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ABSTRACT 

Recent advances in knowledge about the sporozoan genus 

Sar c o c y s t i s  ( Protozoa : Api complexa)  are reviewed and 

studies on the production , excystation and viabil ity o f  

sporocysts o f  Sarco cy s t i s  gi g an t e a 3  undertaken .  

I nves tigation of a sedimentation/ floatation procedure 

for the mas s  recovery of S .  g i g an t e a  sporocysts from cat 

faeces showed that the greatest yields were obtained 

when a proportion of faeces to floatation medium of 5 %  

and a centri fugal force o f  6 0 0 0  x g for at least 5 min 

were used . Ninety- s ix percent of the sporocysts recov

ered were obtained from the first centri fugation in 

aqueous NaCl solut ion , specific gravity 1 . 2. Although 

neither s i eving nor addi tional washing o f  homogenised 

s amples prior to floatation s ignif icantly affected 

sporocyst recovery both reduced the amount of debris 

present . A cons iderable reduction in the amount of 

debris resu lted from feedi ng infected cats on tinned 

f i sh rather than tinned meat . The addition of cc14 to 

the NaCl solution also improved sporocyst purity but 

with a marked reduction in the numbers recovered . 

i 

A technique for determining the concentration of sporocysts 

in faeces ,  using a mod i f ication of the mas s  recovery 

procedure and a haemocytometer , was deve loped . Thi s  was 

shown to be more accurate and reliable than the McMaster 

method for performing faecal sporocyst counts . I t  

resulted in a mean sporocyst recovery of 7 5 . 5 % and was 

used to obtain informat..i.Gn-abetl terns of sporocyst 

excretion and numbers of S. g i g an t e a  sporocysts shed by 

28 experimentally infected cat s . 

I n  all c at s , sporocyst excretion commenced 1 0  or 1 1  days 

post- i n fection ( P I ) . Peak production occurred between 1 3  



and 2 2  days P I , in most instances on days 1 7  and 1 8 . 

Peak numbers ( rounded ) ranged from 5 5 0  to 2 6 0 , 0 0 0  (mean 

� 5 3 , 0 0 0 )  sporocyst s  per gram of faeces or from 3 8 , 0 0 0  

to 6 . 6 .  mill ion (me an = 1 . 7  mil l ion)  sporocysts per day . 

The number of days sporocyst s  were shed ranged from 2 6  

i i  

to at least 6 0  days PI but i n  2 6  o f  the 2 8  infections 

examined , more than 8 0 %  of the total sporocyst yield was 

produced within 30 days of infection . The total numbers 

o f  sporocysts produced by individual c ats over the patent 

period ranged from 1 6 4 , 0 0 0  to 5 6 . 6  mil l ion (mean = 1 2 . 7  

mill ion ) . The se number s tended to increase with incre as

ing infective do se and to be greater i n  tho se cats receiv

ing multiple rather than equivalent s i ngle doses . Neither 

the sex of the cat , nor experience of one or two previous 

infections , had any s igni fi cant e ffect on the numbers o f  

sporocysts shed . 

Studies on the i n  vi tro excystation o f  S . g i gan tea 

sporocysts revealed that pretreatment be fore expo sure to 

trypsin and b i le was an e ssential pre-requ i s i te .  However ,  

in contrast to S .  tene l l a  and S .  cap racani s ,  incubation 

in cysteine hydrochloride under co
2 

was l argely unsuccess

ful for excysting s. gi gan tea : of the pretreatment s 

tested only exposure to sodium hypochlor ite proved e f fect

ive . 

Excystation from sodium hypochlorite-pretreated S .  g i g antea 

sporocysts took place in trypsin and bi l e  between temper

atures of 3 0 °  and 4 3 ° C  and occurred rapidly at 3 9 ° C .  

While the presence of bile or bile salts was es sential for 

thi s  proce s s , that of trypsin was not although more 

sporocysts excysted in its pre sence than in its absence . 

Excystation o ccurred in the presence o f  all bile types 

tested but not when ' Tween 8 0 ' was substituted for bile . 

The highe s t  leve l s  o f  excystation were recorded when cattle 

or sheep bile or sodium taurocho late were used and the 



i i i  

lowe s t  when chicken or p i g  bile were employed . Ne ither 

the concentration of sheep bile above 2 . 5 % ,  nor hydrogen 

ion concentration ( pH range 5 . 0  to 1 0 . 0 ) appeared to have 

any marked e f fect on the l evel of excystation obtained . 

The excystation proce s s  for S .  gi gan t e a  was s imi l ar to 

that descri bed for other Sarco cy s t i s  species and for 

other coccidian genera that lack sporocyst Stieda bodies . 

Sporoz oites es caped fol lowing the col lap se of the 

sporocyst wal l and its eventual separation into four 

e long ated piece s . 

In v i v o  studies on excystation of S .  g i g a n t e a  indicated 

that this proce ss was , as in v i tro , diphasic involving 

pretreatment and treatment phases . They also tended to 

support i n  v i tro observations that the requirements for 

the excystation of S. g i gan t e a  and S. t e ne Z l a sporocysts 

were quite different . Although the results sugge sted 

that for neither species was the pretreatment stimulus 

l ikely to be provided by cond itions in the rumen alone , 

expo sure to abomas al conditions only , i nduced moderate 

l eve l s  of excystat ion in both when they were subsequently 

treated with trypsin and bi le . For s. gigan t e a ,  0 . 2 5 to 

4 hr abomasal exposure was most effective , for S .  t e ne Z Z a 

2 4  hour s . The stimul i  nece s sary to complete the excysta

tion proce s s  could , apparently , be provided by 1 hr 

p l acement in the duodenum for S. gi g an t e a  but not for 

S .  t e n e Z Z a .  

U sing i n  v i tro excystation a s  a mea sure o f  viabil ity , it 

was found that at 4 ° C ,  s. gi gant e a  sporocysts survived 

considerably better in tap water ( 8 5 %  excystation after 

1 7 4  days ) than in either 2 . 5 % pota s s ium dichromate ( 1 5 %  

excystation after 1 7 4  day s )  or 2 %  sulphuric acid ( 0 % 

excystat ion after 5 days ) . Although they were able to 

re sist 4 8  hr suspens ion at room temperature in most 



l aboratory reagents , d i s infectants and anti-coccidial 

drugs tested , six ( sulphuri c  acid , ammonia , methano l , 

ethano l , potass ium hydroxide , sodium hydroxide , Medo l * ) 

had maj or sporocysti cidal properties . 

Further inve stigation with three of these , showed that 

sporocyst excystation was reduced from 6 5 %  to l e s s  than 

1 0 %  following contact with 2 . 5 % sulphuric acid for 1 hr 

or with 2% ammonia or 4 %  Medol for 4 hours . 

Sporocysts were e ither k i l led , or their abil ity to excyst 

s everely impaired , by heating to 6 0 °  and 5 5 ° C for 5 and 

iv 

6 0  min ,  respective ly ,  by exposure to ultraviolet radiation 

at a dose of 4 0 0 0  ET , or by prolonged storage in water 

at 2 4 ° C .  Sporocysts exposed to either constant or 

intermittent freez ing at - l 8 ° C suf fered a comparatively 

s l ow decl ine in excystat ion rate with time as did tho se 

sub j e cted to de s iccation . The duration of survival of 

des iccated sporocysts was inversely re lated to relative 

humidity and after 2 4 5  days at 3 3 %  RH and temperatures 

o f  1 5  or 2 4 ° C ,  6 0 %  of such sporocysts excysted . 

Studies on the survival of S .  g i g an t e a  sporocysts in faeces 

outdoors showed that , viability declined mo st rapidly over 

the summer months and suggested that they were unl ikely 

to remain infective for more than one year . 

P o s s ible as sociations between the reported f inding s  and 

both the epidemiology of S .  g i g an t e a  infection and some 

o f  the previous unsuccessfu l  or equivocal attempts to 

experimentally infect sheep with thi s  species , are 

d i scus sed . 

*Medo l : 1 6 %  synergi stic mixture o f  five chlorinated pheno l s . 
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CHAPTER 1 

GENERAL INTRODUCT ION AND LITERATURE REVIEW 

1 . 1  INTRODUCT I ON 

Sarcocysts and the banana- shaped zoites they contain , 

first d i s covered in the muscles of mice by Mie s cher ( 18 4 3 )  

and l ater ass igned to the genus Sarc o cy s t i s  by Lanke ster 

( 1 8 8 2 ) , are common in many vertebrate s .  Since the ir 

original discovery , such s arcocysts have been recorded 

in over 1 9 0  species of rept i les , birds and mammal s  ( includ

ing man) from many geographi c  areas ( Kalyakin and Zasukhin , 

1 9 7 5 ) . Despite the ir frequent occurrence (Munday e t  a l . � 

1 9 7 8 ,  1 9 7 9 )  and the ir world-wide distribution , both the 

nature of the se organi sms and the ir means of transmi s s ion 

remai ned a mystery for many year s , until a rather s imilar 

cyst- forming paras ite , Toxo p l asma go ndi i �  was found to be 

part of a coccidian l i fe cycle and to be transmi tted as 

a smal l isosporan oocyst shed in the faeces of cats 

( Overdulve , 1 9 7 0 ;  Hutchinson et a l . � 1 9 7 0 ; Shef field and 

Me lton , 1 9 7 0 ;  Frenke l e t  a l . � 1 9 7 0 ;  We i l and and Kuhn , 

1 9 7 0 ) . Subsequent investigations , involving t i s sue culture 

and transmi s s ion experiment s ( F ayer , 1 9 7 0 ,  1 9 7 2 ; Romme l 

e t  a l . � 1 9 7 2 ; Heydorn and Rommel ,  1 9 7 2 a ,  b ;  Rommel and 

Heydorn , 1 9 7 2 ) , revealed that Sarco cy s t i s  also shows a 

close aff inity with the coccidian genus Is o s p ora and has 

a two-host cycle . Thi s unravell ing of the basic l i fe cycle 

and the new- found abi lity to exper imentally transmit 

infection ,  stimulated considerable further research on 

Sar c o c y s t i s . Over the last decade , thi s  has led to a 

rev i s ion of many of the previou s ly held notions about the se 

par a s ites . Much of the e arlier work has been reviewed by 

Markus e t  a l .  ( 1 9 7 4 ) , Tadros and Laarman ( 1 9 7 6 ) , Dubey 

( 1 9 7 6 ) , Markus ( 1 9 7 8 ) and Col l ins ( 1 9 8 0b ) . 
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I n  thi s  Chapter , recent advance s  in the knowledge o f  the 

genus Sarco c y s t i s  are reviewed and information speci f ic

ally concerning Sarc o cy s t i s  infections in sheep i s  examined . 

Further l i terature relating directly to the experimental 

work described in thi s  the s i s  is reviewed in the appropriate 

Chapters . 

1 . 2  THE GENUS SARCOCYSTIS 

1 . 2. 1  L i fe cycle 

Traditionally , the coccidi a  were considered to be h ighly 

host- spec i f i c  and to paras itise only the inte s tinal tract . 

Thei r  common features were thought to inc lude : l i fe cycle 

in one hos t  ( homoxenous )  , asexual reproduction (merogony 

or schizogony ) within hos t  cel l s , followed by s exual 

d i fferentiat ion ( gametogony) i nto male microgametes and 

female macrogametes that give s rise to oocysts that are 

shed in the faeces . By a proces s  of sporogony or sporula

tion a var i able number o f  sporocysts containing one or more 

sporozoites are formed within the oocys t  which typically 

s erve s  as the only source of infection for all potential 

hosts ( Kheys in ,  1 9 7 2; Levine , 1 9 7 3). 

The li fe cycle of Sarc o c y s t i s  shows a cons iderable 

departure from thi s  ' conventional ' pattern in that it 

follows an obl igatory two-ho s t  ( heteroxenou s )  cyc le with 

s exual reproduction taking place in a carnivorous def initive 

host ( predator or scavenger )  and asexual reproduction taking 

p lace in a herbivorous or omnivorous intermediate prey-host 

( Fig 1 . 1 ) . 

( a )  Infection and development in de finitive hosts 

A number of anima l s  including snakes , owl s , kestre l s , 

ferrets , weasels , s toat s , f i shers , skunks , badger s ,  racoons , 

opos sums , cats , bobcat s , mountain lions , dog s , coyote s ,  



F ig . 1 . 1  

I 
T R AD ITIONAL SA R COCYST I S  SP. 
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Schematic repre sentation of the ' traditional ' or conventional ( homoxenous )  

cocc idian l i fe cycle and that o f  the two-host ( heteroxenous ) coccidian 

Sar c o cy s t i s  sp . For Sar c o c y s t i s  sp . clear area repre sents cyc le in de finitive 

host , cro s s-hatched area cycle in intermediate host 



j ackal s ,  foxe s , wolves ,  monkeys ,  baboons and man act a s  

definitive hos ts for species of Sar c o cy s t i s  ( Levine 

and Tadros , 1 9 8 0 ;  Cawthorn e t  a l . , 1 9 8 1 , 1 9 8 3 ; Dubey , 

1 9 8 2 e ) . Devel opment within the se ho sts i s  restricted to 

the smal l inte stine and is limited to gametogony and 

sporogony : there i s  l ittle evidence of invasion o f  extra

i nte stinal t i s sues ( Rornrnel et a l . , 1 9 7 4 ;  Fayer , 1 9 7 4 ; 

Munday e t  a l . , 1 9 7 5 ;  Rui z  and Frenkel ,  1 9 7 6 ;  Zaman and 

Col ley 1 9 7 5 ;  Dubey e t  a l . ,  1 9 8 2a )  a l though sporocys t s  

o f  S .  cru z i  have been found in the mesenteric lymph node s 

o f  dogs ( Shimura e t  a l . , 1 9 8 1 . 

Infection i s  acquired by inges tion o f  mature s arcocysts 

pre sent in infected intermediate hos t  muscle . Fol lowing 

i ngestion , the banana- shaped zoites ( bradyzoite s )  ( F ig . 1 . 2 ) 

within the s arcocyst are released and , by means of 

succe s s ive thrusts with their anterior ends or after a 

series of spinning rotations ( Dubremetz e t  a l . , 1 9 7 5 ) , 

penetrate the epithel ium of the smal l  intestine . Entry 

into the epithel ium i s  usually through goblet cel l s  ( Ru i z  

and Frenkel ,  1 9 7 6 ;  Dubey , 1 9 8 2 a ;  Dubey e t  a l . , 1 9 8 2a ) . 

Here , or frequently subepithel ia l ly in the lamina propria , 

within a paras i tophorous vacuole , the bradyzoite s  round 

up and begin to differentiate into micro- and macrogamonts 

( Mehlhorn and S choltyseck , 1 9 7 4 ; Markus e t  a l . , 1 9 7 4 ;  

Munday e t  a l . , 1 9 7 5 ;  Dubey , 1 9 8 2 a ;  Dubey e t  a l . , 1 9 8 2 a ) . 

I n  the male gamont there i s  firstly a phase o f  mitotic 

divis ion fol lowed by formation of microgarnetes ( Scholtyseck 

e t  a l . ,  1 9 7 1 , 1 9 7 2 ) . The s l ender microgarnetes ,  e ach 

enclosed by a s ingl e  unit membrane , cons ist of an e longated 

nucleus , a tubular mitochondrion , several microtubules 

and e ither two (Vetterl ing e t  a l . , 1 9 7 3 )  or three (Mehlhorn 

and Heydorn , 1 9 7 9 )  f lagella . Ther e  i s  no nuclear div i s ion 

in macrogamonts and each macrogametocyte , therefore , 

contains a s ingle spherical macrogamete . 

The microgametes are liberated from the microgametocytes 



"' ., 
E ., 
<: 
� " 
E 

., 
;; 
c. 
0 
" 
E 

"' ., "' 
::J 

0 

E "' "' 
c. 
0 .., 
<: ., 

"' 
::J ., 
0 
::J 
<: 

5 

E 
-= 

0.. Ul 
::J 
0 C/J 

·� ., � 
C/J 
� 
� 
() 
� 
N 
13 

Cl::! 
4-1 
0 
Q) 
+J 
·r-1 
0 
N 
� 

"d 
cU 
H 
CQ 

<: 
0 

.., 
<: 
0 
.c N 
0 
0 ..-i 
E 

01 ·r-1 
rx. 



and ferti l i s ation proceeds by fus ion o f  the microgamete 

plasmalemma with that of the macrogamete and the 

subsequent entry o f  the microgamete nucleoplasm into 

the macrogamete cytoplasm ( Sheffield and Fayer , 1 9 8 0 ) . 

The fertil i sed macrogamete ( zygote ) begins to form an 

oocyst wall and commence s sporulation . 

6 

I n  all Sar c o cy s t i s  spp . so far s tudied , sporulation takes 

place within the parasiti sed cell of the definitive host . 

Thi s contrasts with the s ituation in most other species 

of coccidia i n  which oocysts are u sually passed undeveloped 

into the external environment where sporulation is 

completed ( Khey s i n , 1 9 7 2 ; Levine , 1 9 7 3 ) . 

In Sar c o cy s t i s  spp . the f irst sporulation div i s ion results 

in the formation of two densely basophil ic nuclei at 

oppos ite pol e s  of the cytoplasm . These two nuclei then 

divide again , accompanied by f i s s ion of the cytoplasmic 

mas s ,  to form two sporocys t  progenitors .  The third 

nuclear and cytoplasmic divis ion within each sporocyst 

leads to the formation of four sporo zoites and a granular 

residuum (Munday e t  a l . , 1 9 7 5 ;  Mehlhorn and Heydorn , 1 9 7 8 ;  

Colwe l l  and Mahrt , 1 9 8 3) . The comp letely sporulated oocyst 

i s , therefore , of the i sosporan type containing two 

sporocysts each of which contains four sporozoite s ( Fig . 

1 . 3 ) . Although the oocyst wal l  o f  Sarc o c y s t i s  spp . 

cons ists o f  f ive layers ( Vetterl ing e t  a l . , 1 9 7 3 ) , it i s  

very delicate and easily ruptured . Consequently , intact 

oocysts are r arely found.in de f initive host faece s ,  free 

sporocysts bei ng the s tage usua l ly excreted . 

There are s ome variations in the prepatent periods ( i . e .  

the time between infection and the first shedding o f  

sporocyst s )  o f  Sar c o c y s t i s  infections in definitive host s . 

In homoiothermic hosts these are general ly o f  5 to 25 

days duration ( Mehlhorn and Heydorn , 1 9 7 8 ) but i n  poikilo

thermic hos t s  they may extend to 4 or 5 months with low 



Fig . 1 .  3 

sporocysts 

sporocyst 
residuum 

oocyst wall 

parasitophorous vacuole 

Diagrammatic repre sentat ion of sporulated oocyst of Sar c o c y s t i s  sp� in 

de finitive host inte stinal cell 



ambient temperature s or at time s o f  ho st hibernation 

( Bledsoe , 1 9 7 9 ) . 

( b )  Infection and development in intermediate hosts 

The development o f  various species of Sar c o cy s t i s  has 

been investigated in some detail in a number o f  intermed

iate hos t s  including cattle ( F ayer and Johnson , 1 9 7 3 , 

1 9 7 4 ;  F ayer , 1 9 7 7 a ;  Pacheco e t  a l . � 1 9 7 8 ; Dubey e t  a l . �  

1 9 8 0 ;  Dubey , 1 9 8 1 a ,  1 9 8 2 a , b ) , sheep (Munday e t  a l . �  1 9 7 5 ;  

Mehlhorn e t  a l . � 1 9 7 5 a ;  Heydorn and Gestrich , 1 9 7 6 ;  
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Speer and Dubey , 1 9 8 1 ; Dubey e t  a l . � 1 9 8 2 a ) , pigs ( Heydorn , 

1 9 7 7 a ,  Heydorn and Ipczysnki , 1 9 7 8 ;  Heydorn e t  a l . � 

1 9 8 1 b ;  B arrows e t  a l . � 1 9 8 2 a ,  b ) , goats (Fi scher , 1 9 7 9 ;  

Collins and Char leston , 1 9 7 9 ; Aryeetey e t  a l . �  1 9 8 0 ;  

Heydorn and Haralambidis , 1 9 8 2 ; Heydorn and Unterhol zner , . 

1 9 8 3 ) , horses ( Fayer and Dubey , 1 9 8 2 )  and rodents ( Zaman 

and Col l ey , 1 9 7 5 ;  Ruiz and Frenke l , 1 9 7 6 ;  Cerna e t  a l . �  

1 9 7 8 ;  B l edsoe , 1 9 8 0b ;  Brehrn and Frank , 1 9 8 0 ;  Beaver and 

Maleckar , 1 9 8 1 ; Cawthorn e t  a l . � 1 9 8 3 ) . Within such hosts , 

development comprises e s sentially two different phases . 

The f i r s t  i nvolves a ser ies o f  trans ient asexual pro l ifera

tive cycl e s ,  the second , a more per s i s tent multip l i cative 

phase l imited mainly to muscle f ibre s in whi ch the 

bradyzoite- filled sarcocysts are ultimately forme d . 

Within thi s  bas i c  pattern there are species differences 

in the location , timing and number of the initial multi

piicative cycl es .  In the mos t  thoroughly studied species , 

S . cru z i  o f  cattl e , there are at least three such cycle s , 

the f i r st two o ccurring in almost a l l  organs of the body , 

the third taking place in the blood stream ( Fayer , 1 9 7 9 ;  

Dubey , 1 9 8 2a ,  d ) . For mos t  other species of Sar c o cy s t i s  

no more than two such generations have been observed with 

one o ften being restricted to a particular organ such as 

the l iver ( Ru i z  and Frenkel ,  1 9 7 6 ;  Cerna and Louckova , 

1 9 7 6 ; Heydorn ,  1 9 7 7 a ;  Heydorn and Ipczynski ,  1 9 7 8 ;  

Heydorn e t  a l . � 1 9 8 1b ) , lungs ( Z aman and Col ley , 1 9 7 5 ;  

Beaver and Mal e ckar , 1 9 8 1 )  or me sentery and gut ( Dubey , 



1 9 8 2 b , 1 9 8 3 c ) , dependi ng on the species concerned . 

I nfection i s  initiated by the inge stion o f  sporocys t s  

shed i n  definitive h o s t  faece s . Such sporocysts are 

not infective for the definitive host (Fayer , 1 9 7 4 ; 

Rommel e t  a Z . 3 1 9 7 4 ;  Fi schle , 1 9 7 3 ;  B l edsoe , 1 9 8 0 a ) . 

However ,  some omnivores , such as man and other pr imate s ,  

may act as either de f initive (Heydorn e t  a Z . 3 1 9 7 5 , 

1 9 7 6 ;  Heydorn , 1 9 7 7 a )  or intermediate ho sts (Mehlhorn 

e t  a Z .  3 1 9 7 6 , 1 9 7 7 ;  Jeffrey , 1 9 7 4 ;  Beaver et a Z . , 

1 9 7 9 )  for dif ferent species of Sar c o c y s t i s . 

Fol lowing their inge stion by the appropr iate intermediate 

host , the sporozoites excyst from the sporocys t  in 

response to certain gut stimuli ; these are examined in 

Chapters 4 and 5 .  The route and manner of transport o f  

the sporozoites from the gut lumen t o  the s ite of the 

first proli ferative generation (merogony or s ch i z ogony) i s  

unknown although there i s  some evidence to suggest that 

for the bovine species S. cru z i  and S. h i r s u t a 3  they may 
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be transported via the portal blood in leucocyte s (Dubey , 

1 9 8 1 a ,  1 9 8 2 a ,  b ) . In s. cru z i  infections , the first 

generation meronts are found in endothel ial cel l s  of sma l l  

and medium s i z ed arteries in many o rgans 7 t o  2 6  days post

infection . Entry o f  the sporozoites i nto the host 

endothel ial cel l s  has not been observed and may, therefore , 

take place by either active penetration or by phagocytos i s  

(Dubey e t  a Z . , 1 9 8 0 ) . Within the cytoplasm o f  these 

host cell s , the spofzoites round up to form an ovoid A 
uninucleate meront which begins to multiply by endopolygeny , 

a process in which many daugher cel l s  are formed within 

one mother cel l . In S. cru z i  infections , mature first 

generation meront s may contain between 1 0 0  to 3 5 0  mero

zoites (Dubey e t  a Z . 3 1 9 8 0 ) . Second generation S .  c ru z i  

meronts are found i n  endothel ial c e l l s  o f  capil larie s 1 9  

to 4 6  days after infection (Dubey , 1 9 8 2 a ) . Multiplication 

in second generation meronts i s  again by endopolygeny with 

each meront containing to 4 to 3 7  merozoites (Dubey , 1 9 8 2 a ) . 
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The third trans ient pro l i ferative generation o f  S .  cru z i  

takes p l ace i n  the blood s tream .  Here , second generation 

meroz o ites , either free in the blood , or more f requently , 

within lymphocyte s and monocytes ,  multiply by a proc e s s  

re sembling endodyogeny ( a  type of asexual reproduction 

in which two daughter ce l l s  develop within a s ingle mother 

ce l l )  2 4  to 4 6  days a fter infection (Fayer , 1 9 7 9 ;  Dubey , 

1 9 8 2 a ) . 

From about 4 0  days after infection , third generation 

mero z oites of S. cru z i  begin to enter muscle f ibres and 

start the final stage o f  a sexual reproduction leading to 

the development of the s arcocyst proper . Such s arcocysts 

ini t i a l ly consist of a s ingle merozoite which rounds up 

to form a metrocyte . The metrocyte , which i s  surrounded 

by a unit membrane , l i e s  within a parasitophorous vacuole . 

Thi s unit membrane becomes strengthened by an underlying 

layer o f  osmioph i l ic material to form the primary cyst 

wal l . As the cyst wal l develop s , internal ves i cle- l ike 

invaginations , and in some species , external protrus ions 

whi ch develop into villu s - l ike structure s ,  are formed 

(Mehlhorn and Heydorn , 1 9 7 8 )  . The whole development of 

the cysts of the sarcosporidia takes place within the 

interior of muscle f ibres . A typically fully developed 

sarcocyst , therefore , i s  bounded on the outs ide by the 

remnant s of the origina l  muscle f ibre but in one species 

o f  Sar c o cy s t i s ,  S .  g i g an t e a, the parasiti sed f ibre is  

surrounded by an additional thi ck layer of hos t  connective 

t i s sue cons idered to be a secondary cyst wal l  (Mehlhorn 

e t  a l . , 1 9 7 6 ) . 

Growth is initially by mul tipl ication of the metrocytes by 

means o f  endodyogeny . At some s tage the se daughter 

metrocytes give rise to bradyzoites by a s imilar proce s s . 

The growth of the s arcocyst and the production of the 

bradyzo ites is assumed to be continuous with metrocytes 

being present at the periphery of even the l arge st cysts . 

Only when the s arcocys t  contains bradyzoites i s  it mature 



and infective for the de finitive host : meronts and 

metrocyte s are not infective ( Ru i z  and Frenkel , 1 9 7 6 ;  

Leek e t  a l . , 1 9 7 7 ;  Heydorn and Gestrich , 1 9 7 6 ) . The 

time taken for the sarcocysts to attain infectivity has 

been i nve stigated in only a few species of Sarc o cy s t i s  

but i s  commonly i n  the vicinity o f  6 5  to 7 0  days after 

infection . ( Ru i z  and Frenke l ,  1 9 7 6 ;  Sheff ield e t  a l . , 

1 9 7 7 ;  F i scher , 1 9 7 9 ;  Dubey , 1 9 8 2 a , b ;  Dubey e t  a l . , 

1 9 8 2 a ;  F ayer and Dubey 1 9 8 2 ) . However , it may take a s  

little a s  5 8  days for S .  m i e s c h e riana o f  pigs ( Erber 

and Ge i s e l , 1 9 7 9 )  or , apparently , a s  much as 8 to 1 4  

months for S .  g i g a n t e a  o f  sheep (Munday , 1 9 7 8 ) . 

1 1  

The i nge s tion o f  sporocysts was , until rel atively recently , 

consi dered to be the only means by which intermediate 

hos t s  could become infected with Sar cocy s t i s  spp . Although 

there i s  some circumstantial evidence to suggest that 

thes e  infections may be congenital ly acquired ( Cunningham , 

1 9 7 3 ; Munday and Black , 1 9 7 6 ;  Hong e t  a l . , 1 9 8 2 ;  Dubey 

and Bergeron , 1 9 8 2 ;  Vicke r s  and Brooks , 1 9 8 3 ;  Jol ly 

e t  a l . , 1 9 8 3 ) , attempts to demonstrate transplacental 

transm i s s ion experimenta l ly have generally been.unsucce s s ful 

( Fayer e t  a l . , 1 9 7 6 ;  Stalhe im e t  a l �, 1 9 7 6 ;  B arnett 

e t  a l . , 1 9 7 7 ;  Leek and Fayer , 1 9 7 8 a ) . The recognition , 

however , that in at least s ome species of Sarc o cy s t i s ,  

a parasitaemia o f  meroz oite s may occur during the initial 

mul t ipl i cative phase of infection ( Zaman and Colley , 1 9 7 5 ;  

Gestrich e t  a l . , 1 9 7 5 a ;  Heydorn and Gestrich , 1 9 7 6 ;  

Heydorn , 1 9 7 7 a ;  Cerna , 1 9 7 7 )  has led to some attempts 

to transmit infection between intermediate hosts by means 

of e i ther blood trans fusion or , because i t  often contains 

b lood , colostrum . An attempt to transmit S .  cru z i  from 

cows to calves via colostrum fai led (Fayer e t  a l . , 1 9 8 2b )  

but succe s s ful transmi s sion by blood trans fus ion e i ther 

intravenous l y  of S .  cru z i  of cattle , S .  t e n e l l a of sheep , 

S .  s u i homi n i s  of pigs ( F ayer and Leek , 1 9 7 9 )  and S .  

cap r a c a n i s  o f  goats ( Dubey e t  a l . , 1 9 8 1 )  or intraperitone

a l ly o f  S .  d i s p e r s a  of mice ( Cerna , 1 9 8 3 ) , has been achieved . 

In addi tion , transmi s s ion between rodent intermediate hosts 



has been obtained us ing i nocula of merozoite s ,  isolated 

from l iver meronts , admini stered intraperitoneally with 
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S .  s e b e k i  ( T adros and Laarman , 1 9 7 9 )  and both intra

peritoneally and orally with S .  i da ho e n s i s  ( B ledsoe , 

1 9 8 0 a ) . However , s imilar attempts to transmit bradyzoites 

o f  S .  idaho e ns i s  between i ntermediate hosts by either of 

the se two routes failed ( Bledsoe , 1 9 8 0a )  as did attempts 

to transmit bradyzoites of S.  p u t o r i i  orally ( Tadros , 

1 9 7 6 ) . 

1 . 2 . 2  Transport hosts , d i s semination of infection and 

epidemiology 

The role o f  transport hosts ( which may be distingui shed 

f rom intermediate hos t s  by the absence of any multip l i ca

t ion within them) in the d i s semination of Sarc o cy s t i s  

infection i s  largely unknown . I n  view o f  the recent 

f i ndings relating to transmi s s ion between intermediate 

hosts out l ined above , it is pos s ible that both haematophagus 

arthropod vectors and , at least amongst rodent s , canniba l i sm ,  

could play a part i n  the dis semination o f  infectio n ,  but 

the s ign i f i cance of thes e  routes under natural conditions 

remains speculative . The po s s ible role of vectors in 

d i s s eminat ing sporocysts , however , is l e s s  uncertain . Thus 

both flies (Markus , 1 9 8 0 )  and cockroaches ( Smith and Frenkel ,  

1 9 7 8 )  are capable of transporting viable sporocysts o f  

Sar c o cy s t i s .  I n  addition , earthworms may act a s  carriers 

of Toxo p l a sma oocysts ( F renkel e t  a l . , 1 9 7 5 )  and there seems 

to be no reason to suppose that they would not be equally 

c apable of distributing sporocysts o f  Sar c o c y s t i s  spp . 

Furthermore , the abi l ity of a proportion of viable sporocyst s  

to pass unexcysted through the gut of the ir intermediate 

hosts ( Box , 1 9 8 3 )  may a l so aid in their di spersal . 

I n  some definitive and dome sticated intermediate hos t s  in 

particular , the prevalence o f  Sar c o cy s t i s  infection has 

frequently been found to be h igh ( Tables 1 . 1 ,  1 . 2 ) . Because 

o f  the obligatory two-ho s t  nature o f  the s arco sporidian l ife 
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TABLE 1.1 REPORTED PREVALENCES OF SARCOCYSTIS SPP. IN 

DEFINITIVE HOSTS 

Host No % Locality Author 
examined infected 

Cat 516 0.2 Kansas Dubey, 1973 

1000 0.2 Ohio Christie et a l., 1976 

86 1.8 Tasmania Gregory & Munday, 1976 

694 4.3 Germany Walter, 1979 

508 16.9 New Zealand McKenna & Charleston, 
1980a 

308 4. 6 Germany Rommel et a l., 1982 

71 1.4 Sydney Collins et a l., 1983 

Dog 500 1.8 Ohio Streitel & Dubey, 1976 

156 34.0 Wales Farmer et al., 1978 

66 39.3 Wales Leguia & Herbert, 1979 

481 58.8 New Zealand McKenna & Charles ton, 
1980b 

69 75.0 Wales Balmer et al., 1982 

690 26.3 Victoria Blake & Overend, 1982 

110 20.9 Sydney Collins, et al., 1983 

Fox 146 9.6 Bulgaria Golemansky, 1975 

41 17.0 Wales Farmer et al.., 1978 

20 25.0 Wales Leguia & Herbert, 1979 

198 10.1 Montana Dubey, 1982e 

Coyote 150 14.0 Utah Payer & Johnson, 1975b 

169 52.7 Montana Du bey et a l., 1978 

Bobcat 61 3.2 Montana Dubey, 1982e 

Mountain 
lion 12 ,16. 6 Montana Dubey, 1982e 

Fisher 6 16.6 Montana Dubey, 1982e 
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TABLE 1 .2 REPORTED P REVALENCES OF SARCOCYSTIS SPP . IN 

DOME STICATED INTERMEDIATE HOSTS 

Host No . % Locality Author 
examined i n fected 

Sheep 5 5 0  4 0 . 7  Hanover Fidiaraki s ,  1 9 7 3  
6 1 2 0  9 9 . 2  Iran Af shar e t  a l . ,  1 97 4  

4 0 4  > 9 0 . 0  Tasma n i a  Munday , 1 9 7 5  
1 0 9 5  5 7 . 3  Mich i g a n  Seneviratna e t  a l., 

1 9 7 5a 
7 1 9  7 3 . 5  Jord an Sherkov e t  aZ., 1 9 7 7  
5 0 0  8 5. 4  Bavar i a  Boch e t  a l . ,  1 9 7 9  
3 0 0  8 5 . 8  Wale s Leg u i a  & H e rbert, 1 9 7 9  

1 7  6 5 . 0  Arg e n t i n a  Bertero e t  a l., 1 9 8 0  
4 6 7  6 9 . 0  Spain D i ez-Banos, 1 9 8 0  

Cattle 6 3 1  5 4 . 8 ' Madra s  Shukala & V i ctor, 1 9 7 4  
2 3 8  9 0 . 0  Belor u s s ia Bogush & Pyshko, 1 9 7 4  
4 5 8  8 6 . 9  Bulg a r i a  Meshkov , 1 9 7 5  
28 7 > 9 0 . 0  Tasman i a  Munday , 1 9 7 5  
1 5 5  4 0 . 0  Michigan seneviratna e t  a l., 

1 9 7 5 a 
1 1 8  9 3 . 3  Sri Lanka Seneviratna e t  a l., 

1 9 7 5b 
6 3 0  9 2.8 Venezeula GoDoy e t  aZ., 1 9 7 7  

1 020 9 8 . 7  Germany Lauphe imer, 1 9 7 8  
1 0 0 0  7 7 . 0  Germany Drost and Brackman , 1 9 7 8  

8 8  7 6 . 1  F i j i  Raju & Munro, 1 9 7 8  
5 1 1  8 7 . 4  Au s t r i a  Hinaidy e t  aZ., 1 9 7 9  

7 9  8 1 . 0  Norway Bratberg & L an d sverk, 
1 9 8 0  

3 0  1 0 0. 0  Argen t i na e·ertero e t  a l., 1 9 8 0  

Goat 6 6  7 . 6  Sri Lanka Seneviratna e t  a l., 
1 9 7 5b 

6 0 *  28 . 0  New Zealand Collins & Charle ston , 
1 9 7 9  

P i g 4 2 8 5 1 1 . 3  Denmark Grev e , 1 9 7 4  
" 2823 6 7 . 0  Beloru s s i a  Bogush & Pyshko , 1 9 7 4  

4 5 1 *  6 8 . 0  Germany Dros t , 1 9 7 4  
1 6 9 4 . 3  Tasmania Munday , 1 9 7 5  
1 0 3  6.8 Mich igan Seneviratna e t  a l., 

1 9 7 5 a  
1 1 7 5  1 8 . 7  Sth G e rmany Boch e t  a l ., 1 9 7 8  

7 26 4 4  0 . 2  We s t  Germany Heydorn e t  a l., 1 9 7 8  
1 0 0 0  4 1 . 9  E a s t  Germany Heydorn e t  a l ., 1 9 7 8  

2 3 6  3 .  4 Ohio Dube y , 1 9 7 9  
5 0 *  1 0 . 0  New Zealand Collins & Charle s ton, 

1 9 7 9 
26 5 8 . 0  Arg e n t i n a  Bertero e t  al.., 1 9 8 0  

1 6 8  1 6 . 6  Geor g i a  Pre s twood e t  a l., 1 9 8 0  
1 92* 3 2 . 0  Sth E a s t  USA Barrows et a l., 1 9 81 

Hor s e  9 0  2 3 . 3  We s t  G e rmany Rommel & G e i sel, 1 9 7 5  
2 0 0  1 5 . 5  We s t  Germany Erber & G e i sel , 1 9 8 1  
2 7 5  32 . 4 Au s t r i a/ H i naidy & Loupa l ,  1 9 82 

Rus s i a 
* - Feral animals 



cycle , the prevalence of infection in either host popula

tion mus t , to some extent , be interdependent . However , 

a s ingl e  infected intermediate host may provide a source 

of infection for a number of definitive hosts while each 

infected definitive ho st may p rovide sufficient environ

mental contamination to infect many intermediate hosts . 

It need s  to be borne in mind a l so that , because o f  

subsequent asexual multipl icat ion , the ingestion o f  

relatively few sporocysts may re sult i n  large numbers o f  

sarcocys t s  i n  intermediate host muscles . U s ing the 

figure s provided by Dubey (1 9 8 2a )  and Dubey et a Z .  (1 9 8 0 )  

(see page 9 ), for example , i t  can be calculated that 

inges tion of a s ingle S. cPu z i  sporocyst containing 4 

sporo z oites , could result in the development of between 

3 , 2 0 0  and 1 0 3 , 6 0 0  sarcocysts . 

1S 

Apart from the mere presence of the appropriate host s , a 

number o f  other factors are a lso l ikely to influence the 

prevalence of infection . These include the numbers of 

sporocysts shed by the def i nitive hosts , the densities and 

age s tructures of the two host populations concerned , their 

frequenc ies of contact , thei r  suceptibility to infection and 

the influence of climate and season on ho st biology and 

sporocyst viabil ity . 

Information concerning the number s o f  sporocys t s  shed by 

de finitive ho sts i s  very l imited (see Chapter 3 ) . Faecal 

sporocyst counts in naturally infected cats and dogs have 

been found to be genera l ly low (McKenna and Charl eston , 

1 9 8 3 ) , but in experimental infections total sporocys t  outputs ,  

ove r  3 4  to 6 0  day interva l s , o f  up to 1 3  mil l ion in foxes 

(Ashford , 1 9 7 7 )  and 90  mil l ion in dogs (Ford , 1 9 7 4 ) , have 

been recorded . 

