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ABSTRACT 

Studies were undertaken to establish for the first time the identity and 

prevalence of coccidian parasites of New Zealand cats and dogs and to 

determine the effect of various factors on the activation of Isospora 

fe_Ii s and Isospora ri vol ta sporozoites. The associations bebveen these 

protoz.oa and such organisms as Toxopla sma, Sarcocysti s, Besnoi t i a  and 

other related genera are examined and the literature concerning their 

life cycles, nomenclature and general biology reviewed. 

Examination of faecal samples from 508 cats and 4 8 1  dogs from North 

IsJand localities revealed that 1 55 ( 3 0 . 5% )  and 307 ( 6 3 . 8% )  respectively, 

contained coccidia. The majority o f  infected Sillnples were found to 

contain a single coccidian but in total four valid coccidians from cats 

and four from dogs, as well as several pseudoparasitic coccidia, were 

recorded and described. The identities and prevalences of these valid 

coccidians were: 

i 

(a,). Cats Isospora fel i s  ( 17 . 5 % )  Isospora ri vol ta ( 2. 2. 9.s) 
Toxopla sma gondii ( 0 . 98 % )  5.3L'COcys t i s  sp. ( 16 . 9%) 

(b) Dogs Isospora can i s  4 .  O!?o) Isospora ohi oensi s ( 9 .  2% ) 

Harrunondi a heydorni 2 . 7 % )  Sarcocysti s sp. ( 58 . 8 % )  

The sex o f  the host had no significant effect on the prevalence of 

infection. The effect of other factors, such as season, host age and 

host origin, however, was found to vary from coccidian to coccidian and 

appeared to be explicable in terms of differences in routes of transmission, 

host immunity and intermediate host specificity. 

Levels of sporocyst shedding in cats and dogs naturally infected with 

Sarcocystis sp. tended to be lmv with the majori·t:y excreting 200 

sporocysts per gram of faeces or less. The specific identities of such 

sporocysts are unknown but at least some from cats were d emonstrated, by 

mouse infection, to be those of S .  muri s .  Attempts to induce similar 



Sarcocystis infection in mic e ,  u s ing i sola tes o f  I .  fel i s  recovered 

from the faec e s  of na tur a l l y  i nfected cats "''e're unsuccessfu l .  

Aft.er completion of the ma i n  survey , a furtl.�e:r cocc idian showing 

sim i l a r i ties to Besnoi t i a  wal l a cei wa s recov�red from the faeces of one 

of f ive feral cat s . The feed ing of sporula ted oocysts of this coc c i d i a n  

to mic e ,  ra ts , rabbits a nd guinea p ig s  re sulit.ed in the forma tion of 

typica l Besnoi tia c ysts in a l l  ho sts exc ept lt:ltle la st. 

ii 

Stud i e s  on the ac tiva t ion o f  I .  fel i s  a nd I. r.ivol ta sporozo i tes revea l ed 

tha t ,  a l t:-tough some d i f f erenc es wer e apparent. be tween the two , both wer e 

capabl e of activa tion over a wide r ange of cuEdi tion s .  

Ac t iva tion o f  both species wa s observed to take pla c e  i n  trypsin and 

bile between temper a tur es o f  210 a nd 43 oc ( t'Jw: range tested ) a nd to occur 

rapidly at 3 9oc .  Whi l e  the presence o f  bile appea red to be essent i a l  

for t h i s  proc ess that of trypsin d id not . I� genera l ,  ne i ther the 

conc entration of bile (abov e 5%) nor the typ.e· of bile wa s found to have 

any marked e f fect on the level of ac t iva tion attained whi l e  hydrogen ion 

conc e ntration (pH range 5.0 to 10.0) a l so a ppeared to have l i ttle i n f lu enc e . 

Unl ike many species of cocc idia which have b.e�n stud ied ,  pretreatment o f  

ooc ysts before expo sure to trypsin a nd bile •�s found not t o  b e  a n  

e s sential prerequ i site for the activa tion of I. fel i s  a nd I .  ri vol ta . 

However , higher l evel s of a c t iva tion were a ttained when pr e trea tment wa s 

used than when i t  wa s not a l though for I. rivol ta a t  least , the l ev e l  of 

a c t ivation appear ed to be l e ss dependent on pretreatment for oocysts 

stored in sulphur ic acid than for tho se storEd in pota s s ium d ichroma te. 

The proc ess of a c t ivat ion a nd exc ysta t ion of both spec i e s  wa s observed 

to be e s sentia l l y  similar to tha t  desc r ibed £�r other spec i e s  of 

cocc id ia which a l so lack e i ther sporocyst stieda bod ies or oocyst 

micropyl es . Sporozoites e scaped fol lowing the col lapse o f  the sporocyst 

wal l  a nd were observ ed to complete excysta tion ·through identations a nd 

frac ture s a t  one or both end s  of the oocyst . 
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1. INTRODUCTION AND LITER�TURE REVIEW 

1. 1 SYSTEMATICS OF THE COCCIDIA 

Protozoans o f  the subphylum Apicomp lexa , which are all parasi tic , 

are characterized by the presence of an apic a l  complex (Fig 1.1. ) 
at some stage or other i n  the i r  l i fe cycles . Of the two c lasses 

of this subphylu m ,  the Sporozoasida and the Piroplasmasida , the 

Sporozoasida represen t  the spore or oocyst forming protozoa which 

1 

are divided into two subc lasse s ,  the Gregarinasina and the Cocc idiasina . 

Members of the former subc lass are mostly extracellu lar parasites 

of i nvertebrates or lower chordates whi le members o f  the latter are 

typica l ly intrac e l lu lar parasites mainly of vertebrates.  The 

Coc cidiasi na are d ivided into two orders ; a primitive group 

containing only a few knovm species,  the Protococcidiorida , and the 

mai n  order , the Eucocc i d iorida in which the coc cidia proper are 

represented by the suborder Eimer iorina . The mos t  wel l  known cocc id.ia 

are members of the fami ly Eime r i i dae . Members o f  this family 

usua lly parasitise the i ntestinal tract of a singl e  host in wh i ch they 

undergo asexual and sexual r eproduc tion leGding to the production 

of an oocyst . The oocyst , as the only exogenous pa rt o f  the l i fe 

cyc le , is the most wide l y  recognised coccidian stage and in many 

cases , serves as the sol e  criterion for diagnosis and spe cies 

identi fication . 

1 . 2  COCCIDIA OF C ATS AND DOGS 

The cocc id ian parasites o f  cats and dogs belong to the family 

Eimeriidae ( Levine , 1 9 7 7a) and can be divide d  i nto two main 

morphological groups;  - those producing e.imerian-type oocysts and 

those produc ing isosporan-type oocysts . Sporulated oocysts o f  the 

former group are characte rized by having four sporocysts each 

containing two sporozo i tes (Fig 1 . 2 ) and �1e l atte r by havi ng two 

sporocysts each contai ni ng four sporozoites .  



Fig . 1 . 1  

Fig. 1 . 2  

An apicomplexan sporozoite or merozoite, i l lustrating 

the apical c omp lex (From Levine , 1973 ) . 

MIC�OPYLE CAP 

LMGE REFRACTILE OLOBIJL� 

IN SPOROZOI fE 

SFOROCYST 

OOCYST RESIOUU,_. 

INNER LAYER OF OOCYST WALL 
OUTER LAYER OF OOCYST WALL 

2 

A sporulated coccidian oocyst (Eimer ia sp . ) (from Levine, 1 9 7 3 ) . 



1 . 2 . 1  Eimerian oocysts of cats and dogs 

The morpL.Jlogical characteristics of e imerian oocysts recorded 

from cats and dogs are summar ize d  in Table 1 . 1 .  I n  a l l  case s they 

are known only from the i r  oocysts and have been recorded 

infrequently since the ir original discoveries ( Tabl e  1 . 2 ) . 

Reported attempts at infecting cats and dogs with these spec i e s  

a r e  a l s o  few . Honess ( 19 36 )  claimed to have i n fected a dog with 

3 

E .  can is but Streitel and Dubey ( 1 9 7 6 )  and Chri stie e t  a l  . ,  ( 19 7 6 )  

fa i led t o  infect cocc idia- free puppies and kittens re spective ly with 

eimer ian oocysts obtained from natura l ly infected hosts . 

At pre sent e imerian oocysts found i n  cat and dog faeces are 

considered to be of 'ac c idental ' or pseudoparasitic origin 

( Dubey , 1 9 7 6b )  . 

1 . 2 . 2  Isosporan oocysts of cats and dogs 

(a ) Historical 

The first report of cocc idia in the cat was given by Fink (1854) 

and that of the dog by Virchow ( 1860 ) both o f  whom observed oocysts 

in sections of intestine though neither recognised them as para si tic 

organisms . Wenyon ( 1 92 3 )  reviewed the avai lable l iterature and 

concluded that cats and dogs both haboured the same three species 

of Isospora ; I.  fel i s ,  I .  r ivol ta and I.  b ig em ina . The same 

author ( We nyon , 1 9 2 6 )  later suggested that I .  b igemina v1as 

repre sented by two race s ,  one large and one sma l l . The sma l ler 

r ace developed in the epithe lial cells o f  the sma l l  intestine and 

was shed unsporulate d ; the larger race devel oped in the lamina 

propria where sporulation occurred . 



TABLE 1.1 

Author 

Wenyon, 1923 

Nicschulz, 1924 

Yalcimoff, 1933 

Skidmore & 
McGrath, 1933 

Boness, 1936 

MORPHOLOGICAL CHARACTERISTICS OF E!MERIAN OOCYSTS RECORDED FROM CATS AND DOGS 

------------------ Oocyst characters -------------

Locality Name Host Size (\.lm) Wal l  

England 

Holland 

U.S.S.R 

Nebraska 

wyoming 

E. canis Dog 18-45 x 11-28 pink, ell ipsoidal­
-ovoid, rough thick 

E. canis Dog 17-32 X 12-20 

E. fel i:'1a Cat 21-26 X 13-17 Colourless, 
(24 X 13.5) e l lipsoidal, smooth, 

l\.lm thick 

E. cati Cat 18-23 X 14-20 Colourless, ovoid 
(20.8 X 17.1) to spherical 

E. canis Dog 24.4 - 33.8 Yellowish brown 
X 16.9 - 18.8 ellipsoidal, 
(28.8 X 16.2) 0.75 - 1.0 \.lm thick 

E. canis Dog 1�.8 - 26.2 X Colourless 
10.4 - 16.6 e l lipsoidal 
(17 .8 X 12) 

(+) Questionable 

Polar 
Micropyle granule Residuum 

+ + 
.r 

+ 

+ 

(+) 

+ 

Sporocyst characters 

Size (\.lm) 

10.8 X 6.3 

6.6 - 12.2 X 
6.6 - 7.5 

(9.4- 7.3) 

10.5 X 5.8 

Stieda 

Residuum body 

+ .y. 

+ + 

+ 

+ 

of:> 



TABLE 1 . 2  REPORTED PREVALENCES OF EIMERIAN OOCYSTS IN CAT AND DOG FAECES 

Author Locality Name Ho st Number examined Infected 

Choquette & Gelinas Montreal E. cani s Dog 9 5  16 . 5  

1950 

Streitel & Dubey Ohio Eimeria sp . Dog 500 0 . 5  

19 76 

Chri stie et al . ,  Ohio Eimeria sp . Cat 1 0 00 0 . 4  

19 76 

\.11 



Apart from some que s tionable cross-t ran smi ssion experiments (Andrews 

1 9 2 7 , Lee 1 9 3 4 ) , the view that ca ts and dogs shared the same 

coccidia l sp·�ie s  was accepted by later authors with l i ttle 

exper imental ver i fication until Neme seri ( 19 5 9 )  found that he was 

unable to transmit I .  fel i s  from cats to dogs and vice -ve r s a . He 

concluded that the form in the dog was a d ifferent spec i e s  which 

he named I.  cani s.  Support for the host-spe c i ficity o f  I. fel i s  

and I .  ca ni s was later provided b y  other worke rs ( Shah 1 9 7 0a ; 

Dubey e t  al . ,  1 9 7 0a ; Rocha and Lop e s  1 97 1 ;  Dubey 1 9 7 5 a ; Gutterbock 

and Levine , 1 9 77 ) . 

The host spec ificity of I .  ri vol ta was examined by Mahrt ( 1967 ) 

who found that he was unable to i n fect cats with I. ri vol ta from 
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dog s . Othe r workers ( Dubey e t  a1 . ,1 9 7 0a ; Pel l erdy 1 9 7 4 ; Gutterbock a nd 

Levine , 1 9 7 7 )  a l s o  fai led to i n fect dogs with I. ri vol ta from c ats 

although Rocha and Lope s  ( 19 7 1 )  c l a imed they could do so . Pellerdy 

( 1974 ) conc luded tha t the canine and fel ine forms of I .  ri vol ta were 

d i f ferent species and proposed the name I .  novoca ti for the cat form 

on the a ssumption that I .  ri vol ta was discovered f i r s t  in the dog . 

Dubey ( 19 7 5 c )  pointed out that I .  ri vol ta was , i n  fact, first 

discovered in the cat and propose d  there fore that I .  ri vol ta be 

retained as the feline specie s and sugge sted the name I. ohioensi s 

for the canine form. 

Major progress in the e luc idation of the identities o f  coccidial 

spe c i e s  o f  cats and dogs was made , however ,  when severa l 

investigators ( OVerdulve , 1 9 7 0 ; Hutchinson e t  al . ,  1 9 7 0 ; Sheffield 

and Melton , 1 9 7 0 ; Frenke l e t  a l . ,  1 9 7 0 ; Weiland and Kuhn , 1 9 7 0 )  

i ndependently discovered that the ubiquitous protozoan Toxo pla sma 

gon di i  had a coccidian l i fe cycle . The se authors found that on 

being fed mice infected with T .  gon di i , cats produced i n  the i r  

faeces small i so sporan oocysts i dentical t o  those previous ly 

described as the small race of I. bi ge mina . S imilar attempts to 

i nduce T .  gon dii oocyst product i on i n  dogs were not suc c e s s fu l  

( Mi ller et a l . ,  1 97 2 ; Dubey e t  al . ,  1 970a ) although Heydorn ( 19 7 3 ) 

found that small unsporulated oocysts of I .  bigemina were shed by 



dogs fed raw beef. Al though these oocysts were morpho logic a l ly 

ind i stinguishabl e  from those ofT. gon dii from cats , sero logical , 

hos t-spec itlc ity and life cyc le d i f ferences pointed to the fact that 

they we re disti nct species (Heydorn , 1 9 7 3 ) . Later another oocyst 

re sembling that o f  T. gon di i  was i solated from the faeces of a cat 

( Frenkel and Dubey , 1.975) . A l though thi s  coccidian produced weak 

cross-reac ting antibodie s to T .  gon di i  in mice ( but not in cats) , 

l i fe cyc l e  and host-specificity d i f fe rences were again able to 

dis tinguish be tween them . Frenke l and Dubey ( 19 7 5 )  cons idered the 

differences suffic ient to warrant the creation of a new genus , 

Ha mmon dia . They named the i r  spec ies H .  hammon di and suggested 

tha t  Heydorn ' s  ( 19 7 3 )  smal l  form of I. bi gemina i n  the dog may a l so 

be a member o f  this genus . Thi s  suggestion has recently been 

accepted by Dubey ( 19 7 7b) who ha s proposed the name H .  he ydo rn i  

for the dog form .  

�lith t.he discovery of the coc c idial n ature o f  T .  gon di i  , spe cies 
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of two other cyst- forming sporozoan genera , Sa rcocysti s a nd Besnoi t ia ,  

a l so o f  previous ly uncertain taxonomi c s tatus , were examined to see 

i f  they too were transmitted by cats or dogs . Romme l e t  a l. ,  ( 19 7 2 )  

fed sarcocysts i solated from the musc le s  o f  sheep to cats and found 

tha t  ful ly sporulated isosporan sporocysts corre sponding to those 

previously de scribed as the l arge race of I .  bigemi na were passed 

i n  the ir faec e s  12 days late r . Subsequently simi lar sporocysts 

were found in the faeces of e i ther cats or dogs or both when fed 

s arcocysts from cattle ( Heydorn and Romme l , 1 9 7 2 a , b ;  Mahr t ,  1 9 7 3 ;  

Faye r , 1 9 7 4 ;  Dubey and S tre i te l , 1 976c) , pigs ( Romme l et al . ,  1 9 7 4 ;  

Golubkovan and Kisl iakova , 1 9 74 ) , horse s ( Romme l  and Geisel , 1 9 7 5 ;  

Dubey et al . ,  1 9 7 7c ) , gaze l l e s  ( Janitschke et a l ., 1 9 7 6 ) , mu le deer 

( Hudkins-vivion et a l.,, 1976 ) t rabbits ( Fayer and Krade l ,  1 9 77; Crum 

and Prestwood , 1 9 7 7 )  and mice ( Ruiz and Frenke l , 1 9 7 6 ) . In addi tion 

to cats and dogs, man ( Romme l e t  a l . ,  1974), baboons ( Heydorn et a l . ,  

1976) 1 wolve s ( Romme l et a l . ,  1 9 7 4 ) , coyotes ( Fayer and Johns ton , 

1 9 7 5a) , foxes ( Golemansky , 1 9 7 5a; Ashford , 197 7 ) , rac coons ( Faye r , 

e t  a l . ,  19 76a) , owl s  (Munday , 1 9 7 7 )  and snakes ( Rzepczyk , 1 9 7 4 ) , 
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have also been s hown to act as final hosts for spe c i e s  o f  Sa rcocys ti s . 

The fourth ma mma l ian tis sue para s i te found to produce isosporan 

oocysts was Besnoi tia . Pete shev et a l . ,  ( 1974 ) fed B .  b esnoi ti 

cysts from cattle to a number o f  animal s  including dogs and cats . 

It was found that unsporulated oocysts were produced i n  the faeces 

of cats alone . Feeding the se oocysts1after sporulation1to calve s 

resulted i n  Besnoi tia cyst formation once more . 

