sporocysts  were g i ven amp ro l i um a t  a dose ra te of  1 00 mg/ kg body 

40 

we i g ht  da i l y  between 0 a nd 30 days a f te r  i n f ec t i on .  The u nmed i cated 

i n f ected g roup  g a i ned we i g ht mo re s l ow l y  tha n the med i ca ted i n f ected 

g roup ; most we i g ht wa s ga i ned by the u n i n f ected contro l s . l t  was  

thoug h t  t ha t  med i cat i on red uced the  sev er i ty of  t he d i sea s e .  Bu t ,  s i nc e  

treatment sta rted o n  the day  of  i n f ec t i on ,  t h e  med i ca t i on cou l d  have 

a f f ec ted the para s i tes i n  the i ntest i ne before they i nvaded  the mucosa 

a n d  t he resu l ts may mere l y  ref l ect a d i f ference i n  dose rate . Research  

i s  u n dou b ted l y  needed on t reatmen t  of  ac ute sa rcocy stos i s ,  b u t  med­

i ca t i on to k i  I I sarcocysts  i n  musc l e  i s  p roba b l y  ne i ther p rac t i ca l  nor 



des i ra b l e  a s  degenerat i ng p a ras i tes wou l d  u ndou bted l y  resu l t  i n  

myos i t i s . 

f .  Sa rcocystos l s  i n  the d ef i n i t i ve host 

T he re i s  no ev i dence that the d eve l opment of Sarcocys tis i n  t he 

i n test i nes of  ca rn i vores ha s a ny c l i n i ca l  ef f ec t .  However , Heydorn  

( 1 97 7a ) fou n d  t8at  h uma n s  w ho ate l a rge quant i t i es of i n f ec ted raw beef 

( dog : ox a n d  man : ox sp p . ) and pork ( ma n : p i g  sp . )  became i 1 1  a f ter  s i x 

hou r s .  Symptoms i nc l uded nausea , co l i c  and d i a rr hoea l a st i ng u p  to 

36 hou rs . The  i n fected pork  caused more severe symptoms , i nc l ud i ng 

con t i nua l vom i t i ng a nd dysp noea . 

g .  Ep i dem i o l ogy  

No coord i na ted stud i es o f  t he ep i d em i o l ogy of  sa rcocysto s i s  have 

been made .  S epa rate aspects o f  the s u bj ect a r e  covered i n  reports o f  

p reva l ence of  i n f ect i on i n  certa i n  i ntermed i a te a n d  def i n i t i ve hosts 

�ee Sect i on 2 . 3 a nd Chapte rs 4 a nd 7 ) , of s urv i va l  of sa rcocysts i n  

mu sc l e  ( see C ha pter 6 )  a n d  a study  of  the d i str i b ut i on o f  f era l cats 

( see Chapter 8 ) . I n  a dd i t i on there i s  some i n format i on ava i ! ab l e  on 

4 1  

the  su rv i va l  o f  s porocysts i ncorpora ted i n  reports  of I i f e cyc l e  

stud i es ;  t hese a re summa r i sed i n  Tab l e  2 . 5 .  Some sporocysts surv i ved 

storage i n  f ro zen f aeces ( Fayer a nd J o h nson , 1 97 5 ) , othe rs i n  2% su l ­

p hu r i c  ac i d  ( Ru i z  and  Fren ke l ,  1 97 6 ;  A s hford , 1 97 8 ;  Sm i th a nd Fren ke l , 

1 978 ) . 

S u rv i va l  u nd e r  f i e l d  cond i t i o ns ha s not been i nvest i ga ted . Some 

sporocysts fa i I to excyst a f ter  i ngest i o n  and  may be pas sed a p parent l y  

u ndamag ed i n  the  f aeces ( Co l  I i ns ,  u n p u b l .  obs . ) .  The v i ab i  I i ty o f  

suc h ' pa ssaged ' s porocy sts i s  not know n .  Fa i l u re to ta ke t h i s  poten t i a l  

sou rce of  i n f ec t i on i nto accou nt  can l ead  to sp u r i ous  resu l ts i n  tra ns­

m i ss i on exper i ments  ( Co l i i ns ,  Cha r l esto n  a nd McKe n na , 1 97 8 ;  Munday ,  



1 9 78 ) . Sm i th a n d  F renke l ( 1 97 8 )  s howed that sporocy sts o f  the  ca t :  

mou s e  s p . were st i I I i n f ect i ve for m i ce a f ter 20 days i n  the  i ntes t i ne 

of  the Amer i ca n  coc kroach  (Perip laneta americana) .  T ra nsport hosts  

may  p rove to be  i mporta nt  i n  i n f ect i on o f  g ra z i ng an i ma l s . 

42  

Ho st res i sta nce to  re i n f ect i on ha s rece i ved I i tt l e  d i rect  a ttent i o n . 

Re i n f ect i on o f  t h e  d ef i n i t i ve host ca n occ u r  w i th no d i m i n ut i on i n  

sporocyst p roduct i on ( Mc Kenna , pers . comm . ) .  The ro l e  of  c i rcu l a t i ng 

a n t i bod i es i n  the i ntermed i ate host i s  not known and the poss i b i  I i ty 

that ee l 1 -med i a ted i mmu n i ty con tro l s the esta b l i shment a n d  s u rv i va l  

of sa rcocysts ha s a l so not been exp l ored ( see Chapter 9 ) . 



Sarcocystis 
spec i es 

dog : ox 

dog : ox 

dog : ox 

dog : ox 

dog : ox 

dog : ox 

dog : sheep 

dog : s heep 

dog : sheep 

dog : s heep 

dog : s heep 

cat : ox 

cat : ox 

ca t : mo use 

cat : mouse 

cat : mouse 

cat : rat  

h uma n : ox 

TABLE 2 .  5 

SPOROCYST STORAGE ;  MED I A  AND T I ME 

med i um 

faeces 

t a p  water 

not 
sta ted 

tap  water 

not 
sta ted 

tap water 

not 
sta ted 

tap  water 

tap wa ter 

not 
s ta ted 

not 
s ta ted 

tap water 

s torage 
t i me 

2 - 7  mth 

1 -6 mth  

l es s  than  
60d  

1 -6mth 

l ess  than  
60d 

l es s  than  
3 mth 

l ess  than  
2 wks  

1 -6 mth 

not 
s ta ted 

2 w ks to 
3 mth  

4 ! mth 

1 -6 mth 

tap wa ter 1 -6 mth  

2% H 2S0 4 not 
s ta ted 

2% H 2S0 4 1 1 9d 

f a eces 20d 

2 % H 2S0 4 not 
s ta ted 

tap water 1 -6 mth  

tem p . 
oc 

be l ow 

4 

not 
sta ted 

4 

not 
s ta ted 

5 

not 
sta ted 

4 

not 
sta ted 

7- 1 0  

7- 1 0  

4 

4 

not 
sta ted 

2 1  

RT 

not 
stated 

4 

ref erence 

0 Fayer & J oh nson 1 975  

Gestr i c h ,  Heydorn & 
Bays u  1 97 5  

Ma h rt & 
Fayer 1 9 75 

Meh l horn , Heydorn & 
Ges tr i ch 1 9 75a 

Fayer , J oh n  son & 
H i  I deb ra nd t  1 976  

Fayer  & Lunde  1 9 77  

Ford 1 97 5  

Gestr· i eh , Heydorn & 
Bay s u  1 9 75  

Meh l horn ,  Heydorn & 
Gest r i ch 1 97 5 b  

Lee k ,  Fayer & 
J ohn  son ,  1 9 77  

Lee k & Fayer 1 978  

Gest r i ch ,  Heydorn & 
Bay s u  1 97 5  

Gestr i ch ,  Meh l horn & 
Heydorn 1 975  

Ru i z  & Fren ke l 1 9 76 

Sm i th & Frenke l 1 9 78 

Sm i th & F renke l 1 978  

Ash  ford 1 978 

Ges t r  i e h ,  Heydorn & 
Bay s u  1 975  

4 3  



3 . 1 I ntrod uct i on 

CHAPTER 3 

SEROLOGY 

The sero l og i ca l  d i ag nos i s  of sa rcocy stos i s  i n  i ntermed i a te hosts 

ha s been a ttemp ted u s i ng haemagg l u t i na t i on < HAT ) , comp l ement f i xat i on 

( CFT ) a n d  i nd i rec t f l uorescent a n t i body  ( I  FAT ) tests ( see Tab l e  3 .  1 ) .  

HATs have been u sed on l y  i n  exp er i menta l i n f ect i ons  i n  cows 

( Fayer ,  J oh nson a nd Lu n de ,  1 976 ) a nd ca l ves ( Lu nde  a n d  Fayer , 1 97 7 ) 

w i th a dog : ox spec i es .  Bra d y zo i tes p repa red f rom beef hea rt  by 

p ep t i c  d i g est i on were u sed a s  ant i g en . The HAT t i tres rose s tead i l y 

a n d  were a t  the i r  h i g hest a t  80  to 1 00 days af ter i n f ect i on when 

samp l i ng stop ped . 

CFTs have been u sed to d i ag nose na tu ra l Sarcocys tis i n f ect i on i n  

s heep < Awa d , 1 958 ) , to dete rm i ne the p reva l ence of i n f ect i on i n  s heep 

a n d  catt l e  ( M u n day , 1 97 5 ) , a n d  to conf i rm exper i menta l i n f ect i ons  o f  

s heep (Munday  a n d  Cou rbou l d , 1 974 ; Mu nday  a n d  R i c ka rd , 1 974 ; Ford , 

1 97 5 ;  Mu n da y ,  Ba r ker a n d  R i c ka rd , 1 97 5 ;  Munday , 1 97 6 ) . Bordjoc h k  i 

e t  a l . ( 1 97 8 ) compared the ef f i c i ency of  a CFT w i th that of  a n  I FAT 

i n  d etect i ng a nt i bod i es i n  ra b b i ts i mmu n i sed w i th fou r ' sp ec i es '  of 

Sarcocys tis a n d  f ou nd that the CFT , u s i ng "mac rocyst i c S. tene Ua 

a n t i gen" was  ca pa b l e  of d etect i ng homo l ogou s ant i bod i es but  not those 

formed aga i ns t  ot her ' sp ec i es ' . The resu l ts of  a l  I these s tu d i es a re 

somewhat i nconc l u s i ve a s  there were e i ther def i c i enc i es i n  the exp er­

i me nta l des i g n  < Awa d ,  1 958 ; Bordjoc h k i e t  al .  1 97 8 )  a nd i n  the 

prep a ra t i on of reag ents <Mu n da y  a n d  Cou rbou l d , 1 974 ) or f a i l u re to 

esta b l i s h the spec i f i c i ty o f  the react i on a nd the s i g n i f i ca nce of the 

t i tres recorded ( M u nday and Cou rbou l d ,  1 97 4 ;  Munday and R i c ka rd ,  1 97 4 ;  

44 
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TABLE  3 .  1 

S EROLOG I CAL  TESTS USED I N  STUD I ES ON SARCOCYSTIS 

Host an i ma l 
tested 

cows 

ca l ves 

ca l ves 

sheep 

s heep 

sheep 

s heep 

s heep 

catt l e  

humans  

h uma ns  

rats 

m i ce 

m i ce  

cats 

i n f ec t i ng 
spec i es 

dog : ox 

dog : ox 

dog : ox 

c a t : s heep 

dog : s heep 

ca t :  sheep 

cat : sheep 

' ov i ne sp p .  ' 

test 
used 

HAT 

I FAT 

HAT 

CFT 

CFT 

CFT 

CFT 

CFT 

' bov i ne sp p . ' CFT 

h uman : ox 

human : ox 

I FAT 

( m i cro aga r 
( p rec i p n . , 
( I  FAT 

ca t : sheep 1 ( m i cro aga r 
( p rec i p n . ,  
( I  FAT 

ca t : mouse  I FAT 

cat : mouse I FAT 

cat : mouse I FAT 

sou rce of  
a n t i gen  

b ee f  hea r t  

beef oeso­
phagus  

beef  hea rt  

Cat : sheep 1 
sp . Mac ro­
cysts 

" 

" 

" 

" 

" 

ref erence 

Fayer , J ohnson & Lunde ,  
1 976 

Nedj a r i  et  a l. 
1 9 76 

Fa yer & Lunde  1 9 77  
L unde  & Fayer 1 97 7  

Munday  & R i  c ka rd 
1 9 74 

�1 unday  & R i cka rd 
1 974  

Munday  e t  al. 1 97 5  

Ford 1 97 5  

Munday 1 97 5  

Mu nday  1 97 5  

'S. fusiformis' Tad ros e t  a l .  1 9 74  

( 1 ov i ne sa rco- Aryeetey a n d  
( cy st� or ' bo- P i eka rs k i 1 97 6  
( v i ne sa rco-
( cysts ' 

( ' ov i ne sa rco- Aryeetey a n d  
( cy s ts' o r  ' bo- P i eka r s k i  1 976 
( v i ne sa rco-
( cysts ' 

cat : mouse sp . Ru i z  & F re n ke l 1 9 76 

cat : mouse s p . ?  Sm i th & Fren ke l 
1 978 

cat : mouse sp . Ru i z  
1 976 

F re n ke l 



Ford , 1 97 5 ;  Mund a y ,  Ba r ker a n d  R i cka rd , 1 97 5 ;  Munda y ,  1 976 ) . 

T he I FAT has  been u sed to detect a nt i bod i es aga i n st n umerou s 

p a ras i tes i nc l u d i ng spec i es of Sarcocys tis ( A n d rade a n d  We i l a nd , 1 97 1 ; 

Tad ros e t  a l . � 1 97 4 ;  Ru i z  a n d  F re n ke l , 1 97 6 ;  Bordjoch k i  e t  a l . �  1 9 78 ; 

Sm i th a n d  F renke l , 1 978 ) . The test has been perf ormed u s i ng e i ther 

homo l ogou s a nt i g en , i n  the form of b radyzo i tes re l eased  f rom mu sc l e  by 

d i gest i on ( Ru i z a nd F r e n ke l , 1 97 6 ;  Sm i th a n d  F renke l , 1 97 8 ) , or heter­

o l ogou s a n t i g en .  Thu s b radyzo i tes f rom macrocysts of the ca t :  sheep 1 

sp . were u sed to detect a nt i bod i es to 'S . fusiformis ' i n  huma ns  ( Ta d ros 

et a l . � 1 9 74 ) .  Few i nvest i ga t i on s  of  c ross- react i v i ty ,  a t  e i ther the  

g ener i c  or spec i f i c l eve l , have  been  mad e .  And rade and  We i l a nd  ( 1 97 1 )  

s howed tha t no cros s- react i on occu rred be tween Sarcocys tis�  Toxop lasma� 

Isospora a n d  Eimeria . I n  a study of  a ca t : mou se sp . ,  no c ros s-react i on 

was  seen between Sarcocys tis and  Toxop lasma b ut  some c ross- react i on wa s 

seen between Sarcocystis and  Besno i tia ( R u i z  a nd F ren ke l , 1 976 ) . 

Bord joc h k  i e t  a l .  ( 1 978 ) repo rted that the test cou I d  not d i st i ng u i s h 

between v a r i ou s  ' spec i es '  of Sarcocy s tis . 
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Pre l i m i na ry data obta i ned d u r i ng th i s  stu dy  showed that  a nt i bod i es ,  

detecta b l e  i n  ag ar  d i f f u s i on stu d i es, were p rod u ced by ra b b i ts a nd s heep 

i mmu n i sed w i th a n t i gen p repared f rom ca t : sheep 1 sp . mac rocy sts . S era 

f rom hype r i mmu ne rabb i ts gave a g reater number of p rec i p i ta t i on I i nes 

than d i d  sera f rom hyper i mmune s heep . Natu ra l l y i n fected s heep , i . e .  

a n i ma l s w i th oesop hagea l macrocy sts a t  s l a u g hter , had I i tt l e , i f  a n y , 

a n t i bod y detecta b l e  by  th i s  tec h n i qu e .  

Th i s  c hapter desc r i bes a stu d y  o f  the re l a t i ve ef f i c i enc i es o f  the  

HAT ,  CFT and  I FAT i n  d etec t i ng Sarcocys tis a n t i bod i es i n  n atura l a n d  

exp er i menta l i n f ect i on s . Sera f rom hyper i mmu n i sed ra bb i ts a nd sheep , 
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sheep ra i sed worm-f ree i ndoor s ,  l ambs  g ra zed on pastu re for  vary i ng 

per i od s  a nd natu ra l l y- i n f ected a d u l t  sheep were exam i ned . A s  the 

i nvest i ga t i on s  were ca rr i ed out over severa l yea rs the sera stud i ed were 

not the same for eac h test a nd the resu l ts ,  therefore , a re not compar-

a b l e  on  an  i nd i v i d ua l se rum bas i s  b ut  on l y  accord i ng to ca tegor i es of 

sera . 

I n  a d d i t i on to exam i n i ng var i ou s  sera w i t h the  I FAT the s ubj ec t i ve 

natu re of the test p romp ted a n  as sessment of i ts repea ta b i I i ty .  

3 . 2 Mater i a l s  and  method s 

Haemagg l u t i nat i on test C HAT ) 

Two systems were stu d i ed :  one emp l oyed 500 � I  vo l umes of  reagents  

and  i s  ref e rred to as  a macro system , the  ot her ,  us i ng 25 � I  vo l umes i s  

referred to a s  a m i cro system . 

a .  HAT, Mac ro system 

( i )  Preparat i on of a n t igen 

Who l e  mac rocysts ( ca t : sheep 1 sp . )  removed f rom s heep oesophag i 

were was hed th ree t i mes i n  p hosp ha te b u f fered sa l i ne ,  pH7 . 2 , 0 . 0 1 M  

( PBS ) ( see A p pend i x  3a ) ,  d r i ed on f i  I ter paper a nd we i g hed . A 1 0  p er 

cent su spen s i on C W/V )  of  c ysts wa s mad e  i n  PBS , homogen i sed a n d  centr i -

f uged a t  2 , 000g for 1 0  m i n u tes . The  s u pernata n t  was co l l ected , d i a l y s-

0 ed aga i n st PBS for 24 hours  a n d  stored i n  2 m l  a l  i quots a t  - 1 4  C .  Th i s  

stoc k a n t i g en  was d i l uted 1 : 400 i n  PBS before u se as  i t  was found  tha t 

at  concentra t i ons of 1 : 1 000  or  g rea ter , the p repara t i on c a used c l ump i ng 

of s heep erythrocytes . 

C i  i )  Preparat i on of  hyper i mmu ne  sheep a n d  ra bb i ts 

S heep were g i ven 4 i nj ect i ons  of the stoc k a n t i gen  a t  week l y  

i nterva l s  a nd b l ed one week a f ter the f i na l  i nj ect i on .  The  f i r st 

i nj ect i o n  compr i sed 1 m l  of a nt i gen  a n d  an eq ua l vo l ume of Freund ' s  
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comp l ete a d j uvant* g i ven  i ntramu sc u l a r l y ;  the  second a n d  th i rd 

i nj ect i on s  conta i ned Freund ' s  i ncomp l ete adj uvant* . A f i na l  i nj ec t i on 

o f  5 m l  of  stoc k a nt i gen w i thout a d j uvant  was g i v en i ntraveous l y . 

Ra bb i ts were g i ven fou r i ntramu scu l a r i nj ect i ons at wee k l y  i nterva l s .  

T h e  f i rst i nj ect i on comp r i sed 500 � I  o f  a n t i g en d i l u ted 1 : 1 00 w i t h 

PBS and  a n  equa l vo l ume of  Freu nd ' s  comp l ete adj uva n t ;  the  next th ree 

i nj ect i on s  i ncorpo rated Freund ' s  i ncomp l ete a d j u vant . Concentra t i ons  

of a nt i g e n  g reater tha n 1 : 1 00 were f ou nd to ca u se death  i n  ra bb i ts o n  

repeated i nj ect i on .  

( i  i i )  Preparat i on o f  sens i t i sed eryth rocytes 

S heep b l ood was co l l ected i nto A l sever ' s  so l ut i on ( see A p pend i x  

3b ) a nd stored at  4
°C .  For the tes t ,  b l ood was centr i f uged  a t  2 , 000g 

f or 5 m i n u te s  a nd the h a rvested eryth rocy tes wa shed tw i ce i n  PBS . 1 m l  

of packed , washed eryth rocytes was  s u spended i n  20m l o f  1 : 20 , 000 ta n n i c  

ac i d  i n  PBS a n d  i ncubated at  37°C for  1 0  m i nutes , w i th f req uent ,  g ent l e  

m i x i ng ;  samp l es show i ng p a nagg l u t i na t i on were d i sca rd ed . The ta n ned 

eryth rocytes were wa shed th ree t i mes w i th PBS , a n d  1 m l  of pac ked eryth­

rocytes was  i nc u bated a t  37
°

C for  30 m i n utes w i th 20m l of  1 : 4 00 a n t i g en . 

T he  sens i t i sed erythrocytes were washed  th ree t i mes w i th PBS , once w i th 

0 . 02 per  cent  g e l a t i ne i n  PBS ( GPBS ) a nd f i na l l y resuspended i n  20m l 

GPBS to g i ve a 5 per cent erythrocyte susp en s i on .  

( i v )  Prepa ra t i on of sera 

Test sera were d i l uted 1 : 5  i n  GPBS a n d  i ncu bated w i th 1 m l of 

pac ked wa shed  eryth rocytes at  RT for  30 m i nutes to remove a nt i bod i es 

to ov i ne erythrocytes . 

* D i fco ,  Detro i t , U . S . A .  



( v )  Test proced u re 
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Dou b l i ng d i l u t i ons  of  sera , sta rt i ng a t  1 : 50 ,  were made  i n  500 l-1 1  

vo l umes o f  GPBS i n  haemagg l u t i nat i on p l ates* . 500 l-1 1  of  sens i t i sed 

eryth rocyte suspen s i on was  then a dded to eac h  we l I a nd the con tents  

m i xed . The tray wa s i nc u bated a t  RT for  3 hou rs . The  t i t re wa s taken  

as t he h i g hest d i l ut i on s how i ng comp l ete agg l u t i nat i on .  Ta n ned a nd 

unta n ned  erythrocy te contro l s  were i nc l u ded i n  eac h tes t .  

< v i )  Sera tested 

The sera tested were f rom : 

1 .  Two ad u l t  ra b b i ts hyper i m�u n i sed w i th ca t : sheep 1 s p . 

macrocyst a n t i gen  and  des i g nated HR/ 1 a n d  HR/ 2 .  

2 .  N i ne a d u l t  s heep hyper i mmu n i sed w i th ca t : sheep s p . 

a n t i gen  a n d  des i gnated HS / 1 ,  HS/2  etc . 

3 .  S even l ambs ra i sed i ndoor s ,  wo rm-f ree , on a rt i f i c i a l  

food s ,  5 months  o l d  a n d  des i g na ted W F/ 1 ,  WF/2 etc . 

4 .  Twenty- four  a d u l t  sheep f o u n d  to have oeso p hag ea l 

mac rocysts ( ca t :  sheep 1 sp . )  a t  s l a ug h ter  a nd 

des i g na ted S/ 1 ,  S / 2  etc . 

b .  HAT, M i c ro system 

( i ) Preparat i on of  a nt igen , as  descr i bed abov e .  

( i i ) Preparat i on of  sens i t i sed eryth rocytes , a s  d esc r i bed a bove . 

( i i i ) Prepara t i on of  sera , a s  desc r i bed a bove . 

( i V )  Test proced ure  

The  test  wa s ca r r i ed out  i n  25 l-1 1  vo l umes i n  rou n d  bottomed 

m i c rot i tre p l a tes + ( type  24 AR ) , i nc ubat i o n  be i ng at RT for 3 hou rs . 

Contro l s ,  a s  descr i bed for  the macro test ,  were i ncorpora ted i n  eac h  

test.  The t i tre was ta ken as the h i g hest d i l ut i on s how i ng comp l ete 

haemagg l u t i nat i on .  

*MRC I n f l uenza haemagg l u t i na t i on p l a tes 
+ Coo ke M i c rot i tre System , Dynatech Laborator i es I nc . , U . S . A .  



( v )  Sera tes ted 

The  sera tested i n  t he m i cro sys tem were those tested i n  t h e  

mac ro system . 

Comp l ement  f i xa t i on tes t  ( CFT )  

Two a s sa y  s y s tems were i nvest i ga ted : a sta n dard  tu be test a n d  

a m i c rot i tre sy stem .  

c .  C FT, sta n d a r d  tube test 

( i )  P repa ra t i on of a nt igen 
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T h e  a n t i g en wa s trea ted to remove components tha t ca u sed c l um p i ng 

of e ryth rocytes . 1 m l o f  s toc k a n t i g en , p re p a red as  f o r  t he HAT , wa s 

d i l u ted to 1 : 40  i n  PBS , m i xed  w i th 1 m l  o f  p a c ked , was hed  s heep e r y t h ro-

cytes a nd he l d  at RT for 30 m i nu tes . The erythrocytes were removed by 

centr i f ugat i on at 2 , 000g f o r  5 m i nu tes . S u p erna ta nts s how i ng ev i d ence 

of  haemo l ys i s  were d i sca rded . 

( i  i )  Prepa ra t i on of eryth rocytes 

A 4 per c ent  s u spens i on of pac ked , wa s h ed sheep erythrocy tes ,  

co l l ec ted a nd p rep a red a s  f o r  the  HAT , wa s made i n  ca l c i um/mag nes i um 

sa l i ne  ( CMS ) ( see A p pend i x  3c ) .  E q u a l vo l umes o f  eryth rocyte s u spen-

s i on a nd an  a n t i - s heep eryth roc y te a nt i s e r um * , d i l uted 1 : 2000 i n  CMS 

as recommen ded by the ma n u f a c t u rer , were m i x ed to g i v e a 2 per cent  

s u s p en s i on of  sen s i t i sed ery t h rocyte s .  

( i  i i )  Comp l ement 

G u i nea- p i g  comp l ement
+ 

wa s d i l uted 1 : 40 i n  CMS a s  recommen d ed by  

the ma n u f actu re r .  

( i v )  Test proced u re 

Dou b l i ng d i l u t i o n s  of  sera were made  i n  CMS i n  d i sposa b l e  

po l ysty rene tu bes u s i ng 500 � I  vo l umes . 500 � I  o f  a n t i gen  1 : 4 0 a n d  

* ' Haemo l ys i n ' , Centra l Serum L a bo ra to r i es ,  A u stra l i a  
+ 

D r i ed Preserved Gu i nea-P i g  S e r u m ,  We l l come Resea rc h La bora to r i es ,  U . K . 
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500 � I  of  comp l ement  1 : 40 were ad ded to eac h  t u be a n d  the t u bes i nc u ­

bated a t  37
°

C f o r  30 m i n utes . 500 � I  of  sens i t i sed e ry t h rocyte s u s p ­

ens i on were t h e n  a d ded a n d  t h e  tubes re i nc ubated a t  37
°

C f o r  a f ur ther 

30 m i n u tes . T h e  t u bes were then  cen tr i f ug ed at  2 , 000g f o r  1 m i nute  a n d  

the s u p erna ta n t s  compa red w i th that  o f  a t u be s how i ng 50  p e r  c e n t  

haemo l ys i s  ( p re p a red b y  l y s i ng vo l ume of  sens i t i sed e ry t h roc y tes i n  

7 vo l umes o f  d i st i  l i ed wa te r ) .  The  serum d i l u t i on s how i ng 50 per  cent  

haemo l y s i s  was  ta ken a s  the t i tre . Con t ro l tubes , i n  w h i c h e i ther the  

a n t i g e n  or  the  serum wa s rep l aced w i th a n  equa l vo l ume of  CMS , were 

i ne I ud  ed i n  a I I tes t s .  

( v )  Sera tested 

The  sera tested were f rom : 

1 .  T h ree ra bb i ts h yper i mm u n i sed  w i th cat : s heep 1 s p . 

a n t i gen , a n d  d es i g na ted HR/ 3 ,  HR/4 a n d  HR/ 5 .  

2 .  T h ree ad u l t  s heep hyper i mm u n i sed w i th ca t : s heep 1 s p .  

a n t i gen , a n d  d e s i g na ted HS/ 1 0 ,  HS/ 1 1 a n d  HS/ 1 2 .  

3 .  T h ree l amb s ,  7 month s  o l d , ra i sed worm-f ree i ndoo r s  on 

a rt i f i c i a l  f ood s a nd des i g na ted WF/8 , WF/9 a n d  WF/ 1 0 .  

4 .  T h i rty-two a d u l t  s h eep fou n d  to have oesop h ag ea l mac ro­

c y s ts ( ca t :  s heep 1 s p . ) at s l a ug h ter a n d  d es i g na ted S / 2 5 , 

S /26  etc . 

A I  I s e ra were hea t- i nact i vated a t  56
°

C for  30 m i n u tes b efore 

u se .  

d .  CFT, M i c rot i tre system 

( i )  Prepa ra t i on of  a n t ige n ,  a s  desc r i bed a bove .  

( i  i )  P repa ra t i on of eryth rocytes , a s  descr i bed a bove . 

( i  i i )  Comp l ement .  

A n umber o f  sera tested i n  the  m i c rot i tre system w e re seen to  be  



a n t i comp l ementa ry . I n  a n  attempt  to overcome th i s , comp l eme n t  w a s  u sed 

at a d i l ut i o n  of 1 : 1 0 rather tha n 1 : 4 0 .  

( i v )  Prepa ra t i on o f  sera 
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Sera show i ng a nt i comp l ementa ry ef f ects were hea t treated a t  62
°

C 

f o r  30 m i n u tes ( Mu nda y ,  p ers . comm . ) ,  f o l l owed by a b so rp t i on th ree t i mes 

w i th benton i te c l a y ( Ad l e r ,  1 960 ) . A p p rox i ma te l y eq ua l vo l umes of c l a y  

a n d  serum were m i xed a n d  he l d  a t  R T  for 3 0  m i n u tes . The c l a y  w a s  re­

moved by cent r i f ug a t i on at 2 , 000g for 5 m i n utes . 

( v )  Tes t proced u re 

Dou b l i ng d i l u t i on s  of  sera were ma de i n  CMS i n  rou nd- bottomed 

m i c rot i tre p l a tes < type  24 AR ) u s i ng 25 � I  vo l umes . 25  � I  vo l umes 

o f  comp l ement  a n d  o f  a n t i gen  were a d d ed to eac h we l I a nd the  contents 

m i xed by  rota t i on o f  the  p l ate . A f ter i nc u ba t i on at  37
°

C for  30 

m i n u tes 25  � I  o f  sens i t i sed e ryth rocytes  were a d d ed to eac h  we l I a nd 

the  p l a tes re i nc u ba ted a t  37
°

C for a f u r ther 30 m i n utes . I n  a n  a t tem p t  

t o  i mp rove the  sens i t i v i ty ,  t h e  test w a s  repea ted on 4 8  sera a n d  the  

second wa rm i nc u bat i on was  rep l aced w i th co f d  i nc u bat i on at  4
°C over­

n i g ht ( Kabat  a n d  Mayer , 1 96 1 ) .  A f ter i nc u ba t i on the p l a tes were c entr­

i f ug ed a t  600g f or 1 5  m i n utes a n d  t h e  t i tre wa s ta ken a s  the h i g hest  

d i l ut i on of serum s how i ng no  haemo l ys i s . Serum , a n t i gen  a n d  comp l ement  

con tro l s  were i nc l u d ed i n  eac h  test . 