A number o f  s tudies have shown that age , seasonal , c l imatic 

or environmental factors may be as sociated with variations in 

the prevalence of infection i n  intermediate hosts (Fidiarak i s , 

1 9 7 3 ;  Bogush and Pyshko , 1 9 7 4 ; Drost , 1 9 7 4 ;  Greve , 1 9 7 4 ;  



Munday , 1 9 7 5 ;  Seneviratna , 1 9 7 5a ,  b ; Sherkov e t  a l . 3  

1 9 7 7 ;  Drost and Brackrnan , 1 9 7 8 ; Diez -Banos , 1 9 8 0 ; 

1 6  

Barrows e t  a l. 3 1 9 8 1 ; Boch and Erber , 1 9 81 ) . Although 

some of thes e  variations may be due to d i fferences in 

management practices (Me shkov , 1 9 7 5 ; Dubey , 1 9 7 9 ) , some 

may also be related to host factors or to the biology o f  

the paras ite species itse l f .  In o lder hosts , for instance , 

the prevalence of infection i s  l ikely to be higher than in 

younger hosts s imply because they have had greater opport

unity for contact with sporocysts . In other case s , an 

apparently s imilar e f fect may arise through the s l ow 

growth of the paras ite , a s  evidently occurs in some 

macros copically vis ible sarcocysts (Munday , 1 9 7 5 ) , while 

seasonal variations may result from the de struction of 

cysts by host reaction ( Seneviratna , 1 9 7 5 a ;  Coll ins , 1 9 8 0a ) . 

The influence of such factors on the prevalence o f  infection 

i n  definitive hosts i s  less wel l  documented with only one 

study ( McKenna and Charleston , 1 9 8 3 )  involving naturally 

infected cats and dogs , being reported . The results o f  

this investigation suggest that none of the factors examined 

( sex , age , season , environment) apart from pos s ibly host 

age in cats , had any apparent influence on the prevalence 

of sporocyst shedding . 

1 . 2 . 3  Res i stance and survival o f  infective stages 

An important cons ideration with regard to both the epide

miology and succes s ful transmis s ion of Sareocyst�s spp . must 

be the abi l i ty o f  the ir infective stages to survive until 

inge sted by the appropriate ho sts . Although such abi l ities 

will most obvious ly be required by those stages shed 

directly i nto the external environment ( i . e .  sporocysts ) ,  

they may also be of some relevance to other l i fe cycle s tages .  

Thus the abi l ity o f  s arcocysts i n  muscle to maintain the ir 

viabil i ty for some time after the death of the intermediate 

host i s  l ikely to increase the pos s ib i l ity of perpetuating 

infection via scavenging carnivores .  S imi l arly , the 
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capaci ty to withstand procedures involved in meat proces s 

ing would also b e  advantageous for the spread o f  

infection both by cats and dogs and by man . 

A number of studies on the survival o f  s arcocysts in 

meat have indicated that some species of SaP cocy s t i s  may 

indeed possess  s uch abi l i tie s . For instance , S .  g i ga n t e a  

cysts isolated from sheep meat , have been shown t o  retain 

their infectivity for between 1 3  and 2 0  days when stored 

at temperatures of 1 0  and 4 ° C re spectively (Coll ins and 

Charle ston , 1 9 8 0 )  while cysts of S .  h i P s u t a  in beef may 

remain viable for 1 8  to 2 0  days at 2 to 4 ° C  ( Ge s trich 

and Heydorn , 1 9 7 4 ;  Golubkov , 1 9 7 8 ) . S imilarly , raw beef 

purchased from retail stores has been found to contain 

viable sarcocys t s  of S. c Pu z i  and S. h omi n i s  ( P ayer , 1 9 7 5 ;  

Leek and Payer , 1 9 7 8b ) . Storage at 2 0 °C ,  on the other 

hand , destroyed sarcocyst viabil ity in beef within 4 or 5 

days ( Golubkov , 1 9 7 8 )  whi le the proce s sing of such meat into 
� 

salted beef , bologna , or frankfurt ers , was also deleterious 

to SaP c o c y s t i s  infectivity ( Golubkov , 1 9 7 8 ;  Leek and 

Paye r , 1 9 7 8 b ) . While cooking to temperature s of between 

6 0 - 7 5 ° C has been shown to de stroy SaP c o c y s t i s  infectivity 

in both beef and sheep meat ( Ge s tr ich and Heydorn , 1 9 7 4 ; 

Golubkov , 1 9 7 8 ; P ayer , 1 9 7 5 ;  Col li n s  and Charleston , 1 9 8 0 ) , 

freez ing appears to be much more vari able in its  e ffect . 

Exposure to - 2 0 ° C for 3 days or - 6  to - 8 ° C  for 2 4  hr renders 

beef non-infective for cats ( Ge str ich and Heydorn , 1 9 7 4 ;  

Golubkov , 1 9 7 8 )  whereas S .  g i g an t e a  cysts have been found 

to remain infective for the same de f initive host even 

after storage for 6 0  days at - l 4 ° C  ( Co l l ins and Charleston , 

1 9 8 0 ) . The reasons for such anomal ies are not clear but 

may pos s ibly relate to the rate of free z ing , or species  

d i fference s  in response . There is  a need for a more 

critica� evaluation of these e ffect s . 

S imilar inves t ig ations , not only o f  their res i stance to 

phys ical factors but to some chemic a l  agents as wel l ,  h ave 

also been undertaken for sporocys t s  of several SaP c o cy s t i s  



s�p . ( see Chapter 6 ) . As one might expect of a l ife 

cycle s tage required to spend a large part of its exist

ence in the external environment , such sporocysts h ave 

generally been found to exhibit con s iderable res i s tance 

to both ( Leek and Fayer , 1 9 7 9 ; Bergler e t  a Z . , 1 9 8 0 ;  

Heydorn , 1 9 8 0 ; Barutzki e t  a Z . , 1 9 8 1 ) . Survival under 

field conditions , however , has been l i ttle inve s tigated . 

1 . 2 . 4  T axonomy , nomenclature and problems of 

identification 
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Prior to the elucidation o f  their l ife cycles , Sar c o cy s t i s  

spp . were known only by the cysts they produced i n  the 

mus cul ature of the ir intermediate hosts . With the 

dis covery of their cocc idian nature and the trad i tional 

pract ice of naming cocc idian species strictly on the bas i s  

o f  oocys t  and sporocyst morphology , all these protozoans 

could have been placed in the genus Is o s p ora . However ,  

s ince any such alteration o f  generic name would h ave l ed 

to cons i derab l e  confus ion , a s  would adoption o f  d i f ferent 

names for di f ferent l i fe cycle s tages ( e . g .  Is o s p o ra for 

sporocysts shed by def initive hosts and Sarco c y s t i s  for 

cys t s  in intermediate hosts ) , it has been generally accepted 

that the generic name Sar co c y s t i s  should be retained for 

both intermed iate and de finitive hos t  forms ( Levine , 1 9 7 7 ;  

Dubey , 1 9 7 7 ;  Frenkel , 1 9 7 7 ) . 

Origina l ly it was though that e ach intermediate host 

spe c i e s  was parasitised by only one sarcosporidian and 

tha t  the d i ffering cys t s  seen in such hosts were developing 

s tages of only one cyst type . Therefore , cysts in a 

particular host species were g iven a common name e . g .  

sarcocysts in sheep were r eferred to a s  S .  t e n e Z Z a ,  thos e  

in cattle a s  S .  fus i fo rm i s  and those in pigs a s  S .  

mi e s c h e ri a na . However , fol lowing the discovery of the i r  

l ife cycle s and consequent transmi s s ion experiments ,  i t  

was soon found that severa l  Sar c o cy s t i s  spp . form cysts 

i n  the same intermediate host . Thus at least three d i f ferent 



species o f  Sarc o c y s t i s  are now known to each infect 

sheep , cattle and pigs ( Levine and T adros , 1 9 8 0 ;  Col l ins 

et a l . � 1 9 7 9 ;  Moore , 1 9 8 0 ) . These di scoveries and the 

difficulties in rel ating such new found sarcocysts to the 

' specie s ' original ly de scr ibed in these hosts , led 

1 9  

Heydorn e t  a l .  ( 1 9 7 5 )  to sugge st that many nomenclatural 

problems could be solved by ignoring all earlier names and 

starting a fresh . They proposed that the speci f i c  names 

of the s arcosporidia be made up o f  a sequential combi nation 

of the generic name s of their intermediate and definitive 

hosts . Thus S .  b o v i ca n i s  was sugge sted for the bov ine 

species of Sarc o c y s t i s  ( = s. cruz i �  Levine and Tadro s , 1 9 8 0 )  

completing its l i fe cycle in dog s and S .  b o v i fe l i s  (= S .  

h i r s u t a �  Levine and Tadros ,  1 9 8 0 )  for the species cycl ing 

between cattle and cat s . 

Logical and attractive a s  thi s  proposal might appear , it 

i s  unacceptable on two count s . F i r s tly , the hos t  spec i f i c ity 

of several Sarc o c y s t i s  spp . i s  l e s s precise than originally 

supposed . Thi s lack o f  hos t  spe c i f ic ity for the def initive 

host has been long known . Sarc o c y s t i s  eruz i �  for example , 

may be transmitted by wolve s , foxe s ,  coyotes and racoons 

as wel l  as dogs ( Heydorn e t  a l . , 1 9 7 5 ;  Fayer e t  a l . � 1 9 7 6 ) , 

prompting Heydorn e t  a l .  ( 1 9 7 5 )  to suggest that under 

their s ystem the generic name of the mos t  epidemiologica l ly 

important definitive ho st ( in thi s  case , the dog ) be used . 

What was not known at that t ime but i s  becoming increasingly 

apparent now , is that some speci e s  of Sar c o cy s t i s  can a l so 

infect a number of different intermediate hos t s . Thus 

S. d e b o n e i  can uti l i se seven genera ( three orders )  of birds 

a s  intermediate hosts ( Box and Duszynski , 1 9 7 8 ;  Box and 

Smith , 1 9 8 2 ) . S imilarly a speci e s  of Sar c o c y s t i s  from 

Cervidae can also deve lop in two genera of Bovidae ( Erber , 

1 9 8 0 ;  Crum e t  a l . � 1 9 8 1 )  and a Sarco cy s t i s  spp . from b i son 

may al so infect cattle ( Fayer e t  a l . � 1 9 8 2 a ) . Furthermore , 

d i f ferent species of Sar co c y s t i s  are now known to util i s e  

both the s ame intermed i ate and def initive hos t s  ( Co l l ins 



e t  a Z �3 1 9 7 9 ;  Heydorn and Unterhol zner , 1 9 8 3 ) . Thus 

two dog-derived Sar c o cy s t i s  spp . ( S .  capra c a ni s 3  S .  

h i r c i c a ni s )  are found i n  goats and two c at-transmitted 

speci e s  ( S .  g i g a n t e a 3  S .  me du s i fo rmi s )  occur in sheep . 

Secondly , under the rul e s  o f  the International Commis s ion 

o f  Zoological Nomenclature , the proposal of Heydorn et a Z .  

( 1 9 7 5 )  to di spense with all the ' old ' speci fic name s of 

Sarc o cy s t i s , appears to be unacceptable (Me lvi l l e , 1 9 8 0 ) . 

Thi s conclus ion has not been universally accepted ( Frenkel 

e t  a Z . 3 1 9 7 9 , 1 9 8 0 ) . Consequently the nomenclature of 

the s arcosporidia i s  confused with different names 

frequently being used for the same speci e s  by d i fferent 

authors . Recently , attempt s  were made to clarify thi s  

s ituation by Levine and Tadros ( 1 9 8 0 )  and in thi s  the s i s  

the name s used t o  ident i fy the various Sarcocy s t i s  spp . 

are a s  suggested by them . 

2 0 

I n  addi t ion to nomencJatural problems , some dif ficulties 

may a l so be encountered in trying to i dentify prec isely 

either the cystic or s porocystic stages o f  the various 

Sarco c y s t i s  spp . , part icularly in natura l ly acquired 

infections . In domes ticated intermediate hos t s  the numbers 

of Sar c o cy s t i s  spp . h arboured are usually few and these 

can often be distingui shed by their gro s s  or micro s copic 

appearance and by their s ite or predi lection . Sarcocysts 

o f  S .  t e n e Z Z a of sheep , for instance , occur predominantly 

in the heart ( Bratberg e t  a Z .  3 1 9 8 2 )  whereas thos e  of 

S. g i g a n t e a  are mos t  o ften located in the oesophagus 

( Levin and Ivens , 1 9 8 1 ) . Such sarcocys t s  may be micro scop i c  

o r  macroscopic i n  s i z e  when fully mature (Munday and Rickard , 

1 9 7 4 ;  Tadros and Laarman , 1 9 7 6 ;  Collins e t  a Z . 3 1 9 7 6 )  

and may be able to b e  distingui shed e lectrophoretical ly 

( Atkinson and Col l i n s  1 9 8 1 )  or by staining (Moore , 1 9 8 0 )  . 

In some species the cyst wal l  may appear to be thick or thin 

under l ight microscopy ( Gestrich e t  a Z . 3 1 9 7 5a ;  Mehlhorn 

e t  a Z . 3 1 9 7 5 a ,  b; Dubey 1 9 8 3 a )  and pos sess  protrusions . of 



characteristic length and thicknes s  (Erber , 1 9 7 7 ;  Boch 

e t  a Z . 3 1 9 7 8 , 1 9 7 9 ;  H inaidy e t  a Z . 3 1 9 7 9 ) . However ,  

although ultrastructural s tudies (Mehlhorn e t  a Z . 3 

1 9 7 5a ,  b ;  1 9 7 6 ;  Gestrich e t  a Z . 3  1 9 7 5b ;  Bergman and 

K i nder 1 9 7 5 ;  Zaman and Col ley 1 9 7 5 ;  Shef f ield e t  a Z . 3 

1 9 7 7 ;  Coll ins e t  a Z . 3 1 9 7 9 )  have shown that several 
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species of:Sarco cy s t i s  have d i stinctive cyst wal l  structures ,  

some do not (Mehlhorn e t  a Z . 3 1 9 7 6 ) . There i s  also a 

serious lack of documentation of chang e s  in appearance o f  

cyst wal l s  with age in known s ingle infections . Accordingly , 

cyst wal l  morphology cannot be used for absolute species 

d i fferentiation . Its  value a s  a criterion for species 

i dent i fication is a relat ive one and may be used mainly to 

d i fferentiate between the various cyst s  in the same inter

mediate ho st (Mehlhorn and Heydorn , 1 9 7 8 ;  Tadros and 

Laarman , 1 9 7 8 )  . 

Somewhat s imilar problems may also be encountered in trying 

to identify the sporocysts o f  the various Sar co cy s t i s  spp . 

s ince all are s tructurally s imilar . All contain four 

sporoz o ite s and a granular res iduum and all l ack Stieda 

bodies . Although there are some dif ferences in s i z e  (Levine , 

1 9 7 7 ; Levine and Ivens , 1 9 8 1 )  which may enable recogni t ion 

in pure experimental infections , many o f  the s e  differences 

are so s l ight a s  to make the identi f i cation o f  sporocys t s  

in naturally acquired , and hence frequently mixed infections , 

extremely difficult i f  not impos s ible (McKenna and 

Charl eston , 1 9 8 0 a ,  b ) . 

1 . 2 . 5  Pathogenicity 

(a ) P athogenicity for intermediate hos t s  

For many years Sarco cy s t i s  infections i n  intermediate hos t s  

were cons idered t o  be of l i ttle importance . The main cause 

for concern lay in the d i s figurement produced by macro s copically 

vis ible s arcocys t s  in meat intended for human consumption . 

More recently , s ome heavy muscle infections with s arcocys t s  



have been associated with locomotor impairment and 

l amenes s  in mice ( Ru i z  and Frenkel ,  1 9 7 6 ) , fowl s (Munday 

e t  a Z . , 1 9 7 7 )  and cattle ( Landsverk , 1 9 7 9 ) , muscular 

soreness and weakne s s  in man ( Beaver e t  a Z . , 1 9 7 9 ) , ocular 

disturbance s  in cattle ( Juyal e t  a Z . ,  1 9 8 2 ) , myocarditis  

in cattle and sheep ( Landsverk , e t  a Z . , 1 9 7 8 ; Bratberg 
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and Landsverk , 1 9 8 0 ;  Munday , 1 9 8 1 ) and myo s iti s i n  fowl s ,  

duck s ,  sheep and goats (Munday e t  a Z . , 1 9 7 7 ; Wobeser and 

Cawthorn ,  1 9 8 2 ;  Col l ins , 1 9 8 0 a ;  L andsverk et a Z . , 1 9 7 8 ) . 

With the abi l ity to experimentally infect animals , greater 

attention has been focused on the more acute c l inical 

e f fects induced by transient pro l iferative generations 

preceding muscle invasion whi ch , for some species of 

Sarcocy s t i s ,  h ave been shown to be highly pathogenic . Thus 

calve s and b i son experimental ly infected with large number s  

of S .  cruz i sporocysts have been found t o  suffer anaemia , 

anorexia , pyrexia , cachexia and we ight loss frequently 

resulting i n  death within 2 6  to 3 3  days ( Fayer and 

Johnson , 1 9 7 3 ,  1 9 7 4 ,  1 9 7 5 a ;  Johns on e t  a Z . , 1 9 7 5 ; Ges tr i ch 

e t  a Z . , 1 9 7 5a ;  Jungman e t  a t . , 1 9 7 7 ; Fayer and Lynch , 

1 9 7 9 , F ayer and Prasse , 1 9 8 1 ; Dubey , 1 9 8 2c ,  d ;  Dubey 

e t  a Z . , 1 9 8 2b ) . S imilar c l inical symptoms and death have 

also been recorded in lambs infec ted with S .  t e n e Z Z a 

sporocys t s  ( Gestrich e t  a Z . , 1 9 7 4 , 1 9 7 5 a ;  Munday e t  a Z . , 

1 9 7 5 ;  Heydorn and Ge s trich , 1 9 7 6 ;  Leek e t  a Z . , 1 9 7 7 ; 

Dubey e t  a Z . , 1 9 7 8 ; Erber , l 9 8 2 ; Erber and Burgkart , 1 9 8 1 ) , 

goats infected with S .  capracan i s sporocysts ( F i s cher , 1 9 7 9 ; 

Collins and Charleston , 1 9 7 9 ; Dubey e t  a Z . , 1 9 8 1 ; Heydorn 

and Haral ambidi s ,  1 9 8 2 ) , pigs i nfected with e ither S .  

m i e s c h e r i an a  ( Erber e t  a Z . ,  1 9 7 8 ; Erber and Gei s e l , 1 9 7 9 ;  

Boch e t  a Z . , 1 9 8 0 a ;  Z i elasko e t  a Z . , 1 9 8 1 ; Barrows , 1 9 8 1 ; 

Barrows e t  a Z . , 1 9 8 2 b )  or S .  s u i homi n i s  sporocys t s  ( Heydorn , 

1 9 7 7 a )  and mule deer infected with S .  hemioni Z a t r an t i s  

sporocyst s  ( Kol ler e t  a Z . , 1 9 7 7 ; Hudkins and K i s tner , 

1 9 7 7 ) . In addition , experimental infections o f  some o f  

the above speci e s  o f  Sar c o c y s t i s  have been found t o  cause 

abortion in cattle , sheep , goats and pigs ( Fayer e t  a Z . , 



1 9 7 6 ; S talhe im e t  a l . �  1 9 7 6 ;  Leek and Fayer , 1 9 7 8 a ;  

Munday , 1 9 8 1 ; F i s cher , 1 9 7 9 ; Dubey , 1 9 8 1 b ;  Erber 

e t  a l . � 1 9 7 8 ;  Barrows , 1 9 8 1 ) , to decrease milk yield 

in lactating cows (Fayer e t  a l . � 1 9 8 3 )  and to modify the 

susceptibil ity of goats to other infectious agents 

( Dubey , 1 9 8 3e )  . 
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The prec i se cau s e s  of such mani festations of acute 

s arcosporidio s i s  are unknown . Generally , however , severe 

cl inical i l lnes s  and death have been found to be a s sociated 

with second generation merogony and it seems to be commonly 

accepted that the haemorrhage associated with the d i s 

ruption o f  host endothel ial cel ls occasioned by the d i s 

charge o f  such merozoites may be primari ly respon s ible . 

Whether or not other factor s , such a s  the release o f  cell 

breakdown products ,  may also contr ibute to the pathogenes i s  

o f  infection i s  unclear , although the release o f  a toxin 

doe s not appear to play a part in infected goats ( Dubey 

e t  a l . � 1 9 8 1 ) . The cause of Sarc o cy s t i s - induced abortion 

is also unknown but ,  because infection has only rarely 

been observed in foetal p lacentae or tissues , it is l ikely 

to be primarily a consequence o f  maternal infection with 

the foetus being an ' innocent vict im ' ( Dubey e t  a l . �  1 9 8 2b ) . 

In contrast to second generation , f irst generation merogony 

has , except for fever , rarely been associated with patho

geni c  e f fects , although deaths have been recorded during 

thi s  s tage of p arasitic development in goats ( Dubey e t  a l . �  

1 9 8 1 ) . The reasons for these d i fferences are unclear but 

may pos s ibly relate to the greater numbers of s e cond a s  

compared t o  the numbers o f  first generation meronts arid/or 

to the increased host sens�tivity to merozoites following 

experience o f  the first prol i ferative phase . 

Not a l l  species of Sar c o cy s t i s , however ,  appear to be a s  

pathogenic f o r  their intermediate hosts as tho se mentioned 

above . Large infective dose s of S .  fayeri and S .  g i g an t e a  



sporocyst s , for example , are apparently only mildly or 

non-pathogenic for horses and sheep re spectively ( F ayer 

and Dubey , 1 9 8 2 ; Gestrich e t  a l . ,  1 9 7 4 ;  1 9 7 5a)  as are 

thos e  of S. h i P c i cani s of goats ( Heydorn and Unterho l z ner , 

1 9 8 3 ) . As wel l  cattle infected with e ither S .  hiPs u t a  or 

S. h o m i n i s  show l i ttle c l inical reaction ( Gestrich e t  a l . , 

1 9 7 5 a ;  Dubey 1 9 8 3 c ) . 
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For many speci e s  o f  SaPc o c y s t i s ,  the severity o f  the 

disease appears to be dose related ( Leek e t  a l . , 1 9 7 7 ; 

Heydorn 1 9 7 7 a ;  Col l ins and Charleston , 1 9 7 9 ;  Dubey , 1 9 8 2b ;  

Dubey e t  a l . , 1 9 8 1 , 1 9 8 2 b ;  Munday , 1 9 8 1 ; Erber , 1 9 8 2 ; 

Heydorn and Haralambidi s � 1 9 8 2 ;  Barrows e t  a l . , 1 9 8 2 b ) . 

Thus while large doses o f  sporocys t s  may cause severe 

d i sease and rapid death , small dos e s  may produce only mild 

or subcl inical e ffects . In some case s ,  however , s ingl e  

experimental infections with as few a s  1 8 0 0  o r  5 0 0 0  

sporocysts have been shown to have a signi ficant e f fect 

upon the l ivewe ight gain of pigs ( Z i elasko e t  a l . , 1 9 8 1 )  

and lambs (Mund ay , 1 9 7 9 a ) . 

Although in many of the above experiments ,  animal s  have been 

i noculated with greater numbers of sporocysts than they might 

reasonably be expected to encounter under natural conditions , 

f ield outbreaks of acute sarco sporidio s i s , including abortion , 

have been reported . Mo s t  of the se cases have involved 

cattle ( Corner e t  a l . , 1 9 6 3 ;  Meads , 1 9 7 6 ;  Frel ier , e t  a l . , 

1 9 7 7 ,  1 9 7 9 ; C l egg e t  a l . , 1 9 7 8 ; L andsverk 1 9 7 9 ; G i l e s  

e t  a l . , 1 9 8 0 ; Collery and Weavers , 1 9 8 1 ; Dubey and 

Bergeron , 1 9 8 2 ;  Hong e t  a l . , 1 9 8 2 )  but natural infections 

have also been a ssociated with lymphadenopathy and myocard

i t i s  in an adult ewe ( Landsverk e t  a l . ,  1 9 7 8 ) , poly-

arteritis nodos a  in l ambs (Landsverk and Bratberg , 1 9 7 9 )  and 

both diarrhoe a  and protozoal myeloencephalitis in hors e s  

( Schumacher e t  a l . , 1 9 8 1 ; S impson and Mayhew , 1 9 8 0 ) . 



( b )  Pathogenicity for de f initive hosts 

I n  contrast to the s ituation in intermediate ho st s , there 

i s  l ittle evidence of Sarc o cy s t i s  infection causing 

c l i nical di sease in def i nitive hosts although there have 

been occas ional reports of inte stinal disorders . Thus 

abdominal discomfort has been reported in badgers fed 

S. camp e s tri - infected squirrel (Cawthorn et a l . , 1 9 8 3 )  

while enteritis and diarrhoea have been observed in dogs 

fed bee f ,  pork , mutton ,  goat meat or camel inte s tinal 

t i s sue infected with Sarc o cy s ti s  spp . (Go robov , 1 9 7 5 ;  

Heydorn and Haralambidi s ,  1 9 8 2 ;  Kuraev , 1 9 81 ) . Further

more ,  Craige (1 9 7 6 )  considers that Sar co c y s t i s  infections 

i n  dogs may not only be a s so ciated with chronic intestinal 

di sorders but also with ' obscure s igns of toxicos i s , 

anorexia , nausea , fever and even nervous d isorder s ' ,  

although he has provided no evidence to support these 

contentions . 
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S imilar symptoms o f  nausea , abdominal pain and diarrhoea 

h ave a l so been recorded in man 3 to 6 hr after eating 

uncooked Sar c o cy s t i s  - infected bee f (Heydorn , 1 9 7 7b )  with 

even more severe symptoms occurring after the ingestion of 

s imi larly infected raw pork . In one person , almo st contin

uous vomiting occurred.; another had dyspnoea and a rapid 

pulse lasting up to 4 8  hr . In contrast , Aryeetey and 

P iekarski (1 9 7 6 )  observed no cl inical symptoms in f ive 

p eople excreting sporocysts after being fed raw minced bee f . 

I t  i s  pos s ible , there fore , that humans who exhibited 

s ymptoms in Heydorn ' s  (1 9 7 7b )  study may have suffered an 

immediate hypersensitivity reaction s ince they were a l l  

h abitual raw meat eaters (Fayer e t  a l . , 1 9 7 9 ) . 

1 . 2 . 6  Immunity 

( a ) Immunity in intermediate hosts 

Because o f  what was once cons idered to be their largely 



benign nature and the fact that there i s  ordinarily l ittle , 

i f  any , cel lular reaction around them ( Levine , 1 9 7 3 )  the 

pos sibil ity that there may be some degree o f  immunity to 

s arcocysts in intermediate hosts has , unt i l  relatively 

recently,  received l ittle attention . In 1 9 7 5 ,  however , 

Ge strich e t  a l .  ( 1 9 7 5b )  suggested that the numbers o f  

i ntact S .  h i r s u t a  cysts i n  c alve s may decrease with time . 

S ince then , a s imilar ' se l f - cure ' phenomenon has been 

observed for a number of other Sarc o cy s t i s  spp . inc luding 

S .  mi e s c he r i ana in pigs ( E rber and Geisel , 1 9 7 9 ;  B arrows 

e t  a l . � 1 9 8 2 a ,  b ) , S .  cap racani s in goats (Col l ins , 1 9 8 0a ;  

Dubey , 1 9 8 3e ): , S .  e qui can i s  and S .  fay e r i  in hor ses ( Erber 

and Gei se l , 1 9 8 1 ) , S. t e n e l l a in sheep ( Erber , 1 9 8 2 )  and 
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S .  mur i s  and S .  di s p e r s a  in mice ( Ho ffer e t  a l . �  1 9 8 2 ) . 

Although such a phenomenon , which has been found to commence 

around the third month po st- infection in goats ( Dubey , 1 9 8 3 e )  

and a s  early a s  3 8  days after infection i n  pigs ( Barrows 

e t  a l . � 1 9 8 2 a ) , has been sugge sted as being a s sociated 

with an ' overcrowding ' e ffect following massive infections 

( Hoffer et a l . � 1 9 8 2 ) , the occurrence of mononuclear c e l l s , 

chiefly lyrnphocyte s ,  around degenerating sarcocys t s  sugges t s  

that it i s  an immunological ly-mediated r esponse ( Dubey , 

1 9 8 3 e ) . 

These f inding s  have l ed to a number o f  recent attempts to 

immunis e  intermed iate hos t s  against Sar c o cy s t i s  infections 

by orally inocul ating them with subclinical doses of 

sporocysts . So far , such ' vaccination ' attempts have been 

shown to afford protective immunity against infections with 

S .  m i e s c he ri ana ( Erber and Geisel , 1 9 7 9 ;  Ziela sko e t  a l . � 

1 9 8 1 ; Schneider and Rommel ,  1 9 8 3 ) , S .  capra can i s  ( Dubey , 

1 9 8 1 c , 1 9 8 3 ) , S .  muri s  ( Le ier e t  a l . � 1 9 8 2 ; Hof fer e t  a l . � 

1 9 8 2 ) and S .  di s p e r s a  ( Ho f fer e t  a l . � 1 9 8 2 ) . There i s  a l s o  

some evidence t o  sugges t  that prior infection with 

sporocyst s  may provide some protection against S .  cru z i  

i n  calves (Mehlhorn e t  a l . � 1 9 7 5b )  although acute infections 

with thi s  paras ite may , according to Frel ier ( 1 9 8 0 ) , be 

accompanied by a lymphoid abnormal i ty which coul d  result i n  



immunosuppres s ion . 

The degree of protection a fforded by such procedures i s  

a f fected by a number o f  factors including the immune 

s tatus of the hos t ,  the numbers of sporocysts given , the 

species o f  Sarco cy s t i s  used and the interval between 

' vacc ination ' and cha l l enge . S ingle infections with 1 0  

sporocysts per animal , for example , have been found not 

to protect pigs or goats against subsequent cha l lenge 

with l ethal dose s whereas a continuous infection with 5 0  

sporocysts thrice weekly i n  pigs or a s ingle dose o f  1 0 0 0  

sporocysts in both pigs and goat s , have ( Z ielasko e t  a l . 3 

1 9 8 1 ;  Dubey , 1 9 8 1 c ;  Schnieder and Romme l , 1 9 8 3 ) . The 

protection provided by such immuni sation appl i e s  only to 

the species used in induce i t :  there i s  no evidence to 

sugges t  that any cro s s - immunity is provided against other 

species of Sar c o c y s t i s  infecting the s ame intermediate 
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host ( Erber and Gei se l , 1 9 7 9 ; Munday , 1 9 8 1 ; Hof fer e t  a l . 3 

1 9 8 2 ) . Nor doe s  i t  seem l ikely that immunis ation of the 

dam will provide any protection to the ir offspring (Munday , 

1 9 8 2 ) ; indeed in goats at leas t ,  immunity to Sarc o c y s t i s  

appears to b e  impaired during pregnancy ( Dubey , 1 9 8 3d ) . 

I n  goat s , protection may be provided in a s  l ittle as 2 4  to 

6 0  days a fter ' vaccination ' and may per s i st for at least 

2 7 4  days ( Dubey , 1 9 8 1 c ,  1 9 8 3e ) . Mice infe cted with S .  muri s 3  

on the other hand , are only partially protected 6 0  days 

l ater with complete immunity not be ing observed unti l  9 0  

days a fter ' vacci nation ' ( Ho ffer e t  a l . 3 1 9 8 2 ) . Conversely , 

' vaccination ' with S .  mi e s c he riana provides l ittle protect

ive immunity agains t  acute d isease beyond 8 0  days in pigs 

( Weber e t  a l . 3 1 9 8 3 ) . 

Preci sely which s tage o f  the l ife cycle is responsible for 

inducing such immuni ty and what s tage is mos t  af fected by 

it , is largely unknown . It would seem most l ikely , however , 

that thi s  may be induced . during the vascular phase o f  

development when there i s  a large release o f  paras ite antigen 



in the form o f  merozoites into the c irculation . 

Presumably , once meroz oites have entered the muscle 

f ibre s they are no longer in such c lose contact with 

the immune system . Certainly , in goats , the numbers o f  

s arcocysts i n  t i s sues cannot b e  rel i ed on a s  indicator s 

o f  protective immunity ( Dubey , 1 9 8 3e ) . For S .  muri s ,  

recent work suggests that three antigenic po1ypeptide s 

a s sociated with the surface of bradyzoites may be 

responsible for eliciting a humoral immune response and 

the pos s ible induction of protective immunity ( Abbas and 

Powell , 1 9 8 3 ) . 

In goats , meronts or immature s arcocysts were not found 
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i n  ' vaccinated ' animal s  kil led 7 to 6 7  days po st-challenge 

suggesting that the challenge inoculum of S .  capracan i s  

was destroyed a t  an early stage o f  development , probably 

during the first pro l iferative generation ( Dubey , 1 9 8 3 e ) . 

However ,  in another study , a challenge dose of S .  

capracan i s  sporocysts were found t o  complete their entire 

development in previous ly ' vacc inated ' goats ( Dubey , 

1 9 8 1 c ) . Obviously there is s cope for much more work i n  

thi s  area . 

( b )  Immunity in def initive hosts 

As with other coccidia , immunity to Sar c o cy s t i s  infections 

in their definitive hosts could be a s s e s sed by the pattern 

and degree of sporocyst shedding following challenge 

infection . I ndeed , several s tudies have demonstrated that 

for cat s , dogs and man , reinfection with Sarc o cy s t i s  i s  

easily achieved ( Rommel e t  a l . , 1 9 7 2 ;  Heydorn and Romme l , 

1 9 7 2 a ;  F ayer , 1 9 7 4 ; Markus , 1 9 7 4 ;  Rui z  and Frenke l , 1 9 7 6 ;  

Tadros and Laarman , 1 9 7 6 ;  F ayer and Kradel , 1 9 7 7 ; Aryeetey 

and P iekarsk i , 1 9 7 6 ) . These find ings and the observations of 

Fayer ( 1 9 7 4 )  and Munday e t  a l .  ( 1 9 7 5 )  that they e l i c i t  

little c e l lular reaction i n  the inte stine s of dog s , h a s  

resulted i n  the general ly h e l d  view that Sarc o cy s t i s  

infections induce l ittle , i f  any , acquired immuni ty i n  their 



definitive hosts (Markus , 1 97 8 ) . Whether or not thi s  view 

i s  entirely correct , however ,  i s  open to que stion s ince 

others ( Speer e t  a l . 3 1 9 8 0 )  have found that reinfection 

of coyote s with S .  h e mi o n i l a tran t i s  caused a marked 

mononuclear cellular inf i ltration , hyperaemia and vascular 

changes in the lamina propria . Furthermore , in none of the 

above s tudies were quantitative estimates of sporocyst 

yields made and it is entirely pos s ible that at least 

a partial immunity ,  resulting in a diminution o f  sporocyst 

shedding , may be conferred by prev ious infection . 

1 . 2 . 7  Diagno s i s  

( a )  Diagno s i s  i n  intermediate hosts 
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The diagno sis of chronic sarcosporidios i s  ( i . e .  the long

s tanding clinically inapparent cystic s tage ) in intermediate 

hosts usually presents l ittle difficulty . Various meth�ds , 

ranging f rom visual inspection with the naked eye , to the 

use of trichinoscopes ,  hi stological technique s and muscle 

digestion procedures on e ither b iopsy or necropsy material 

can be used to detect the presence of sarcocysts in such 

hosts . The rel iabil ity o f  the detection procedure depends 

on the particular method employed with muscle dige stion 

l ikely to be the mo st sens itive (Box and Dus z ynski , 1 9 7 7 ;  

Coll ins e t  a l . 3  1 9 8 0 ;  Diez - Bano s , 1 9 8 0 ;  Nevol e  and 

Lukesova , 1 9 8 1 ; Bratberg e t  a l . 3  1 9 8 2 ) . The diagno s i s  

o f  acute clinical s arcosporidios i s , o n  the other hand , may 

pose cons iderable problems . The cl inical s igns exh ibited 

i n  such cases ( anorexia , weight- los s , fever , anaemia)  are 

non- spe c i f ic and the stage of the parasite l i fe cycle 

respons ible for acute il l ne s s  ( second generation merogony) 

i s  relatively short- l ived . Furthermore , even when detected , 

the meronts of Sarc o c y s t i s  may be confused with tachyzo ites 

and cysts of Toxop l a sma g o n di i  although thes e  may be 

distinguished either by special staining techniques 

( Rybl atovskii and K i s lyakova , 1 9 7 3 ; Dubey e t  a l . 3 1 9 8 1 ) or 
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o r  by ultrastructural s tudy (Dubey e t  a Z . , 1 9 8 2 b ) . 

The diagno s i s  o f  Sarco cy s t i s - induced abortion may also 

present a number o f  difficulties s ince evidence o f  

infection i s  rarely demonstrable i n  placental o r  foetal 

t i s sues (Fayer et a Z . ,  1 9 7 6 ; Stalhe im e t  a Z . , 1 9 7 6 ,  

1 9 8 0 ;  Barnett e t  a Z . , 1 9 7 7 ;  Leek and F ayer , 1 9 7 8a ) . 

Barnett e t  a Z .  (1 9 7 7 ) , however , h ave found that meroz oites 

of S .  cru z i  may be revealed readily in maternal caruncl e s  

from aborted cows b y  an immunofluore scent stain . S ince 

a caruncle can be collected when the animal i s  examined 

after abortion and doe s not require the sacrifice of the 

dam , it would be of interest to know if the same technique 

is equally applicable to suspected cases of Sar c o cy s t i s 

induced abortion i n  other ruminant intermediate host s . 

A number of haematological and s erological change s have 

been examine d  as pos sible aids for the diagno s i s  o f  

sarcosporidio s i s  in intermediate hos t s  (Mahrt and F ayer , 

1 9 7 5 ;  Munday , 1 9 7 5 ;  Aryeetey and P iekarski , 1 9 7 6 ;  Lunde 

and Payer ,  1 9 7 7 ; Payer and Lunde , 1 9 7 7 ;  Bordj ochi e t  a Z . , 

1 9 7 8 ;  T adros e t  a Z . , 1 9 7 9 ; Boch e t  a Z . , 1 9 7 9 ;  Baetz 

e t  a Z . ,  1 9 8 0 ;  Cerna et a Z . ,  1 9 8 1 ;  P rasse and Paye r , 1 9 8 1 ; 

Reiter e t  a Z . ,  1 9 8 1 ; Wei l and e t  a Z . , 1 9 8 2 )  while the 

value of an intradermal test has been inve stigated in buf falo 

(Tongson and Mes iona , 1 9 8 1 ) . Although a number o f  the s e  aids , 

particul arly such serological procedure s  as the indirect 

f luores cent antibody te st (IFAT ) , the indirect haemagglutina

tion tes t  (IHA )  and the enzyme - l inked immunosorbent a s s ay 

(ELISA ) , e i ther s ingly or in comb ination , have been shown 

to be usefu l  in demonstrating the occurrence of Sarco cy s t i s  

infections i n  domesticated hosts (see Wei land e t  a Z . , 1 9 8 2 , 

for review) , not all have been evaluated in terms o f  use

fulnes s  in cas e s  of cl inical outbreak s . Neverthel es s , IHA 

titres of 1 : 1 4 5 8  or greater , h ave been proposed a s  suggestive 

of acute s arcosporidio s i s  in c attle (Lunde and P ayer , 1 9 7 7 ;  

Pre l ier e t  a Z . ,  1 9 7 9 ) . Recent evidence also sugge s t s  that 



the doubl e  antibody sandwich immuno-enzymatic a s s ay 

( DAS-ELISA )  may be of sufficient spe c i f icity and 

sens itivity , not only to fac i l itate the immunodiagno s i s  

o f  clinical s arcosporidios i s , but a l so infections which 

are subcl inical i n  nature during the acute phase o f  

infection , a t  least in mice and pigs ( O ' Donoghue and 

Weyreter ,  1 9 8 3 ) . Whether s imi lar a s s ays can be used to 

detect c irculating antigens in other Sar c o cy s t i s - infected 

hosts , however , requires further investigation . 