Furthe r  confirmation of the cocc idian nature of this proto zoan genus 

was provided when cysts of B. wa lla c ei of rodents and B. darl i ng i; 

of opos sums were also s hown to be transmi tted a s  i sosporan oocysts i n  

the faece s  o f  cats ( �val lace and Frenkel,  1 9 7 5 ;  Smith and Frenkel , 

1 977) . 

( b )  Current Species a n d  Problems o f  Nom01clature 

The association of many of the canine and fel ine cocc idia wii.:h 

mammalian ti ssue cysts has raised a number of nomenclatural problems . 

According to the establ i shed prac tice of n�mi ng cocc i d ia n  species 

stric tly on the basis of oocyst morphology , a l l  the s e  proto zoans 

would be placed i n  the genus Isospora . Some of the s e  orga n i sms, 

however , were named long be fore t heir oocyst , or sporoc yst stage s were 

discovere d . These names ( e . g .  Toxop la sma gondi i )  have been i n  use 

for many years now , as have the n ame s of t he d iseases they cause 

( e . g .  toxoplasmosi s ) . Consequently any alteration of their generic 

names to Isospo ra wou ld lead to cons iderable confu s ion . S imi larly , 

adoption o f  d i fferent names for d ifferent stage s of the ir l i fe cycle s 

( e . g .  oocysts in definitive hosts and cysts i n  intermedi ate hosts ) 

would a l s o  be confus ing . Accordingly , the genera l  practice has been 

to adopt the name s previou s ly a s s igned to the cyst stage s of these 

protozoans for the ir oocyst s tage s also . Un fortunate ly , howeve r ,  

i t  is now apparent that i n  some genera , such as Sarcoc ys ti s ,  many 

of these so cal led 1 spec ies 1 of cysts are in fact composed of more 



thp,n one actua l species (Munday and Rickard, 1 9 74 ; Me lhorn et a l ., 

1 9 75a; Heydorn et a l . , l975c ; Collins et a l . ,  1976 ) . I n  addition 

new genera o f  previously unknow� cyst-forming c occidia have been 

erected on the bas i s  of life cyc le and host speci fici ·ty differences . 

It i s  not surpri s i ng , there fore , that the nomenclatu re o f  the can i ne 

and fe l i ne coc cidia i s  in considerable di sarray . Recent reviews 

by Dubey ( 1 976b , 1 977b ) 1 Tadros and Laarman ( 1976 ) , Levine ( l9 77a , b) 
and Frenkel ( 1977) which attempted to c larify the situation have 

adde d  to the chao s . 

Dubey ( l 976b ) recogni sed five genera of canine and feline cocc idia ; 

l"sospora , Toxo pla sma , llammondia , Besnoi ti a and Sarcoc ysti s .  Levine 

( l9 77a , b )  however ,  synonymised the genu s Hammo ndia with Toxoplasma . 

He considered that diffe rence s  between Toxoplasma go ndi i  and Ha mmondia 

ha mmondi from the cat were insuff icient to warrant the c reation o f  

a ne\.; genus and accordingly renamed the latter spec ie s Toxop.Ia sma 

hammondi .  Unfortunately , Levine ( 1977a , b )  appears not to have 

c onsidered the position of the corre sponding spec ies Ha mrnond ia heydo rni 

i n  the dog . Thi s species has a very similar life cycle to that 

o f  H .  ha mmondi i n  the cat . Logical l y ,  therefore , i f  H. hamrno ndi 

is now to become T .  ha mmondi then the dog species (H . heydorni ) 

must be placed in the genus Toxopla sma a l so . Thi s  woul d  lead to 

widespread c onfusion and misunde rstanding concern i ng the aetiology 

o f  toxoplasmosis and i t  seem pre ferab le , therefore , to leave the 

genus Hammondia as it i s . 

Tadros and Laarman ( 1976 ) proposed a more ma j or rec lassification o f  

isosporan coccidia based o n  the occurrence o f  the sporulation o f  the 

oocysts withi n  or outside the host . They placed Toxoplasma , Besnoi t i a  

and Hammondia within the genus Isospora because a l l  four sporul a te 

outside the host . Sarcoc ys t i s  was placed in a new genus Endorimospora 

because sporulation occurs within the host .  Dubey ( 19 77b ) pointed 

out that wel l -established genera such a s  Toxopla sma and Besnoi ti a  

s hould not be cha nged a nd that under the i nternational rules o f  

zoological nomenclature the name Endorimo spora cannot b e  accepted 

9 
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i n  place o f  Sa rcoc ystis . He suggested , therefore , tha t the genera 

Toxopla s ma ,  Besnoi tia , Hammondi a a nd Sa rcocys t .is should be r e ta ined 

but propose·', as a compromi se , a new nomenc lature for the genus 

Isospora . He considered that thi s genus inc ludes two biologic ally 

distinc t  types of orga n i sms . One group contains i sosporans that 

have a homoxenou s ( one host) l i fe cycle ( e . g .  I. cana ri a , Box , 1977) 

i n  whic h i nfec t ion may only be acqu ired by the i nge stion o f  oocysts 

a nd in which development is c on fined to the i nte stina l  trac t .  The 

other ( e . g .  I. fel i s , I. ri volta , I .  cani s, I. ohi oensi s )  contains 

organisms which in add ition to the transmi ssion of infec tion by the 

ingestion of ooc ysts may a l so tra n smit infec tion by means of i nfec ted 

intermediate hosts ( see sec tion 1 . 4.1) and in which development i s  

not conf i ned t o  the intestine . He proposed a new genu s , Levi neia , 

for thi s  group o f  i so sporans retai ning the genus Isospora for the 

former group . A similar system wa s proposed by F renkel ( 1977) whn 

suggested the name Cys toi sos pora for tho se i sosporans with a 

heteroxenou s ( two ho st)  life c yc l e . Logical a s  these proposa l s  may 

appear , such a change i s  probably premature since the l i fe cycle s of 

spec i e s  of Isospora other tha n tho se of the cat and dog have not 

been ful l y  inve stigated. 

Thu s while the present nomenc l a tur e o f  the canine and f e l i ne coccid ia 

i s  far from sati sfactory , i t  i s  a l so c lear that i t  is unl ikely to be 

improved by uni lateral attempts to rec lassification . I n  the fol lowing 

tables ( Tabl e s  1 . 3  and 1 . 4) the genera l l y  accepted c occ idian spec ies 

o f  cats and dogs are given a lthough , no doubt , they w i l l  be sub j e c te d  

to future modification and c ha nge . l Synonyms o f  the se spec i e s  are 

presented in Appendix 1. 

1 .  S ince compl etion o f  thi s  the s i s  evidence that two further spec ies of 
Sa rcoc ys ti s  may be transmitted by cats and dogs ha s been provided . 
The f ir st ,  S .  c ym ru ensi s ,  o f  the rat (R. norvegicu s )  i s  transmitted 
by the cat and has sporoc ysts o f  10 . 5  x 7 . 9  �m (Ashford , 1978) . The 
second ( spec ies unnamed ) ,  intermediate host domes tic fowl , is apparently 
transmitted by the dog and has sporocysts o f  11 . 5  x 8 . 3  �m ( Munday et a l ., 
1977) . Acc eptance of the dog a s  the d e f i ni tive host of the la tter spec i e s , 
however , r e quire s further i nv e stigat io n . 



1 . 3  D IAGNOSI S  AND IDENTIF ICATI ON 

Oocys ts o f  a l l  of the can ine and f e l i ne coc c idia are struc tura lly very 

similar . All a re of the i sosporan type , lack micropyl e s .  polar 

granules and oocyst residua and a l l  contain sporocysts which lack 

stieda bodies but posse ss re sidu a .  Many of these oocysts and sporocysts 

cannot be differentiated from each other on the basis o f  s i ze 

( Tables 1 . 3  and 1 . 4 ) . Ha rrunondia oocysts cannot be differentiated 

from those of Toxoplasma or Besno it ia darl ingi ; whi le sporocyst s  of 

most spec ies of Sarcocys t is cannot be distinguished from one. another 

or from the c lose ly re lated cocc idian Fren kel ia .  Thus ·the tradi tional 

prac tice of identi fying species s trictly on the bas i s  of oocyst 

morphology is n� longer tenable as far a s  the canine and f e l ine 

cocc idia are c oncerned. 

Similar problems are encountered whe n  trying to identi fy the se 

coccid ia sole ly on the morphology of the cysts they produce in the i r  

i ntermediate hosts . Apa rt from Isospo ra which produces cysts that are 

difficult to detect (Frenke l and Dubey ,  1972a; Me lhorn and Markus ,  

1 9 7 6 ) and Besno i t ia i n  which the cyst wal l  surrounds the infect.ed host 

1 1  

cell ( Scholtyseck e t  al . ,  1 9 74 ) , a l l  produc e  intracellular cyst s 

contai ning a large n1milier o f  bradyzoites . Bradyzoites o f  Sa rco cys tis may, 

in some case s ,  be distinguished from those of o ther genera by the ir 

greater size . However ,  ultrastructural studies are requ ired to 

differentiate between those of the remainder ( Schol tyseck , et aL , 1 97 3 ) . 

Both Hammondia and Toxoplasma produce thi n-walled cysts whi le i n  Besnoi t ia 

the cyst wal l  i s  thick a nd f ibr i l la r  ( Frenkel ,  1 9 7 4 ) . 

Cysts of Sa rcocyst is may be microscopic or macroscopic i n  s i ze when 

fully mature (Munday and Rickard , 1 9 7 4 ; Tadros and Laarman , 1 9 7 6 )  and 

cyst struc ture may vary with the s tage of devel opment ( Dubey , et a l . ,  

l977c ) . The cyst wall may be thick or thin, o ften wi th septa extending 

into the cyst and sometime s wi th radial spines extending outwards 

(Frenke l ,  1 974 ) . Although rece n t  ultrastructural s tudies ( Me lhorn 

et al . ,  1 9 7 5a , b, 1976; Gestrich et a l . ,  J.975b; Bergmann and Kinder ,  



TABLE 1.3 

Coccidian species 

Isospora felis Wenyon 1923 

.Isospora rivolta (Grassi 1879) Wenyon 1923 

Besnoitia besnoiti (Marotel 1912) Henry 1913 

P�snoitia wallacei (Tadros and Laarman 1976) 
Dubey 1977 

Besnoitia darlingi (Brumpt 1913) Schneider 
1967 

Toxoplasma gondii (Nicolle and Manceaux 1908) 
Nicolle and Manceaux 1909 

Haln\rondia hammon�i Frenkel and Dubey 1975 

Sarcocystis �irsuta Moule 1886 

Sarcocystis tenella Ralliet 1886 

sarcocystis porcifelis Dubey 1976 

Sarcocystis muris (Blanchard 1885) Labbe 
1899 

Sarcocystis 1eporum Crawley 1914 

Sarcocystis spp Janitschke, Protz and 
\'1crner 1976 

COCCIDIAN S?ECIES OF CATS 

Natural Oocyst dimensions* 
Intermediate Hosts (�m) 
��t known 41.6 x 30.5 

(38-51 X 27-39) 

Not known 25 x 21.1 

Cattle 

Rats, Mice 

Opossum 

Mammals, Birds 

Rats, Mice 

Cattle 

Sheep 

Pig 

Mouse 

Cotton tail 
rabbit 
Gazelle 

(21-28 X 18,;.23) 
15 X 13 

(14-16 X 12-14) 

16 X 13 
(15-18 X 12-15 

12 X 10.3 
(11-13 X 10-11) 

12 X 10 
(11-13 X 9-11) 

13.2 X 10.6 
(IJ-14 X 10-11) 

* f.'.ean values, with range in brackets 

+ For oocyst and sporocyst dimensions 

Sporocyst dimensions* Reference+ 
Cum) 

22.6 x 18.4 Shah, 1970a 
(20-26 X 17-22) 

15.2 x 11.6 Shah, 1970a 
(14-16 Y. 10-13) 

11 x a 
(10-11 X 7-8) 

7.9 X 5.4 
(6-9 X 5-6) 

8.5 X 6 
(8-10 lt 5··7) 

9.8 X 6.5 
(8-11 X 6-8) 

12.5 X 7 . 8 
(ll-14 X 7-9) 

12.4 X 8.1 
( 11-14 Y. 8-9) 

13 X 8 
(13-·14 X 7-8) 

10.3 X 8.5 
(9 -12 X 8-9) 

13.6 X 9.4 
(13-17 X 9-11) 

13.2. X 9.2 
(11-16 X 8-12) 

Peteshev et al., 1974 

Wa.llace and Frenkel, 
1975 

Smith and Frenkel, 
1977 
Dubey et al., 1970a 

Frenkel and Dubey, 

1975 

Heydorn and Rommel. 
1972a 
Rom;nel et al. • 1972 

Golubkovan and 
Kisliakova, 1974 
Ruiz and Frenke1 
1976 

Fayer and Krade1, 
1977 

,Janitschl:e et al., 
1976 

--

1-' 
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TABLE 1.4 

Coccidian species 

Isospora cania Nemeaeri 1959 

Isospora ohioensis Dubey 1975 

Harnmondia heydorni (Tadros and Laarman, 
1976) Dubey 1977 

Sarcocystis cruzi Hasselman, 1926 

Sarcocystis ovicanis Heydorn, Gestrich, 
Melhorn and RoDmel, 
1975 

Sarcocystis rniescheriana (Kuhn 1865) 
Labbe 1899 

Sarcocystis bertrarni Doflein 1901 

Sarcocystis fayeri Dubey, Streitel, 
Stromberg and Toussant 
1977 

Sarcocystis hemionilatrantis Hudkins and 
Kistner, 1977 

sarcocystis spp .Jani tschke, Protz an.i 
Werner 1976 

COCCIDIAN SPECIES OF DOGS 

Natural Oocyst dimensions* 
Intermediate Hosts (�m) 

Not known 36 x 30 
(l2-42 )( 27-33) 

Not known 24 x 20 

Cattle 

Cattle 

Sheep 

Pig 

Horse 

Horse 

Mule Deer 

Gazelle 

(19-27 X 18-23) 

11.9 X 11.1 
(10-15 X 9-13) 

., 
>#· .... , 

� · .  
- - � -

* Mean values, with range in brackets 

+ For oocyst and sporocyst dimensions 

Sporocyst dimensions* Reference
+ 

(�m) 

21 X 16 Lavine ano Iven�, 1965 
(18-24 l( 15·19) 

17 x 12 Dubey, 1975c 
(15-19 X 10-13) 

7.7 X 5.6 
(5-9 X 5-6) 

16.3 X 10.8 
(14-17 X 9-13) 

14.8 X 9.9 
(13-16 X 9-11) 

12.6 X 9.6 
(11-14 X 9-11) 

15.2 X 10 
(15-16 X 9-11) 

12 X 8 
(11-13 l( 7-9) 

14.5 X 9.2 
(14-16 X 9) 

16.1 X 10.6 
(13-18 X 8-12) 

Heydorn, 1973 

Heydorn et al., 1975b 

Roimr.el et al., 1974 

Rommel et al., 1974 

Rommel and Geisel, 
1975 

Dubey et al., 1977� 

Hudkins-vivion et al., 
1976 

-----

.Janitschke et al., 
1976 

--

1-"" 
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1975) have shown that severa l species o f  Sarcocystis have distinctive 

cys t wal l structure s ,  some d o  not (Me lhorn e t  al . ,  1976 ) . 

Serological idenfication o f  infections may a l so be less accurate than 

was once thought . I n  the Sabin Feldman dye te st , T .  gondi i antigen 

cross reacts with antibody to H. hammondi i n  several intermediate 

hosts ( Frenke l and Dubey ,  197 5) and there is evidence of cross­

reactivity between Toxopla sma , Besnoi tia and Sarcocystis in the 

indirect f luorescent antibody test ( Frenk e l , 1977) . 

At pre se nt , there fore , the identification of the canine and fel ine 

coccidia may only be ac hieved by the use of a comb ination of criteria 

includ ing morphological , life cycle , hos t- spe c i fic ity and serologic a l  

diffe rences comb ined in variou s ways . Eve n  this approach however ,  

1 4 

may in some instance s ,  permit identification only to the generic level . 

One such sys tem of identification i s  pre sented by Frenke l ( 1974 ) 

and another by Tadros and Laarman ( 1976 )  . An alternative approach 

is pres ented in Table 1 . 5 .  I t  is to be hoped that as our knowledge 

of the canine and fe line coccidia increases better means of 

identi fication will be forthcoming . 

1 . 4  LIFE CYCLES 

Trad itional ly the coccidia were considered to be highly host-spec i f i c  

a n d  t o  parasitise only the intestinal trac t .  The i r  common features 

were thought to i nclude ; life cyc le i n  one host (homoxenou s ) , asexual 

reproduction within host ce l l s  ( schi zogony or merogony ) ,  foll owed by 

sexua l G.ifferentiation ( game togony) into mal e  microgametes and 

female macrogamete s that give r ise to oocysts which are shed in the 

faeces .  By a process of sporogony or sporul ation a variab l e  number 

of sporocysts containing one o r  more sporozo ites are formed with i n  

t h e  oocyst which typical ly serves as the s o l e  source o f  i n fection 

for a l l  potential hosts . 

The success fu l  c ompletion ·of the homoxe nous cycle i s  l arge ly 

dependent on the regular contamination of host terri tory and food 



TABLE 1 . 5  TENTATIVE KEY AND INVESTIGATIONAL SEQUENCE FOR THE 
IDENTIFICATION OF I SOSPORAN COCC IDIA IN CAT AND DOG 
FAECES 

1 .  a )  Oocysts shed as sporulated 
sporocysts i n  fre sh faece s  

b )  Oocyst shed unsporulated 
in fre sh faeces . . . . . . . . .  

2 .  a )  Oocysts greater than 30 \1TII 
l ong . . . . . . . . . . . . . . . . . . . . . 

b )  Oocysts l e s s  than 3 0  llm 
l ong . . . . . . . . . . . . . . . . . . . .  