( v i ) Sera tested 

Sera tested were f rom : 

1 .  Fou r  a d u l t  s heep hyper i mmu n i sed w i th ca t : sheep 1 sp . 

a nt i gen a n d  des i gna ted HS/ 1 3 , HS/ 1 4 ,  HS/ 1 5  a n d  H S / 1 6 .  

2 .  Twen ty- seven l ambs , 5 mon ths o l d ,  ra i sed wo rm- f ree 

i ndoors  on  a rt i f i c i a l f ood s a n d  d es i gna ted WF/ 1 1 ,  W F/ 1 2  

etc . 



3 .  T he same worm-f ree l ambs  a s  i n  2 a bove p u t  o u t  to pasture  

a nd tested week l y  f o r  1 0  weeks . The  sera co l l ec ted one wee k 

a f te r  t u r n i ng out  were des i g na ted WF/ 1 1 /P 1 , WF/ 1 2/P 1 etc . , 

those co l l ec ted two week s  a f ter t u r n i ng out , WF/ 1 1 /P 2 ,  

WF/P 1 2/P2 etc . 

4 .  Twen ty-s i x  l ambs  pa stu re- ra i sed f rom b i rth  a nd tested when 

3 months o l d ,  des i g na ted PR/ 1 ,  PR/2 etc . 

e .  I n d i r ec t  f l uorescent a n t i body test ( I  FAT ) 

( i )  Prepa r a t i on o f  I FAT s i  i d es 

Brad y zo i tes , harvested f rom ca t : sheep 1 s p . mac rocysts  were 

w a s hed th ree t i mes i n  PBS , f i xed for 30 m i n u tes  at RT i n  2 per  cent  

f o rmo l sa l i ne ,  was hed a ga i n  and  res u s pended i n  PBS . A f ter  a d j u stment 

of the concentra t i on o f  b ra d y zo i tes to a p p rox i ma te l y  1 00 per f i e l d  a t  

1 00 x mag n i f i cat i o n , 5 0  � I  vo l umes were p l aced i n  we l I s  o n  m i crosco p e  r 

s i  i des . T h e  we l I s  were made by  i n scr i b i ng 5mm d i ameter c i rc l es on  t h e  

g l as s  w i th a d i amond p e n . S I  i des were a i r-d r i ed a n d  s to re d  a t  - 1 4
°

C .  

S I  i des cou l d  be  stored i n  th i s  wa y for  a t  l ea s t  6 months . 

( i i ) F I uorescent con.i ugate 

F l uor e sce i n- l a be l l ed ra bb i t  a n t i -sheep i mm u nog l ob u l i n* was d i l uted 

1 : 60  i n  PBS . T h i s  d i l ut i on p rov i ded a c l ea rer  endpo i nt t ha n  d i d  the  

1 : 20 to  1 : 4 0  range o f  d i l u t i on recommend ed by  the ma n u f a c t u re r s .  

( i  i i )  Test Proced u r e  

I FAT s i  i d es were removed f rom storage a n d  d r i ed i n  a n  i nc ubato r  

a t  4 0
°

C f o r  2 0  m i n utes p r i or t o  u s e .  Doub l i ng d i l ut i on s  o f  t he tes t 

sera i n  PBS were made i n  m i c rot i tre p l ates a n d  50 � I  vo l umes o f  eac h 

d i l ut i o n  p l aced i n  seq u ence i n  the  p repa red we l l s .  S I  i d es were i nc u -

bated i n  a mo i st a tmosp here a t  RT f o r  30 m i n u tes , then w a s hed i n  PBS 

* We l l come La bora tor i es ,  U . K . 



tor  30 m i n u tes  w i th th ree c ha nges . S u f f i c i en t  conj u g a te was  a d d ed 

to cover  eac h  o f  t h e  we l I s , t h e  s i  i d es  re i ncubated a t  RT for  30 m i nu tes 

a n d  t hen was hed i n  PBS f o r  30 m i n utes w i th t h ree c ha ng es . A f ter the  

a d d i t i on o f  mountant  ( 1 0 p e r  cent  g l ycero l i n  PBS , p H7 . 0 )  and  cover  

s i  i p s ,  t he s i  i des  were exam i ned by f l uorescent m i c ro scopy  u s i ng a 1 2  V ,  

1 00 W q u a rt z  ha l ogen  l am p  a n d  a 30 . 8  x 1 F I TC3 exc i t i ng f i  I te r* . One 

we l I on  eac h  s i  i d e acted a s  a conj uga te con tro l i n  w h i ch serum w a s  

rep l aced by PBS ; a secon d  we l I acted a s  a serum con t ro l i n  w h i c h conj u ­

g a te wa s rep l aced b y  PBS . Eac h test i nc l u ded known p o s i t i ve a n d  n ega t­

i ve sera . 

( i v )  Determ i na t i on o f  t i t res 

S i nce i t  was f o u nd tha t f l uorescence was not eve n l y  d i str i b u ted 

over a we l I a n d  t h a t  bra d y zo i tes  tended to c l um p  tog et h er a t  the  

cen t r e ,  on l y  per i p h e ra l l y  s i t u a ted brad y zo i tes were u sed to d eterm i ne 

the t i tre . We l I s  where the  maj o r i ty o f  the per i p hera l b ra dy zo i tes were 

s u rrou n d ed by com p l ete r i n g s  of f l uorescence were d es i g na ted pos i t i ve 

( see F i gu re 3 .  l a ) . 

We l I s  where mos t  of  the  b ra d y zo i tes had  i ncom p l ete r i ng s  o f  

f l uorescence o r  o n l y  a ' ca p ' a t  one end  w e r e  termed n eg a t i ve ( see 

F i g u re  3. l b ) .  T h e  t i tre was  ta ken a s  t h e  h i g hest d i l u t i on o f  t h e  

serum g i v i ng a pos i t i v e react i on .  

* 

( v )  Sera tested 

Sera tested were f rom : 

1 .  T h ree a d u l t  s heep hyper i mm u n i sed w i th ca t : s heep 1 s p . 

a n t i ge n ,  as  f o r  t h e  HAT , a n d  d es i g na ted HS/ 1 7 , HS/ 1 8  

a n d  HS / 1 9 .  

2 .  O n e  a d u l t  s heep hyper i mmu n i sed w i th cat : s heep 2 sp . 

a n t i gen  and  des i g na ted H S / 20 . 

l mmunopa n ,  Re i c he r t ,  Au str i a .  
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3 .  Ten caesa rea n-der i ved , co l ostr um- f ree l ambs d es i g na ted C F / 1 

CF/2 etc . 
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4 .  Twen ty - f o u r  l ambs ra i sed wo rm- f ree i ndoors on a r t i f i c i a l  

f ood s ,  b l ed when  1 to 2 weeks o l d  a n d  d es i g na ted WF/ 38 , WF/39 

etc . 

5 .  N i neteen l ambs , bor n  a n d  ra i sed o n  p a s t u re ,  b l ed w he n  one 

month  o l d  a nd then mon t h l y  for  the f o l ! ow i ng f i ve mon th s  a n d  

des i g na ted PR/27/ 1 ,  PR/28/ 1 etc . , a t  one month a n d  PR/ 27 / 2 , 

PR/28/2 etc . , a t  two mo nths  a n d  so  on . 

6 .  Twe l ve a d u l t  s heep f o u n d  to h a ve oesop hagea l macroc y s t s  ( ca t :  

s heep 1 s p . )  a t  s l a ug h ter a n d  d es i g na ted S / 5 7 ,  S / 58 etc . 

( v i ) Repea ta b i l i ty test 

S i x  sheep sera w i th I FAT t i tres rang i ng f rom nega t i ve to g rea ter 

than 1 : 2 56 were coded 1 to 6 a n d  tes ted tw i ce b l i nd by two observ e r s  

( G . H . C .  and  J . W . ) .  

3 . 3 Resu l ts 

a , b .  HAT, mac ro a nd m i cro systems 

Tab l e  3 . 2 p r e sents  t he HAT t i t res recorded i n  both mac ro a n d  

m i c ro sy s tems . T i t res a t ta i ned i n  the mac ro system were a l wa y s  h i g her 

t h a n  those g i ven by  m i c rot i t rat i on .  Sera f rom hyper i mm u ne ra bb i ts 

gave  h i g her t i t res  t h a n  d i d  those f rom h y p er i mmu ne s h eep . Lambs ra i sed 

worm- f ree gave max i m um t i tres of 1 : 1 00 by t h e  mac ro system , w h i l e  1 5  o f  

2 4  n a t u ra l l y i n f ec ted s heep ( 62 . 5 per  cen t )  had  nega t i ve t i tres  a n d  

t h e  rema i nder  h a d  t i t res rang i ng f rom 1 : 50 t o  1 : 4 00 . Sera f rom worm­

f ree l am b s  a n d  the i n f ec ted a d u l t  sheep were nega t i ve i n  the m i c r o  tes t .  

c .  CFT, sta n d a rd t u be test 

A n t i sera f rom h y p e r i mmun i sed rabb i ts g a ve h i g her t i t res than  d i d  

a n t i sera f rom h y p e r i mm u ne sheep ( see Tab l e  3 . 3 ) . The sera o f  t h ree 

l ambs  ra i sed i ndoor s  a n d  p res uma b l y  not exposed to i n f ec t i on were 



Fac i ng p age 56 

F I GURE 3. 1 PHOTOM I CROGRAPHS OF SARCOCYSTIS BRADYZO I TES ( X500 ) 

I N  THE I ND I RECT F LUORESCENT ANT I BODY TES T .  

a .  Pos i t i ve we l I ;  bra dy zo i tes  w i th comp l ete r i ng s  

o f  f l uorescence . 

b .  Nega t i ve we l l ;  b ra d y zo i tes w i th no per i p hera l 

f l uorescence . 
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n eg a t i v e .  T w e n t y - o n e  o f  3 2  ( 62 . 5 p e r  c e n t ) a d u l t  s he e p  i n f ec ted w i t h 

t h e  c a t : s h e e p  1 s p .  w e r e  n ega t i v e to t h e  te s t ,  t h e  m a x i m u m  t i t r e  o f  1 : 8 

b e i n g rec o r d e d  i n  on l y  3 ( 9 . 4  p e r  c e n t ) a n i ma l s . T h e  con t ro l s  s howed 

t h a t  the test wa s not i n f l u e n c ed b y  a n t i comp l em e n t a r y  f a c to r s . 

d .  C F T ,  m i c ro t i t r e  t e s t  

H y p e r i mm u ne s h e e p  h a d  t i t r e s  o f  1 : 1 6 , t h e  ma x i m um t i t r e  reco r d ed 

i n  t h e  s y s tem u s ed ( s ee T a b l e  3 . 4 ) .  Wo rm- f r ee l a m b s , ra i s ed i n d oo r s , 

w e r e  n eg a t i v e to t h e  te s t . D u r i ng 1 0  w e e k s  o n  p a s t u r e 8 o f  t h e s e  

a n i ma l s  ( 29 . 6 p e r  c e n t )  d ev e l o p e d  p os i t i v e t i t r e s : t h e  m a x i m u m  t i t r e  

r ea c h e d  w a s  1 : 4 .  O f  26 l a m b s  ra i sed f ro m  b i r t h  o n  p a s t u re f o r  t h r ee 

mo n t h s , 5 ( 1 9 . 2  p e r  c e n t ) h a d  p o s i t i ve t i t r e s . 

A n t i - co m p l em e n t a r y  e f f ec t s  w e r e  s e e n  i n  t e s t s  u s i ng s e ra h e a ted 

59 

a t  56
°

C f o r  30 m i n u tes a n d i nc u b a ted a t  37
°

C f o r  30 m i n u t es . A t t em p t s  

t o  r emove t h e  a n t i - c omp l em e n t a r y  f a c t o r s  f rom s e r a  b y  h ea t i ng a t  6 2
°

C 

f o r  30 m i n u t e s  w e re u n s u c c e s s f u l . Howe v e r , a b s o r p t i o n o f  t h e s e  a n t i ­

s e r a  t h r ee t i me s  w i t h b e n to n i t e o v e r c a m e  t h i s  p ro b l em p ro v i d ed w a rm 

i nc u b a t i o n ( 3 7
°

C f o r  30 m i n u t es ) w a s  u s e d . W h e n  h ea t - t r ea t ed , b e n to n i t e 

- a b s o r b e d  s e r a  w e re t e s ted u s i n g i nc u b a t i o n a t  4°C o v e r n i g h t ,  a n t i ­

comp l eme n ta r y  e f f ec t s  w e r e  a g a i n  s e e n . T h e  u s e o f  comp l em e n t a t  a 

d i  I u t i on o f  1 : 1 0 d i d  n o t  o v e rcome t h i s  e f f ec t  a n d  i n v a r i a b l y  r e d u c e d  

p o s i t i ve t i t r e s  b y  tl-1 0 d i l u t i o n s . 

e . I FA T 

T h e  t i t r e s  o f  s e r a  f r om t h e  v a r i o u s  g r o u p s  o t  s h ee p  t e s ted a r e  

g i ve n  i n  T a b l e  3 . 5 .  T h e  s e r a  f rom 1 0  c a esa rea n - d e r i v e d , c o l o s t r u m- f r e e  

l a m b s  w e r e  n eg a t i v e a s  w e r e  4 o f  24 s e r a  ( 1 6 . 7 p e r  c e n t )  f rom a n i ma l s  

ra i s ed w o r m- l r ee i n d oo r s  f o r  1 t o  2 we e k s . T e n  ( 4 1 . 7  p e r  c e n t ) o f  t h es e  

l a m b s  ha d t i t r e s  o f  1 : 8 o r  mo re , t h e  ma x i m tm t i t r e s  be i ng 1 : 1 6 .  



TABLE 3 . 4 

COMP LEMENT F I XAT I ON :  M I CROT I TRE TEST T I TRES 

Se rum Source 

HS/ 1 3  h yper immune sheep 

HS/ 1 4  hyper i mmune sheep 

HS/ 1 5  hyper i mmune sheep 

HS/ 1 6  hyper i mmune s heep 

WF/ 1 1  2 7  worm-f ree l ambs  
to 
WF/38 

WF/ 1 1 / 1  2 7  worm- f ree l ambs  a f ter 1 week 
to WF/38/ 1 o n  pasture 

WF/ 1 1 /2 " I f  2 weeks 
to WF/ 38/2 

WF/ 1 1 / 3  " " 3 weeks 
to WF/ 38/3 

WF I 1 1  I 4 " " 4 weeks 
to WF/ 38/4 

WF/ 1 1 /5  " " 5 weeks 
to WF/38/5 

WF/ 1 1 /6 1 1  1 1  6 weeks 
to WF/38/6 

WF/ 1 1 / 7 1 1  1 1  7 w eeks 
to WF / 38/7 

WF/ 1 1 /8 1 1  1 1  8 weeks 
to WF/38/8 

WF/ 1 1 /9 11 - 1 1  9 weeks 
to WF/38/9 

WF/ 1 1 / 1 0 1 1  1 1  1 0  weeks 

PR/ 1 to PR/26 26 pastu re ra i sed l ambs 3mt hs  o l d  

* n umber of  a n i ma l s/t i tre  

60  

T i t re 

1 6  

1 6  

1 6  

1 6  

27/0* 

27/0 

27/0 

2 7/0  

25/0  2/2  

25/0  2/ 2 

2 3/0  4/2  

25/0 1 / 2  1 /4 

2 3/0 4/2  

2 5/ 0  1 /2 1 /4 

27/0 

2 1 /0 3/2  1 /4 
1 /8 



S e r um 

to 

S 5 7  

1 7  

1 8  

1 

0 

3 8  

u 

i 1nrn u n e  

f 

1 9  ! 

3 

. 5  

. s  1 sp . l 

2 . ) 

urn - f ree 

> 2 5 6  

> 2 5 6  

> 2 5 6  

1 2 8 

6 1  



S e r um 

Code No . 

3 

4 

3 6 

2 

(� . c . ) 

-------------

2 5 6  

6 4  

1 28 

2 

1 6  

t e s  

( J . w . ) 

64 

1 6  

t 4 

CJ . l/'J . ) 

6 2  



b l e  t h e  r e s u l 

i f  f red 

b 

1 :  

o f  4 

6 

ts  b y  tv10 on 6 

n o n e  d 

p 

1 9 77 )  



b e tw e e n  d I a t ed o rg a n  i i n  t h e  Hl\T n o t  b ee n  

n v es t i g a ted n d  t h  i i l l  c r f i ca t i o n o r e  t e s t  

b e  u s e d  d i i s  o f  s a r coc y s .  

s e n s  i v  i c c-CO n o t  f f ted t e r om 

rn r o  a rn Howev e r , w h e n  I I e r  v o l e n t s  

r e  u a n t i c omp l eme n t  r y  e f f  ec i s . T h  s d 

s a r t i a l l y  ng vi i i h  b e n  ton f o r e  ng ' 

b s n o t  c orn p  I n t i  r e a p p e -

h e n  a t i  m e t ho d  f o r 

s A n t  f ec t s  

l y  n sa f 

s 

i t  s r p r i i ng on d o f  p o f  

C F T  s t u d i y 

C o u  ) a y i n  I o t h e r  b l  

. ) . a b i i s  l e  f o  

t h e  r orn 

p l u  n 

c y s  n o t  f 

n t  b I .  no 

s d ,  

u 

n d  a 

te s t  a 

t 

c l es r e  y 



p l a c e d  a t  t h e  e r i p 

s ta i n i ng a nd 

! uo r e sc e n t  

t h e  ma n u f  

d i n a t i on 

i t  e a  to d f f  

i s ' to s om e  

r a to r s  

T h e s e l a t t e r  mo r e  co n s i s t e n t  i n  t h e  r 

ore u se d  w h e n  d e te rm i ng t h e  i t r e . W h e n  

s u s ed i n  t h e  t e s t  t d i  u t i on 

b i g  of h e  f l u o re s c e n c e  

po i n t .  F u r t h e r  d i l u t i o n o f  

t e  b e t w e e n  p o s i a 

ug 

w i t h 

e c t i b u t i t  s f n d  t e x p e r  -

6 5  

r e s u  I t s r-om I I ro l og i  t e s  s h owed i I r 

u 

r n 

r e  p 

l ow 

i n  

p e r  

I s  

umed to 

l o  

m a c roc y s t s  

rom 

, i f  n y  

e s ta b  I i 

bod y  t i  

W h  l e  

r a  I I y 

f 

tu 

s h a d  h i g h  t i t r e s , n a  l I y i n f ec te d  

l o�t1 o r  n eg i v e  l n d oo a I s  

l y  t i v e ;  occa s -

l y  

l y  no t I i b I i n d  i 

n t  bod i es 

d 

ea I 

d o u b t f u l ,  

i o n 



T h e  d ev of a s p ec i es i n  a i n t er m e d  a te 

6 6  

h o s t  i s  d i v i  b l e  i n  t h  p ha se s .  F i r s t  I y ,  f o  1 1  ow n g  ex c y s  

sporozo i te s  i d e  h o s t s u e s n d  a 

p a  s i te a n t  g e n  come s i n to b r i 

l y  o n e  o r  mo r e  p ha s e s  of s c h  

o f  a n t i g e n  i n to c i rcu I a i on ,  

I a t  i v e I y sma I I 

t w i t h t h e  

n t  o f  

1 s  i mm u n e  

o n y  r e l ea s e i nc r ea s i ng 

l m i na t i ng i n  t h e  d i sc h a  e 

of h i  zozo i a f t e r  i ma te sc h zogo ny . F i  I ! y ,  i nv a s i 

o f  m u sc l e  f e s  a n d  d w i th i n  

p a  to s eq rorn t h e  i mmu 

t t h e  h o s t ' s  rnmu p o n s e  i s  a c t  

e l  b u t  t h e  ma i n  n t i bod y p 

p u c t s  o f  t h e  u l t  s c h i zog o n y .  

i m e n ta I i f ec t i on i n  w h i  e h  t i  

f rom f o u r  a n d  f te r  

ka r d , 1 97 4 ;  Fa nd L u n d e ,  1 9 7 7 ;  
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of  ewe ca rca ses and  co nta i n i ng one or  more mac rocysts , were obta i ned 

f rom a l oca l meat works . The mea t was  stored a t  4
°

C a n d  exam i ned 

w i th i n  24 hou rs of co l l ec t i on .  The d i mens i on s  ( l ength L a n d  w i dth  W )  
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of  503  cysts  u nse l ec ted for  type  found  on the s u r faces of  tr i mm i ng s  were 

mea sured to t he nearest 0 . 1 mm us i ng 6 x mag n i f i cat i on .  

b .  Preva l ence o f  oesophagea l a n d  ca rca se mac rocys ts 

1 2 1 5  a d u l t  s heep were exam i ned a f ter s l a ug h ter at a l oca l mea t 

wo rks for  t he  p resence o f  oesophagea l and ca rca se macrocysts . 

A n  ass i stant  stood next to t he p rocess c ha i n  a nd  exam i ned every 

th i rd oesophagus  for mac rocysts . He recorded h i s  f i nd i ngs  on a l a be l 

that  wa s t hen attac hed to the co rrespond i ng ca rca se . V i sce ra and  car­

case passed a l ong the c ha i n  s i de by  s i de to where the a uthor stood . 

The ca rca se wa s chec ked for  the presence o f  f a t  a nd /or  th i n  cysts a n d  

t h e  res u l t  recorded on the  l a be l w h i c h was removed and  p l aced i n  a 

conta i ne r .  T h e  t i me a va i l a b l e  for  exam i nat i on ,  d esp i te exam i n i ng on l y  

every t h i rd ca rca se, ra re l y  exceeded 1 0  secon d s .  Th i s  a l l owed on l y  a 

ra p i d  sca n  o f  the sur faces of the p l eu ra l  a nd  a bd om i na l  ca v i t i es a n d  

the externa l s urfaces o f  t h e  l ef t  and  r i g h t  s i d es o f  each  ca rcase . 

A p p rox i mate l y  200 sheep were exam i ned on eac h o f  6 occa s i on s  over a 

per i od of  t h ree month s .  The I n format i on on the l abe l s  was acc umu l a ted 

a nd a na l ysed . 

c .  E l ectron m i c roscopy o f  cyst wa l I s  

Mac rocysts  were d i ssected f rom oesop hag i a nd ca rca se tr i mm i ng s  

a nd f i ve s pec i mens , o f  a p p rox i mate l y  equa l l en g t h ,  of  each  type o f  

cyst  were f i xed i n  g l u ta ra l dehyde ,  post-f i xed i n  osm i um tetrox i de ,  

embedd ed i n  epoxy res i n* , sect i oned and  exam i ned by e l ectron m l croscopy 

( Gr i f f i n , 1 9 72 ) . 

* ' FLUKA ' , Chem i sche Fa b r i k , Buchs SG ,  Sw i tzer l a n d .  
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F I GURE 4 . 4 D I AGRAM S HOW I NG THE FREQUENCY D I STR I BUT I ON 

OF MACROCYSTS I N  1 2 1 5  ADULT SHEEP AT S LAUGHTER 

The p resence or ab sence of oesop hagea l cy sts 

i s  compa red w i th the  presence or a b sence o f  

f a t  a n d  t h i n  carca se macrocysts . 
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4 . 3  Resu l ts 

a .  Ca rcase mac rocyst d i men s i ons 

F i gu re 4 . 3 records  the f requ ency d i str i bu t i on of the ra t i o  

between the l engths of the cyst axes ( rat i o = �) of 503 ca rca se 

macrocysts . The data show that there a re two popu l a t i ons  of mac rocysts  

w i th d i st i nct shapes i n  s heep carca ses . Th i n  cysts apparent l y  g row 

ma i n l y  i n  l ength , f a t  cysts  i n  both d i mens i ons . 

b .  Mac rocyst preva l ence 

The p resence or a bsence of oesop hagea l ,  th i n  and  fat mac rocysts  i n  

1 2 1 5  sheep i s  s hown d i ag rammat i ca l l y  i n  F i gu re 4 . 4 .  S tat i st i ca l  a na l -

2 y s i s  of the resu l ts ,  b y  X test u s i ng Ya te ' s co rrect i on ,  rev ea l ed no 

s i g n i f i ca nt d i f f erence i n  the d i str i b u t i on of  e i ther th i n  or f at cysts 

w hether oesop hagea l cysts  were p resent or not . 

c .  Mac rocyst wa l I u l trastructu re 

The structu re of the wa 1 1  of f a t  cysts wa s f ound  to be s i m  i l a r  to 

that  of oesop hagea l cysts  ( see F i g u re 4 . 5 0 a nd F .  Both possess  v i  1 1  i 

t hat  are i rreg u l a r i n  shape  a nd b l  i ster- 1 i ke i nvag i nat i on on a l  I the 

v i  l i a r  and i nter-v i l i a r  s u r f aces . A seconda ry cyst wa l l  of co l l agen  i s  

p resent i n  both types of macrocyst ( see F i g u re 2 . 7 ) .  

The th i n  cyst wa l l  i s  d i st i nct l y  d i f f eren t ;  v i  1 1  i are  roug h l y  eo-

n i ca l  and reg u l a r .  Both the  v i  I I i a n d  the i nterv i l i a r  wa l I g i ve r i se 

to s na ke- 1 i ke f i l aments  o f  regu l ar d i ameter b u t  w i th s l i g ht l y  swo l l en 

end s ,  ( see F i g u re 4 . 5 n ;  the f i l aments branch  occas i ona l l y .  B l i ster-

I i ke i nvag i na t i o n s  are conf i ned to the i nterv i l i a r  surf ace a n d  the s u r-

faces  of the p rox i ma l pa rts  of the v i  I I i .  T here  i s  no co l l ag e nou s 

secondary wa I I . 

4 . 4 D i scu s s i on 

The stu d y  of cyst d i mens i ons  con f i rmed the observat i on that  two 

f orm s of macrocyst ma y be f ou nd i n  s heep ca rcases . The method of 

i' ( 
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F I GURE 4 . 5 E LECTRON M I CROGRAPHS OF THE WA LLS  O F  SARCOCYSTIS 

MACROCYSTS I N  SHEEP ( X  22 , 500 ) . 

0 .  Oesophag ea l mac rocy sts ( 'S . gigantia '�  cat :  

s heep 1 s p . )  ( V  = v i l l u s ) . 

F .  Fa t ca rca se macrocyst ( 'S. g igantia '�  ca t :  

s heep 1 s p . )  ( V = v i l l u s ) . 

T .  T h i n  ca rca se mac rocyst  ( S .  medusiformis n . sp . , 

c at : s heep 2 s p . ) ( F  = f i l ament ;  V =  v i l l u s ) . 
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mea s u r ement was  not sens i t i ve enoug h to  detect s i g n i f i ca n t  d i f f erences 

i n  the d i mens i ons of t he sma l l est cysts exam i ned , hence the g ra p h  ( see � 

F i g u re 4 . 3 ) s hows a sma l I over l a p  between the two popu l a t i on s . The  

poss i b i I i ty that th i n  cysts  a re an  ea r l i er  form of the fat  cysts and  

that g rowth ta kes p l ace ,  i n i t i a l l y i n  l eng th , l a ter i n  both d i mens i ons 

may be d i scou n ted by the  f act that th i n  cysts ca n be a s  l ong as fat cysts . 

A h i g h  p roport i on of a d u l t  sheep - a p p rox i mate l y  70 per  cent -

were found  to be i n f ected w i th mac roc ysts . However ,  cons i d er i ng the 

I i m i ted t i me ava i ! a b l e  for  exam i na t i o n  a nd the f act that on l y  s u per-

f i c i a l  cysts , that  were l a rg e  enoug h to be read i l y seen , cou l d  be 

recorded , i t  i s  obv i ous  that the rea l preva l ence wa s muc h  h i g her  a n d  

p robab l y  c l ose  to 1 00 p er cent.  McNa b a nd Robe rtson ( 1 97 2 ) , i n  a 

su rvey of  the  p reva l ence of  Cysticercus avis i n  sheep ca rca ses found  

tha t  on l y  one i n  f i ve to ten  i n f ected a n i ma l s  had  superf i c i a l l y  v i s i b l e  

cy sts . 

Stat i st i ca l  a na l y s i s  showed that the pr esence or a bsence of  

oesop hagea l cysts was  not corre l a te d  w i th that  of th i n  or  fat  cysts i n  

the  ca rca se : i n f ect i on had  occu rred ra ndom l y .  There wa s no ev i d ence 

that  the p resence of  e i ther of  t he  ca rcase cyst types cau sed a ny red uc-

t i on i n  the  p reva l ence o f  the othe r ;  a l thoug h i t  i s  poss i b l e  that the 

f a i  J u re to s how a s i g n i f i cant  co rre l a t i on i n  occu rrence between the 

cyst types resu l ted f rom the l ac k  of  sens i t i v i ty of the method  of  

d etect i on u sed i n  the s u rvey . 

The stu dy  of  cyst wa l I u l trastr uctu r e  conf i rmed the  p resence o f  

two d i st i nc t  mac rocyst i c  spec i es i n  s ke l eta l mu sc l e . T h e  f a t  cyst 

a pp ears  to be the same spec i es as the oesop hagea l cyst . However , the  

common i de nt i ty o f  these  two f orms w i  I I on l y  be f u l l y p roved by s how i ng 

that sporocysts ,  der i ved f rom f eed i ng e i ther oesop hagea l or  f a t  cysts 

to cats , g i ve r i se to both f orms i n  sheep . 



The str uctu re of  the t hi n  cyst wa I I has not been desc r i bed 

p rev i ous l y . Be rgma n n  a n d  K i nder ( 1 97 5 )  i nvest i gated the structure of  

sarcocysts i n  s heep and  compa red ' th i c k '  and  ' th i n '  wa l l ed forms : 

the sa rcocysts of  'S. tene l la '  ( ca t : s heep 1 sp . ) a nd 'S. ovicanis ' 

( dog : s heep sp . ) respect i ve l y . No other type of  cyst was d escr i bed . 