( b )  Diag no s i s  in definitive hos t s  
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There have been few investigations concerning the 

serological react ions of Sarco c y s t i s - infected definitive 

hosts . What few have been undertaken , suggest that any 

rise in antibody levels is l ikely to occur too late after 

infection and to be of insufficient magnitude and duration 

to be of any diagnostic value ( Marku s , 1 9 7 4 ;  Rui z  and 

Frenkel ,  1 9 7 6 ;  Lunde and Fayer , 1 9 7 7 ;  Boch e t  a l . 3  

1 9 8 0b ;  Wei land e t  a l . 3 1 9 8 2 ) . The detection of Sarco c y s t i s  

infection i n  such hosts i s ,  therefore , primari ly dependent 

upon demonstrating the presence of sporocysts either in 

faece s  by floatation procedure s  or in inte stinal t i s sues 

by digestion techniques ( Dubey , 1 9 8 0 ;  Prestwood e t  a l . 3 

1 9 8 0 ;  Box and Smith , 1 9 8 2 ) . 

1 .  2 .  8 Treatment 

( a )  Treatment o f  intermediate hosts 

A numbe r  o f  drugs have been shown to be useful for the 

control of experimental ly induced c l inical s arcosporidios i s  

in dome s ticated intermed i ate host s . These incl ude amprolium 

in sheep ( Leek and Fayer , 1 9 8 0 )  and calves ( Faye r  and 

Johnson , 1 9 7 5 a ) , sal inomycin in sheep ( Leek and F ayer , 1 9 8 3 )  

and halofuginone in sheep and goats ( Heydorn e t  a l . 3 1 9 8 1 a ) . 

In add ition , z oalene , Bay g 7 1 8 3  and a mixture o f  sulfa-
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quinoxal i ne with pyrimethamine h ave been found to 

completely e l iminate the merogonic s tage s of S. muri s 

present i n  the l iver of mice 1 1  to 1 7  days after infection 

( Rommel e t  a Z . , 1 9 8 1 ) . 

Most of thes e  drugs are e s sentially prophylactic in 

ef fect and must be admini s tered continuously over a number 

o f  days , commencing at the time of exposure or shortly 

before , if they are to be e f fective . One of them , halo

fuginone , has also been found to be e ffective a s  a thera

peutic treatment against lethal infections of S. capracan i s  

i n  goats and S .  t e ne l l a in sheep but , because o f  i t s  

inherent toxicity , needs t o  b e  used with caution ( Heydorn 

e t a l . , 1 9 8 1 ) . 

( b )  Treatment of definitive hosts 

Treatment o f  infe ction ± n  definitive hosts has been l ittle 

inve stigated although Boch et a l .  ( 1 9 8 0b )  found that 

spiramycin , clindamycin and sulphonamides were unsucces s fu l  

in the treatment of experimentally infected dogs . S ince 

coccidios tats usually act only against meronts and merozoites 

and not against gamete s ( Levine , 1 9 7 3 )  thi s  re sul t may not 

be altogether surpri sing . 

1 . 3  SARCOCYSTS AND SARCOSPORIDIOS I S  OF SHEEP 

Although it was once thought that the domestic sheep ( Ov i s  

ari e s ) harboured only one Sar c o c y s t i s  specie s , i t  i s  now 

known that three or pos s ibly four species may infect thi s  

host . Two o f  these , S .  g i g an t e a  and S .  medu s i fo rm i s ,  

produce macro s copically v i s ible sarcocysts ( ' macrocyst s ' )  

and uti l ise the cat as the only known definitive hos t  (Coll ins 

et a l . , 1 9 7 6 , 1 9 7 9 ) . A third , S.  t e ne Z Z a ,  forms s arcocy s t s  

which are vis ible only microscopically ( ' microcysts ' ,  5 0 0  x 

6 0  - 1 0 0 �m) and may uti l ise the dog ( Canis fam i Z i ar i s ) ,  

coyote ( C .  l a t r an s ) and pos s ibly the j ackal ( C .  aure u s ) and 
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red fox ( Vu l p e s  v u l p e s )  a s  means o f  transmis s ion ( Ford , 

1 9 7 5 ;  Ashford , 1 9 7 7 ;  Dubey e t  a l . , 1 9 7 8 ;  Meshkov , 

1 9 7 9 ;  Bratberg e t  a l . , 1 9 8 2 ; Dubey , 1 9 8 3b ) . Recently , 

evidence has been provided suggesting that a further 

micros copically v i s ible s arcocyst may develop in sheep 

fol lowing the ingestion of sporocysts shed by dog s . It 

seems l ikely , therefore , that what are currently referred 

to as S. t e n e l l a infections may , in fact , consi s t  of a 

mixture of two species : one produce s  s arcocysts with 

finger-l ike protrus ions ( 2- 4  �m long and 0 . 6- 0 . 9  �m wide ) 

forming pali s ade- l ike cyst wal l s  whi l e  the other has 

sarcocysts with wavy cyst wal l s  bearing delicate hair

like protrus ions ( 5 - 1 1  �m long and � 0 . 5  �m wide ) ( Boch 

et a l . ,  1 9 7 9 ;  E rber , 1 9 8 2 ) . 

Both macroscopically visible cat-derived s arcocysts may 

mea sure up ·to 1 cm or more in length . However ,  they 

dif fer markedly in their relative widths and may have 

different s ites of predilection . Sarc o c y s t i s  m e dus i fo rm i s  

cysts tend to be s lender , taking the form o f  tapering 

cyl i nders and are mo st frequently seen in carcase meat ; 

thos e  of S .  g i g an t e a  are fat , bluntly-rounded tube s , most 

commonly observed in the oesophagus ( Coll ins e t  a l . , 1 9 7 6 , 

1 9 7 9 ) . Under l ight micros copy , S .  g i gan t e a  cysts have a 

c learly demonstrable PAS-po s itive outer secondary cyst wal l , 

thos e  o f  S .  me du s i fo rmi s do not ( Moore ,  1 9 8 0 ) . Ultra

structural ly , S. g i g an t e a  cysts have irregular placentiform 

vil l i  with b l i ster- l ike invaginations on all v illar and 

i ntervillar surfaces . Vil l i  of S .  m e du s i fo rm i s ,  on the 

other hand , are roughly conical and regular in shape and 

have snake - l ike filaments with s l ightly swo l len ends 

ari s ing from them (Coll ins e t  a l . , 1 9 7 9 ) . 

Apart from d i fferences in their s i z e , shape and cys t  wal l  

morphologie s , S .  gigan t e a ,  S .  me dus i form i s  and S .  t e ne l l a 

can a l l  be d i f ferentiated on the bas i s  o f  the electro

phoretic mob i l ity of their cyst enzyme s (Atkinson and Col l ins , 
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1 9 8 1 ) . In addition , sporocysts derived from dogs fed 

sheep microcysts differ in s i z e  from those obtained from 

cats fed sheep macrocysts , sporocys t s  of the former 

mea suring 1 4- 1 5  x 9 - 1 0  �m , those the l atter , 1 1 - 1 4  x 8 - 9  

�m ( Levine and Ivens , 1 9 8 1 ) . The d imens ions o f  sporocys t s  

derived from e i ther S .  gigan t e a  or S .  me du s i fo rmi s 

infections , however , are not s igni ficantly different 

( Coll ins e t  a Z . , 1 9 7 9 ) . 

Infections with Sar c o cy s t i s  are common in sheep throughout 

the world ( see Table 1 . 2 ) with microcysts tending to be 

more frequently recorded than macrocysts . Af shar e t  a Z .  

( 1 9 7 4 ) , for example , found that 9 9 . 1 % and 1 2 %  o f  6 1 2 0  sheep 

in Iran were in fected with micro- and macrocysts respective

ly , while Bratberg e t  a Z .  ( 1 9 8 2 )  found that , of 1 9 8  sheep 

examined in Norway , 6 5 . 1 % were infected with S .  t e n e Z Z a 

and 1 8 . 2 % with S .  g i gan t e a .  Thi s i s  not to suggest that 

macrocysts occur only infrequently in these host s ; indeed 

Collins ( 1 9 8 0b )  recorded a prevalence of over 7 0 %  in 1 2 1 5  

adult sheep in New Zealand . Rather such apparent d i ff erence s 

in prevalence appear to be rel ated to the age structure o f  

the host populations examined , with macrocysts only rarely 

being recorded in animals under 1 year of age . Thus Munday 

( 1 9 7 5 )  observed macrocysts in only 0 . 6 % lambs compared to 

prevalenc e s  o f  8 . 8 % and 6 6 %  in sheep 1 to 4 years and over 

4 years o f  age respectively , whi l e  Bratberg. e t  a Z . ( 1 9 8 2 )  

found 0 %  o f  l ambs , 1 1 . 6 % o f  yearl ing s  and 3 0 %  o f  ewe s 

infected with S .  g i gante a .  Although microcysts a l s o  tend 

to be more f requently observed in older than younger sheep , 

such infections may be widespread in lambs with prevalence s 

of 2 5 %  and 8 7 %  bei ng recorded in animal s  o f  l e s s  than 4 to 

5 months and les s  than 1 2  months of age respectively 

( Bratberg e t  a Z . , 1 9 8 2 ;  Munday , 1 9 7 5 ) . 

Precisely why macrocysts should be so rare in young sheep 

is not entirely clear . Coll ins ( 1 9 8 0b )  has suggested that 

S .  gi gan � e a  sporocysts may need a period of time in a mature 



rumen before becoming infective so that young l ambs with 

minimal rumen function may not be suscept ible . Munday 

( 1 9 7 5 ) , on the other h and , cons iders that any d i sparities 

in the prevalence o f  micro- and macrocysts in young sheep 

might be related to d i fferences in the rate of growth 

and development of the Sarco cy s t i s  spp . concerned . 

3 5 

O f  the species of Sar c o cy s t i s  infecting sheep , the complete 

l i fe cycle and developmental sequence of only one of them , 

S .  t e n e l l a, has been reported in any detail (Munday e t  a l . , 

1 9 7 5 ;  Heydorn and Ges trich , 1 9 7 6 ; Ashford , 1 9 7 7 ; Speer 

and Dubey , 1 9 8 1 ; Dubey e t  a l . , 1 9 8 2 a ) . Some studies o f  

the developmental cycles o f  S .  g i gan t e a  i n  both the 

definitive and intermediate host have a l s o  been undertaken 

but s imilar inve stigations for S. me du s i fo rmi s have not . 

For S .  t e ne l la,  the developmental cycle i n  the def initive 

host fol lows that outl ined in Section 1 . 2 . 1 ( a )  with 

gametogony and sporogony i n  the intestinal epithel ium and 

l amina propria re su l t ing in the excretion of sporulated 

sporocysts 9 to 1 5  days a fter infection (Munday e t  a l . ,  

1 9 7 5 ;  Ashford , 1 9 7 7 ;  Dubey e t  a l . , 1 9 8 2a ) . In the 

intermediate host , two generations of merogony precede 

muscle invas ion : first generation meronts occur in 

mesenteric arterie s , inte stinal blood ve ssels and 

occas ionally in other organs 9 to 2 1  days after infection 

( DAI ) and second generation meronts occur in capillaries 

o f  mos t  organs 1 6  to 40  DAI . Muscle i nvas ion by second 

generation merozoites commences as early as 1 9  DAI with 

immature s arcocysts f irst be ing found 3 5  DAI , attaining 

infectivity 4 0  days later ( Dubey e t  a l . , 1 9 8 2a ) . 

Although the sporogonous phase of development of S .  g i g a n t e a  

i n  the cat . de finitive ho�t appears to b e  similar t o  that 

of other Sar c o c y s t i s  spp . (Mehlhorn and Scholty seck , 1 9 7 4 ;  

Becker e t  a l . , 1 9 7 9 ) , the preceding sequence of events 

( game togony) has not been studied . S imilarly , detai l s  o f  

the e arly reproductive cycle in the intermediate hos t  have 

not been reported . Indeed , attempts to experimental ly induce 



S .  g i g an t e a  infections in sheep have either been totally 

unsucce s s ful (Gestrich e t  a l . � 1 9 7 5 a ;  Coll ins , 1 9 8 0b )  

or largely equivocal (Munday and Rickard , 1 9 7 4 ; Munday , 

1 9 7 8 ;  Col e , 1 9 8 2 ) . Gestrich e t  a l .  ( 1 9 7 5 a )  , for examp l e , 

were able to demonstrate ne ither s arcocy�ts nor infectivity 

in mus c l e  from l ambs dosed with 1 . 2  x 1 0 6 S .  g i g an t e a  

sporocysts up t o  8 months prev iou s ly whi le Col l in s  ( 1 9 8 0b )  

was unable to find any evidence o f  infection i n  3 0  lambs 

given up to 1 6  mill ion sporocysts . Coll ins ( 1 9 8 0b )  o ffered 

a number of pos s ible explanations for these failures 

including the non- susceptibil ity . o f  the lambs , the non

viabi l ity of the sporocysts used , or that , unl ike other 

species  of Sarc o cy s t i s �  S .  gi gan t e a  sporocysts require 

some form of prior ' conditioning ' before attaining 

infectivity . The f irst two sugge stions he largely d i s 

counted but con s idered that a sporocyst ' conditioning ' 

requirement , such as might be provided by previous pas s age 

through the inte stinal tract of e i ther the intermediate or 

some transport ho st , or expos ure to environmental agencie s ,  

might be a pos s ibil ity . Munday ( 1 9 7 8 ,  1 9 7 9b) , on the 

other hand , cons idered that the results of h i s  inve stiga

tions largely precluded the nece s s ity for any pre-requ i s ite 

sporocyst ' conditioning ' - a conclus ion not totally 

accepted by Col l ins et a l .  ( 1 9 7 8 )  - and suggested instead , 

that any difficulties in demonstrat ing the infectivity o f  
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S .  g i gan t e a  sporocysts were more l ikely to be due to the 

slow development of the ir s arcocysts in sheep and the long 

interval ( 8 - 1 4  months ) requ ired for them to attain matur i ty . 

Whi l e  there i s  some support ( Cole , 1 9 8 2 )  for Munday ' s  ( 1 9 7 8 ,  

1 9 7 9b )  suggestion that s. g i gan t e a  cysts may take many 

months to attain infectivity , thi s  alone doe s  not total ly 

exp lain the paucity o f  meronts and immature s arcocys t s  

found in experimental ly infected animals before thi s  s tage 

is reached . It is apparent , therefore , that cons iderably 

more work wil l  be required before thi s  matter can be 

s at i s f actorily re solved . 
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Unlike S .  t e n e l l a 3  which has been shown to be highly 

pathogenic for sheep (see Section 1 . 2 . 5  (a ) ) ,  S .  gigan t e a  

i s  generally cons idered to b e  non-pathogenic for its 

intermediate ho st (Ge strich e t  a l . 3 1 9 7 4 , 1 9 7 5 a ;  Levine 

and Ivens , 1 9 8 1 )  while the pathogenicity of S. m e du s i fo rm i s  

i s  unknown . Because of the equivocal results obtained i n  

transmis s ion experiments outl ined above , the view that 

S .  g i g a n t e a  i s  largely benign for sheep must be accepted 

with some reservation . However , the main importance o f  

macrocystic Sar c o c y s t i s  infections in sheep l ie s  i n  the 

fact that the large v i s ible sarcocysts are aesthetical ly 

undes irable and most importing countries will not accept 

meat containing such l e s ions . Accordingly , carcas ses with 

vis ible sarcocysts are detained at the end of the meat 

chains and trimmed or , if infestation i s  extens ive , 

condemned a s  unfit for human consumption , a procedure , 

which in 1 9 7 4  was estimated to cos t  the New Z ealand meat 

industry $ 3  mil l ion (Co l l ins , 1 9 7 4 ) . 



CHAPTER 2 

THE RECOVERY AND ENUMERAT ION OF SARCOCYSTIS GIGANTEA 

SPOROCYSTS FROM AND IN CAT FAECES 

2 . 1  INTRODUCT ION 

In any programme of parasitological research the mas s  

recovery of infective stage s ( e . g .  eggs and oocysts ) in 
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a relatively pure form i s  e s sential for transmi s s ion 

experiment s or for a s tudy of the stage s themse lve s .  In 

addition , the development of accurate and sen s itive 

quanti tative methods for determining the concentration of 

such organi sms in faeces is nece s sary in order to monitor 

the course of infections i n  infected hosts . 

The techniques employed i n  such procedures usually involve 

the recovery , concentration and/or dilution o f  eggs and 

oocysts free from faecal debri s  by a process of homo

genisation and/or s ieving followed by floatation or 

sedimentati on or both . The e f f i ciency of these procedure s 

has been found to be influenced by such variables as 

s ieve mesh size (O ' Grady and S locombe , 1 9 7 9 ;  Castel ino 

and Herbert , 1 9 7 2 ) , the specific gravity and type of 

f loatation medium employed_ ( Parf itt , 1 9 6 9 ; O ' Grady and 

S locombe , 1 9 7 9 ) , the dur at ion of floatation and sedi

mentation ( Egwang and Slocombe , 1 9 8 2 )  and the species of 

parasite i nvolved ( O ' Grady and S 1ocombe , 1 9 7 9 ) . 

For S .  g i g a n t e a ,  the recovery from and enumeration of 

sporocysts in faeces are l ikely to pose a number of 

problems . The sporocys t s  are small (1 3 . 0  ± 0 . 0 6 x 8 . 3 4 

± 0 . 0 8 �m�  n = 5 0 ) , l ikely to be of low speci f ic gravity 

and consequently d i f ficult to separate from l ight faecal 

particle s , including undige sted fat , which appears to be 

common in cat faeces ( pers . obs . ) . In addition , previous 

observations suggest that the numbers of sporocysts shed 



by infected cats are l ikely to be few ( Rommel e t  a l . 3 

1 9 7 2 ; Mehlhorn and Scholtyseck , 1 9 7 4 ) . It was consid

ered important , therefore , that any recovery or counting 

technique s should be of optimum eff iciency and s ensitiv

ity i f  sporocysts were neither to be overlooked nor 

harve s ted in such low number s  that further work with 
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them would have to be curtai led . Accordingly , the 

following study was undertaken to evaluate the e f fect o f  

various f actors o n  the recovery of S .  g i g an t e a  sporocysts 

with the twin obj ectives o f  applying thi s  information to 

dev i s i ng an appropriate mas s  recovery procedure and a 

rel iable and accurate means o f  determining thei r  concen

tration in faeces . 

2 . 2  MATERIALS AND METHODS 

2 . 2 . 1  Sporocysts 

The sporocysts used i n  a l l . experiments were obtained from 

experimentally infected cat s . The cat s , which were raised 

and maintained free o f  extraneous Sar cocy s t i s  i nfections 

on a diet of tinned ( i . e .  ster i l i sed ) food , were infected 

by feeding them S. gi g an t e a  cysts exci sed from the 

oesophagi of naturally infected sheep freshly obtained 

from a local Freez ing Work s . The sporocysts from some o f  

the s e  cats were recovered b y  a crude sugar floatation 

technique and stored in tap water as a standard suspension 

o f  sporocysts and faecal debr i s  at 4 ° C until use . An 

e s t imate o f  the sporocyst concentration in thi s suspens ion 

was obtained by mixi ng it with a magnetic stirrer while 

removi ng f ive 1 ml  samples and counting the sporocysts 

u s i ng a haemocytometer . These counts revealed a mean ± 

s tandard error concentration o f  1 1 1 , 3 2 2  ± 4 2 4 7  sporocys t s  

p e r  ml and , unless otherwi s e  specified ,  thes e  numbers were 

used in a l l  experiments .  



2 . 2 . 2  Evaluation o f  procedure s  

All experiment s  were conducted on a small scale , 

primarily because o f  the modest number s  of sporocysts 

available but also because it was cons idered that such 

an approach would allow more prec i se control of the 

var i ables involved . 

The study was divided i nto two main part s . The f irst 

was concerned with evaluating the effect o f  various 
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factors o n  the recovery and extraction o f  sporocysts from 

faeces ,  the second with determining the number o f  

sporocysts i n  faece s . For the most part , these evaluations 

were based on percentage recoveries from s amples contain

ing known numbers of sporocys t s . Initially , the se s amples 

con s i sted o f  1 m1 aliquot s  o f  the standard suspension 

alone but subsequently samp l e s  of Sar co cy s t i s - free cat 

faeces to whi ch sporocysts h ad been added , were used . I n  

one experiment , faeces from an experimentally i nfected 

cat containing unknown number s  of sporocysts were employed . 

2 . 2 . 3  General recovery procedure 

The precise details of the recovery procedure varied 

according to the experiment but unle s s  otherwi se i ndicated 

i nvolved the fol lowing sequence : 

1 )  Repl i cate volumes of a well-mixed sporocyst/ faece s 

suspension in water were placed in graduated tubes 

and s edimented by centri fugation . 

2 )  The supernatant i n  e ach tube was removed to leave 

a volume of 1 ml and 9 ml of floatation medium 

added to make a total volume o f  1 0  ml . The tube s 

were then vigorous ly shaken and centri fuged again . 

3 )  Following centri fugation , the sporocysts were 

collected from the surface of the f loatation medium 



by removing the top 1 ml from e ach tube using 

pasteur pipettes attached to f lasks connected to 

water vacuum pumps . 

4 )  The contents o f  the f lasks , which were rinsed with 

1 3  ml of water , were then placed in c lean tubes 

and centri fuged again . 

5 )  The top 1 3  ml of supernatant in each tube was care

ful ly removed leaving a final volume of 1 ml of 

sediment containing the recovered sporocysts for 

counting . 
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The specific gravity of the f loatation medium and the type 

o f  floatation medium employed varied according to the 

exper iment as did the duration and force of centri fugation . 

However ,  in all experiments the duration and force o f  

the centri fugations were kept the same for both the 

s edimentation and f loatation phase s .  

2 . 2 . 4  Counting of sporocyst s  

Unless otherwise indicated , the number s  o f  recovered 

sporocysts in the 1 ml o f  sediment of each s ample were 

e stimated by examining s ix 0 . 9  � 1  repl icates in a 

haemocytometer ( Improve d  Neubauer ) at a magnification 

o f  4 0 0  X .  The total number o f  sporocysts recovered was 

then determined accordi ng to the formula : 

-- V ( 1 0 , 0 0 0  X X )  total sporocysts 9 

where V = final vo lume of the sample and X = the mean 

number of sporocysts i n  the s ix 0 . 9  � 1  rep l i cate s . 

2 . 2 . 5  Statistical analys i s  

Where appropriate and unle s s  stated otherwi se , results were 



examined for statistical s igni f icance us ing a one-way 

analys i s  of vari ance . Tables for the s e  data are g iven 

in Appendix I .  

2 . 3  EXPERIMENTAL PROCEDURES AND RESULTS 

All results given represent the means of at least four 

experiments ± the standard error 

2 . 3 . 1  Recovery of sporocysts from faeces 

A .  U s i ng sporocysts in crude suspens ion 

( i )  E ffect of specif i c  grav i ty of floatation medium 
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Sucro se solutions with spe c i f i c  gravities ( SG )  ranging 

from 1 . 0 2 5  to 1 . 3 0 were added to 1 ml aliquo t s  of the 

s tandard sporocyst suspens ion . All samples were treat

ed as described in Section 2 . 2 . 3  at a centrifugal 

force of 1 5 0 0  x g for 5 min and percentage recoveries 

determine d .  

T h e  results ( F ig . 2 . 1 ) demonstrated an association 

between percentage recovery and specific gravity with 

the greate s t  numbers of sporocysts being recovered when 

s ucrose solutions o f  between 1 . 1 7 5  and 1 . 2 5 SG were 

u s ed . 

( i i )  E ffect of type of f loatation medium 

S olutions o f  sucrose , Mgso4 , Znso4 , NaCl and NaN0
3

, a l l  

at SG 1 . 2 ,  were compared for their effic iency in 

recover ing sporocysts from s amples of the standard 

suspension using the s ame procedures as in the previous 

experiment . 

No s igni ficant dif ferences ( P  > 0 . 0 5 ,  Appendix I af were 

r ecorded ( Fig . 2 . 2 ) . 
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( i i i )  E ffect o f  duration o f  centri fugation 

U s ing the s ame procedures as in the previous experiments ,  

aliquots o f  the standard suspension in NaCl solution 

of 1 . 2  SG were centri fuged at 1 5 0 0  x g for periods o f  

between 1 and 1 1  min a s  shown in F ig . 2 . 3 .  

D i f ference s between the numbers o f  sporocysts recovered 

after different centri fugation periods were highly 

s ignificant (P < 0 . 0 0 1 , Appendix Ib) . I n  general , 

centri fugation time s o f  less than 5 min were associated 

with lower recoveries ·than were those of 5 min or more 

( F ig . 2 . 3 ) . 

( iv )  E ffect o f  centri fugal force 

The effect of differing forces of centrifugation between 

5 0 0  and 1 0 , 0 0 0  x g ( see Fig . 2 . 4 ) for periods of 5 min 

on sporocyst recoverie s were examined using the s ame 

procedures and materi a l s  as in the previous experiment . 

The re sult s , which are presented in F ig . 2 . 4 , showed 

that the greatest recoveries tended to be obtained 

when a centrifugal force of 6 0 0 0  x g was employed with 

lower recoveries below and above thi s  f igure . However , 

the se dif ferenc�s were not statistical ly s igni f i cant 

( P  > 0 . 0 5 ,  Appendix I c ) . 

( v )  E ffect o f  addition of cc1
4 to floatation medium 

Despite the fact that the s tandard suspension had 

undergone some crude pur i f ic ation ( see Section 2 . 2 . 1 ) , 

sporocysts recovered from thi s  material were s t i l l  

accompanied by unacceptably l arge amounts o f  debr i s . 

It was decided to inve stigate what e f fect the addition 

of an o i l  and fat solvent , such as carbon tetrachloride 

( CC 1 4 ) ,  would have on sporocyst cleanline s s  and recovery . 
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Accordingly , so lutions of NaCl ( SG 1 . 2 ) containing 

0 ,  1 ,  2 . 5 ,  5 . 0  or 1 0 %  cc1
4 

were added to al iquots 

o f  the standard suspens ion and centri fuged at 6 0 0 0  

x g for 5 min . 
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The presence of cc1 4 lead to the formation o f  a ' plug ' 

o f  faecal debri s  at the interface o f  the solvent and the 

NaCl solution during centri fugation ( P late 2 . 1 ) . 

Consequently thi s  resulted in much cleaner f inal pre

parations than obtained us ing NaCl solution alone 

( Plate 2 . 2 ) . However ,  thi s  improv ement in a cleanl i

ne s s  was at the expense o f  a marked reduction i n  the 

numbers of sporocysts recovered ( F ig . 2 . 5 ) . Even at 

concentrations of 1 %  cc 1
4 , only 4 0 %  of the number s  

obtained u s i ng NaCl solution alone were recovered . 

B .  U sing sporocysts added to faeces 

Experiment s in the previous section were considered to 

be of a pre l .iminary nature only , undertaken to examine 

some of the more fundamental factors affecting the 

recovery of sporocysts whi ch were already l argely free 

of faecal material . These experiments indi cated that 

thi s  could best be achieved us ing NaCl solution ( SG 1 . 2 ) 

and centri fugation at 6 0 0 0  x g for 5 min . In the next 

section the knowledge thus gained was employed in an 

examination of some of the other f actors influenci ng 

sporocys t  recoverie s  which were l ikely to be occas ioned 

by their presence in unproces sed faece s .  

( i )  E ffect o f  sieving 

Preliminary observations showed that the counting o f  

sporocys t s  recovered from faeces which had not init i a l ly 

undergone some form of homogeni sation and sieving was 

impos s ible . Thcy al so showed that prior passage o f  
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Plate 2 . 1  

P l ate 2 . 2  

D i spersion o f  faecal debr i s  fol lowing 

centri fugation in NaCl ; left - NaCl solution 

only , right - NaC l solution plus 5% CCL 4 ( note 

plug o f  faecal debri s  at the interface o f  CCL
4 

and NaCl solution , arrow) 

Comparison o f  amount o f  f aecal debr i s  a s  seen 

in haemocytometer fol lowing recovery us ing 

NaCl s olution only ( left ) or NaCl solution 

plus 5 %  CCL
4 ( right ) (x 2 5 0 )  
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Fig . 2 .  5 
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P E R C E N T  C C I 4 

E f fect of cc14 concentration in floatation 

medium on the recovery of S. g i ga n t e a  

sporocysts 

homogenised faeces through a 6 0  me sh* ( aperture 2 5 0  

�m)  s i eve alone resulted in the subsequent presence 

of unacceptably large amounts of coarse debr i s  whereas 

attempted passage through a 3 0 0  me sh* ( aperture 53 �m) 

s i eve alone re sulted in total s ieve blockage . A 

standard sieving procedure , involving pas sage through 

4 8  

a 6 0  mesh sieve , fol lowed by pas sage of the subsequent 

f i l trate through a s ieve of 3 0 0  me sh size was , there fore , 

adopted . 

In any sieving procedure there i s  always the pos s ibil ity 

that eggs or oocysts may be retained , al though it seems 

reasonable to as sume that the degree of entrapment may 

*Endecotts Laboratory Test S ieve 



be modi f ied by the volume s o f  water used to wash such 

material through . Accordingly , an experiment was 

conducted to examine the e f fect of these procedures 

on the recovery of S.  g i g an t e a  sporocysts . 

Twenty four 5 g samples o f  fre shly collected sporocyst

free c at faeces were made up to volume s of 4 9  ml with 

tap water . To each samp l e  was added 1 ml o f  standard 

sporocyst suspens ion at one of two points in the 

procedure . I n  1 8  of the s amples ( groups B ,  C and D )  

i t  was added a t  the beginning o f  the procedure i . e .  

before homogenisation and s i eving had taken p lace while 

in the remaining 6 s amp l e s  (group A)  it was added to 

the f i l trate immediately after s i eving as a control . 

Homogeni sation of all s amples was achieved u s ing an 

e le ctric beater for 2 min . In two of the three group s 

o f  s amples to which sporocysts had been added at the 

beg i nning of the procedure an additional 5 0  ( group C )  

or 1 0 0 ( group D )  ml o f  water were used to wash material 

through the s ieve s . In the third such group ( B )  and 

the control group (A) , no additional water was used . 
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The filtrate s o f  the se s amples were adj usted to final 

vol ume s o f  1 0 0 ,  1 5 0 , 5 0  and 50 ml , respectively and a 

s i ngle one- f ifth al iquot ( potentially containing approx . 

2 2 , 2 6 4  ± 8 4 9  sporocyst s )  removed from each . These 

subsamples were then treated a s  previous ly described 

and percentage recoveries determined . 

Sporocyst recoveries i n  thi s  investigation tended to be 

l ower and more variable than tho se obtained in prev ious 

experiments . The results (Tabl e  2 . 1  and Appendix I d )  

suggested that thi s  w a s  more l ikely to b e  a consequence 

o f  the greater amounts of faecal debris rather than 

any entrapment during s i eving s ince s imi l ar number s  of 

sporocysts were recovered regardle s s  of whether they 

were added be fore or after thi s  step . 
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( i i )  E f fect o f  additional washing prior to f loatation 

It was observed in the previous experiment , that 

there were variations in the proportions of faecal 

debr i s  present in subsample filtrates . It was also 

observed that there appeared to be an inverse relation

ship between the proportions o f  such material and the 

numbers of sporocysts recovered , suggesting that l arge 

amounts of debris may impede sporocyst levitation . It 

was decided , there fore , to inve stigate what e f fect , i f  

any , addi tional washing in water pr ior t o  floatation 

would have on reduc ing thi s  debr i s  and enhanci ng 

sporocyst recovery . 

S ix 5 g samples of sporocyst-free cat faece s to whi ch 

sporocyst suspens ion was added were each made up to 

5 0  ml with tap water . Each s ample was homogeni sed and 

s i eved as previously described and the f iltrates 

adj us ted to final volume s of 5 0  ml . From each f i ltrate 

o f  each sample , two or three representative one - f i fth 

sub s arnples were removed , sedimented by centrifugation 

and the ir supernatants removed leaving final volumes o f  

1 ml . Two of the subsamples were sub j ected t o  further 

washing achieved by resuspending the 1 ml of sediment 

in an additional . 9 ml of tap water and sedimenting 

again by centri fugation . In one subsample thi s  further 

washing was performed only once and in the second twice . 

The third subsample was not sub j ected to any additional 

washing . Al l subsarnp l e s  were then mixed with NaCl 

s olution and sporocyst recoveries determ ined as already 

outlined . 

Thi s  experiment demonstrated that although additional 

washing prior to f loatation may have resulted in some 

minor reductions in fae cal debri s  ( subj ective j udgement ) 

thi s  did not result in any statistical ly s ignificant 

( P  > 0 . 0 5 ,  Appendix I e )  improvement in sporocys t  recover-



TAB LE 2 . 1 

Sample No 

1 

2 

3 

4 

5 

6 

Mean ± SE 

EFFECT OF S I EV I NG AND WATER VOLUME ON THE 

RECOVERY OF S .  GIGA N TEA SPOROCYSTS FROM CAT 

FAECES 

Group* / P ercent recovery 

A B c D 

7 0 . 7  6 3 . 6  8 9 . 8  6 4 . 9  

9 3 . 6  62 . 8  7 3 . 6  6 0 . 7  

6 3 . 2  7 9 . 0  7 4 . 4  6 7 . 8  

5 0 . 7  6 8 . 2  5 6 . 6  72 . 0  

3 6 . 6  3 9 . 1  4 0 . 8  5 3 . 2  

7 5 . 7  6 0 . 7  5 9 . 9  7 1 . 5  

6 5 . 1  ± 8 . 1  6 2 . 2  ± 5 . 3  6 5 . 9  t 7 . 0  6 5 . 0  ± 2 . 9  

* A - Sporocy s t s  added a ft e r  s i ev i ng , water to faece s ( ml / g ) = 5 0 : 5  

B - b e f o r e  = S O : 5 

c -

D -

TABLE 2 . 2  

b e f o r e  

b e f o r e  

EFFECT OF THE NUMBER OF WASHE S *  P R I OR TO 

F LOATATION ON THE RECOVERY OF S .  GIGA N TEA 

SPOROC Y ST S  FROM CAT FAEC E S  

No . o f  Washe s / P e rcent recovery 

S amp l e  No xl x2 

1 6 1 . 6  8 4 . 0  

2 5 9 . 1  7 9 . 9  

3 7 8 . 2  6 0 . 7  

4 5 7 . 4  7 0 . 7  

5 8 8 . 2  8 0 . 7  

6 5 9 . 9  6 8 . 2  

Mean ± SE 6 7 . 4  ± 5 . 2  7 4 . 0  ± 3 . 7  

* Su s p e n s i o n  and centri f ug a l  sed ime n tat ion i n  wa ter 
ND = not done 

x 3  

N D  

ND 

6 4 . 9  

8 1 . 5  

6 9 . 0  

6 5 . 7  

7 0 . 3  ± 

= 1 0 0 : 5  

= 1 5 0 : 5  

3 . 8  

5 1  



i e s  ( Table 2 .  2 ) . 

( i i i )  Effect of host diet 

Faece s used in the preceding experiments were obtained 

from cats maintained on a diet of tinned meat * . As 

mentioned previously , the filtrates of such s amples 

were frequently character ised by exce s s ive amount s  of 

debri s .  It was cons idered that an alternative diet 

could , conceivably , result in a reduction of such 

material and an experiment was conducted to examine 

thi s  pos s ibil ity . 

5 2  

F our 1 2  week-old kitten s ,  rai sed and maintai ned 

Sarc o cy s t i s - free were d ivided into two equal groups and 

housed separately . One group was maintained exclusively 

on a diet of tinned meat* the other on a diet o f  tinned 

f i sh * * ·  Two weeks after the kittens had been on their 

r espective diets , the total daily faecal output o f  

both group s was collected o n  four separate occas ions . 

On each occasion the faeces o f  each group was thoroughly 

mixed , a 5 g sample removed and sporocyst suspension 

added . E ach sample was then treated a s  de scribed in the 

previous experiment except that only a s ingl e  one - f i fth 

subsamp l e  sub j ected to one sedimentation prior to 

floatati on was used . 

Although there were s ome variations between them , the 

amount s  of faecal debris in the final preparations o f  

s amples from kittens maintained o n  a f i s h  diet were 

consi stently l e s s  than in those from kittens on a meat 

d iet ( P l ate 2 . 3 ) . Recovery of sporocysts from faeces o f  

* F el ix Meat : Beef and/or mutton by products , ground bone , 
cereal s ,  polyuns aturated vegetable o i l , miner a l s  
and vitamins ,  e stimated crude f a t  content 8 - 1 0 %  
(Man . speci ficat ions ) . 

* * F:elix. F i sh : Whole f i sh ,  cereal s , po lyunsaturated vegetabl e  
oil , minerals and vitamins , e s t imated crude fat 
content 2 - 3 % .  
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P l ate 2 . 3 Compari son o f  the amount of debris pre s ent 

in final preparations of four faecal sampl e s  

from kittens maintained on tinned meat ( upper ) 

and tinned f i sh ( lower )  diets 
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k i ttens fed on the former diet also tended to be better 

( T able 2 . 3 ) but the se dif ference s were not stati stical

ly s igni f icant ( t-te st ; P > 0 . 0 5 ,  t = 0 . 8 5 8 , 6 df ) . 

( i i i )  E f fect of number of centri fugat ions in floatation 

medium 

Sporocysts were added to s ix 5 g samples o f  sporocyst

free faeces obtained f rom cats fed tinned f i sh . The 

s ample s were homogeni s ed and sieved and a repre sentative 

one- f i fth f iltrate subsample removed from each , sedimented 

once by centrifugation and reduced to a f inal volume o f  

1 ml . These were then suspended i n  9 volumes o f  NaCl 

s olution ( SG 1 . 2 ) , centri fuged and the sporocysts 

recovered from the top 1 ml in the u sual manner . The 

remaining 9 ml were then re suspended and the volume 

re stored with further NaCl s olution and a second and 

third centrifugation and recovery carried out on each . 

The results ( Table 2 . 4 ) showed , on average , that 9 6 . 6 % 

o f  the sporocys.ts r ecovered from all four s amples were 

obtained from the first centri fugation in NaCl solution 

with only small proportions be ing recovered from sub

s equent centri fugations . 

( iv )  E f fect of proportion o f  faeces to floatation 

medium 

I n  al l previous experiments in thi s  section , the equivalent 

o f  1 g of s ieved faecal material was made up to 1 0  ml 

with 9 ml of NaCl solution for the f loatation phase i . e .  

1 0 % faece s .  It was decided to inve stigate , therefore , i f  

a lower proportion o f  faeces would result in a higher 

sporocyst yield . 