3 .  a ) •  Oocysts 18 lJm or more in both 
length and width . . . . . . . . . . . . .  

b )  Oocyst less than 18 llm 
i n  both length and width 

4 . *  a )  Oocysts produce thick 
f ibrillar-wal led cysts enclosing 

Cats 

· Sarcocystis sp . 

2 

I .  fel i s  

3 

I .  rivolta 

4 

host cell  nuc lei . . . . . . . . . . . . . . • .  Besnoitia sp * *  

b )  Oocysts produce thi n-wa l led 
cysts exc luding host c e l l  
nucle i . . . . . . . . . . . . . . . . . . . . . 5 

5 .  a )  Cysts predominantly i n  neural 
t i s sue , infec t ive for other 
mice . . . . . . . . . . . . . . . . . . . . . . . .  . 

b )  Cysts predominatly in s triated 
musc le , not infective for 
other mice • . . . . . . • . . . . . . . . . .  H .  hammondi 

Dogs 

Sarcocystis 

2 

I .  can i s  

3 

I .  ohioe n s i s  

H .  heydorni 

sp . 

* In mice ora l ly inoculated with sporulated oocysts , examined 3 0- 4 0  days 
post-infect ion . 

* *  Although it does not appear to have been inve s tigated , i t  i s  a ssumed 
that B .  besnoiti oocysts are infective for mice s ince cysts f rom cattle 
t i s sue s are (Neuman , 1 9 62 ) . 
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with infective oocyst s .  Although the se condi tions are readi l y  met 

i n  re spect o f  grazing herbivore s ,  carnivore s have comparat ively l e s s  

oral contact wi th soi l  and general ly do not contaminate their l iving 

quar ters with faece s . Thus i n  these hosts , the chances of d irect 

oocyst infection are more limited . Canine and f e l ine coccidia appea r  

there fore , to have evolved away from the classical homoxenous cyc le 

towards one involving an inte rmediate host stage . The advantages o f  

such a two-hos t (heteroxe nous )  cyc le are obvious . Intermediate hosts 

may assist in the distribution of the se cocc idia by the i r  mob i l i ty 

and by servi ng as re servoirs of infection in conditions de leteriou s  to 

oocyst survival .  

Wi th i n  the coccidian para s ites of cats and dogs there i s  a gradation 

o f  heteroxe ni.city . For some genera direct tr ansmi s s ion by the 

inges tion of oocysts sti l l  a ppears to be the most important means o f  

i n fection . For others , however , the abi l ity of oocysts t o  initiate 

the gametogen ic cycle in the definitive host has been lost and the 

c ompletion of the l i fe cyc l e  is totally dependent on the ing estion 

of infected intermediate host s . In the section whi ch fol l ows the 

l i fe cyc le of each genus is reviewed ; d i fferenc e s  between genera are 

summarised schematica lly (Fig 1 . 3 ) and data re lating to sporulation 

t ime s , periods of patency and prepatency of each species a re tabulated 

( Table s  1 .  6 to 1 . 9) . 

1 . 4 . 1  Genus Isospora 

Of a l l  the canine and f e l ine coc cidia , the genus Isospora departs 

least from the classical homoxenous cyc l e . I t  ha s long been k nown 

that i t  devel ops typical asexual , sexua l  and oocyst stages in the 

intestine . Detailed de scriptions of the endogenous s tage s have been 

provided for I.  fel i s  (Hitchcock 1955; Lickfeld 1959 ; Shah , 1971 ) , 

r .  canis ( Lepp and Todd , 1974) and I .  ohioensis ( Mahrt , 1967 ) but 

not for I .  ri vol t:a j_n the ca t .  



The unsporulated oocysts are shed in the faeces and a fter 

sporu lation are infective for the same host spec ies . Recently i t  

h a s  been shown that these oocysts are a l s o  i nfective for such 

addi tional ho sts as rats , mice and hamsters (Frenk e l  and Dubey , 1 9 7 2 a ) . 

In the se hos ts , only l imited mul tipl ication take s place leading to the 

deve lopment of extra-inte s tinal uni zoic cysts . Inge stion of these 

cysts by cats and dogs re sults in the production o f  oocysts once 

more . The l i fe cyc le can therefore be descr ibed as facu ltative ly 

heteroxenous wi th cats and dog s , in which sexual reproduction takes 

place , be ing the f inal or defini tive hosts and rats , mice and hamsters , 

interme diate hos ts . 

Extra-inte stinal stages may al so deve lop in the cat and dog . Thus 

dog s may act as i ntermediate hosts for the fe line spe cies T .  fel i s  

and T .  r i vol ta and cats a s  intermediate hosts for the canine spec i e s  

I .  can i s  and I .  ohi oensis ( Dubey , 1975  a , c ) . In add i t ion cats may 

a l so act as both intermediate and final hosts for I .  fel i s  and 

I .  ri vol ta ( Dubey and Frenke l ,  1 9 7 2 b ) . The extra- inte stinal stage s 

of the latter two species may persist in fe l ine tissues for at least 

three months ( Dubey and Frenke l ,  1 9 7 2 b ) . Thi s  has led >eo speculation 

that they might be transmitted congen i ta l ly ,  but attempts to 

demon strate thi s  have been unsuccessfu l  ( Dubey , 1 9 7 7a ) . 

The re lative importance of the d i rect or i nd i rect means o f  i n fe ction 

of t.hese coc c idia under natura l  cond itions is unknown . Frenke l 

and Dubey ( 1 9 7 2 a )  consider i t  probable that the d irec t faecal-oral 

route is of greate r  importance than carnivori sm a lthough Dubey and 

S tr eitel ( 1976b )  found that cats may acquire infections of I .  fel i s  

and I .  rivol ta w i th equal e f f i c ie ncy whether ingesting i n fe cted 

mice or oocysts . 

1 . 4 . 2  Genus Toxopla sma 

Like the canine and f e l ine spe c i e s  of Isospora , T .  gondi i i s  a 

facu ltative ly heteroxenou s coc c i d i :m although its route s of 

1 7 



transmission are more numerous . 

Only dome stic c ats and certain other felids have been shown to 

produce oocysts and thus act as definitive hosts for thi s  speci e s  

( Jewel et a l . ,  1 9 7 2 ; Miller et a1 . , 1 97 2 ) . It appears tha t  any warm 

blooded animal may act as an intermediate hos t  and infec tion has 

been recorded i n  over 200 species of mammal s  and birds , including man 

( Levine l 9 7 7a ) . 

Cats can acquire Toxoplasma by i ngesti ng infected i ntermediate hosts 

or sporulated oocysts . The former means of infection appears more 

e ffic ient than the l atter since patent i nfections are more frequently 

produced and pre-patent pe riods are shorter i n  cats infected with 

i ntermediate-host-stages than i n  those i n fected with oocysts 

( Dubey et a l . ,  l970a ; Dubey and Frenke l ,  1 9 7 2 a ; Frenkel e t  al . ,  1 97 0 ;  

Hutch inson e t  a l . ,  1 9 7 1 ;  Wallace , 1 9 7 3 b ) . 

I n  cats the intestinal cycle i s  genera l ly similar to tha t  o f  other 

coccidia with a period o f  a s exua l  reproduction fol lowed by 

gametogony and oocyst production . There i s , hm-.rever ,  a series of 

asexual mul tipl icative gene rations that do not equate prec isely with 

schizogony as i t  occur s wi th othe r coc c id ia i n  T .  gondi i  i nfection s . 

These multiplicative phases o f  Toxopla sma have been arb i trarily 

des ignated type s A to E ( Dubey and Frenke l , 1 9 7 2 a ) . Simul taneous 

with the enteric deve lopment of Toxopl.a. sma , i nvas ion of the extra­

intestinal organs of the cat occurs . The extra- inte stinal pha se 

i n  cats i s  s imilar to that in non -feline intermediate hosts , which 

l ike the definitive hos t ,  may acqui re i n fection by inge stion of 

oocysts o r  infected tissue s .  I n  carnivores i t  i s  l ikely that the 

latter mode of infection is most common whi l e  herbivores are a ssumed 

to become i n fe cted l arge ly by ingestion of oocys ts ( Hartley and 

Munday , 1 9 7 4 ) . 

Unl ike the s ituation with the c anine and fe l ine spec ies of Isospora , 

exte nsive multiplication o f  the extra- intestinal s tages o f  T .  gondi i  
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TABLE 1 . 6  REPORTED SPORULATION TIMES OF FELINE COCC IDIAN SPECIES 

Species Sporulation Time Temperature Re ference 
( hr s )  (oC )  

I .  fe l is 14 28 Tomimura , 1 9 5 7  

2 4  ? Lick f e ld , 1 9 5 9  

4 0  2 0  Shah , l 9 70b 

2 5  2 5  Shah , l 9 7 0b 

1 2  3 0  Shah , l 9 7 0b 

8 3 8  Shah , l 9 7 0b 

24 30 Roe ha and Lope s ,  1 9 7 1  

I .  rivolta 3 6  3 0  Rocha and Lope s , 1 9 7 1  

2 4  - 4 8  ' room ' Pe l l e rdy , 1 9 74 

T .  gond i i  2 4  - 48 2 5  Du bey et a l . , l 9 7 0b 

48 - 1 2 0  1 5  Du bey e t  a l . , l 9 70b 

2 1  days l l  Dubey e t  a l . , l 9 7 0b 

48 - 7 2  2 4  Frenke l e t  al . , 1 97 0  

5 - 8 days 1 5  Frenke l e t  a l . , 1 9 7 0  

1 4  - 2 1  days l l  Frenke l et a l . , 1970 

48 ? Zaman , 1 9 7 0  

7 2  -· 9 6  2 1  Hunday and Rickard , 
1 9 7 4  

H .  Hammondi 7 2  2 0  - 2 3  Frenke 1 a nd Dubey , 1 9 7 5  

4 8  - 7 2 ? Romme l and Seyer l ,  1 9 7 6  

B .  wal lace i  4 8  - 9 6  2 4  Wa l l  ace and Frenke l , 
------

1 9 7 5  

B .  dar l ingi 48 - 7 2  ' room ' Smith and Frenke l ,  1 9 7 7  



Table 1 . 7  

Species 

I .  can is 

I .  ohioensis 

H .  heydorni 

REPORTED SPORULATION TIMES OF CAN INE 
COCC I D IAN SPECIES 

Sporulation Time Tempe rature Reference 
(hr s )  coc )  

9 6  ' room ' Nemeser i , 1 9 5 9  

2 4  3 0  Rocha and Lopes ,  

8 38 Mahrt ,  1 968 

1 6  3 0  Mahrt , 1 968 

24 2 5  Mahr t ,  1 968 

48 2 0  Mahrt , 1968 

24 22 - 2 6  Dubey , 1 9 7 5c 

3 6  3 0  Rocha and Lop2s , 

7 2  2 1  Heydorn , 1 9 7 3  

3 6  - 4 8  2 3  Dubey and Faye r , 

1 2  3 0  - 3 7  Dubey and Faye r , 

20 

1971  

1971  

1 9 7 6  

1976 



can occur i n  both intermediate and de f initive hos ts . The 

prol i ferative form , which mul tipl i e s  intracellularly during a cute 

infection , i s  termed the trophozoite or tachyzo i te . Tachyzo i te s  

spread from c e ll t o  cell and are d i s s emina·ted throughout the body 

in macrophages ,  lymphocyte s , granulocytes and as free organi sms i n  

the c ircu l ation ( Frenke l , 1 9 7 3 ) . 

2 1  

Tran sp lancental i nfection o f  foetu s e s  by tachyzoi te s  has been recorded 

in many intermediate hos ts , including man ( Jone s ,  19 7 3 )  but not in 

cats ( Dubey and Hoover , 19 7 7 ) . Toxopla sma tachyzoite s  have also 

been isolated from the m i lk of cows , goats , pigs , dogs , c at s , rabbits , 

guinea pigs and mice wi th natura l ly occurring or experimentally 

induce d  i n fec tions ( Frenkel , 1 9 7 3 ; Jone s ,  197 3 ) . 

Within one to two weeks of infection , a s  immunity deve lop s , tachyzoi te s  

enter host c e l l s  in both de f in i tive and intermed iate hos ts and induce 

the deve lopment of a cyst wal l  a round them . W i thin the s e  cysts a 

large number of slmvly replicating bradyzoi tes are formed by 

endodyogeny ( internal budding) . The cysts , whi ch are found mainly 

in the bra i n , heart and ske letal mu scle ( Jones ,  1 9 7 3 ) may per s i s t  

for the l i fe of the hos t  ( Turner , 1 9 7 6 )  and i n  intermedi a t e  hos t s  

repre sent the e nd-point of deve lopment . Both bradyzo i t e s  and 

tachyzoi te s are i nfective for other hosts . However ,  in cats , 

inges tion o f  the former results in shorter prepatent periods than 

does i nge stion of the l atter ( Frenk e l  et al . ,  1 97 0 ;  Dubey et a l . ,  

1 970a ; Wal lac e , 1973b) . 

1 . 4 . 3  Genus Besnoi tia 

Cats are d e f i n itive hos ts of Besnoi tia besnoi ti of c a tt l e , B .  wal l a cei 

of rodents and B .  darl i ngi ; o f  opo s sums (Di de l phi s marsupi a l is) 

( Pe te shev el al . ,  1 9 7 4 ; Wal la c e  and Frenke l , 1 97 5 ;  Smi th a nd Frenke l , 

1977 ) . Cats infecte d  \vith B .  wa l l a cei shed unsporulated oocys t s  i n  

the i r  faec e s . After sporulation t h e  oocysts a r e  infe c tive f o r  the 

intermediate hos ts , rats and mic e , but not for cats . Tachyzoi te s  

deve lop in several organs of the intermediate hos t and subsequently 



TABLE 1 . 8 REPORTED PREPATENT AND PATENT PERIODS OF FELINE COCCIDIAN SPECIES 

Species 

I. fel i s  

I .  rivolta 

T. gondi i  

ll . hammondi 

B .  wa l lacei 

B .  besno i t i.  

B .  da r l i ngi 

s .  hirsuta 

S. tene l l a  

s.  porci fe l i s  

s .  muris 

S. leporum 

Infective Agent 

Oocyst 

Extraint . Stages 

Oocyst 

Extra int.  Stages 

Oocyst 

Bradyzoi tes 

Tachyzoi tes 

Bradyzoi tes 

Bradyzoites 

• 

.. 

Prepatent 
Per i od 

(days )  

7 - 8 
8 

10 
7 - 8 
7 - 3 
3 - 7 
7 - 11 
a · - 10 
5 - 6 
4 - 8 

3 - 7 
5 - 7 
5 - 6 

5 
5 - 6 
5 - 7 

6 

20 - 24 
21 - 24 

9 
21 - 49 

3 - 5 
3 - 5 

3 
3 - 6 
3 - 6 
5 - 10 
4 - 5 
4 - 5 
5 - 12 
8 - 10 
7 - 9 
5 - 18 

5 - 8 
6 - 9 

1 1  - 1 3  

1 3  - 16 

11 - 14 

7 - 9 

12 - 1 3  
1 1  - 1 2  

5 - 1 0  

8 - 1 1  .. 

10 - 25 
14 

* spontaneous oocyst shedd ing up to 
120 days afte r  infection may occur 

* *  up to 27 days 

Patent 
Per iod 
(days )  

1 6  - 2 0  
6 

1 0 - 11 

3 5  - 42 

7 - 14 

4 - 7 
7 

10 - 20 

9 - 20 
5 - 8 
8 - 1 2  

1 0  - 2 8  
1 - 1 4 "  

5 - 1 2  

3 - 5 

5 - 1 0  

4 2  - 63 

8 - 53 
1 4  

3 - 8 1 * * *  

3 - 46 
1 4  - 69 

Reference 

Hi tchcock ,  1955 
Tomimura , 1 957 
Lickfe1d , 1959 
Nemeseri , 1 959 
Shah , 1971 
Rocha and Lope s ,  1 9 7 1  
Dubey and Frenke 1 ,  1 9 7 2b 
Frenke1 and Dube y ,  1972a 
Frenke1 and Dube y ,  1972a 
Dubey and Frenke 1 ,  1972b 

Rocha and Lope s ,  1 9 7 1  
Dubey and Frenke 1 , 1972b 
Frenke1 and Dubey , 1 9 7 2 a  
Pellerdy , 1 97 4  
Frenkel and Oubey , 1 9 7 2a 
Oubey and rrenkel ,  1 9 7 2b 
Dubey , 1 9 7 5c 

Dubey e t �- , 1970b 
Frenke1 e t  a l . , 1970 
Hutchinson et a l . , 1 9 7 1  
Wal lace , 1973b 
Frenkel et al . ,  1970 
Oubey et a l . ,  1970b 
Sheffield and He1ton , 1970 
Overdu1ve , 1970 
Zaman ,  1970 
Hutchinson et a l . , 1971 
Wal 1ace , 19� 
Ito et a l . ,  1974 
Munday and Rickard , 1 974 
Frenke1 e t  a l . , 1970 
Oubey e t� 1970b 
Wallace , 1973b 

Frenke l and Dubey , 1 9 7 5  
Dubey , 1 9 7 5b 

Wallace and Frenke l ,  1 9 7 5  

Peteshev et a l . ,  1 9 7 4  

Smith a n d  Frenke 1 ,  1 9 7 7  

Heydorn a n d  Romme 1 ,  1 9 7 2 a  

Romme l  e t  a l . ,  1972 
Melhorn and

-
Scholtyseck , 

1974 
Golubkovan and Ki s 1 iakova , 
1974 
Ruiz and Frenke l ,  1976 

Fayer and Krade l ,  1977 
Crum and Pres twood , 1 977 

*** usua l ly 5 - 10 days 

2 2  



TABLE 1 . 9  REPORTED PREPATENT AND PATENT PERIODS OF CANINE COCCIDIAN SPJ:X:IES 

Spec ie s  

I .  canis 

Infective 
Agent 

Oocyst 

Prepatent 
Period 
(day s )  

1 1  

3 - 7 

1 - 10 

9 - 11 
Extraint . S tages 8 - 9 

I .  ohioensis Oocyst 6 

3 - 7 

6 

Extrain t . Stages 4 - 6 

H. heydorni Bradyzoites 

s. cru z i  Bradyzoites 

S. ovican i s  Bradyzo ites 

S. mie scheriana Bradyzoites 

s. bertrami Bradyzoites 

s. fayeri Bradyzoites 

S. hemion i latrantis Br�dyzoites 

7 - 10 

7 - 15 

9 - 10 

9 - 2 2  

8 - 9 

1 5  

1 4  - 30 

1 3  - 1 5  

9 - 1 0  

8 

12 - 15 

13 

Patent 
Period 
(days) 

28 

9 - 11 

1 3  - 23 

2 

4 - 8 

1 - 3 

57 - 7 1  

3 - 16 

45 - 7 5  

7 - 5 0  

Reference 

Nemeseri , 1959 

Rocha and Lopes ,  197 1 

Lepp and Todd , 1974 

Dubey 1975a 

Oubey 1975a 

Hahrt ,  1967 

Rocha and Lope s , 1971 
Dube�·, 1975c 

Oubey, l975c 

Heydorn, 1973 

Oubey and Fayer , 1976 

Heydorn and Ronare l ,  1972a 

Faye r ,  1974 

� 1  et a l . , 1974 

Ford , 1974 

Munday & Corboul<l , 1 9 74 

Munday et a l . ,  1975 

Romme l et a l . , 19"/4 

Romme l  and Ge i se l ,  1975 

O";,�bey et a l . ,  l977c 

Hudkins - Vivion et al . ,  
1976 
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form cysts contai ning bradyzoi te s  i n  the me se ntery , omentum and 

inte s tinal wa l l  ( Wallace and Frenke l ,  197 5 ) . Bradyzoi te s  of 

B .  besnoi ti and B .  darl ingi a re experimenta l�y infective for o ther 

interme diate hosts but thi s  doe s not appear to be the case w i th 

B .  wal l a cei ( Wal lace and Frenk e l , 1 9 7 5 ) . Cats become infec ted only 

by ingestion of stages in intermed iate hos ts and the l i fe cycle i s  

there fore obligatori ly hete roxenous . Schi zont s , game tocytes and 

oocysts are formed in the i nte stine of the cat but apparently 

extra- intest inal organs are not i nvad ed (Wallace and Frenke l ,  1 9 7 5 ) . 