A pa per  compa r i ng the u l tra structu re  of  the cy st  wa l I s  o f  var i ous  

spec i es by  Meh l hor n ,  Ha rt l ey and  Heydorn  ( 1 976 ) a l so conta i ned on l y  

two ov i ne spec i es .  At p resent i t  i s  g enera l l y accepted tha t ,  i f  
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mature  sa rcocysts have  wa l I s  w i th d i st i nct l y  d i f f erent u l tra structu res , 

they be l ong to d i f f erent spec i es .  B u t  the conver se i s  not necessa r i l y  

true ( Meh I hor n ,  Ha rt I ey a nd Heydor n ,  1 976 ) . 

There i s  no dou b t ,  t herefore , tha t the th i n  macrocyst  i s  a 

d i st i nct spec i es ;  not on l y  does i t  have a d i f ferent s ha p e  a n d  wa l I 

u l tra structu re but  there a re a l so d i f f erences i n  the e l ect rop horet i c  

mob i I i ty o f  certa i n  enzymes ( p hosp hog l ucomuta se < PGM ) a nd 6 -

p hosp hog l u cona te dehyd rogenase ( 6  PGD ) ) between f at a n d  t h i n  cysts 

( Atk i nson  a nd Co l I i n s ,  i n  p ress ) .  The d i scovery of  a f urther  spec i es 

i n  sheep poses a p rob l em of nomenc l a tu re .  I f  a s  seems poss i b l e , 

Ra i I I i et ( 1 886b ) gave the name S .  tenel la ( former l y  Miescheria tene l la )  

to the ' d e l i ca te wa l l ed '  m i crocysts fou nd b y  Mou l e  ( 1 886c ) a n d  

Babiania ( now Sarcocystis ) gigantia to t h e  macrocysts i n  t h e  oesophagus  

a n d  ca rca se then  the ca t : s heep 2 sp . i s  w i thout a name .  l t  i s  p roposed 

that the th i n  macrocyst i c  spec i es be  named S .  medusiformis n . sp .  i n  

recog n i t i on of  the d i st i nct i ve structu re of  i ts cyst wa l I ( Co l I i ns ,  

Atk l nson a n d  Cha r l esto n , 1 97 9 ) . 



CHAPTER 5 

SHEEP  MACROCYST  STUD I ES 2 :  TRANSM I SS I ON 

5 . 1 I ntrod uct i on 

The dog : s heep s p .  i s  the on l y  s pec i es o f  Sarcocys tis occ u rr i ng 
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i n  s heep tha t ha s been tra nsm i tted t hrough  a comp l ete I i f e cyc l e  

( Ford , 1 975 ) .  A l thoug h the ca t : sheep 1 sp . was  i nvo l ved i n  the  

e l uc i da t i on o f  the Sarcocystis I i f e cyc l e  < Romme l ,  Heydor n  and  Gru ber , 

1 972 ) tra n sm i ss i on of th i s  spec i es to sheep ha s yet to be  d emon stra ted 

uneq u i voca l l y .  

I n  th i s  chapter the tra n sm i ss i on of  the th i n  macrocyst  spec i es to 

i ts def i n i t i ve hos t i s  reported a n d  the sporocysts of th i s  s pec i es are  

compa red w i th those o f  the cat : s heep 1 s p . Attempts to  i n f ect  l ambs  

w i th cat : s heep 1 s p . s porocysts a nd study  the  ear l y  deve l o pment of  th i s  

spec i es i n  s heep a re a l so desc r i bed . 

5 . 2  Mater i a l s  a n d  methods  

a .  Tra n sm i s s i o n  stud i es i n  dogs a nd ca ts  

i )  Exper i menta l an i ma l s  

Convent i ona l l y rea red k i ttens a n d  p u pp i es were obta i ned a t  

wean i ng a nd ma i nta i ned f ree o f  Sarcocystis on  p rocessed food . 

i i )  Macrocysts 

Fa t a n d  th i n  cysts were exc i sed f rom mutton tr i mm i ng s  ta k i ng 

espec i a l care to obta i n  cysts f ree of musc l e  that  m i g h t  be 

i n f ected w i th dog : s heep sp . m i crocysts . Mac roc ysts were f ed 

w i th i n  6 hours  of  co l l ect l on e i ther i n  ge l at i ne ca p s u l es or  

i ncorporated i n  f ood . 

i i i )  Exam i na t i on of faeces 

A I  I the f a eces of a l  I the exper i menta l a n i ma l s  were co l l ected 

da i l y a nd exam i ned f o r  spo rocy s ts < see A p pend i x  4a ( i )  for  



method ) for  a per i od o f  2 weeks before and  4 weeks a f ter 

dos i ng .  S porocysts were mea s u red at  1 00 x mag n i f i ca t i on 

w i th a m i c rometer eyep i ece ( see Append i x  4c ) .  

i v ) Exper i menta l proced ure  

K i ttens  a n d  p u p p i es were g i ven mac rocysts i n  8 sepa ra te 

exper i ments a s  s umma r i sed i n  Tab l e  5 .  1 .  

tj ]  

b .  Tra n sm i ss i on stud i es i n  sheep 

* 

i )  Sporocysts  

K i tten s ,  ra i sed f ree o f  Sarcocys tis i n fect i on a n d  exam i ned 

for  sporocysts ( see A p pend i x  4a ( i )  a nd  ( i  i ) )  for  two weeks 

p r i or to dos i ng were f ed cat : s heep 1 s p .  macrocysts d i ss-

ected f rom the oesop hag i of s heep . S porocysts were ha r-

vested ( see Append i x  4a ( i ) , C i i )  a n d  ( i i i ) )  a nd stored i n  

0 
ta p water a t  4 C f or u p  to two w eeks befo re u s e .  Cou n t i ng 

sporocysts was carr i ed out by the method desc r i bed i n  

Append i x  4b . 

i i )  Exper i menta l a n i ma l s  

Lambs  were ra i sed i ndoors f rom b i rth on ca l f  m i l k  rep l acer* 

a n d  a t  t he t i me of i n f ect i on w ere he l m i nth-f ree b u t  not 

cocc i d i a - f ree . The a n i ma l s  were i nf ected a t  va r i ou s  ages  

( deta i I ed be I ow ) .  

i i i )  Haema to l ogy  

Unc l otted b l ood was  exam i ned , b y  s ta nda rd p roced ures , for  

haemog l ob i n  concentra t i on ( Hb ) ,  packed ee l I vo l ume C PCV ) a nd 

hence the mea n  corp uscu l a r haemog l ob i n  concentrat fon  C MCHC ) , 

tota l serum p rote i n  ( TP ) , tota l l eucocytes C WBC ) a n d  d i f f -

eren t i  a I I eucocyte cou nts C d  i f f .  WBC ) . 

' ANCA LF ' ,  N . Z .  Cooperat i ve Da i ry Compa ny , Pa l mersto n  North , N . Z . 



i v )  Sero l ogy  

Serum f rom c l otted b l ood  wa s exam i ned for Sarcocys tis 

a nt i - bod i es by CFT ( see Chapter  3 ,  C FT ,  sta n da rd  t ube 

test for  method ) a nd I FAT ( see Chapter 3, I FAT , for  

method ) .  

v )  H i stopatho l ogy  
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Lambs k i  l i ed at i nterva l s  ( see be l ow for deta i I s ) were 

i mmed i ate l y  necrop s i ed .  Samp l es were ta ken of hea rt ,  

l u ng , I i ver ,  k i d ney ,  s p l ee n ,  b ra i n , sp i na l  cor d , oesoph­

ag us  ( 3  l eve l s ) ,  ret i c u l um ,  a boma sum ( card i ac and  py l or i c  

reg i ons ) , sma I I i ntest i ne ( at 1 m  i nterva I s ) , caecum ,  

co l on ,  mesenter i c  l ymp h nod e ,  d i a p h ragm, th i g h m u sc l e  a n d  

bone ma r row . T i ssues were f i xed i n  1 0  per  cent  formo l 

sa l i ne or  i n  Bou i n ' s  so l u t i on ( g astro- i ntest i na l  t i s s ues ) , 

embedded i n  para f f i n  wax  and  a t  l ea st  two sec t i on s  a p p rox­

i mate l y  6 �m th i c k sta i ned w i th haematoxy l i n a n d  eos i n  

were exam i ned . 

v i ) Exam i na t i on of  t i s sues by an  I nd i rect f l uore scent  a n t i ­

body tech i ngue 

I n  Exper i ment 3 on l y  < see be l ow ) ,  samp l es o f  t i ssue  ( f rom 

the orga n s  I i sted above ) a p p rox i mate l y  1 0  x 1 0  x 2mm were 

removed soon a f ter d ea t h ,  f rozen i n  penta ne- I i qu i d n i t rogen 

a n d  s tored at -40°C over so l i d  ca rbon  d i ox i d e .  Sect i on s ,  

c u t  a p p rox i mate l y  2 �m th i c k I n  a c ryosta t ,  were a i r  d r i ed ,  

f i xed i n  methano l ,  p rocessed a s  for  the I FAT ( see Chapter  3 

for  method ) and  exam i ned by f l uorescent m i c roscopy . At  

l ea s t  5 sec t i ons  were exam i ned f rom eac h t i s s u e  b l oc k .  The 

t i ssues  of  the contro l l ambs a n d  sta nda rd I FAT s i  i d es p rep-



a red w i th cat : s heep 1 sp . brad y zo i tes  ( see Cha pter 3 )  

served a s  negat i ve a n d  pos i t i ve con t ro l s resp ect i ve l y .  

v i  i )  Exper i me nta l proced u re 

Exper i ment  1 :  E i g hteen l ambs , 6 mon ths o l d  were u sed i n  
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the exper i ment .  Fou rteen were eac h  g i ven  a p p rox i ma te l y  

5 
8 . 3 x 1 0  sporocysts by  stomac h  t ube ; 4 were l ef t  u ndosed 

as contro l s . A I  I the l ambs were b l ed 6 a nd 3 days  before 

and on the day of  dos i ng ,  then da i l y unt i I k i  l i ed . O ne  

dosed l amb  wa s k i  I l ed da i l y  s ta rt i ng on da y 1 a n d  cont ro l 

l ambs on days  1 ,  5 ,  1 0  a n d  1 4 .  Haemato l og i ca l ,  sero l og i ca l  

a n d  p atho l og i ca l  exam i nat i ons were ca rr i ed o ut  a s  desc r i bed 

a bove . 

Exper i ment  2 :  N i ne l ambs , 3 months  o l d  were g i ven  va r i ous  

doses o f  s porocysts a n d  k i  I l ed a t  i nterva l s  a s  s hown be l ow .  

The f aeces of  one l amb ( l amb 3* ) were exam i ned for  sporo-

cysts ( see A ppend i x  4a ( i )  and ( i  i ) )  da i l y for 5 days  a f ter 

dos i ng .  Two l ambs  ( l amb s 8+ a nd 9+)  were i nj ected i nt ra ­

muscu l a r l y  w i th 2 . 0 m g  dexametha sone
� 

on d a y  0 a n d  a t  2 d a y  

i n terva l s  fo l l ow i ng as  a n  i mmunosupp ressa n t .  Two l ambs  were 

not dosed w i th sporocysts and served as contro l s . 

l amb dose o f  sporoc�sts k i 1 1  ed a n d  exam i ned 

5 X 1 06 d ay  

2 5 X 1 0
6 

2 

3* 1 6  X 1 0
6 

5 

4 5 X 1 0
6 

8 

5 5 X 1 0
6 8 

6 5 X 1 0
6 

1 3  

� DEXADRESON , l n tervet La borator i es Ltd . ,  U . K .  
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l amb dose of s�oroc::tsts k i  I l ed a n d  exam i ned 

7 5 X 1 0
6 

1 3  

8
+ 

1 .  2 X 1 0
6 29 

9
+ 

1 . 2 x 1 0
6 

5 0  

1 0  0 

1 1  0 50 

Haemato l og i ca l  and  p atho l og i ca l  exa m i nat i on s  were ca rr i ed 

out as  desc r i bed above.  No sero l og i ca l  test wa s p erformed . 

Ex�er i ment 3 :  Seven l amb s ,  l ess than one week o l d , were 

6 
eac h  g i ven 1 x 1 0  sporocysts by  s tomach tube . Two l ambs  

were l ef t  undosed as  contro l s .  Dosed l amb s were k i l l ed 

20 a n d  23  hou rs ,  2 ,  5 ,  1 4 ,  2 1  a n d  29 days a f ter i n f ect i on .  

Contro l l ambs were k i  l i ed a t  1 4  a n d  29 days . O ne l amb , 

k i  I l ed at  23  hou rs , rece i ved s po rocy sts that had  been p re-

treated w i th 0 . 5 per cent sod i um hypoch l or i te so l ut i on for  

50 m i n utes i n  a n  attempt  to render  the  sporocysts more s u s-

cep t i b l e  to the excystment st i mu l u s (McKenna , pers . comm . ) .  

At  necropsy , samp l es were removed for h i sto l og y  a s  d escr i bed 

above a n d  f u rther samp l es were f rozen and exa m i ned by a n  

i nd i rect f l uorescent a n t i bod y techn i que ( see a bove ) . No 

haemato l og i ca l  or sero l og i ca l  exam i nat i on s  were ca rr i ed out . 

a .  Tra n sm i ss i on i n  dogs a n d  cats 

A I  I the k i ttens  fed  th i n  macrocysts exc reted sporoc ysts i n  the i r 

faeces s ta r t i ng 1 2  to 22  days a f ter i n f ect i on ( see Tab l e  5 .  1 ) .  The 

d i mens i on s  of  the s porocysts a re g i ven i n  Tab l e  5 . 2 .  Both k i ttens 

g i ven f at  macrocysts p rod uced spo rocysts . The d i mens i on s  o f  s porocy sts 

f rom k i ttens fed t h i n or  fat cysts were not s i g n i f i ca n t l y  d i f f erent 



Expt . 

2 
2 

2 2 
2 

3 1 
3 

4 2 
1 

5 2 
1 

TABLE 5 .  1 

TRANSM I SS I ON EXPER I MENTS : RESULTS OF 
FEED I NG FAT OR TH I N  CARCAS E  MACROCYST$ 

FROM SHEEP TO K I TTENS AND PUPP I ES 

test i n f ect i ve dose 
a n i ma l s  1 f a t ' cysts ' th i n '  cysts 

k i t tens  0 1 5  eac h  
k i ttens  0 0 

k i t ten s 0 1 0  eac h 
k i ttens 0 0 

k i tten 0 25 
k i ttens 0 0 

k i ttens 20  eac h  0 
k i tten 0 0 

p u p p i es 0 30 eac h  
p up p y  0 0 

6 3 p u p p i es 0 20 eac h  
1 

7 4 
7 

8 7 
3 

+Ve "' 
-ve  == 

p u p py 0 0 

p u p p i es 4 eac h  0 
p u p p i es 0 0 

p u p p i es 4 eac h  0 
p u p p i es 0 0 

sporocy sts passed i n  faeces 
no sporocysts passed I n  f aeces 
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resu l t  

+ ve 
-ve  

+ve 
-ve 

+ve 
-ve 

+ ve 
-ve  

-ve  
-ve  

- ve 
-ve  

-ve  
-ve  

-ve  
-ve  



TABLE 5 . 2 

TRANSM I SS I ON EXPER I MENTS : D I MENS I ONS OF  S POROCYST$ FROM 
K I TTENS FED FAT OR TH I N  CARCASE  MACROCYST$ F ROM SHEEP 

Sporocyst d i mens i ons  <vm )  

Exp t .  range mea n ± SO 

( th i n  cysts ) 
1 0 . 3- 1 2 . 5 X 7 . 3-8 . 8 1 2 �0±0 . 6  X 7 . 7±0 . 4  

2 
( th i n  cy sts ) 

1 0 . 5- 1 3 . 0  X 7 . 3-8 . 3  1 2 .  1 ±0 . 6  X 7 . 7±0 . 4  

3 
( th i n cysts ) 

1 2 . 3- 1 2 . 8  X 7 . 8-8 . 8  1 2 . 5±0 . 2  X 8 . 2±0 . 4  

4 
( fat cysts ) 1 0 . 5- 1 3 . 0  X 7 . 3- 8 . 3 1 2 . 2±0 . 6  X 7 . 7±0 . 3  
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n=  

50 

25 

25 

25 



( see Ta b l e  5 . 2 ) . No p u p p i es o r  con tro l k i ttens prod uced s porocy sts . 

b .  Tra n sm i ss i on i n  sheep 
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No s i g n i f i ca n t  gross or m i c roscop i c  l es i on s  tha t co u l d  be 

a sc r i bed to Sarcocys tis i n f ect i on a nd no orga n i sms were found  i n  any 

a n i ma l  excep t for l amb n umber 8 i n  Exper i ment  2 .  Th i s  l amb had  severa l 

i mmatu re sa rcocysts o f  8 . 0  to 42 . 0  �m d i ameter i n  the str i a ted musc l e  

o f  the oesop hag us . One sect i on con ta i ned 9 sa rcocysts . A I  I of  the 

sarcocysts a ppea red to conta i n  on l y  metrocytes and the s pec i es was not 

i dent i f i ed .  The haemato l og i ca l  va l ues of  the l ambs i n  Exper i ments 

a n d  2 stayed norma l t h roughout a n d  no i nc rea se i n  Sarcocys tis a nt i ­

bod i es occ u r red i n  Expe r i ment 1 .  No f l uorescence tha t cou l d  be 

assoc i ated w i th orga n i sms was seen i n  sec t i ons f rom t he  l ambs of 

E xpe r i ment 3 ;  the b radyzo i tes on the  I FAT s i  i des showed p er i p hera l 

f l uorescence . 

Sporocy sts , o f  s i m i  J a r s i ze to those i n  the exper i menta l dose , 

were found  i n  the faeces of l amb 3 on days 1 a nd  2 o f  Exper i ment 2 .  

5 . 4  D i sc u s s i on 

The st u d i es showed tha t both the f at  and  th i n  macrocyst  spec i es 

i n  sheep cyc l e  t h rough  cats and  t hat  the sporocysts a re s i m i l a r .  The 

d i mens i ons  of the sporocysts a re a l so s i m i J a r to those reported for 

t he cat : s heep sp . ( see Append i x  2 ta b l e  1 ) .  Therefore,  at  p res­

ent ,  i t  i s  on l y  poss i b l e  to i dent i fy the t h i n  macrocyst spec i es 

(S. medusifo�is n .  sp . ,  cat : sheep 2 s p . ) by I ts sha p e ,  cyst  wa l I 

u l trast r uc t u re and  the e l ectrop horet i c  mob i I i ty of  certa i n  en zymes 

< At k l  nson a n d  Co l i i ns ,  i n  p rep . ) .  

The t ra n sm i ss i on  o f  the f a t  mac rocyst spec i es t h rough  cats a n d  

t he p rod uc t i on of  sporocysts w i th d i mens i on s  of  approx i ma te l y  1 2 . 2  x 

7 . 7  �m i s  f u rther ev i dence for i t  be i ng the  same spec i es a s  the oeso p h­

g ea l form . However ,  the i r  common i dent i ty ,  a s  was d i scussed i n  



Cha pter 4 ,  w i  1 1  on l y  be f u l l y  p rov ed by the i r  transm i s s i on to 

sheep . 
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I n  t h ree exper i ments , 30 l ambs  aged between a f ew days  a nd 6 

months were g i ven doses of up  to 1 6  m i  I I i on sporocysts a n d  no ev i d ence 

of i n f ec t i on wa s found . The one l amb found to ha ve sa rcoc ysts i n  i ts 

oesop hag u s  29 days  a f ter  i n f ect i on was , because  of the s i ze a nd deg ree 

of dev e l o pment of these cysts , p robab l y  i n f ected before the  sta rt  of 

the exper i ment .  The  l ambs used i n  these exper i ments were ma i nta i ned i n  

cond i t i on s  that cou l d  not exc l ud e  the poss i b i  I i ty of ext ra neou s 

i n f ect i on .  

Other wo r kers have fa i l ed to s how u neq u i voca l l y  tha t ca t : sheep 

sp . sporocy sts a re i n f ect i ve f or sheep ( Mu nd ay and  R i c ka rd ,  1 974 ; 

Gestr i ch ,  Heydorn  a n d  Bays u ,  1 97 5 ;  Munday , 1 97 6 ) . S porocysts of the 

cat : sheep 1 sp . have been reported a s  be i ng ' non-pathogen i c '  to s heep 

(Gest r i ch ,  Schm i tt ,  a nd Heydor n ,  1 974 ; ) i t  i s  l i ke l y  that i n  th i s  

i nsta nce a l so ,  i n f ec t i on d i d  not occ ur . Mu nday ( 1 978 ) c l a i med to 

have i n f ected s heep bo rn and  ra i sed on a ca t-f ree i s l a nd w i th th i s  

spec i es ,  b ut  h i s  co nc l u s i ons  were i nva l i d  < Co i l i ns ,  Cha r l eston  a nd 

McKenna , 1 978 ) a s  the  u ndosed contro l sheep were found to be  i n f ected . 

There are two poss i b l e exp l a nat i ons  f o r  the  l ac k  of  success i n  

the author ' s  stud i es :  e i ther the l ambs were not suscep t i b l e  to 

i nf ect i on o r  the sporocysts were not i n f ect i ve .  The f i rst  poss i b i I i ty 

i s  not ea sy  to su sta i n : l ambs of  va r i ou s  ages between b i rth  a nd s i x  

months ,  were c ha l l eng ed w i th a w i de rang e of doses of spo rocysts a nd 

yet f a i l ed to become i n f ected . l t  i s  a l so d i f f i cu l t  to be l i eve tha t · 

the sporocysts cou l d  have been non -v i ab l e :  sporocysts of other s pec i es 

ha rvested a nd stored i n  the same way read i l y p ro duce i nf ect i on .  
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The most I i ke l y  exp l a nat i on for the f a i l u re of the exp e r i menta l 

i n fect i ons  i s  that cat : sheep 1 s p .  sporocysts d i f f er f u ndam enta l l y f rom 

t hose of other spec i es i n  tha t they a re not I mmed i ate l y  I n f ect i ve .  I n  

s u uport o f  th i s  hypothes i s  i t  has  been fou nd tha t l ess tha n 20 per  cent 

of ca t : sheep 1 sp . s porocysts excyst  i n  cond i t l o�s  thQ t  cause  up to 

80 per cent excystment I n  other spec i es ,  u n l ess pretre� ted w i th sod i um 

hypoch l or i te so l ut i on (McKenna , pers . comm ) . Presuma b l y  th i s  a r t i f i ­

c i a l  t reatment  renders the sporocyst  wa l I perv i ous to the  excystment  

st i mu l u s .  When  a nd where , u nder  na tura l cond i t i on s ,  s i m i l a r ' cond i ­

t i on i ng '  ta kes p l ace  i s  not know n .  i t  i s  poss i b l e that ca t : s heep 1 

sp . sporocysts have to be pa ssed th roug h a n  ent i re gastro- i ntest i na l  

t ract bef ore they are  i nf ect i ve to a secon d  a n i ma l .  S porocysts were 

found  a p parent l y  u n harmed i n  the f a eces of one l amb i n  the stud i es 

d escr i bed a bove a n d  1 pa ssaged ' sporocysts p robab l y  ca used i n f ect i on 

of contro l s heep i n  Munday ' s  ( 1 97 8 )  exper i ment . A l ter na t i ve l y , s por­

ocysts may need a per i od o f  t i me i n  a ma t u re rumen , s u bj ected to 

chem i ca l  a nd /or  mec ha n i ca l  damag e ,  before they become i n f ec t i ve .  I f  

so , l ambs w i th m i n i ma l rumen f u nct i on wou l d  not be suscep t i b l e  to 

i n f ect i on .  Th i s  poss i b i I i ty i s  sup ported b y  the f i nd i ng tha t oocys ts 

of certa i n  e i mer i a n  cocc i d i a o f  catt l e  were more i nf ect i ve a n d  gave  

r i se to h i g he r  l eve l s of  oocyst p roduct i on i f  a dm i n i stered to  ca l ves  

i n  d ry rather  than I i q u i d f eed ( Sm i th and  Da v i s , 1 96 5 ) . F u r ther  

a l ternat i ve f o rms of ' cond i t i on i ng '  m i g ht  be  p rov i d ed by  t ra n s port 

hosts ( Sm i th a nd Frenke l ,  1 978 ) or by  the exter na l env i ronmen t . 

Whatever the  cause of the a pparent l ac k  of  i n f ect i v i ty of  ca t : sheep 

sp . sporocyst s ,  i t  i s  d i f f i cu l t  to reconc i l e  these f i nd i ng s  w i th the  

h i g h p reva l ence of  the spec i es i n  s heep ( see Chapter 4 ) . 



CHAPTER 6 

THE E FFECT O F  TEMPERATURE ON THE V I AB I L I TY OF  SARCOCYSTS 

6 . 1 I ntrod uct i on 

The sa rcocyst  i s  a l ong - 1 i ved rest i ng stag e i n  the I i f e cyc l e  

of  Sarcocys ti s , capab l e  o f  f u rther d eve l opment on l y  i f  eaten by the 

a p p rop r i ate i ntermed i a te host . S i nce ma ny spec i es ,  espec i a l l y  those 
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i n  the l a rger f a rm an i ma l s , must re l y  on  scaveng i ng ,  rather tha n 

p redat i on by carn i vores for tra nsm i ss i on i t  wou l d  be adva n tageous  for  

sa rcocysts_ to  b e  ab l e  to s urv i ve not o n l y  the  death o f  the hos t  but  

a l so the  d ecompos i t i on o f  t i ssues that fo l l ow s .  S urv i va l  of  sa rcocysts 

i n  ca rcases a n d  i n  p rocessed meat i s  I i ke l y  to be an i mpo rta n t  factor  

i n  the  ep i dem i o l ogy o f  sa rcocystos i s . 

Any f u tu re attempt  to red uce the  p reva l ence of sa rcocystos i s  i n  

f a rm an i ma l s  i s  I i ke l y  to i nvo l ve the treatment of meat to render i t  

non- i n f ect i ve for  dog s and  cats . S u ccessf u l  trea tme nt  w i  I I have to 

be based on k now l edge of how sa rcocysts  a re a f f ected by  var i ou s  

externa l f actors . For p ara s i t i c  protozoa a c ha nge i n  tempe ra t u re f rom 

what i s  p hys i o l og i ca l l y  norma l i s  I i ke l y to be d e l eter i ou s  a n d  the  

ef f ect a f u nc t i on of both  the d i f f er ence i n  temperature  and  the  ex pos­

u re t i me .  T h e  fo l ! ow i ng exper i ments were des i g ned to show t h e  t i me­

temperature r eg i me that wou l d  k i  I I or render Sarcocys tis b ra d y zo i tes 

non - i n f ect i ve .  Trea tments were ap p l i ed to mac rocysts o f  t h e  ca t : s heep 

1 s p .  and the i r  meta bo l i sm was mon i tored . I n f ect i v i ty was  s u bseq u en t l y  

tested by f eed i ng treated cysts to cats . 

6 . 2 Mater i a l s  a n d  method s  

a .  Oxygen e l ectrode stud i es 



* 

i )  The oxygen e l ectrod e - pr i nc i p l e  

9 1  

The Ran k  Oxygen E l ectrode* ( see F i g u re 6 .  1 A ) i s  used to 

mon i tor  the oxygen u pta ke of sma l I o rgan i sms  suspended i n  

a I i q u i d  med i um .  O xygen , d i f f u s i ng f rom the med i um ,  passes 

across  a th i n  tef l on membra n e  a n d  i s  red uced a t  a p l a t i n um 

e l ectrode .  A poten t i a l i s  ma i nta i ned th roug h  a n  outer 

s i l ver  e l ect rode a nd an  e l ectro l yte br i dge - sat u ra ted KC I 

so l ut i on ( see F i g u re 6 .  1 8 ) . As  the med i um i s  con sta nt l y  

st i r red a n d  ma i nta i ned a t  a con sta n t  temperature the 

c u r rent  generated i s  d i rect l y  p roport i ona l to the amou n t  of  

oxyg e n  i n  the med i um .  Meta bo l i s i ng orga n i sms remove 

oxygen and  t h i s  i s  mon i tored on a potent i ometr i c  c ha rt 

recorder .  

i i )  Method of use  

The a p paratus  wa s set u p  w i th water  c i rcu l a t i ng a t  40
°

C .  

The c ha rt recorder was a d j u sted at  the beg i nn i ng of a n  

exper i ment ,  a n d  before test i ng eac h samp l e , b y  esta b l i s h i ng 

ba se I i nes us i ng sa l i ne 1 00 per cent satura ted w i th oxygen 

a nd sa l i ne dep l eted of oxygen  by the add i t i on of  sod i um 

d i th i on i te .  The tef l on membrane  a n d  e l ectro l yte were 

c ha ng ed f req uent l y  to ma i nta i n  max i mum sens i t i v i ty .  Eac h 

samp l e  of cysts was  tested , a f ter  reesta b l i sh i ng the  base 

I i nes , by p l ac i ng i t  i n  t he c hamber w i th sa l i ne sa t u ra ted 

w i th oxygen , a l  ! ow i ng one m i n ute for tempera ture  eq u i  1 -

i b ra t i on ,  then record i ng u p ta ke for  5 m i n utes . S i nce 

e l ectrode cond i t i o ns were s i m i l a r  d u r i ng eac h tes t ,  i t  wa s 

poss i b l e  to compare the oxygen upta ke rates o f  the samp l es .  

Ra n k  Bros . , Camb r i dge ,  U . K . 
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F I GURE 6 . 1 THE RANK OXYGEN E LECTRODE 

A .  D i ag ram show i ng ma i n  f ea tu res of the a p pa ratus  

B .  D i ag ram show i ng the e l ec tro-chem i ca l  reac t i ons  

t hat  occ u r  when the  a p pa ratus  i s  i n  use  ( adapted 

f rom a f i g u re i n  De l i eu a n d  Wa l ke r ,  1 972 ) . 
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F I GURE 6 . 2  CA L C U LA T I ON O F  T H E  OXYGEN UPTA KE RATE 

D i a g r a m  s how i ng how the r a t e o f  oxyg e n  u p ta k e ( R )  

wa s c a l c u l a ted f rom a t y p i c a l t r a c e . 