S ix 5 g s amples of sporocyst- free cat f aeces ( on tinned 

f i sh diet ) to whi ch sporocysts had been added , were 

homogeni sed and s i eved . From each , two one - f i fth f iltrate 



TABLE 2 . 3  

C o l lection 

1 

2 

3 

4 

Mean ± SE 

TABLE 2 . 4  

S ample No 

1 

2 

3 

4 

Mean ± SE 

EFFECT OF HOST DIET ON THE RECOVERY OF 

S .  GIGA NTEA SPOROCYSTS FROM CAT FAECES 

Diet /Percent recovery 

day F i sh Meat 

6 5 . 7 4 9 . 1  

6 1 . 6  7 4 . 0  

6 9 . 0  6 0 . 7  

6 5 . 7 5 9 . 9  

6 5 . 5  ± ± . 5  6 0 . 9  ± 5 . 1  

EFFECT OF NUMBER OF CENTRIFUGATIONS IN NaCl 

SOLUT ION ON THE RECOVERY OF S .  GIGANTEA 

SPOROCYSTS FROM CAT FAECES 

Centri fugation No / Percent recovery 

1 st 2nd 3 rd All three 

5 4 . 1  3 . 7  5 7 . 8  

6 4 . 9  0 . 8  0 . 4  6 6 . 1  

7 0 . 7  3 . 3  0 . 4  7 4 . 4  

7 9 . 0  1 . 2  8 0 . 2  

6 7 . 2  ± 5 . 3  2 . 3  ± 0 . 8  0 . 2  ± 0 . 1  6 9 . 6  ± 4 . 9  

5 5  



subsamples (A and B )  were removed and centri fuged . 

Subsample A was reduced to a final volume o f  1 ml 

and 9 ml of NaCl solution added . Subsample B was 

reduced to 2 ml and 1 8  ml of NaCl solution added . 

5 6  

Both subsample s , therefore , were suspended i n  9 volumes 

1 . 2  SG NaCl solution but in subsample A the faece s 

proportion was 1 0 %  ( equivalent o f  1 g of faeces in 1 0  

ml while in sub s ample B i t  was 5 %  ( equivalent o f  1 g 

of faeces in 2 0  ml ) • 

The results , which are pre sented in Table 2 . 5 , showed 

a s igni f icantly h igher percentage recovery when a 

faece s proportion o f  5 %  was employed ( paired t-test ; 

p < 0 . 0 5 ,  t = 2 . 6 3 7 , 5 d f ) . 

2 . 3 . 2  Enumeration o f  sporocys t s  in faeces 

E st imates of the intens ity o f  helminth and coccidial infect

ions are frequently measured by the numbers of eggs or 

oocysts they produce in faeces .  Such e s t�mates are usually 

based on counts in smal l ,  representative faecal samples and 

are normal ly expres sed in terms of the ir concentration per 

gram . A number of procedure s have been described for 

obtaining such estimate s ,  of which the McMaster technique 

i s  the mos t  commonly employed .  In thi s  procedure a speci fied 

weight of faeces ( e . g .  1 . 7 g) is mixed with a known volume 

o f  d iluent ( 5 0 ml ; usually saturated aqueous NaC l )  and a 

representative sample i ntroduced into a special chamber 

which cons i st s  of two p aral lel glass s l ides 0 . 1 5 cm apart . 

On the underside o f  the top s l ide are two ruled grids 

e ach having an area of 1 sq cm . The heavy faecal debri s  

f al l s  t o  the bottom o f  the chamber and the eggs and/or 

oocysts float free to the unders ide o f  the cover glass where 

they can be counted . Their number per gram of faeces can 

be calcu lated according to the formula : 



TABLE 2 . 5  

Sample No 

1 

2 

3 

4 

5 

6 

Mean ± SE 

EFFECT OF PROPORTION OF FAECES TO FLOATATION 

MEDIUM ON THE RECOVERY OF S .  GIGANTEA 

SPOROCYSTS FROM CAT FAECES 

F aece s proportion /Percent recovery 

1 : 1 0  1 : 2 0  

6 4 . 5 8 3 . 2  

7 9 . 0  8 2 . 5 

7 6 . 3 8 7 . 4  

7 1 . 4  9 0 . 8  

5 1 . 3  8 0 . 4  

6 9 . 3  65 . 2  

6 8 . 6  ± 4 . 1  8 1 . 6  ± 3 . 6  

5 7  



= No . counted x di lution (ml /g) No . per g 
depth o f  chamber x grid area 
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U sing the di lutions outl ined above and examining both grids , 

e ach egg or oocy s t  counted represents 1 0 0  per g .  

S imilar estimate s o f  the concentrations o f  S .  g i ga n t e a  

sporocys t s  could a l s o  be obtained us ing the procedure out

l ined in the previous experiments . Thus starting with an 

initial sample o f  5 g of faece s and proc e s s ing a one - f i fth 

subsamp l e , the number of sporocysts recovered by thi s  means 

would provide an indication o f  the ir concentration per gram . 

I f  the volume o f  the f inal preparation was 1 ml and s ix 0 . 9  

� 1  rep l icates were examined in a haemocytometer , then it 

can be s een from the formula given in 2 . 2 . 4  that e ach 

sporocyst counted would repre sent 1 8 5 . 2  per g .  However ,  by 

doubl ing the numbe r  o f  0 . 9  � 1  repl icates examined , or more 

logical l y ,  halving the volume of the f inal preparation,:
_ 
then 

a s imilar sensitivi ty to that of the McMaster technique 

could be obtained ( i . e .  each sporocyst counted = 9 2 . 6 /g ) . 

I n  a s se s sing the u se fulne s s  o f  any faecal analysis procedure , 

two criteria are o f  prime importance ,  name ly , the rel iab i l ity 

and accuracy o f  the technique and the t ime and effort requir

ed . The McMaster technique i s  eas i ly and rapidly performed 

while that of the f l o atation-haemocytometer technique , 

described here , i s  long and tedious . I t  was decided , there

fore , to compare the accuracy of these two techniques for 

counting S. gigan t e a  sporocysts in cat f aeces . 

( i )  Comparison o f  counting techniques 

Initial attempts to use the McMaster technique revealed two 

maj or problems . F i rs tly , the top s ide o f  the chamber was 

too thi ck to permit the use o f  an obj ect ive lens of suffic-
' 

ient magni fication to enabl e  the sporocysts to be seen . 

Secondly , the large amount o f  faecal debri s  floating up with 

the sporocysts obscured their pre senc e . Accordingly , the 



fol lowing modifications were made : 

1 )  The top s ide of the chamber was removed and 

replaced by two f ine cover glasses  on whi ch 

were etched 1 cm sq . grids . 

2 )  Fol lowing mixing o f  the faecal s ample and 

prior to the introduction o f  a representative 

al iquot into the chamber , the sample was s ieved . 

5 9  

Known numbers o f  sporocysts were added to eight 5 g s amp l e s  

of faeces from Sarc o cy s t i s - free c a t s  maintained on a diet 

o f  t inned fish . To four o f  the se samples sporocysts were 

added to produce concentrations o f  approximately 2 2 , 2 6 4  ± 

8 4 9  sporocyst s  per gram ( spg ) and to the other four , 2 , 2 2 6  

± 8 5  per g .  Water was added to a l l  s amples which were then 

homogenised and s ieved in the usual manner ( see Section 

2 . 3 . 1  B ( i ) ) .  F rom each f iltrate of e ach sample , two 

one - f i fth subsamples A and B ( each containing the equivalent 

o f  1 g of faece s )  were removed , sedimented and reduced to 

f inal volumes of 2 and 3 ml , respectively . The number o f  

sporocysts in subs ample A w a s  determined by adding 1 8  m l  

o f  NaC l solution ( 1 . 2  SG ) and proceeding according t o  the 

f loatation-haemocytometer technique whi l e  the number o f  

sporocysts in subsample B was determined using the McMaster 

procedure . For the l atter purpose the 3 ml o f  faecal 

sediment was thoroughly mixed with 2 7  ml of NaC l solution 

( SG 1 . 2 )  and a repre sentative al iquot introduced into the 

McMaster chamber . In both case s ,  therefore , the faecal 

sediment was suspended in 9 volume s N aC l  solution ( SG 1 . 2 ) 

with s imilar faeces to NaC l  so lution proportions ( 5  and 

3 . 3 3 % ,  respectively) and comparable sen s itiv ities ( each 

sporocys t  counted = 1 0 0  spg McMa ster , 9 2 . 6  spg floatation

haemocytometer ) . 

The re sults are presented in Table 2 . 6 .  The numbers 

e stimated by both procedure s  were always lower than the 

actual count s . At both level s  o f  concentration , the float-



TABLE 2 . 6  

Sporocyst 

FAECAL SPOROCYST COUNTS OBTAINED U S ING THE FLOATAT ION

HAEMOCYTOMETER AN.D THE MODIF IED McMASTER METHOD IN CAT 

FAECE S AT TWO LEVELS OF SPOROCYST CONCENTRA.TION* 

Counting method/ s2orocys t  counts *  

McMa.ster F loatation-
concentration Sample No . haemocytometer 

1 7 , 8 0 0  1 8 , 7 0 5  

2 9 , 8 0 0  1 6 , 8 5 3  

2 2 , 2 6 4  ± 8 4 9·� 3 6 , 6 0 0  1 4 , 6 3 1  

4 4 , 4 0 0  1 3 , 5 2 0  

Mean ± SE 7 , 1 5 0  ± 1 , 1 3 0  1 5 , 9 2 7  ± 1 , 1 5 6  

1 1 , 0 0 0  1 , 8 5 2  

2 8 0 0  1 , 0 1 9  

2 , 2 2 6  ± 8 4 . 9  3 7 0 0  1 , 5 7 4  

4 7 0 0  1 , 4 8 2  

Mean ± SE 8 0 0  ± 7 1  1 , 4 8 2  ± 1 7 3  

* Sporocysts per gram ( spg ) o f  faeces 

( '  



ation-haemocytometer techn ique was s i gnificantly better 

than that of the McMaster procedure ( paired t-test ; 

P < 0 . 0 1 ,  t = 1 0 . 6 3 ;  P < 0 . 0 5 ,  t = 4 . 3 8 4 ,  3 d f  at 

concentrations of 2 2 , 2 6 4  and 2 , 2 2 6 /g, re spectively ) . 

( i i )  Errors within counting technique 

The floatation-haemocytometer technique described above 

has two main sources of potential s ampling error : the 

error introduced in removing a one - f i fth subsample f rom 

the homogeni sed and s ieved sample and the error s  associated 

with examining only sma l l  volumes ( s ix 0 . 9  � 1 )  of the f inal 

preparation ( 5 0 0  � 1 ) . It was decided to inve s tigate the 

s igni f icance of such potential error s in the fol lowing 

experiment . 

E ight 5 g faecal s ample s from Sar c o cy s ti s - free cats main

tained on a tinned f i sh diet were divi ded into two lots o f  

four . T o  one lot , sporocysts were added to produce 

concentrations o f  approximately 3 0 6 5  ± 2 3 6  spg and to the 

other 1 2 , 6 6 8  ± 6 1 2  per g .  From the f i ltrates of each 

homogeni sed and s i eved s ample , two one - f ifth subsamples 

were removed and processed in the usual manner . These 

sub s amples were reduced to f inal volumes o f  5 0 0  �1  and 

for e ach , the numbers of sporocysts in each of two s i x  

0 . 9  � 1  repl icates determined . Data from both l o t s  of 

four samples were then each subj ected to a 3- level ne sted 

analy s i s  of vari anc e . 

The r e sults ( Tabl e s  2 . 7  and 2 . 8 ) showed no sign i ficant 

differences ( P  > 0 . 0 5 ,  Appendix I f ,  g )  between subsamp l e s  

withi n  s ample s , nor between replicate s within subsamp l e s , 

at e i ther of the two level s  of infection . 

( i i i )  Reliabil i ty o f  faecal s ampl ing method 

E stimates of the numbers o f  S .  gi gant e a  sporocysts per gram 

could be obtained by proce s sing all the faeces availab l e  by 

6 1  



TABLE 2 . 7  SOURCE S OF SAMPLING ERROR WITH IN THE FLOATAT ION-HAEMOCYTOMETER COUNTING TECHN IQUE . 

F IGURE S REPRESENT ACTUAL NUMBERS COUNTED : EXPECTED COUNTS 3 0 6 5  ± 2 3 6  SPG 

Samples A B c D 

Subsamples A
l 

A
2 

B
l 

B 2 c
l 

c
2 D

l D
2 

Repl icate s A '  1 A" 1 A '  2 A "  2 B '  1 B "  1 B '  2 B "  2 C '  1 C "  1 C '  
2 

C "  
2 

D '· 1 
D "  1 D '  2 D "  2 

7 4 4 9 6 5 7 3 6 7 2 2 5 5 4 5 

1 0  6 4 8 3 4 4 0 4 3 4 5 4 2 3 4 

Readings 2 2 7 4 3 6 7 3 0 5 2 3 5 3 5 4 

3 4 7 5 7 5 4 6 4 7 5 3 3 4 9 1 

1 4 4 2 5 3 3 6 2 5 5 3 4 6 4 6 

5 6 1 6 4 4 2 6 3 1 5 2 5 4 3 8 

Replicate sums 2 8  2 6  2 7  3 4  2 8  2 7  2 7  2 4  1 9  2 8  2 3  1 8  2 6  2 4  2 8  2 8  

Subsample sums 5 4  6 1  5 5  5 1  4 7  4 1  5 0  5 6  

Sample sums 1 1 5  1 0 6  8 8  1 0 6  

Sample mean 2 8 . 8  2 6 . 5  2 2 . 0  2 6 . 5  

Convers ion factor 9 2 . 6  9 2 . 6  9 2 . 6  9 2 . 6  

Sporocyst s / g  
( sample means ) 2 , 6 6 2 2 , 4 5 4  2 , 0 3 7  2 , 4 5 4  



TABLE 2 . 8  SOURCES OF SAMPLING ERROR WITHIN THE FLOATATION-HAEMOCYTOMETER COUNT ING TECHN IQUE . 

F IGURES REPRESENT ACTUAL NUMBERS COUNTED : EXPECTED COUNTS 1 2 , 6 6 8  ± 6 1 2  spg 

Samples 

Subsamples 

Repl icate s 

Readi ngs 

Repl i cate sums 

Subsample sums 

Sample sums 

Sample means 

Convers ion factor 

Sporocyst s / g  
( s ample mean s )  

A 

A '  A "  A '  A "  
1 1 2 2 

2 1  1 8  2 2  2 2  

1 7  1 3  1 7  1 9  

1 6  2 0  1 8  1 8  

1 4  1 6  1 6  1 6  

2 0  1 3  1 6  1 1  

1 7  2 4  1 7  1 7  
-- -- -- --

1 0 5  1 0 4  1 0 6  1 0 3  

2 0 9  2 0 9  

4 1 8  

1 0 4 . 5  

9 2 . 6  

8 , 6 6 7  

B 

B '  B "  B '  B "  
1 1 2 2 

2 2  1 3  1 2  1 5  

2 0  1 9  1 5  1 9  

1 5  1 1  2 0  2 1  

1 6  1 2  2 1  1 8  

1 5  2 1  1 6  2 2  

1 9  9 1 5  1 2  

1 0 7 8 5  9 9  1 0 7  

1 9 2  

3 9 8  

9 9 . 5  

9 2 . 6  

9 , 2 1 4  

2 0 6  

c 

C '  C "  C '  C "  1 1 2 2 

3 5  2 1  1 5  2 2  

1 8  2 1  1 2  2 0  

1 6  2 3  2 1  1 6  

2 0  2 6  2 5  1 5  

1 3  1 5  1 3  1 7  

1 9  1 6  1 7  2 0  
-- -- -- --

1 2 1  1 2 2  1 0 3  1 1 0  

2 4 3  

4 5 6  

1 1 4  

9 2 . 6  

1 0 , 5 5 6  

2 1 3  

D 

D '  D "  D '  D "  1 1 2 2 

1 8  1 8  2 4  1 9  

1 8  1 7  1 2  9 

1 8  2 4  1 7  2 2  

1 2  1 9  1 6  1 4  

1 7  1 9  1 5  1 4  

1 6  1 1  1 7  1 1  
- -- --

9 9  1 0 8  1 0 1  8 9  

2 0 7  

3 9 7  

9 9 . 3  

9 2 . 6  

9 , 1 9 1 

1 9 0  



the floatation-haemocytometer technique and then d ividing 

the number o f  sporocysts recovered by the weight o f  the 

original mater i al . Alternatively , s imilar estimates 

could be obtained by process ing only a 1 g sample . In 

practice it has been found more convenient to start with 

an initial 5 g sample and further proce s s  a one - f i fth 

( i . e .  1 g )  subsample as in the previous experiment . I n  

thi s  experiment care was taken t o  ensure that each l o t  o f  

5 g s amples contained equivalent numbers o f  sporocysts by 

adding the s ame numbers to e ach . In acquired infections , 

however , sporocysts may not be evenly d i s tributed through

out the faecal mass and the numbers in a 5 g samp l e  taken 

f rom it may not , therefore , be representative of their 

concentration in the whole . The fol lowing experiment was 

undertaken to inve stigate thi s  pos s ibil ity . 

One day ' s  total faecal output ( 8 6  g )  from an 8 month-old 

c at ,  infected 1 3  days previous ly with S.  g i gan t e a  cysts , 

was thoroughly mixed for 3 min us ing a bowl and spatula 

and s ix 5 g s amples removed . Each s ample was then proce s s

ed as previously des cribed and e s t imate s of their sporocys t  

concentrations per gram so obtained , examined for 

s tatistically s igni f icant d i f ference s . 

The results , which are pre sented in T able 2 . 9 ,  showed that 

there were no s ignif icant differences ( P  > 0 . 0 5 ,  Appendix 

I h )  between them . 

2 . 4  D I SCUSS ION 

6� 

A number of authors have described laboratory methods for 

i so lating coccidia from faeces ( Davi e s  e t  a Z . , 1 9 6 3 ;  Davi s ,  

1 9 7 3 ;  Levine , 1 9 7 3 ;  Ryley e t  a Z . ,  1 9 7 6 ) . Although a l l  wi l l  

result i n  the recovery o f  some oocys t s , it seems reasonab l e  

to a s sume that the e ff iciency o f  the method employed wi l l  

vary according to the nature o f  the host faeces and the s i ze 



TABLE 2 . 9  

Sample 

Readings 

Total 

VARIAT IONS OF S. GIGA NTEA SPOROCYST COUNTS 

BETWEEN S IX 5 GRAM SAMPLES OBTAINED FROM A 

S INGLE FAECAL MAS S  

A B c D E 

2 5  1 4  2 1  1 5  1 6  

2 1  2 2  2 7  2 8  2 2  

2 6  2 0  2 7  1 4  2 5  

1 9  2 8  2 4  1 8  2 9  

1 8  2 5  2 5  2 5  1 0  

1 8  3 1  1 4  2 1  2 1  

1 2 7  1 4 0  1 3 8  1 2 1  1 2 3  

Convers ion factor 9 2 . 6  9 2 . 6  9 2 . 6  9 . 2 6 9 2 . 6  

Sporocysts /g 1 1 , 7 6 0  1 2 , 9 6 4  1 2 , 7 7 9  1 1 , 2 0 5  1 1 , 3 9 0  

F 

2 3  

2 3  

1 7  

2 2  

2 8  

1 5  

1 2 8  

9 2 . 6  

1 1 , 8 5 3  



and spe c ific gravity of the oocysts of the speci e s  o f  

cocc idia concerned . 

6 �  

I n  thi s  s tudy , each stage o f  a floatation procedure for 

the recovery of S. gigan t e a  sporocysts from cat faeces 

was investigated in some detail . One o f  the main obj ect

ives was to arrive at the mos t  effic ient system avai l able . 

The results obtained in thi s  study indicate that the 

fol lowing procedure is l ikely to resul t in the greate st 

yields for the least effort : 

1 )  Add water to faeces in the proportion of 1 0  ml for each 

1 g to be proces sed , homogeni se for 2 min with an 

e lectric beater and strain through a 60 then a 3 0 0  me sh 

s i eve ( apertures 2 5 0  and 5 3  �m , respectively ) . 

2 )  D i s c ard the material retained by the s ieves and 

centri fuge the f iltrate at 6 0 0 0  x g for 5 min . 

3 )  Remove and dis card the supernatant so that the sediment 

f i l trate is reduced to a volume equal to twice that 

of the weight of faeces proces se d  ( i . e .  1 ml of 

sedimented fi ltrate contains 0 . 5  g of faeces ) .  

4 )  To each 1 ml of sedimented filtrate add a further 9 ml 

o f  NaCl so lution ( SG 1 . 2 ) and mix wel l . 

5 )  Centri fuge a s  in ( 2 )  above and remove from the top a 

vol ume equal to that o f  the sedimented fil trate in 

step 3 ( i . e .  the top 1 0 % )  us ing a f lask f itted to a 

water vacuum pump and discard the re st . 

6 )  To each 1 ml of recovered material add a further 1 3  ml 

of water , centri fuge agai n  as above , remove and di s card 

the supernatant . The sporocysts are present in the 

s ed iment . 



The present results suggest that us ing thi s  procedure , a 

mean percentage recovery o f  7 5 . 5 % might be expected f rom 

faec e s  with e s timated sporocys t concentrations ranging 

from 2 , 2 2 6  to 2 2 , 2 6 4  per g ( data from Tables 2 . 5  to 2 . 8  

inc lu s ive ) . This compare s f avourably with other commonly 

used f loatation technique s ( covers l ip f loatation , gravity 

pan f l oatation , zonal gradients and l inear gradients )  

whi ch have been found to recover 4 0 . 5  to 6 0 . 7 % o f  oocysts 

pre sent in chicken and turkey faeces (Vetterl ing , 1 9 6 9 ) . 

As i n  Vetterl ing ' s  study , the pre sent f indings are based 

on r ecoveri e s  from rel atively smal l  faecal samp l e s  and 

6 7  

i t  i s  recogn i s ed that lower returns are l ikely t o  be 

obtained when l arger amounts of faecal material are process

ed . The writer has  genera l l y  preferred to proc e s s  approx

imatel y  1 5 0 - 2 0 0  g ( 4- 5  days ' faecal output from a s ingle 

12  to 1 8  week-o ld kitten) on any one occas ion . U s ing 

thes e  sorts o f  quantities and maintaining a strict 

adherence to the proportions and concentrations spec i f ied 

in the procedure outlined above , yields in the vicinity 

of 6 0� 7 0 %  of the estimated tota l  numbers o f  sporocys t s  were 

mai ntained . Other techniques for proces sing larger amounts 

of faeces have reported better recoveries than thi s . 

Vetterl i ng ( 1 9 6 9 ) , for examp l e , de scribed a continuous 

flow d i f f erential density procedure in which he reported 

an 8 5 . 4 % recovery of. oocysts of fowl coccidia . However , 

thi s technique uses equipment not readily ava i l able to 

the author and is also primarily des igned to avoid the 

need for sieving ; a proces s  whi ch has been found to be an 

es sential and not at a l l  disadvantageous procedure for the 

recovery of S. g i g a n t e a  sporocysts .  

Although sporocysts isolated as de scribed above are far f rom 

pure , the ir cleanline s s  has been found to be adequate for 

further exper imental work includ ing s tudies on excystation . 

The amount o f  f aecal debri s  may be c onsiderably reduced by 

maintaining infected kittens on a tinned f i sh rather than a 

tinned meat diet and some further improvement may a l so be 



6 8  

achi eved by additional washing o f  faecal suspensions prior 

to f loatation . However , the degree of improvement 

accomp l i shed by thi s latter means i s  so small as to be 

unj u s t if iable in view o f  the extra time and e f fort 

required . A muc:h more s igni f i cant improvement in purity 

can be attained by adding cc1
4 

to the NaCl solution but 

only at the expense of a very substantial reduction in the 

numbers of sporocysts recovered . In addition , the 

pos s ib i l ity that thi s solvent may interfere with the 

phy s ical or chemical nature of the sporocyst wal l  mus t  a l so 

be considered . 

The recommended f.loatation medium i s  NaCl solution at 

a speci f ic gravity of 1 . 2 .  Even prolonged exposure to 

thi s  solution has little e ffect on oocyst viab i l ity ( Ryley 

and Ryley , 1 9 7 8 )  and the short period of contact required 

by the present procedure has no apparent effect on the 

abi l i ty of S. g i g a n t e a  sporocysts to excyst ( see Chapter 4 ) . 

Other floatation media tested in this study could also 

probably be used , at the same spe c i f ic gravity , with s imi lar 

degree s of succe s s . However , sucrose solution i s  sticky 

and unp l easant to handle whi le the other chemicals investi

gated are more expens ive than NaCl . 

The procedure described can also be used to determine the 

concentration of sporocysts in faeces starting with a 5 g 

s amp l e  and subsequently proce s s ing a one- f i fth ( i . e .  1 g )  

sub s ampl e  after step 1 .  By reducing the f inal volume of 

thi s  subsampl e  to 5 0 0  � 1  in step 6 and counting the number 

of sporocysts in s ix 0 . 9  � 1  rep l icates us ing a haemocyto

meter , then an estimate of the number of sporocysts per 

gram can be obtained by mul t iplying the total number counted 

by 9 2 . 6 .  Thi s procedure i s  cons iderably more t ime consuming 

than the commonly employed McMas ter method but i s  more 

accurate . Thi s  is rather surpri s ing s ince others ( Levine 

e t  a l . , 1 9 6 0 ; Dorney , 1 9 6 4 ; Egwang and S locombe , 1 9 8 1 )  

have found the McMaster technique to be genera l ly superior 

to mos t  tested for the counting o f  eggs and oocysts in faeces . 



The reasons for thi s  appa rent d i sparity are not entirely 

c lear but probably relate , at least in part , to the 

sma l l  s i z e  of the sporocysts under study and the nature 

o f  cat faeces . Even afte r  sieving , such samples still  

contain large amounts o f  f ine faecal debri s  and are 

frequently exce s s ively turbid . Because of thi s  and 

6� 

because of the depth of the McMas ter chamber , l ight 

penetration is poor so that many of the sporocysts pre sent 

in the se preparations coul d  either be obscured or over

looked . When counting sporocysts by the floatation-haemo

cytometer technique , however , much of the faecal debris 

h a s  already been eliminated and because only 0 . 1  mm depth 

o f  material i s  examined , l ight penetration i s  not a 

problem . I n  addition , any uncertainities in ident i f ication 

can be resolved by the use of a h igher magni f i cation 

obj ective lens , a proce s s  which is not pos s ible with the 

McMaster chamber even when the top s l ide i s  replaced with 

a f ine cover glas s .  



CHAPTER 3 

PRODUCT ION OF SAR C O C YSTIS GIGANTEA SPOROCYSTS 

BY EXPERIMENTALLY INFECTED CATS 

3 . 1  INTRODUCT ION 

7 0  

Studies on the l ife cycl e  o f  various spec ies o f  Sar c o c y s t i s  

have shown that deve lopment i n  de finitive hosts i s  

restri cted to sexual reproduction ( gametogony ) and 

sporogony in the sma l l  inte stine ( Heydorn and Rommel ,  

1 9 7 2 a ,  b ;  F ayer , 1 9 7 4 ;  Mehlhorn and Scholtyseck , 1 9 7 4 ; 

Rommel e t  a Z . 3 1 9 7 4 ; Munday e t  a Z . 3  1 9 7 5 ; Z aman and 

Col l ey , 1 9 7 5 ; Ruiz and F renkel ,  1 9 7 6 ;  Heydorn and 

Haralambidi s ,  1 9 8 2 ;  Hilali  e t  a Z . 3 1 9 8 2 ; Dubey , 1 9 8 2 a ) . 

Thi s  i s  unl ike most other species o f  coccidia where asexual 

reproduction ( schizogony ) precede s gametogony and 

sporogony takes place outs ide the ho st ( Kheysin , 1 9 7 2 ; 

Lev i ne , 1 9 7 3 ) . Zoites within s arcocysts in the intermediate 

ho s t  are , therefore , pro-gamonts whi ch , when inges ted by 

the definitive ho st , dif ferentiate into female macrogameto

cyte s and male microgametocyte s .  Gametogony typical ly 

take s place in the lam ina propria of the small i nte stine 

with e ach macrogametocyte producing a s ingle macrogamete 

and each microgametocyte s everal microgametes .  Ferti l i sation 

of e ach macrogamete by a microgamete gives r i se to an 

oocyst which sporulates within the lamina propria to produce 

two sporocy s t s  each containing four sporozoite s .  Fol lowing 

sporulation free , mature sporocysts are excreted in the 

faece s . 

There have been few studies concerning sporocys t  production 

in S a r c o cy s t i s - infected de finitive hosts but it is commonly 

a s se rted that sporocyst shedding may continue for a long 

per iod and that re- infection i s  easily achieved ( Rommel 

e t  a Z . 3  1 9 7 2 ; Heydorn and Romme l ,  1 9 7 2 a ;  Fayer , 1 9 7 4 ; Rui z  



and Frenkel ,  1 9 7 6 ) . Unfortunately studies on whi ch such 

a s s ertions are based have been l argely of a qual itative 

nature and have provided l ittle information regarding the 

numbers of sporocys t s  shed . 

As p art o f  the pre sent s tudy on S .  gigan t e a �  information 

concerning sporocyst excretion by cats was sought . Thi s 

information was required , not only to provide basic 

epidemiological data , but also to determine the best means 

of obtaining maximum yields of sporocysts for experimental 

use . Speci f i cally, it was hoped to obtain information about 

the patterns of sporocys t  excretion and numbers o f  

sporocysts shed and how the se might b e  a ffected b y  such 

factors as the size of the infective dose , the mode o f  

infection and any previous experience o f  infection . 

3 . 2  MATERIALS AND METHODS 

3 . 2 . 1  Experimental animal s  

Cats aged from 6 to 4 4  weeks were used . These were obtained 

from l itters raised with the ir mothers in isolation . At 

weaning , k ittens were removed and , except in one prel iminary 

exper iment , housed individual ly and fed on a diet o f  t inned 

f i sh and water . 

Throughout the course o f  the study and prior to experimental 

infect ion , the faece s of all kittens were examined for 

extraneous coccidia . Apart from Is o s p o r a  fe Z i s  oocysts , 

which were recovered from most kittens at some t ime , no 

o ther coccidians were detected . No experiment was started 

unti l  excretion of thes e  oocy s t s  had ceased . 

3 . 2 . 2  Infection of cats 

7 1  

Cats were infected by feeding them intact cysts o f  S .  g i g a n t e a  

exc i s ed from the oesophagi o f  naturally infected sheep 

obtained from a local Freez ing Works . Infection was achieved 



by incorporating a known weight o f  cysts in food . Unle s s  

s tated , cysts were fed t o  k ittens on the s ame day that 

they were col lected , otherwi se they were s tored at 4 ° C in 

phy s iological sal ine . 

3 . 2 . 3  Detection and counting of sporocysts 

Following infection , the total faecal output of each cat 

was collected daily , weighed , thoroughly mixed and a 

representative 5 g s ampl e  removed . Up to the detection 

o f  the first sporocy st s , a one - f i fth subsampl e  of thi s 

s ample was proce s sed a s  described in Chapter 2 except that 

f l oatation was carried out using a sucrose solution ( SG = 

1 . 2 ) and sporocysts collected us ing a standard cove r s l ip 

recovery procedure . At detection of the f irst sporocysts 

shed and from then on , counts of the numbe r  of sporocysts 

per gram o f  faeces were performed using the floatation

h aemocytometer technique ( Chapter 2 ) . By mult iplying the 

concentration of sporocysts per gram by the total weight 

o f  f aeces produced e ach day it was pos s ible to obtain an 

e st imate of the daily production of sporocysts shed by 

e ach cat . By summation of daily sporocyst productions the 

total sporocyst yield of e ach infection was cal culated . 

3 . 3  EXPERIMENTAL PROCEDURES AND RESULTS 

3 . 3 . 1  Individual experiments on factors affecting 

sporocyst yields 

( i ) Pre liminary observations 

In o rder to obtain some ind ication of sporocyst output and 

the l ikely period of observation requ ired , two preliminary 

i nve stigations were conducted . The first involved four 

6 month-old cats housed together ( cats 7 9 / 1 ) , the second , 

J 2  

a s i ngle 6 to 7-week old kitten ( cat 7 9 / 2 ) . I n  the first 

i nvestigation a total o f  4 g o f  cysts ( shared by all 4 cat s ) 
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was fed on a s ingle occas ion , in the s econd 3 g .  The 

course of the se infections was moni tored as described 

( Section 3 . 2 . 3 ) , continuing until no sporocysts were 

detec ted in faeces for 1 0  consecutive days . Because four 

cats were housed together in the first inve stigation 

( cats 7 9 / 1 ) , the i r  faeces were pooled and treated a s  one . 

In both investigations the patterns of sporocyst shedding 

were s imilar ( F ig . 3 . 1 ) . Sporocys t  shedding began 1 0  or 

1 1  days after infect ion , rose to a peak 7 to 1 0  days later 

and then decl ined to lower level s  unti l  shedding ceased 

at 4 1  and 56 days pos t- infection ( P I )  in cat 7 9 / 2  and the 

group of four ( 7 9 / 1 ) , respectively . Ove r  the period of 

shedding , the four cats ( 7 9 / 1 )  produced a total of 

2 5 , 0 7 8 , 5 3 2  or an average of 6 , 2 6 9 , 6 3 3  sporocysts each and 

cat 7 9 / 2 ,  7 , 6 9 4 , 2 6 3  sporocysts . 

As a result of thi s  s tudy , a standard observation period 

of 6 0  day PI was adopted for all future experiments .  

( i i )  E ffect of s i ze o f  infective dose 

7 4  

Again , two experiments were performed . In the first ( Expt . 

( a ) ) ,  s ix kittens ( 6- 7  weeks old) were a l located to three 

groups of two and e ach kitten in each pair was fed on a 

s ingle occas ion , e i ther 1 . 5 ,  4 . 5  or 7 . 5  g of cysts from 

a common pool . The s econd experiment ( Expt . ( b ) ) was s im

i lar to the first except that the cyst s  were from a 

diff erent common pool and each kitten ( 9- 1 0  weeks old)  in 

each pair received e i ther 3 ,  6 ,  or 9 g of cysts .  

The results are presented in F igs . 3 . 2 ,  3 . 3  and T able 3 . 1 .  

One o f  the kittens i n  Expt . ( a )  ( cat 7 9 / 4 ) , receiving 7 . 5  g 

of cyst s , died 1 4  days a fter infection o f  unknown cause s .  

All s ix kittens i n  E xpt . ( b )  shed con s iderably more 

sporocysts than tho s e  in Expt . ( a )  with peak shedding 

reaching higher l eve l s ,  and being maintained for longer 

period s . 



Faci ng page 7 5 

F ig . 3 .  2 E f fect of infective do se s i z e  on 

s porocyst excretion by S .  gi gan t e a 

i nfected cats : Expt . ( a )  
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TABLE 3 . 1  

Expt . ( a )  

Expt . ( b )  

EFFECT OF INFECT IVE DOSE S I ZE ON SPOROCYST P RODUCTION 

BY S .  GIGANTEA - INFECTED CATS 

Cat No . Infective dose Total sporocyst Mean total 
(g of cysts ) yield sporocyst 

yield 

7 9 / 7  1 . 5  3 , 4 5 2 , 1 9 4  
2 , 0 1 4 , 0 8 2  7 9 / 8  11 5 7 5 , 9 6 9  

7 9 / 5  4 . 5  1 , 7 4 7 , 2 0 8  
4 , 9 2 3 , 1 6 2  7 9 / 6  " 8 , 0 9 9 , 1 1 5  

7 9 / 3  7 . 5  6 , 3 8 9 , 6 4 5  
7 9 / 4 *  11 

8 0 / 1  3 . 0  1 2 , 8 8 1 , 0 3 6  
1 9 , 4 8 1 , 3 1 3  8 0 / 2  " 2 6 , 0 8 1 , 5 8 9  

8 0 / 3  6 . 0  2 7 , 8 6 1 , 6 8 8  
2 9 , 5 8 6 , 2 8 3  8 0 / 4  11 3 1 , 3 1 0 , 8 7 8  

8 0 / 5  9 . 0  5 6 , 6 4 8 , 9 4 9  
4 0 , 8 1 6 , 2 9 9  8 0 / 5  " 2 4 , 9 8 3 , 6 4 8  

* Died 1 4  days post- infection 
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Within each experiment there was a tendency for greater 

sporocyst yields to be a s s ociated with h igher infective 

dos e s . A common regres sion analysis  for both experiments 

was computed with 9 degrees of freedom (Fig . 3 . 4 ) . The r 2  

value for thi s regress ion was 0 . 4 0 8 7  indicating that about 

4 1 %  of the variation in total sporocyst production was 

due to the s i z e  o f  the infective dos e . The s lope of the 

regres s ion line was sign i ficant at the 5 %  level ( t  = 

2 . 4 9 4 2 ) . 

( i i i ) E f fect of previous experience 

7 9  

It i s  commonly bel i eved that re- infection with Sarc o c y s t i s  

i s  e a s ily achieved but whether re- infection o f  hosts with 

previous experience of Sarc o c y s t i s  results in any subsequent 

diminution in the numbers of sporocys t s  shed i s  unknown . 

An experiment was undertaken to inve stigate thi s  po s s ib i l i ty . 

Six k i ttens , 6 to 7 weeks of age , were al located to three 

groups of two . The first pair of k ittens ( cats 7 9 / 5 , 7 9 / 6 )  

were e ach infected on days 0 ,  9 0  and 1 9 5 ,  the second ( ca t s  

79 / 9 ,  7 9 / 1 0 )  o n  days 9 0  and 1 9 5 and the third ( cats 7 9 / 1 1 , 

7 9 / 1 2 )  on day 1 9 5  o f  the experiment . On each occas ion each 

kitten was fed 4 . 5  g o f  cysts from a common pool . By 

thi s  means it was possible to compare sporocyst shedding 

in k ittens infected on one ( 6  kittens ) ,  two ( 4  kitten s )  or 

three ( 2  kittens )  s eparate occasion s . 

Al l s� kittens shed sporocysts on each o ccasion that they 

were infected and , although there was some variabil ity in 

their patterns of excretion , there was no evidence to 

suggest that previous experience had any effect on e i ther 

the length of the p repatent ( i . e .  the t ime between infection 

and the commencement of shedding ) o r  the patent period 

( i . e .  duration of shedding ) ( F ig . 3 . 5 ) . The results a l so 

indicated that experience o f  one o r  two previous infec tions 

had. no s ignif i c ant effect (P > 0 . 0 5 )  on the numbers of 
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TABLE 3 . 2  

C a t  No 

7 9 / 5  
7 9 / 6  

Mean 

7 9 / 9  
7 9 / 1 0  

Mean 

7 9 / 1 1  
7 9 / 1 2 

Mean 

TABLE 3 .  3 

EFFECT OF P REVIOUS EXPERIENCE ON SPOROCYST 

Y I ELDS IN S .  GIGA NTEA - INFECTED CATS 

I n f e c t i on day/Total sporocysts 
produced 

0 9 0  1 9 5  

1 , 7 4 7 , 20 8  7 , 9 1 8 , 0 5 4  1 1 , 5 7 5 , 0 9 8  
8 , 0 9 9 , 1 1 5  1 1 , 3 6 8 , 5 5 3  9 , 8 6 0 , 3 7 1  

4 , 923 , 1 62 9 , 6 4 3 , 3 0 4  1 0 , 7 1 7 , 7 3 5  

1 9 , 8 0 0 , 1 7 1  1 6 4 , 2 7 5  
3 , 0 5 8 , 1 9 2 7 , 4 5 4 , 3 8 7  

1 1 , 4 29 , 1 8 2  3 , 8 0 9 , 3 3 1  

1 6 , 4 6 4 , 6 5 0  
6 ! 7 3 9 ! 8 8 5  

1 1 , 6 02 , 26 8  

ANALYS I S  O F  VARIANCE O F  DATA I N  TABLE 3 . 2 

Source o f  v a r i a t ion d f  S S  M S  F 

B e tween i nf e ct ions 2 

W i th i n  i n f ections 9 

Total 1 1  

2 . 6 0 1 5 3 7 6 7 9 x 1 0 1 3  1 . 3 0 0 7 6 8 8 4 x 1 0 1 3  0 . 3 5 0 9  n s  

3 . 3 3 6 1 6 1 7 7 8 x 1 0 1 '  3 . 7 0 6 8 4 6 4 2x 1 0 1 3  

3 . 5 9 6 3 1 5 5 4 6x 1 0 1 '  

F . 0 5 ( 2 , 9 )  4 . 2 6 ; ns not s ig n i f icant 

8 1  



sporocysts shed ( T ables 3 . 2  and 3 . 3 ) . 