Although congenital transmi s s ion has been shown to occur i n  cattle 

infected with B . .  besnoi ti ( Bwangamoi ,  1968 ) it i s  not known whether 

thi s occurs i n  rodents infected with B .  wallacei or i n  opossums 

infected with B .  darl i ngi . 

l ,  4. 4 Genus Harranondia 

Like Besnoi tia , Hammondia has an obligatory two-hos t  cycle . 'I\'lo 

spe c i e s  are known : H .  hammondi for which the cat i s  the definitive 

host and H .  heydorni for which the f inal hos t  is the dog . The 

intermediate hosts of H .  hammondi are mi ce , rats , guinea pigs , 

2 4  

hamsters and dogs ( Frenkel a n d  Dubey , 1 9 7 5 ; Walla c e , 1 9 7 5 ; Dubey , 1 9 7 5 d ) , 

and of H .  heydorni , cattle ( He ydorn , 19 7 3 , Dubey and Faye r , 1 9 76 ) . 

Cats can only acqu ire H .  hqmmondi infection by the i nge s tion of 

mature cysts i n  tissues of intermed iate hosts . S ch i zonts and 

gametocyte s deve lop in the intestine and unsporulated oocysts are 

shed in the faece s .  The extra-inte stinal tis sues o f  the cat are not 

invaded ( Frenkel and Dubey ,  1 9 7 5 ) . After sporulat ion the oocysts 

are infective for t he intermediate hosts . In the mouse i ntermediate 

hos t  the sporozoi tes released from the oocyst pene trate the inte s tinal 

c e l l s  and tachyzoi te s ,  which are not i nfective to cats ( Dubey and 

Stre i te l , 1 9 76a) , multiply i n  the inte s tinal lamina propria , in 

musc l e s ,  Peyer ' s  patche s and mesenteric lyrr.ph node s .  During the 

second week of infection cys t s  conta ining bradyzo i t e s  appear i n  



other tissue s , primarily in skeletal mu scle (Frenkel and Dubey , 

1 9 7 5 ) . Cats become in fe cted by inges ting these cysts which , 

u n l ike tho se o f  T .  gondii and some spe c i e s  of Besnoi tia , are not 

i n fective for othe r i ntermediate hosts ( Fr enkel , and Dubey , 1 9 7 5 ; 

Wallace 197 5 ) . Congeni tal infection doe s not occur i n  e i ther 

the definitive host ( Dubey , 1977a)  or in intermediate hosts ( Dubey 

and Stre i te l , l976a ) . 

The l ife cycle o f  H .  Heydorni appears to b e  e ssentially s imilar 

to that o f  H .  hammondi but differs to the extent that an extra­

i ntestinal phase may occur i n  the final hos t .  Thus dogs may s erve 

as both defini tive and i ntermediate hosts for this spe c i e s  

( Heydorn , 1 9 7 3 ; Dubey and Payer 1 9 7 6 ;  Hedydorn et al . ,  1 9 7 5 a ) . 

1 . 4 . 5 . Genus Sarcocys ti s 

2 5  

Like the previous two genera , Sarcocy s t i s  spec ies have an 

obligatori ly heter.oxenous l i fe cyc le . They differ , however ,  from 

all the other canine and fel ine coc c i d i a  i n  two important respe c t s . 

Firstly , a sexual mul t iplicative s tage s have not been found i n  the 

i nte stine s  of the final host ( Heydorn and Romme l ,  1 9 7 2b ; Payer 1 9 7 4 ; 

Munday e t  a l . ,  1 9 7 5 ) . Secondly , the oocysts deve lop and sporul a te 

in the l amina propria (Melhorn and Scholtyseck , 1 9 7 4 ; Munday et a l . ,  

1 9 7 5 ; Rui z  and Frenk e l , 1976 ) and are u s ually shed in the fae c e s  

as free sporocysts ( Ford , 1 9 7 4 ; Rommel e t  a l . ,  1 9 7 2 , 1 9 7 4 ; �Bh r t , 

197 3 ; Munday and Corbould , 1 9 7 4 ) . 

Cats and dogs have each been shown to be f inal hosts for a t  l ea s t  

seven spe c i e s  o f  Saxcocysti s . The s e  species appear to be h i ghly 

host-spe c i fi� infect i ng only a s ingle i n termediate host spe c i e s  

(Ge s trich e t  al . ,  1 9 7 4 , 1975 a ;  Munday and Rickard , 1 9 7 4 ; Munday , 

1976 ; Rickard and Munday , 1 9 7 6 } . Of these spe c i e s  only the 

development of S .  h i rs u ta ( Heydorn and Rommel ,  1 9 7 2b )  and 

S .  muris ( Ruiz and Frenke l ,  1 9 7 6 )  in the cat and S .  cruzi ( Payer , 

1974 ; Fayer and Johnston 197 3 , 1 9 7 4 ) and S .  ovi canis ( Munday e t  al . ,  



1 97 5 )  in the dog , have been studied in any great deta i l . 

Intermediate hos t s  acquire infection only by the inge stion o f  

sporocysts shed in the fae ces of the de finit ive hos t .  Such 

sporocysts are not in fective for the final host ( Faye r , 1 9 74 ; 

26 

Romme l et al . ,  197 4 ) . Sporozo ite s are re leased from the sporocys t s  

i n  the inte stine o f  the intermedi ate h o s t  and invade many t i s sue s . 

Schi zogony occurs in e ndothel ial c e l l s  o f  b lood v e s s e l s  i n  various 

organs and tissues ( Fayer and Johnston , 1 97 3 , 1974 ; Munday et al . ,  

197 5 )  be fore the development o f  typical cysts in s tri ated and cardiac 

mu s cle and , occasiona l ly , central nervous t i s sue a s  well ( Hartley 

and Blakemore , 19 7 4 ) . Young cysts contain globular peripheral 

mul tiplicative s tage s ,  the metrocyte s . Two daughter c e l l s  a�e 

formed by endodyogeny wi th in each me trocyte which , a fter severa l 

further divi sions , give r i se to the bradyzc i te s . Sch i zonts and 

metrocytes are not i n fective for de fin i tive hosts which can only 

acquire i n fe c tion by the ingestion of mature cysts conta ining 

ful ly deve loped bradyzoite s  ( Ruiz and F renke l , 1 9 7 6 ) . In the sma l l  

intestine o f  the de finitive host the bradyzoi tes penetrate the 

lamina propria , form game tes and eventua l l y  oocysts without 

undergoing s ch i zogony ( Heydorn and Romme l ,  1972b ; Faye r , 1 9 7 4 ; 

Munday et al . ,  1 9 7 5 ) . The oocysts , which sporulate in the lamina 

propria , have a thi n , fragi l e  wa ll ( Me lhorn and Scholtyseck , 1 97 4 )  

which u sual ly rupture s  releas ing the sporocysts . 

There i s  s ome evidenc e  to sugges t  that Sarcocysti s infec tion may be 

a cquired congenitally by intermediate hosts ( Cunningham , 1 9 7 3 ; 

Munday and Black 1 9 7 6 ) . However ,  attempts to demons trate such 

transmis sion exper imentally have fa i l e d  ( Fayer e t  a l . ,  1 9 7 6b ) . 

1 .  5 DISSEMINATION OF I NFECTION AND TRANSPORT HOSTS 

The role of transpor t  hosts (which are d i stingu i shed from intermediate 

hosts by the absence of any mul tiplication with i n  them) in the 

d i s semination of in fection is l arge ly unknown . Early recogn i tion 



Fig . 1. 3 
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1 C LASSICAL1 I S OS P O R A  TOXOPL A S M A  

Schematic c omparison o f  the life cycles o f  the c anine and 

fe line cocc idia . Clear areas represent cycles in final 
hosts , cross -hatched areas cyc l e s  in intermediate hosts . 
The importanc e o f  transmis s ion route s i s  indicated by the 
thickness of the arrows between the top and bottom halve s . 

(Adapted from Frenke l ,  1974 ) 
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that a parasitaemia occurs i n  To.xoplasJ(la and Besnoi tia infect ion s 

led s everal workers to i.nvest.igate the potential role of b lood­

sucking arthropods in the mechanical transm i ssion of the se para s i te s . 

Such transmi ss ion has been demons trated experimentally with 

B .  besno i ti ( Bi galke , 1967 ) while with 1' . gondi i similar s tudies 

have generally produced negative or i nconc lusive results ( F renk e l , 

1 9 7 3 ) . 

Wi th the discovery of the coc c idial nature of thes e  protozoa , 

recent stud i e s  have examined the pos s ible role of vectors in the 

d i s semination of oocysts . Cock r6aches (Wallace , 1 97 2 ; Ch inch i l la 

and Rui z  1 9 7 6 ) , flies ( �<lallace , 1 9 7 1 )  and earth\vorms ( Frenkel e t  al . ,  

1 9 75 )  have been shown exper imental ly to act as carriers of Toxopla sma 

oocysts . Evidence that sheep may d i stribute infection by pass ing i n  

the i r  faeces oocysts that have been ingested but which have failed 

to excyst has also been provide d  ( Beverley et al . ,  1 9 7 5 ) . 

Although comparable studi e s  have not , a s  ye t ,  been carried out with 

oth er c anine and fe l ine coccidia , s imilar means of oocyst 

d i s s emination by transport hosts appears pos s ible . 

1 . 6  RES ISTANCE AND SURVIVAL 

1 .  6 . 1  Oocysts 

From an epidemiological point of view , the oocyst , a s  the only 

exogenous s tage , i s  of c entra l importance in the transmi s s ion of 

i n fe ction . Genera l ly i t  i s  a hardy , long-l ived resting phase 

capabl e  of w ithstandi ng the action of many physical and c hemical 

agents . The res i s tance of the canine and fe l ine cocc i d i a l  

oocysts t o  such agents , however ,  i s  poorly documente d . Apar t  f rom 

brief obs e rvations on the susceptib i l i ty o f  the oocys ts o f  I .  fel i s  

to des iccation ( Lickfe ld , 195 9 )  and s tud i e s  on the surv ival of 

unsporulated mixed Isosporn oocysts from dogs ( Lee , l 9 3 4 )  only 



the re s i stance of tho se of T .  gondi i h ave been studied i n  any deta i l . 

Toxopla sma oocysts r e s i s t  2 4  hours exposure to und i luted s od ium 

hypochlorite and concen trated sulphur i c  a c id but are de stroyed by 

30 minutes exposure to 1 0 %  aqueous ammoni a  and 4 days con�a c t  with 

1 0 %  fonna l in ( Dubey et al . ,  1 9 70b ; Ito et a l . ,  1 9 7 5a ) . In faeces 

and water they reta in the i r  i n fectivity for 1 7  months in the 

laboratory at 4°C ( Hutchinson 1967 ) , 4 1 0  days out doors at a mean 

temperature of 19 . 5°C ( Yi lmaz and Hopkins , 1 97 2 )  and for 12 to 1 8  

months when buried under s o i l  in Kan s a s  ( Frenke l e t  al . ,  1 9 7 5 ) . 

Al though desiccation is i n j urious they survive at least two days 

at O?o and 19% relative humidi ty and 11 days at 3 7 %  and 5 8 %  relative 

humidity (Frenkel and Dubey 1 9 7 2b ) . Like other c occidia , 

sporulated oocysts of T .  gondi i appear more re s i stant than 

unsporulated one s . Sporulated oocysts survive freez ing at - 2 1°C 

for 2 8  days whi le unsporula ted oocys t s  are k i lled after 1 day at l 5-

- 2 10C and 1 4  days at -6°C ( Frenkel and Dubey , 1 9 7 3 ) . Simi larly , 

exposure to 4 5° to 50°C for one hour i s  lethal for unsporulated 

oocys t s  a s  is 3 7°C for over 24 hours ( Dubey e t  a l . ,  1 9 70a ; Ito 

e t  al . ,  1 9 7 5c ) . Sporu l ated oocysts , howeve r , remain infect ive at 

3 7°C for 306 days ( Y i lmaz and Hopk i n s , 1 9 7 2 ) . 

Stud i e s  on the res i s tance of Sarcocysti s spec ies should prove 

particularly intere sting . Faecal s tage s of the s e  coc c id ians are 

pas se d  as fully sporu la te d , free sporocysts and are thus i ndependent 

of c l imatic cond i tions unfavourable for sporulat ion . Whe ther or 

not the i r  mature state a l so confers any long-term surviva l bene f i ts 

i s  unknown although i t  appears likely tha t  the absence o f  a 

protec tive oocyst wal l  may be d isadvantageous . Tadros and Laarman 

( 19 7 6 )  have specu l ated that their prolonged mai ntenance at h igh 

body temperature in a sporulated s ta te may ,  in fac t ,  d imi n i sh 

th_e ir -y;labi li ty and infectivity . 

2 9  



1 . 6 . 2  Intennediate host stages 

Intennedia te host stages are les s  re sistant than oocysts although 

i n fonnation regarding the i r  survival is l imited and restric te d  

to two genera - Toxopla sma a nd Sa rcocys t i s . Both tachyzoite s 

and bradyzoites in infected intennediate hosts may s e rve a s  a 

source o f  Toxopla sma infec tion . Bradyzoi tes , however ,  are more 

res i s tant to pepsin and trypsin d ige stion than are tachyzoite s 

( Jacobs , e t  a l . , 1 96 0 )  and survive for longer after the death o f  

the host ( Hartley and Munday , 1 9 74 ) . Bradyzoite s o f  Toxopl a sma 

survive a s  long as 68 days a t  4°C ( Jacobs et a l . ,  1960 ) whi l e  

tho s e  of Sa rcoc ystis in b e e f  remain i n fe ctive f o r  at leas t  18 and 

3 days at 2 ° . and 4°C r e spectively (Ges trich and Heydorn , 1 9 7 4 ; 

Fayer ,  1 9 7 5 ) . 

Free zing reduc e s  the i nfe ctivity of bradyzoites of both genera . 

SC!rcocys ti s infected beef i s  not infective for cats after fre e z ing 
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a t  - 2 0°C for 3 days ( Ge strich and Heydorn , 197 4 ) o r  for dogs a f ter 

free zing for 7 days ( Faye r ,  1 9 75 ) . Simi larl y , Dubey ( 1 9 7 4 )  found tha t 

Toxopla sma - infected mice s tored at - 9°C and - 2 0°C for as l i ttle 

a s  three hours were not infective to cats al though others ( Dubey 

and Frenke l ,  1 97 3 )  found that Toxopla sma in the skeletal mus c le of 

a squ i rre l monkey frozen at - 2 0°C for 1 6  days was sti l l  infe c t ive . 

The reasons for such anoma l i e s  are not c lear but may poss ibly re late 

to the rate of fre e z ing . Obviously the re is a need for a more 

c r it i c al evaluation of these e ffect s . 