H l a t e r a l movem e n t  of t h e  r ec o r d e r  p e n  

T l o n g i t ud i na l  movem e n t  o f  t h e  r ec o rd e r  p e n  

w i t h t h e  c ha r t  mov i ng a t  a c o n s ta n t  r a t e  
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The oxygen u p ta ke r a te was  ca l c u l a ted f rom R = 
H 
T 

94 

w here H i s  the  l a tera l a n d  T t he l ong i t u d i na l  movem e n t  

of  the  t race ( see F i g u re 6 . 2 ) . 

i i i )  Prepa ra t i on of  sa rcocys ts 

Mac rocysts  of the  ca t : sheep 1 sp . were r emoved , w i th i n  

3 ho u rs of d ea t h , f rom the oe sophag i of  ewes s l a ug htered 

at  a l oca l mea t wo r ks ,  wa shed th ree t i mes i n  p h ys i o l og i ca l  

sa l i ne a n d stored i n  sa l i ne a t  4°C for u p  to 6 ho u r s  

before tes t i ng .  I n  some exp e r i ments macroc y sts were l ef t  

i n  si tu a n d  trea tments a p p l i ed to who l e  i n f ected oesop hag i .  

i v )  Hea t i ng 

One g ra m  samp l es of  mac rocysts  were p l aced i n  5 m l  vo l u mes 

of  p hy s i o l og i ca l sa l i ne i n  g l a ss tu bes a n d  he l d  at temper-

0 
a t u res  o f  4 7 . 5 , 50 . 0 , 52 . 5 , 5 5 . 0 , 5 7 . 5 , a n d  60 . 0  C f o r  5 ,  

1 0 ,  1 5 ,  20 , 30 ,  40 a nd 60 m i n u tes i n  a w a ter bath . The  

cysts  were  then removed f rom the sa l i ne a n d , w i tho u t  d e l a y ,  

p l aced i n  the oxygen e l ectrod e c hamber a n d  the oxygen u p ta ke 

recor d ed . F i ve rep I i cate samp l es were tested a t  eac h  tem p -

eratu re a nd t i me .  

v )  Sto rage at  amb i ent  a nd be l ow amb i ent tempera tures 

One g ra m  samp l es of cysts were he l d  i n  5 m l  phys i o l og i ca l  

0 
sa l i ne i n  g l a s s  t u bes p l ugged w i th cotton woo l a t  4 a nd 1 0  C ,  

a n d  RT for  6 ,  1 3 , 20 a n d  2 7  d ay s ,  then exam i ned for  oxygen 

upta ke . Two rep I i ca te samp l es were tested a t  eac h  t emp-

era t u r e  a n d  t i me .  Who l e  i n f ected oeso p h a g i were  he l d  i n  

g l a ss j a r s  a t  the  same tem p e ra t ures a n d  cysts  were r emoved 

we i g hed a n d  tes ted at  the same t i mes as a bove . 

v i ) F reez i ng 

I n f ec ted oesop hag i i n  g l a ss  j a r s ,  were he l d  a t  - 1 4°C a n d  

the cysts  tested a t  month l y  i nterva l s  f o r  7 month s . O n  t h e  
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d a y  o f  exa m i na t i o n ,  o e s o p h ag i w e re thawed a t  RT f o r  2 

ho u r s ,  c y s t s w e r e  d i s s ec ted o u t ,  we i g hed a n d two r e p  I i ca te 

samp l e s t e s ted . 

v i  i )  Co n t ro l s a mp l e s  

F i ve o n e  g ra m  samp l e s o f  c y s t s  w e r e  bo i l ed f o r  2 m i n u t e s  

a n d  te s ted f o r  ox y g e n  u p ta ke .  

b .  Ca t f eed i ng s t u d i e s 

i )  E xpe r i m e n ta l a n i ma l s  

K i tten s ,  b red f rom c a g ed ca t s  f ed so l e l y  o n  p roc e s s e d  

f ood s ,  v1 e r e  s ho w n  to b e  t r ee o f  i n f ec t i on w i t h Sarcocys tis  

b y  c h ec k i n g  t h e i r f a ec e s  f o r  s p o rocy s t s  ( s ee A p e n d i x  4 a  

( i ) a n d  ( i i ) )  t o r  2 wee ks b e f o r e  t h e  ex p e r i m e n t .  

i i )  E xper i me n ta l proc e d u r e  

T h ree 5 g  samp l e s o f  m a c roc y s t s , o b ta i n e d  a n d  p r epa red a s  

a bove , w e r e hea ted a t  ea c h  o f  t h e  temp e r a t u r e s  a n d  t i me s  

s how n i n  T a b l e  6 . 4a .  T h ree k i t t e n s  ea c h  rece i ved a 5 g  

samp l e  o f  t r eated c y s t s i n co r p o r a ted i n  f ood a n d w e re 

p l a ced tog ether i n  a s i ng l e  ca g e .  A s eco n d  g rou p o f  t h r ee 

k i t t e n s  w a s  l e f t  u nd o s ed a s  con t ro l s .  A l l t h e  f a eces f rom 

ea c h  c a g e  were exa m i ned tor s p o rocy s t s  ( s e e  A p p e n d i x  4 a  

( i )  a n d  ( i i ) )  d a  i I y f o r  t h ree w e e k s . T r ea t ed k i t t e n s  t h a t  

p rod u c ed n o  s p o roc y s t s  were k i I I e d  o n  d a y  2 2  a n d  t he s ma I I 

i n t e s t i n e exa m i n ed f o r  s po ro c y s t s  by t h e  met hod g i v e n  i n  

A p p e n d i x  5d . 

I n f ec t ed oeso p ha g i ,  ma i n ta i n e d  a t  - 1 4
°

C a s  a bove , w e r e  

t ha w ed a t  t h e  t i me s  s hown i n  T a b l e  6 . 4 b .  T h ree k i t t e n s  

ma i n t a i ned i n  t h e  s a me c a g e r ec e i v ed 5g s a mp l es o f  t h a w ed 

c y s t s ; t h ree o t h e r  k i t te n s  w e r e  l e f t  u n d o s ed a s  con tro l s . 

A I  I t h e  k i t t e n s  w e re tes ted f o r  s p o roc y s t s  a s  b e f o r e . 



exposure  t i me 

o
c 5 m i n  1 0  1 5  20 30 40 60 

4 7 . 5 ra ng e  0 . 4 1 -0 . 95 0 . 49-0 . 96 0 . 56-0 . 9 5 0 . 6 1 -0 . 90 0 . 6 1 -0 . 98 0 . 83-0 . 95 0 . 86- 1 . 06 

mea n 0 . 68 0 . 65 0 .  72  0 .  7 7  0 . 8 1  0 . 88 0 . 9 1  

50 . 0 
ra n g e  0 . 52-0 . 89 0 . 56-0 . 93 0 .  56- 1 . 07 0 .  64- 1 . 04 0 . 84- 1 . 1 1  0 .  7 3- 1 . 1 3  0 .  68- 1 . 1 6  

mea n 0 .  72 0 . 7 5  0 . 8 1  0 . 85 0 . 97 0 . 98 0 . 92 

ra nge 0.  54- 1 . 06 0 . 84- 1 . 27 0 .  8 3- 1 .  22 0.  70- 1 . 05 0 . 68- 1 . 0 1  0 . 70-0 . 85 0 . 3 1 -0 . 35 
52 . 5  

mea n 0 .  7 7  1 .  0 0  1 .  03  0 . 86 0 . 83 0 . 78 0 . 33 

55 . 0  range  0 .  7 5- 1 . 03 0 . 37-0 . 79 0 . 1 7- 0 . 45 0 . 23-0 . 40 0 . 20-0 . 33 0 . 26-0 . 33 0 .  23-0 . 35 

mea n 0 . 90 0 . 56 0 . 30 0 .  30 0 . 28 0 . 30 0 . 28 

range 0 . 27-0 . 52 0 . 2 3-0 . 4 3 0 . 1 8-0 . 44 0 . 20-0 . 29 0 .  1 'J- 0 . 25 0 . 1 3-0 . 20 0 . 1 0- 0 . 1 7  
57 . 5  

mea n 0 . 37 0 . 3 1  0 . 3 1  0 . 24 0 . 2 1  0 .  1 7  0 .  1 4  

ra nge  0 . 20-0 . 40 0 . 1 7-0 . 30 0 . 09-0 . 2 1  0 . 1 3-0 . 29 0 . 1 0-0 . 24 0 .  06-0 . 1 6  0 . 09-0 . 1 6  
60 . 0 

mea n 0 . 30 0 . 25 0.  1 4  0 . 22 0 .  1 8  0 .  1 3  0 .  1 4  

TABLE 6 .  1 

OXYGEN UPTA KE RATES ;  HEATED CYSTS, F I VE REP L I CATES 
1.0 
0'1 
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F I GURE 6 . 3 THE EFFECT OF HEAT ON THE  OXYGE N  UPTA KE RATE  OF 

SHEEP OESOPHAGEA L MACROCYSTS 

( Ra te = mea n oxygen u p ta ke rate o f  5 rep I i ca te 

samp l es o f  cys t s ;  T i me = per i od o f  expo s u re 

to test  temperatu re ) .  
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TABLE 6 . 2 

OXYGEN UPTAKE O F  SHEEP  O ESOPHAGEAL  MACROCYST$ STORED AT 
AMB I ENT AND BE LOW AMB I ENT T EMPERATURES 

6 d ays  

RT m i n i ma l  

st rong 

s t rong 

a .  Cysts i n  sa I i ne 

RT 

6 d a y s  

a u to l ysed 
not done 

strong  

strong  

b .  Cyst s  i n  oesophag i 

1 3  20 27 

m i n i ma I not done not done 

s t rong  m i n i ma l  m i n i ma I 

s t rong s t rong m i n i ma l  

13 20 27 

not done not done not done 

strong a u to l y sed 
not done not done 

s t rong strong a u to l y sed 
not done 

98 
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The range  o f  tempera t u res a nd t i mes tested by  ca t 

f eed i ng wa s I i m i ted by t h e  n u mber of  cats a va i l a b l e  

f o r  stud y . 

6 . 3 Re s u l ts 

a .  Oxygen e l ectrod e stud i es 

The oxygen upta ke ra tes o f  2 1 0  samp l es of heat-t reated cysts 

a re reco r d ed i n  Ta b l e  6 . 1 and  F i g u re 6 . 3 . 0 
At 4 7 . 5  C t h e  l onger  t h e  

c y sts w e r e  t r ea ted , the  g reater wa s the r a t e  o f  oxygen u p ta ke .  Cysts 

treated a t  5 0
°

C a l so s howed a n  i nc rease i n  ra te w i th t i me b u t  a sma l I 

dec l i ne occu r red  a f ter  30 m i nutes . A t  5 2 . 5
°

C the rate rose ra p i d l y  

to a pea k a t  1 5  m i nu tes then  d ec l i ned to a l ow at 60 m i n utes . Cysts  

trea ted at  5 5
°

C showed a h i g h oxygen  u p ta ke rate on l y  a t  5 m i n utes 

therea fte r  the rate d ec l i ne d  ra p i d l y  to a l eve l that was compa ra b l e  

w i th that seen i n  cysts trea ted at  5 7 . 5 a n d  6 0 . 0°C .  

Cy sts h e  I d  a t  room tempera t u re , i n  s a  I i ne o r  oesop hag i ,  d i s  i n-

teg ra ted i n  l es s  t ha n  a wee k .  At l ower  temperatures cysts  ma i nta i ned 

t he i r i nteg r i ty l onger , b ut a l  I had d ecomposed by 27  days . S i nce i t  

w a s  found  i mpos s i b l e  to t ra n s f er a l  I o f  each  samp l e  o f  cysts  to the  

e l ectrode o r  remove i ntac t  cysts f rom a uto l y s i ng musc l e ,  samp l es were 

not of  equa l we i g h t .  Hence i t  wa s not poss i b l e  to com p a re ra tes o f  

oxygen upta ke b u t  on l y  to reco rd  the u p ta ke o f  oxygen a s  ' s trong ' -

oxygen ra p i d l y ta ke n  up  by the orga n i sms i n  the e l ectrod e c ha mbe r ,  

o r  ' m i n i ma l '  - I i tt l e  o r  no oxygen ta ken  u p . Cysts  stored i n  sa l i ne 

a t  room tem pera t u r e  s howed m i n i ma I oxygen u p ta ke a t  6 da y s ,  wh  i 1 s t a t  

1 0
°C t h e  rate o f  u p ta ke d ec l i ne d  a f ter  1 3  d a y s  a n d  at  4

°
C a f te r  2 0  

d a y s  ( see  Tab l e  6 . 2a l .  Oesop hag i kep t a t  room tem p e ratu r -e a u to l ysed  

q u i c k l y  so  that i t  wa s i mposs i b l e  to  remove c ysts for  test i ng a t  6 

day s .  However c y s t s  were s t  i I I i ntact a t ter 1 3  days  a t  1 0
°

C a n d  . 

MASSEY UNIVERSITY 
LliRAM 



S torage 
t i me 

Samp l e  

Samp l e  2 

Mea n  rate 

TABLE  6 . 3 

OXYGEN UPTAKE RATES O F  SHEEP OESOPHAGEA L 
MACROCYS TS STORED AT - 1 40C 

1 mth 2 3 4 5 

0 .  5 3  0 . 44 0 . 35 0 . 48 0 . 4 1  

0 . 48 0 . 54 0 . 45 0 . 40 0 . 50 

0 . 5 1  0 . 49 0 . 40 0 . 44 0 . 45 

6 

0 . 42 

0 . 49 

0 . 46 

7 

0 . 38 

0 . 32 

0 . 35 

0 0 
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a f ter 20 days  at  4
°
C a n d  these cy sts too k u p  oxygen v i gorous l y  ( see 

Tab l e  6 . 2b ) .  

0 Oxygen u ptake ra tes of cysts that had  been he l d  a t  - 1 4  C were 

i ntermed i a te between those of  cysts heated to 4 7 . 5  a n d  5 7 . 5°C a n d  

dec l i ned s l ow l y  over 7 months ( see Tab l e  6 . 3 ) . 

The con t ro l cysts , a f ter bo i I i ng for 2 m i n utes , had  a mea n 

oxygen u pta ke rate o f  0 . 04 .  

b .  Ca t f eed i ng stud i es 

The res u l ts of  f eed i ng treated cysts to k i ttens a re g i ven  i n  

Ta b l e  6 . 4a a n d  b .  Treatment a t  60°C for  1 0  m i n u tes or  5 5°C for  20 

m i nutes rendered cysts non- i n f ect i ve .  Cysts hea ted at 5 2 . 5°C for 1 0  

m i n utes o r  stored f rozen  for 60 days  were st i I I i n fect i ve for  k i tte ns . 

The contro l k i ttens rema i ned nega t i ve th roughout  the exper i ment .  

6 . 4  D i scuss i on 

The resu l ts o f  the  heat i ng exper i ments a re best exp l a i ned i n  

terms of  change i n  the meta bo l i c  rate of  the p a ras i te .  Metabo l i sm was 

a p parent l y  st i mu l ated by temperatures a I i tt l e  a bove norma l body 

0 
temperature ( 47 . 5  C ) , the  ef fect i nc reas i ng w i th t i me ( see F i g u re 6 . 3 ) . 

A t  h i g her temp eratu res st i mu l at �on was more ma rked but  p resuma b l y  the  

rate of  oxygen u pta ke f e l  I when  meta bo l i tes were  ex hau sted . At  57 . 5  

0 
a nd 60 . 0 C there was , a p pa rent l y , a f a i l u re of meta bo l i sm ,  p roba b l y  

resu l t i ng d i rect l y  f rom damage to ee l I p rote i n s .  Cysts t rea ted a t  

these temperatu res took u p  oxygen  at a l ow con sta nt ra te tha t p roba b l y  

i nd i cates ee l I d eath . Th i s  a ssumpt i on i s  s u p ported by the f i nd i ng 

that cysts heated at  5 5  a nd 60
°
C for 20 m i n u tes were not i n f ect i ve for  

k i tten s .  The d i f f erence i n  ra te of oxyg en u p ta ke between cysts trea t-

ed i n  th i s  way a nd the con tro l cysts i s  p roba b l y  due  to ox i d at i v e  

p rocesses that took p I  ace i n  the cyto p  I asm o f  the dead t rea ted c e i  I s  



even  i n  the ab sence of f u nct i ona l meta bo l i c  e n zymes . 

0 Cysts that were capab l e  of u t i  I i s i ng oxyg en at  50 a nd 52 . 5  C 

1 02 

were a l so ca pa b l e  of i n f ect i ng k i ttens ; exposure to a tempera tu re of  

1 7  deg rees h i g her tha n p hy s i o l og i ca l l y  norma l appea red to  have no 

ef f ect on v i ab i  I i ty .  Th ese f i nd i ng s  a re comparab l e  w i th those of 

other wor kers  ( Gestr i c h a n d  Heydo rn , 1 974 ;  Faye r ,  1 97 5 ;  Leek a nd 

Faye r ,  1 978b ) a I thoug h the i r stu d i es we re of I i m  i ted va I u e  as  trea t-

ments were a pp l i ed to sa rcocysts enc l osed i n  beef obta i ned at va r i ou s  

t i mes a f ter  s l a ughter . The same wo rkers a l  I repo rted that Sarcocystis 

i n  mea t was k i  I l ed by f ree z i ng ,  w herea s these stu d i es show tha t 

i n f ect i v i ty of  the cat : s heep 1 s p .  i s  reta i ned f or two months a t  

- 1 4°C and  p roba b l y  l ong er  i f  the ab i I i ty to ta ke up  oxyg en eq ua tes 

w i th v i a b i I i ty .  The I i f e of  sa rcocysts i s  t h u s  p ro l onged b y  f reez i ng 

a l thoug h not f or as l ong as  5 1 6  days  ( see Tab l e  6 . 4b ) . Low non-

f reez i ng temperatures a l so p ro l o ng s u rv i va l of the pa ra s i tes : cysts 

stored at  4
°

C f or 3 weeks st i I I metabo l i zed v i gorous l y . The  s u rv i va l  

t i me of bradyzo i tes i n  mea t  may be cons i d era b l y  l ong er than i s  

i nd i cated by the resu l ts of  these exp e r i ments . Even a f ter cysts had 

comp l ete l y  d i s i nteg rated i n  decompos i ng musc l e  i t  was st i I I poss i b l e  to 

f i n d  ap parent l y  i ntact b ra dy zo i tes . 

The res u l ts of these stud i es s how tha t ,  i n  coo l c l i ma tes , car-

cases of  s heep w i  I I rema i n  i nf ec t i ve for  cats  f or severa l weeks and  

tha t the  per i od o f  i n f ect i v i ty i s  extended by f reez i ng o r  nea r f ree z i ng 

tempera tu re s .  Where mu tto n  i s  f ed to cats i t  ca n be recommended tha t 

0 
i f  a l  I parts  of the mea t  a re exp osed to 60 C or mor e f or a t  l east 20 

m i n u tes th i s  w i  1 1  rend er  i t  no n- i n f ect i ve .  



50 . 0  

52 . 5 

5 5 . 0 

60 . 0 

TABLE 6 . 4  

THE RES ULTS OF FEED I NG HEAT TREATED  OR FROZEN SHEEP 
OESOPHAGEA L MACROCYSTS TO CATS 

1 0  m i n . 20 m i n . 

+ + 

not done + 

+ not d one 

not done 

a .  Hea t-t rea ted cysts 

1 6  days  60 d a y s  5 1 6  d a y s  

+ + 

b .  Frozen cysts  

+ = Sporocy s t s  f ou nd i n  f a eces 
S porocysts  a b sent f rom f aeces a nd sma l I i ntest i ne 

1 03 



CHAPTER 7 

THE PREVA LENCE A ND TRANSM I SS I ON OF  SARCOCYSTIS SPEC I ES 

I N  W I LD AND FERAL AN I MALS 

7 .  1 I ntrod uct i on 

1 04 

Sa rcospo r i d i a have been f ou nd i n  the mu sc l es of ma ny a n i ma l s  a nd 

b i rd s  throug hout t he wor l d  < Ka l ya k i n  a n d  Za s u kh i n , 1 9 7 5 ) . Wh i 1 st the 

taxonom i c  i dent i ty o f  ma ny of these f orms i s  st i 1 1  u ncerta i n , the I i f e 

cyc l es of nea r l y  30 d i st i nct s pec i es have been f u l l y or  p art i a l l y  d em­

onstrated ( see A p pen d i x  1 tab l e  1 ) .  W herever  perma nent  assoc i a t i ons  of 

ca rn i vores a n d  g rou n d-feed i ng herb i vores or  omn i vores ex i st there are  

I i ke l y  to  be spec i es of  Sarcocys tis cyc l i ng between them . 

New Zea l a nd i s  u n i q ue  i n  that ,  a pa rt f rom the nat i ve bats , a l l the 

l a nd mamma l s  p resent were i ntrod uced . Hence a l  I the Sarcocys tis spec i es 

fou nd here must h ave been i n trod uced a l ong w i th both the i r i ntermed i a te 

a nd de f i n i t i ve hosts . There a re on l y  a f ew ca rn i vorou s vertebrate 

spec i es i n  th i s  cou n try : the d omest i c  dog ( Canis fami liaris) , domest i c  

/ f era l cat ( Fe lis ca tus) � stoa t (Mus te la erminea) , wease l (M. niva lis) 

a n d  f e r ret (Pu torius pu torius furo) . Other mamma l s  such  as  the hedg ehog 

�rinaceus europeus) and  the f e ra l p i g (Sus scrofa) a re a l so occa s i ona l 

ea ters o f  ca rr i on .  B i rd s  suc h  a s  the New Zea l a nd  Fa l con (Fa lco novaes­

ee landiae) or the Au stra l i a n  Ha rr i er (Circus approximans) m i g ht a l so be 

con s i d ered a s  potent i a l  def i n i t i ve hosts i n  cyc l es yet to be i nvest i ga­

ted . 

No su rvey of the preva l ence or  d i str i bu t i o n  of Sarcocys tis spp . 

i n  w i  I d  or fera l a n i ma l s  has ever  been ca rr i ed ou t i n  New Zea l a nd , 

a l thou g h  sa rcocysts have been ob served d u r i ng rout i ne h i sto l og i ca l 

exam i na t i ons .  I n format i on on  the preva l ence a n d  tra n sm i ss i on of  
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Sarcocys tis spec i es i n  w i l d  a nd f era l a n i ma l s  cou l d  be  o f  i mporta nce 

i n  u nderstand i ng the ep i dem i o l og y  of  sarcocystos i s  i n  domest i cated 

an i m� l s  s i nce the same def i n i t i ve hosts are  I i ke l y  to be i nvo l ved . 

7 . 2 Mater i a l s  a n d  methods 

a .  Exam i nat i on o f  m usc l e  

i )  Co l l ect i on of  samp l es 

Samp l es of m u sc l e  were obta i ned f rom the ca rca ses o f  w i  I d  

a nd f e ra l a n i ma l s ( see Ta b l e  7 .  1 ) .  Ap prox i mate l y  50g o f  

m u sc l e  were removed f rom the  l a rger  spec i mens , l esser amou nts 

f rom rats a nd m i ce .  Where poss i b l e , the samp l es compr i sed 

m u sc l e  ta ken f rom severa l s i tes i n  the ca rcase of eac h  

a n i ma l ,  b u t  somet i mes c i rc umstances restr i c ted samp l i ng to 

o ne s i te on l y . Mouse samp l es cons i sted of a l  I the musc l e  

that cou l d  be removed f rom both h i nd l eg s ,  the pe l v i s  a n d  

a bdomen .  

i i )  D igest i on procedu re 

A 20g s ubsamp l e  ( 2g f or rats a n d  m i ce )  of m u sc l e  wa s c hopped 

i nto p i eces l ess than 5mm th i c k a n d  d i gested for  2 hour s  a t  

40
°

C i n  a p ep s i n : HC I  d i gest med i um < Senev i ratna , E d wa rd a n d  

D e  G i u st i , 1 97 5 ) . The med i um comp r i sed : 

peps i n  

sod i um c h l or i de 

hydroc h l or i c  ac i d  
( co ne . ) 

1 .  3g 

2 . 5g 

3 .  5m I 

d i st i  I l ed water to 500m l 

The musc l e  d i g est wa s f i r st s i eved ( mesh a perture 0 . 5mm ) to 

remove l a rge part i c l es ,  then centr i f ug ed a t  200 0g for  5 

m i n ute s .  T h e  supernata nt  wa s d i sca rd ed and  t h e  d epos i t  

resu spended  i n  2m l o f  p hys i o l og i ca l sa l i ne .  0 . 2 5m l  of the 

suspen s i on wa s exam i ned systema t i ca l l y  at 400 x mag n i f i ca t i on 
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for  ten m i n utes , or l ess  i f  the samp l e  was fou n d  to be 

pos i t i ve .  Bradyzo i tes o f  Sarcocys ti s  sp p .  are  recog n i sed 

by the i r  d i st i nct i ve ba na na- I i ke s hape ,  smooth wa l I s  a n d  

tra ns l ucent contents . 

i i i )  H i sto l ogy  

A second  sub-samp l e  of  musc l e  was f i xed i n  1 0% formo l 

sa l i ne  em bedded i n  paraf f i n wax and  two 6 �m sect i on s ,  

c u t  a pp rox i mate l y  1 00 �m a pa rt a n d  sta i ned w i th haema t-

oxy l i n  a n d  eos i n , were exam i ned for sa rcocysts . 

b .  Tra nsm i ss i on stud i es :  i ntermed i a te to def i n i t i ve host 

i )  Expe r i menta l a n i ma l s  

New l y  wea ned k i ttens a n d  p u p p i es were shown to be f ree of 

i n fect i on w i t h Sarcocys tis spec i es ,  by exam i n i ng the i r  

f aeces da i l y for two weeks p r i o r to the exper i ment ( see 

Append i x 4a ( i ) a n d  ( i i ) ) . 

i i )  Exper i menta l proced u re 

Musc l e  f rom three host spec i es < see Ta b l e  7 . 2 ) , show n to be 

0 
i n f ected by peps i n : HC I  d i gest ,  a n d  stored at  4 C ,  was f ed 

to k i ttens  a nd p u p p i es w i th i n  48 hou rs of  co l l ec t i on .  The 

i n f ected musc l e  was chopped , m i xed w i th t i n ned f ood  a nd 

f ed ad libi tum du r i ng the 6 hou rs f o l l ow i ng a 24  hour fast . 

One u ndosed a n i ma l  served as  a contro l  for  eac h  exper i menta l 

f eed i ng .  A I  I the faeces o f  the dosed a nd con t ro l a n i ma l s  

were exam i ned for sporocysts da i l y  for three weeks a f ter 

the exper i menta l f eed i ng ( see Appen d i x  4a ( i )  a n d  ( i  i ) ) .  

Samp l es o f  s porocysts p rod uced were measured a s  d escr i bed 

i n  Ap pend i x  4c . 



1 07 

c .  Tra nsm i ss i on to i ntermed i a te hosts 

i )  Exper i menta l a n i ma l s  

Convent i ona I l a boratory ra ts and  ra b b i ts rea red a n d  

ma i nta i ned o n  p rocessed food s were used ; Sarcocys ti s  

s pec i es have never been found i n  stoc k obta i ned f rom 

th i s  sou rc e .  

i i )  Sporocysts 

S porocy sts extracted f rom the f aeces of cats ( see 

A ppend i x  4a ( i ) ,  ( i i )  a n d  ( i i i ) ) were stored for  u p  to 

2 weeks i n  tap water at 4
°

C u nt i  I u sed . 

i i i )  Exper i menta l proced ure  

7 . 3 Resu l ts 

Rats a n d  ra bb i ts were g i ven va r i ou s  doses of the a pp ropr i ­

ate s porocysts ( see Tab l e  7 . 3 ) i n  2m l water by stomach  

tube on Day 0 .  Two rats a nd two ra bb i ts were l ef t  u n do sed 

as contro l s . The exper i menta l a n i ma l s were exam i ned da i l y 

f o r  obv i ou s  s i gns  of i I l ness . Dosed an i ma l s  were k i  I l ed at  

i nterva l s  ( see Tab l e  7 . 4 )  a n d  samp l es o f  m usc l e  f rom heart ,  

d i a phragm , oesop hag u s ,  tongue ,  abdomen a nd th i g h were 

exam i n.ed by i n  vi tro d i gest i on ( for  method see a bove ) a n d  

h i sto l ogy  ( see above ) . The contro l an i ma l s  were k i  I l ed 

a n d  exam i ned on  day 1 59 .  

a .  Exam i nat i on of  m u sc l e  

The res u l ts of  the s u rvey a re summa r i sed i n  Tab l e  7 .  1 .  I n f ect i on 

was d etected more f req u en t l y  by m u sc l e  d i gest tha n by h i sto l og y ;  the 

musc l e  d i gest tech i nq ue  detected a l  I i n f ec t i on found  by h i sto l og y . 

However , no d i rect comp ar i son of  the ef f i c i ency o f  the two method s wa s 

made  as  the samp l e  s i zes were not compara b l e . The p reva l ence recorded 
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i n  Ta b l e  7 . 1 i s  that der i ved f rom musc l e  d i gest i on .  

Sarcocys tis spec i es were fou nd i n  goats , red dee r ,  p i gs ,  ra ts , 

m i ce ,  and ra bb i ts .  The i n f ect i o n  i n  goats , red dee r ,  p i g s a n d  ra b b i ts 

were m i crocyst i c ; macrocysts ( see Sect i on 2 . 4d )  were present i n  rats 

and  m i ce .  

b .  Transm i ss i on to  d ef i n i t i ve hosts 

A Sarcocys tis spec i es found i n  f era l goa ts wa s t ra nsm i tted to 

dog s and  spec i es i n  ra bb i ts a n d rats , to cats ( see Ta b l e  7 . 2 ) . The 

d i mens i ons of the sporocysts p rod uced a re g i ve n  i n  Tab l e  7 . 3 . No 

contro l k i ttens  or p u p p i es p rod uced sporocysts . 

c .  Transm i ss i on to i nte rmed i a te hosts 

No Sarcocys tis i n f ect i o n  wa s fou nd  by musc l e  d i gest or h i sto l og y  

i n  e i ther dosed or  contro l a n i ma l s  ( see Ta b l e  7 . 4 ) . No an i ma l s  showed 

s i g n s  of  i I l ness  d u r i ng the per i od of the stud i es .  

7 . 4 D i scuss i on 

These stud i es revea l ed that Sarcocys tis spec i es a re p resen t  i n  

severa l w i  I d  a nd fera l mamma l s  i n  New Zea l a nd  a n d  tha t  at  l ea st th ree 

of these spec i es are tra n sm i tted by cats or dog s . However , the  va l ue 

o f  the p reva l ence  data i s  I i m i ted ; on l y  re l a t i ve l y sma l I n umbers o f  

a n i ma l s f rom a f ew area s  were  exam i ned . W i de d i f ferences i n  p reva l ence 

between area s  a re poss i b l e ,  the va r i a t i on d epend i ng on the d eg ree o f  

a ssoc i a t i on between i ntermed i a te and  def i n i t i ve hosts . I n  a d d i t i on ,  

t he  sma l I p roport i on of  the  tota l musc u l atu re of eac h  a n i ma l  tha t wa s 

exam i ned must have resu l ted i n  the actua l p reva l ences be i ng u nd er­

est i mated . 