( iv )  Singl e  versus multiple infect ive dose s 

I n  previous experiments kittens were infected by feeding 

them cysts in a s ingle meal . It was decided , therefore , 

to compare sporocys t  shedding in cats infected in thi s 

manner with those receiving equivalent infective dos e s  

spread ove r  a short per iod o f  days . 

S ix kittens 1 5- 1 6  weeks old , were divided into two groups 

o f  three . All  three kittens in one group each received 

5 g of cyst s  on a s ingle occasion , the other three each 

received 1 g of cysts per day for 5 consecutive days a s  

indicated i n  T able 3 . 4 . The cyst s  were a l l  taken from 

the same common pool . 

The results are presented in F ig . 3 . 6  and Table 3 . 5 .  

Although the patterns of sporocyst excretion in a l l  s ix 

k ittens were s omewhat simi l ar , the duration o f  sheddi ng 

in those receiving multiple infections tended to be 

longer ( average 4 7  days ) than those receiving s ingle 

infections ( 4 2 days ) . Simi l arly , the total numbers o f  

sporocysts p roduced by animal s  i n  the former group a l so 

tended to be greater ; kittens infected on f ive separate 

occas ions producing on average , three t imes a s  many a s  

thos e  infected once . These difference s , however ,  wer e  

not s ign i f i c antly d i fferent ( t- te s t ;  P > 0 . 0 5 ,  t = 2 . 1 0 8 , 

4 d f ) . 

3 . 2 . 2  Accumul ated data on sporocyst production 

The preceding exper iments provide information regarding 

sporocyst production in cats o f  various ages , sexes and 

experience subj ected to dif fering levels and modes of 

infection . These experiments involved a total o f  2 8  

individual infections ( all cats except 7 9 / 1 ) . I n  the 

8 2  
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TABLE 3 . 4  EXPERIMENTAL PLAN : MULTI PLE VERSUS S INGLE 

INFECTIVE DOSES 

Infection day/ Infection do se* 

Cat No . 0 1 2 3 4 Total 

8 0 / 7  1 1 1 1 1 5 

8 0 / 9  1 1 1 1 1 5 

8 0 / 1 1  1 1 1 1 1 5 

8 0 / 8  5 5 

8 0 / 1 0  5 5 

8 0 / 1 2  5 5 

*We ight o f  cysts ( gram s )  

TABLE 3 . 5  EFFECT OF MULT IPLE VERSUS S INGLE INFECT IVE DOSES 

ON SPOROCYST Y IELD IN S. GIGANTEA- INFECTED CATS 

Infective dose Cat No . Total sporocys t s  produced 

8 0 / 7  1 3 , 2 9 7 , 3 6 8  
1 g X 5 8 0 / 9  1 9 , 1 0 7 , 6 8 5  

8 0 / 1 1  6 , 8 7 1 , 2 3 6  

Mean 1 3 , 0 9 2 , 0 9 6  

5 g X 1 
8 0 / 8  7 , 9 1 5 , 3 8 4  

8 0 / 1 0  1 , 9 2 9 , 5 0 9  

8 0 / 1 2  4 , 5 4 2 , 8 6 0  

Mean 4 , 7 5 9 , 9 1 8  
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fol lowing section accumulated data from these infections 

are further analysed to prov ide additional informat ion 

regarding sporocys t  production by S .  gi gan t e a  infected 

cat s . 

( i )  General patterns of sporocyst shedding and production 

Data relating to the pattern and number of sporocys t s  

shed in the 2 8  infections a r e  summari sed in F ig s . 3 . 7 ,  3 . 8  

and 3 . 9 .  These r eveal a fairly consistent pattern o f  

sporocyst sheddi ng although there were cons iderable varia

tions in the numbers shed . In all cats , sporocyst excretion 

commenced either 1 0  or 1 1  days after infection . I nvariably , 

however , sporocysts produced on day 1 0  were improperly 

sporulat�d . Sma l l  proportions of such abnormal sporocysts 

were occas ionally present on day 11  also but by day 1 2  

virtual l y  a l l  sporocysts were fully developed . Peak 

production occurred between 1 3  and 2 2  days P I  but in mo s t  

instance s peak numbers were shed o n  days 1 7  and 1 8 .  Peak 

numbers ranged from 5 5 6  to 2 6 0 , 0 2 1  (mean 5 3 , 0 6 6 )  sporocysts 

per g of faeces or from 3 7 , 9 1 9  to 6 , 6 0 4 , 3 7 2  (mean 

1 , 7 1 9 , 5 3 6 )  sporocysts per day . 

The number of days sporocysts were shed ranged from 2 6  to 

at least 6 0  days P I  with mos t  cats s t i l l  shedding at the 

termination of the experiments ( 6 0 days P I ) . The total 

number of sporocys t s  produced i n  individual infections 

over the s e  periods ranged from 1 6 4 , 2 7 5  to 5 6 , 6 4 8 , 9 4 9  (mean 

1 2 , 7 0 6 , 9 2 4 ) . 

Although the patent period i n  mo st infections was usually 

long , sporocysts were not always shed every day within 

thi s  period . In fact , sporocyst shedding every day of the 

patent period occurred in only 5 of the 2 8  infection s . In 

mo st cases cons i stent daily shedding took place up to day 

3 0  P I ,  thereafter sporadic s hedding of only sma l l  number s  

8 5  
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o f  sporocys t s  usually occurred . Thi s i s  illustrated by 

the f act that in 2 6  of the 2 8  infections more than 8 0 %  

o f  the total sporocyst yie ld s  were recovered within the 

f i r s t  3 0  days fol lowing i nfection . 

( i i )  E fficiency of infections 

In parasitological inve s tigations , the e stab l i shment o f  

experimental infections i s  often expres sed i n  terms of 

percentage e fficiency . Thus in parasitic nematode 

infections , the number o f  adult worms present in ho sts 

may be given as a percentage of the number o f  infective 

larvae admini stered . Comparable estimate s of sporocyst 

production e f ficiency could be made i f  the numbers of 

z o i te s  administered and the proportion l ikely to produce 

macrogametocytes were known . Accordingly , an attempt 

was made to estimate the production efficiency for the 

S .  g i g a n t e a  infections d e scribed above . 

Zoites from S .  g i ga n t e a  cysts were l iberated by plac ing 

0 . 5  g o f  intact cysts in 1 0  ml of 0 . 1 % HC1 .  The number 

8 9  

of z oites i n  1 g o f  cys t s  was then calcul ated u sing a 

Neubauer chamber and a 1 : 1 0 dilution o f  thi s  material 

according to s tandard haemocytometer methods ( Dacie and 

Lewi s ,  1 9 7 5 ) . These calculat ions showed that 1 g of cysts 

contained approximately 1 6 7 0  x 1 0 6 zoites . 

The proportion of S .  g i ga n t e a  z oites which will dif feren

tiat e  into macro- and microgametocyte s is not known but 

the s implest a ssumption that they would produce 5 0 %  of 

each seems unl ikely to be correct . S ince each micro

gametocyte is capable of producing suf f ic ient microgametes 

to ferti l ise s everal macrogametes ,  it i s  more l ikely that 

cons i derably more zoites d i f ferentiate into mac ro- rather 

than microgametocytes ; a l ikel ihood which i s  s upported 

by the general paucity of microgametocytes found in experi

menta l  Sarc o cy s t i s  infections ( Mehlhorn and Heydorn , 1 9 7 8 ) . 



Ther e  i s  a l so no information avai l able regarding the 

number of microgamete s pro duced by microgametocytes of 

S .  g i ga n t e a  but those o f  S .  s u i hom i n i s  have been found 

to p roduce 2 0  to 3 0  each ( Mehlhorn and Heydorn , 1 9 7 9 ) , 

tho s e  o f  S .  de b o n e i  1 3  to 1 7  ( Box and Dus z ynski , 1 9 8 0 )  

and tho se of S .  cru z i  3 to 1 1  ( Dubey , 1 9 8 2a ) . I f  s imilar 

numbers are produced by microgametocytes of S .  gigan t e a , 

then i t  may be reasonable to as sume that a s  many a s  9 0 %  

o f  zoites may differentiate into macrogametocyte s . On 

thi s  basi s , 1 g of S .  g i g a n t e a  cysts containing 1 6 7 0  x 

1 0 6 z oites would produce 1 5 0 3  x 1 0 6 macro- and 1 6 7  x 1 0 6 

microgametocytes .  As suming maximum efficiency , each 

microgametocyte would need to produce ( 1 5 0 3  x 1 0 6 � 1 6 7  

x 1 0 6 ) 9 microgamete s to ensure a l l  macrogametocytes 

wer e  fertil i sed , a figure well within the rangffi c i ted 

above . I f  1 g o f  cyst material i s  capable of producing 

1 5 0 3  x 1 0 6 macrogametocyte s and 1 0 0 %  fertil i sation i s  

a s sumed , such an infective dose could theoretically 

produce 1 5 0 3  x 1 0 6 oocys t s  or 2 x 1 5 0 3 x 1 0 6 sporocysts . 

Accordingly , the percentage e f f ic iency o f  any infective 

dos e  may be obtained from the formul a :  

% e f f ic iency Total No . sporocysts produced x 1 0 0  = 
X X 3 0 0 6  X 1 06 --

1
-

where X = the weight of the infective dose in grams . 

Calcul ations on thi s  bas i s  for the 2 8  individual infect

ions showed e fficiencies ranging from 0 . 0 0 1 %  to 0 . 2 8 9 %  

with a mean o f  0 . 0 8 5 % 1 • 

There appeared to be l ittle a s sociat ion between the se 

mea su rements and any of the parameter s  examined in the 

9 0  

1
since completion of thi s  s tudy , a recent paper ( Dubey , 1 9 8 3 f )  
has revealed that approx imately 6 1 %  o f  the zoites o f  
S .  h i r s u ta muscle cys t s  d i f ferentiate into macrogametocytes 
in the cat inte stine . I f  this s ame proportion is appl ied to 
S. g i g a n t e a  cysts ,  then e f ficienci e s  ranging from 0 . 0 0 2 %  to 
0 . 4 2 7 %  (me an 0 . 1 2 6 % )  are obtaine d . 



3 2  

• 
2 8  

2 4  

N e 
' 

0 2 0 

>
u 
z 
w 
u 
u. 
u. 
w 

1-
z 
w 
u 
a: 
w 
Q. 

1 6  

1 2  

8 

4 

Fig . 3. 1 0  

• 

• 

• • 

• 
• 

o · 5 2 3 l Y. l 
� -·2 l : 5 . 6 1 9  + 

• '( ( X  1 0  

I • • • 

• • 
• 

• • • 

2 4 6 8 1 0 

I N F E C T I V E  D O S E ( G R A M S  O F  C Y S T S ) 

Regre s s ion of production efficiency against infective dose 

s i z e  in 2 8  individual S .  g i g a n t e a  infections 



10 
0 
X 

0 
UJ 
u 
::l 
0 
0 
a: 
c. 

(J) 
1-
(J) 
> 
u 
0 
a: 
0 
c. 
(J) 

...J 
c:t 
t
o 
1-

6 0  

5 0  

4 0  

3 0  

2 0  

1 0  

F ig . 3 . 1 1 

• 

I N F E C T I V E  D O S E ( G R A M S  O F  C Y S T S ) 

Regre s s ion of total sporocysts produced aga inst infective 

dose s i z e  in 2 8  individual S .  g i ga n t e a  infections 



9 3  

study although there was an apparent , but non - s ignificant 

( P  > 0 . 0 5 ,  t = 2 . 1 0 7 ,  4 d f ) , tendency for effic iency to 

be greater with mult iple rather than with s ingle 

infective dose s . A regres s ion analy s i s  of ef fic i ency 

against infective do se s i z e  for the 2 8  infections revealed 

a non- s igni f icant s lope (P > 0 . 0 5 ,  t = 0 . 7 3 0 , 26 df)  and 

an r 2  value of only 0 . 0 1 9 1 9  ( F ig . 3 . 1 0 ) . Interestingly , 

a comparabl e  regres s ion for total sporocysts yielded 

aga inst s i z e  of infecting dose produced an r2 value o f  

0 . 3 3 9 6  with a highly signi ficant ( P  < 0 . 0 1 ,  t = 3 . 6 5 6 )  

s lope of the regre s s ion l ine ( F ig . 3 . 1 1 ) . 

( i i i )  E f fect of sex o f  ho sts 

Data relating to the number s of sporocyst shed in the 2 8  

infections were examined for any e f fects o f  host sex . 

The results ( Table 3 . 6 ) showed that although the mean 

total numbers of sporocys t s  shed by males tended to be 

greater than those shed by female s ,  the se differenc e s  were 

not s tat i s tically s igni f i cant ( P  > 0 . 0 5 ,  t = 0 . 7 8 2 , 2 6  d f ) . 

3 . 4  DISCUSS ION 

One o f  the characteri stics of ' conventional ' coccidial 

infections is that they are self- l imiting in time . The 

duration of thi s  period i s  determined primarily by the 

number of asexual generations , the length of tran s ition 

from asexual to sexual generat ion and by the duration o f  

gametogene s i s .  Thus , i n  homoiothermic animals , the length 

of the prepatent period of each coccidial speci e s  i s  

rel atively constant and while the duration of patency may 

be influenced by host factor s , it i s  a l so largely influenc

ed by the developmental cycle of the paras ite ( Khey s in , 

1 9 7 2 ) . 

I n  Sarc o cy s t i s  spp . infections , gametogony proceeds very 

rapidly with development to the zygote stage u sual ly being 



TABLE 3 . 6  

Sex 

Male 

Female 

Total 

EFFECT OF HOST SEX ON SPOROCYST YIELD IN S. GIGA NTEA 

INFECTED CATS 

No o f  
infections 

2 1  

7 

2 8  

Infective dos e *  
( g  of cysts ) 

4 . 8 8 ± 0 . 3 5 

4 . 4 3 ± 0 . 7 7 

4 . 7 7 ± 0 . 3 2 

Sporocyst yield* 

1 3 , 7 4 8 , 2 9 9  ± 2 , 8 5 1 , 6 6 0  

9 , 5 8 2 , 7 9 6  ± 3 , 3 1 7 , 5 8 9  

1 2 , 7 0 6 , 9 2 4  ± 2 , 2 9 1 , 2 2 7  

*Mean ± SE 



completed 1 8  to 4 8  hr after infection ( Becker e t  a l . , 

1 9 7 9 ; Box and Dus z ynski ,  1 9 8 0 ) . Despite the rapidity 

9 9 

o f  thi s  development both the prepatent and patent period s 

o f  Sar co cy s t i s  spp . have generally been found to be 

comparatively long . In the pre sent study , for example , 

sporocyst shedding was f irst detected 1 0  or 1 1  days after 

infection and was found to continue for 60 days or more 

po st- infection . Other workers have recorded s imilar 

f i ndings for this spec ies with prepatent and patent 

periods ranging from 1 1  to 1 3  and 8 to 7 6  days re spective

ly ( Rommel e t  a l . , 1 9 7 2 ; Mehlhorn and Scholtyseck , 1 9 7 4 ; 

B ratberg e t  a l . ,  1 9 8 2 ) . 

Although the patent period of S .  g i g an t e a  was usually 

found to be long , the present results clearly indicate 

that the harve sting of sporocysts for experimental 

purposes i s  likely to be mo st profitable between po st

infection days 12 to 3 0 .  The results also sugge st that 

naturally infected cats could provide foci of heavy 

sporocyst concentrations during thi s  period with shedding 

for another 3 0  days or more , aiding the dispersal of 

sporocysts over large areas of roaming cats . Whether 

s imi lar patterns of sporocyst excretion are exhibited by 

other def initive hosts infected with other species o f  

Sarco cy s t i s  i s  not clear , although there i s  some evidence 

that they are ( Ford 1 9 7 4 ; Fayer , 1 9 7 7b ) . 

The reasons for the relative ly long prepatent and patent 

periods in Sar co cy s t i s  infections are not completely 

understood . One pos sible explanation put forward for 

extended patency is that zoite s  from muscle cysts • wait • 

somewhere within the definitive host and develop succe s s 

ively into gametocytes ( Mehlhorn and Heydorn , 1 9 7 8 ) . More 

recent f indings , however , i ndicating the absence of all 

deve lopmental stages other than oocysts in f ive species 

o f  Sarco c y s t i s  2 2  hr after infection ( Becker et a l . , 

1 9 7 9 )  appear to rule out thi s  expl anation . A second and 

more like ly sugge stion , is that the deep location o f  



gametocytes and oocysts within the intestinal t i s sues 

results in their gradual release into the lumen . Thi s  

location may also explain the excretion of free mature 

sporocysts in faeces ( Tadros and Laarman , 1 9 7 6 )  . Thu s , 

unl ike oocysts of conventional coccidia which are found 

in the epithelial layer of the intestine and are , there

fore , readily released , those of Sarco c y s t i s  are 

temporarily trapped .  This temporary entrapment in the 

lamina propria , the oxygen leve l of thi s  richly vascular 

t i s sue and the body temperature of the host , al low the 

Sar c o c y s t i s  oocysts to sporulate . 

The means by which the sporocysts make their way to the 

lumen of the intestine i s  also unknown . The s implest 

exp l anation i s  that thi s  is brought about passively by 

the contraction o f  the fine muscular strands within the 

lamina propri a  dur ing peri stal s i s . Thi s could force the 

oocysts to the tips of the intestinal villi  where ce l l 

ular replacement of the epithelial layer i s  most active 

( T adros and Laarman , 1 9 7 6 ) . S ince the oocyst wal l  o f  

Sarc o cy s t i s  spp . appears to be very del icate (Mehlhorn 

and Scho ltyseck , 1 9 7 4 )  thi s  mechanical force may also be 

re spons ible for the release of the sporocysts from the 

oocyst . Obvious l y ,  the interval between infection and 

the first appearance of sporocysts in faeces will depend 

to a large extent on the time required for sporulat ion 

and the period nece s s ary to complete migration from the 

lamina propria . But thi s  does not entirely explain why 

unsporulated oocysts are not detected in faeces ear l ier 

in the course of infection . Certainly no such oocysts 

wer e  recovered at any s tage in the present investigation . 

It i s  pos s ible , o f  course , that unsporulated oocysts 

were being continuously shed but de stroyed by the 

hypertonic intestinal content s , because of the delicate 

nature of the oocys t  wal l . 

Information relating to total sporocyst output i s  o f  

9 6  



part icular intere st . P revious workers ( Rornmel e t  a l . ,  

1 9 7 2 ; Mehlhorn and Scholtyse ck , 1 9 7 4 )  have sugge sted 

9 7 

that sporocys t production in cats infected with S .  g i g an t e a  

i s  general ly poor . These opinions , however ,  are based on 

subj ective impres s ions only and are not supported by the 

pre s ent f indings . I ndeed , a compari son between the 

pre s ent results and tho se of other studies ( Table 3 . 7 ) 

suggests that cats are capable of excreting as many 

sporocysts as other hosts . I t  i s  recogni sed , nonetheles s , 

that such comparisons may not be strictly val id because 

of the d i f ferent species  of Sarco cy s t i s  involved and the 

different and usually undetermined amounts of infective 

material administered . 

There were cons iderable variations between the total 

numbers of sporocysts shed by cats in thi s  inve stigation . 

Thes e  variations were not only l imited to dif ference s 

between animals in d i fferent experiments but were a l so 

apparent both between cats receiving the s ame infective 

do ses from the same common poo l s  (Tables 3 . 2 ,  3 . 5 )  and 

between the s ame cats i nfected on different occas ions 

( Table 3 . 5 ) . Notwithstanding , total sporocyst yields 

tended to increase with increased dose s i z e  and to be great

er in those cats rece iving multiple rather than s ingle 

infective meal s . S imi l ar re sults to the former finding 

have been reported for conventional coccidia but the 

number o f  oocysts yielded per oocyst admini stered 

( ef f iciency of infection) has usually been found to decl ine 

at high do se level s  ( Kheysin , 1 9 7 2 ) . Intere stingly , thi s  

phenomenon ,  which was not observed i n  the pre sent study , 

i s  less pronounced i n  species with shorter developmental 

cycles than in thos e  with longer one s ( Kheysin , 1 9 7 2 ) . 

The s i z e  of the infective do se resulting in maximum oocyst 

production , above which efficiency begins to decline , also 

vari e s  with spec ies ( Kheysin , 1 9 7 2 ) . It i s  po s s ible , 

therefore , that the dos e  leve l s  employed in the pre sent 



TABLE 3 .  7 SPOROCYST PRODUCT ION IN EXPERIMENTALLY INFECTED DEF INIT IVE HOSTS 

Species Intermediate host De f initive host Exp . period Sporocyst yield 
( and No . )  ( days )  (mi ll ions ) 

s .  t e n e l l a sheep dog ( 2 )  6 0  9 0  ( each ) 

s .  t e ne Z Z a ?  sheep fox ( 1 )  3 4  1 3  

s. cruz i cattle dog ( 2 1 )  4 0 - 6 0  0 . 8 - 2 0  

s .  g i g an t e a  sheep cat ( 2 8 )  6 0  0 . 1 6 - 5 6  

Re ference 

Ford , 1 9 7 4  

Ashford , 1 9 7 7  

Fayer , 1 9 7 7  

Present study 

\.0 
00 



study f ar exceed those necessary to attain optimum 

e f f iciency in S .  g i g a n t e a  infections . Thi s might 

account for the extremely low efficiencies recorded 

here . 

The decrease in e f ficiency of conventional coccidial 

infections at high do se level s  has been various ly 

attributed to ' over popul ation ' of the intestinal 

epithel ium and/or to the rapid development of immunity 

following ingestion o f  a mas s ive amount of antigeni c  

material ( Kheys i n ,  1 9 7 2 ;  Levine , 1 9 7 3 ) . Unlike 

conventional coccidia , however , Sar co cy s t i s  infections 

are cons idered to confer l ittle immunity to their 

definitive hosts as evidenced by the lack of cel lular 

reaction induced ( F ayer , 1 9 7 4 ;  Munday e t  a l . , 1 9 7 5 )  

and the ir apparent ability to reinfect their hosts 

repeatedly (Romme l et a l . , 1 9 7 2 ; Faye r , 1 9 7 4 ;  Rui z  

and Frenke l , 1 9 7 6 ) . Thi s  claim i s  further and cons ider

ably strengthened by the f i ndings of the pre sent study in 

whi ch previous experience of infection was found not to 

result in any diminution of sporocyst production . 

9 9 

In some e imerian coccidia i t  i s  schi zogony which i s  

cons idered to stimul ate . protective immunity with gametogony 

reputedly having l ittle immuni s ing e ffect ( Rose , 1 9 7 3 ) . 

It i s  tempting , therefore , to specul ate that both the 

evident lack of protective immunity and the apparent 

absence of an inverse rel at ionship between dose s i z e  

and efficiency in S .  g i g an t e a  infected c ats may be 

related to the absence of s chi zogony . 



CHAPTER 4 

IN VITR O EXCYSTATION OF SARCO CYSTIS GIGA NTEA 

SPOROCYSTS 

4 . 1  INTRODUCTION 

1 0 0  

Fol lowing ingestion of sporulated oocysts , one constraint 

governing the further development o f  coccidial infect ions 

mus t  be the liberation of their sporozoites . For mos t  

species  of conventional coccidia thi s  process of excy

station has usua l ly been found to take place in two 

phase s .  The first , or pretreatment phase , affects the 

permeability of the oocys t  wall al low ing entry of the 

second , or treatment phase stimul i ,  which act upon the 

sporocysts and pos sibly the sporozoite s . Trypsin and 

bile are recogni sed as the most important second phase 

stimu l i  and are normally encountered in the small 

inte stine ( Jack son , 
·
1 9 6 2 ) . The requirements for the 

initial or pretreatment phase , however , appear to di ffer 

for coccidia infecting d i fferent hos t s . Thus for some 

species of poultry coccidia , mechanical breakage of the 

oocys t  wall , such as may occur in the g i z z ard , has been 

found neces sary ( Doran and Farr , 1 9 6 2 ; Farr and Doran , 

1 9 6 2 )  whereas for coccidia infecting ruminants ,  chemical 

change s induced by condit ions in the rumen may be required 

( Jackson , 1 9 6 2 ) . 

The permeabi l ity of the oocyst wal l  may be enhanced i n  

v i t ro by incubation in a reducing medium , usual ly 

cyste ine hydrochloride , under co2 ( Jackson , 1 9 6 2 ; Hibbert 

and Harnrnond , 1 9 6 8 ; Bunch and Nyberg , 1 9 7 0 ) . A s imilar 

effect may also be achieved by removal of the outer wal l  

layers us ing sod ium hypochlorite ( Speer e t  a Z . � 1 9 7 3 ;  

Nyberg and Knapp , 1 9 7 0 )  and both techniques have been used 
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to s tudy the excystation proces s  of a number of species 

of coccidia . With the former procedure the exposure 

time neces sary to achieve the optimum e ffect has been 

found to vary f rom species to species ( Bunch and Nyberg , 

1 9 7 0 ) . 

Unl ike those of conventional cocc id i a , sporocysts of 

Sar c o c y s t i s  spp . are not protected by an oocyst wal l . 

It might seem reasonable to as sume , therefore , that pre

treatment is not an essential prerequi s ite for the 

excystation of members of thi s  genu s . That thi s a s sump

tion may be incorrect , i s  suggested by the s tudy of 

Payer and Leek ( 1 9 7 3 )  who found that a pretreatment 

stimulus s imi lar to that employed with conventional 

ruminant coccidia was necessary to i nduce S. cruz i 

sporozoites to excyst . 

Apart from S .  c r u z i �  the excystat ion requirements of other 

Sar c o cy s t i s  spp . have not been s tudied in any detail . The 

pre sent inve s tigation was undertaken to examine the 

effect of various factors on the in v i tro excystation o f  

S .  gi gan t e a  sporocysts with the ultimate aim of us ing 

thi s  procedure to determine sporocyst viabil ity and 

survival . 

4 . 2  MATERIALS AND METHODS 

4 . 2 . 1  Sporocy s t s  

Sporocysts o f  S .  gi gan t e a  excreted in the faeces of 

exper imental ly infected cats were recovered as previously 

de scribed ( Chapter 2 ) . Those o f  S .  t e n e l l a and S .  c ap r a c a n i s  

were obtained by s imi lar means from dogs fed naturally 

infected sheep hearts and goat meat , respectively . Unle s s  

otherwise stated , all sporocysts u sed in the se experiment s  

were stored i n  aqueous 2 . 5 % potas s ium dichromate at 4 ° C for 
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1 to 2 months be fore use . 

4 . 2 . 2  co
2 

pretreatment 

Sporocysts were washed free of s torage solution by 

suspension and centri fugation in four changes o f  tap 

water and one o f  d i stilled water . Equal volumes o f  

sporocyst suspens ion in disti lled water and freshly 

prepared 0 . 0 4 M solutions of cyste ine hydrochloride , 

sodi um dithionite or ascorbic acid , were placed in 1 0 0  

ml E r lenmeyer flasks , giving f inal concentrations o f  

0 . 0 2M .  The flasks , fitted with inlet and outlet valve s , 

were flushed for 2 rnin with co
2

. They were then sealed 

and incubated at 3 9 ° C in a water bath . Fol lowing 

incubation , the sporocysts were washed twice with d i s 

t i l l ed water and twice with Ringer ' s  solution in which 

they were finally suspended . 

4 . 2 . 3 Peps in-HCl pretreatment 

One ml al iquots o f  cleaned sporocysts in distil led water 

were made up to 1 0  rnl with either 5 ,  2 0  or 1 0 0 %  solutions 

of a peps in-HCl mixture and incubated under air at 3 9 ° C . 

The peps in-HCl mixture con s i sted o f  1 . 5  g of pepsin 

( 1 : 1 0 , 0 0 0 ,  BDH Chemicals Ltd ) and 1 0  ml of HCl in 6 0 0  

rnl o f  water . After incubation , sporocyst s  were washed 

free of peps in-HCl solution and suspended in Ringer ' s  a s  

above . 

4 . 2 . 4  Sodium hypochlorite pretreatment 

Samples of sporocysts in distilled water were suspended 

in 9 volume s of 0 . 5 % sodium hypochlorite ( f inal concen

tration = 0 . 4 5 % )  and placed in an ice bath . After the 

required interval they were washed free of sodium hypoch

lori te with f ive change s of tap water , one of distil led 

water and two of Ringer ' s  solution . 
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4 . 2 . 5  Treatment with excysting medium 

Pretreated and non- treated sporocys t s  suspended in 

Ringer ' s  so lution were added to equal volumes o f  freshly 

prepared excysting medium cons i sting of bile , tryp s i n  

( 1 : 3 0 0  ICN Pharmaceutical s Inc . )  and buf fer and incubated 

in a water bath . The interval and temperature o f  

incubation varied according t o  the experiment , a s  did 

the concentration of trypsin and b i l e , the type o f  bile 

and the buf fe r . Natural biles used in the se experiments 

were pooled from at least f ive animal s  and were froz en 

until use . All  buffers were prepared fol lowing the 

methods of Gomori ( 1 9 5 5 ) . 

4 . 2 . 6  Determination of excystation 

Wet mount s l ides were prepared after the appropri ate 

incubation per iod in excysting medium and. examined micro

scopically ( Magnification x 6 4 0 )  for excysted sporocysts . 

At each observation interval , 1 0 0  randomly selected 

sporocysts were counted to determine the percentage 

excysted . Observations showed that excysted sporocysts 

o f  S .  gigan t e a  frequently separated into four e longated 

p ieces ( see Section 4 . 3 . 3 ) . Determination of the number 

o f  sporocyst s  excysted was made by counting the number 

of such ' pieces ' and dividing by four . 

4 . 3  EXPERIMENTAL PROCEDURES AND RESULTS 

A l l  re sult s  repre sent the means of at least four 

experiments ± the s tandard error . 

4 . 3 . 1  Studi e s  on pretreatment stimu l i 

( i )  E f fect o f  pretreatment on potas s ium dichromate- s tored 

sporocys t s  

Sporocysts o f  S .  gi gan t e a  washed free o f  potas s ium d i chromate 



and suspended i n  distil led water were divided into 1 4  

al iquots . Four al iquots were pretreated with co
2 

and 

cyste ine hydrochloride for 1 ,  4 ,  8 or 2 4  hr , s ix were 

pretreated with 5 ,  2 0  or 1 0 0 %  solut ions of peps in-HC 1 

mixture for 1 or 6 hr and three were pretreated with 

sodium hypochlorite for 1 5 , 3 0  or 6 0  min . The f inal 

al iquot was not subj ected to any pretreatment . Al l 

pretreated and non-pretreated sporocysts suspended in 

Ringer ' s  solution were added to excysting medium 

cons i sting o f  5 %  (v/v)  ovine bile , 0 . 2 5 %  (w/v ) tryp s in 

( final concentrations ) and tris buf fer ( pH 7 . 5 ) . They 

were then incubated at 3 9 ° C for 6 hr after which the 

percentage excystation was determined . 

The results ( Table 4 . 1 ) showed that only sodium hypoch

lorite pretreatment re sulted in any s igni ficant degree 

of excystat ion with the level of excystation tending to 

increase with increas ing duration of exposure . Fol low

ing co 2
- cyste i ne hydrochloride pretreatment , only low 

level s  of excystation were attained . No excystation 

was recorded i n  pepsin-HC 1 pretreated or non-pretreated 

sporocysts . 

( i i )  E f fect o f  pretreatment on water- stored sporocys t s  

The failure o f  the sporocysts to respond to any s ignifi

cant extent to cysteine hydrochloride and co
2 

was 

unexpected s i nce thi s  form of pretreatment has been 

1 0 4  

used to excys t  oocysts o f  many conventional coccidia a s  

wel l  as sporocysts of several Sar c o c y s t i s  spp . including 

S .  cru z i  of cattle ( Fayer and Leek , 1 9 7 3 ) , S .  m e i s c h e r i a n a  

and S .  sui hom i ni s of p ig s , S .  cap r e o l i c an i s  of roe deer 

( Bergler e t  a l . 3 1 9 8 0 )  and S. de b o n e i of cowbirds and 

grackles ( Box e t  a l . 3 1 9 8 0 ) . Apparently one of the 

e f fects of s toring oocysts of conventional cocc idia i n  

potas s ium dichromate i s  that the outer wal l l ayers become 



TABLE 4 . 1  

Pretreatment 

EFFECT OF VARIOUS PRETREATMENTS ON THE 

EXCYSTAT ION OF POTAS S IUM DICHROMATE - STORED 

S .  GIGANTEA SPOROCYSTS 

Concentration Duration P ercent 

1 0 5  

( final ) ( hr s )  excystation* 

None 

0 . 2 5 2 2 . 6  ± 1 . 9  

Sodium 0 . 4 5 %  0 . 5  4 9 . 1  ± 2 . 1  
hypochlorite 1 5 6 . 3  ± 3 . 0  

1 3 . 7  ± 1 . 1  

Cysteine 
4 5 . 8  ± 1 . 3  

hydrochloride 0 . 0 2 M 8 4 . 6  ± 1 . 1  
and co

2 2 4  7 . 3  ± 1 . 1  

1 

4 . 5 % 6 

Peps in-HC1 1 8 %  1 

6 

1 

9 0 %  6 

*Mean ± SE , - = < 1 
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' tanned ' the reby rendering them l e s s  permeable ( Jackson , 

1 9 6 2 ) . It was cons idered pos s ible that a similar 

phenomenon may have occurred with the sporocysts of 

S .  g i gant e a  resulting in a reduced e ffectivene s s  of the 

C0
2 - cysteine hydrochloride pretreatment . Accordingly , 

the above series of exper iments was repeated u s ing 

sporocysts which had not been in contact with any form 

o f  preservative . Additiona l ly , other reduc ing solutions 

( sodium dith ionite , ascorbic acid ) were substituted for 

cyste ine hydrochloride under co2 while in one experiment , 

8 hr exposure to cyste ine hydrochloride-co
2 

fol lowed 

immediately by 6 hr exposure to peps in-HC l , was tried . 

The results , presented in Table 4 . 2 ,  fol lowed a pattern 

s imilar to that previously observed . Again cysteine 

hydrochloride-co
2 

pretreatment was largely unsucce s s ful 

as was the use of other reducing solutions under co
2 

with only sodium hypochlorite exposure inducing any 

s ignificant degree of excystation . The leve l s  o f  

excystation attained in thes e  sporocysts fol lowing sodium 

hypochlorite pretreatment were much greater and appeared 

le s s  dependent upon exposure period than were those o f  

sporocysts s tored i n  potassium dichromate . 

( i i i )  Effect o f  floatation medium on pretreatment 

requirements 

Sporocysts used in the previous exper iments were recovered 

from cat faeces using NaCl ( SG = 1 . 2 ) . The continuing 

fai lure to obtain the anticipated degree of excy station 

following cysteine hydrochloride-co
2 

pretreatment ( de spite 

the absence of exposure to any pre servative ) raised the 

pos s ibi l ity that thi s  contact with NaC l  may have damaged 

them in some way . An experiment was conducted to examine 

thi s  pos s i b i l ity . 



TABLE 4 . 2  EFFECT OF VARIOUS PRETREATMENTS ON THE 

EXCYSTAT ION OF WATER- STORED S .  GIGA NTEA 

SPOROCYSTS 

Pretreatment Concentrat ion Duration Percent 
( f inal ) ( hrs ) excys tat ion * 

None 

0 . 2 5 8 0 . 6  ± 1 . 3  

Sodium 0 . 4 5 %  0 . 5  8 2 . 1  ± 1 . 4  
hypochlor ite 

1 8 3 . 8  ± 2 . 1  

1 1 . 6  ± 0 . 8  

4 5 . 5  ± 0 . 7  

Cysteine 0 . 0 2 M 8 1 3 . 0  ± 1 . 3  
hydrochlor ide 

2 4  1 3 . 0  1 1 . 0  and co
2 

4 1 . 4  ± 0 . 4  

Ascorbic a c id 0 . 0 2 M 2 4  1 . 9  ± 0 . 6  
and C0

2 

Sodium 4 
dith ionite and 0 . 0 2 M 2 4  C0

2 

1 

4 . 5 % 6 

Peps in-HC 1 1 8 %  1 

6 1 . 7  ± 0 . 5  

1 

9 0 %  6 

Cysteine 0 . 0 2 M 8 
hydrochlor ide 
and co

2 

plus 7 . 0  ± 1 . 3  

Peps in-HC1 1 8 %  6 

*Mean ± SE , - = < 1 

1 0 7 
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Faecal samp l e s  from four cats infe cted with S .  g i g an t e a  

were thoroughly mixed and divided into two lots . 

Sporocyst s  were recovered from both lots by the methods 

prev iously described ( Chapter 2 )  except that in one case 

NaCl was used as the floatation medium and in the other , 

sugar solution ( SG = 1 . 2 ) . Both lots of recovered 

sporocyst s , which were stored in tap water unt i l  use , 

were then exposed to either sodium hypochlorite for 3 0  min 

or cyste ine hydrochloride-co2 for 8 hr . Following the s e  

pretreatments they were incubated i n  excysting medium a s  

already de scribed ( Section 4 . 3 . 1  ( i ) ) .  

The results ( Table 4 . 3 ) showed that cysteine hydrochl oride

co2 pretreatment was ineffective both with NaCl -and s ugar

recovered sporocysts . Sporocysts pretreated with sodium 

hypochlori te , on the other hand , excysted with equal 

fac i l ity regardle s s  of the floatation medium used . 

( iv )  E f fect of pretreatment on S .  t e n e l l a and S .  capra cani s 

sporocysts 

I n  an e f fort to e l iminate the po s s ib�l ity that the preceding 

results may have been due to some inapparent defic iency 

in technique , another series o f  experiments us ing 

sporocysts of the dog transmitted ovine (S. t e n e l l a )  and 

caprine ( S .  capracan i s ) Sarco c y s t i s  species was undertaken . 

These sporocysts , maintained free of contact with any form 

o f  preservative , were subj e cted to a range o f  pretreatments 

s imilar to those u sed in experiment ( i ) . All sporocysts 

were then i ncubated at 3 9 ° C  for 6 hr in the s ame excysting 

medium a s  that used previou s ly except that in the case o f  

S .  cap r a c an i s ,  goat bile was substituted for ovine bile . 

The result s , which are pre sented in T able 4 . 4 ,  showed that , 

i n  contrast to s .  g i gant e a ,  the h ighe st level s  of excystation 

with both S .  t e n e l l a and S .  c ap ra c an i s  sporocys t s  were 

obtained fol lowing cysteine hydrochloride-co 2 pretreatment . 