High temperatures also appear lethal for thes e  genera . Toxoplasma 

t i ssue cysts are ki lled a f ter 3 0  minute s exposure to temperatures 

of 5 0  to 5 5°C ( Jacobs e t  a l . ,  1 960 ; Dubey et a l . ,  1 9 70b)  whi le in 

bee f Sarcocys tis infe ctivity may be e l iminated i f  a temperature 

of 6 5  - 7 0°C is attained throughout the meat ( Ge s tr ich and Heydorn , 

1 9 74 ) • 



1 . 7  PATHOGENIC ITY 

1 . 7 . 1 For defin i t ive hosts 
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There i s  l i ttle information regarding the pathoge n i c i ty of coc c i d i a l  

infe c t ions to c a t s  and dogs and much of what there i s , i s  

contradi c tory . Andrews ( 19 2 6 )  reported that 1 0 0 , 000 oocysts of 

I. fel i s  k i l led young cats w i thin one week of administration . 

In fected a nima ls showed signs of anaemia , emac i a t ion , weakne s s , 

depres sion and diarrhoea . S imilar symptoms were observed by 

others ( Tomimura , 1 9 57 , Lick feld , 1 9 5 9 )  who further noted that 

the seve r i ty of infection varied d i rectly with the number of 

oocysts given . Hitchcock ( l9 5 5 )  infected susceptible n i ne-week 

old k itten s  wi th 1 0 0 , 00 0  I .  fel i s  but did not observe any 

c l inical s igns . She sugge sted that Andrew ' s  ( 19 2 6 ) c a t s  may have 

suffered from a concurrent v i ral infection . More recent reports 

tend to support H i tchcock '· s( l 9 5 5 )  observat ions . Shah ( l9 7 1 )  found 

I. fel i s  to be on ly m i ldly pa1:hogenic even after feeding a s  many 

as 1 5 0 , 0 0 0  oocysts whi le Dubey and Stre itel ( 19 7 6 b )  conc luded 

that neither I. fel i s  nor I. ri vol ta were ser i ou s  pathogens . 

Pe l lerdy ( 1 9 7 4 )  however , found that the latt.er spec i e s  induce d  a 

trans ient d iarrhoea in two-month old k ittens . 

Lee ( 19 3 4 )  described the predominent symptoms o f  c an ine coc cidiosi s  

a s  bloody diarrhoea , emac i a tion , anaemia and weakne s s . Mahrt 

( 1 9 6 6 )  on the other han d ,  consi dered I .  ohi oen s i s  to be only mildly 

pathogenic while Neme seri ( 1 9 5 9 )  found no indications o f  d i sease 

i n  young dogs infected w i th approximate ly 5 ,  0 0 0  I . cani s oocy s t s . 

Following infections with 5 0 , 0 0 0  to 80 , 000 I .  ca n i s  oocyst s , however , 

the an ima l s  showed the genera l symptoms described by Lee ( 1 9 3 4 ) and 

had temperatures o f  3 9 . 5  to 4 0 . 3 °C . Pos t-mortem examinat ion 

revealed severe and o ften haemorrhagic inflammation of the sma l l  

intestine ( Neme seri , 1 9 5 9 ) . 

Les s  i nformation i s  avai l able concerning the more recently 

d is cove red coc c id ia o f  cats and dogs . Although none have been 

studied with any thoroughnes s , Besnoi ti a ,  Hammondia and Sarcocys t i s  
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are general ly cons idered to b e  non-pathogenic for the i r  de f i n i t ive 

hosts ( Dubey 1976b ) . Craige ( 19 7 6 ) , howeve r , s tates that the 

presence of sarcocystan sporocysts in the fae c e s  of dog s i s  

invariably as soc iated with chronic inte s t inal d i sorders , s er ious 

but obscure signs of tox i cosi s , anorexia , nausea , nervous 

d isorders and even feve r ,  but has provided no evidence . Gorbov 

( 19 7 5 )  ha s also observed enteritis in 8-to-10 week-old puppi e s  

f e d  Sarcocystis infected bee f , mutton and pork . The degree of 

morbidity and mortal i ty in experimental toxopla.smo s i s  is 

influenced by the strai n  of Toxopl a sma , the s i ze o f  infe c t ive 

dose , the route of i noculation and the age of the cat ( Dubey and 

Frenke l ,  1 9 74 ) . In adu l t  c ats Toxopl a si� infections are not 

u sua l ly c linical ly evident ; newborn kittens howeve r ,  are very 

suscep t ible ( Dubey and F renke l ,  197 2 a )  and may deve lcp a fo'-1 1. 

smell ing diarrhoe a ,  hepa t i ti s , pancreatiti s ,  myos i t i s  or 

encephal iti s . Deaths of ki ttens up to 1 2  \"ce:!<s of age ( Dubey and 

Frenkel 1 9 7 2 a )  may also occur . 

1 . 7 . 2 For intermediate hos t s  

The ma j or importance of the c an ine and feline c o c c i d i a  l i e s  i n  

thei r  role a s  agents o f  infect ion f o r  intenne d iate hosts . 

Toxopl a sma i s  particularly we l l  known in th i s  regard ( for reviews 

see Boughton , 1 9 70 ; Qui n  and McCraw , 1 97 2 ; Jone s , 1 9 7 3 ; Hartley 

and Munday 1 9 7 4 ;  Turner , 1 9 7 6 ;  Beve r ley , 1 9 7 6 ) . Ret inochoroid i t i s  

and encephal i t i s  in m a n  and abortion i n  sheep , both resulting from 

congenital infection s , are the most importan t  cl inical entities . 

Toxopla sma infection may a l s o  caus e  pyrexia , lymphadenopathy , 

pneumoni a ,  hepatitis , myocardit i s  and a var iety of other symptoms 

depending on the organs parasi. t ised . ( Dubey 1 9 7 6b ; Turner 1 9 7 6 ) . 

However ,  although infe c t ion i s  common , d isease i s  relative ly rare . 

A partial explanation for th i s  may relate to the fac t that s trains 

of Toxopla sma vary i n  the i r  pathogeni ci ty for any one host 

spe c i e s  ( Dubey and Frenke l ,  1 9 7 3 ; Ito et al . ,  1975b) . The 

v irulence of any one s train, hm-Jeve r , may be enhanced by frequent 

passage through a g iven host ( Dubey and Frenke l ,  1 9 73 ) . 



Like toxoplasmo s i s , besnoitiosis i s  a lso a wel l  known disease . 

B .  besnoi ti parasitises the skin and cornea of cattle i n  Europe 

and cattle and other ungulates in Africa ( Tadros and Laarman , 

1 9 76 ) . In the acute s tages of i n fect ion i t  can c ause pyrex i a , 

photophobia , anasarca , diarrhoea a nd swel l ing of the lymph node s . 

During the chronic seborrhoei c  phase , wrinkling of the skin , 

hair loss and death may occur ( Levine 1 9 73 ) . The pathogen i c i ty 

o f  B .  wa l l a cei a nd B .  da rl ingi for thei r  natural intermed iate 

hosts i s  large ly unknown . However ,  infect ions with bradyzoi te s  

of the latter spe cies have been found t o  be fatal for m i c e  and 

hamsters ( Smith and Frenke l ,  1 9 7 7 ) . 

Unl ike the previous two genera , Sa rcoc ystis has , unti l  recently , 

been regarded a s  an innocuous protozoan . Its main importance 
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lay i n  the d i s figurement of meat intended for human con sumption . 

Following the d iscovery of the cocc idian nature o f  thi s  paras ite , 

however ,  some spec ies have been shown to be potentia l ly highly 

pathogenic . I n  ca lves experimental ly in fected with very large 

numbers of sporocysts of S. cru zi , c l inical sign s  inc lude 

anorexia ,  pyrexia , anaemia , cachexia and weight loss , frequently 

r e sulting i n  death wi thi n  23 day s . A genera l i zed lymphadenopathy 

and petechiation of the serosal membranes with numerous schizont s  

i n  the endoth e l i a l  c e l l s  of blood vessels are found post-mortem 

(Fayer and Johnston , 1 97 3 , 1 9 7 4 ; Mahrt and Faye r , 1 9 7 5 ; Johnston 

et al . ,  1 97 5 ; Gestrich e t  al . ,  1 975a) . S imi lar clinical symptoms 

and death may occur i n  l ambs experimenta l ly infected with S .  

ovicanis ( Ge strich e t  a l . ,  1 9 7 4 , 1 9 7 5 a ; Munday e t  al . ,  1 97 5 ;  

Heydorn and Ge str i ch 1 9 7 6 )  and both thi s  species and S .  cru zi 

have been shown to be capable o f  induc ing abortion i n  the i r  

intermediate hosts ( Leek and Fayer , 1 9 7 8 ; Fayer e t  al . ,  1 9 7 6b ) . 

Although exper imenta l ly infected animal s  have been inoculated with 

greater numbers o f  sporocysts than they might reasonably be 

expected to e ncounter under natural c ondi 1:ions , fie ld outbreaks 

of suspected bovine sarcosporidioisis have been reported' 

<corner e t  a l . ,  1963 ; Meads , 1 9 7 6 ; Fre l i e r  e t  a l . ,  1 9 7 7 ) . 



The pathogenicity o f  Isospox·a species or H .  heydorni has not been 

s tudied and whi le H. hammondi genera lly appears to be of low 

pathogenicity for mice and non-pathogenic for o ther host s  tested 

( Dubey 1975b) 30% mortal i ties have been recorded i n  mice infe c ted 

with 1 0 5 to 1 06 II . hammond i oocysts ( Frenkel and Dubey , 1 9 7 5 ) . 

1 . 8 IMMUNITY 

1 . 8 . 1  De f initive hosts 

34 

The immuni ty of de finitive hosts to coccidia c an be asse ssed by the 

pattern and degree of oocyst or sporocyst shedding fol lowing 

chal lenge infection . I t  ha s lon g  been recognised that both cats 

(Andrcws , l 9 2 6 )  and dogs ( Le e ,  1.9 3 4 )  that have been infe c ·ted v1i th 

species of Isospora are , to varying degrees , re s i s tant to cha l lenge 

i n fe ctions . There have bee n  few carefu l s tudi e s  o f  thi s  

re s i stance but i t  appears that dogs can deve lop a very h igh leve l 

of resi stance both to I .  ohi oens i s ( Mahr t ,  1966)  and to I .  can i s  

( Lepp and Todd , 1 9 7 4 ) . S tudies on cats , however ,  indicate that 

neithe r I .  fel i s  ( Lickfe ld , 195 9 )  nor I .  ri vol ta ( P e l lerdy 1 97 4 )  

produce such a high level o f  resistance . There is scope for much 

more work on thi s  sub j ec t . It i s  to be expected that the leve l 

of resistance produced w i l l  be a f fected by many fac tors such a s  

hos t  age , numbers of oocysts given and the interva l between primary 

and cha l le nge infec tion : very l i ttle is known of the immune 

systems involved in resi s tance to these cocc idia or how they 

operate . 

Cats are considered to develop a more solid and l a s ting acquired 

immunity to Toxopla sma than to I .  fel i s  or I .  ri vol ta (Wa l lace , 

l 9 7 3b ; Dubey and Frenke l , 1.9 74 ) . Thi s , it has been suggeste d , 

may be due to the persistence o f  Toxopla sma bradyzoite s i n  tissu e  

c y s t s  providing prolonged antigenic stimulation (Wa l la ce , 1 9 7 3b ) . 
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I n  Toxopl a sma infections , oocyst production and periods o f  patency have 

been found to be s imi lar whether cats infected for the first time 

are given single or multiple infective doses ( Dubey and Frenkel ,  

1 9 74 ) . Young cats shed more oocysts than older cats and mal e s  

shed more oocysts than females ( Dubey e t  a l . , 1 9 7 7b ) ; the latter 

f ind ing , however ,  has not been examined statis tically . I n  

genera l , cats excrete Toxop_Ia sma oocysts for a period o f  only one 

to three weeks ( Table 1 . 8 ) and do not re-excrete them fol lowing 

re infection within one to five months ( Dubey et a l . ,  1 9 7 0b ) . There 

are , however ,  exceptions to thi s  general isation . Late n t  i nfection s 

of T .  gondii may be reactivated by subsequent infections with 

I .  fel i s  ( Ches sum l 9 7 2  : Dubey l 9 7 6 a )  while experimental ly , 

immunity has been shown to depen d  o n  such factors as the s train of 

paras ite , the age of cats at primary i nfection and the i nterval 

between primary infection and chal lenge . Cats firs t i n fected as 

suckling or weanl ing k i ttens have bee n  shovm to re shed Toxopl asma 

oocysts fo l lowing cha l l enge . In such cats the stage of Tcxopl a sma 

inocu l ated , the route of infection and serum antibody titres do 

not appear to corre late with the degree of immunity . However ,  

prepatent periods are longer , patent periods are shorter and 

fewer oocysts are produced than after primary i nfection ( Dubey and 

Frenke l ,  1 9 74 ) . Cats f irst i n fe cted as adults , on the o ther hand , 

genera lly do not re-excre te oocysts a fter challenge and the 

presence of c i rcu lating serum antibodies usually indicates a 

high degree of immunity ( Dubey and Frenkel 1974 ) . 

There appears to be l ittle immunity t o  Besnoi tia infe ction i n  cats 

(Frenk e l , 1 9 7 7 )  whi le data on Hammondia and Sarcocysti s i n fe ctions 

is very l imite d . Ne ither age nor sex of cats has any apparen t  

e ffect on ac�uired immunity t o  H .  hammondi infection , which i s  not 

absolute and may permit spontaneous reshedding o f  oocysts in some 

cases up to 1 2 0  days after initial infection (Dubey , 1 97 5 b ) . 

With repeated infections prepatent periods are longe r , patent 

periods are shorter and fewer oocysts are shed ( Dubey 1 9 7 5 b ) . A 

s imilar lack of complete immunity to H .  heydorni in dogs is a l so 

apparen t  ( Heydorn , 1 9 7 3 ) . 



Sarcoc ystis infec tions i n  de finitive hos ts are characterized by 

long periods of sporadic sporocyst shedding - a fact whi ch Tadros 

and Laarman ( 19 7 6 )  attribute to the i r  subepithe l i a l  location in 

intes tina l tissue s and thei r  gradual re lease into the lumen . 
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Several s tudies have demons trated that reinfection i s  e a s i ly 

achieved ( Romme l et al . ,  1 97 2 ;  Heydorn and Romme l 1 9 7 2 a ; Fayer 1 9 7 4 ; 

Rui z  and Frenke l 19 7 6 ) . The se f indings , a nd the observations 

of Fayer ( 19 7 4 )  that the se para s i te s  induce l ittle c e l lular reaction 

sugges t  that only a low leve l of acquired immunity is i nduced . 

Whethe r or not partial immunity i s  conferred by previous i n fection 

is unknown s ince quanti tative estimations of sporocyst production 

have not been made . In some spe c i e s  of Eimeria it appears that 

schizogonic stages stimula t.e protective immun ity wh ile gametogen ic 

stage s have l ittle , if any , i�muni zing e ffe ct ( Ros e , 1 9 7 3 ) . I t  

i s  tempting , there fore , t o  l ink the apparent lack o f  protec t ive 

.immunity to Sarcocystis i n fe ctions in cats and dogs with the 

absence schizogony . 

Although i t  has been l ittle s tudied , c ross-immu n i t y  between the 

coccidian genera of cats and dogs appears not to occur . Piekarski 

and Witte ( 19 7 1 )  concluded that no immunity to Toxopl a sma infection 

was conferred in cats by previous experience to Isospora spe c i e s  

while Che s sum ( 1972 ) found a simi lar lack of cro s s - immun ity 

between I .  fel i s  , I .  ri vol ta and T .  gondi i .  Ru i z  and Frenkel 

( 19 7 6 )  found that cats immune to 'l'oxopl asma or previou s ly infecte d  

with Hammondia o r  Besnoi t i a  were sti l l  susceptible to Sarcocysti s 

muri s .  In addition prior e xperience of the feline coccidia 

I .  fel i s  and I. ri vol ta was found not to confer immunity to 

subsequen t  infections with I. cani s and I .  ohioen s i s  in dogs 

( Dubey et a l . ,  1970a ) . 

1 . 8 . 2  Intermediate hosts 

Other than to Toxopla sma , immunity to reinfection in inte rmediate 

hosts has been l ittle s tudie d .  Survivors o f  bovine besnoitios i s  

deve lop a durable premunity ( Pol s , 1960 ) and mice show evidence 
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o f  re sistance t o  cha llenge with B .  wal .Z a cei ( Frenkel ,  1 9 7 7 ) . 

No i nformation is avai l able for Isospora and Harmnondi a and a lthough 

data on the deve lopmen t  of protective immunity to Sarcocy s t i s  

infections is simi larly lacking i t  is conce ivable that , because 

of the i ntimate contact be tween schi zogonic stages and the 

prolonged persistence o f  viable sarcocysts in musc l e , interme diate 

hosts may be more re sistant to reinfection with thi s  pa ras ite 

than are de finitive hosts . Ge str i ch et a l . ,  ( 1975a ) has state d , 

without providing any supporting evidence , that the i��u n i z i ng 

e ffect of S .  cru zi sporocysts in c a ttle is fairly strong . Others , 

however ,  have found that rr:ice may be re infecte d  repeatedly with 

S .  muri s ( Ru i z  and Frenke l ,  1 9 7 6 ) . 

Immun ity to toxoplasmosis has been d iscussed i n  deta i l  by Qu in 

and McCraw ( 1 9 7 2 ) Frenk e l  ( 1 9 7 3 ) and Jacobs ( 19 7 3 ) and will  be 

menti oned only brie f ly . I n  genera l ,  although rein fection is 

poss ible , immun i ty to c linical di sease is usua lly good . HoHeve:t: , 

thi s  may vary with the species and age of the host and perhaps 

a l so the strain of parasite . 

Like Besnoi tia immun i ty to Toxopla sma i s  thought to depe-nd on the 

per s i s tence of infection (premunity) wh ile the suppre s s ion of 

e stab l i shed immunity by means of corticosteroids may lead to a 

reactivation of l atent toxop lasmosis with the production o f  

c l i n i c a l  d i sease ( Frenke l ,  1 9 7 3 ) . 

1 . 9  TREATMENT 

1 . 9 . 1  De finitive hosts 

Tre a tments reported to be effective in the control of canine and 

fe l ine coccidios i s  i n  general are present:e d in Table 1 . 10 .  However ,  

c la ims of the e f f icacy of these mus t  be regarded with scepticism 

s ince , with the exception of those of Smi th and Edmond s  ( 19 5 9 ) and 
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Ra,cluna,n and Pollock ( 1 961 } , the studies on which they are based 

have given l i ttle cons ideration to the se lf- limi ting nature o f  

cocc idial infections o r  the need for non-medicated c ontrol groups . 