The samp l es of  goat musc l e  were obta i ned f rom Hawke ' s  Bay ,  a n  

a rea where fera l goa ts a re f requ ent l y  found g ra z i ng f a rm l a nd  w i th 

s heep . The h i g h p reva l ence i n  goats cou l d  resu l t  f rom f a rmers u s i ng 



TABLE  7 .  1 

SARCOCYSTIS SPP . I N  W I LD AND F ERA L AN I MA LS ; PREVA LENCE 

Spec i es 
exam i ned  

Goat ( f era I )  
Capra hircus 

Red deer 
Cervus 
e laphus 

P i g  ( f e ra I l 
Sus scrofa 

Rat 

Number 
exam i ned 

60 

50  

5 0  

Ra t tus norveg- 5 0  
� 4 0  

icus 1 0  

Mouse 
Mus muscu l us 

Ra b b i t  
Oryc to lagus 
cunicu lus 

Oposs um 
Trichosurus 
vulpecu la 

Scrub  wa l l a by 
Wa l labia 
rufogrisea 

5 0  

5 0  

62 

8 

Preva l ence 
% 

28 

30 

1 0  

� 1 00 
84 

20 

8 

1 6  

0 

0 

Or i g i n  of 
a n i ma l s  

F arm l a nd , Haw kes Bay area 

Rotorua area 

V a r i ous  a reas of North 
I s l a nd  

Ru b b i sh dump s ,  Pa l merston 
North a rea 
B us h  area s i n  f a rm l a nd 
Pa l merston North a rea 

Farm l and , Pa l merston North  
a rea 

Farm l and , Pa l merston North 
a rea 

Bu sh , Haw kes Bay area 

Wa i mate ,  South I s l a n d  

1 09 



TABLE 7 . 2  

SARCOCYSTIS SPP . I N  W I LD AND F ERA L AN I MALS; TRANSM I SS I ON 

I ntermed i a te 
host 

Goa t 
C. hircus 

Ra bb i t  
0. cunicu l us 

Rat 
R. norveg icus 

I n fected m usc l e  f ed to 
No . of d ogs No . of cats 

4 

2 

3 

3 

3 

4 

Resu l ts 

S porocysts p rod uced f rom 
day  9 

-ve 

-ve 

S porocysts p rod uced f rom 
day  1 4  

-ve 

S porocysts p roduced f rom 
d ay 1 1  

1 1 0 



I ntermed i ate 
host 

Goat 
Capra hircus 

Rabb i t  
Oryc to lagus 
cunicul us 

Rat 
Rattus norvegicus 

Def i n i t i ve 
host 

dog 
Canis fami Ziaris 

cat 
Fe lis catus 

cat 
F. catus 

Sporocyst  d i mens i on s  
ra nge ( �m )  mea n  < um )  

a n d  s . d .  

1 2 . 50- 1 5 . 00x8 . 00- 1 0 . 00 1 3 . 46±0 . 69x9 . 25±0 . 55 

1 1 . 25 - 1 3 . 00x8 . 7 5- 1 0 . 00 1 2 . 5±0 . 3 1 x9 . 29±0 . 45 

1 0 . 00 - 1 1 . 75x7 . 5-9 . 0  1 0 . 59±-0 . 52x7 . 87±0 . 4 1  

TABLE 7 . 3 

SARCOCYSTIS SPP . I N  W I LD AND F ERAL AN I MA LS; SPOROCYST D I MENS I ONS 

n= 

25 

40 

25  



raw goat meat as food for  wor k i ng dog s ,  desp i te i t  be i ng i I l ega l to do 

so ( see The Hydat i d s Act , 1 968 , amended 1 972 ) . A l so,  even i f  i n f ected 

goat meat i s  f rozen a n d  stored at - 1 0°C for 7 or more days to ki I I a ny 

Cys ticercus ovis that ma y be p resent as i s  recommended i n  the Hyda t i d s  

l eg i s l at i on ,  the meat  may st i I I h arbou r v i a b l e  sa rcocysts ( see Chapte r  

6 ) . F u rther stud i es of the dog : goa t  sp . are  d escr i bed i n  Chapte r  9 .  

Sarcocystis spec i es have been reported i n  red deer i n  other p a rts 

of the wor l d  Wrost a nd G ra u bma n ,  1 97 5 ;  Ka l ya k i n a n d  Za s u kh i n ,  1 97 5 )  

but not tra n sm i tted to a def i n i t i ve host .  H u d k i ns a n d  K i stner ( 1 977 ) 

reported tra nsm i ss i on of a spec i es i n  mu l e  d eer (Odocoi leus hemionus 

hemionus) to coyotes (Canis latrans) . Transm i ss i on of the  s pec i es 

found  i n  t h i s  cou ntry wa s not attemp ted . As  there a re no l a rg e  ca r n­

i vores here , tra nsm i ss i o n  i s  p roba b l y  by way of f era l cats or  the dog s 

of h u n ters  a nd re i i es on scaveng i ng ra ther than  p reda t i on .  

Th ree spec i es of  Sarcocy s tis have been f o u nd i n  p i g s  overseas , w i th 

ma n ,  d og a n d  cat as  the respect i ve d ef i n i t i v e hosts ( see Ap pend i x  1 

ta b l e  1 ) .  T he sou rce ( o r  sou rces ) o f  the i n f ect i on f ou nd i n  f era l p i g s 

i n  th i s  cou ntry ha s yet to be  d emon stra ted . l t  i s  I i ke l y  that a t  l ea st 

two spec i es are p resen t ;  t h e  form found  i n  f era l p i g s  i n  t h e  s urv ey 

was m i crocyst i c  but  macrocysts have been seen i n  th i s  spec i es on  other 

occa s i on s  ( Co 1 1  i ns ,  u n p u b  I .  obs . ) .  

The h i g her preva l ence of  i n f ect ion  i n  rats  f rom r u b b i sh d ump s ,  

compa red w i th that i n  the sma l l er samp l e  f rom f a rm l a nd ,  i s  p roba b l y  

the resu l t  of a c l oser  a ssoc i a t i on between cats a nd ra ts . A I  I r u b b i s h 

d umps  i n  the Pa l mersto n  North a rea support l a rg e pop u l a t i on s  o f  both 

hosts < Co l l i ns ,  u npu b l .  ob s . ) .  l t  i s  not ea sy  to u nd ersta n d  why  ca t :  

rat s p . sporocysts f a i l ed to i nf ect l a boratory rats . A s h ford ( 1 978 ) 

reported tra nsm i ss i on of a cat : rat s p .  to rats ; th i s  may have been the 

same spec i es as  was  f ou nd i n  the su rvey as  the sporocy sts he  descr i bed 

1 1 2 



TABLE 7 . 4 

TRANSM I SS I ON STUD I ES I N  RATS AND RABB I TS 

Ex per i menta I 
an i ma l  

Rat 

2 

3 

4 

Rabb i t  

2 

3 

4 

5 

6 

Sarcocys tis 
spec i es 

cat :  rat 

" 

1 1  

1 1  

cat : ra b b i t 

1 1  

1 1  

" 

1 1  

1 1  

dose of an i ma l s  k i  l i ed , resu l t  
sporocysts days a f ter 

i n fect i on 

5 X 1 0
3 88  -ve  

1 0  X 1 0
3 1 1 2 -ve 

5 X 1 0 3 1 59 -ve 

1 0  X 1 0
3 

1 59 -ve 

3 X 1 o
4 

46 -ve 

2 X 1 0
4 

6 1  -ve 

2 X 1 0
4 

75 -ve 

6 X 1 o
4 90 -ve 

6 X 1 0
4 1 1 0 -ve 

6 X 1 0
4 

1 40 -ve 

1 1 3 
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had s i m i  J a r  d i mens ions . Transm i s s i on of  the spec i es fou nd  I n  New 

Zea l a n d  need s f u r ther stu d y  not on l y  to d eterm i ne the cond i t i on s  i n  

w h i ch l a boratory ra ts ca n be i n f ected w i th sporocy sts f rom cats b u t  

a l so to see w hether o r  not th i s  spec i es I s  I n f ec t i ve f o r  the other two 

rat spec i es p rese nt  i n  th i s  cou ntry , R. rat tus and  R. exuZans . 

T he f i n d i ng of a spec i es o f  Sarcocys tis i n  m i ce ha d been a n t i c­

i pa ted : McKen na ( 1 978 ) f o u nd sporocysts i n  the faeces of  1 6 . 9  per  

cen t  of 508  cats a n d  poo l ed sporocysts gave r i se to  sa rcocysts i n  

l a bo ra tory m i ce .  The I i f e cyc l e  of  a ca t : mouse sp . fou nd  i n  the USA 

( Ru i z  a n d  Frenke l , 1 976 ) resemb l es t ha t  of  the New Zea l a n d  s pec i es 

( McKenna , pers .  comm . l .  

The ra b b i ts exam i ned i n  the s u rvey came f rom farm l a n d  reported 

to a l so harbo u r  f era l cats  ( Coste l l o ,  pers .  comm . ) .  The a ssoc i a t i on 

between ca ts a n d  ra bb i ts i s  we l I esta b l i s hed i n  New Zea l a n d ;  ra bb i ts 

common l y  form the  major  part  of  the d i et of f era l cats ( Co l  I I ns a nd 

Cha r l eston , 1 97 9 )  ( see Cha p ter  8 ) . The  re l a t i ve l y  l ow preva l ence i n  

ra bb i ts fou n d  i n  the s u rvey cou l d  be ascr i bed to cats p rey i ng ma i n l y  

on  young ra bb i ts ( G i bb ,  Wa rd a nd Wa rd , 1 969 ) , tha t a re l ess  I i ke l y  to 

ha rbour matu re sarq::>cy sts . Munday e t  a L  ( 1 97 8 )  i n  a s u rvey of 

Sarcocys tis a nd re l ated spec i es i n  A u stra l i an mamma l s , f o u n d  by 

h i sto l og y  that 2 1 . 1 % of 1 09 ra bb i ts were i n f ected w i th sa rcocysts . 

Once aga i n  i t  i s  not known why ca t :  ra b b i t  sp . sporocysts fa i l ed to g i ve 

r i se to sa rcoc ysts i n  l a bora tory ra bb i ts .  A spec i es found  I n  the 

Amer i can  cottonta l I ra b b i t  (Sy Zvi Zagus fZoridanus) was t ra nsm i tted to 

ca ts  ( C r um a n d  Prestwood , 1 97 7 ;  Fayer and  Krad e l , 1 97 7 )  b u t  cou l d  not 

be f u rther tra nsm i tted to E u ropea n ra bb i ts ( Fayer a n d  Kra d e l , 1 97 7 ) . 

The s porocysts of  th i s  spec i es ha d s i  i g ht l y  d i f f erent d fmens i ons f rom 

those g i v en a bov e ( see Append i x  2 ta b l e  2 ) . 
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The  f a i l u re to f i nd i n f ect i on i n  two marsup i a l s pec i es i s  no t 

s u r p r i s i ng .  l t  i s  u n l i ke l y ,  g i ven the host spec i f i c i ty of Sarcocys tis 

spec i es and the l ac k  of ma rs u p i a l carn i vores i n  th i s  cou ntry , that a ny 

w i l d  ma rsup i a l s  i n  New Zea l a nd  a re i n f ected . Desp i te the sma l l samp l e  

exam i ned , the resu l t  p roba b l y  ref l ects the true s i tuat i on .  A n  

A u st ra l i a n  s u rvey ( M u nday e t  a l . �  1 978 ) f a i l ed to f i nd Sarcocys ti s  sp p .  

i n  1 5 5 opossums (T. vu lpecu la) ; one a n i ma l  had a n  u n i dent i f i ed cyst i n  

a n  extr i ns i c  eye musc l e . 



CHAPTER 8 

THE F ERA L CAT AND SARCOCYSTIS 

8 .  1 I ntrod uct i on 

The domest i c  cat , Fe Zis catus� i s  i nvo l ved i n  mo re Sarcocys ti s  

I i f e c yc l es tha n any  other carn i vo re ,  ( see A p pend i x  1 ta b l e  1 ) .  G i ven 

the w i despread  d i str i b ut i on o f  f e l i d s ,  i t  i s  I i ke l y  t ha t  e l uc i da t i on 

of f u rther I i f e c yc l es w i  I I not cha nge t h i s  s i tuat i o n . I n  I i f e cyc l es 

i nvo l v i ng the ca t ,  the i ntermed i a te host m u s t  form part  o f  i ts d i et and  

the  p reva l ence of i n f ect i on i n  t he i ntermed i a te host w i  I I be , to  some 

ex tent ,  a mea su re of the c l oseness of the a ssoc i a t i on of the two hosts . 

I n f ect i on o f  sheep w i th mac rocyst i c  s pec i es der i ved f rom cats ,  
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i s  very common i n  New Zea l a nd  < see Ta b l e  4 .  1 )  and  i t  i s  doubtf u l  whether 

a ny f a rm i ng a reas a re f ree of  i t . Hence cats must be common l y  assoc i a ­

ted w i th sheep a nd i nfected m u tton a n  i mportant i tem i n  the i r  d i et .  

Cats , both domest i c  and  f era l , a re common l y  found  nea r hou ses a nd f a rms ; 

the q uest i on i s  how i mporta nt  a re fera l cats  i n  the tra n sm i s s i on of  

i n f ect i on to s heep i n  area s remote f rom h uman hab i ta t i on? 

Fera l cats were reported a s  be i ng numerou s i n  South A uck l a n d  by 1 84 3  

( D i ef f enbach , q uoted b y  Wod z i c k i , 1 950 ) i n  Ca nterbury by  1 860 ( But l er ,  

q uoted by  Da v i d son  1 965 )  an d ,  l ater , w herever rabb i ts were a bundant  

( Mc lea n ,  1 966 ) . Wod z t ck i  ( 1 950 ) ca r r i ed o ut  the on l y  s u rvey of f era l 

cat s .  H e  f o u n d  that "w i I d  cats a re fa i r l y  con t i nuou s l y  d i str i b uted over 

both i s l a n ds  i n  vary i ng deg rees o f  d ens i ty . "  However , s i nce he  obta i ned 

h i s  i n format i on so l e l y  f rom stock i nspec to r s ,  the s urvey d i d  not cover 

the more remote area s of the country . 

To record the d i str i b ut i o n  o f  f era l cats over the w ho l e  cou ntry , 

pa y i ng p art i c u l a r attent i on to u npopu l ated area s ,  wou l d  be a mon umenta l 
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F I GURE 8 .  1 FERA L CAT S URVEY ; MAP OF  S I GHT I NGS OF FERA L  

CATS I N  THE NORTH I S LAND O F  N EW ZEA LAND . 
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tas k .  The a l ternat i ve ,  g i ven the resou rces a va i ! a b l e ,  wa s to q uest i on 

a s  many  peop l e  a s  poss i b l e  w ho f req uent  the more remote parts  o f  the 

cou ntry and  t hereby esta b l i sh whether or not f era l cats a re w i desprea d .  

l t  wa s as sumed that i f  cats were seen many k i l ometres f rom the  nea rest 

h uma n hab i tat i on they were se l f - s uf f i c i ent  a nd hence j ust i f i a b l y  termed 

1 f e ra 1 1 • 

8 . 2  Ma te r i a l s a nd method s 

I n forma t i on on  f era l cats wa s co l l ected by q uest i on na i re a n d  th rou g h  

cor respondenc e .  T h e  q u est i onna i re < see Ap pend i x  5 f i g u res 1 a nd 2 )  

wa s d i v i d ed i nto two p a rts a nd a sked f o r  

a .  g enera l observa t i ons on  f eed i ng a nd food , b reed i ng 

a nd pop u l a t i on tren ds  of  f era l ca ts . 

b .  spec i f i c s i g ht i ng s  of  f era l cats , w i th deta i l s  o f  

l oca t i on ,  terra i n  a nd  d i s ta nce f rom human ha b i ta t i on .  

l t  was sent throug h va r i ous  government orga n i sa t i on s  ( see A p pend i x  

5 ta b l e  1 )  to a w i de va r i ety of poten t i a l  ob servers ma ny  o f  w hom were 

wor k i ng reg u l a r l y  i n  a rea s remote f rom h uma n hab i tat i on .  Letters 

i nv i t i ng s u bm i ss i ons  were p l aced i n  f a rm i ng jou rna l s  a nd maga z i nes 

t hat  cater f o r  peop l e  w hose l e i su re a ct i v i t i es ta ke them i nto u n po-

p u l ated area s .  

8 . 3 Resu l ts 

a .  Genera l o b servat i on s  

Rep I i es were rece i ved between Septem ber 1 977 a n d  A ug u st 1 978 ,  w i th 

the maj or i ty a r r i v i ng i n  the f i rst f o u r  mon th s .  I n format i on was  

rece i ved f rom 409 correspondents w i th a w i de va r i ety of occ u pa t i on s  ( see 

Ta b l e  8. 1 )  a n d  record ed on p unchca rd s .  54 o f  4 09 ( 1 3 . 2 per  cen t )  

reported that t hey had not seen f era l cats : 355 ( 86 . 8  per cent ) 

reported see i ng f era l cats . 25 1 of  the 355 ( 70 . 7  per cen t )  w ho ha d seen 

f era l cats a l so reported that there was  ev i d ence of breed i ng occ u r r i ng 
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F I GURE 8 . 2 F ERA L CAT S URVEY ; MAP OF S I GHT I NGS OF FERA L  CATS 

I N  THE SOUTH I S LAND OF NEW ZEA LAND . 
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- k i ttens or p reg na n t  f ema l es were seen , fo r examp l e .  25 1 

obse rvers ( not necessa r i l y  the  same observers as  before ) reported 

cats f eed i ng on a va r i ety of  food s ( see Tab l e  8 . 2 ) . 

1 1 4 of 355 ob servers ( 32 .  1 per cent ) t hought f era l cats were 

"mo re common" and 36 ( 1 0 .  1 per  cent)  " l ess  common"  tha n  p rev i ou s l y . 

205  o bservers ( 57 . 7  per cent )  a nswered ' ' don ' t  know" or " s ta t i c "  or  

fa i l ed to  comp l ete th i s  sect i o n .  

b .  Spec i f i c s ight i ngs 

The l ocat i on s  of 950 s i g ht i ngs of f era l cats were p rov i ded by 

ob servers and  p l otted on an out l i ne ma p o f  New Zea l a nd , As rep l i es 

somet i mes i nvo l ved mu l t i p l e  s i g ht i ng s  the fo l l ow i ng convent i on wa s 

adopted i n  p l ott i ng the  l ocat i ons : 

a s i ng l e  s i g ht i ng :  one po i n t on the ma p at  the actua l l oca t i on .  

severa l s i g ht i ng s  i n  the same area : two adjacent  po i nts . 

Commen ts such a s :  "ma ny cats seen i n  the a rea " or : " the a rea has a 

l a rge  cat pop u l a t i on "  were record ed as  th ree a d jacent po i nts . A 

tota l o f  1 082 po i nts  were ma p ped ( see F i g u res 8 . 1 a n d  8 . 2 ) . Fera l 

cats were seen i n  a l  I ca tegor i es o f  ter ra i n  ( see Tab l e  8 . 3 ) . 

1 20 

I n  309 of 950 ( 32 . 5  per  cen t )  spec i f i c s i g ht i ng s  there wa s 

ev i d ence o f  breed i ng ;  th i s  i s  cor re l ated w i th terra i n  i n  Ta b l e  8 . 4 . 

Over two t h i rd s o f  a l  I s i g ht i ng s  were made  more tha n 2 k i l ometres away 

f rom h uma n ha b i ta t i on and near l y  one th i rd mo re tha n 1 0  k i l ometres a way  

( see Ta b l e  8 . 5 ) . 

c .  Rep l i es f rom Agr i cu l tu ra l Pest Destruct i on Boards  

Observers wor k i ng for  Agr i c u l tura l Pest Destruct i on Boa rds  most l y  

rep I i ed i n  genera l terms a n d  descr i bed the occ u rrence o f  f era l cats 

acco rd i ng to boa rd a rea s .  Pest destruct i on o f f i cers a re respons t b l e  

for , a nd acqua i nted w i t h ,  l a rge area s of  country ; ma ny of  tne i r  � ut i es 



TABLE 8 . 1 

FERAL CAT SURV EY ; OBS ERVERS - OCCUPAT I ON/ I NTEREST 

Occu pat i on/ I nterest Number % Observers 

Pest destruct i o n  
s hoot i ng /trapp i ng 62 1 5 . 2  

Forestry 1 02 24 . 9  

W i  I d  I i f  e ma nagement 52 1 2 . 7  

Farm i ng 1 32 32 . 3  

Nat i ona l Pa r ks 1 5  3 . 7 

T ramp i ng 2 0 . 5 

Other 44 1 0 . 8  

TOTA L 409 1 00% 

1 2 1  



TABLE  8 . 2 

TYPES OF FOOD SEEN  EATEN BY F ERA L CATS 

Type of f ood eaten 

Rabb i t  

Opos s um 

Sheep 

B i rd 

Ha re 

1 Huma n ref use ' 

Deer 

P i g  

Rat 

Catt l e  

F i s h 

Goat 

Mouse 

Frog 

Hedgehog 

I nsect 

Cat ,  ' dead s tock ' , 
l i zard , '. p I acenta 1 , 

wa 1 1  a by 

Number of t i mes 
food reported 

1 1 5 

94 

8 7  

7 6  

4 5  

2 4  

1 9  

1 1  

1 0  

7 

7 

7 

7 

3 

3 

3 

each  

523  

% Tota l reports 

22 . 0  

1 8 . 0  

1 6 . 6 

1 4 . 5  

8 . 6  

4 . 6  

3 . 6  

2 . 1 

1 . 9 

1 . 3 

1 . 3 

1 . 3  

1 . 3 

0 . 6  

0 . 6  

0 . 6  

0 . 2 

1 22 



TABLE 8 . 3 

S I GHT I NGS OF FERA L CATS ACCORD I NG TO TYPES OF  TERRA I N  

Terra i n  

Grass l a nd  

Tu ssock 

Scrub  

Nat i v e b u s h/ forest 

P l antat i on 

Number of  
s i g ht i ng s  

34 1 

1 96 

37 1 

432 

1 70 

% S i g ht i ngs 
( 950 )  

35 . 9  

20 . 6  

39 .  1 

4 5 . 5 

1 7 . 9  

1 23 



TABLE 8 .  4 

S I GHT I NGS O F  FERA L  CATS ;  BREED I NG VERSUS TERRA I N  

Ter ra i n  

Gra ss l a nd  

Tu s soc k 

Scrub  

Bush  

P l a n tat i on 

S i g ht i ng s w i th 
ev i dence of  

b reed i ng 

1 37/34 1 

75/ 1 96 

1 34/37 1 

1 44/432 

76/ 1 70 

% Tota l 
s i g ht i ngs for 

ter ra i n  

40 . 2  

38 . 3  

36 . 1 

33 . 3  

44 . 7  



a re ca rr i ed o u t  a t  n i ght . He nce becau se of  the i r  exper i ence a nd the 

na ture  of the i r  wor k  the i r observa t i on s  a re wo rthy o f  spec i a l  men t i on .  

Tab l e  8 . 6  I i st s  t he boa rd a reas reported to have w i desp rea d a n d  

pe rma nent popu l at i ons  of  f era l cats . 

8 . 4  D i scu ss i on 

Fera l cats were s i g hted i n  many p a rts o f  the  cou ntry a n d , as 

1 25 

the  s i g ht i ngs  a p pea r to be d i str i b uted ra n dom l y , i t  can be a ss umed tha t  

ca ts a re I i ke l y  to be p resent nea r 1 y  everywhere . i t  wou l d  be u nw i se 

to d raw  any conc l u s i on s  a bout  the a rea dens i ty of  cats f rom t h e  d i s­

tr i b ut i on of  s i g ht i ng s . The ma p s  a re p robab l y  more a record o f  the  

p resence of i nte rested ob servers than  o f  cats , as  ma y be d ed uced f rom 

the l ack of s i g ht i ng s  i n  F i ord l an d  and  East Ca pe . G i ven the natu ra l 

shyness  of  f era l cats and  t he i r  ma i n l y  crepuscu l a r  act i v i ty ,  the n umber 

o f  s i g ht i ngs i s  I i ke l y  to be a g ross u n derest i mate of  the actua l 

pop u l a t i on .  

Fera l ca ts a p p ear  to be a b l e  to s u rv i ve a n d  breed i n  a w i de va r i ety 

o f  ha b i tats . Ma ny observers exceeded t he i r  br i ef w i th regard  to the  

q uest i ons  on ter ra i n  i n  the  q u est i onna i re and descr i bed ha b i ta ts as  

d i v erse as  coa sta l sa nd d u nes , r i ver b ed s ,  dense  ra i n fores t ,  sheep 

pa sture and mou n ta i n  cou ntry up  to the s now I i ne .  Cats have been seen 

at  3000mabove s ea l eve l i n  the Avoca Va l l ey ,  Ca nter b u ry ( C i a r ke pers . 

comm . ) .  Con s i der i ng that ma ny  s i g ht i ngs  occ ur red a l ong wa y f rom 

h uman hab i ta t i on ,  a nd tha t breed i ng wa s reported f rom a l  I types  o f  

ter ra i n  i t  i s  I i ke l y  that  b reed i ng pop u l at i ons o f  f era l cats  a re p resent 

i n  most  parts  o f  the cou ntry . L i tt l e  va l u e can be p l aced on the  f a c t  

tha t more observers  thought t h a t  f era l ca ts we re "more common" : a n  

even l a rger n umber  were non-comm i tta l . The  form of the q uest i on was  

such  that  on l y  s u b j ect i ve a n swers ba sed mo re on be l i ef than know �edge 



D i sta nce 

< 2 km 

2- 1 0  km 

> 1 0  km 

TABLE 8 . 5  

S I GHT I NGS OF FERA L  CATS ACCORD I NG TO 
D I STANCE FROM HUMAN HAB I TAT I ON 

Number of 
s i  g h t i  ngs 

397 

478 

277 

% S i g ht i ng s  
( 950 ) 

4 1 . 8  

50 . 3  

29 . 2  

Un know n d i stance 1 1  1 . 2 

1 26 
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cou l d  be  e l i c i ted . 

The  n umber of s i g ht i ng s  i n  a n  a rea i s  no mea s u re o f  the actua l 

pop u l at i o n  for the rea sons d i sc ussed a bove . However , the resu l ts o f  

two other stud i es he l p  to show the I i ka l y  d en s i ty of cats o n  f a rm l a n d .  

Sc i en t i sts of  the M i n i stry o f  Agr i cu l ture a nd F i she r i es Ra bb i t  Resea rch 

Sect i on a re mon i tor i ng changes I n  pop u l a t i on s  of  ra bb i ts a nd other 

mamma l s  i n  a rea s o f  North Can te r b u ry .  Set routes a re cove red by motor 

cyc l e  a nd counts ma de on four  success i ve n i g hts , wea ther  perm i tt i ng ,  

three or  four  t i mes a yea r u nder  s ta ndard i sed cond i t i on s . Dur i ng 1 97 7  

a n d  1 978 , i n  1 73 r u n s  over a mea n d i stance o f  24 . 7km ,  a mea n of  0 . 038  

ca ts was  seen* . Ba sed on  a n  est i ma ted sea rc hed swath  a rea o f  6 to 8ha  

per  k i l ometre covered , the  cat dens i ty i n  these area s wa s ca l c u l a ted 

as  5 to 6 cats p er 1 000ha . 

Ag r i c u l tu ra l Pest Destruc t i on Boa rd o f f i cers carr i ed out a n i ne 

month  s u rvey of a 500 , 000 acre b l ock i n  Hawke ' s  Bay i n  1 969 a n d  

est i ma ted that there were 3 ca ts p e r  1 000 acres ( 7 . 4  p e r  1 000ha ) .  

The resu l ts of  these su rvey s a re rema rkab l y  s i m i l a r .  I f  i t  i s  a s s umed 

that there are perha p s  8 cats per 1 000ha even l y  d i st r i b u ted throug hout  

the cou ntry ( 268 , 000 km2 a p p rox ) there are  2 1 4 , 400 cats p resent ,  or  one  

ca t per  250  sheep . Ta k i ng i nto account the  l a rge n umbe r  o f  cats I i v i ng 

i n  a n d  nea r h uma n hab i tat i on i t  i s  poss i b l e  that i n  some a rea s the 

actua l rat i o  i s  as  h i gh as  1 to 1 00 .  

The re have been  many  stud i es o f  the d i et o f  cats , domest i c ,  f era l 

and  w i  I d  W. silve s tri s ) . Sma l I mamma l s , espec i a l l y ra b b i ts ,  rats a nd 

m i ce ,  a re p r eferred b u t a w i de va r i ety of  other orga n i sms may be eaten 

i nc l ud i ng I i za rd s ,  f rogs a n d  i nsects ( Coma n and Brunner  1 972 ;  Con de 

e t  a l . � 1 97 2 ;  He i dema n n , 1 97 3 ;  F i tzgera l d  a n d  Ka r l ,  1 979 ) . Ca ts 

on L i tt l e  Ba rr i er I s l a n d , New Zea l an d ,  th r i ve on sea b i rd s  and rats 

* I n format i on s u p p l i ed by W i  1 1  i ams , J . M . , Broa d , T . M . , Robson , D . L . , 
Ra bb i t  Resea rch S tat i on ,  M . A . F . , Ch r i stc h urc h . 



TABLE 8 . 6  

AGR I CULTURA L PEST DESTRUCT I ON BOARD AREAS 
W I TH EXTENS I VE PERMANENT CAT POPU LAT I ONS 

North I s l a nd  

Ma ngon u i  Co . 

Hok i a nga Co . 

Ba y o f  I s l a nd s Co . 

Otamatea Co . 

Coroma nde l Co . 

Wa i kato Co . 

Te Pu ke 

Rotorua-Ta upo 

Wa ngamomon a  

Centra l K i ng Country 

Hawera Co . 

Western 

Ta i hape 

Hawke ' s Ba y 

Ruah i ne 

Ma nawatu 

Wa i ra rapa 

South I s l a n d  

Ma r I boroug h 

Ka i kou ra 

Amu r i  

S e l wyn  

Ash  I ey 

P l a i ns 

Ba n ks Pen i ns u l a  

Ashbu rton 

P u ka k  i 

Mac ken z i e  

U p per C I u tha 

L i nd i s  Hawea 

Ku row 

To ka rah i 

Papaka i o  

Otepopo 

Whakat i  p u  

A l exa ndra 

East Otago 

M i d  Wha ka t i  p u  

Nor thern South l a n d  

Roxbu rg h  

W a  i por i  

Mount  Wnedon  

Western South l a n d  

M i d  South l a n d  

Souther n South l a nd 

1 28 
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( Ma rsha l ! ,  1 9 6 1 ) .  