TABLE 4 . 3  EFFECT OF FLOATAT ION MEDIUM ON THE PRETREATMENT REQUIREMENTS 

OF S .  GIGA NTEA SPOROCYSTS 

Pretreatment 

Sodium 
hypochlorite 

Cyste ine 
hydrochloride 

Concentration 
( fi nal ) 

0 . 4 5 %  

and co
2 

0 . 0 2 M 

*Mean ± SE 

Duration 
( hours ) 

0 . 5  

8 

Percent excystation* 
NaCl Sugar 
recovered recovered 

8 6 . 7  ± 1 . 0  8 9 . 8  ± 0 . 6  

1 7 . 4  ± 1 . 5  1 8 . 3  ± 2 . 0  



TABLE 4 . 4  EFFECT OF VARIOUS PRETREATMENTS ON THE EXCYSTAT ION OF 

S .  TENELLA AND S .  CAPRA CA.NIS SPOROCYSTS 

Percent excystation* 
Pretreatment Concentration Duration s. t e n e Z Z a s. capracani s 

( final ) ( hour s )  

None 7 . 5  ± 2 . 2  4 . 0  ± 1 . 2  

Sodium 0 . 5  1 6 . 3  ± 0 . 7  1 1 . 5  ± 2 . 8  
hypochlorite 0 . 4 5 %  

1 1 5 . 3  ± 3 . 0  9 . 8  ± 2 . 8  

Cysteine 8 4 8 . 2  ± 0 . 6  2 7 . 0  ± 2 . 5  
hydrochloride 0 . 0 2M 2 4  6 9 . 7  ± 2 . 7  4 7 . 1  ± 2 . 5  and co 2 

1 8 % 6 1 4 . 9  ± 2 . 0  2 . 8  ± 0 . 1  
Peps in-HC l 9 0 %  6 1 3 . 1  ± ± . 2  4 . 0  ± 0 . 6  

*Mean ± SE 
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4 . 3 . 2  Studies on treatment stimul i 

The following serie s  of experiments were carr ied out 

on S. g i g a n t e a  sporocysts which had been stored in 

pota s s ium dichromate and subj ected to 3 0  min pretreat

ment with sodium hypochlor ite . 

( i )  E ffect o f  temperature 

Pretreated sporocysts were suspended in excysting medium 

( f inal concentrations ; 5 %  ovine bile , 0 . 2 5 %  tryp s in , 

tris buf fer pH 7 . 5 ) and incubated at temperatures o f  2 1 , 

2 5 ,  3 0 ,  3 5 ,  3 9  or 4 3 ° C for 1 and 6 hr . 

S imilar levels of excystation were recorded at both 

incubation periods at all temperature s tested ( F ig . 4 . 1 ) . 

Excystation did not take place at 2 1  and 2 5 ° C  and only at 

low l evel s  at 3 0 ° C  ( 4 . 4  ± 1 . 3 % 1 hr , 8 . 0  ± 3 . 3 % 6 hr ) . At 

3 5 ° C the level of excystation increased markedly ( 3 6 . 1  ± 

3 . 3 % 1 hr , 3 7 . 6  ± 2 . 0 % 6 hr ) and tended to increase 

further , albeit at a s lower rate , at 39 and 4 3 ° C .  As a 

re sult of these f indings , percentage excystation in all 

further experiments in thi s  Section was , unle s s  otherwise 

indicate d , determined after 1 hr incubation at 3 9 ° C . 

( ii )  E f fect of hydrogen ion concentration 

Pretreated sporocysts were incubated in excysting media 

containing 5 %  ovine bile and 0 . 2 5 %  tryp s in ( final 

concentration s )  buffered to one of e ight pH leve l s . The 

buf fers used and the ir pH ranges were : tri s  maleate ( tris  

�ydroxymethyl ) aminomethanemaleate ) , pH 5 . 0  to 6 . 5 ; tris  

( tr i s  ( hydroxymethyl )  aminomethane ) ,  pH 7 . 0  to 8 . 5  and 

sodium carbonate-bicarbonate , pH 9 . 0  to 1 0 . 0 .  

Hydrogen ion concentration appeared to have l ittle influence 

and percentage excystation was found to be relatively 
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constant at the pH leve l s  tested ( F ig . 4 . 2 ) . 

( i i i )  E f fect of bile type or substitute 

Sporocysts were incubated in excysting media consi sting 

of 0 . 2 5 %  tryp s in ( final concentration ) and tri s  buffer 

(pH 7 . 5 ) , made up with one of e ight dif ferent bile 

types or sub s titute s .  Sheep , cattle , dog , cat , chicken 

and pig bile were u sed at final concentrations of 5 % . 

Sodium taurocholate (BDH Chemical s Ltd ) was used at a 

final concentration of 0 . 7 5 %  (w/v ) and in one series o f  

experiments ,  polyoxyethylene sorbitan monolaurate ( ' Tween 

8 0 ' ,  Difco Laboratorie s )  at a f i nal concentration of 0 . 5  

x 1 0- 5 % ( v / v ) , was substituted for bile . 

The results ( F ig . 4 . 3 ) revealed that excystation 

occurred i n  the pre sence o f  sodium taurocholate and a l l  

b i l e  type s but not when ' Tween 8 0 '  was substituted for 

bile . However , not all biles were equally e f fective . 

The highe s t  leve l s  of excystation were recorded whenever 

sodium taurocholate ( 5 4 . 4  ± 3 . 1 % ) , cattle ( 5 9 . 0  ± 2 . 3 % )  

or sheep ( 5 1 . 5  ± 1 . 2 % )  bile were used and the lowes t  when 

chicken ( 5 . 1  ± 1 . 8 % )  and pig ( 5 . 5  ± 0 . 4 % )  bile were 

employed . 

( iv )  E f fect of bile and tryp s in concentration 

Pretreated sporocysts were added to excysting media 

con s i sting of tri s  buffer ( pH 7 . 5 ) and , at f inal concen

trations , e ither 0 . 2 5 %  tryp s in and 0 ,  0 . 5 ,  2 . 5 ,  5 ,  1 0  and 

2 5 %  ovine bile , or 5 %  ovine bile and 0 ,  0 . 5  and 1 %  tryps in . 

Excystation occurred only when bile was pre sent ( F ig . 4 . 4 ) . 

At concentrations of 0 . 5 % bile , only 9 . 8  ± 0 . 6 % o f  

sporocysts excysted . This increased to 4 3 . 0  ± 1 . 4  and 

4 8 . 4  ± 0 . 9 % respectively , when 2 . 5  and 5 %  bile were used 
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but concentrations above 5 %  appeared to have l ittle further 

effect . 

Trypsin appeared to be less important than bile s i nce 

excystation occurred in its absence . However , more 

sporocysts excysted when trypsin was present than when it 

was not although above 0 . 2 5 % ,  concentrat ion also appeared 

unimportant . 

( v )  E f fect o f  discontinuous pre sence of excysting medium 

Jackson - ( 1 9 6 2 ) , working with the ovine coccidian Eim e r i a  

a r l o i ngi ( =  E .  o v i n a /E . w e y b r i dg e n s i s ) found that al though 

both tryp s in and bile were e s s ential for excystation it 

could proceed i f  oocysts were f i r st treated with b il e , 

washed clean and then treated with tryp s in . Others have 

suggested that sporocysts may be ' preconditioned ' by bile 

( Doran and Farr , 1 9 6 2 )  and that further attack on the 

sporocyst wal l may be aided by enzyme secretion by the 

sporozoites themselve s ( Doran , 1 9 6 6 )  . The next experiment 

was undertaken to determine i f  the continuous presence of 

excysting medium was e s s ential for the excystation o f  

S .  gigan t e a  sporocysts . 

Pretreated sporocysts , suspended in 5 %  ovine bile , 0 . 2 5 %  

trypsin ( f inal concentrations )  and tris buffer ( pH 7 . 5 ) 

were incubated at 3 9 ° C  for 5 ,  1 0 ,  1 5  or 3 0  minute s .  After 

each incubation interval three s amples were removed and 

treated as follows : 

1 )  Samp l e  A was examined immediately . 

2 )  Sample B was washed free o f  excysting medium with 

three changes of Ringer ' s  solution and then examined . 

3 )  Samp l e  C was washed free o f  excysting medium in the 

same manner as s ample B and then incubated for a 

further 1 hr in Ringer ' s  solution at 3 9 ° C before 

examination . 
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These three samp l e s  were necessary s i nce previous 

observations indicated that repeated washing with Ringer ' s  

solution led to a considerable differential loss of 

excysted sporocysts . Thus , at each interval of incubation , 

sample A provided an estimate of the percentage excysta

tion attained in excysting medium alone while the 

differen�e between the percentage excystation in s amples 

C and B reflected the degree of excystation due solely to 

a further 1 hr i ncubation in Ringer ' s . 

The results , which are pre sented in F ig .  4 . 5 ,  showed that 

following prior expo sure to excysting medium , a subsequent 

1 hr incubation in Ringer ' s  induced , on average , only an 

additional 9 . 5  ± 0 . 8 % of sporocysts to excyst . 

4 . 3 . 3  The excys tation proce s s  

T o  study the excystation process o f  S .  g i gan t e a ,  sporocys t s  

were pretreated for 3 0  min with sodium hypochlorite and 

suspended in Ringer ' s  solution as prev iously de scribed . 

One drop of thi s  suspension was p l aced on a s l ide and to 

thi s  drop was added a drop of excysting medium ( final 

concentrations of 5 %  ovine bile and 0 . 2 5 %  trypsin in t r i s  

buffer p H  7 . 5 ) . A cover s l ip was p laced over the preparation 

and sealed with petroleum j e lly . The sl ide was then 

examined using a microscope fitted with a warm s tage s et 

at 3 9 ° C .  

Sporocysts appeared unaltered by the pretreatment regime 

( P late 4 . 1A ) . Fol lowing exposure to excysting medium 

sporozoites with i n  some sporocysts began to move s luggi shly 

by means of weak flexing actions . I n  a few case s , the s e  

f i t ful movements were accompanied b y  the appearance o f  a 

smal l  hair- l ike fracture acro s s  the equatorial midl ine o f  

the sporocyst . Suddenly , i n  many instances without prior 

warning , the sporocyst ruptured about the equatorial midl ine 
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area of the initial rupture ( P late 4 . 1 B ) . The degree of 

movement exhibited by the expel led sporo zo ites varied 

greatly : i n  mo st cases l itt le was apparent apart from an 

occas ional bending and flexing . In some instance s ,  

however , the sporozoites appeared to ' adhere ' to the cover

s l ip by one end and rotate the free end . Ten l iberated 

sporozoite s in an elongated state measured 8 . 1 5 ± 0 . 0  x 

2 . 3  ± 0 . 8  llm . 

Initial ly , the empty ,sporocyst appeared as two contiguous 

triangles sharing a common midl ine ba se ( P late 4 . 1 C )  but 

usually the who le structure subsequently and quickly co llapsed 



Facing page 1 1 8  

Plate 4 . 1  Photomicrographs of the excystation proce s s  

of S .  gigan t e a  ( x  1 2 5 0 ) . A .  Appearance of 

sporocyst following pretreatment with sodium 

hypochlorite . B .  Commencement of excystation 

fol lowing exposure to excysting medium ;  note 

e s caping sporozo ite ( arrow) . C .  Completely 

excysted and partial ly collapsed sporocyst . 

D .  Completely co llapsed sporocyst . E .  

C ommencement of separation of sporocyst into 

four elongated p iece s . F .  Str ing of four 

elongated pieces of sporocyst wall l inked 

at narrow pivotal points ( arrows ) . G .  Pair 

o f  elongated pieces o f  sporocyst wal l . 

H .  Single elongated piece of sporocyst wa ll 

( arrow ) . I .  and J .  Excysted sporozo ites 
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i nwards ( P l ate 4 . 1 D ) . Frequent ly the sporocyst wal l  

s eparated e i ther at the s ite o f  the midline fracture or 

at one of the ' poles ' ( P late 4 . 1E )  to form a string of 

four elongated pieces linked at p ivotal points ( Pl ate 

4 . 1F ) . Commonl y ,  further separation into pairs ( P late 

4 . 1 G )  or s i ngle ( P l ate 4 . 1 H )  elongated pieces took place . 

4 . 4  DISCUSS ION 

The results of the present study c learly indicate that , 

despite the absence o f  a protective oocyst wal l , pre

treatment prior to incubation in trypsin and bile i s  

nece s sary for the i n  v i tro excystation o f  S .  g i gan t e a  

sporocysts . S imilar results have been reported for 

S .  cruzi sporocysts ( Fayer and Leek , 1 9 7 3 )  but not for 

thos e  of other closely re lated cat and dog transmitted 

coccidia such as Toxo p lasma g o ndi i (Christie e t  a l . �  1 9 7 8 ) ,  

Is o s p o ra fe l i s �  I .  ri v o l t a ( McKenna and Charle s ton , 1 9 8 2 )  

and I .  can i s  ( Bunch and Nyberg , 1 9 7 0 ;  Speer e t  a l . � 1 9 7 3 ) . 

Apart from the se species , cocc idia from most other hos t s  

have been found t o  require some form of pretreatment 

for excystation to occur and , in the case of those 

infective for ruminants , thi s  has most frequently been 

achieved in v i t r o  by exposure to cysteine hydrochloride 

and co 2 . 

I n  the pre sent investigation , pretreatment with cysteine 

hydrochloride or other reducing agents under co
2 

was found 

to be largely ineffective with S .  g i g a n t e a  sporocysts . 

For this spec ie s , sporocyst excystation was only markedly 

a f fe cted by exposure to sodium hypo chlorite . For S .  t e n e l l a 

and S .  capra cani s , on the other hand , cysteine hydrochloride

co
2 

pretreatment was found to be more effective than 

sodium hypochlorite . Although other pretreatment regime s 

have not been investigated , cystei ne hydrochloride under 

co
2 has also been found to be very effective with S .  c ru z i  

sporocysts ( Fayer and Leek , 1 9 7 3 )  and has been used t o  excyst 



a number o f  other Sarco cy s t i s  spp . ( Bergler e t  a l . 3 

1 9  8 0 ; Box e t  a l .  3 1 9  8 0 )  . 
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In view o f  these f indings , the f ailure of thi s  form o f  

pretreatment to induce any s ignif icant degree o f  

excystation i n  S .  g i gantea i s  rather puz z l ing . Certainly 

the pre sent results indicate that thi s  lack o f  e ffective

ne s s  was not due to the means of sporocyst recovery u sed , 

their method of pre servation , or to any deficiencies in 

the technique employed . Rather one i s  forced to the 

conclus ion that thi s  failure i s  assoc iated with the nature 

of the species itself and , in particular , the physical or 

biochemical structures of the sporocyst wall . Lipid doe s  

not disso lve in hypochlorite ( Ryley , 1 9 7 3 )  whereas 

cysteine hydrochloride-co
2 

pretreatment has the apparent 

e ffect of unmasking lipid- shie lded d i sulphide bridge s i n  

the oocyst wall and reduc ing them t o  sulphydryl group s , 

thereby c aus ing a change in permeab i l ity ( Jensen e t  a l . 3 

1 9 7 6 ;  Jol ley e t  a l . 3 1 9 7 6 ) . Difference s in the degree 

of excystation attained with the se two forms of pretreat

ment may , therefore , sugge s t  that the sporocyst wal l s  o f  

S .  g i ga n t e a  are , i n  contrast to tho se of S .  t e ne l l a and 

S. capra c a ni s 3  largely devoid o f  lipid and di sulphide 

bonds . 

Quite apart from the se cons iderations ,  however , the 

comparative fai lure of S. g i ga n t e a  sporocysts to re spond 

to any form of pretreatment other than sodium hypochlorite 

is even more perpl exing , because the stimul i  nec e s s ary to 

achieve excystation i n  v i tro are generally considered to 

be es senti al ly s imilar to those required in v i v o  ( Jackson , 

1 9 6 2 ) . S ince it i s  difficult to imagine conditions in 

the gastrointestinal tract of sheep resembl ing suspension 

in sodium hypochlorite , it might be argued that the results 

obtained i n  the present study do not represent ' true ' 

excystation at a l l . It could be suggested , for example , that 
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the sporo zoites within the sporocyst are surrounded by 

a fluid o f  high concentrat ion which may be bounded by 

inner permeable and outer impermeable , sporocyst wal l  

layers . Exposure to sodium hypochlorite might have the 

ef fect of removing thi s  outer l ayer , in the s ame manner 

as has been observed with oocys t s  of other coccidia 
I 

species ( Monne and Honig , 1 9 5 4 ;  Jackson , 1 9 6 4 ; Nyberg 

and Knapp , 1 9 7 0 ;  Roberts e t  a l . � 1 9 7 0 )  expos ing the more 

permeable layer beneath . Thus when the se ' str ipped ' 

sporocys t s  are expo sed to excys ting medium there i s  an 

influx o f  f luid into the sporocyst by osmos i s . The 

resulting bui ld up of pres sure within , might then lead 

to the rupture of the sporocyst wal l  and the pas s ive 

expul s ion of the sporozoite s .  

That thi s  model i s  inappropriate is evident from the 

fact , that fol lowing pretreatment with sodium hypochlorite , 

no excystat ion wi l l  occur unle s s  the sporocysts are sub

sequently tre ated with excysting medium containing bile 

or bile salts . Furthermore , l ittle excystation will  

occur unl e s s  thi s  treatment phas e  take s place at 

temperature s  of greater than 3 5 ° C , us ing sodium taurochol ate , 

cattle or sheep bile , and in the latter case , at concentra

tions of 2 . 5 % or more . Thus , although hydrogen ion 

concentration appeared unimportant for thi s  proce s s , it 

would seem that the events taking place during the treat

ment phas e  are e s sentially chemical one s , involving bile , 

bile salt s , or some component o f  them . 

Because o f  the precise hos t - spec i ficity of S .  g i ga n t e a �  

the abi l i ty t o  excyst , a t  least t o  some extent , in such a 

wide range o f  bile type s was unexpected . Thi s  was p art

icularly so in the case of cat b i le s i nce sporocys t s  of 

Sar c o c y s t i s  spp . are not infective for their definitive 

hosts ( F ayer , 1 9 7 4 ;  Rommel e t  a l . � 1 9 7 4 ) . Obviously i f  

they were and s ince they are ful ly sporulated when released , 
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subsequent expo sure to digestive enzymes during the 

natural course of intestinal development in these hosts 

( see Chapter 3)  could lead to a continuously recycl i ng 

infection . That thi s  doe s  not occur in the dog definitive 

hos t  o f  S .  cruz i could be explained by the inabil ity o f  

canine bile to induce excystation in this species ( F ayer 

and Leek , 1 9 7 3 ) . For S. g i g a n t e a ,  however , an alterna

tive explanation is required and thi s  is most l ikely to 

centre around the absence of the neces sary pretreatment 

stimulus . 

Al though the abil ity of S .  g i gan t e a  sporocysts to excyst 

in a diversity of bile types might be attributable to 

peculiarities a s sociated with sodium hypochlorite 

pretreatment , other workers have also found that bile 

from ' abnormal ' hosts may be used to excyst coccid i a . 

Doran and F arr ( 1 9 6 2 ) , for example , were able to excyst 

the chicken cocc idian Eim e r i a  a c e rv u Z i na using bovine bile , 

whi le Lotz e  and Leek ( 1 9 6 3 )  observed excysted sporo z oites 

of a number of sheep coccidia species in the intes tinal 

contents of such diverse ho sts as rabbits , rats , hamsters ,  

chickens and turkeys . In addition , S .  capra cani s 

sporocysts have been excysted with equal facility u s ing 

either caprine or ovine bile ( per s . obs . ) .  The above 

findings imply that ho st- speci f icity , or the abi l i ty to 

infect a particular host , is l ikely to be rel ated to factors 

other than merely the abi l ity to excyst in that host . 

As wel l  a s  attacking the sporocyst wall directly , b i le i s  

also cons idered to be primarily respons ible for s t imulat-

in the coc c idial sporozoites into activity ( F arr and Doran 

1 9 6 2 ;  Roberts e t  a Z . ,  1 9 7 0 ) . Consequently it is conceivable 

that any f i nal attack on the sporocyst wal l  results from , 

or is aided by , enzyme secretion by the sporo zoites them

selves ( Doran , 1 9 6 6 ) . In the present study , only small 

increases in level s  of excystation were recorded after 1 

hr incubation in Ringer ' s  solution fol lowing expo sure to 
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excysting medium .  This sugge s t s  that i f  enzyme secretion 

by the sporozoites doe s  play a p art in the excystation of 

S .  g i g an t e a ,  then it is only a small one . 

While bile or bile salts were e s sent ial for the excystation 

proce s s , trypsin was not . Thi s i s  a l so the case with S .  

cru z i  ( F ayer and Leek , 1 9 7 3 ) , S .  t e n e t t a ( per s . obs . )  and 

other coccidia of cats , dogs , chickens and sheep ( Christie 

e t  a Z . ,  1 9 7 8 ; McKenna and Char l e ston , 1 9 8 2 ;  Speer et a Z . , 

1 9 7 3 ;  H ibbert and Hammond , 1 9 6 8 )  but not for tho se of 

cattle whi ch appear to be more d ependent upon the presence 

of tryp s in than bile (Hibbert and Hammond , 1 9 6 8 ; Hibbert 

e t  a Z . , 1 9 6 9 ) . 

I n  addition to dif ferences in the stimul i  required to induce 

excystation , the mechanics o f  this proce s s  have also been 

found to vary between coccidian species . Generally , the se 

can be grouped into two distinct patterns according to 

whether the sporocysts have Stieda bodies or not . In those 

species whi ch have Stieda bodie s ,  the sporozoite s  e scape 

through the gap created by the d i s solution of thi s  structure 

( Doran and F arr , 1 9 6 2 ; Nyberg and Hammond , 1 9 6 4 ;  

Dus zynski and Brunson , 1 9 7 2 , 1 9 7 3 ;  Speer and Dus zynski , 

1 9 7 5 )  whereas in those species which do not , the sporocys t  

wal l s  col l ap se and the sporoz oi tes e scape haphaz ardly 

( Speer e t  a t . , 1 9 7 3 , 1 9 7 6 ;  Dus z ynski and File , 1 9 7 4 ;  

Dus zynski and Speer , 1 9 7 6 ;  Chr i stie e t  a t . , 1 9 7 8 ; McKenna 

and Charl e s ton , 1 9 8 2 ) . The excystation proces s  of 

S .  g i g an t e a  obviously fall s  int o  the latter group and in 

thi s  respect shows a s imil ar ity to that de scr ibed for 

S. cru z i  ( F ayer and Leek , 1 9 7 3 )  and S. de b one i ( Box e t  a t . , 

1 9 8 0 ) . E l ectron microscopic s tudy has revealed a series 

o f  ridge s d ividing the surface o f  S .  debonei sporocysts 

into four plate s ( Box et a t . , 1 9 8 0 ) . These ridge s , whi ch 

represent the margins of the p l ates , consist o f  l ip - l ike 

thi cken i ng s  of the inner sporocyst wal l  separated by thin 



strips o f  e lectron-dense mater i al . Excysting medium 

apparently acts upon thi s  material causing a separation 

and curl i ng inwards of the plates and the eventual 

col l apse of the whole sporocyst into four longitudinal 

piece s .  S imilar l ip- l ike thickening s have been observed 

in S .  g i ga n t e a  sporocysts ( Mehlhorn and Scholtyseck , 

1 9 7 4 ) . Accordingly , the s imilarity of the excystation 

proce s s  of thi s  species to that of S .  d e b one i might be 

expected . 

1 2 4 



CHAPTER 5 

IN VIVO EXCYSTAT ION OF SARCOCYSTIS GIGANTEA 

AND S .  TENELLA SPOROCYSTS 

5 . 1  INTRODUCTION 

Both S .  g i gan t e a  and S .  t e n e l l a ,  which are transmitted 

by cats and dogs re spectively , infect sheep . Studies 

on the i n  vi tro excystation of their sporocysts ( Chapter 

4 )  showed that , as with oocy sts of mo st other coccidia , 

excystation was a two-phase proce s s . The first pretreat

ment phas e  rendered the sporocyst wal l s  permeable to the 

se cond , treatment phase stimuli which were bile or bile 

salts and , to a les ser extent , tryp s in . 
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For conventional coccidia infect ive for ruminants , the 

pretreatment s t imul i  are generally cons idered to be 

provided in the rumen , those of the treatment phase in the 

smal l  intestine ( Jackson , 1 9 6 2 ;  �yley , 1 9 7 3 ;  Long and 

Speer , 1 9 7 7 ) . It is cl aimed that the se pretre atment 

conditions can be artifically simulated by incubating 

oocysts in cysteine hydrochloride under an atmosphere 

of co2 ( Jackson , 1 9 6 2 ; Hibbert and Harnrnond , 1 9 6 8 ; Bunch 

and Nyberg , 1 9 7 0 ) . 

In the previous Chapter it was observed that although 

cys te ine hydrochloride - co2 pretreatment was effective 

in initiating excystation of S .  t e ne l l a sporocysts it 

was not with those of S .  g i g a n t e a . Excystation o f  

sporocys t s  o f  the latter species could , however , b e  

achieved b y  previou s ly expo s i ng them to a weak solution o f  

sodium hypochlorite . The se d i f ferenc e s  in pretreatment 

requirements were unexpected , not only because the two 

species share the same intermediate host , but a l so because 



cond i t ions comparable to thos e  provided by sodium 

hypo chlor ite , seemed unl ike ly to be encountered in the 

gastrointe stinal tracts of sheep . The work in thi s  

Chapter was undertaken in a n  e ffort to elucidate the 

factors respons ible for the excystation of S .  g i g a n t e a  

and S .  t e n e Z Z a i n  v i v o . 

5 . 2  MATERIALS AND METHODS 

5 . 2 . 1 Sporocysts 

Sporocysts of S .  gi gant e a  were recovered from the faece s 

of experimentally infected cats a s  previously de scribed 

( Chapter 2 ) . Those of S .  t e n e Z Z a were obtained by 

simi lar means from dogs fed natura l ly infected sheep 

hearts .  Sporocysts of both species were stored at 4 °C 

in tap water until use : tho s e  of S .  gi gan t e a  for a 

period of 8 to 1 0  months ,  those o f  S .  t e n e Z Z a for 4 to 

5 months . 

5 . 2 . 2 Sheep 

Three 1 8  month-old Romney sheep , rai sed and maintained 

indoors on a diet of hay and pel leted concentrate s ,  were 

used . Each was surgically f i tted with e ither a permanent 

rumen ,  abomasal or duodenal cannula ( the latter 1 5  to 2 0  

1 2 :6 

cm d i s tal to entry of the b i l e  duct ) and held in metabo l i sm 

cage s . 

6 . 2 . 3  In v i tr o  pretreatment and treatment 

Sporocyst s  were subj ected to sodium hypochlorite or co 2 
pretreatment and washed by procedures previously de scribed 

(Chapter 4 ) . Sodium hypochlorite was used at a f inal 

concentration of 0 . 4 5 % , cyste ine hydrochloride at 0 . 0 2M and 
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ruminal and abomasal fluids at f inal concentrations of 

9 0 % . The latter two fluid s , obtained from the c annulated 

sheep , cons i sted of the supernatants of freshly collected 

samp l e s  which were crudely s ieved ( s ieve aperture 2 5 0  �m) 

and c entrifuged at 4 0 0  x g for 5 minutes .  

Fol l owing pretreatment , sporocysts were incubated at 3 9 ° C 

in e i ther excys ting medium or smal l  inte stinal f l uid 

fre s h ly collected via the duodenal cannul a .  The excysting 

medium was prepared fre sh for e ach experiment and cons i sted 

of 5 %  ( previous ly frozen)  ovine bile and 0 . 2 5 %  tryp s in 

( 1 : 3 0 0  ICN Pharmaceutical s I nc )  ( f inal concentrations ) 

in tri s buf fer , pH 7 . 5  to 7 . 8 . Small intestinal f luid was 

used at a final concentration of 9 0 %  and con s i s ted o f  

a supernatant extract obtained b y  procedures s imilar 

to tho se des cr ibed above . Unles s  otherwi s e  stated , all 

sporocysts were incubated in excys t ing medium o r  smal l  

inte stinal fluid for 1 hr . 

5 . 2 . 4  In v i v o  pretreatment and treatment 

Sealed s achet s  of 1 0  mm wide dialysis tubing (mo lecular 

we ight cut-o f f  1 2 0 0 0- 1 4 0 0 0 ; Selbys Scientific Ltd ) contain

ing sporocys t s  were introduced into the rumen , abomasum or 

duod enum through the respective cannulae and anchored in 

place by means of fine nylon l ine . The sachets were left 

in p l ace in the rumen and abomasum for varying periods 

according to the exper iment but in the duodenum the period 

was a lways 1 hr . Following the appropriate period o f  

exposure , the sporocys t s  were recovered from the dialys i s  

sachets and either washed twice with distilled water and 

examined , or washed a further two time s with Ringer ' s  

solution and incubated in excysting medium before examination . 

5 . 2 . 5  Determination of excystation 

Determination of percentage excystation in all experime nt s , 



each of which was repeated once , was as previous ly 

de s cribed ( Ch apter 4 )  . 

5 . 3  EXPERIMENTAL PROCEDURES AND RESULTS 

5 . 3 . 1  Laboratory experiment s  
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( i )  E f fect o f  various arti ficial and ' natural ' pretreatments 

using excysting medium 

In order to determine the v iabil ity of the sporocysts under 

tes t  and to obtain some indication of the s ite and l ikely 

peri od of pretreatment stimulus required in the sheep hos t , 

a prel iminary investigation us ing ' natural ' organ f luids 

and artificial pretreatments , was undertaken i n  the 

laboratory . As shown in T able 5 . 1 ,  e ight samples of 

sporocysts o f  each spec ies were used . One sample was pre

treated with either co
2 and cyste ine hydrochloride for 2 4  

h r  o r  sodium hypochlorite for 3 0  min , four were pretreated 

with co
2 

and either rumina! or abomasal fluid for 1 or 2 4  

hr and two were pretreated with co2 and rumina! f luid for 

2 4  hr fol lowed immediately by 1 or 2 4  hr exposure to 

abomasal fluid and co
2 . The f inal sample was not subj ected 

to any pretreatment . Al l sporocysts were then incubated 

in excysting medium and the percentage excystation determined . 

The re sults ( Table 5 . 1 ) showed that , despite their apparent 

v i abi l ity , as evidenced by the leve l s  of excys tation attain

ed following artificial pretreatment , attempts to induce 

excystation in both S .  g i g an t e a  and S .  t e ne Z Z a sporocysts 

u s i ng ' natural ' pretreatments , were largely unsucce s s ful . 

( i i )  E ffect of various artificial and ' natural ' pretreatments 

u sing small intes tinal fluid 

I t  was considered pos s ib l e  that the above results may have 

been due to the inab i l ity of the excysting medium to provide 



TABLE 5 . 1  EFFECT OF VARIOUS ART I F I C IAL AND ' NATURAL ' 

LABORATORY PRETREATMENTS ON THE EXCYSTATION 

OF S. GIGA N T EA AND S. TENEL L A  S POROCYSTS 

FOLLOWING THE I R  S UB S EQUENT EXPOSURE TO 

EXCYSTING MED I UM *  

P r e t reatment Dur a t ion 
(hou r s )  

None 

S o d i um hypochlor i te 0 . 5  

C y s t eine hydro c h l o r i d e  
and co 2 

2 4  

1 
Rurninal f l uid and co

2 2 4  

1 
Aboma s a l  f l u id and C0

2 2 4  

Rurn i n a l  f l u id / co
2 2 4  

plus 

Aboma s a l  f l u id / C0
2 1 

Rum inal f l u i d / CO 2 4  

pl u s  

Aboma s a l  f l u id / C02 
2 4  

* 1 h r  a t  3 9 ° C 

* *  ND = not done , - < 1 

Percent excys ta t i on * *  
S . g i ga n t e a  s .  t e n e l l a 
Exp t . Expt . E xp t .  E xp t . 
( a )  ( b )  ( a )  ( b )  

5 . 5  2 . 5  3 . 7  2 . 0  

9 5  . " 1  9 4 . 7  ND 

ND 5 4 . 9 4 5 . 9  

3 . 2  4 .  6 5 . 9  1 . 0  

3 . 0  

7 . 7  1 . 1  

8 . 4  2 . 0  

1 . 0  1 . 0  

1 . 7  2 . 2  9 .  6 1 5 . 1  

1 2 9 



the appropriate second phase stimul i  fol lowing ' natural ' 

pretreatments . Consequently the series of experiments 

was repeated using smal l  inte stinal fluid in place of 

excys ting medium . 

The r e sults (Table 5 . 2 ) showed that the use o f  small 

i nte s tinal fluid following ' natural ' pretreatment did 
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not improve on the excystation level attained with either 

spec ie s . Indeed , thi s  f luid was found to be less succe s s ful 

than excysting medium fol lowing artificial pretreatment 

as we l l , particularly with S. t e n e Z Z a where it was 

comp letely ineffective . An attempt was made to induce 

excystation in thi s  spec ies by extending the period of 

exposure to inte stinal f luid by a further 5 hr following 

cys te ine hydrochloride-co
2 

pretreatment . Thi s  was also 

comp letely unsucce s s fu l . 

5 . 3 . 2  Sheep experiments 

( i ) U s ing sporocysts suspended in water or Ringer ' s  

s olution 

Two i nves tigations were conducted :  the f irst was to 

determine the importance of the rumen and /or abomasum a s  

the s ource of any pretreatment stimulus , the second the 

e f fectivene s s  of the duodenum in providing the treatment 

pha s e . 

I n  the first investigation , sporocysts o f  both species , 

suspended in distilled water within dialysis tubing s achet s , 

were introduced into e ither the rumen , abomasum , or 

sequentially both , for varying periods as shown in Table 

5 . 3 .  Following the appropriate exposure period in the se 

organs the sporocysts were either examined immediately or 

after further incubation in excysting medium . 

In the second inve stigation , the percentage excystation 

of sporocysts suspended in Ringer ' s  solution within dialy s i s  

sachets , and which h ad previous ly been sub j e cted to e ither 



TABLE 5 . 2  EFFECT OF VARIOUS ART I F IC IAL AND ' NATURAL ' 

LABORATORY PRETREATMENTS ON THE EXCYSTATION 

OF S .  GIGA N TEA AND S. TENEL L A  SPOROCY STS 

FOLLOWING THE IR SUBSEQUENT EXPOSURE TO SMALL 

INTEST INAL F L U I D * 

Pretreatment 

None 

Sod i um hypoc h l o r i t e  

Cyste i ne hydrochlor i de 
and co 2 

Ruminal f lu i d  a nd co 2 

Abom a s a l  f l u i d  a n d  co 2 

Ruminal f l u i d /  C02 

pl u s  

Aboma s a l  f l u i d/Co 2 

Ruminal f l ui d /Co 2 

pl u s  

Abomasal f l u i d /C0 2 

* 1 hr a t_ 3 9 ° C 

Dura t ion 
( hour s )  

0 . 5  

2 4  

2 4  

1 

2 4  

2 4  

2 4  

2 4  

* *  N D  = not done , < 1 

Percent excys t a t ion * *  
S .  g i ga n t e a  S .  t e nelLa 
Expt . Expt . Exp t . Expt 
( a )  ( b )  ( a )  ( b )  

8 5 . 6  7 1 . 4  N D  

ND 1 . 0  

1 . 0  

1 . 0  

2 . 0  1 . 0  

3 . 9  4 .  7 

1 . 0  

5 . 0  

1 3 1  



sodium hypochlorite , cysteine hydrochloride-co
2

, or no 

pretreatment , were determined after 1 hr p lacement in 

the duodenum . 
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In no instance was excystation recorded in sporocysts 

placed in e ither the rumen , abomasum or both , unless 

they were subseq
.
uently treated with excysting medium , or 

in non-pretreated sporocyst s  placed in the duodenum . 

With S .  g i gantea3  the h ighest level s  o f  excystation 

were recorded in sodium hypochlorite pretreated sporocysts 

placed in the duode num (Table 5 . 3 ) . Moderate but vary

l evel s of excystation were a l so evident in sporocysts 

treated with excysting medium fol lowing 0 . 2 5 to 4 hr 

placement in the abomasum or subj ected to 1 hr abomasal 

exposure fol lowing 2 4  hr prior locat ion i n  the rumen . 

However ,  little excystation occurred in S .  gigan t e a  

sporocysts held solely i n  the rumen for any interval or 

in those held in the abomasum for 2 4  hr with or without 

prior contract with the rumen . 

Ruminal pretreatment alone also appeared to have l ittle 

effect on the excystation of S .  t e n e l l a sporocysts when 

subsequently treated with excysting medium ( Table 5 . 3 ) . 

For thi s  species the h ighe st leve l s  o f  excystat ion were 

recorded in sporocys t s  incubated in excysting medium after 

being held in the abomasum for 2 4  hr or a fter being held 

in thi s  organ for 1 hr following 24  hr pr ior exposure 

to the rumen . Little excystation was evident in S .  t e n e l l a 

sporocysts pretreated with cysteine hydrochloride and co
2 

and then placed i n  the duodenum . 

( i i )  Us ing sporocyst s  suspended in organ fluids 

Although the level s  of excystation induced in sporocysts 

placed in the rumen or abomasum in the above experiment 

were , for the mo s t  part , considerably higher than those 



TABLE 5 . 3  EFFECT OF RUMINAL , ABOMASAL OR DUODENAL 

EXPOS URE ON T HE IN VI VO EXCY STAT ION OF 

S. GIGA NTEA AND S .  TENELLA S POROCYSTS 

WH I L E  SUSPENDED IN D I ST ILLED WATER OR 

R I NGER ' S  SOLUTION 

' Pre treatme n t ' Dur a t ion ' Tr eatmen t ' Percent excys ta t ion * *  

Sod i um 
hypochlor i te 

C y s teine 
hydrochloride 
and co

2 

Rumen 

Abomasum 

Rumen 

pl u s  

Aboma s um  

Rumen 

plu s  

Aboma sum 

* EM 

* * ND 

( hour s )  * 

0 . 5  Duodenum 

2 4  

EM 

2 4  

4 8  

0 . 2 5 

1 

4 

2 4  

2 4  

1 

2 4  

2 4  

excy s t i ng med i um 

not done , - = < 1 

s .  g i gan tea s.  t e ne Z Z a 
E x p t . Expt . Expt . Expt 
( a )  ( b )  ( a )  ( b )  

7 3 . 3  7 4 . 3 N D  

N D  4 . 0  

3 .  5 6 . 0  4 . 0  1 . 0  

7 . 0  1 . 0 4 . 0  6 . 7  

5 .  7 8 . 0  1 0 . 0  

2 5 .  4 3 .  3 4 . 7  8 . 0  

3 7 . 3  4 7 . 8  8 . 0  3 . 0  

3 9 . 7  3 4 . 7  6 . 0  1 1 . 0  

1 . 2  2 1 . 0  2 8 . 7  

2 0 . 9  2 3 . 2  2 6 . 0  2 2 . 9  

1 . 0  1 . 7  3 . 0  1 0 . 0  

1 3 3 
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obtained by incubating them in fluids from the se organs 

in the laboratory , they were still l e s s  than anticipated . 

It was suspected that thi s  might have been due to the 

dialys i s  sachet s  preventing some of the enzyme s or molecul e s  

in the se organs from reaching the sporocysts . Accordingly , 

the previous exper iments were repeated , but on thi s  occa s ion 

the sporocysts with in dialysis sachets were suspended in 

9 0 %  concentrations o f  the fluids from the organs in which 

they were to be placed . 

The r e sults ( Tabl e  5 . 4 ) revealed that far from providing 

any marked improvement , this procedure ( except po s s ibly for 

S .  t e n e l l a sporocysts sequentially expo sed for 2 4  hr in 

both the rumen and abomasum)  tended to result in even l e s s  

excys tation than when the sporocys t s  were suspended i n  

water o r  Ringer ' s  solution . 