It is l ike ly , there for e ,  that many of the cures apparently 

achieved fo llowing therapy may , in fact , have re sulted from 

natural recove r . 

Treatments for spe c i f i c  coc c idian i n fections are few and are 

restricted to those directed toward the prevention of Toxopla sma 

excretion i n  cats . Both SDDS ( 2-Sul famoy l - 4 , 4-diaminodipheny­

sulfone ) administered at a daily dose rate of 10 mg/kg star ting 

five days be fore in fection ( Ohsbima and Kumada , 1 9 7 4 ) and daily 

intramuscu l a r  inj ections of 2 mg/kg pyr imethamine and lOO mg/kg 

sulfad ia,zine (She f f i e l d  and Me lton , 1 9 7 6 )  have been reported to 

inhibit Toxopl asma oocyst excretion . Other workers ( Dubey and 

Yeary 1 1 97 7 ) , howeve r ,  have found that a l though these t�v.'o 

treatments may r educe oocyst shedd ing they do not completely 

prevent it . 

Intermediate hos ts 

Pyrimethamine and sulfad iazine are common l y  u sed in the trea tment 

of human toxoplasmosis and are known to reduce the severity of 

d isease i n  experimental anima l s  ( Shef f ie l d  and Me l ton , 1 9 7 6 ) . 

SDDS has also been shm-m to be of va lue both as a the rapeuti c  and 

a s  a prophylactic agent against swine toxoplasmosis ( Ohshima 
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e t  al . ,  1 9 6 9 , 1 9 7 0 )  while sul famonomethoxi ne and 1 ,  3 b i s  

( n-chlorobenzylidinamino) 1 guanidine have recently b e e n  found to 

be effective in the treatmen t  of Toxopl a sma infec tions i n  c h i cke n s , 

rabbits , mice and rats ( Sokolov , 1 9 7 6 ) .  

Little information i s  available concerning treatmen t  of other 

cocc idial i n fection s  i n  intermediate hosts but Besnoi tia l ik e  

Toxopla sma , i s  sensi tive to pyr imethamine and sulfadiazine 

( Frenke l 1 1 9 7 3 ) while ampro l ium ,  adn1ini s tered at a da i ly dos e  rate 

o f  lOO mg/kg , appears to reduce the severity of sarcospor i d i o s i s  

in expe r imentally i nfected calves ( Fayer and Johnston , 1 9 7 5b ) . 



TABLE 1 . 10 REPORTED "EFFECTIVE" TREATMENTS FOR GENERAL CANINE AND FELINE COCCIDIOSIS 

Treatment Period 

Drug Host Dose Rate/Day Route ( Days ) 

Sodium Sulphani late Dog and cat lOcc of l% solution/kg Enema 1-3 

Aureomycin hydrochloride Dog 28- 2 2 0  mg/kg Ora l 2 - 3 4  

Nitrofurazone Dog 9 - 2 2  mg/kg Ora l 5 - 20 

Combined Sul fonamides Dog 1 4 3  mg/kg Oral 5 - 2 0  

( Sulfamethazine , 

Sulfathiazole , 
Sulfameraz ine ) 

Sul fadime·thoxine Dog and cat 26-55 mg,/'J(g Oral 1 4  

Amprol ium Dog 2 2 0  mg/kg Oral 10- 1 2  

Trimethoprim and Dog and cat 3 0-60 mg/kg Ora l 6 

Sul fadiaz ine 

Re ference 

Parkin , 1943  
Altman , 1 9 5 1  

Smith and Edmonds , 1959 ; 
Duberman , 1960 ; 
Rachman and Pollock , 
1961 

Duberman , 1960 

F i sh , 1 964 

Smart , 1 9 7 1  

Durr , 1 9 7 6  

L<! 
1.0 



2 .  THE IDENTITY AND PREVALENCE OF COCC IDIAN 

PARASITES IN NEW ZEALAND DOGS AND CATS 

2 . 1  INTRODUCTION 

Surveys of the preva lence of cocc idia in cats and dogs have been 

reported from many parts of the wor l d  ( Tables 2 . 1  and 2 . 2 ) . 

However ,  few have been made s ince the role o f  fel ine and canine 

cocc idia as aetiological agents for such di seases as toxoplasmos i s  

and sarcospor idiosis were di scovered and none have b e e n  conducted 

here . 

In New Zea land cl inical toxopla smos i s  appears to be rare in man . 

Serological evidence , however ,  indicate s a high prevalence of 

subc linical infection with 50% of adu l t  over 40 years of age 

showing posi tive titr e s  (Manning and Re id , 1 9 56) . Both Toxopla sma 

and Sarcocys tis a lso cause important anima l hea lth problems in 

thi s country . The former protozoan i s  recognised as the mos t  

commonly diagnosed cause o f  ovine abort ion ( Hartl ey and Boye s ,  

1 9 64 )  while the l atter is estimated to cost the meat indus try 

about $3 ·mi l l ion annual ly through the t r immi ng ,  downgrad ing and 

condemnation of infe cted carcases (Col l ins , 197 4 ) . 
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In view of the economic importance of these infections a nd the 

epidemiological importance of the cat and dog i n  the i r  transmi s sion , 

the pre sent study was undertaken to prov ide information concerning the 

identity , morpho logy and prevalence o f  c an i ne and fe l ine cocc i d i a  

in New Zea land . 

2 . 2  MATERIALS AND METHODS 

2 . 2 . 1  Faecal Sample s :  

OVer the period November 1 9 7 4  to Augus t  1 97 6 ,  faecal samples from 

508 North I s land cats and 4 8 1  North I s land dogs were obtained f rom 

the following sources : 



TABLE 2 . 1 .  REPORTED PREVALENCES OF COCC IDIAN SPECIES I N  C1>TS 

Author 

P.einhard t ,  1934 
Machulskii and Timofeev 1940 
Alves da Cruz et al . ,  19S2 
Hitchcock, 195

_
3 __ _ 

'l'omimura , 1957 
Bearup , 1960 
Mata and Briecno, 1960 
Dubey, 1966 

Shah , 1970a 
Burrows and Hunt, 1970 

Nia k ,  1972 

Janitschke and Kuhn , 1972 

Werner and Walton , 1972 
Lodal ,  1973 
Vanpari j is & Thienpon t ,  1973 
Wa l lace , 1973b 
Knoch ��- , 1974 
Pampigl \one et a l . , 1973 
Dubey , 1973 
I to et a l . , 1974 
Gregory a� Munday , 1976 

Chr istie , et al . ,  1976 

Guterbock and Levine , 1977 

Locality 
No . cats 

examined 

Gennany 7S 
Leningrad 106 
Lisbon 40 
Michigan 1 47 
Osaka 200 

Sydney SO 

Mexico 11 
London 110 
I l l inois 130 

New Jersey 7S7 

Liverpool 18 

Berlin S20 

Tokyo 90 

Copenhagen 210 

Be lgium 500 
Hawa i i  1604 
Berlin 200 

Italy 250 

Kansas Sl6 
Tokyo 446 

Tasmania SS 

Ohio 1000 

I l l inois 217 

* spec ific identity undetermined 

** confirmed by mouse inoculation 

Percent Infected 

I .  fe l i s  I . rivolta Toxc•plasma/ T.gond i i * *  

Hammondia 
Besnoitia Sarcocystis 

sp. 

2 . 3  
5 . 5  

10 
7 5  

9 . S  

18 
27 

9 . 1  

13 
26 . 7  

11 . 1  

8 
38 . 6d 

18 
1 

17 . 2  
8 . 7  

12.7 
6.2 

23 

a .  

b .  

c .  

d .  

e .  
f .  

S . 3  

3 . 7  

13 
l.S 

16 

0 . 9  
3 

16.2 

7 

8 
3 

9 . S  
0 . 4 

S . 4  

3 . 2  

24 

-----· 
-l ike * 

2 . 3 · 

2 . 9  

1 

1 . 5  
l . S 

1 . 4  

1 

1 . 4e 
2 

0 . 9 f 

1 

1 
1 . 1  

0 . 7  

0 . 4  

0 . 9  

0 . 7  

-- ·  
. .  

sp . 

( 0 . 2 ) a  

(13 . 5) b  

( 0.7 ) c 
0 . 2  

1 . 8 
0 . 2  

Described as an oocyst between l S  -18 \lrn i n  length 

Described as an oocyst between lS - 20 urn in length 

Oocysts 14 to 18 by 12 to 1S (16 x 13 urn) 
I .  fe l i s  and/or I .  r ivol ta 
0 , 7% proved to be T. gond i i , 

0 , 7% proved to be T .  gond i i , 
0.2% H .  hammondi ,  0 . 5 \ unidenti fied l Dubey 
0 . 2\ H .  hammond i . S e t  al. , 

1977a 

.t:> 
1-' 



TABLE 2 . 2 .  REPORTED PREVALENCES OF COCC IDIAN SPEC IES IN DOGS 

Percent Infected 
Author Loca lity 

Gassner , 1940 Colorado 
Catcott , 1946 Ohio 
Choquette and Ge l i na s , 1 9 5 0  Montreal 
Ehrenford , 1 9 5 3  Indiana 
Nemeseri , 1 9 5 9  Budapest 
Mimioglu et a l . ,  1960 Turkey 
Laarma n ,  1962 Netherlands 
Levine and Ivens ,  1965 Ill inois 
Burrows and Lil l i s , 1 9 6 7  New Jersey 
Vanpari. j is and Thienpont ,  1973 Belgium 
Lepp and Todd , 1 97 4  I l l i nois 
Torre s et a l . ,  1 9 74 Chile 
Stre ite l and Dubey , 1976 Ohio 

No . Dogs 
examined I . canis 

3 2 0  6 
1 1 3  3 . 5  
1 5 5  9 
3 7 7  
2 2 0  8 . 2  

5 0  
80 

139 16 
660 13 . 6  

18 3 2  1 3 c  
3 08 1 . 9  

5 9  1 . 6  
500 1 . 8  

I .  ohioensis 

20 
4 . 4  

1 3 . 5  
7 1 . 8  

2 

18 
1 0 . 6  

3 . 3  
3 . 6  

H .  heydorni 

7 la 
2 . 6  
1 . 9  
0 . 7  

6 

1 

1 9 . 6d 

Sarcocystis sp . 

3 

5 0b 
3 
0 . 8b 

1 . 8 

a .  " Oocysts " described as 1 0  to 1 2  by 8 to 10 ;.1m . The identity of this spec ies i s  uncertain and Gassner 
may have been referring to sporocysts ( S arcocysti s ? ) when he wrote about oocysts . 

b .  " I .  hominis - like " i . e .  free sporocysts = Sarcocyst i s ?  

c .  Dogs infected with I .  c anis and/or " I .  bigemina " . 

d .  " I .  b igemina " , may be e ither H .  heydorni or Sarcocystis sp . 

� 
(\,) 
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( i )  Diagnostic submi s s ions to the Palmerston North Animal Health 

Laboratory and the Para s i tology Section of the Departmen t  

o f  Veterinary Pathology and Public Heal th , Ma s s ey Unive r sity . 

( i i )  Animal boarding e stablishments and the S . P . C . A .  i n  

Palmerston North . 

( i i i )  Anima ls presented a t  the Smal l  Animal C l in i c , Mas sey 

Univers ity . 

( iv )  The pets o f  friends and colleague s . 

Data re lating to the number of samples obta ined from each of the s e  

sources are presented in Table 2 . 3 ,  whi le informat ion concern ing 

the geographical dis tribution of donor animals is presented in 

F igures 2 . 1  and 2 . 2 .  Wherever pos sible information pertaining to 

the age , sex , and whe ther l iving in a town or c ountry environment 

was obta ined for each hos t . 

2 . 2 . 2  Detection of coccidia 

Samples we re e i ther examined immediate ly on rec e ipt or after 

s torage at 4oc .  One to 2 grams of e ach faecal sample was suspended 

in wate r , broken up w i th an electric beater and strained through a 

s ieve ( aperture 2 5 0  �m) . The f i l trate was placed in a centri fuge 

tube and centri fuged at 4 0 0  g for 5 minute s . The supernatant was 

d i scarded , the sediment resuspended in sucrose solu t ion ( spec i f i c  

gravi ty l . 2 )  and centri fuged once wore . Following centrifugation 

more sucrose solution was c arefully added to form a convex men i scus 

and a coverl sip placed ove r  it . After 1 to 2 minutes the c ove r s l ip 

was removed , placed on a microscope s l ide and e xan)ined a t  a 

magn i f i ca tion of x 4 0 0 . 

2 . 2 . 3  Sporulation of cocc idia ; 

Samples found to contain unsporu lated oocysts were mixed with 2 . 5 % 
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pota s s ium d ichroma te and placed in petri di she s to a depth of O . Scm . 

The se were incubated at 22° - 26°C for 7 days or more unt i l  

sporulatior, wa s comp l e te d . The sporulated oocys t s  were then 

f loated onto a cover s l ip as previously d e s cribe d , and examined . 

2 . 2 . 4  Morphological character i s t i c s  : 

Sporulated oocysts were examined for morpholog i c a l  charac te r i s t i c s  

and mea surements were made us ing a n  ocular mic rometer at a 

magn i f i c ation of x 1 000 Photomicrographs were taken u s ing a x 1000 

apochromatic o i l  imme rs ion ob j ec t ive on a Le itz photomi crosc ope . 

2 . 2 . 5  I dentification of Toxopl a sma - l ike oocysts : 

Each Toxopl a sma - l ike i solat.e recovered from c a t  faeces was 

sporulated and adminis·te red ora l ly to three laboratory mice . The 

mice were k i l led 30 to 40 days after infe c ti on and fresh spreads 

o f  bra i n , diaphragm and abdominal muscle examined for t i s sue cysts . 

Sample s of mu sc le a nd brain were a l so fixed in 1 0 %  forma lin and 

sections examined microscopically for cysts after sta ining w i th 

h aematoxylin and eosin . Bra ins and smal l  portion s  of skele tal 

muscle from mice found to contain th in-wal led cysts in the spread 

preparat ions were mac e ra ted in phys iological s a l ine , s ieved and 

c oncentrated . Aliquots of these concentrates we re adminis tered 

orally t o  another three m i c e  which we re e xamined 3 0  to 4 0  days late r . 

2 . 2 . 6  Oocyst and sporocy s t  c ounts : 

Where suffic ient material was avai lab l e  e s t imat e s  of the numbers 

per gram of faeces of coccidial oocysts and(or Sa rcocysti s 

sporocys t s  were made u s ing the modified Mct1a ster method . For 

this purpose 1 . 7g of faeces was d i lu ted in Slml o f  s a turated 

aqueous· NaCl and the number of cocc idia in both chambers of a 

McMaster s l id e  counted a t  a magnification of x 2 0 0 . Each oocys t  

and/or sporocyst counted repre sented l O O  oocysts and/or sporocysts 

per gram of faeces .  



TABLE 2 . 3  SOURCES OF FAECAL SAMPLES 

Source Dogs 

No . % 

" D iagnostic " 3 3 3  69 . 2  

Massey Cl inic 90 18 . 7  

S . P . C . A .  2 2  4 . 6  

Animal boarding estabs . - -

" Pets " 3 6  7 . 5  

All Source s  4 8 1  l O O  

No . 

4 7  

5 2  

1 8 5  

1 8 3  

4 1  

5 0 8  

Cats 

% 

9 . 3  

10 . 2  

3 6 . 4  

3 6 . 0  

8 . 1  

l O O  

� 
U1 



Fig . 2 . 1  
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2 . 3 ,F,ESULTS 

Oocysts or sporocysts of four va l i d  fe l ine and four valid c anine 

coccidia as wel l  a, s· sever.al pseudopara si tic forms were found . 

Descriptions of these coccidia are g iven in section 2 . 3 . 1 .  I n  

the se de scriptions a l l  dimens ions are given in micrometre s 
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while the f igure s  i n  p arenthe sis repre sent the m e a n  ± the standard 

e-rror . 

Xn order to i l lu strate the oocyst and sporocyst d imensions of the 

val id coccidia more c lear ly the ir frequency distributions are 

shown i n  figure s 2 . 3  to 2 . 6 .  In addi tion , the s ign i ficance of 

the difference s of the oocyst and sporocyst d imensions between 

sim i lar cani ne and fe l ine ce>ccidia were dete rmined using a 2 - leve l  

nested analys i s  o f  variance ( Tables 2 . 4  and 2 . 5 ) . 

Information re lating to the prevalence of the valid cocc idia is 

pre sented in sec t ion 2 . 3 . 2  Whe re appropriate a l l  dat a in thi s  

section were examined for stati st ica l s ignificance using the 

chi - squared te s t  i nc orporating Yates correction . Contingency 

tabl e s  for these tests are g iven in Appendices 2 to 1 7 . The 

use of one , two or three a steri sks a fter the results of an 

ana lysi s  indicates a probabi l i ty of less than 0 . 05 ,  0 . 0 1 and 

0 . 00 1  respectively . 

2 .  3 . 1 Ident ity and morphology 

( a } Feline cocc idia 

( i }  Isospora fel i s  Wenyon , 1 9 2 3  

Description : 

Oocysts ovoid ( P late 2 . 1A ,  B ) . Oocyst wa l l  smooth , colour l e s s  

1 . 6  thick , s ingle layered . A t iny b lob adheres to the i n s ide o f  

the wal l  a t  the broad end . l'lic ropyl e s  polar granule and oocyst 

res iduum absent . One hundred sporu lated oocysts from e ight cats 



mea sured 3 5 . 8  to 4 7 . 3  ( 41 . 5 ± 0 . 2 ) by 2 7 . 7  to 3 7 . 4  ( 3 1 . 8  ± 0 . 2 )  

with length-width ratio s of 1 . 2  to 1 . 4 2  ( 1 . 3 0 ± 0 . 0 2 ) . 