The resu l ts o f  th i s  s u rvey con f i rm that cats have a va r i ed d i et :  

t hey k i  I I a va r i ety o f  sma l I p rey spec i es b ut a re a l so u nd i sc r i m i na t i ng  

sca vengers  ca pab l e  o f  ea t i ng the rema i ns of  any  an i ma l .  The s i ze o f  

the te r r i tory o f  a f era l cat depends  both o n  the ava i l a b i  I i ty o f  f ood 

a n d  the p resence of other  cats . You ng cats have to m i g rate  when they 

a re matu re and  when food i s  sca rce a d u l ts l eave the i r ter r i tor i es to 

l oo k  for new sources ( Corbett , p ers . comm . ) .  S i nce cats a re mob i l e  

i t  i s  i nev i tab l e  that some of  the ca rcases o f  sheep that  d i e  on fa rm­

l a nd  w i  I I be found  a n d  eaten , e ns ur i ng the tra n sm i ss i on of the ca t : s heep 

sp p .  of  Sarcocystis . 



CHAPTER 9 

EXPER I MENTA L I NFECT I ON OF GOATS W I TH 

A DOG : GOAT SPEC I ES 

9 .  1 I nt roduct i on 

1 30 

There a re f ew record s o f  Sarcocys tis spec i es i n  goats . Scott ( 1 94 3  

a ,  b )  c i tes s i x  authors a s  hav i ng reported ca p r i ne sarcospor i d i a .  

Ka l ya k i n  a n d  Za s u k i hn ( 1 975 ) I i st on l y  two reports o f  i n f ect i on i n  goa t s .  

The  tra n sm i ss i on  o f  a m i c rocyst i c  form i n  f era l goats to d og s  ( Co l  I i ns 

a nd Crawf ord , 1 978 ) ( see Chapter  7 )  p rov i ded the op portu n i ty to comp l ete 

the  I i f e cyc l e  of th i s  pa ras i te a n d  to study i ts deve l opment  a nd 

pathogen i c i ty i n  goats .  T h e  dog : goa t sp . wa s fo u nd to b e  espec i a l l y 

s u i ta b l e  for  the study of  sa rcocystos i s  i n  rum i na nts : both  dog s  a nd 

goats f ree o f  Sarcocys tis were read i l y ava i l ab l e  and , as  hou s i ng was 

a va i ! a b l e  on  a s heep f a rm ma ny k i l ometres f rom the n earest f era l goa t  

pop u l at i on ,  t h e  env i ronment of t h e  expe r i men ta l goats wa s p red i cta b l y  

f ree of dog : goat  sp . sporocysts . 

The a i ms o f  the i nvest i gat i on s  were to study the d eve l opment of 

the dog : goat sp . i n  goa ts a n d  to mon i tor any i I l ness resu l t i ng f rom 

the  i ngest i on of sporocysts . 

9 . 2 Mater i a l s  a nd method s 

a .  Exper i menta l a n i ma l s  

T h i rteen goats a nd four  sheep were rea red i ndoors f rom b i rth on 

ca l f  m i l k  rep l acer* . The a n i ma l s  were l ess tha n one month  o l d  at  the 

sta rt  o f  the exper i ment . 

b .  Sporocyst s  

S porocysts  o f  the dog : goa t sp . were harvested f rom t h e  faeces 

* ' ANCALF ' ,  N . Z . Cooperat i ve Da i ry Company , Pa l merston  North , N . Z .  



of  dog s ,  i n f ected a s  descr i bed i n  Cha p ter 7 ,  a n d  were s tored i n  ta p 

0 
water at 4 C for  up  to two weeks before use . 

c .  Exper i menta l proced ure 

E l ev e n  g oa ts a n d  f o u r s heep w e r e  g i ve n  s p o rocy s t s  by  s tomac h  

t u be , i n  two sepa rate expe r i ment s ,  i n  the doses show n i n  Tab l e  9 . 1 .  

I n  the f i rs t  exper i ment th ree goa ts , d es i g nated 1 ,  2 a n d  3 1  were 

g i ven l a rge  doses of  sporocysts < see Ta b l e  9 .  1 )  a nd  necrop s i ed on 

days 1 8  and 1 9 . I n  the s econ d exper i ment ,  e i g ht goats  ( n umbers 4 to 

1 3 1  

1 1 )  a n d  fou r s heep ( n umbers 1 to 4 )  w ere g i ven va r i ous  doses of  sporo-

cysts a n d  necrop s i ed at i nterva l s  ( see Tab l e  9 .  1 . ) .  Two contro l goa ts 

( n umbers 1 2  a n d  1 3 ) were l ef t  u ndosed a n d  kept i n  i so l a t i on for  two 

weeks before b e i ng housed w i th the i n f ec ted an i ma l s  i n  a c l ea n  pen . 

I so l at i on was  necessa ry to p revent  the con tro l goats becom i ng i n f ected 

by s porocysts  passed i n  the f a eces of th e dosed a n i ma l s  ( see Cha p ter 5 ) . 

I n  bot h exp er i ments  the rec ta l tempera tures o f  a l  I a n i ma l s  were recorded 

da i l y  and the a n i ma l s  were checked tw i ce da i l y for s i g ns  o f  i l l n es s .  

d .  Haema to l ogy  

A I  I the a n i ma l s  i n  the second  exper i ment were b l ed on day 0 a n d  

then tw i ce week l y  u p  to day  4 5  or  d eath , i f  ear l i er .  B l ood wa s co l l e-

cted i nto 1 0  m l  vacuum tubes con ta i n i ng ethy l ened i am i n etetraacet i c  ac i d  

( EDTA* ) a n d  exa m i n ed by sta ndard tech n i q ue s  for haemog l ob i n  concentra-

t i on ( Hb ) ,  pac ked ce l l vo l ume ( PCV ) , a n d  the mea n corp uscu l a r concentra-

t i on ( MCHC ) wa s ca l cu l ated ; the tota l l e ucocyte cou n t  ( WBC ) , d i f fer-

ent i a ! l eucocyte count  ( d i f f .  WBC ) , tota l serum p rote i n < TP ) , p rote i n  

f ract i o n s  a n d  the l eve l s  o f  the ser um en zymes : g l utam i c  tra n sam i nase  

( SGOT )  and  l act i c  dehy d rogenase < LDH ) were  est i mated . 

e .  Sero l ogy  

Goats 4 to 1 3  a nd sheep 1 to 4 w ere b l ed tw i ce week l y  u p  to · d a y  63 ,  

or  d eath , i f  ea r l i e r ,  a nd a l  I s u r v i v i ng a n i ma l s  at d ay  1 29 .  B l ood wa s 

* Venoj ect ,  Terumo Corporat i on ,  J a pan . 
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TABLE 9. 1 

EXPER I MENTA L I NF ECT I ON OF GOATS AND SHEEP W I TH DOG : GOAT SP. S POROCYSTS 

Ex per i menta I 
an i rna l  

Goat 1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

S heep 
1 

2 

3 

4 

k k i  l i ed 

Dos e  o f  
sporocysts 

Not dosed 

Not dosed 

d d i ed b 

Days a f ter 
i n f ec t i on 

1 8  k 

1 9  d 

34 k 

24 d 

1 29 k 

1 29 k 

1 29 k 

80 k 

34 d 

93 k 

42 k 

1 4 3  b 

42 k 

1 29 k 

1 29 k 

1 29 k 

b l ops i ed 

S umma r i sed res u l ts 

Sch i zonts i n  endothe l i a l  ce : I s , a l l 
t i s sues . Ma n y  sch i zonts i n  rena l 
g I orneru I i 

As a bove 

A s  a bove 

Ea r l y  sa rcoc y s ts cornpr 1 s 1 ng to 5 
metrocytes i n  m u sc l e  f i b r e s . S i ng l e  
sc h i zont i n  to ng ue . 

3 sch i zonts i r  hea r t  o n l y  

Sa rcocysts i n  a l  I m u sc l e s 

A s  above 

As above 

Sa rcoc ysts i n  a l l m u sc l es 

Occa s i ona I meTroc y tes i n  muse I e f i bres 

Sa rcocy s ts i n  a l  I musc l es 

No i n f ect i o n i n  a ny t i ssues 

No i nf ec t i on i n  abdom i na l  or t h i g h 
musc l es 

No i n f ec t i on i r.  a n y  t i s sues 

As a bove 

A s  a bove 

A s  a bove 
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co l l ec ted i n  1 0  m l  p l a i n  vac u um tubes a n d  the serum stored a t  - 1 4°
C 

unt i I tested . Sarcocys tis an t i bod i es were est i mated by a n  I FAT ( see 

Chapter 3 for  method ) us i ng d og : goa t  s p . bradyzo i tes harvested by 

peps i n : HC I  d i g est i on ( see Cha p ter  7 for  method ) f rom the m u sc l e  o f  

goa ts 6 ,  7 a n d  8 k i  I l ed on day  1 29 .  

f .  Pa tho I ogy 

Necrops i es were ca rr i ed out  on goats 1 a n d  1 2  a n d  s heep 1 to 4 

and  samp l es of t i s sues p repa red for h i sto l og y .  T i s s ue  samp l es were 

remov ed f rom tong u e ,  oesophagu s ,  l u ng , heart ,  l i ver , sp l een , k i d neys ,  

aboma sum , sma l l i ntest i ne ( f i ve samp l es ta ken a t  1m i nterva l s  sta rt i ng 

at the p y l orus � caec um , co l on ,  mesenter i c  a n d  pop l i tea l l ymph  nodes , 

b ra i n ,  s p i na l  cord , bone ma rrow a n d  musc l e  o f  the d i a p hragm , abdom i na l  

wa l I a nd h i nd l eg .  B i opsy samp l es of musc l e  were removed , u nder  

genera l a naesthes i a ,  f rom the abdom i na l  wa l I a nd h i nd l eg of  contro l 

goat 1 3  on  day  1 40 .  A I  I t i ssues were f i xed i n  1 0  per cent  forma l 

sa l i ne ,  b l oc ks were cut a n d  embed d ed i n  pa ra f f i n  wax a n d  two 6).1m sect­

i o n s ,  c u t  a p p rox i mate l y  1 00 ).!m a p art  were sta i ned w i th ha ema toxy l i n 

and eos i n .  

g .  L i fe cyc l e  stages 

Sch i zon ts p resent i n  the rena l g l omeru l i  o f  goats 1 ,  2 a n d  3 

were stud i ed i n  sect i on s  of  k i d ney  sta i ned w i th haematoxy l i n a n d  eos i n . 

Sch i zon ts were c l a ssed a s  ' matu r e '  w hen  they enc l osed ma ny separa te 

n uc l e i  a nd ' i mmatu r e '  w he n  comp l ete n uc l ea r  sepa rat i on had  not ta ken 

p l ace . The  n umbers o f  mature a n d  i mma tu re sc h i zonts were cou nted i n  

samp l es o f  50  g l omeru l i  cut  i n  equator i a l  sec t i on f rom eac h  goa t .  

Us i ng sect i o n s  o f  k i d ney f rom goat 3 ,  samp l es o f  sch i zonts a n d  o f  

g l omeru l i  were measu red a t  400 x mag n i f i ca t i on w i th a m i crometer eye­

p i ece a nd t he tota l n umber of sch i zonts p resent i n  both k i d neys est i ma­

ted us i ng the formu l a  ( Hend y ,  per s .  comm . ) :  



where 

N = 2/3 R n 
r 

N = mea n n umber of sc h i zonts/g l omeru l u s 

R = mea n rad i us of  a g l ome r u l u s c ut  i n  

eq uator i a l  sect i on 

r = mea n rad i u s of  a sc h i zon t  cut  at  

max i mum d i ameter 

n = mea n n umber of sc h i zonts/g l omeru l us c u t  i n  

equator i a l sect i on .  

The tota l n umber of  sch i zon ts i n  the g l omeru l i  o f  two k i d neys 

was est i ma ted as : 

2 ( N  X 5 X 1 0
5

) 

5 
The f i g u re of  5 x 1 0  for the tota I n umber of g I omeru  I i i n  a 

goat k i d ney was obta i ned by extra po l a t i on f rom f i gures for  p i g ,  ox 

a nd dog < D u kes , 1 955 ) .  

Musc l e  sect i on s  f rom goa ts 4 a n d  1 0  a n d  con tro l goa t 1 2  were 

1 34 

sta i ned w i th ce l est i ne b l ue : haematoxy l i n  a n d  eos i n , a doub l e  n uc l ea r  

sta i n , a s  t h i s  wa s found to be espec i a l l y  use f u l i n  t h e  d i f f erent i a t i on 

of  you ng sa rcocysts f rom musc l e  n uc l e i . 

Us i ng sec t i on s  o f  str i ated musc l e , cut l ong i tud i na l l y ,  f rom goa t 

4 ,  an  u n se l ected samp l e  o f  1 00 you ng sa rcocysts was exam i ned  a n d  a 

mea n number o f  metrocytes per sarcocyst ca l c u l ated . A f u rther u n-

se l ected samp l e  of  1 00 you ng sa rcocysts  were exam i ned w i th a m i cro-

meter eyep i ece  at 1 000 x mag n i f i cat i on a nd c l a ssed  as s i tua ted 

"adjacent to" ( separated by l ess tha n 1 lJm )  or " not adjacen t to" 

( separated by more than  1 lJm )  a n uc l eu s ,  i n  a n  attempt to con f i rm ,  or 

otherw i se the ob servat i on tha t yo ung sa rcocysts tended to I i e  i n  

a ssoc i at i on  w i th musc l e  n uc l e i . 
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Samp l es o f  musc l e  f rom goa ts 6 ,  7 a n d  8 were f i xed i n  g l u ta -

ra l dehy d e ,  post- f i xed i n  osm i um tetrox i de ,  embed ded i n  epoxy res i n* , 

sect i oned  a n d  the u l tra str uctu re of the wa l I s  of sa rcocysts p resent 

i n  the sect i ons  exam i ned  by e l ect ron m i croscopy ( G r i f f i n , 1 97 2 ) . 

h .  Musc l e  d igest  

Samp l es of  musc l e  f rom the  d i a p h ragm ,  abdom i na l  wa l I and  h i nd 

l eg of s heep 2 ,  3 a n d  4 k i  l i ed on  day  1 29 a n d  b i opsy samp l es f rom 

contro l goat 1 3  were exam i ned for  Sarcocy s ti s  brad y zo i tes by p ep s i n :  

HC I d i gest i on ( see Sect i on 7 . 2  f o r  method ) .  

i .  Dog feed i ng 

I n  order  to comp l ete the I i f e cyc l e  a n d  to determ i ne w hether  

or  not sarcocysts were mature 1 29 days  a fte r i n f ect i on ,  samp l es o f  

musc l e  f rom goats 6 ,  7 a n d  8 were comb i ned and  fed to th ree dogs . 

One  dog not f ed goat meat served a s  a con tro l . A I  I the faeces were 

c hecked for sporocysts , da i l y for two weeks p r i or to f eed i ng to 

ensure they were f ree of  Sarcocy s ti s  i n f ect i on and  for f o u r  weeks 

a f ter f eed i ng ( see Append i x  4a ( i )  a n d  ( i i ) ) .  

9 . 3 Resu l ts 

a .  C l i n i ca l  ob serva t i ons  

6 
Goa ts 1 ,  2 a nd 3 ,  g i ve n  5 x 1 0  sporocysts , showed no s i g n s  o f  

i I l ness u n t i I day 1 7  when  they became l etha rg i c  and  stopped ea t i ng .  

Goats 1 a nd 3 b ecame rec umbent a n d  were  k i  I l ed on days 1 8  a n d  1 9  

respect i ve l y ; goat 2 wa s found  dea d  on  day 1 9 . The temperatures  o f  

a l l  three goa ts  rose stead i l y f rom two days  a f ter dos i ng ( see F i g u re 

9 .  1 ) .  The mea n  da i l y temperature of goats 1 ,  2 a n d  3 showed a 

* ' FLUKA ' , Chem i sche Fab r i c k ,  Buchs S G ,  Sw i tzer l a nd . 
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F I GURE 9 .  1 RECTAL TEMPERATURES RECORDED I N  GOATS G I VEN 

DOG : GOAT S P . S POROCYSTS 

( A :  
6 

goats 1 , 2 , 3  g i ven 5 x 1 0  sporocysts ; 

8 :  
5 

goats 4 a n d  5 g i ven  6 x 1 0  sporocysts . 

Ba r c a t  r i gh t  han d  corner  = mea n  temperature 

o f contro l goats 1 2  and  1 3  ± 2 x S D . ) 



4 1  

40 

A. 

• (\ !. ·• '!· . I 
• � : I '' ,-,, \. • I I '• -•" \ • : •\. ;• t· • 

I \ / ; .... - •  
. ·i 1 e •-• : I ', , 

I /� \ · I  e · ,. • ·! I �, : I \ . . .• , 
\ I ,: ', \ ; I  \ f 
\ ,.. I ;,..· \ I ... -. '\a/ '. .... .... 

39 \ I ' \ :  ', : 
\ I ��• :  ·• • .•' ll 

. 
\t : ti . ; 

... . : 
... ·. ..... " \, ... . 

1 36 

c 

38�------------------------------------------

42 B. 

4 1 

4 0  

39 

38 

N\-\ 1 1 \' I I I I I I 
. ' I i I \ 

I f l 
� I I 

\ 

f I I •
--. 

I I 
' I I ...... .._ • ,. I 

ll .\ \ /. \ ('�·-·�1"-,-e" \\ 
1 /  \ 1 I I \ •r/ •, I I I • 

V • '111 I I 

. v\J �- J 

5 1 0  1 5  

d a y s  a ft e r  i n fec t i o n  

2 0  

;'\ 
I \ 

r , 
I \ C ,;·,_/\ I \ I 

. � 
2 5  30 



Fac i ng page 1 37 

F I GURE 9 . 2  MEAN RECTA L TEMPERATURES OF GOATS G I VEN 

5 x 1 06 DOG : GOAT SP . SPOROCYST$ 

< A r rows I nd i ca te p ha ses of sc h i zogony ; ? 

a n d  ? ?  a re p ha ses p roposed to co i nc i de w i th 

the  r i ses i n  temperature; u . sc h .  = 

u l t i ma te sch i zogony .  Ba r c at r i g ht h a n d  

s i de = mea n temperature of  contro l goa ts 1 2  

a nq 1 3  ± 2 x S D ) . 
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F I GURE 9 . 3  RECTAL TEMPERATURES RECORDED I N  GOATS G I VEN 

DOG : GOAT S P . S POROCYSTS . 

( C :  goats 6 a n d  7 g i ven 1 5  X 4 
1 0  spo rocysts ; 

D :  goats 8 a n d  9 g i ven 3 4 X 1 0  sporoc ysts ; 

E :  goa ts 1 0  and  1 1  g i ven 1 5  X 4 
1 0  sporocysts ; 

Ba r c at r i g h t  hand  s i d e = mean temperatu re 

o f  contro l goats 1 2  a n d  1 3  ± x2S D ;  * see text ) . 
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F I GURE 9 , 4  HAEMOGLOB I N  LEVELS  ( g rams per dec i I l tre ) RECORDED 

I N  GOATS G I VEN  DOG : GOAT SP . SPOROCYST$ . 

( 8 :  
5 goats 4 a nd 5 g i ven 6 x 1 0  · sporocysts ; 

C :  
4 

goats  6 a nd 7 g i ven 1 5  x 1 0  s porocys ts ;  

D :  
4 

goats 8 a n d  9 g i ven 3 x 1 0  sporocysts ; 

E :  
3 

g oats 1 0  a n d  1 1  g i ven 1 5  x 1 0  sporocysts . 

Ba r c at r i g ht hand  s i d e = mea n haemog l ob i n  

l eve l of  contro l goats 1 2  a nd 1 3  ± 2 x SD ; 

* see text ) .  
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F I GURE 9 . 5  PACKED CELL  VOLUMES RECORDED I N  GOATS G I VEN  DOG : GOAT 

SPOROCYST$ 

( 8 :  goa ts 4 a nd 5 g i ven 6 X 5 1 0  sporocysts ;  

C :  goats 6 a nd 7 g 1 ven 1 5  X 4 1 0  sporocy sts ; 

D :  goats 8 a nd 9 g i ven 3 X 1 04 
sporocysts ; 

E :  goa ts 1 0  a n d  1 1  g i ven 1 5  X 1 03 sporoc ysts . 

Ba r c a t r i g ht ha nd s i d e >:;; mea n pqcked c e l l 

vo l ume of contro l goats 1 2  a nd 1 3 ± 2 x SO ;  

* see  text ) . 
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F I GURE 9 . 6  TOTA L S ERUM PROTE I N  LEVELS ( g rams per I i tre ) 

I N  GOATS G I VEN DOG : GOAT S P .  S.POROCYSTS 

( B :  goats 4 and  5 g i ven 5 
6 x 1 0  sporocysts ; 

C :  goa ts 6 and  7 g i ven 1 5  X 4 
1 0  sporocysts 

D :  goa ts 8 a nd 9 g i ven 3 X 4 
1 0  sporocysts ; 

E :  goa ts 1 0  a nd 1 1  g i ven  1 5  X 3 
1 0  sporocy sts . 

Ba r e at r i ght  h�nd  s i de � mean tota l ser�m 

p rqte i n l eve l of contrg l QPa ts 1 2  �nq  1 3  ± 2 � 

S O ;  * see text ) . 
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p rog ress i ve r i se f rom day  1 a nd a l so three d i st i nct pea ks a t  days  

6 ,  1 1  a nd 1 8  ( see F i g ure 9 . 2 ) . 

Goa ts 4 and  5 g i ven 6 x 1 0
5 

s porocy sts showed symptoms of  d u l l nes s ,  

wea kness a n d  i na ppetance f rom day  1 9  a n d  were k i  I l ed when they became 

rec umbent  on  days  34 a n d  24 respec t i ve l y .  The tempera tures of these two 

goats  s tayed w i th i n  the  norma l ra ng e u n t i I t hey rose a b ru p t l y  on days  

1 8  a nd 1 9 , Th i s  wa s fo l l owed by  a d rop to  s u b - norma l tempera tures f rom 

day  22 ( see F i gure 9 .  1 ) .  

Doses o f  l ess  than  6 x 1 0
5 

sporocysts res u l ted i n  i I l ness ma r ked 

by  i na ppetance,  wea kness and a sma l I r i se i n  tempera ture between days 

1 8  a nd 25  ( see F i g u re 9 . 3 ) ;  th i s  was fo l l owed by  a recovery to 

appa ren t l y  norma l hea l th .  However , goats t hat  rece i ved 1 5  x 1 04 a n d  

4 
3 x 1 0  sporocysts were cons i derab l y  reta rded i n  the i r g rowth a n d  th i s  

stunt i ng wa s s t i  I I a p pa rent a t  day  1 29 .  Goat 1 0  was fou n d  dea d  on  d ay  

34  a l though g i ven on l y  a sma l I n umber o f  sporocysts . Howeve r ,  th i s  

a n i ma l  had fa i l ed to th r i ve f rom b i rth and  a ty p i ca l  changes were 

record ed i n  a l  I the b l ood  va l ues d u r i ng the per i od of the exper i ment 

( see c urves ma rked * i n  F i g u res 9 . 3 , 9 . 4 ,  9 . 5 , 9 . 6 ,  9 . 7 .  The ca use  of  

death  cou l d  not be d e term i ned 

No s i g ns of i I l ness were seen i n  the con t ro l goa ts or  s heep a n d  

the tempe ratures o f  a l  I t hese a n i ma l s  rema i ned norma l t h ro ug hout  the  

expe r i ment .  

b .  Haema to l ogy  

H b  a nd PCV l eve l s f e l l a f ter  d a y  1 7  i n  a l l dosed a n i ma l s  i n  the  

second  exper i ment ( goats 4 to  1 1 ) ;  the sever i ty of t he a naem i a  was  

re l ated d i rect l y  to  t he  n umber o f  sporocysts g i ven ( see F i g u res 9 . 4  

a n d  9 . 5 ) . I n  the s u rv i v i ng a n i ma l s recovery to norma l l eve l s  took  



p l ace by 38 days a f ter i n f ect i on .  No c hange occu r red i n  the MCHC . 

1 4 3 

A ta l I i n  TP was seen i n  a l  I t he  i n f ec ted goa ts  f rom 3 days  a f ter 

i n f ect i on b ut l eve l s  rema i ned mos t l y  w i th i n the no rma l ra nge ;  recovery 

to l eve l s  tha t were s i m i l a r  to or  h i g her tha n t he or i g i na l  l eve l s  took 

p l ace i n  t he s urv i v i ng goa ts by  day  24 to 3 1  < see F i g u re 9 . 6 ) . 

SGOT l ev e l s  rose and  p ea ked a t  36 to 38 days , then f e l  I ( see F i g u re 

9 . 7 ) . No c ha nge f rom t he norma l va l ues were recorded i n  WBC , d i f f .  

WBC , p rote i n  f ract i on s  or  LDH . No d etecta b l e  c hange i n  a ny b l ood 

va l ues f rom norma l was seen i n  the con tro l goa t s  or  s heep . 

c .  Sero l ogy  

No r i se i n  I FAT t i t re wa s recorded unt i I day 2 8 .  The t i tres 

o f  goa ts  6 , 7 , 8 , 9  a nd 1 1  up to day 6 3  a re show n i n  F i g ure  9 . 8 .  T i tres 

rose  cont i n uo us l y  and , at day 6 3 ,  w he n  reg u l a r observa t i on s  ceased , 

were a p p a rent l y  st i I I r i s i ng .  At day  1 29 the t i tres of  goats 6 ,  7 a nd  

8 were  1 i n  1 024 , 256 a n d  1 024 respec t i ve l y .  

d .  Gross pat ho l ogy  

Gros s patho l og i ca l  c ha nges were con f i ned to goats  1 ,  2 a n d  3 ,  

nec rops i ed on days 1 8  a n d  1 9 ,  a n d  goa t s  4 and  5 on days  34 a n d  24 

respect i ve l y .  Sma l I haemorrhages were p resent  i n  l a rg e  n umbers i n  

a l  I t i s s ues on  days 1 8  a n d  1 9  a n d  were most  obv i ous i n  s ubcuta neous  

musc l e ,  mesen ter i es a nd serosae ( see F i gu re 9 . 9A ) .  T he  heart  ( see 

F i g u re 9 . 98 )  a nd oesophagus  were mott l ed dark  red a n d  haemor rhages 

wer e  v i s i b l e  on the cut s u r faces of s ke l eta l m usc l es .  K i d neys were 

en l a rged a nd mott l ed .  

No haemor rhages were seen a t  day  24 i n  goa t 5 b u t  serosffi were 

f l ec ked w i th b rown p i gment . At 34 days the ga l I b l a d der  of  goat  4 

was en l a rged by  an acc umu l at i on of  i ns p i ssa ted b i l e .  No macroscop i c  

l es i ons  were found i n  goa ts necrop s i ed on days 80 , 9 3  a nd 1 29 .  
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F I GURE 9 . 7  S ERUM GLUTAM I C  OXA LOACET I C  TRANSAM I NAS E ( SGOT )  

LEVELS ( I nterna t i ona l u n i ts per l i tre )  I N  GOATS 

G I V EN DOG : GOAT S P . SPOROCYSTS 

5 
( 8 :  goats 4 and  5 g i ven 6 x 1 0  sporocysts ; 

C :  goats 6 and  7 g i ven 
4 1 5  x 1 0  sporocysts ; 

D :  goa ts 8 and  9 g i ven 3 
4 

x 1 0  sporocysts ; 

E :  goats 1 0  a nd 1 1  g i ven 
3 

1 5  x 1 0  spo rocysts . 

Ba r c at r i g h t  hand  s i de � mea n SGOT l eve l 

o f  con tro l goats 1 2  a nd 1 3  ± 2 x SD ;  * see text ) . 
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F I GURE 9 . 8  I ND I RECT FLUORESCENT ANT I BODY TEST ( I  FAT ) T I TRES 

I N  GOATS G I VEN DOG : GOAT SP . SPOROCYST$ 

4 ( Goats 6 q nd 7 g i ven  1 5  x 1 0  s porocysts ;  

4 
Goats  8 a nd 9 g i ven  3 x 1 0  sporocysts ; 

, 

3 Goa t  1 1  g i ven 1 5  x 1 0  sporocysts ) .  
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e .  H t s.t<:?ei;ttho l osy 

H i s to l og i ca l  exam i nat i on r�vea l ed sma l I haemorrhages I n  a l  I 

1 46 

t i ssues exam l ��d f rom the goats nec rop s i ed on qays 1 8  a nq 1 � . The  

k i dneys $hawed severe nep hros i s  and  tubu l �s cont� l ned p rot@ l naceous  

mqter t a l .  The rena l t l s s�es  were d i f f u se l y  i n f l l trat�d � i th l ym p hocytes . 

Sch l �onts were present I n  endothe l t a l ee l I s  of sma l I a nd l � rg e  b l ood 

vesse l s  a n d  were esp ec i a l l y  numerous  i n  the rena l g l omeru l I ( see 

F i g u re 9 .  1 Oa ) . 

At  24 days  sc h l zont s  were not fou nd i n  a ny t i ssue except the 

hea rt ( see Ta b l e  9 .  1 ) .  Haemor rhages were not seen b ut  ma ny sma l  I 

d �pos i ts of haemos i der i n  were p resent i n  a l  I t i s sues , w i th l a rger 

depos i ts i n  the sp l een . Hyperce l l u l a r l ty i n  the k i d ney was most 

m a r ked a t  t h i s  t i me . 

A s i ng l e  sch i zont was found i n  a sect i on f rom the tongu e  of goat 

4 9n day 34 . Ma ny you ng sa rcocysts were present I n  str i a ted musc l e  

f i b re? · 

On day  8 0 ,  sa rcocysts u p  to 3D �m I n  l eng th  were common i n  

m u sc l e f i bres a n d  on day  93 sarcocy sts were u p  to 650 �m i n  l ength . 

S a rcocysts were p r_esent i n  a I I the str i ated muse I es of the goa ts 

exam i ned at day  1 29 ,  a l t houg h re l at i ve l y  sma l I numbers were found  i n  

hea rt musc l e . The musc l es o f  a l  I the goats k i  I l ed on day  1 29 were 

i n f i l t rated w i th mononuc l ea r  ee l I s . No orga n i sm s  o r  l es i ons  that 

cou l d  be a sc r i bed to Sarcocys tis we re found  i n  the t i ssues of  the 

contro l goats  or  those of  the sheep . 

f .  L i f e cyc l e  stages 

Both ma tu re and i mmatu re sch l zonts were p resent i n  the t i ssues 

on  d ay s  1 8  a nd 1 9 .  Matu re sc h i zonts were i rreg u l a r i n  s ha pe a n d  

conta i ned sc h i zozo i tes a p p rox i ma te l y  5 �m  i n  l ength w i th n uc l e i  �f 

a bout 2 �m d i ameter ( see F i g u re 9. l Oa ) . I mmatu re sch i zonts were more 



�H I ZP�L6  I N  !!.9UATOR. I A L §ECT I ONS O,F F§NA L G,bO�ERUL I I N  
�QATS �, 2,p_A�D 3 G I V!:N _5 x 1 06 ogG : GOA! S P . "�POROCY$15 

Goa t  Day s a f ter  Mea n no . sch i zonts 
�o . I n f ect i on per  g l omeru l a r 

sect i on n = 50 

1 8  2 .  7 0  

2 1 9  6 . 62 

3 1 9  7 . 08 

I mmatu re 
sch i zonts 

% 

8 5 . 2 

44 . 4  

49 . 2  

Mature 
sch i zonts 

% 

1 4 . 8  

55 . 6  

50 . 8  
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F I GURE 9 . 9 PHOTOGRAPHS TAKEN DUR I NG THE NECROPSY O F  GOAT 3 ,  

1 9  DAYS A FTER I NFECT I ON W I TH DOG : GOAT SP .  