5 . 4  D I SCUSS ION 

The results of the pre sent study are disappo inting in that 

they appear to have added little to our knowledge regarding 

the f actors re spons ible for the excystation of S .  g i gan t e a  

and S .  tene Z Z a in sheep . They do , however , permit a 

l imited number o f  tentative observations to be made . F ir s t , 

they tend to confirm previous observations ( Chapter 4 )  

that the excystation requ irements o f  S .  g i g an t e a  and 

S. t e ne Z Z a may be different . Second , they tend to sugge s t , 

at least as far a s  the former speci e s  i s  concerned , that 

the excystation proce s s  i n  v i v o  i s , l ike the s ituation i n  

vi t r o , es sent i ally a diphasic one i nvolving a pretreatment 

and a treatment stimulus . 

For both specie s ,  the present results sugge st that any 

pretreatment phase is unl ikely to be provided by cond itions 

in the rumen alone . Thi s i s  somewhat surpris ing s ince it 

appears to be generally accepted that the primary stimulus 

for coccidial excystation in ruminants i s  provided by thi s  



TABLE 5 .  4 EFFECT OF RUMINAL , ABOMASAL OR DUODENAL 

EXPOSURE ON THE I N  V I V O  EXCY S TAT ION OF 

S. CICA NTEA AND S .  TENEL L A  S POROCYSTS 

WH ILE SUSPENDED IN ORGAN F LU I DS 

' P retrea tment '  Duration ' Trea tmen t ' P e rcent excys ta t io n * * 
( hours ) * S . g i g a n t e a  s .  t e n e l l a 

Expt . Expt . Exp t .  Expt-.  
( a )  ( b )  ( a )  ( b )  

Sod ium 
hypoc h l o r i t e  0 .  5 Duodenum 4 5 . 0  4 6 . 1  N O  

Cys t e i ne 
hydroch l o r i d e  
a n d  C0 2 2 4  NO 2 . 0  

1 EM 5 . 0  5 . 3  4 . 0  4 .  0 

Rumen 2 4  1 4 .  3 8 .  7 2 . 8  3 .  0 

4 8  3 . 0  4 . 5  

0 . 2 5 8 . 5  2 1 . 3  1 1 . 0  1 7 . 1  

1 1 3 . 7  4 . 8  9 . 0  7 .  0 

Aboma s um 4 7 . 3 2 . 0  8 .  0 

2 4  8 . 0  3 1 . 8  

Rumen 2 4  

pl u s  1 . 2  1 . 0  4 . 0  

Abom a s um 1 

Rumen 2 4  

pl u s  1 . 0  2 2 . 7  1 7 . 0  

Aboma s um 2 4  

* EM excy s t i ng med i um 

* * NO no done , - ; < 1 

1 3 5 



organ ( Ryley , 1 9 7 3 ;  Long and Speer , 1 9 7 7 ) . A review 

o f  the l iterature reveal s that support for thi s  view 

i s  based o n  remarkably l ittle evidence . The source of 

thi s  hypothes i s  appears to be the work of Jackson ( 1 9 6 2 )  

who observed that a h igh level o f  excystation could be 

obtained in oocysts of the ovine coccidian Eim e r i a  
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ar l o i ngi ( =  E . o v i n a / E . w e y b r i dg e ns i s ) by f irst introduc ing 

them into the rumen wh ile enclosed in a ' cellophane sac ' 

and then incubating them in a solution of trypsin and 

sheep bile . Attempts to provide thi s  initial stimulus 

in v i tr o  us ing rumina! fluid gave var i able and generally 

unsatis factory re sul t s  unle s s  incubated under an atmosphere 

of co 2 . Jackson ( 1 9 6 2 ) a l so noted that the addition o f  

three chemically unrelated reduc ing agents ( sodium 

dithionite , ascorbic acid , cysteine hydrochloride ) each 

e nhanced the effectivene s s  of the stimulus but concluded 

that the contribution of co
2 

was of primary importance . 

S i nce then ,  other workers have also used s imilar i n  v i tro 

procedure s to excys t  cocc idia species of cattle and sheep 

( Nyberg and Hammond , 1 9 6 4 ; H ibbert and Hammond , 1 9 6 8 ; 

Hibbert e t  a l . � 1 9 6 9 ; Bunch and Nyberg , 1 9 7 0 ; Fayer and 

Leek , 1 9 7 3 ) . Although each of the se groups employed a 

reducing agent ( cysteine hydrochloride ) in the pretreatment 

phase of this proce s s , the maj or empha s i s  continued to be 

p laced on the importance of co2 and , because thi s  gas i s  

pre sent in high concentrations i n  the rumen ( Phill ipson , 

1 9 7 7 ) , the as sumption o f  the vital role o f  thi s  organ in 

the excystation of ruminant coccidia appears to have been 

perpetuated . More recent evidence , however , indicate s 

that , for some coccidia species , the contribution o f  the 

reducing agent may be j ust a s  important as that of co
2 

in 

providing the initial stimulus for i n  v i tro excystation 

( Jolley and Nyberg , 1 9 7 4 ;  Jol ley e t  a l . � 1 9 7 6 ;  Jensen 

e t  a l . � 1 9 7 6 ) : thi s  view may be supported by re sults 

obtained in the previous Chapter where , although none were 

particularly effective , neither sodium dithionite nor 

ascorbic acid were as succes s ful as cysteine hydrochloride 



in combination with co
2 

in induc ing S .  g i gante a spore

cysts to excyst . 
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Apart from Jackson ' s  ( 1 9 6 2 )  study , few other inve stigations 

into the in vivo excys tation of ruminant coccidia have 

been undertaken , but those which have been provide l ittle 

further support for the e s s ential importance of the rumen 

in thi s  process . Thus , Hammond e t  a l . � ( 1 9 5 4 ) and 

Hammond and Nyberg ( 1 9 6 4 )  were able to i nduce Eim e r i a  b o v i s  

infections; by inj e cting oocysts into the abomasum which , 

i n  the s tudy of Hammond e t  a l .  ( 1 9 5 4 ) , r esulted in a s  

severe infections in calves as those produced b y  oocysts 

admini stered oral l y . 

S imilar indicat ions o f  the pos s ible importance of prior 

exposure to the abomasum rather than the rumen tend to be 

provided by the present results as we l l . As stated 

previously , little excystation was subsequently observed 

in sporocysts of e ither species sub j ected solely to ruminal 

pretreatment for any period . Contact with the abomasum 

alone , on the other hand , induced moderate level s o f  

excystation i n  both : for S .  g i gan t e a  following 0 . 2 5 to 

4 hr exposure ; for S .  t e n e l l a after 2 4  hr . Conversely , 

2 4  hr placement i n  the abomasum appeared inhibitory for 

S. g i g an t e a  sporocysts whereas for thos e  of S. t e n e l Z a �  

short exposure t o  thi s  organ induced l i ttle excystation 

unl e s s  they had previously been p laced in the rumen . S ince 

natural transition through the abomas um in sheep is l ikely 

to be o f  l imited duration ( Phi l l ip son , 1 9 7 7 )  these l atter 

finding s  may be o f  more relevance to the in v i vo 

excystation of S.  t e ne l Z a than S .  g i g an t e a . They may , 

for instance , indicate that pretreatment of the former 

species  requires sequential passage through both the rumen 

and the abomasum . 

At least following arti f ic ial pretreatment , the stimulus 

nece s s ary to complete the excystat ion process may , apparently , 



be provi ded by conditions in the duodenum for S .  g i g an t e a  

though not for S .  t e n e l l a .  The se di sparities are 

difficult to reconc ile , particularly s ince excysting 

medium was ef fective with both . It i s  appreciated that 

the concentrations of trypsin and bile are more l ikely 

to be maintained at optimum level s  in thi s  medium than in 

small i ntestinal f luid where the proportions of primary 

and secondary bile salts may vary cons iderably at any 

particular time . However , such variations do not satis

factor i ly explain the cons istency o f  results observed in 

all laboratory and sheep experiments . 

Initial ly ,  it was cons idered po s s ible that the failure o f  

pretreated S .  t e n e l l a sporocysts to re spond to smal l  

intesti nal fluid in the laboratory may h ave been related 
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to the l imited i ncubation period ( 1  hr ) u sed . But the 

inab i l i ty to induce excystation by extending thi s  incubation 

by a further 5 hr excluded thi s  pos s ibi l ity .  Furthermore , 

although pas sage through the inte stine o f  adult sheep 

require s approximately 2 1  hr , transit through the small 

inte s t i ne i s  only l ikely to occupy about 3 of the se with 

the remainder being spent in the colon/ caecum ( Ph i l l ipson , 

1 9 7 7 ) . According to Phi l l ipson ( 1 9 7 7 )  proteolytic 

activi ty in caecal contents i s  stronger than in those o f  

the rumen . In view o f  thi s  and in view also of the current 

resul t s , is it po s s ible that completion of excystation for 

S. t e n e l l a occur s in the colon/ c aecum ?  Obviou s ly thi s  i s  

somethi ng which cannot b e  answered here but may b e  worthy 

of further inve s t igation . 

The re sults of the present study i l lustrate all too wel l  

the d i fficulties and dangers of attempting to equate f indings 

pertaining to i n  v i tro excystation with those which may be 

required i n  v i v o �  as wel l  as the inherent problems associated 

with attempting to i nve stigate the latter . It is apparent , 

for example , that condi tions which may be pre sent in 

either the ovine rumen or abomasum cannot simply be s imulated 

by incubating fluid s  from these organs under co2 . S imilarly , 



the p l acement of sporocysts within selected organs of 

exper imental ho s t s  cannot be expected to represent the 

range of condi tions likely to be encountered by those 

traver s ing the whole gastrointestinal tract fol lowing 

oral i nge stion . It seems likely too , that the means of 
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retaining sporocysts in such experiment s  may ' insulate ' 

them from the various forces operating within the se organ s , 

a problem which evidently cannot be surmounted merely by 

the ir suspens ion in organ fluids within dialys i s  sachet s . 

With S .  t e n e l l a ,  an appropriate l ine o f  further investi

gation may be to inj ect known lethal numbers of sporocysts 

into various parts of the gastro inte s tinal tract . D i f fer

ence s in the degree of cl inical disease induced may thu s  

provide some indication of the relative importance of 

locations wi thin it in caus ing sporocysts to excyst .  With 

S .  g i g a n t e a ,  however , thi s  approach i s  unl ikely to be 

succe s s ful because of the apparently innocuous nature 

of s uch infections and the ir long development period 

( see Sections 1 . 2 . 5a ,  1 . 3 ) . Despite these difficulties 

further inve stigations along the se l ines are obviously 

requi red if a better under standing o f  the factors 

responsible for i n  vivo excystation o f  Sarcocy s t i s  spp . 

are to be obtained . 



CHAPTER 6 

RESISTANCE AND SURVIVAL OF SAR C O CYSTIS 

GIGA NTEA SPOROCYSTS 

6 . 1  INTRODUCTION 

From an epidemio logical viewpoint , the role of the 

exogenous stage s in the coccidian l i f e  are of central 

importance in the transmi s s ion of infection . Obvious ly 

such stages must be able to maintain their viabil ity , 

in what may frequently be harsh env ironments , until 

i ngested by their hosts . 

For mo st speci e s  of conventional coc c idia , these 

exogenous s tage s  are oocysts ; for members of the genus 

Sar c o cy s t i s  they are free sporocys t s  ( Frenkel , 1 9 7 4 ; 

Markus , 1 9 7 8 ; Mehlhorn and Heydorn , 1 9 7 8 ) . Coccidial 

oocys ts are normally pas sed into the external environ

ment undeve loped and must complete sporul ation before 

becoming infective ; thi s  require s exposure to the 

appropriate cond itions of temperature , moi sture and 

oxygen ( Kheys i n ,  1 9 7 2 ;  Levine , 1 9 7 3 ) . Once sporulation 

is achieved they are normally regarded as hardy , long

l ived resting s tages , capable of withstanding the action 

of many chemical and phys ical agents ( Kheysin , 1 9 7 2 ; 

Hammond , 1 9 7 3 ;  Levine , 1 9 7 3 ; Ryley , 1 9 7 3 )  . .  

Compared with oocysts of conventional coccidia , the 

longevity and resistance of sporocys t s  of Sar c o c y s t i s  
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spp . have been l ittle studied . S i nce the res i stance 

exhibited by the former coccidian s  i s  general ly con s idered 

to be provided by the relative ly thi ck and impervious 

oocyst wal l  ( Kheysin , 1 9 7 2 ; Levin� , 1 9 7 3 ) , it seems 

reasonable to suppo se that the abi l i ty of free sporocysts 



to survive i n  the external environment might be some

what les s . On the other hand , becau se sporulation 

takes place within the ho st ( Dubey , 1 9 7 6 ; Markus , 1 9 7 8 ; 

Mehlhorn and Heydorn ,  1 9 7 8 )  sporocysts of Sar c o c y s t i s  

spp . have a n  apparent advantage b y  being independent o f  

influences o f  the external environment o n  sporogony , 

although it has been suggested that the ir prolonged 

maintenance at host body temperature s may , in fact , 

diminish the i r  viability and infectivity (Tadro s and 

Laarman , 1 9 7 6 ) . 

The ultimate test of the viabi l ity of any infectious 

agent mus t  be its abi l ity to induce infection in 

sus ceptible hosts . P lainly , such test procedures can 

be expens ive and time consuming , p articularly in cases 

involving sporocysts of Sarco cy s t i s  spp . where the 

d i f f iculties i n  maintaining intermediate hosts free o f  

extraneous i nfection during the long deve lopment period , 

are likely to be prohibitive . Accordingly , alternative 

methods have f requently been adopted to determine via

b i l ity ,  such a s  the presence or absence of infective 

larval moti l ity ( Rose , 1 9 5 5 ; Conder , 1 9 7 8 ) , the abi l i ty 

o f  nematode eggs to deve lop or hatch ( Waller and Donald 

1 9 7 0 ;  P ark i n , 1 9 7 6 ;  Wharton , 1 9 7 9 ) , or the abi l ity 

of coccidial oocysts to sporulate ( Ito e t  a l . � 1 9 7 5 a ,  

b )  • 

For sporocysts of Sarcocy s t i s  spp . such an i n  v i t ro 

procedure is l ikely to be mos t  appropriately provided 

by the abi l ity of their sporocys t s  to excyst .  Obviously 

sporocys t s  which cannot excys t  cannot induce infection 

although i t  is recognised that the mere abi li ty to do 
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s o  may not necess ar i ly be ind icat ive o f  their infectivity 

either . I t  could be argued that any a s ses sment o f  

viability based upon the abi l ity to excyst may , in fact , 

err on the s ide of safety . Thu s  although in using thi s  



criterion there wil l undoubtedly be occas ions when 

sporocysts are clas s i f ied as be ing v iable when they 
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are not infective , there i s  considerably less pos s ibil ity 

of making the more serious error o f  identi fying 

sporocysts a s  be ing non- infective when they are . 

With thi s  proviso in mind , the fo l l owing study was under

taken to determine the viabil i ty and survival of S .  

g i g an t e a  sporocysts a fter their exposure to various 

chemical , phy s i cal and environmenta l  influences us ing 

i n  v i tro excystation as the measure of viability . 

6 . 2  MATERIALS AND METHODS 

6 . 2 . 1  Sporocysts 

Sar co cy s t i s  gi gan t e a  sporocysts were recovered from cat 

faeces as previous ly described ( Ch apter 2 )  and s tored at 

4 ° C in tap water unt il use . 

6 . 2 . 2  Excys tation 

Sporocysts were subj ected to 0 . 5  hr pretreatment with 

0 . 4 5 %  sodium hypochlorite ( final concentration ) and then 

incubated at 3 9 ° C  for 1 hr in excysting medium cons isting 

of 5 %  ovine b i le and 0 . 2 5 %  tryp s i n  ( final concentration s )  

i n  tris buf fer , pH 7 . 5  to 7 . 8 .  Percentage excystation was 

then determined as s tated previous ly ( Chapter 4 ) . 

6 . 2 . 3  E s tabli shment and monitori ng of re lative humidities 

Three dif ferent relative humidities , maintained at 

constant temperatures , were e stab l i shed in des iccators 

us ing s aturated . solutions (Winstone and Bates , 1 9 6 0 ) . 

The solution s , selected for thei r  likely lack of toxicity 

and their abi l ity to produce rel ative humiditi e s  o f  8 5 % , 



5 5 %  and 3 3 % , cons isted of s ludges of sucrose , glucose 

and magne s i um chloride , re spective ly . At frequent 

interval s be fore and during the i nvestigation , humidity 

level s  within the desiccator s  were checked by matching 

cobalt thiocyanate test papers ( BDH Chemicals Ltd ) 

against permanent colour standards ( Lovibond Comparator 

Disk , T intometer Ltd ) accordi ng to the procedures o f  

Solomon ( 1 9 5 7 ) . No measurable deviations from the 

expected value s were recorded on any occasion . 

6 . 2 . 4  Ultraviolet ( UV) irradiation 

Ultraviolet irradiation was app l ied us ing a Clemco 

CUVG 3 0  T 8 , 3 0  watt tube ( Ge lman Clemoc Pty , Ltd ) rated 
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by the manuf acturer to del iver approximately 9 5 %  o f  its  

output at 2 5 4  nM .  Intensities were measured as microwatts 

per sq cm ( �W/cm2 ) using a J- 2 2 5  shortwave UV meter 

( Blak-Ray Lamp , Ultraviolet Products Inc ) . Vari ations 

in intens ity of UV output were minimised by us ing a 

standard warm-up period of 1 0  min before beginning 

irradiation . 

The e f fect of UV irradiation on paras itic organi sms i s  

dependent on the total energy ( ET )  del ivered ( E T  = 

intensity x time = �W-min/ cm 2 ) (Tromba , 1 9 7 8 ) . I rradiation 

doses in the present study , therefore , were measured in 

these terms with exposure time s be ing held to 1 0  min or 

le s s  to e l iminate any pos s ible effects of temperature 

variations that might occur during extended periods of 

treatment . 

6 . 2 . 5  Chemicals , disinfectant s , coccidiostats and 

anthelminti cs 

Fre shly prepared solutions were employed on a l l  occasion s . 

Dis infectants were used at concentrations recommended by 



the manufacturers ,  those of coccidiostat s / anthelmintics 

at 1 0 0 , 5 0 0  or 1 0 0 0  parts per million ( ppm) of active 

ingredient . The solubility of some o f  the se drugs 

was increased by the addition of a few drops of HC 1 . 

The manufacturers , distributors and active ingredients 

of the di s infectants ,  coccidiostats and anthelmint i c s  

used , are g iven in Appendix I I . 

6 . 3  EXPERIMENTAL PROCEDURES AND RE SULTS 

6 . 3 . 1  Laboratory experiment s  o n  sporocyst re s i s tance 

and s urvival 

( i )  E f fect of storage medium and duration 

After determination of the ir percentage excystation , 

suspensions of sporocysts , approximately 2 weeks old , 
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were divided into three al iquots .  E ach al iquot , suspended 

in a 5 cm depth of either tap water , 2 . 5 % potass ium 

dichromate , or 2 %  sulphuric aci d ,  was then stored at 4 ° C .  

Periodic a l ly during the course o f  thi s  storage , two 

samples o f  sporocysts were recovered from each al iquot . 

The se were thoroughly washed by suspens ion and centri f

ugation i n  six change s o f  tap water and one o f  distil led 

water and then tested for viability . 

The result s , whi ch are pre se nted in F ig . 6 . 1  a s  mean 

percentage excystation , showed that sporocysts stored 

in tap water survived considerably better than did those 

stored i n  either sulphuri c  acid or potass ium dichromate . 

After 1 7 4  days , excystation level s o f  8 4 . 8 % and 1 4 . 5 % 

respectively , were recorded i n  tap water and potas s ium 

di chromate stored sporocyst s  whereas no excystation was 

observed a fter 5 days storage in sulphuric acid . 
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( i i )  E f fect of chemicals and d i s infectants 

Two i nve s tigations were conducted : the f irst was in 

the nature of a prel iminary s creen , undertaken to 

identi fy solut ions pos sessi ng potenti al sporocystic idal 

propertie s ; the second was to determine the minimum 

period o f  contact required by such solutions to destroy 

sporocy s t  viabi l ity .  

In the first inve stigation , 8 to 1 0  week-old sporocysts 

were suspended in a range of chemical s and dis infectants 

of various concentrations for 48 hr at room temperature . 

It was cons idered that only those solutions capable of 

virtually eliminating sporocys t  viabil ity after thi s  

period warranted further inve s tigation . Following thi s  

exposure , the sporocysts were washed a s  described above 

and their percentage excystation determined . Each 

experiment was repeated once and was accompanied on 

both occas ions by a control s ample of sporocysts sus

pended in disti lled water . 

The r e sults of the se pre l iminary inve stigations are 

pres e nted in T able 6 . 1 .  They ident i fy s ix chemic a l s  

( su lphuric acid , ammonia , methanol , ethanol , sodium 

hydroxide and potas s ium hydroxide ) and one d i s infectant 

(Medal )  as having maj or sporocysticidal properti e s . 

However , becau se of either the h igh concentrations requir

ed ( e . g .  methanol , ethano l ) or difficulties associated 

with a s s e s s ing their e ffectivene s s  due to the total 

d i sappearance of sporocys.ts ( e . g .  sodium and potassium 

hydroxide ) ,  only three ( 2 . 5 % sulphuric acid , 2 %  ammoni a ,  

4 %  Meda l ) were investigated furthe r . 

Thi s  second inve stigation followed the same procedure s a s  

before , except that o n  thi s  occas ion exposure t o  each 

solution was l imited to 0 ,  0 . 2 5 ,  0 . 5 , 1 ,  2 ,  4 ,  6 or 1 2  hr 



TABLE 6 . 1  EFFECT OF 4 8  HOURS S U S P E N S ION IN VARIOUS 

CHEMICALS AND D I S INFECTANTS ON THE 

EXCYSTATION OF S .  GIGA NTEA SPOROC Y STS 

Chem i c a l / D i s i nfectant 

Control 

Acet i c  Acid 

Hyd r o c h l o r i c  Ac id 

N i t r i c  Acid 

Sulphur i c  Acid 

Forma l i n  

Hydrogen peroxide 

Lugo l ' s  Iodine 

Ammon i a  s o l u t ion 

Met h a no l 

Ethano l 

Iso-propyl a l cohol 

Sod i um  hydroxide 

Pot a s s ium hydroxide 

' De t t o l ' 

' S te r i c ide ' 

' H i b i tane ' 

' Io s e ne ' 

' Mu c oc i t ' 

' Medo l ' 

Concentration 
( % )  

2 . 5  

2 . 5  

2 .  5 

0 .  5 

1 . 0 

2 . 5  

1 0 . 0  

3 . 0  

5 . 0  

0 . 5  

2 . 0  

1 0 . 0  

1 0 . 0  

9 0 . 0  

1 0 . 0  

9 0 . 0  

9 0 . 0  

0 . 5  

2 . 5  

5 . 0  

0 . 5  

2 . 5  

5 . 0  

5 . 0  

5 . 0  

5 . 0 

2 . 0 

1 . 5  

2 . 0  

4 . 0  

Percent excys t a t i o n * *  
Expt . ( a )  E xp t . ( b )  

8 1 . 0  

6 6 . 1  

6 4 . 0  

5 7 . 0  

4 6 . 0  

8 . 0  

5 3 . 1  

7 0 . 0  

7 4 . 1  

7 1 . 0  

1 . 0  

7 4 . 8  

6 8 . 8  

5 8 . 5  

2 8 . 0  

1 2 . 0  

* 

8 9 . 1  

1 2 . 2  

* 

6 3 . 0  

6 5 . 3  

7 1 . 0  

8 0 . 4  

8 5 . 0  

2 3 . 9  

2 . 0  

7 9 . 2  

7 4 . 1  

7 3 . 0  

4 4 . 8  

5 0 . 1  

1 4 . 0  

6 0 . 0  

8 3 . 1  

7 9 . 0  

8 4 . 1  

1 . 5  

6 3 . 7  

6 2 . 6  

2 . 2  

5 7 . 0  

4 0 . 9  

6 . 7  

* 

8 2 . 3  

9 . 0  
* 

6 3 . 2  

7 0 . 1  

6 9 . 2  

7 8 . 4  

6 9 . 2  

1 8 . 2  

1 . 7  

* N umber o f  sporoc y s t s  rern�i n i ng a f ter exposure too smal l  
t o  permit dete rm i n a t ion of percentage excys t a t io n . 

* * - = < 1 . 
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with four replicated s amples being te sted at e ach period . 

The r e sults ( F ig . 6 . 2 ) showed that although sporocys t  

excys t ation was reduced to very low level s  by 4 hr 

contact wi th all three so lution s , sporocyst viability 

dec l i ned mo st rapidly in sulphuric acid fol lowed by 

Medal and ammonia . 

( i i i )  E ffect of coccidiostats and anthelmintic s  

Many anthelmintic s , parti cularly those of the benz imidazole 

group ( e . g .  thiabendazole ) are known to be ovicidal 

( Egerton , 1 9 6 9 ) and in recent years the abil ity o f  

nematode eggs to embryonate and hatch when incubated i n  

such solutions has been u sed as a s impl e  screen for poten

tial efficacy ( Coles and Simpkin , 1 9 7 7 ; Le Jambre , 1 9 7 8 ) . 

Whi l e  a comparable te s t  has not been used for coccidiostats , 

a number of them have been found to inhibit oocyst sporu

lation and infectiv i ty (Aj ayi , 1 9 7 6 ;  Joyner and Norton , 

1 9 7 7 ; Ruf f  e t  a l . � 1 9 7 8 ) . In addition , the anti

coccidial drug ampro l ium has been succes s ful ly used to 

reduce the severity o f  experimental infections of S .  cru z i  

in c attle and S .  t e ne Z Z a  i n  sheep ( F ayer and Johns ton , 

1 9 7 5 a ;  Leek and F ayer , 1 9 8 0 ) . In the l atter experiments ,  

drug admini stration started at the time o f  infection or 

o n  the day before , and it i s  conceivable , therefore , that 

at l east part of the benefit of these treatments may have 

derived e i ther from the effect of ampro l ium on the ingested 

sporocysts themselve s or on their recently excysted 

sporozoite s . According ly , the fol lowing study was under

taken to examine what e f fect , if any , exposure of S .  

g i g a n t e a  sporocysts to cocc idiostats and the anthelmintic 

thiabendazole would sub sequently have on the ir abil ity . to 
excyst . 

The inve stigation was conducted in e s sential ly the s ame 

manner as that described previous ly with 7 to 9 week-old 



sporocyst s  being suspended in the drug under test for 

4 8  hr at room temperature , washed and then subj ected to 

excys tation procedure s .  Again , each experiment was 

repeated once and was accompanied on both occas ions by 

a control s ample of sporocysts suspended in distilled 

water . 

The results ( Table 6 . 2 ) revealed that none of the drugs 

used had any marked inhibitory ef fect on the ability o f  

sporocysts to excyst . 

I n  an effort to determine whether thi s  failure may have 

been due to the inab i l ity of the drugs to gain acces s  

t o  the sporozoite s , a further experiment was conducted 

( with appropr iate contro l s )  in which sporocyst s  were 

exposed to Arnprol ( at 1 0 0 0  ppm) for 4 8  hr e ither in 

combinat ion with a 5 %  solution of dimethyl sul foxide 

( DMSO )  ( BDH Chemical s Ltd) or following their prior 

pretreatment with 0 . 4 5 %  sodium hypochlorite for 0 . 5  hr . 

The re sults ( Table 6 . 3 ) suggested that although exposure 

to DMSO or sodium hypochlorite may have had some success 

i n  penetrating or increasing the permeabil ity o f  the 
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wal l s  o f  the sporocysts , the additional presence o f  Arnprol 

in combination with the se treatments had l ittle further 

e f fect on the viab i l ity of the sporoz oites they contained . 

( iv )  E f fect of heat ing 

Sample s o f  1 0  to 1 3  week-old sporocysts suspended in 1 ml 

volumes o f  di stilled water and maintained in an ice bath 

for 1 0  to 1 5  min were exposed to temperature s of 5 0 , 5 5  

o r  6 0 ° C  for periods of 0 ,  5 ,  1 0 ,  1 5 ,  3 0  o r  6 0  min . Follow

ing these treatments , the sporocysts were immediately 

returned to the ice bath , again for 1 0  to 1 5  min , before 

being subj ected to the usual excystation procedure . Four 

replicated samples were te sted at each temperature and period . 



TABLE 6 .  2 EFFECT OF 4 8  HOURS SUSPENS ION IN VARIOUS 

COCC IDIOSTATS AND ANTHELMINT ICS ON THE 

EXCYSTAT ION OF S .  GIGA NTEA SPOROCYSTS 

Coccidiostat/ Concentration Percent excystation 
anthe lmintic ( ppm) Expt . ( a )  Expt . ( b )  

Control 8 5 . 1  7 5 . 4  

Daraprim 1 0 0  7 8 . 1  8 2 . 8  

5 0 0  8 5 . 0  7 6 . 6  

1 0 0  8 0 . 9  8 1 . 0  

Sulphadimidine 5 0 0  8 1 . 0  7 5 . 4  

1 0 0 0  8 3 . 5  7 3 . 2  

1 0 0 8 4 . 2  7 8 . 2  

Toltro 5 0 0  7 4 . 8  7 8 . 8  

1 0 0 0  8 5 . 7  7 7 . 8  

1 0 0  8 6 . 0  6 7 . 9  

Eftolon 5 0 0  6 9 . 1  7 1 . 4  

1 0 0 0  7 9 . 4  7 9 . 4  

1 0 0  8 0 . 5  7 0 . 7  

Amprol 5 0 0  5 7 . 4  7 3 . 8  

1 0 0 0  7 9 . 4  7 5 . 6  

1 0 0  7 5 . 1  7 0 . 4  

Emtryl Soluble 5 0 0  6 3 . 6  6 9 . 4  

1 0 0 0  7 6 . 3  7 0 . 7  

1 0 0  7 5 . 5  5 7 . 8  

Equizole 5 0 0  6 7 . 4  7 8 . 0  

1 0 0 0  7 6 . 0  7 3 . 4  

1 5 0 



TABLE 6 . 3  EFFECT OF TREATMENTS TO ENHANCE THE 

PENETRAT ION OF AMPROL* ON THE 

EXCYSTAT ION OF S .  GIGA NTEA SPOROCYSTS 

Treatment Percent exclstation 
Expt . ( a )  Expt . 

4 8  hrs exposure to 
distil led water 8 5 . 1  7 5 . 4  

4 8  hrs exposure to 
Amprol 7 9 . 4  7 5 . 6  

4 8  hrs exposure to 
Amprol after 0 . 5  hrs 
exposure to 0 . 4 5 %  
sodium hypo . 4 8 . 4  6 1 . 8  

4 8  hrs exposure to 
Amprol and 5% DMSO 4 9 . 6  5 4 . 2  

4 8  hrs exposure to 
5 %  DMSO 3 9 . 2  4 2 . 9  

4 8  hrs exposure to 
dist i l led water after 
0 . 5  hrs exposure to 
0 . 4 5 %  sodium hypo . 5 0 . 7  4 8 . 7  

* Concentration = 1 0 0 0  ppm . 

1 5. 1  

( b )  



The results , given in Fig . 6 . 3 , showed that sporocyst 

viab i l i ty was de stroyed by exposure to temperature s 

of 6 0 ° C  for 5 min or 5 5 °C for 6 0  min but not at 5 0 ° C 

for any of the periods te ste d . 

( v )  E f fect of free z ing and thawing 

1 5 2 

After determination of the i r  excystation leve l , spore

cys t s  approximately 6 months -old suspended in tap water 

were di spensed as 1 . 5  ml al iquots into 1 3 2 clear poly

styrene tube s ( Smith Biolab Ltd ) • The se tube s were 

then randomly al located to one of three groups main

taine d  as fol lows : One group was kept at 4 ° C as a 

control , one was frozen at - l 8 ° C and kept constantly 

at thi s  temperature whi le the third was subj ected to 

alternative 2 4  hr per iods at - l 8 ° C and room temperature . 

Periodical ly , four tube s were removed from each group , 

al l owed to s tand at room temperature for approximately 

2 hr and the viabil ity of the sporocysts they contained , 

te s ted . 

As shown in F ig .  6 . 4 ,  sporocysts kept at 4 °C maintained 

a h igh level of viability but those sub j ected to either 

constant or intermittent free z ing suf fered a relatively 

s low decl ine in excystation rate with time . Initially , 

the rate of thi s  decl ine was more rapid in sporocysts 

kept constantly froz en rather than intermittently . After 

1 7 0  days , however ,  there was l ittle difference between 

them and at the end of the experiment on day 2 4 3 , 

excystation l evel s  o f  8 . 7  ± 0 . 8 % and 2 . 6  ± 0 . 8 % 

respectively , were recorded in constantly and intermitt

ently frozen sporocysts . 

(vi ) E ffect of ultraviolet ( IV )  irradiation 

One ml al iquots of sporocyst suspens ion ( 6  months-old ) and 
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E f fect of heating on the excystation of 

S. g i g a n t e a  sporocysts 

4 ml of tap water were placed in 8 cm diameter glass 

petr i di shes ( depth of suspens ion 2 mm ) . Accompanied 

by gentle rotation to ensure adequate mixing , the se 
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were then subj ected to UV irradiation at room temperature 

with four rep l icated samples being irradiated at a range 

of doses from 0 to 4 0 0 0  ET ' s  ( �W-mi n / cm2 ) .  

Irradiation at 1 0 0  and 5 0 0  ET had l ittle effect on 

s�orocyst excystat ion ( F ig . 6 . 5 ) . At 1 0 0 0  ET , the 

excystation l ev�l had dec l ined from 7 2 . 4  ± 2 . 6 % in 

untreated contro l s  to 5 9 . 2  ± 2 . 7 % and at 1 5 0 0  ET only 

2 1 . 9  ± 4 . 0 % of sporocy sts excysted . Thereafter , the 

excystation level continued to dec l ine , albeit at a s lower 

rate , with increas ing irradiat ion dose and at 4 0 0 0  ET no 



z 
0 
..... 
< ..... 
C/) 
> 
u X 
w 
..... 
z w 
u a:: w 0.. 

100  

8 0  

60 
' ... , 

40 

20 

e e C O N T R O L  ( 4°C ) 

0 • • • · · · · · · · 0 F R E E Z E  & T H A W  

• - - - - - - - - •  C O N T I N U O U S F R E E Z E  

. . . o . . . . 
• 0

• • • • • · • · · · · · • • · •  · · a. 

. .  
. · 

',, ,. ... ..... .._ ___ .,..,...,. ....... 
- -...... .. ,... ... ...... 

· · . 
· · . 

· · ·
·

--
• • Q ·-

...... .. .,.,''
�, .. .,., ' 

.................. .......... ', . 

\ tl . . 
',, 

· · · . . . 
', 

• • • • 'Cl 
',, 

· · .. 
·--------- ..........

... 

·��·
.:.:, 

'�;-.,, t> • • '"• .... · · · · · · · O . 

.............
... .... 

�::: .. -.::-.:----......... .............. _
_ 

· · o. . 
� 

· · · · · · · · · · · · ·o 
0 .__,-----,-----.----.-----.-----�----.-----r---�----�----�----�--�� 

10 3 0  5 0  70 90 1 10  130 150 170 190 2 10 230  2 5 0  

D A Y S  O F  E X P O S U R E  

Fig . 6 .  4 E f fect of free z ing and thawing on the excystation of S .  gigan t e a  

sporocysts 



1 0 0  

z 
0 8 0 
..... 
<t: ..... (/) 
> 6 0  (.) 
X 
w 
..... 40 z w 
(.) 
a: 
w 
a. 20 

Fig . 6 . 5 

1 2 

U V  R A D I AT I O N  D O S E  

{JJW- m i njcm2 x 103 ) 

3 

E f fect of ultraviolet irradiation on the 

excystation of S .  g i ga n t e a  sporocysts 
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4 

excystation was recorded . 

(vi i )  E f fect o f  de s iccation 

Tap water suspens ions ( 2 . 5  ml ) of 6 month-old sporocysts 

(their excystation level be ing determined beforehand ) 

were placed in 1 4 4 polystyrene tubes . One hundred and 

eight of the tube s were centr ifuged , the ir supernatant s 

removed ,  leav ing a sediment of sporocysts , faecal debri s 

and sur face water in each . After standing for 4 8  hr at 

room temperature to allow thi s  sur face water to evaporate , 

they were divided into groups o f  3 6  and randomly a l l ocated 

to one of three re lative humidities ( 8 5 % , 5 5 %  or 3 3 % )  at 

The remaining 36 non-centrifuged tube s kept hal f  
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full o f  water , were mainta ined at the s ame temperature 

as undes iccated controls . At 2 0  to 3 0  day interval s , 

four tubes were removed from the control and each of 

the des iccated groups . Sporocysts in the latter three 

groups were then rehydrated and all s amples allowed to 

stand at room temperature for 2 hr before their 

percentage excystation was determined .  

1 57 

The results ( F ig . 6 . 6 ) showed that S .  g i gan t e a  sporocys t s  

were capable of surviving des iccation for considerable 

periods with the duration of survival be ing inversely 

related to the relative humidity ( RH )  at which they were 

maintained . Because of a marked decl ine in the viability 

of the control sporocysts however , thi s  latter re sult 

was regarded with some scepticism .  Initially , i t  was 

cons idered pos s ible that some agent on or in the poly

styrene tube s may have combined with the water in the 

control s  and the greater amounts of moi sture avai l able at 

higher relative humidities , to produce toxic solutions . 

The results of a partia l  repeat o f  the above experiment 

(Fig . 6 . 7 ) using on thi s  occasion glass-tube s and 1 2  

month- old sporocyst s , however , sugge s ted that thi s  was 

not the case . Accordingly , a third experiment was 

conducted in whi ch 1 2  month-old sporocysts , either held 

under water , or des iccated and exposed to relative 

humidities of 3 3 %  or 8 5 %  in polys tyrene tubes ,  were 

maintained at temperatures of 1 5  or 2 4 ° C .  

The re sults are pre s ented in F ig . 6 . 8 .  Apart from some 

minor differences ,  the patterns o f  survival o f  des i ccated 

sporocyst s  in thi s  experiment were basically s imilar to 

those observed previous ly with viab i l i ty being maintained 

at higher level s  for longer interval s  at 3 3 %  RH rather 

than 8 5 %  RH at both temperatures te s ted . The survival o f  

sporocysts maintained in water , however ,  was cons iderably 

better at l 5 ° C than at 2 4 ° C .  
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6 . 3 . 2  Outdoor experiments on sporocyst survival 

Studies on the outdoor survival of oocysts and sporocysts 

are beset by a number of difficultie s .  Cat faece s are 

frequent ly superf i c i ally buried ( Frenkel e t  a l . � 1 9 7 5 ) . 

Ideally , there fore , such s tudies should involve the 

u se of s imi larily placed samples from which sporocysts 

are periodical ly recovered and tested for viability . The 

diff iculty with this approach is that , as a result of the 

di spers ive action of environmental agents such as rain , 

wind , e arthworms and insect s , the concentration of 

sporocysts in faecal samples i s  l ikely to dimini sh with 

time . Thi s  means that eventually the numbers recovered 

are l ikely to be too sma l l  for adequate te sting . P l acement 

of faecal sample s out-of-doors in containers such as petri 

dishe s , on the other hand , although ensuring less los s , 

would provide the sporocysts with unnatural protection 

against some environmental influence s ,  particularly i f  

the containers were sea led , o r  alternatively , expose them 

to a risk of arti fi cal f looding , if they were not . In 

the present study attempts were made to strike a reason

able compromise between these cons iderations in the 

fol lowing manner .  