Sporoc ysts e l l ipsoida l with smooth , colou�le s s  wal l s . Stieda body 

absent . Granular res iduuum , co nta i ning one or more large waxy 

g lobule s ,  pr esent.  F i fty sporocysts mea sured 1 9 . 5  to 2 6 . 0  

( 23 . 2  ± 0 . 2 )  by 16 . 3  to 21 . 0  ( 18 . 9  ± 0 . 1 )  with length-width ratios 

o f  1 . 1  to 1 . 4  ( 1 . 2 3 ± 0 . 01 )  

Remarks : 

The oocysts de scribed above are morphologically i nd i stingu i shabl e  

from those d e scr ibed by Shah ( 19 7 0a ) . 

( i i )  Isospora ri vol ta ( Gra s s i , 187 9 )  Wenyon 1 9 2 3  

Descriptio n : 

Oocysts broadl y  ovoid to spherical (Plate 2 . 1  C , D ) Oocyst wa l l  

smooth , colour l e s s  about 0 . 8  thick , composed o f  a s i!1gle layer . 

Micropyle ,  polar granul e and ooc yst r e s iduum absent .  One hundred 

sporulated ooc ysts from two cats mea sured 2 2 . 8  to 2 7 . 7  ( 2 S . O  ± 0 . 1 )  

by 19 . 5  to 24 . 4  ( 22 . 8  ± 0 . 1 )  with length-width ratios of 1 . 0  to 

1 . 2 5 ( 1 . 1 0 ± 0 . 0 1 ) . 

Sporoc ysts broadly e l lipso idal with smooth , colourl e s s  wa l l s .  

Stieda bod y  absent . Sporocysts r e s iduum present , e i ther compac t  

or a s  sca ttered granules . Fifty sporoc ysts mea sured 1 4 . 7  to 1 9 . 5  

( 16 . 5  ± 0 . 2 )  by 1 1 . 4  to 14 . 7  ( 1 3 . 0  ± 0 . 1 ) with l ength-width ratios 

of 1 . 0  to 1 . 4 3  ( 1 . 2 7  ± 0 . 02 ) . 

Remark s :  

Apart from hav i ng sl ightly larger sporocysts , the oocysts desc r ibed 

above ar e ind i stingu i shabl e  from tho se described by S hah ( 19 7 0a ) ,  

4 9  
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Plat.e 2 . 1  

I '  

Photomicrograph s o f  the val id cocc idia recovered from 
the faeces of na turally i n f ec ted cats ( x 3 00 0 ) . 

A .  and B .  Unsporul a ted a n d  sporul ated oocysts o f  I .  fel i s  
c .  and D .  Unsporulated a nd sporulated oocysts o f  I. ri vol ta 
E .  a nd F .  Unsporulated and sporul a t ed ooc ys·t s  o f  T .  gondi i  
G .  Free sporocyst o f  Sarcoc ystis sp . 

.. � . 
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( i i i )  Toxoplasma gondi i ( Nicolle and Manceaux , 1 9 0 8 )  Nicol le and 

Hanceaux , 1909 

Description : 

Oocysts spherical to subspherical (Pl ate 2 . 1  E , F ) . Oocyst wal l  smooth , 

c o lourless about 0 . 4  thick , composed o f  a s i ngle laye r . Micropyle , polar 

granule and oocyst re s iduum absent . One hundred sporulated oocysts from 

four c ats measured 9 . 8  to 1 4 . 7  ( 1 2 . 2  ± 0 . 1 )  by 9 . 8 to 13 . 0  ( 10 . 4  ± 0 . 1 ) 

with length-width ratios of 1 . 0  to 1 . 5 ( 1 . 17 ± 0 . 0 1 )  

Sporocysts broadly e l l ipsoidal \vi th smooth , colourless wal ls . Stieda 

body absent . Scatte red sporocy st res iduum present . Fi fty sporocysts 

measured 6 . 5  to 8 . 2  ( 7 . 9  ± 0 . 1 ) by 4 . 9  to 6 . 5  ( 6 . 0  ± 0 . 1 ) with length­

width ratios of 1 . 0  to 1 . 7  (1 . 34 i 0 . 03 ) . 

Remarks : 

The oocysts described above a r e  ind i s tingu i shable from thos e  described 

by Dubey et a l . ,  ( l970a)  and the ir ident i ty was con f i rmed by infecti n g  

mice . I sola·te s recovere d in the present study a.ppeared to be of low 

virulen ce for mice and no deaths were recorded . However ,  t.h i s  may have 

been due to the sma ll numbe rs of oocysts avai lable for admini stration . 

( iv )  Sarcocys tis sp. 

Description : 

Free sporocysts , asymmetrical ly e l lipsoidal to e l l ipsoidal ( P late 2 . lG ) . 

Sporocyst wal l  smooth , colourle s s , without a stieda body . Re siduum 

pre sent e i the r as a compact mas s  at one e nd of sporocyst or as scattered 

granule s .  One hundred sporocysts from fi fteen cats measured 1 1 . 4  to 1 4 . 7  

( 13 . 3  ± 0 . 1 ) by 8 . 2  to 9 . 8 ( 8 . 4  ± 0 . 1 ) with length-width ratios of 1 . 3 3 

to 1 . 8  ( 1 . 5 9 ± 0 . 01 ) . 

Remarks : 

The mean d imensions of the se S}Jorocysts most nearly approximate to those 

of S .  porci fel i s  of the pig ( Table 1 . 3 ) . I t  was later found however , that 

at least some of these sporocys ts were of S .  muris ( Chapte r 3 )  and it i s  

l ike ly that they repre sent those o f  a number of other spe cies as we l l  

( see section 2 . 4 ) . 
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( b )  Canine coc cidia 

( i )  Isospora canis Neme seri , 1 9 5 9  

De scription : 

Oocysts broad ly e l lipsoidal to ovoid ( Plate 2 . 2 .  A , B ) . Oocyst wal l  

single- layered , smooth , colourle s s , about 1 . 6  thick . A tiny blob adheres 

to the inside of the oocyst wa l l  at the broad end . Micropyle , pola r  

granule and oocyst re siduum absent . One hundred sporu lated oocysts 

from six dogs measured 3 7 . 4  to 4 5 . 6  ( 40 . 2  ± 0 . 2 )  by 31 . 0  to 3 5 . 8  

( 3 3 . 0  ± 0 . 1 ) wi th length-width ratios o f  1 . 1 4 to 1 . 4 / ( 1 . 2 2 ± 0 . 01 ) . 

Sporocysts e l l ipsoidal wi th smooth , colourless walls . Stieda body 

absent . Granu lar re siduum , ofte n  containing one or more larg 2 waxy 

globules , present . Fi fty sporocysts measured 1 9 . 5  to 2 4 . 4  ( 2 2 . 8  ± 0 . 2 ) 

by 16 . 3  to 19 . 5  ( 1 7 . 1  ± O .l )  with length -width ratios o f  1 . 17 to 1 . 5 0 

( 1 . 3 4 ± 0 . 01 ) . 

Remarks : 

The oocysts described above are indistingu ishable from those desc ribed by 

Levin and Ivens ( 1 965 ) although they are s l ightly larger . I .  can i s  

is a lso very s imi lar t o  I .  fel i s  of the cat . However ,.  the oocysts o f  

the former species dif fers from those of the latter by the i r  significantly 

greater mean widths and shorter mean lengths ( Tab le 2 . 4 ) . 

( i i )  Isospora ohi oensi s Dubey 1 1 97 5  

De s-cription : 

Oocys.ts broadly ovoi d to spherical (.Plate 2 .  2 .  C ,  D )  . Oocyst wal l  smooth 

colourles s , about 0 . 8  thick , composed of a s ingle laye r . Micropyle , 

polar granule and oocyst res iduum absent . One hundred oocysts from s ix 

dogs measured 2 1 . 0  to 2 7 . 7  ( 2 4 . 9  ± 0 . 2 ) by 18 . 0  to 24 . 4  ( 21 . 5  ± 0 . 2 ) 

with length-width ratios of 1 . 0  to 1 . 33 ( 1 . 16 ± 0 . 0 1 ) . 

Sporocysts e l l ipsoidal with smooth colour l e s s  wall s . S tieda body abs ent . 

Granular sporocyst res iduum pre sent . Fi fty sporocysts mea sured 1 3 . 0  to 

l 6 . 3  ( 15 . 7  ± 0 . 1 )  by 9 . 8 to 1� . 4  ( 10 . 8  ± 0 . 1. )  with length-width ratios 

of 1 :1 4  to 1 . 67 ( 1 . 4 7  ± 0 . 0 2 ) . 
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Plate 2 . 2  Photomicrographs of the va l id cocc idia recove red 
from the faeces o f  natura lly in fected dogs ( x 3 0 0 0 ) . 

A .  and B .  Unsporulated and sporu lated oocys t.s o f  
I .  cani s .  C .  and D .  Unsporulated and sporuJ.ated 
oocysts of I .  ohi oensi s . E .  and F .  Unsp01�ulated 
and sporu l ated oocysts of H .  heydorni . G .  Free 
sporocyst of Sarcocys t i s  sp . 
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The se oocysts are indi stingu i shabl e  from those described a s  .r .  ohi oen s i s  

from the dog ( Dubey , 1 9 7 5 ) . .r .  ohioensis i s  also very s imilar to 

.r .  r;i_ vol ta from the cat . I .  ri vo} ta , however ,  has s ta t i stica l ly 

s igni ficant greater mean oocyst and sporocys t width s than I .  ohi oensi s  

( Tables 2 . 4  and 2 . 5 ) . 

(i i i )  Hammondi a he ydorn.i { 'radros and Laarman , 1 9 7 6 )  Dubey , 1 9 7 7  

Description : 

Oocyst sperical to subspherical ( Plate 2 . 2 .  E , F ) . Oocy s t  wa l l  smooth , 

colourle s s , about 0·. 4 th ick 1 c omposed of a single laye r .  r<licropy le , 

polar granule and occyst re siduum absent . One hundred oocysts from 

four dogs measured 9 . 8  to 1 3 . 0  ( 1 1 . 6  ± 0 . 1 ) by 9 . 8  to 1 1 . 4  ( 10 . 2  ± 0 . 1 } 

with length-width ratios o f  1 . 0  to 1 . 3 3 ( 1 . 14 ± 0 . 0 1 ) . 

Sporocysts broadly e l l ipsoi da l wi th smooth colourle s s  wa l l s . Sti eda 

body absent . Scat tered sporocys t re s iduum present . Fi fty sporocysts 

mea sured 6 . 5  to 8 . 2  ( 7 . 9  ± 0 . 1 ) by 4 . 9  to 6 . 5  ( 6 . 3  ± 0 . 1 ) w i th 

length-width ratios of 1 . 0  to 1 . 67 ( 1 . 2 9 ± 0 . 0 2 ) . 

Remn.rks : 

Except for ve ry minor d if fe rence s  i n  s ize 1 t.he ooc ys t s  described above 

ar� identical to those de scr ibed by Heydorn ( 19 7 3 ) . H .  heydorni i s  

also a lmos t  identical t o  the fe l i ne cocc idian T .  gond.i i . The latter 

speci e s , however has a satistica lly sign i f i cant greater mean oocyst 

length than H .  heydorni ( Tahle 2 . 4 } . 

( Iv}  Sarcocystis sp . 

Description : 

Free sporocysts , e l l ipsoidal i n  shape ( Plate 2 . 2G ) . Sporocyst wal l  

smooth , colou rless , withou t s tieda body . Sporocy s t  residuum pre sent 

e i ther a s  compact mas s  a t  one end or as scatte re d  g ranules . One 

hundred sporocys ts from 18 dogs measured 1 4 . 7  to 18 . 0  ( 16 . 2  ± 0 . 1 ) 

by 8 . 2  to 1 1 . 4  ( 10 . 3  ± 0 . 1 ) w i th length-width ratios of 1 . 2 9 t o  1 . 84 

( 1 . 59 ± 0 . 0 1 } . 
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�erna,rks : 

The above sporocysts have statistically sign i f icant greater mea n  lengths 

and widths tha n  those recovered from cat faeces ( Table 2 . 5 )  and mos t  

nearly approximate t o  the dimensions of those of S .  cruzi . As in cats , 

hmvever ,  it is _l ikely that these sporocysts represent those o f  several 

spe cies of Sa rcocysti s ( see section 2 . 4 ) . 

( c )  Pseudoparasitic coccidia o f  cats and dogs 

( i )  Kl ossia sp? 

Description : 

Oocysts spherical to subspherical ( P late 2 . 3A) . Oocyst wa l l  smooth , 

colourles s , about 1 . 6  th i ck . Micropyl� polar granule and oocys t  

residuum absent . Two oocysts measured 3 7 . 4  t o  4 0 . 7  b y  3 4 . 0 .  One oocy st 

appeared to contain 8 sporocysts and the othe r 1 2 , al though they wer e  

di fficult t o  count . 

Sporocysts smooth-wal l ed , spherical to subspherical in shape . 'fwo 

sporocysts measured 1 4 . 7  and 1 3 . 0  i n  diameter and contained 4 

sporozoi tes and a c.oarse residuum . St ieda body absent . 

Remarks : 

Found i n  one ( 0 .  2 % )  o f  cats examine d .  'rhese cocc idia are tentative ly 

identified as members of the genus Kl ossi a ( Sporozoa : Ade leidae ) on 

the basis of the apparently variable number and tetra zoic nature of 

the i r  sporocys ts . Members of thi s  genus are parasites of i nve rtebrates ,  

including land snai l s  of the genus Hel i x .  They have also occas ional ly 

been recovered from the faeces o f  rodents ( Levine et a l . ,  1 9 5 5 ; Mul l ins 

and Colley , 1 9 7 2 ) , and more recently , foxe s ( Goleman sky , 1 9 7 5 b ) . Like 

the present record the se latter findings are considered to be spu r ious 

infection s .  

( i i )  Eimeria (perforans ?) 

Descrip tion : 

Oocysts e l l ipsoidal with smooth wa lls ( P la te 2 . 3B ) . Mic ropyle and polar 

granu le absent . Oocyst re sid uum pre sent . 'l'en oocysts measured 2 2 . 8  

to 29 . 3  ( 25 . 7  ± 0 . 7 )  by 1 4 . 7  to 1 9 . 5  ( 16 . 6  ± 0 . 5 ) wi th length-width 

ratios o f  1 . 42 to 1 . 70 ( 1 . 5 5 ± 0 . 0 3 ) . 
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Sporocysts e l l ipsoida l . S tieda body and fine granular residuum pres en t . 

Six sporocysts measured 1 3 . 04 to 16 . 3  ( 14 . 1  ± 0 . 5 ) by 6 . 5  to 8 . 2  

( 7 . 1  ± 0 . 3 )  with length�wid th ratios of 1 . 8 to 2 . 3  ( 2 . 0  ± 0 . 1 ) . 

Remarks : 

Found in one ( 0 . 2 % )  o f  cats examine d . Apart from minor d i fferences in 

the size of the sporocysts thi s  coccidian closely resembles E .  perforans 

which has been found to be very common in New Ze aland rabbit� ( Bu l l , 

1 9 5 3 ) . The above oocysts were fed to a 1 2  week-old coc c idia- free 

k i tten . Daily faecal examination for 2 4  days , hoNeve� fai led to detect 

any oocyst excre tion . 

( i i i )  Isospora (l.aca zei ? )  

Description : 

Oocysts spher ical to subsphe r ical ( Plate 2 . 3C ) . Oocys t wa ll smooth , 

thi ck without micropyle . Re s iduum absent , polar granules frequently 

present . Five oocysts measured 2 1 . 0  to 2 7 . 7  ( 2 5 . 0  ± 1 . 1 . )  by 2 1 . 0  to 

2 6 . 0  ( 24 . 0  ± 0 . 8 )  with l e ngth-width ratios of 1 . 0  to 1 . 0 7 ( 1 . 04 ± 0 . 02 ) . 

Sporocysts lemon-shaped wi th button - l ike stieda body and finely granul ar 

residuum . Residuum and sporo zoites enc losed in a membrane . Five 

sporocysts measured 16 . 3  to 1 9 . 5  ( 1 7 . 9  ± 0 . 7 )  by 9 . 8  to 1 1 . 4  ( 10 . 8  ± 0 . 4 ) 

with length-width ratios of 1 . 58 to 1 . 71 ( 1 . 67 ± 0 . 0 2 ) . 

Remarks :  

Found i n  one ( 0 . 2 % )  of cats and ten ( 2 . 1% )  of dogs examined . The se 

oocysts very cosely re semb l e  those of I .  l a ca zei f rom the house sparrow 

(Pa sser domesticu s ) . I t  i s  l ikely that the observed ' infection s ' 

re sulted from the ingesti on of food contaminated with sparrow dropp ings . 

( iv )  Eimeria spp 

Infe ctions o f  mixed Eimeria spec ie s , often in a sporulate d  s tate , were 

found in 47 ( 9 . 8 % )  of dogs e xamined ( Plate 2 . 3D , E ) . I n fections wer e  

more common i n  country d o g s  ( 2 3 . 7 % infecte d )  than town dogs ( 4 . 1% 

infecte d ) .  The s e  oocysts were identi f ied a s  sheep cocc idia with a lmos t  

a l l  the spec ies reported to occur i n  New Zealand (McKenna , 1 97 2 )  be ing 

recovered at one time or another . They were probably a cquired by 
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Plate 2 . 3  Photomicrographs of the sporulated oocysts of 
pseudoparas itic cocc idia recovered from the faeces of 
naturally infected cats and dogs ( x 3000 ) . 