SPOROCYSTS . 

A .  A bdom i na l  o rga n s  in situ show i ng exten s i ve 

petec h i a l haemor rhages on the  serosae . 

B .  The hea rt ,  s how i ng petec h i ae .  
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rag u l e r ,  be soph l I l e ,  a nd were su rrounded by e th i n  eos l no p h l l i e 

mem brane ( ��e F i gu re � �  1 0  � , c ) , The me� n numbe r of sch l �on ts per  

g l pmiru l a r  sect i on e n d  the  prorort l ons  of matu re a nd l mme t� re 

sc h l �o n t s  I n  the samp l es exam l neq f rom goats 1 ,  2 a nd 3 a re g i ve n  I n  

Tab l e  9 . 2 .  A h i g her  p roport i on o f  sch l zonts were ma tu re on d9y 1 9  

tha n o n  d a y 1 8 ,  F rom the mea n n umber of sc h l zonts per g l omeru l u s 

i t  wa s est i mated tha t ,  together ,  the k i d neys of goat  3 conta i ned 

1 49 

3 4  x 1 0
6 

sc h l zonts . At da y 34 you ng sa rcocysts comp r i sed one to f i ve 

metrocytes < mea n 1 . 99 ,  n = 1 00 )  su rrou nded by  a paras i top horou s 

vacuo l e  ( see F i g u re 9 .  1 1 ) ; s i ng l e metrocytes mea su red u p  to 1 6 . 0  x 

4 . 0  �m . 7 2  of  1 00 you ng sa rcocysts were found  to be  I n  c l ose  assoc­

i a t i on w i th m u sc l e  nuc l e i . 

At days  80 a nd 93  sa rcocysts conta i ned b ra qyzo i tes a n d  a t  day  1 29 

mu sc l e conta i n i ng sa rcocy sts w hen  f ed to dog s gave r i se to sporocysts 

of s i m i l a r  d i mens i ons  to those that were u sed to i n f ect the goats . The  

contro l dog rema i ned negat i v e .  The  I i f e cyc l e  of  the  dog : goa t sp . 

wa s thus  comp l eted . No  b rady zo i tes were found  a f ter d i g est i on of  

mu sc l e  f rom contro l goat 1 3  and s heep 2 ,  3 a nd 4 .  

Study  of  the u l trastructu re of the matu re sa rcocyst wa l I showed 

that th i s  spec i es has re l a t i ve l y  short i nter l oc k i ng v i  I I i of s i m i l a r 

s ha pe a n d  s i ze ,  w i th tra nsverse sect i ons approx i mat i ng to a pa ra I l e l o­

g ram ( see F i g u re 9 . 1 2  L a nd T ) .  B l  i ster- 1 i ke i nv ag i na t i on s  s i m i l a r  to 

tho se seen i n  spec i es tha t  i n f ect  s heep ( see Cha pter 4 )  a re conf i ned 

to the bases o f  the v i  I I i .  No seconda ry cyst wa l I i s  p resen t .  The  

wa l I of  the dog : goat sp . i s  d i st i nct l y d i f f erent i n  structu re f rom 

the wa l I s  of  other Sarcocys tis spec i es prev i ou s l y  desc r i be d . 

9 . 4 D i scuss i on 

D i sea se i n  goats ca u sed by the dog : goat sp . o f  Sarcocys ti s  wa s 
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F I GURE 9 . 1 0  PHOTOM I CROGRAPH$ OF  SCH I ZONTS I N  SECT I ONS OF  K I DNEY 

1 9  DAYS AFTER I NFECT I ON W I TH DOG : GOAT S P .  SPOROCYST$ 

a .  Rena l g l omeru l u s w i th matu re sch i zonts ( X 1 000 ) 

b .  I mmatu re sch i zont ( X 2 , 5 00 ) 

c .  Matu re a nd i mmatu re sc h i zonts ( X2 , 500 ) 

( I  = i mmatu re sc h i zont ; M =  ma ture sch i zont ) . 
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1 5 1  

q S ��c l a ted w i th s i m l  l a r �ymp tom � to those d asc r l b �d tor  o+her spec i es 

I n  rum i n a nts ( r::ea Ta b l e  :2 �  1 ) ,  I l l ness  a te rted a n d  w�s rn�§i' severe a t  

t h e  t i me o f  t�s u l 1  ! m� i  sc h l logony ( s aa F l g u ��  9 , J ) ; t hQSI 90�ts 

that 9 1 d  not become recumbent and d i e , s u bsequen t l y  m�d e  a � l ow recov@ry . 

No  c l  l n i ca l  s i g n s  were seen at the t i me when  i nva s i on o f  musc l e  must  

h ave occurre� nor  d u r i ng t he  ma tura t i on of  t he  sa rcocysts . Bot h  t he  

abrupt  r i se i n  temperature a nd the o nset of a naem i a  were d i rec t l y  

a ssoc i a ted w i th the u l t i ma te sc h i zogony . 

l t  wou l d  be d i f f i c u l t  to a scr i be the exter na l s i g n s  of i l l ne ss  or 

t he anaem i a  to a ny cau se other tha n the d estruct i on of  endothe l i a l 

ce l l s  by the re l ea se  of sch t zozo l tes f rom ma tu re sc h l zonts . The  

synchro nous occu rrence of  sma I I haemo rrhages I n  a I I t he  organs  of  the 

body wou l d  account  for  the s udden on set of  i I l ness w i th symptoms of  

d u i  l ness  and wea knes s ,  for  the  post-haemorrhag i c  natu re  of the a na em i a ,  

for  the  fa l l  I n  tota l serum p rote i n w i t hout  a c ha ng e  i n  the p rote i n 

f ract i ons ,  a nd f o r  the r i se I n  SGOT l eve l s . The numerous  haemorrhages 

were a l so the sou rce of the haemos i d er i n  d epos i ts ev i d ent at day 2 4 . 

The  on l y  observa t i o n  tha t  cannot be f u l l y a scr i bed to the ' sc h i zogo n i c  

c r i s i s ' i s  the a ppa rent f a i l u re of some of the i nf ected a n i ma l s  to 

retu rn , su b seq �ent l y , to a norma l pattern  of  g rowth . Th i s  i mporta nt 

a sp ect of sa rcoc ystos i s  i n  goats w i  I I rece i ve more d eta i l ed i nvest i g ­

at i on i n  f u rther expe r i ments . 

The  resu l ts f rom the I FAT showed that Sarcocys tis a nt i bod i es i n  

serum began  to r i se f rom a bout  28 days  a f ter i nf ect i on . Th i s  i s  

comparab l e  w i th resu l ts f rom other exper i menta l i nf ect i ons  < M u n da y ,  

Ba r ker  and R i c ka rd , 1 97 5 ;  Fa yer,  J o h n son a nd Lu nd e ,  1 97 6 ;  Fayer 

and L u nde ,  1 97 7 ;  Lu nde a nd Fayer ,  1 97 7 ) .  l t  i s  l i ke l y  that the  r i se 

i n  a n t i body t i t re occ u rs i n  response to the  re l ea se o f  l a rge  amou nts o f  
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F I GURE 9 . 1 1  PHOTOM I CROGRAPH OF YOUNG SARCOCYS TS I N  A MUSC LE 

F I BRE 34 DAYS AFTER I NFECT I ON W I TH DOG : GOAT S P . 

SPOROCYSTS ( X 1 000 ) . 

( O ne sarc:ocys t ( D ) e nc l oses 4 m etroc y tes 

seen I n  l ong i tu d i na l  sect i o n ;  a secon d  ( E )  

enc l oses 2 metrocytes seen i n  tra nsverse 

sect i on ) , 
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F I GURE 9 . 1 2  E LECTRONM I CROGRAPHS OF THE WA LL  OF  A MATURE 

SARCOCYST OF  THE DOG : GOAT SP . AT 1 29 DAYS  AFTER 

I NF ECT I ON < X22 , 500 ) , 

L .  V i  1 1  i I n  l ong i tud i na l  sect i o n  5;i how i ng 

I nter l oc k i ng wa l l s .  T .  V i l l i  i n  transverse 

sect i on show i ng how the v i  I l a r  sect i on 

app rox i mates to a para l l e l og ram .  (8  = b l i ster-

l i ke i nvag l nat i ons ; H = host m u sc l e  f i bre ;  

= i n te rv i I l a r space ; M =  metrocyte ; 

V v i  ! I u s ) . 
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p a r a s i te a nt i ge n  a t  th u l t l mete iC h l zogony a n d  the p res nee o f  

sc h l �czo i t�� I n  the c l rcu l � t i o n .  On�� s; h l zo zo l tes h�ve  1n+ered 

muao l �  f l b res they a re .  p rei Um§ b l y , n o  l o nger i n  c l ose con ta ct w i th 
the I mmu ne system . �o�ever , l t  i s  pos s i b l e  t h � t  a m l n9r l ty of sc h l '� 

ozo t tes t a l I to reach the i r next s i te of  deve l opment a. n d  t he i r  

p resenc� , tog ether w i th a f ew ' l a te ' sch i zonts � a s seen  9 t  day 34-

wou l d  co nt i nu e  to st i mu l ote the i mmune system after the major i ty of 

p a ra s i tes have l ef t  the c i rcu l a t i o n .  

The macroscop i c  l es i ons  seen a t  necrop sy o f  the heav l l y  I nf ected 

goats ( goa ts 1 ,  2 a n d  3 )  resemb l ed those d esc r i bed I n  other rum i na n t  

spec i es ( see Chapter  2 ) . T h e  m u l t i p l e  p etec h i a l  haemor r hag es ( see 

F i g u re 9 . 9 a , b )  on the sur faces of the thorac i c  and  a bdom i na l  organ s 

a n d  t he mott l i ng o f  the heart a ppea r  to be c ha racter i st i c  o f  acute 

d i sease  i n  rum i nants cau sed by Sarcocys tis spec i es .  However , these 

d i st i nct i ve l es i on s  soon d i sa pp ea r - by  24  days on l y  sma l I f l ecks  

o f  b rown p i gment were seen on the serosae - a n d  hence they are  u n l i ­

ke l y  to be of  much  u se i n  d i ag nos i ng the cond i t i on i n  the  f i e l d ,  u n l ess  

n ecrop sy i s  ca rr i ed out  at  the  t i me of sch i zogony . 

The  l ymp ho i d  . i n f i l trat i o n  of  the k i d ney u ndoubted l y  occurs  i n  

respon se to the p r esence of sc h i zonts a n d  the hyp�rce l l u l a r i ty i s  

not i cea b l e  for  some t i me a f te r  the end  of  sch i zogony .  l t  i s  not k nown 

i f  k i d ney f u nct i on i s  permanent l y  i mpa i red by  the destr uct i on of  

e ndothe l i a l  ee l I s  i n  g l omeru l i  d u r i ng sc h i zogony and  th i s  aspect of  

sa rcocy stos i s  certa i n l y  warra nts  f u rther i nvest i gat i on .  The l ymp ho i d  

i n f i l trat i o n  o f  musc l e  at 1 29 days  cou l d  have been the resu l t  of  a n  

I mmune  respon se to the presence o f  l a rge  n umbers o f  g row i ng sa rcocysts . 

The poss i b i  I i ty that e e l  I med i a ted i mmu n i ty p l ays some part  i n  host 

res i sta nce to Sarcocys tis w i  I I be exam i ned i n  f u rther expe r i menTs . 

The d eve l opmen t of the dog : goat sp . i n  t he goat i s  s i m i  f a r  to 

that d escr i bed for  other spec i es a nd hosts ;  on l y  the t i m i ng i s  
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d i f f er@nt ( see F i g u re 9 .  1 3 ) . I n th i s pae l es the u l t i mate sch i zogony 

occ u r s  a t  1 9  a nd 1 9  days , w h i c h i s  i n termed i a te I n  t i me b�tween t ha t  

reported f or sp ec i es I n  catt l e  a nd s heep a nd oth�rs l n  p i g s  a n d  rats 

( see F i gu res 2 . 2 ,  2 . 3 a nd 2 , 4 l .  There I s  ev i dence that a t  l ea st one .  

1 56 

I f  not two , p he ses of �ch l zogony occ u r  bef ore 1 8  days I n  the dog : goat 

sp . The mea n temp eratu re cu rve of goats , 1 ,  2 a nd 3 I nc l u des three 

d i st i nct pea ks that d i v i d e t he f i rst 1 8  days a f ter i n f ect i o n  i nto th ree 

q p p rox lmate l y  equa l per i od s  ( see F i g u re 9 . 2 ) . Presumab l y  the f i rst a n d  

second pea ks a re the resu I ts of sch i zogony a s  we l l  a s  t he  th i rd ,  a nd the 

p e r i ods between. correspond to the t i me ta ken for  sch l zonts  to reac h mat­

u r i ty .  Fu rther support for the occ u r rence of ea r l y sch i zogony i n  th i s  

sp ec i es was p rov i d ed by est i mat i ng the tota l pop u l a t i on of sc h i zonts i n  

g oat  3 .  From the mea n numbe r  of sch i zonts p er g l ome ru l i i t  was  ca l cu ­

l a ted that t h e  g l omeru l i  conta i ned i n  two k i d neys enc l osed 3 4  x 1 06 

sch i zont s .  A s sum i ng ,  p roba b l y  conservat i ve l y , that there were ten t i mes 

t h i s  numbe r ,  or  340 x 1 0
6 

sch i zonts , i n  the who l e  a n i ma l ,  then , as the 

o r i g i na l  i n f ect i on comp r i sed 5 x 1 0
6 

sporozo i tes , a mu l t i p l i ca t i on 

f a c tor of 1 7x i s  necessa ry to accou nt  for  the i ncrease I n  number of  

o rga n i sm s ;  therefore one o r  more p ha ses of sch i zogony m u s t  have p re-

ceded the u l t i mate sch i zogon y .  

The f i nd i ng of occa s i ona l sch i zonts i n  t i s su es at  24 a n d  34  days  

m i g ht be  exp l a i ned as  norma l var i at i on I n  the l engt h  o f  th i s  p ha se of 

deve l opme nt .  However , t he  matu rat i on of l a rge  numbers of sch i zonts at  

1 8  and  1 9 · d ays  a nd the  a brup tness of  the  assoc i ated i l l ness  shows that 

the paras i te i s  h i g h l y  synchronous  i n  i ts deve l opmen t .  The  occu r rence 

of 1 l a te '  sch i zonts i s  p robab l y  due to d e l ay i n  the re l ea se of spore­

cy sts f rom the  rumen a n d /o r  to some sp orocysts be i ng pa ssed u nchanged  

i n  the  f a eces of dosed a n i ma l s  and  i n f ect i ng the host ,  a f te r  re i ngest i on ,  
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e f @W d � y �  l gter . 

l t  I �  � s s um�d that sc h l zezo l t�s , re l �� sed ® f tor t�e y l t l m�t� 

sch l �ogon y ,  enter ��se ! e  f l p res soon a f t�rw� rd s .  I f  sq , l t  I s  

c u r i ous  that no $ 1 g n  of m4sc l e  I nva s i on wa s f ou nd on day 24 � u t  on ! y  

on da y  34 .  I n fect i on of mu sc l e  f i b res must hav� occu r red bet�e�n 

days 24 and 34 ; f u rther ex per i ments w i  I I be necessa ry to. d eterm i ne 
) 

the p rec i se t i me .  l t  s hou l d  be noted , however , that l nvest l ge t i on s  

of  t h e  deve l o pment o f  p rotozoa l pa ra s i tes w i th i n  l a rg e mamma l f a n  

hosts I nev i ta b l y  pose p rob l ems i n  l oca t i ng the o rga n i sms . The  s i ze 

of the para s i tes re l a t i ve to that of the i r  hosts ma kes the i r  d etect i on 

d i f f i cu l t , a l t hough  the u se of a doub l e  n uc l ear  sta i n , ce l est i ne p l u e :  

haema toxy l i n a nd eos i �  he l ped i n  th i s  i n sta nce .  I de nt i f i ca t i on of  the 

ea r l i est musc l e  stages , a n d  poss i b l y  the  ea r l i est p ha se of sc h i zogony , 

may need the d eve l opment of more spec i a l  ! sed h i sto l og i ca l tec h n i q ues . 

l t  i s  not known how sch i zozo i tes enter musc l e  f i b res . Penetrat i on 

may occu r  d i rect l y  through  the sa rco l emma or by wa y of  a per i p hera l l y  

p l aced n uc l eu s .  The fact t hat a h i g h p roport i on of ea r l y  sa rcocysts 

were found l y i ng i n  c l ose a s soc i a t i on  w i th musc l e  nuc l e i  i s  an i nd i c-

at i on that they may p l ay  a p art i n  musc l e  i nva s i on .  

A l thoug h sa rcocysts were shown to b e  i n f ect i ve by day  1 29 ,  

matur i ty wa s a l most certa i n l y atta i ned ea r l  i er : bra d y zo i tes were seen 

i n  sa rcocysts at day 80 . I n f ect i v i ty ha s been reported a t  9 bout 70 

days i n  other s pec i es ( see Ta b l e  2.  1 ) .  

There i s  I i tt l e  doubt  that th i s  spec i es of Sarcocys ti s  i s  spec i f i c 

to goats a s  i ntermed i ate hosts . S heep were not i nf ec ted w i th sporocysts 

i de n t i ca l to those that i n f ected goa ts a n d  no s i g ns of i I l ness  were 

see n .  The d i st i nct i ve structure of  the sa rcocyst wa l I of t h i s  spec i es 

i s  f u rther ev i dence that i t  i s  not a n  ov i ne paras i te that i s  a l so 
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C@ � rJ � I e  �+ l t1 f i!)Ct' I 11U �lOe�t� l  � r'l d  r h  � ! f f ··r�ti{li� 1 11 'the '+' f tt ll ng Q'f th� 

u l t l rn� te sc h i zogony e l so po i nts 1·o I ts sepa rate ! dent ! ty .  F!,Jrther  

tra � $m i ss l on stud  l P� w l  I I b� necessa ry bef orq i t  I s  cert• ! n  that goats 

a re the on l y  r�m l na nts i n  wh i c h  the spec i es I s  fqu nd . 

Tha dog : go�t sp . warra nts  f u rther stu d y  for severa l rea sons . Not 

on l y  i s  the paras i te rea d l l y  cyc l ed between dog and  goa t  but  both of 

these hosts a re ea s i l y  rea red a nd ma i nta i ned u nder l abora tory con d i t i ons . 

Prov i d ed stud i es a re ca rr i ed out  I n  s i tua t i ons  where dog � goa t  sp . 

sporocysts  a re not I i ke l y  to be p resent i n  the env i ronment ,  sa t i s fact­

ory resu l ts may be obta i ned w i thout resort i ng to the use  of spec i f i c  

p athog en-f ree an i ma l s . 

S evera l aspects of  the I i f e cyc l e  of th i s  spec i es need f u rther 

i nvest i gat i on - the  ear l y  p hases of sc h i zogony , the process o f  I nvas i on 

of  m u sc l e  f i b res ,  the t i me of  ma tur i ty of  sa rcocysts a n d  the d ev e l op­

ment of  t he p a ra s i te i n  the d og .  

Sa rcocy stos l s  I n  goats wa rra nts f u rther study a s  the resu l ts cou l d  

p rov i d e better mea n s  of d i ag nos i s  and  trea tment I n  other rum i na nt s . 

The  pass I b i I i ty tha t I ow doses of sporocysts ca n cause 1 1  1 -thr  I f t  a n d  

s t u nt i ng I n  f a rm a n i ma l s need s pa rt i cu l a r  a tten t i on as s u b -c l i n i ca l  

d i sease  caused by Sarcocys tis cou l d  be of  con s i dera b l e  econom i c  i mport­

a nce I n  a n i ma l  p rod uc t i on .  



CHAPTER 1 0  

CONCLUS I ONS 

Th i s  deQa� e h�s  seen renewed i nt�rest I n  $�raoay� tia �nd , at 

p res�nt ,  m� ny spec i es are be i ng l nvest l g� ted  throug hout t h e  wor l d .  

The  d i vers i ty of the top i cs stud i ed ,  a s  reported I n  th i s  thes i s , 
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ref l ects the need for  bas i c  know l edge of a l  I aspects of these p a ras i tes . 

The I i f e cyc l e  of  Sarcocys tis i s  now we l I und erstood i n  genera l 

terms b u t  there a re severa l a spects that st i I I need d eta i l ed stu d y . 

For examp l e , the per i od between excystment I n  the sma l I I ntest i ne o f  the 

I n te rmed i a te host a n d  the u l t i ma te sc h i zogony  I s  l a rge l y  u nexp l ored . i t  

I s  poss i b l e that sporozo l tes a f ter I nvad i ng the mucosa � pa ss  by way  o f  

the porta l system to the I l ver  a n d  there u nd ergo sc h i zogony f o r  t h e  f i r st 

t i me . Sch i zogony I n  the I l ver soon a f ter  excy stm e n t  ha s �een reported 

I n  the ma n : p l g  sp . ( Heydo rn a n d  l pc zynsk l ,  1 9 78 ) .  Sch i zogony may occ u r  

q S  ea r l y  as  6 d a y s  a f ter I n f ect i on i n  the dog : goat sp . < see Chapte r  9 )  

and  t h e  poss l b l  I i ty that i t  ta kes p l ace i n  the  I i ver  w l  I I b e  exam i ned 

i n  f u rther stud i es .  
e 

The per i od between the u l t i mate � i zogony and  the i nva s i on of  

m u sc l e  a l so wa rra nt? i nvest i ga t i on :  i t  i s  necessa ry to know w ha t  h a p p-

ens  to  sch i zozo i tes  a f ter the ! �  r e l ease f rom sc h i zonts  a n d  how they 

penetr�te musc l e  f i bres . l t  may be that these ea r l y  p ha s es I n  deve l op -

ment wqu l d  be better i nvest i ga ted i n i t i a l l y  i n  t i ssue  cu l ture  us i ng the  

a pp rop r i a te typ es o f  ee l I s . The I i f e cyc l es o f  the Sarcocys ti s  s pec i es 

found i n  r um i nants , beca use of the i r  econom i c  i mporta nce , w i  I I have to 

be i nvest i gated i n  deta i l .  

The f a i l u re to ach i eve tra n sm i ss i on o f  the ca t : s heep 1 s p . to 

s heep has  f rustrated resea rch on the d eve l opment of th i s  spec i es ,  a n d  
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h� � r� l s�d l mr a r t� n t  A � W  q y o � t l on s . W@ ne�d to know w h y  + h t  s R o r�c v � t  

i s  q p pa rent l y  n o t  d i rec t l y i n f ec t i ve f o r  s heep a n d  how i t  becomes 

i n f 1c t ! ve .  l t  I s  rl ! f f i c w l t  to see how t h e  l ac k  o f  I n f ec t i v i ty o f  t h e  

spo rocy s t  o f  th i s  spec i es c a n  be  reconc f l ed w i th i ts f req went  occ u r re nc e  

I n  s heep . A I  I o t h e r  a spects o f  the  ep i dem i o l ogy h e l p  t o  ex p l a i n  I ts 

h i g h p reva l ence I n  New Zea l a n d : the l a rge s heep popu l a t i on , the w i d e­

sp read d i st r i but i on o f  both s heep a nd cats , the  sca veng i ng beha v i ou r  

of ca ts , the  s u rv i va l  o f  mac rocy sts  a t  amb i en t  a n d  f reez i ng tempe ra t­

t u r e s  a n d the s u r v i va l  of  sporocy s t s  i n  wa ter a l  I fac l I l ta te t ra n sm i s -

s i on .  The  ca t : sheep s p .  i s ,  a t  p rese n t ,  the most  econom i ca l l y 

i mporta n t  spec i es I n  t h i s  cou n t ry a n d  t herefore  the  p rob l em of sporo­

cyst  i n fec t i v i ty u rge n t l y  need s a so l u t i on .  

The  c a t : sheep 2 s p . , t ha t  g i ves r i se to th i n  macroc y s ts I n  s heep , 

ha s yet to be i nv est i ga ted . T h i s  spec i es ,  a l t hough  a p p a r e n t l y  o f  l es s  

econom i c  i mporta nce t ha n  the  ca t :  s heep 1 sp . st l I I wa r r a n t s  ca ref u l 

stu d y . Compa r i son o f  t h e  f ea t u res of the two mac rocy�t l c  spec i es I n  

sheep w i l l  u ndou bted l y  l ead  to a d eeper  u n d erstan d i ng of  the ep i d em i o­

l og y  o f  Sarcocys tis I n f ec t i on s  i n  rum i na n ts . 

Other  spec i es of  Sarcocys tis I n  New Zea l a n d  a l so need f u r th e r  

a ttent i on ;  t h e  d e f i n i t i ve ho sts  o f  t h e  f o rms I n  red d eer  a n d  w i  I d  p i g s 

have yet to pe f o u n d  a nd there  a r e  ma ny other  a n i ma l s  to be i nvest i gated 

a s  i ntermed i a te or  d e f i n i t i ve hosts . Sa rcoc y s ts ha ve been seen I n  t h e  

mu sc l es o f  va r i ou s  b i rd s  i n  t h i s  cou ntry  ( Co l I I ns ,  u n p u b l . Qbs . ) ;  t h e  

s p ec i f i c i dent i t i es o f  these p a ra s i tes a r e  u nk nown . S i m da r l y , a l thou g h  

sa rcoc y s t s  have been f o u nd f req uent l y  I n  d omes t i c  cat t l e , p i g s  a n d  

horses ( Co l  I i n s u n p u b l .  ob s . l t he spec i es have  not been I d ent i f i ed a n d  

the i r  p reva l ence a n d  econom i c  I mp orta nce have  yet to be i nvest i ga ted . 

Sa rcocy stos i s  ha s yet to be show n to be o f  more t ha n  m i nor ­

i mp o r ta nce to a n i ma l  hea l th .  Occa s i ona l l y ,  f a rm a n i ma l s  i ng est  l a rge  
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number s  o f  sporoc y s t s  o n d  s u f f $r t he $ f f �c + s  o f  the  u l t l m� te 

sc h i zogony ; e t  p re s e n t  i t  I s  no t known how f r eq u e n t l y  s u c h  ep i sod es 

occu r .  Th� l l ke l  i hvod o f  Cl r urn l na nt l ng e s t l n@ a s i g n i f i ca n t  n um b e r  of 

s po rocysts  m�st d ep en d  on  severa l factors i nc l ud i ng the pop u l a t i on 

den� i ty a n d  d i s tr i b u t i on o f  the d ef i n i t i ve hos t ,  the pop u l a t i o n dens i ty 

a n d  ma nagement of t h e  i ntermed i a te host , t h e  d i et of  the d ef i n i t i ve host , 

the  conce n t rat i on o f  s poroc y sts i n  i ts f aeces and  t h e  s u rv i va l  o f  s po re­

cysts  on p a stu r e .  A l t houg h i t  has been shown by va r i ou s  wo rke r s  t ha t  

l a rge n umbers  o f  spo roc ysts ca u se dea t h  o r  severe i I l ness  a n d  a bo r t i on s  

i n  p r eg na n t  a n i ma l s , n o  attemp t h a s  been ma d e  to esta b l i s h  the  m i n i mu m  

n u mber of spo rocy sts necessa ry to p rod uce these  r e s u l t s .  T h e  c a u se o f  

most o f  t h e  a bort i on s  that occ u r i n  catt l e  a n d  s heep eac h y ea r  i n  New 

Zea l a n d  i s  not know n ; the i mporta nce of  Sarcocystis spec i es i n  t h i s  

context u rg ent l y  need s i nvest i ga t i on .  Low doses o f  sporocysts  u s ua l l y  

res u l t  i n  on l y  m i  I d  i l l n es s ;  howev e r ,  recovery ma y b e  a ccompa n i ed by 

s t u nt i ng ( see C ha p te r  9 ) . The  pos s i b i I i ty t h a t  s u bc l j n i ca l  d i sea se  

ca n b e  c a u sed by ' na t u ra l l ev e l s o f  i n f ec t i on '  cou l d  be of  con s i d e r a b l e  

econom i c  i mporta nce . 

I n  o rd er to d e f i ne the i mporta nce o f  sa rcocy sto s i s  a s  a c a u s e  o f  

bot h  c l i n i ca l  a n d  s u b -c l i n i ca l  d i sea se I n  f a rm a n i ma l s , i t  w i  1 1  be 

necessa ry  to deve l op mo re e f f i c i en t  d i ag no s t i c  tec h n i q ues  than  a re 

a va i l a b l e  a t  p resent .  Sero l og i ca l tes ts s u c h  a s  t he HAT a n d  I FAT , 

a l thou g h  ca pa b l e  o f  d emonstra t i ng r i s i ng l ev e l s  of Sarcocys ti s  a n t i ­

bod i es ,  have  yet to be show n  to be e i ther  g en u s  or spec i es spec i f i c .  

Pe rha p s a b i ochem i ca l test , a b l e  to show that  d amag e  ha s occ u r red to 

e ndothe I i a I ce 1 1  s or that  muse  I e f i b res h a ve been i nvaded , w i I I p rove 

to be mo re usef u l i n  d i ag no s i s  of  a cute d i sea se  tha n sero l og i ca l tests . 

I f  sa rcocystos i s  p roves to be an  i mporta n t  ca u s e  o f  econom � c  l os s  
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on f a rms i t  w l  I I be  n e � e s s a r y  to d ev l s' mea s u r es for  I ts �on tro l . 