Plugs of cotton woo l  were pl aced in the bases of polystyrene 

tubes in which s ingle air holes had previous ly been dri l led 

( F ig . 6 . 9 ) . These tubes ,  measuring 7 . 5  cm x 1 cm were 

then hal f-filled with Sar co c y s t i s - free cat faece s and 0 . 5  

ml o f  concentrated sporocyst suspens ion added . After 

standing for 4 8  hr at room temperature to al low exc e s s  

water to evaporate , the tube s were completely f i l led with 

faeces and capped with terylene gau z e  covers . They were 

then placed , open- ends down , in one of four soil - f i l led 

plastic containers so that the ir ventilated bases pro j ected 

approximately 1 . 5  cm above the soil surface . Each con

tainer , which was provided with a terylene gauze-covered 

drain hole , was sunk into the ground ( F ig . 6 . 9 ) . Two 
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conta iners were placed in a shaded s ite located at the 

eastern end of a building and two were placed out in 

1 6 2 

the open . By thi s  means it was hoped to s imulate 

conditions likely to be encountered by sporocysts in 

buried faeces . The orientation of the tubes and the 

pres ence of the air hole would , it was hoped , al low free 

exchange of moi s ture between the s amp le s  and the surround

ing soil , the gauze cover s  preventing their removal by 

earthworms . 

At the start of the investigation and at approximately 

monthly interval s thereafter , one randomly selected tube 

was r emoved from each of the four containers and the 

sporocysts recovered from them sub j ected to the usual 

excystation procedure . Two experiments , extending over 

1 2 -month period s , were conducted on separate occas ions . 

Daily rainfa l l  and temperature fluctuations for both were 

recorded at a meterological s tation located 1 km from the 

te st s ite . 

The results o f  the first experiment ( Expt . ( a ) ) which 

began in May 1 9 8 1 , us ing sporocysts approximate ly 1 0  

months-old , are pre sented in Fig . 6 . 1 0 .  Although there 

were considerable variations between the viabil ity of 

sporocysts recovered from individual tubes on some 

occas ions , there was no obvious relationship between 

the s e  variations and the particular containers from which 

they were removed . Therefore , the results in F ig .  6 . 1 0 

are presented a s  mean figure s for the four replicates .  

Thes e  showed that sporocyst viability was maintained at 

high level s  for the first 28 weeks of the inve stigation . 

After nearly 3 2  weeks the ability o f  sporocysts to excyst 

had decl ined markedly and by 35 weeks virtual ly no 

excy station was detected . 

The marked decl ine in sporocyst viab i l ity coinc ided with 

the beginning o f  the summer months in December . It was 
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unclear , however ,  i f  thi s  decl ine was as soc iated with 

the rise in temperature s  recorded ove r  thi s  period or 

was more simply related to the l ength of time the 

sporocysts had been maintained out-of-door s .  Therefore , 

a second experiment ( Expt . ( b ) ) was undertaken in an 

attempt to resolve thi s  matter . .  Thi s  experiment started 

in S eptember 1 9 8 2 . Unfortunate ly sporocysts comparabl e  

in age to those employed previously were not available 

and it was nece s s ary to use sporocy s t s  2 to 3 months-old 

on thi s  occas ion . 

The results are presented , as in the first inve stigation , 

as mean percentage excystation for the four repl icates 

( F ig . 6 . 1 1 ) . Examination of thi s  f igure shows that 

although summer temperature s  were generally lower than 

tho se recorded in the previous year , sporocyst viabil ity 

again decl ined mo st rapidly over the December-January 

period . Thi s  decline which occurred 1 3  to 1 7  weeks after 

the start of the experiment , was l e s s  marked than that 

observed in the f irst inve stigation with sporocyst v i a

bil ity per s i s ting at moderate to low leve l s  until the 

s tudy was terminated , although dec l ining steadily through

out . 

6 . 4  DISCUSS ION 

Knowledge of the res i stance and survival of the infective 
\ 

s tages of paras itic organi sms i s  obv iously of some 

practical importance . Not only i s  this information 

required to under stand the epidemiology of such infec t ions 

and to devise appropr i ate prophylactic procedure s ,  but 

also to maintain the viabil ity of l aboratory culture s . 

Studies on coccidian spec ies o ften require the use o f  

oocysts and sporocysts that have been stored for several 

weeks or months after collection . Normal ly the se are 

recovered from f aeces and placed in aqueous solutions o f  
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2 . 5 % potas s ium dichromate or 2 %  sulphuric acid . The 

primary purpose of these solutions i s  to retard the 

growth of bacteri a  and fungi which may compete with 

1 6 6  

the oocysts for the oxygen vital for sporulation . 

However , they are a l so frequently employed as preser

vative s both for sporulated oocysts of Eimeria and 

Is o s p ora ( Ryley , 1 9 7 3 )  and for sporocysts of Sar c o cy s t i s  

spp . ( Ruiz and Frenkel , 1 9 7 6 ; Ashford , 1 9 7 8 ; Box and 

Dus zynski , 1 9 7 8 ; Dus zynski and Box , 1 9 7 8 ;  Munday 1 9 7 9 a ;  

Bledsoe 1 9 8 0b ;  Cawthorn e t  a Z . 3 1 9 8 1 ) . 

For many species o f  coccidia , particularly those of the 

genu s Eim e r i a ,  potass ium dichromate h a s  been found to 

maintain oocys t  v i abil ity for at least two years ( Khey s in , 

1 9 7 2 ) . For other s , including two c l o s ely related to the 

genus Sar c o c y s t i s ,  name ly Toxop l a s m a  g ondii and Is o s p o r a  

ri v o Z t a3 storage i n  thi s  medium may lead to a reduction 

in the permeabi l i ty o f  the oocyst wall with better 

survival being achieved in sulphuri c  acid (Jackson , 1 9 6 2 ;  

Dubey e t  a Z . 3 1 9 7 0 a ;  McKenna and Charle ston , 1 9 8 2 ) . 

In the pre sent i nvestigation neither of the se solutions 

was found to be s atis factory for the pre servation o f  

S .  gigan t e a  sporocysts . Thi s was particularly true o f  

sulphuric acid wh ich , a t  4 ° C ,  was found to de stroy sporocyst 

v i abil ity within 5 days . Indeed , at room temperature , 

contact with a 2 . 5 % concentration o f  thi s  solution resulted 

in a cons iderab l e  reduction in the abil ity to excys t  in 

only a matter o f  minutes .  

The effect o f  potass ium dichromate and sulphuric acid 

pre servation on the viabil ity o f  Sarcocy s t i s  spp . sporocysts 

has been previou s ly reported by Leek and Fayer ( 1 9 7 8 )  . 

U s ing S .  cru z i  sporocysts , they obtained somewhat s imil ar 

results to tho se recorded here , prompting them to s ugge st 

that the comparative vulnerabil ity of the exogenous s tage s 
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of Sarcocy s t i s  spp . to such media may be attributabl e  

t o  the absence o f  a n  oocyst wal l . That thi s  hypothe s i s  

represents a n  over- s imp l i f ication , i s  evident from the 

abi l ity of sporocysts of other Sar c o cy s t i s  spp . to induce 

infection fol lowing their 

( Ruiz and Frenkel ,  1 9 7 6 ;  

· �  
storage i n  sulphu� acid 

Ashford , 1 9 7 8 ;  Bledsoe , 1 9 8 0b ) . 

Furthermore , although S .  me i s c he ri ana sporocysts appear 

to be more susceptible to some commerc ial disinfectants 

than do sporul ated oocysts of some Eim e r i a  and Is o s p ora 

spp . those o f  s. mur i s  do not ( B arut zki e t  a l . ,  1 9 8 1 ) . 

Conversely , despite their greater tolerance to sulphuric 

acid , Toxo p l a sma oocysts are evidently no more refractory 

to ammonia than are sporocysts used in the pre sent s tudy 

( Dubey e t  a l . , 1 9 7 0b ;  Ito e t  a l . , 1 9 7 5a ) . It would 

appear , therefore , that variations in the abi l ity o f  such 

s tages to withstand chemical a s s au l t  are more l ikely to 

be re lated to differences in the structural and/or 

biochemical nature of the ir surrounding envelope s rather 

than the mere presence or absence of an oocyst wal l . 

From the pre sent re sults it i s  apparent that S .  g i g an t e a  

sporocysts are relatively impervious to a wide range o f  

s uch agents . They were able to r e s i st exposure to mo st 

l aboratory reagents and dis infectants as wel l  a s  a 

number of anti - cocc idial drug s . Unfortunately comparable 

s tudies have not been undertaken with sporocysts o f  other 

Sarc o c y s t i s  spp . and so it is d i f ficult to determine 

which of the pre sent findings are l ikely to be o f  generic 

and which o f  spec i f i c  re levance only . I t  i s  evident 

neverthel e s s  that there may be cons iderable diffe rences 

i n  the abi l ities of sporocysts o f  various Sarco c y s t i s  spp . 

to withstand at least some o f  thes e  agents . 

The same properties which may lead to variations in the 

sensitivities of the exogenous s tage s of coccidian species  

to chemical a s sault . are al so l ikely to influence the ir 

susceptib i l ities to phys ical agents a s  well . Thus Berg ler 



e t  a l .  ( 1 9 8 0 )  found that while there were some d i f fer-

ence s between them , sporocysts of S. me i s c h e riana3  S .  

s u i homini s and S .  capre o l i cani s were better able to 

res i st freez ing and thawing , lower relative humidities 
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and h igher temperature s , than were oocysts of T .  g o ndii 

and s ome species of Eim e r i a  and Hamm ondi a .  Heydorn 

( 1 9 8 0 ) , on the other hand , observed that although S. c r u z i  

sporocys t s  were large ly r efractory to freez ing they were 

relatively susceptible to heating and de s iccation . 

Because o f  differences i n  the temperatures , relative 

humidities and intervals of expo sure employed , it is 

d i f f icult to make any direct comparisons between the above 

f inding s  and tho se obtai ned in the pres ent study . Even 

so i t  i s  apparent , that while the viab i l i ty of S .  gi gan t e a  

sporocysts may be de s troyed b y  heating and ultraviolet 

l ight , the ir re sistance to freez ing and particul arly , 

des i ccation , can only be cons idered a s  remarkabl e . 

For many species of coccidia , apparently including some 

members of the genus Sar c o c y s t i s 3  the ability of oocysts 

and sporocysts to surv ive de s i ccation is frequently 

measured in days be i ng directly proportional to the 

relative humidity to which they are exposed ( Kheysin , 1 9 7 2 ;  

Hammond , 1 9 7 3 ; Bergler e t  a l . 3 1 9 8 0 ) . In the pre sent 

s tudy ,  S .  g i gan t e a  sporocysts were evidently able to 

survive desiccation for weeks and months with the duration 

of survival being inversely related to the relative 

humidity at which they were maintained . Al though thi s  may 

appear unusual it i s  by no means unique . Indeed , s imilar 

behaviour has been observed with the eggs of the plant 

nematode G l o b odera (He t e rode r a )  ro s t o c h i e ns i s  (Ellenby , 

1 9 6 8 )  hatched and unhatched infective larvae o f  Nema t o d i r u s  

b a t t us ( P arkin , 1 9 7 6 )  and infective l arvae o f  Tri c h o s trongy l u s  

c o lubri fo rm i s  ( Wharto n ,  1 9 8 2 ) . The p recise means by which 

such organisms are better able to with stand prolonged 
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de s i c cation at lower rather than higher relative 

humidities are unknown . E l lenby ( 1 9 6 8 ) , however , has 

sugge s ted that for G. r o s t o chie n s i s ,  it may be as soc iat

ed with a decrease in the permeabil ity of the egg shell 

as i t  dries . Thi s  i s  not to suggest that water loss 

i s  completely prevented by such a phenomenon but that 

it i s  reduced to a very s l ow rate indeed . 

The pre sent results indicate that the sporocys t  wal l s  

o f  S .  g i g an t e a  may po s s e s s  simi lar properties , properti e s  

whi ch not only a i d  the survival of the ir sporoz oites at 

t ime s o f  severe de s iccation but possibly increase their 

tol erance of high environmental temperatures as wel l . 

Thus i n  contrast to the ir re s i stance to low and free z ing 

temperatures , S. gigan t e a  sprocysts appeared relatively 

more susceptible to heat . The se were e ither k i l l ed by 

heating to 6 0  or 55 ° C  for 5 and 6 0  min re spectively , or 

severely impaired by prolonged exposure to 2 4 ° C under 

water . Des i ccated sporocysts , particularly tho se maintain

ed at 3 3 %  re lative humidity , appeared to survive rea sonably 

wel l  at 2 4 ° C .  The reasons for these difference s  in 

survival at thi s  temperature are unknown . It is pos sible 

that the evaporation o f  water from de siccated sporocysts 

was sufficient to aid in their cool ing . Alternatively 

and perhaps more like ly , becau se oxygen is used by oocysts 

i n  respiration ( Kheysin , 1 9 7 2 )  and because the respiratory 

demands of sporozoites and aerobic bacteria l ikely to 

f l our i sh might be expected to increase at higher temper

ature s , sporocysts s tored under water might have died o f  

an oxygen deficit . 

That the death of the se sporocysts was unlikely to be 

directly related to temperature effects might be indicated 

by the ir surpri sing abi l i ty to survive at 5 0 ° C  for at 

least 1 hr ; a temperature which has previously been found 

to re sult in a 5 0 %  mortal ity o f  oocysts of a number of 
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coccidial species withi n  0 . 3 6 to 2 9  min ( Kheysin , 1 9 7 2 ) . 

It has been suggested that difference s in the sensitivity 

of oocysts to high temperature s may be a s sociated with 

the varying thicknesses  of the ir wal l s  ( Kheysin , 1 9 7 2 ) . 

However , for S .  g i gan t e a �  bradyzoite s within i solated 

muscle cysts appear to survive equal ly as wel l  a s  

sporoz oites within sporocysts a t  5 0 °C (Collins , 1 9 8 0b )  

sugge sting that survival at such temperatures i s  more 

l ikely to depend on the res i stance of the zoites rather 

than the thickne s s  of the i r  enclos ing cyst wal l s . 

Temperature and desiccation are , in part , a function on 

sun l ight . However ,  no work has been undertaken to 

determine what e ffect the UV radiation component of 

sunl ight has on the survival o f  sporocys t s  of Sar c o c y s t i s  

spp . In the pre sent s tudy , UV irradiation was found to 

be extremely deleterious for S .  g i g an t e a  sporocysts with 

the ir abi l i ty to excyst be ing totally e l iminated at a 

radiat ion do se of 4 0 0 0  E T . U sing a f igure o f  5 5  � W/cm 2  

provided b y  Wright and McAli ster ( 1 9 3 4 )  for the intens ity 

of shortwave UV in solar radiation at wavelengths o f  

2 9 7  t o  3 1 3  nM ,  the pres ent results sugge s t  that S .  gigan t e a  

sporocysts might be rendered non- infective by only 1 . 2  hr 

exposure to sunlight . Whi le thi s  exposure period might 

seem very brief it should be po inted out that embryonated 

eggs of A s cari s s uum� general ly cons idered to be very 

re s i stant to adverse env ironmental conditions and capable 

o f  surviving for 5 years or more ( Soul sby , 1 9 8 2 ) , may be 

killed by 5 . 5  to 9 hr exposure to sunl ight ( Sp indler , 1 9 4 0 ) . 

I n  attempting to correl ate the e ffects o f  phy s i cal factors 

on the survival of S .  gi g an t e a  sporocysts obtained in the 

laboratory with those exi sting in the field , it can be 

seen that certain sets o f  condi tions are more l ikely to be 

favourable than others .  In general it would appe ar that 



such sporocysts may be better abl e  to retain their 

viabil ity i n  e ither cool or hot-dry conditions than i n  

hot-wet one s . 
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Laboratory s tudies carried out with sporocysts i sol ated 

from faec e s , avoid some of the complexities and d i f f i

culties o f  interpretation imposed by the faecal environment . 

Moreover ,  such sporocysts were mainly subj ected to only 

one variable influence whereas those maintained out-o f

doors are l ikely to experience a number of the se f actors 

operating at the s ame time , a s  we ll a s  biological agent s . 

Despite the se dif ferences , the pattern of survival o f  

sporocysts maintained out-of-door s equated reasonably 

we ll with laboratory re sults inasmuch as viabil ity tended 

to decl ine mo st rap idly over the summer months when 

temperatures were high and solar radiation was at i t s  

maximum . Whi le thi s  general correlation may provide some 

satisfaction it i s  recogni s ed that the procedure s adopted 

in the outdoor experiments mus t  h ave had some influence 

on their outcome . It is obviou s , for example , that the 

containment of sporocysts in buri ed polystyrene tube s 

must have provided cons iderable protection from ultra

violet l ight while at the s ame t ime exposing them to higher 

relative humiditi e s  and greater degrees of putrefaction 

than are l ikely to be experienced by those l iberated from 

faeces depos i ted naturally . Accordingly , extrapolation 

from the present findings to the natural course of events 

in the f i e ld needs to be made with cons iderable caution . 



CHAPTER 7 

GENERAL DI SCUSS ION 

It i s  now over 1 4 0  years s ince s arcocysts were first 

discovered in the muscles of mice by Mies cher ( 1 8 4 3 ) . 

S ince that t ime , progre s s  towards an under standing of 

the identity , biology and importance of these parasites 

has been cons iderable , particularly over the last 1 0  or 

12  years . To a l arge extent much o f  thi s  work has , 

understandably , been directed toward s  documenting and 

des cribing those species infecting domestic l ivestock , 

examining thei r  prevalence s and d i s tr ibutions and 

elucidating their life cycles in terms of developmental 

sequence , ho st range and pathogenic i ty . Cons iderably 

l e s s  attention , however ,  has been focused on the 

epidemiology of these infections or on examining some 

of the more fundamental factors governing parasite 

transmiss ion such as sporocyst production , viabil ity 

and longevity . 

I n  New Zealand , s arcosporidio s i s  i s  o f  considerable 

concern to the sheep industry , with S .  g i gan t e a  being 
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the most economically important spec i e s  ( Coll ins , 1 9 8 0b ) . 

Despite thi s  and de spite the fact that it was the first 

species of Sar c o cy s t i s  shown to produce intes tinal 

infection in a carnivore ( Rommel e t  a l . 3 1 9 7 2 ) , compara

tively l ittle is known about it . Attempts to infect 

sheep experimentally have either been unsucces s ful or 

largely equivocal , whi le development within the definitive 

ho s t  has been investigated to only a l imited extent ( see 

Section 1 . 3 ) . 

The inabi l ity to read i ly infect the intermedi ate hos t  with 

S .  g i gan t e a  exper imentally has frustrated research on 

thi s  paras ite . It has meant , for example ,  that the path-
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ogenic ity o f  this species for sheep remains largely 

uncertain,  while the feasibil ity or otherwise o f  

inst i tuting potential control mea sure s  such as 

immuni s ation or chemical prophylax i s  is unknown . In 

addition , it has led to some speculat ion that S .  gi gan t e a  

sporocysts may not be immediately infect ive for sheep 

and has drawn attention to the need for some means of 

determining and confirming their viability (Co l l ins , 

1 9 8 0b ) . 

For thi s  and other species o f  Sar c o c y s t i s  it was cons idered 

that an appropriate mea sure of sporocyst viabil ity and 

infectivity was likely to be provided by their abi l i ty 

to excyst . Accordingly,  one o f  the main object ives o f  

the pre sent s tudy was the development of a technique 

whi ch would enable S .  g i ga n te a  sporocysts to be excysted 

in the laboratory . Obviously , to achieve thi s  obj ective 

required inve stigation o f  the various factors affecting 

excystation i n  v i tro . But be fore doing s o ,  i t  was felt 

nece s sary to ensure that the work was unl ikely to be 

curtailed by a shortage o f  infective material , previous 

observations having sugge sted that the number s  o f  

sporocysts shed by infected cats were l ikely t o  b e  low 

( Rommel e t  a Z . , 1 9 7 2 ; Mehlhorn and Scholtyseck , 1 9 7 4 ) . 

The s tudy described in thi s  the s i s , therefore , comprised 

four separate , integral parts . The first , was a imed at 

developing a procedure for the mass recovery o f  sporocysts 

from f aece s  and devisi ng a rel i able and accurate means 

of performing faecal sporocyst count s . The s econd was 

directed towards making u s e  of the latter technique to 

determine the pattern of sporocyst shedding and the 

numbers of sporocysts shed by infected cats , and thus the 

best means of ensuring maximum yield s . The third was 

directed towards determining the mo st e f fective procedure 

for the in v i tro excystati on of S. g i g a n t e a  sporocysts and 
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examining how this might equate with excystation i n  v i v o , 

and the fourth was aimed at making use of in v i tr o  

excystation a s  a measure of sporocyst viabil ity and 

survival unde r  various conditions . 

Al though excystation in v i t r o  has been reported for a 

number of Sarco cy s t i s  spe cie s ,  inc luding S .  cru z i ,  S .  

m i e s c h e r i a n a ,  S .  capr e o Z i c ani s ,  S .  sui hominis and 

S .  de b o n e i  ( P ayer and Lee k ,  1 9 7 3 ;  Bergler e t  a Z . , 1 9 8 0 ;  

Box e t  a Z . , 1 9 8 0 ) , only for the f irst has any 
attempt been made to examine the e ffect o f  any o f  the 

various factors involved . For S .  cruz i ,  high level s  of 

excystation occurred when sporocysts were exposed to 

trypsin and bile fol lowing the ir pretreatment with 

cyste ine hydrochlor ide and co
2 

( P ayer and Leek , 1 9 7 3 ) . 

S ince then , the same procedure ha s been used for the 

excystment of the other Sar c o cy s t i s  species l i s ted above , 

with no attempt being made to a scertain i f  it was the 

most appropri ate for the particular spec ies concerned . 

In the pre s ent inves tigation , cysteine hydrochloride-co
2 

pretreatment was found . to be l argely ineffective for the 

in v i tr o  excystation of S .  g i gan t e a .  For thi s  specie s , 

a s ignif i c ant degree of excystation was attained only 

fol lowing the pretreatment of sporocysts with sodium 

hypochlorite . Since alternative forms of pretreatment 

have not been examined for other Sarc o c y s t i s  spp . , it 

i s  pos sible that sod ium hypochlor ite exposure might be 

highly succ e s s ful for the ir i n  v i tro excystation a l so ; . 

however , the pre sent results certainly indicate that 

this is not so for S .  t e ne Z Z a or S. capracani s .  

Sporocysts o f  S .  t e n e Z Z a and S .  capracan i s  are both 

infective for ruminants and are transmitted by dogs a s  

are thos e  o f  S .  cruz i .  Sar c o cy s t i s  gigan t e a ,  on the 

other hand , i s  the first cat- transmitted species o f  
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Sar co cy s t i s  with a ruminant intermediate host for which 

i n  v i tro excystation has been examined . It i s  pos s ible , 

therefore , that any disparity between the pretreatment 

requirements of S .  g i gan t e a  sporocysts and those o f  

S .  t e ne l l a and S .  capracani s ( and perhaps S .  cru z i  a l s o )  

may b e  a s sociated with some idiosyncrasy of cat trans

mis s ion . Alternatively , because the excystation 

requirements of other cat-der ived Sarc o cy s t i s  spp . are 

unknown , it may be associated with the nature of the 

species itself , pos s ibly the phys ical and biochemical 

structure of the ir sporocyst wal l s . 

In the course o f  the study , attempts were made to compare 

the ultrastructure of intact S .  g i g a n t e a  and S .  t e ne l l a 

sporocys t s  recovered from faeces . But , despite e fforts 

to fac i l itate the proc e s s , e i ther by immers ing them in 

liquid nitrogen ( Beesley and Latter , 1 9 8 2 )  or by sonica

tion , considerable difficulty was encountered in obtaining 

their inf iltration by f ixatives and embedding media . 

Becau s e  of such difficultie s and lack of time , the se 

attempt s  were placed in abeyance . 

The ultrastructure of oocys t s  and sporocysts has been 

de scribed for few cocc idia specie s ,  and , in view of the 

difficulties described , it may not be too surpri s ing that 

those few studies which have been undertaken have mo s t  

often involved oocysts and sporocysts undergoing excysta

tion i n  which media penetrat ion i s  as sured ( Roberts e t  a l . � 

1 9 7 0 ;  Speer e t  a l . � 1 9 7 3 ,  1 9 7 6 ;  Christie e t  a l . � 1 9 7 8 ;  

Box e t  a l . � 1 9 8 0 ) . Not a l l  such s tudies , however , have 

found it neces sary to use excystment as a means of 

circumventing the impervious barriers l ikely to be 

pre sented by the oocyst and sporocyst wal l s . I ndeed , where 

oocys t s  and sporocysts o f  Sarcocy s ti s  spp . have been 

examined either i n  s i t u within the inte stinal mucos a  

(Mehlhorn and Scholtyseck , 1 9 7 4 ; Colwell and Mahrt , 1 9 8 3 )  

or i n  t i s sue culture (Vetterl ing e t  a l . � 1 9 7 3 ; Becker e t  a l . � 



1 7 6  

1 9 7 9 ) , resi stance to fixatives and embedding medium 

appears not to have been a problem . The reasons for the 

apparent differenc e s  in the inf iltrabi l ity of these 

specimens and tho se u sed in the pre sent study are not 

known . It is po s s ibl e that they may s imply be re lated 

to dif ferences in the sporocyst wal l  permeabilities of 

the various Sarc o c y s t i s  spp . concerned . Alternatively , 

it i s  a l so pos s ible that structural changes in the 

sporocyst wall may occur after the i r  formation and 

release from ho s t  ce l l s ; a suggestion which has previous

ly been made with respect to the oocyst wal l s  of other 

coccidia ( Speer and Duszynski , 1 9 7 5 ) . 

The stimuli nec e s s ary to achieve excystation i n  v i tr o  are 

general ly considered to be s imilar to those required i n  

v i v o  ( Jackson , 1 9 6 2 ) . Because of thi s ,  it i s  tempting to 

draw a connection between the apparent contrariety and 

' artif icial ity ' of the pretreatment s timulus requ ired to 

induce the in v i tro excystation of S .  g i gan t e a  sporocys t s  

with the difficul t i e s  encountered b y  some i n  attempting 

to infect sheep experimentally with them . However ,  the 

fact that such sporocysts were found to excys t  at least 

to a mode st level in vivo ( Chapter 5 ) , casts doubt on the 

val idity of such a c onnect ion . Furthermore , the l ack o f  

succ e s s  i n  obtaining the i n  v i v o  excys tation of S .  t e n e l l a 

sporocysts (with whi ch experimental infections , inc luding 

c l inical diseas e , can be readily e s tabl i shed , see Section 

1 . 2 . 5 ( a ) ) , indicat e s  that any attempt to equate f inding s 

pertaining to i n  v i tro excystation with infectivity needs 

to be approached with caution . 

Excystation i n  v i v o  and its relat ionship to i n  v i t ro 

excystation warrants further inve s t igation . In v i v o  

excystation h a s  been l i ttle studied but i t  i s  generally 

assumed to be primarily dependent upon the bile/ trypsin 

stimulus , as it is  i n  v i tr o . The f a i l ure o f  S .  t e n e l l a 



sporocysts to excyst in either the duodenum or in small 

inte stinal fluid from sheep ( see Chapter 5 ) , appears to 

que stion the es sential importance of the se stimuli for 

excys tation in v i v o  as does the abil ity of sporocysts 

and oocysts of thi s  and other coccidia species to 
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i nduce infection when admini stered parenterally ( Charleston , 

1 9 8 2 ) . Moreover , independence from a bile/trypsin 

stimulus might better accord with the capacity of oocysts 

o f  the closely related coccidian , Toxop l as ma g o n di i �  to 

infect such a remarkable divers ity of ho sts ( Dubey e t  a Z . � 

1 9 7 0a ) . 

The use o f  excystation i n  v i tro as a measure of the viability 

o f  sporocysts of Sar co cy s t i s  spec ies i s  not new . Under

s tandably , however , in v iew of the diffi culties of main

taining intermediate hosts free of extraneous Sarc o c y s t i s  

infection , there have been few attempts to ascertain how 

thi s  mea sure equates with infectivity . In one such study , 

( Heydorn , 1 9 8 0 ) , it was found that the results o f  excysta-

tion of S. cru z i  sporocysts in v i tro did not always 

corre spond to the l evel of infection obtained . In another , 

Bergler e t  a Z . ( 1 9 8 0 ) , found that the abil ity of S .  

m i e s c he ri ana and S .  s u i homi n i s  sporocysts to excyst provided 

a c lear indication of their infectivity . While both the se 

s tudies may provide some evidence to suggest that not .all 

sporocysts which are capable o f  excys ting are nece s sarily 

infective , they also l end s trong support to the v iew that 

those which are incapabl e  of doing so , are not . 

Notwithstandi ng the pos sibil ity of spec ies variation and 

the fact that a d i f ferent excystation technique was employed , 

information regarding sporocyst survival obtained in the 

present study should be interpreted with thi s  in mind . On 

thi s  bas i s , sporocys t s  of S .  g i g an t e a  may safely be assumed 

to be complete ly non- infective only following their 

suspension either in 2 . 5 % sulphuric acid or 9 0 %  methanol for 



4 8  hr , their expo sure to ultraviolet irradiation at a 

dos e  of 4 0 0 0  ET , or their heating to 6 0 ° C for at least 
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5 minutes .  That i s  not to sugge st that sporocyst 

viability and infectiv i ty were not severely impaired by 

other forms of chemical and phys ical treatment examined . 

P rolonged storage i n  such standard coccidial oocyst 

preservative s as 2 . 5 % potas s ium dichromate , for example , 

obviou s ly had a de leterious e ffect on the viability of 

S .  gigan t e a  sporocysts as did the ir lengthy subj ection 

to de s iccation and freez ing . 

Sporocysts u sed in the latter part of the study had 

previous ly been stored in tap water at 4 °C for periods 

ranging from 2 weeks to 1 2  months . S ince there i s  some 

evidence to sugges t  that older S .  cru z i  sporocysts may 

be more sens i tive to phys ical insult than are younger 

one s  (Heydorn , 1 9 8 0 )  , the pos s ibil ity c annot be excluded 

that somewhat different results might have been obtained 

in the current s tudy had d i fferent aged sporocysts been 

used . In general , however ,  the viabil ity of S .  g i g an t e a  

sporocysts appeared t o  b e  unimpaired by l engthy storage 

in water . 

I n  reports of attempts to infect sheep experimentally with 

S .  g i g an t e a ,  information concerning the age and means 

of pre servation of tho se sporocysts u sed has not always 

been provided . A s  a result , the relevance o f  the dis

covered vul nerab i l ity of S .  g i gan t e a  spo rocysts to storage 

in potas sium dichromate and sulphuric acid to unsucces s fu l  

attempts t o  induce infection , i s  n o t  entirely clear . 

However it i s  notable that the fai lure s reported by Col l in s  

( 1 9 8 0b )  involved the use of sporocys t s  s tored i n  tapwater 

at 4 ° C for no mor e  than 3 weeks . 

The reasons for the apparent difficulties as sociated with 

e ffort s to infect sheep experimental ly with S .  g i g an t e a  

remai n  unresolve d . Neverthele s s , S .  g i gan t e a  i s  obviou s ly 



a h ighly succes s fu l  paras ite as i s  evident from the 

frequent occurrence of naturally acquired infections 

in sheep both in thi s  country and e l sewhere ( see 

Section 1 . 3 ) . I n  s pite of the problems of inter

pretation regarding sporocyst viab i l ity previously 

re ferred to , many o f  the findings obtained in thi s  
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study may help exp l ain why infect ion i s  so common .  Cats 

infected with S.  g i gan t e a  are evidently capable of 

excreting large numbers of sporocyst s  for cons iderable 

periods . Moreover , such animal s  may be infected 

repeatedly with undimini shed sporocyst shedding taking 

place on each occasion . Given the apparent re s i stance 

and longevity of the se sporocysts , the widespread and 

common occurrence of both sheep and cats in New Z ealand 

and the abi l ity of sarcocysts in sheep meat to survive 

at ambient and freez ing temperature s ( Collins 1 9 8 0b )  , 

then a high prevalence o f  infect ion might be expected . 

Much work remains to be done . There i s  a need to define 

more precisely where , when and how infection i s  acquired 

by sheep , to determine the rel ative importance of 

dome stic and feral cats a s  source s  of infection and to 

devise pos s ible c ontrol measures .  The role and con

tribution of transport ho sts in the d i s semination of 

infection also requires inve stigation but the greate s t  

need i s  for further studies o n  the development of S .  

g i g a n t e a  in i t s  i ntermediate hos t . 
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APPENDIX I 

Analys i s  o f  variance table s  for data in Chapter 2 .  The 

use of one , two or three asteri sks after results 

indicates a probability of l e s s  than 0 . 0 5 ,  0 . 0 1 or 0 . 0 0 1  

re spectively ; ns = not s igni ficant 

( a )  E f fect of type of floatation medium on the recovery 

of S .  g i gan t e a  sporocysts 

Source of df ss MS F 
variation 

Between s amples 4 8 5 9 8 1 2 7 7 2 . 2  2 1 4 9 5 3 1 9 3 . 2  1 . 5 3ns 

Withim samples 1 5  2 1 1 1 2 9 4 0 7 6 . 0  1 4 0 7 5 2 9 3 8 . 0  

Total 1 9  2 9 7 1 1 0 6 8 4 9 . 0  

F . 0 5 ( 4 , 1 5 )  = 3 . 0 6 

( b )  E f fect of duration of centri fugation on the recovery 

of S .  g i g an t e a  sporocys t s  

Source of df ss MS F 
variat ion 

Between s amples 6 3 0 1 3 1 7 9 8 2 2  5 0 2 1 9 6 6 3 7 . 1  2 0 . 2 5 * *  

Within samples 2 1  5 2 0 7 7 0 7 1 5 . 6  2 4 7 9 8 6 0 5 . 5  

Total 2 7  3 5 3 3 9 5 0 5 3 8  

F . 0 0 1  ( 6 , 2 1 )  = 5 . 8 8 
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( c ) E f fect of centri fugal force on the recovery o f  

S .  g i g a n t e a  sporocysts 

Source o f  df ss MS 
variation 

2 2 4  

F 

Between s amples 4 5 0 1 0 8 6 1 3 4  1 2 5 2 7 1 5 3 3 . 6  1 . 5 6ns 

Within s amples 1 5  1 2 0 5 5 0 8 4 2 7  8 0 3 6 7 2 2 8 . 8  

Total 1 9  1 7 0 6 5 9 4 5 6 1  

F . 0 5 ( 4 , 1 5 )  = 3 . 0 6 

( d )  E f fect o f  sieving and water volume on the recovery of 

S .  g i g an t e a  sporocysts 

Source o f  df 
variation 

Between samples 3 

Withi n  s amples 2 0  

Total 2 3  

F . 0 5 ( 3 , 2 0 )  

s s  

2 2 3 3 3 1 6 . 9  

2 2 5 5 7 9 1 4 2 . 4  

2 2 7 8 1 2 4 5 9 . 3  

= 3 . 1 0 

MS F 

7 4 4 4 3 8 . 9 9 0 . 0 7ns 

1 1 2 7 8 9 5 7 . 1 2 

( e )  E f fect o f  additional washing be fore f loatat ion on the 

recovery o f  S. g i g an t e a  sporocysts 

Source of df ss MS F 
variation 

Between samples 2 6 6 1 0 0 1 0 . 8 2 3 3 0 5 0 0 5 . 4 1 0 . 6 2ns 

Within samp l e s  1 3  6 8 6 9 7 2 3 6 . 9 3 5 2 8 4 4 0 2 . 8 4 

Total 1 5  7 5 3 0 7 2 4 7 . 7 5 

F . 0 5 ( 2 , 1 2 )  = 3 . 8 9 
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( f ) Sources o f  samp l ing error within counting technique 

( expected counts = 3 0 6 S  ± 2 3 6  spg ) 

Source o f  variation df ss MS F 

Between s amples 3 1 6 . 0 3 S . 3 4 3 . 7 3ns 

Between sub s amples 
within s amp les 4 S . 7 1 1 .  4 3  0 . 7 9ns 

Between replicate s 
within subsamples 8 1 4 . 4 2 1 . 8 0  0 . 4 4ns 

Within rep l icate s 8 0  3 2 8 . 8 3 4 . 1 1 

Total 9 S  3 6 4 . 9 9 

F . O S ( 3 , 4 ) = 6 . S 9 ,  F . O S ( 4 , 8 ) = 3 . 8 4 ,  F . O S ( 8 , 7 0 )  = 2 . 0 7 

( g )  Source s of sampl ing error within counting technique 

( expected counts = 1 2 , 6 8 8  ± 6 1 2  spg ) 

Source o f  variation d f  ss MS F 

Between s ample s 3 9 5 . 1 3 1 . 7  2 . 1 9 8ns 

Between subsamples 
withi n  samples 4 S 7 . 6 8 1 4 . 4 2 1 . 6 6 1ns 

Between replicate s 
within subsamples 8 6 9 . 4 2 8 . 6 8 O . S l l ns 

With in repl icate s 8 0  1 3 S 8 . 5  1 6 . 9 8 

Total 9 5  1 S 8 0 . 7  

F . O S ( 3 , 4 ) = 6 . S 9 ,  F . 0 5 ( 4 ,  8 )  = 3 . 8 4 ,  F . O S ( 8 , 7 0 )  = 2 . 0 7 
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( h )  Reliab i l ity o f  faecal sampl ing method 

Source o f  d f  s s  MS F 
variation 

Between samp l e s  5 5 0 . 9 2 1 0 . 1 8  0 . 3 6ns 

Within s amples 3 0  8 5 7 . 8 3 2 8 . 5 9 

Total 3 5  9 0 8 . 7 5 

F . 0 5 ( 5 ,  3 0 )  = 2 . 5 3 



APPENDIX I I  

Active ingredients and manuf acturer /distributor o f  

dis infectant s , coccidiostats and anthelmintics used 

in Chapter 6 .  

A .  DIS INFECTANT S 

Dettol ( 4 . 8 %  chloroxyleno l ) : Reckitt and Coleman 
(NZ ) Ltd . 

Hibitane ( 1 %  chlorohexidine digluconate ) : 
ICI Tasman Ltd . 

Iosene ( 1 2 %  phosphoric acid and not less than 1 . 7 % 
avai l able iodine ) : C iba-Geigy (NZ ) Ltd . 

Medol ( 1 6 %  synergistic mixture o f  five chlorinated 

pheno l s ;  3 : 5  - d imethyl 4-chlorophenol , 

2-benzyl 4-chlorophenol , 2-hydroxy diphenyl

sodium , 3 -methyl 4 -chlorophenol , sodium 

pentachlorophenate ) :  Laboratory Services Ltd . 

Mucocit ( " phenolic based d i s infectant combined with 

wetting agent " ) : Chemavet D i stributor s . 

Steric ide ( 2 . 4 % o-benzyl-p-chloropheno l ) : 

B .  COCC IDIOSTATS 

Amprol ( 1 2 % amprolium ) : 

Daraprim ( pyrimethamine ) : 

We s twood Products .  

Merck , Sharp and Dohme 
( N Z ) Ltd . 

Burroughs Wel lcome and Co 
( Aust)  Ltd . 

E ftolon ( 2 5 %  sulphaphenazole ) : P f i z er Laboratories Ltd 

Emtryl Soluble ( 4 0 %  dimetridazole ) :  May and Baker 

Sulphadimidine ( sulphadimidi ne )  : National Dairy 
As sociation ( N Z )  Ltd . 

Toltro ( 3 . 6 3 %  diaveridine , 1 4 . 5 % sulphaquinoxa l ine ) : 
Westwood Products 
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C .  ANTHELMINTICS 

Equ i zole ( 3 3 . 3 % thiabendazo l e ) : Merck Sharp and 
Dohme (NZ ) Ltd . 

D .  OTHER 

Lugo l ' s  Iodine ( 1 0 %  potass i um iodide , 0 . 5 % powdered 
iodine ) . 
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