Som� red uct i on I n  t h e 1 1 rava l €lnce o f  l n f ec i- l c n  I n  o n l ma ! s  on � 

p a r t i c u l a r f a rm m l g l 1 t  p� ac h i eved by the extjirrn l na t l on o f  f ere l c a t s  

a nd ca r�f u l  f oed l ng o f  domest i c  ca ts a n d  wor k i ng dog s ,  b u t  t o  con tro l 

sa rcoc y s tos l s  I n  a l  I New Zea l a nd ' s fa rm a n i ma l s  by s u c h  mea ns  I s  

p roba b l y  I mp ract i ca b l e . An  a l terna t i ve a p p roach  may ! l e  i n  i mm u n ­

i sa t i on .  T he I ntermed i a te host u n doubted l y  mou nts a n  i mmu ne res po nse 

to Sarcocys tis i n f ect i on ;  whether or  not the  a n t i bod i es p rod uced a re 

p rotec t i ve ha s yet to be esta b l i s hed . S tu d y  o f  the dog : goa t sp . ( s ee 

Cha p ter  9 )  revea l ed a ce l l u l a r res ponse to the  sa rcocysts  I n  m u sc l e 

f i b res . Fu rther s t u d y  of t h e  deve I opment of  Sar•cocys tie s p ec 1 es 1 n both 

l a boratory a n i ma l s  a n d  rum i n a n ts w l  I I be necessary  to d eterm i ne t h e  

i mporta nce o f  host res i sta nce I n  sa rcocystos l s  and  w hether or  not i t  

c a n be a rt i f i c i a l l y  s t i mu l ated . 

I n f ect i on of goa ts w i th the  dog : goat sp . cou l d  se rve a s  a u s ef u l  

exper i me n ta l mode l f o r  other r um i na n t  I n f ect i on s . I n  G i rcumsta nces 

w here there a re no f ac i  I i t i es for r ea r i ng a n d  ma i nta i n i ng s p ec i f i c  

p a thogen - t ree a n i ma l s  i t  I s  necess a r y  tha t convent i o n a l l y rea red exper­

i menta l a n i ma l s  a re kept i n  a n  e n v i ronment that  i s  p red i cta b l y  f ree of  

I n f ect i v e s po rocy sts .  I n  New Zea l a nd i t  wo u l d  be d i f f i c u l t  to f i nd a n  

a rea re i i a b l y f ree o f  sporoc y sts o f  ca tt l e  a n d  s heep s p ec i es ,  so that  

extra n eo u s  i n f ect i o n  i s  I i a b l e  to camp i i ca te exper i me n ts i nvo l v i ng 

t hese s pec i es .  The I i m i ted d i str i b ut i on o f  f era l a n d  f a rmed goats i n  

t h e  cou n try a n d  hence o f  dog : goa t s p . sporoc ysts mea n s  t h a t  i t  s ho u l d  

b e  pos s i b l e  to carry  o u t  exper i ments  on goa t s  i n  both l aboratory a n d  

f i e l d  con d i t i on s  w i th I i tt l e  r i s k o f  ext ra neo u s  i n f ec t i on .  I n  these 

c i rc umsta nces resea rc h on Sarcocys tis i n  goat s  i s  more  I i ke l y  to y i e l d  

worthwh i l e i n f o rma t i on o n  r um i n a n t  sa rcocystos i s  than  com p a ra b l �  s t u d i es 



on sheep a n d  catt l e .  

The  study  o f  Sa�cocys tis  i s  now e nter i ng a per i od of  con so l ­

i da t i on a f ter the ra p i d  exp a n s i on of i nterest tha t  f o l l owed the 

d i scovery of the  I i fe cyc l e  i n  1 9 7 2 .  T h e re i s  I i tt l e  dou b t  tha t t he 

u n i q ue f e a t u res of  th i s  g e n u s  a n d  the m u l t i p l i c i ty o f  s pec i es w i  I I 

en s u re these o rga n i sms  a re the  s u bj ects o f  veter i na ry resea rch f o r  

a l on g  t i me to come . 
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APPEND I X  

TABLE 

�PEC I E$ OF SARCOCYSTIS I N  WH I CH TRANSM I SS I ON BETWEEN HOSTS 
'HAS BEEN REPORTED 

-- -

w ho l e  I . e .  � t ra n sm i ss i on t h ro ug h  the com p l ete I i fe cyc l e  shown 

i . e .  i ntermed i a te to def i n i t i ve host a n d  then to a 

secon d i ntermed i a te host o r  f urther . 

p a rt  I . c .  = transm i ss i on f rom i ntermed i a te to def i n i t i ve host  

I ntermed i a te 
host ( l . h . ) 

on l y .  

de f i n i t i ve 
host ( d .  h . ) 

Domest i cated spp. 

Ox 
Bos taurus 

Ox 

dog , 
Canis fami l­
iaris 
C. la trans 
C .  lupus 
Vulpes vul­
pes 
Procyon 
lo tor? 

ca t ,  
Fe lis catus 

transm i ss i on 
ach i eved 

w ho l e  
I . c .  

w ho l e  
I . c .  

ref erences 

Heydorn  & Romme l ,  1 97 2a 
Suten a n d  Coman ,  1 97 3  
Fayer , 1 974 , Fay e r  & 
J ohnson , 1 97 5a 
Du bey & Stre i te I , 1 976  

Heydorn  & Romme l ,  1 97 2a 
S uten & Coma n ,  1 97 3  

1 76 

Mg rku s ,  K i  I l i c k-Kend r i c k & 
Ga r nham ,  1 974 
Du bey & Stre i te l , 1 976 

Ox ma n ,  w ho l e  Romme l & Heydo rn , 1 9 72 
Homo sapi- I . e .  Heydorn , Gestr i ch & 
ens J a n i tsc h ke ,  1 976  
Macaca Heydorn , 1 977a 
rhesus 
Papio cyan-
acepha lus 



APPEND I X  TA9LE 1 con t l h ued 

l nt§:lrmed ! e te 
ho st ( I .  h . ) 

S he�p 
Ovis aries 

S heep 

def i n i t i ve 
host ( 9 ,  h . ) 

dog 
V. vulp es 

ca t 1 

S heep cat 2 

Goat dog 
Capra hiraus 

Bu f fa l o  dog 
Buba lus 
buba Us 

B u f f a l o  cat 

Horse dog 1 
Equus aaba l lus 

Horse dog 2 

P i g  dog 
Sus sarofa 

P i g  cat 

P i g  ma n 

tra n sm l �� l on 
ac h i eved 

'!Vho l e  
I . e .  

p art I . e .  

pa rt  I . e .  

who l e  I . e .  

part I . c .  

Pa rt I . c .  

part  I . e .  

part  I . e .  

pa rt I . c .  

who I e I . c . ?  

who ! e I . c . 

1 7 7 

Ford , 1 9 74 
Munday & Corbou I d , 1 974 
Munday  & R i c �qrd , 1 974 
Romme l et al . ,  1 974  
Dubey & Stre i te l , 1 976  
Munday ,  1 976 
Ash ford , 1 97 7  

Romme l ,  Heydorn & Gruber , 
1 9 72 
Meh l horn  & Scho l tysec k ,  
1 9 74a 
Mu nd ay & R i c ka rd , 1 9 7 4  

See C ha p ter 5 

Co I I i ns & C raw ford , 1 9 78  
See C ha pter s 7 & 9 .  

D i ssana i ke e t. .  a l . 1 97 7  
D l ssa na ( ke & Kan , 1 9 78 

D i s sa na i ke e t  al . ,  1 97 7  

Romme l & Ge i se l , 1 97 5  

D u bey e t a l . ,  1 97 7  

Romme l e t  a l . ,  1 97 4  

Go l u b kova n & K i s l  i a koya , 
1 9 74 

Romme l & Heydor n ,  1 9 7 2  
Heydorn , 1 9 7 7  

· 

Heydorn & l pc zy n s k i ,  1 97 8  
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I n termed i a te 
ho s t  ( i .  h . ) 

Domes t i c  fow l 
Ca l l us domes ­
tiaue 

d e f i n i t i ve 
host ( d .  h .  ) 

dog 

Non -domest i ca ted spp . 

Gra n t ' s  
g a ze 1 1  e 
Gaze l la 
gran ti 

Gra n t ' s 
g a ze 1 1  e 

Mu l e  d ee r 
Odocoi leus 
hemionius 
hemionius 

E u ropea n 
ra b b i t  
Orya to lagus 
cunicu lus 

Cottonta i I 
r a b b i t  
Sy lvi lagus 
floridanus 

Cottonta i I 
ra b b i t  

Ra t 
Rat tus 
norvegicus 

Ra t 
R . fuscipes 

dog 

cat  

coyote 
C. la trans 

cat  

cat  

raccoon 
Procyon 
l o tor 

cat 

sna ke 
More lia 
spi lo tes 
variega ta 

t r a n sm i s s i on 
ac h i eved 

p a r t  I . c . 

part  I . c .  

pa rt I . c .  

who l e  I . e .  

p a r t  I .  c .  

p a rt I . c .  

pa rt  I . e .  

w ho l e  I . e .  

p a rt I . c .  

1 78 

re f e re nces 

Munda y ,  H ump hrey & K i  l a ,  
1 9 77  

J a n i t sc h ke ,  Protz & 
\'/er n e r ,  1 9 7 6  

J a n l t s c h ke , Protz & 
We r n e r ,  1 9 76 

H u d k f n s  & K i stn e r ,  1 9 7 7  

See C ha pter 7 

Crum & Prestwood , 1 9 7 7  
Fay e r  & Kra d e  I ,  1 9 7 7  

Crum & Prestwood , 1 97 7  

A s h f o rd , 1 9 7 8  

Rzepcy k ,  1 97 4  
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I n termed i ate 
host { i .  h . ) 

Ra t 
R. orienta lis 

Mouse 
Mus muscu lus 

Mo use 

Vo l e  
Micro tus 
arva lis 

Vo l e  

Cowb l rd 
Mo lo thrus 
g rack l e  
Cassidix 
mexicanus 
Quisca lus 
quiscula 

Duck  
A nas acuta 

a ter 

def i n i t i ve 
host ( d , h . )  

snake 
Py thon 11e t­
icu latus 

cat 

ow l 
Ty to novae­
ho l landiae 
T. a lba 

kest re l 
Falco 
tinnuncu lus 

Wea se l  
Mus te la 
niva lis 

opossum 
Dide lphis 
virginiana 

opossum 

transm i ss l pn 
ach i eved 

who I e I . G .  

who I e I .  c .  

w ho l e  I . e .  

w ho I e I .  c .  

w ho I e I . c .  ? 

part I . c .  

part I . c .  

references 

Zaman a n d  Co l l e y �  1 9 7 5,  

Ru l z  a n d  Fre n ke l , 1 9 76 
Sm i th and  Fren ke l , 1 978  
McKenna  { pers . comm . ) 

Cerna , 1 9 76 
Mund a y ,  1 9 7 7  

1 7 9 

Cerna and  Louc kova , 1 9 76 

Tad ros & La a rma n ,  1 9 7 5  

Duszy ns k l  & Box , 1 97 8  

Dus zyn s k i  & Box ,  1 97 8  



$Q.l'COC1fJ. til l ength 
spec I es ( l'eng e >  \l m 

dog : ox 1 3 . 9  - 1 7  . o  
1 4 . 8  - 1 7 . 3  

1 2 . 7 - 2 1 . 6  

1 4 . 2  - 20 . 6  

1 4 . 0  - 1 7 . 0  

coyote : ox 1 3 . 3  - 1 7 .  1 

f ox : ox 1 5 . 3 - 1 6 . 9  

wo l f : ox 1 4 . 6 - 1 6 . 9  

dog : s heep 

1 3 . 1 - 1 6 . 1 

1 4 . 0  - 1 5 . 4  

1 3 . 0  - 1 5 . 0  

dog : weter 1 5 . 0 - 1 6 . 0  
buf f e l o  

1 5 . 0 - 1 6 . 0  

dog : goet 1 2 . 5  - 1 5 . 0  

dog : horse 1 5 . 0 - 1 6 . 3 

dog : hor se 2 1 1 . 0  - 1 3 . 0  

dog : p l g  1 0 . 8  - 1 3 . 8  

dog : domes t l c  1 0 . 0 - 1 3 . 0  
fow l 

cat : ox 1 0 . 8  - 1 3. 9  

1 2 . 5 - 1 3 . 8  

1 1 . 0  - 1 4 . 9  

1 1 . 0  - 1 4 . 0  

cat:  sheep 1 0 . 8 - 1 3. 9  

1 0 . 5  - 1 4 . 0  

9 . 8  - 1 2 . 4  

cat: weter 
b u f f a l o  

cet : p l g  1 3. 0  - 1 4 . 0  

APPEND I X  2 

TABLE 

�llSICWil tl!U �,.g�!!!ldtiJI+ gav.J,.og 
�W''t'� 1 ca_t•d J rtruu�d.L9.!-' host' 

w l d t� me�n 11"' na 
( ra ng e >  u m  

6 , 2  - 1 0 . 8  1 5 . 9± 1 . 0  X 8 . 3i 1 . 1  50 

8 . 7  - 9. 9 1 6 . 0  X 9 . 8  20 

9 . 2  - 1 4 . 6  1 5 . 2  X 1 0 . 0  

9 . 2 - 1 2 . 8  1 5 . 7  X 9 . 9  20 

8 . 0  - 1 0 . 0 1 5 . 0  X 9 . 5  27 

9 .  5 - 1 1 . 4  1 5 , 7  X 1 0 . 6  49 

1 0 . 0 - 1 0 . 8  1 6 . 0± 0 . 6  X 1 0 . 4 ±  0 . 4  1 5  

1 0 . 0  - 1 0 . 8  1 6 . 2 ± 0 . 8  X 1 0 .  7± 0 . 2  1 0  

1 5 , 0  X 1 0 . 0  

1 4 . 0  x 9 . 0  e p p rox 

1 4 , 7  X 9 . 0  

8 . 5 - 1 0 . 8  1 4 , 8± 0 . 8  X 9 . 9± 0 . 7  1 00 

7 . 7 - 1 1 . 2  1 4 . 7 x 9 . 0  30 

about 1 4 . 7  x 9 . 0  

9 . 0  - 1 0 . 0 1 4 . 0  X 9 . 2  1 1  

1 5 . 0  X 1 0 . 0  

9. 0 - 1 0 . 0 

9 . 0 - 1 0 . 0  

8 . 0  - 1 0 . 0 1 3 . 5 X 9 . 3  2 5  

8 . 3 - 1 1 . 3  1 5 , 2± 0 . 4 4 X 1 0 . 0±0. 34 

7 . 0  - 8 . 5 1 2 . 0±0. 5 X 7 . 9±0 . 5  60 

9 . 2  - 1 0 . 8  1 2 . 6±0 . 6  X 9 . 6±0 . 5  50 

7 . 3 - 8 . 5  1 1 . 5 x 8 . 3  

6 . 9 - 9 . 3 1 2 . 5±0 . 8  X 7 , 8±0 . 6 50 

9 . 2  - 9 . 5  

8 . 2 - 1 0 . 4  1 2 . 9  X 8 . 7  50 

8 . 0  - 1 1 . 0  1 2 . 4 x 8 . 5  77 

7 . 7 - 9 . 3 1 2 , 4±0 . 8  X 8 , 5±0 . 5 50 

8 . 0 - 9 . 7  1 2 . 4  X 8 , 7  70 

6 . 2 - 8 . 0  1 0 . 9  X 6 . 8  

1 2 . 5  X 8 . 0  

1 3 . 0  X 8 . 0  

7 . 0  - 8 . 0  1 3 . 0  X 8 . 0  
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IQ 

Ref erencQ 

Heydorn e nd RQI!'tl\8 1 1 9721J 

Mehrt 1 97 3  

Suten & Comen 1 973 

Feyer 1 97 4  

Oubey & S tre l te l  1 976 

Feyer & Johnson 1 9 75 

Romme l  et  at 1 974 

" 

Ford 1 974 

IAundey & Courbou l d  1 974 

Mundey & R l c ke r d  1 9 74 

RorMle l et a t  1 974 

Munda y ,  Barker & R l ckard 1 9 7 5  

Oubey & Stre 1 te l  1 9 76 

Munda y 1 9 76 

D l ssene l ke et at 1 9 7 7  

O l ssane l ke & Kan 1 978 

Co l ! I ns & Cre w f ord 1 978 

Romme l  & Ge l se l  1 97 5  

C'ubey et  at 1 97 7  

Romme l  et at 1 9 74 

Munday ,  Humphrey & K i  l a  1 97 7  

Heydorn & Romme l  1 972e 

Suten & Coman 1 9 7 3  

Ma rku s ,  K l l l l c k-Kend r i c k  & 
Garnham 1 974 

Oubey & Stre l te l  1 97 6  

Romme l ,  Heydorn & Gruber 1 9 72 

Meh l horn & Scho I tyseck 1 97 4  a 

Munday & R l ckard 1 974 

D 1 ssana l ke et  al 1 9 7 7  

Du bey 1 97 6  
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llzfooe:!�lltill ! eng th w l dtl] f!\IIOn 11 111 n• ��Jference 
spec ies ( renqel 11 "'  ( ri' ng e l  IJ III 

- -.-

lnan : ox 1 4 , 7  X 9, 3 50 ROI!f!le l 4 Heycjorn 1 972 

baboon : ox 
(men : ox sp.  l 1 4 , 2  X 9 . 6  1 5  Heydorn, Gestr l q h  & J e n 1 tschke 1 976 

rhesus monkey : 
1 4 , 9  X 1 1 . 0  1 6  " 

ox 
( men : ox sp , l  

me n :  p i g  1 2 , 6  X 9 . 3  1 33 Romme l  & Heydorn 1 972 

1 1 . 6  - 1.3. 9 1 0 .  1 - 1 0 . 6 1 3, 5t0, 5 X 1 0 . 510 . 4  50 Heydorn 1 977 1> 

APPENDI X 2 i'ABb� 2 
seoroc�st s i zes - seec l es tbst dttv e l o� I n  

non-domest i cated l ntermed l�te hosts 

dog : grent 1 !  1 2 . 6  • 1 8 . 0  8 , 4  - 1 2 . 0  1 6 , 1 t 1 . 4  X 1 0 . 6t 1  , o  1 00 J e n l tschke, Protz & Worner 1 976 
gl!le l l e  

coyote r mu l e  deer 1 4 , 4  X 9 . 3  80 Hud k l ns & K l stner 1 977 
cet : g ren t ' 5 1 (), , - 1 � . 6  8 , 4  • 1 2 , Q  1 ) . 2t l . 2  x 9, 2to . e  100 J o n l tschke, Pro1 J & Werne� 1 976 
ga ze l l e  
cat:rnous!l 8, 7 - 1 1 . 7  7 . 5 - 9 . 0  1 0 . 3  X 8 . 5  40 Ru l z  & frenke l 1 076 

1 0 . 8  X 7 . 8  20 Sm i th & Frenke l 1 976 

cat : rat < R . n l  1 0 , 5 X 7 . 9  50 Ash ford 1 978 

cat : cottonta l I 1 3. 2  8 . 8 - 1 1 . 0  1 3 . 2  X 9 . 7  1 5  Crum & Prestwood 1 977 

rabb i t  

1 3. 0  - 1 6 . 7  9 .  3 - 1 1 .  1 1 3 . 6  X 9 . 4  5 5  Fayer & Krade I 1 97 7  

raccoon : cotton- 1 1 . 1 - 1 4 . 4  6. 9 - 1 1 . 1  1 2 . 8  X 9. 1 30 Crum & Prestwood 1 9 77 

te l l  rabb i t  

ow l :mouse 1 1 . 0  - 1 4 . 0  6 . 0  - 1 1 . 0  Cerna 1 976 

kestre l : vo l e  ( 1 3 . 0  - 1 4 . 0 ) ( 1 0 . 0  - 1 1 . 0 )  Cerna & Louckove 1 976 

sne ke : ret 9 . 6  X 6 . 6  Rzepczyk 1 974 

(R. �oipes) 
snake: ret e. o - 1 1 .  o 7 . 0  - 1 0 . 0  9 . 1 X 7 . 7  25 Zaman & Co l l ey 1 97 5  

(R.oritmtaliB) 
oposs� : cowb l rd ,  1 1 . 0  - 1 2 . 0  1 . 0  - e . o  2!! Ouszynskl & Box 1 976 

grack l es 

oposs um : d uc k  1 0 . 0  - 1 2 . 0  7 . 0  - 9 . 0  1 1 . 2  X 8 . 2  2 5  " 
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APPEND I X  3 

Re�gents u sed I n  S e ro lpg� 

a .  Phospha.}e b u f f ered sa I i n e  ( PBS ) 

Na2HP04 1 .  20g 

NaHl04H20 0 . 22g 

(or  NaH
zP042H

2
0 >  ( 0 . 25g ) 

Nac l 8 . 5g 

H
2

o to 1 000m l 

b .  A I  seve r ' s so l ut i on 

dextrose 20 . 50g 

sod i um c i trate ( d i hyd ra te )  8 . 00g 

c i t r i c  ac i d  ( monohyd rate ) o .  55g 

sod i um c h l or i de 4 .  20g 

d i st i I I ed water to 1 000m l 

Fo r use m i x  I :  I w i th w ho l e  b l ood  

c . Ca l c i um �agnes i um sa I i n e  ( CMS ) 

Na c l  8 .  5g 

MgC I
2

, 6H
2

0 0 .  1 g  

CoC I 2 , 2H
2

o 0 . 04g 

d i st i 1 1  ed water to 1 000m l 



APPEND I X  4 

METHODS USgD I� THE RECOVERY, CLEAN I NG1 COUNT I NG AND MEAS UREMENT 

OF SPOROCYST$ 

a .  Extract i on o f  sporocysts f rom faeces 

( i )  S i ev l ng a n d  wa sh i ng 

The f a eces we re m i xed w i th app rox i ma te l y  f i ve  t i mes the i r 

vo l u me of water i n  a b l ender  for 2 m i n u tes at  l ow speed , s i eved 
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( mesh  apertu re 0 . 5mm )  a nd the I i q u i d  reta i ned . The s i eve depos i t  wa s 

resu sp ended I n  water i n  the b l ender a n d  r�s l eved J the  I ! q u i d  was 

reta i ned . TMe s i eve d@pos i t  was then wa s he.d I n  the s l ev� u nt l I the 

I i qu i d came t h roug h c l ea r ,  then the d epos i t  wa s d i sca rqed , The  

accumu l ated s i eved wa sh i ng s  were a l  ! owed to sed i ment  for 24 hou rs  a t  

0 
4 C ,  and  the sup ernata n t  wa s d i sca rded . The depos i t  was resu spended  

i n  water and  sed i menta t i on repeated . A f ter separa t i on f rom the  super-

nata n t  the  depos i t  was cent r i fuged a t  2000g for  5 m i nutes a nd f u rther  

supernata nt d i sca rded . 

( I  i )  F l oa ta t i on 

The d ep os i t  i n  the centr i f uge  f l a sks was resu spended  i n  f l oa t-

a t i on I i q u i d ( NaC I a qu eou s so l u t i on ,  S . G .  1 . 2 )  a nd centr i f uged  at  2000g 

for  5 m i n utes . The su rf ace l ayer wa s remov ed i nto a f l a s k  by v acuum  

a nd reta i ned . The p rocesses of suspens i on ,  centr i f ugat i on a n d  

co l l ect i on were ca rr i ed o u t  th ree t i mes on  eac h samp l e  o f  f aeces a n d  

then the contents of  the cen tr i f uge  f l a s k  were d i sca rded . T hese proc� 

edu res y i e l ded  a p repa rat i on that wa s c l ean  enoug h to be exam i ned 

d i rect l y  for  sporocy sts a nd i f ,  necessa ry , a p p rop r i a te l y  d i l u ted for 

t ra n sm i ss i on stu d i es .  

When a sma l I amou nt  of f aeces wa s exam i ned , f l oa ta t i on wa s 

car r i ed out i n  a l OOm !  g l a s s  tu be a n d  sporocysts were co l l ected by 
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p l ac i ng a cov e r  s i  i p  on the top o f  the u p r i g ht t u b e  i n  conta c t  w i th t h e  

s u r f a ce f i l m ,  remov i ng l t  � f te r  5 m i n u t�s a n d  p l a c i ng l t  on a m i c ro-

scope s i  i d ® f or ex am i nat i on .  

I f  sporoc y s t $  w�re to be s tored g r  measu red the f g l  ! ow i ng 

a d q i t l on a l � rece s se s  were u sed : 

( i i I ) 

T he sporoc y s t  p repa ra t i on ,  obta i ne d  a s  a bov e ,  wa s res u s p e nd e d  

i n  a t  l eq st t e n  t i m e s  I ts own vo l ume o f  wa te r a nd s u b j ec ted t o  c e n tr -

f ug a t i on a n d  f l oa t a t i on once a s  descr i bed a bove . T h i s  p roces s  resu l t-

ed i n  a p rep a ra t i on su i ta b l e  f or storag e .  S porocysts we re stored i n  
0 

ta p water a t  4 C .  

( i v )  C l ea n i ng w i t h ca rbon tet rac h l o r i d e  

To obta i n  sp o rocy s t s  re l a t i ve l y  f ree of d e b r i s , l m l of c l ea ned 

sp oroc ysts , 25m l f l oa ta t i on I ! qu i d and 3m l c a r bon tet rach l o r i de were 

s h � ken tog ethe r  for 5 seco nd s i n  a g l a s s  tube then centr i f ug ed at 

2000g f or 5 m i n u te s .  The � p o rocy sts were ha rv ested f rom the s u rf ace 

f I I m.  

b.  Cou nt i ng sporocys ts i n  f a eca l prepa r a t i o n s  

The p rep a ra t i on wa s m a d e  up t o  a known vo l ume w i th tap  wa te r 

q n d  t h e n , wh i 1 st m i x i ng the so l u t i on ,  a sma l l sam p l e  w a s  removed by 

p a st e u r- p i p ett� a n d u sed to f i  I I one c hamber of a h a emoc y tomete r . 

A f te r  q l  l ow i n� the contents to sed i me n t  f o r  two m i n u te s  the sp oroc y � t s  

w e r e  cou n ted i n  a l  I the 9 x 1 2mm a rea s .  Ten  samp l es of  ea�h P, repa ra t i on 

were cou n ted . T he tota l num b e r  o f  sporocy s t s  i n  t h e  p re p a ra t i o n wa s 

est i mated u s i ng the f o rmu l a :  

tota l sporoc ysts = V ( 1 0, 00 0  x X )  
9 

w here V = v o l ume of p r ep a ra t i on 

X =  mea n n umber of s p o rocysts p er samp l e  
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c .  f-1easu r�'l!t1n� o f  seo roc;t,.s,ts 

S pqree y � t s ! p P�pa r�q a n d  c l e� n ed g s  d � s� r l p�d �bov a ,  were 

me� � u r ed , i n  water . I n  both axes ( ma x i mum l ength  a nd w t d t � )  w i th � 

m i c rometer eyep i ece at 400 x m ag n i f i ca t i on .  O n l y  s p o r9cy $ t s  l y i ng 

w i t h t he i r  l ong i tu d i na l  ax i $  p a ra l l e l  to t h e  p l a n e  o f  t h e  ? I  l d e were 

mea su red . S i ze s  o f  s p o roc y s t s  were exp ressed a s  t h e  r a ng e .  mea n a nd 

sta n d a rd d ev i a t i o n  o f  t h e  l e n g th of ea c h  a x i s .  

d .  Exam i na t i on of  the sma 1 1  i ntest I ne f or sporocys ts 

The sma I I i n test i ne wa s opened a I o ng i ts e n t i re I eng t h  a nd 

t h e  m u cosa s c r a p e d  of f .  T h e  scrap i ng s  were d i g ested I n  1 p e r  c e n t  

sod i um hypoch l o r i te so l u t i on f o r  3 0  m i n u tes a t  0
°C .  T h e  s u s p e n s i o n 

wa s centr i f ug e d  a t  2000g f o r  5 m i n u tes a n d  t h e  s u p e r na ta n t d i s c a r d e d . 

T h e  d epos i t  wa s wa s hed tw i ce w i th PBS b y  c e n t r i f u g a t i on t h e n  exam i n�d 

at 400 x f o r  spo roc y s t s . 
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APPEND I X  5 

F I GURE 1 

NAME 

DATE 

ADDRESS t I I I t I ' I t I ! p � I I f I t I • I I I I I I I f I � f � I 

. . . . . . . . . . . . . . . . . . . .  ' . . . . . I I I I t t I I I I I I I I I I I I I I I I I I I , I I f, f I I I 

OCCUPAT I ON . . . . . . . . . . . . . . . . . . .  . t I I I I I I I I I .  I I I I I t  I I I I '  I I I I I I I I I I I 

1 .  Have you s een fera l cats ( o r s i g n s  of cats d ro p p i ng s ,  t ra c ks , etc . ) 

I n  a rea s w here you work o r  I n  a rea s v i s i te d  d u r i ng rec r ea t i on ?  

< c i rc l e  one ) 
Y ES /NO 

P l ea se g i ve d eta l I s  of s i ght i ngs on next page 

2 . Have y o u  s een a n y  s i g ns to s how t h a t  cats a re b reed i ng I n  the w i  I d , 

e . g .  k i tte ns o r  p reg na n t  f ema l e s ?  

( c i rc l e  one ) 
YES /NO 

I f  YES , p l ease a d d  a B to t h e  re l eva n t  s i g h t l ng ( s )  on t h e  next paQe 

3 .  Have you s een f era l cats  f ee d i ng o n  the rema i ns o f  � 

( t i c k f o r  " ye s " ) 

S h ee p  

P i g s 

Dee r  

Other 
An i m1;1 l s  

G i ve 
Deta i I s  

4 .  Do you th i n k t ha t ,  i n  t h e  a rea s you f req u e n t ,  f era I cats q re -

mo re common l ess common don ' t  k now ( c i rc l e  on e )  

t h a n  they were 5 y ea r s  a go? 

5 .  Have you a ny f u rt h e r  comments o n  f era l c a t s ?  



I have seen cats a t :  
( g i ve a p p rox i ma te l ocat i on ,  ma p ref erence 
i f  know n )  

g ra s s  I a n d  

1 .  

2 .  

3 .  

4 .  

5 .  

tussock 

fype of Cou ntry 

scr>�Jb nat i ve 
bush  o r  
forest 

p l an ta t i 0n 

APPEND I X  5 F J G:URE 2 QUEST I ONNA I RE PAGE 2 

D i stance .fran hleare.st 
Permanent Human hlab.i taT:i'Gll11 

u p  to 
2 ' km. 

2- 1 0  
.km . 

" 

over .�km'' -t 
'lO !km- kmD,w 

·CO 
-..J 



APPEND I X  5 TABLE 1 

FERA L CAT SURV EYj NEW ZEA LAND GOVERNM�NT 
ORGAN I SAT I ONS THAT QI�TR I BUTED 04ES,T I O��A I RES  TO  THE I R  STAFF  

Ag r i cu l tura l Pests Dest ruct i on Cou nc i I 

An i ma l  Hea l th D i v i s i on ,  M i n i s try of  Agr i c u l ture and  F i sher i es 

Department of  La nds  and  S u rvey 

Eco l ogy  D i v i s i on ,  Department of I n d u s tr i a l a n d  Sc i ent i f i c 
Resea rch 

Nat i ona l Pa r k  Boa rds  

New Zea l a n d  Forest Serv i ce 

W i  l d l l f e Serv i ce ,  Department of I nte rna l A f f a i rs 
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