A .  Kl ossia sp ? ( cat) . B .  Eimer.i a (perforans ? )  ( c a t ) . 
C .  Isospora (lacazei ? )  (cat and dog ) . 
D and E .  Mixed Eimeria sp . ( dog ) . 
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TA,BLE 2 ,  4 RESULTS OF TWO- LEVEL NESTED l'd\!1\LYSES OF VARil-iNCE TO 
DE'I'ERJ'1INE THE S IGNIF ICANCE OF THE D IFFERENCES I N  
OOCYST DIMENS I ONS BETWEEN S IM I LAR DOG AND CAT COCCIDIA 

Species Mea su rement Sou rce of Variation d f  ss MS F 

{/) 
·.-I 
d Between spe c i e s  1 78 . 7 0 78 . 7 0 5 . 5 2 *  
Q.l 

44 Within species 12  1 71 . 2 0 14 . 2 7 4 . 39 * * *  
H 

Length 
Error 186 60ti . 48 3 . 2 5 

........_ Total 1 9 9  8 54 . 3 8 
Cll 

·.-I 
species 1 67 . 1 7 67 . 17 5 . 6 5 *  !=! Between m u Within spe c i e s  1 2  1 4 2 . 73  1 1 . 8 9 8 . 0 3 * * *  

� ; I  \vidth 
1 8 6  2 7 5 . 59 1 . 48 Error 

Total 1 9 9  4 8 5 . 4 9 
----------------· 

Between spec ies 1 0 . 43 0 . 43 0 . 2 2 n s  

Length 
With in spec i e s  6 11 . 8 8 l .  9 8  1 . 14 n s  

m Error 1 9 2  3 32 . 2 5 l .  7 3  
-W "'-... rl Total 1 9 9  344 . 6 5 0 

{/) :> - -- -----
·.-I 

-�1 (f) Between spec i e s  1 82 . 9 5 8 2 . 9 5 8 . 05 *  � Q.l Hi Wi thin spec i e s  6 61. 8 8  10 . 3 1 5 . 89 * * * 
0 Wi dth ·.-I Error 1 9 2  335 . 5 7 l .  7 5  .c: 
0 Total 199 4 80 . 4 0 

H ----

Between spec i e s  1 18 . 19 1 8 . 19 25 . 2 6 :1;  .... 
·.-I Within species 6 4 . 30 0 . 72 0 . 8 5 n s  
·.-I Length 'd Error 1 9 2  1 6 :: .  16  0 . 8 5 !=! 0 Total 199 18:i . G5 

� ----·-·-· . -----

......... 
·.-I !=! Betwee n  spe c i e s  1 1 . 9 1  l .  9 1  0 . 7 8 n s  
H 
0 Within spe c i e s  6 14 . 7 3 2 . 46 4 . 45 * * *  'd Wi dth :>< Error 1 9 2  106 . 16 0 . 5 5 Q.l ..r.: Tota l 1 9 9  1 2 2 . 80 
:r: 

· -- · · - --· 

F . 05 ( 1 , 1 2 )  4 . 7 5 F . 00 1  ( 1 2 ,  <?--:> ) 2 . 74 F . 05 ( 6 , 2 0 0 )  2 . 14 

F . 05 ( 1 , 6)  5 . 99 F . 00 1  ( 6 , oC> ) 4 . 04 F . 0 1 ( 1 1 6 )  1 3 . 74 
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TABLE 2 . 5  RESULTS OF TvlO-LEVEL NESTED ANALYSES OF 
VARIANCE TO DETERMINE THE SIGNIFICANCE 
OF DIFFERENCES IN S POROCYST D IMENSIONS 
BE��EEN S IMILAR DOG AND CAT COCCIDIA 

Specie s Measurement Source of df ss HS F' 
Va riation 

Between spe c i e s  1 
UJ 

5 . 3 0 5 . 30 0 . 62 n s  
.,.; 

Length 
vJithin spec i e s  4 3 4 . 3 4 8 . 5 9 4 . 7 5 * *  .--1 

(J) Error 9 4  169 . 9 9 1 . 81 
lH 

Total 9 9  2 0 9 . 6 3 
H -....._ 

spe c i e s  1 8 5 . 7 4  8 5 . 7 4 U) Between 4 9 . 2 8 * *  
.,.; 
� 

Width 
'vi thin spe c ie s  4 6 . 97 1 .  7 4  1 .  85 n s  

rU 
u Error 94 88 . 45 0 . 9 4 

Total 99 181 . 16 
H '  

Between spec ies 1 1 5 . 8 7 1 5 . 8 7 9 . 02 n s  

Length 
Within spec i e s  3 5 . 28 1 .  7 6  1 . 6 2 ns 
Error 9 5  98 . 36 1 . 04 ""- ·  UJ Total 99 1 19 . 5 1 

.,.; 
:n rU 
� .jJ 
(J) .--1 

species 1 1 3 0 . 1 9 ] 3 0 . 19 67 . 11* * 0 0 Be tween 
.,.; :> ..c: .,.; Wi thin spec i e s  3 5 . 8 1 1 .  9 4  2 . 4 9 n s  

� I �� '�i dth 
Error 9 5  7 3 . 89 0 . 7 8 

H 1 H Tota l 99 2 0 9 . 8 9 

.,.; I .,.; Between spec i e s  l 0 . 0 3 0 . 0 3 0 . 04 n s  
'D 
� Wi thin species 2 1 . 5  0 . 7 5 1 . 6 3 n s  
0 Length t:r> Error 96 44 . 46 0 . 46 
E-< Total 99 45 . 99 -....._ 
.,.; 
� ).; 
0 Between spe c ies 1 1 . 3 1 . 3  6 . 19 n s  'D 
(J) Width 

Within spe c i e s  2 0 . 42 0 . 2 1 0 . 45 n s  
..c: Error 9 6  4 5 . 3 3 0 . 4 7 

:r: Total 9 9  4 7 . 05 

-....._ 
tJ> .j.J  Between spec ies 1 4 2 1 . 7 2  4 2 1 . 7 2 5 9 3 . 9 7 * * *  o m 
'D () Within species 3 1  2 2 . 09 0 . 7 1 1 .  9 2 *-�' 

Length 
Error 1 6 7  6 2 . 62 0 . 37 

P< P<  Total 199 506 . 4 3 UJ UJ 

UJ Ul 
.,.; .,.; .jJ .jJ Between species l 178 . 7 6 1 7 8 . 76 2 12 . 8 1 * * *  
UJ Ul 

Width 
Within spec ies 3 1  2 6 . 1 0  0 . 84 2 . 05 * *  

u u 
0 0 Error 1 6 7  69 . 2 8 0 . 41 
() u ).; ).; Total 1 9 9  2 74 . 14 rU rd U) U) 

F . 05 ( 1 , 4 ) 7 .  7 l  F . O l ( 4 , 1 0 0 ) 3 . 5 1 F . O l ( l , 4 )  2 1 . 2 0 F . 05 ( 4 , 10 0 )  - - 2 . 46 

F . 0 5  ( 1 , 3 )  1 0 . 1 3 F . 05 ( 3 , 1 0 0 )  = 2 . 7 0 F . Ol (l ' 3 )  3 4 . 1 2  F . OS ( l ,  2 )  = 1 8 . 5 1 

F . 05 ( 2 , 10 0 )  = 3 . 09 F . OOl ( 1 , 30 )  =13 . 2 9  F . O l ( 30 , 15 0 ) = 1 . 83 



c oprophagy . Support for thi s  contention was provided by the 

frequent concurrent presenc e  of eggs of the trichos trongli d  

nematode Nema todi rus and the c e s tode M oni ezia . 

2 . 3 . 2  Prevalence : 

a )  General preva lence 

Exam ination of 508 fe l ine and 481 canine faec al s amp l e s  revealed 

that 1 5 5  ( 3 0 . 5 % )  and 3 0 7  ( 6 3 . 8 % )  respec tive ly , contained va l id 

coccidial spec ies . Data relating to the preva lence of each o f  

these coc idia a r e  presented in Tab le 2 . 6  whi l e  i nformation 

c oncerning the number and c omposition of cocc idian in fections 

identi f ied in individual faecal samples are re corded i n  Tab l e s  

2 .  7 a n d  2 .  8 .  I n  both hos·ts the ma j ority of in fected s amples 

contained only a s ingle cocci dian with .I .  fel i s  in cats and 

Sarcocys t i s  sp . in dogs being the most commonly encountered . 

b )  Age preva lence 

( i )  Cats : 

64 

There was a tendency for all species to show a decreasing 

prevalence with increasing host age a lthough some d i fferences 

be b.,een spec ies were apparen t .  ('l'able 2 .  9) Toxopl a sma 

infections were not found in any cat ove r  6 months o f  age 

whi le Sp. rcoc ys t i s  sp . tended to be mos t  conunon in the > 3 

months to 1 2  months age groups . A sharp decl ine i n  the 

occurrence of the l atter spec i e s  in anima ls > 2 years o f  

age was observed . Wi th the exception of I .  ri vol ta a l l  

coc c idia were s ig n i ficantly more common i n  ' k i ttens ' than 

in ' adults ' ( Tabl e  2 . 1 0 ) . 

( i i )  Dogs : 

As in cats there wa s a gener a l  tendency for the prevalence 

of cocc idial infections in dogs t.o decrease with age 

( Table 2 . 1 1 ) . Al l cocc idians were more c ommon in ' puppie s '  

than ' adult s ' but: only for I .  canis and I .  ohi oensi s , 

however ,  were these dif ference s statistica l ly s ignificant . 



TABLE 2 . 6  

Hos t  No . 

Cat 

Dog 

PREVALENCE OF COCC IDIA I � CANINE AND 
FELINE FAECAL SA,r-l?LES 

Examined Spe c i e s  No . infe cted 

5 0 8  I .  fe l i s  89 
--

I .  rivolta 11 

T .  gondi i  5 

Sarcocystis sp 86 

I .  can i s  1 9  

481 I .  ohioensis 44 

H .  heydorni 1 3  

Sarcocy s t i s  sp . 2 8 3  

% Infe cted 

17 . 5  

2 . 2  

0 . 98 

1 6 . 9  

4 . 0  

9 . 2  

2 . 7  

5 8 . 8  

0' IJ1 



TABLE 2 .  7 

No . of species No . of samp le s  
pre sent 

0 3 5 3  

1 1 2 1  

2 3 2  

3 2 

4 0 

NUMBER AND COMPOS ITION OF COCCIDIAL INFECTIONS 

OCCURRING IN 508 INDIVIDUAL FELINE FAECAL SAMPLES 

% of total +ve 
samp le s  

78 . 1  

2 0 . 6  

1 . 3  

Species composition 

I .  fe l i s  

Sarcocystis sp . 

I .  riva l t:a 
--

�e l i s  + Sarcocysti s sp . 

I .  

I .  

fe l i s  + I .  rivolta 

fe l i s  + T .  gondi i 

I .  rivolta + Sarcocystis sp . 

T .  gondii + Sarcocystis sp . 

I .  fe l i s  + I .  rivolta + 
Sa rcocvs tis_ sp 

No . 

5 9  

5 9  

3 

2 1  

4 

3 

2 

2 

2 

% 

48 . 8  

48 . 8  

2 . 4  

6 5 . 6  

12 . 5  

9 . 4  

6 . 2  

6 . 2  

l O O  

0) 

0) 



TABLE 2 . 8  

No . of spe c i e s  No . o f  samp l e s  

p re sent 

0 1 7 4  

1 268 

2 2 6  

3 13 

4 0 

NUMBER AND COMPOS I TI ON OF COCCIDIAL INFECTIONS 

OCCURRING IN 4 8 1  INDIVIDUAL CANI NE FAECAL Sfu�PLES 

% of total +ve 

samp l e s  

87 . 3  

8 . 5  

4 . 2  

Spe c i e s  composi tion 

Sarc ocy s t i s  sp . 

I .  ohioe n s i s  
-

H .  heydorni 

I .  can i s  
--

Sarcocys t i s  sp . + I . ohioen s i s  

Sarcoc y s t i s  sp . + H .  heydorni 

I .  can i s  + I .  ohi oens i s  

Sarcoc ys t i s  s p  + I .  can i s  

Sarcocys t i s  sp + I .  c an i s  + 

I .  ohioe n s i s  

Sarcocy s t i s  sp . + I .  oh ioen s i s  + 

H .  heydorni 

No . 

248 

14 

4 

2 

13 

7 

4 

2 

l l  

2 

% 

9 2 . 5  

5 . 2  

1 . 5  

0 . 8  

5 0 . 0  

2 6 . 9  

1 5 . 4  

7 . 7  

8 4 . 6  

15 . 4  

0"'1 
-..J 
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{Jarc:oc y s tJ.. s i nfect ions appeared to be less in fluenced by 

host age in dogs than c ats ; in fection wi t.h this c oc c idian 

in dogs tended to be most common in the > 2 month s to 2 years 

age groups with preva lence decl ining less sharply i n  animal s  

beyond this age i n  dogs than in cats . 

c )  Sex prevalence 

No significant di ffe rences in the prevalence o f  any cocc idian 

species between male and female c a t s  ( Table 2 . 1 3 )  or mal e  and 

femal e  dogs ( Table 2 . 1 4 )  were found . 

d )  Town and country prevalence 

( i )  Cats 

Data re lating to the preva lence o f  coccidia spe c i e s  in 

town and coun try cats are presented in Tab le 2 . 1 5 .  I .  fel i s  

and I .  ri val ta were more c ommon i n  country cats than to·,.,,n 

cats while 'J' . gond} i and Sa rcocystis sp. were more common 

in town cats than country c at s . With the exception of 

I .  fel i s  , hmvever ,  no statis tically signi ficant d i f fe rences 

coul d  be demon s trated . The popu la tion o f  country cat.s 

examined was sma l l  and conta ined a greater proportion of 

' k i ttens ' ( 68 % )  than did the town cat population ( 3 2 . 8 % ) . 

I t  was suspecte d , therefore , that the apparently s ign i f icantly 

higher preva lence of I .  fel i s  infect ion in country cats may 

merely have been a resul t  of thi s .  The s ign i ficantly 

higher prevalence of this species in country ' ki ttens ' than 

town ' ki ttens ' ( Table 2 . 1 6 ) , however , sugg e s te d  this was 

not the case . 

( i i )  Dogs : 

I .  ca n J.. s and I .  ohi oensi s were more c ommon i n  town dogs than 

country dogs whi le H .  he ydorni and Sarcoc y s t i s  sp . were more 

common in country dogs than town dogs ( Table 2 . -1 7 ) . With 

the · exc eption of I .  can i s  the se diffe rences were not 

st.ati s tica l ly s ignifican t . A compar i s on betwee n  the 

preva lence of th is spe c i e s  in town ' puppi e s ' and country 



TABLE 2 . 9  

Age o f  cats 

< 2 rnths 

2 - 3  rnths 

> 3-6 mths 

> 6-12 rnths 

> 12mths-2 yrs 

> 2-5 yrs 

> 5-10 yrs 

>10 yrs 

UrJcnown 

Total 

TABLE 2 . 10 

Age 

PREVALENCE OF COCCIDIA IN CATS ACCORDING TO AGE 

No . No . infected ( \ )  
exai!lined 

I .  fe l i s  I .  riva l  ta T. gondii Sarcocystis 

51  2 3 ( 45 . 1 )  3 ( 5 . 9 )  1 ( 2 . 0 )  10 ( 19 . 6 )  

68 3 1 (45 . 6 )  1 ( 1 . 5 ) 3 ( 4 . 4 )  15 ( 22 . 1 ) 

5 2  1 5 ( 28 . 8 )  3 ( 5 . 8 )  1 ( 1 . 9 )  16 ( 30 . 8 )  

59 7 ( 1 1 .  9) 3 ( 5 . 1 )  19 ( 3 2 . 2 ) 

48 4 ( 8 . 3 ) 1 1 ( 2 2 . 9 ) 

98 5 (6 . 1 ) 1 ( 1 . 0 )  4 ( 4  . 1 ) 

82 3 ( 3 . 7 )  3 ( 3 . 7 ) 

37 3 (8 . 1 )  

1 3  5 

508 89 ( 17 . 5 )  1 1 ( 2 . 2 )  s < o . ga )  8 6  ( 1 6 . 9 )  

PREVALENCE O F  COCCIDIA IN ' KITTEN' ( UP TO 6 MONTHS O F  AGE ) 

AND ' ADULT' (OVER 6 MONTHS OF AGE ) CATS 

No . infected ( % )  
No . 

examined I .  fe l i s  I .  rivo l ta T .  gond i i  Sarcocyst i s  

' Kitten ' 171 69 ( 40 . 4 ) * * *  7 ( 4 . l ) ns 5 ( 2 . 9 ) * *  4 1 ( 24 . 0 ) * *  

' Adul t '  324 20 ( 6 . 2 )  4 ( 1 . 2 ) 40 ( 12 . 3 ) 

Unknown 13 5 

Total 508 89 1 1  5 283 

(Asterisks ind i cate s ign i ficant d i f ferences , ns " not signif icant 1 
read vertica l l y ) . 

6 9  

sp. 

s p .  



TABLE 2 . 1 1 PREVALANCE OF COCCIDIA IN DOGS ACCORDING TO AGE 

Age of Dog s  No . No . infected ( \ )  
exil!llined 

I .  can is I .  ohio<:!nsis H .  he:[dorni Sarcocys tis 

< 2 mths 28 7 ( 2 5 . 0 )  2 1 ( 75 . 0 )  2 ( 7 . 1 ) 1 3 ( 46 . 4 ) 

2-3 mths 38 5 ( 1 3 . 2 ) 8 ( 2 1 . 1 ) 4 ( 10 . 5 )  2 3 ( 60 . 5 ) 

> 3-6 mths 4 1  6 ( 14 . 6 )  7 ( 17 . 1 ) 27 ( 6 5 . 9) 

> 6-12 mths 69 4 ( 5 . 8) 5 ( 7  . 3 )  46 ( 66 . 7) 

>1 2mths-2 yrs 100 66 (66 . 0 )  

> 2-'> yrs 95 1 ( 1 . 1 ) 2 ( 2 . 1 ) 1 ( 1 .  1)  49 ( 5 1.. 6) 
> 5-10 yrs 5 8  1 ( 1 .  7 )  2 8 ( 48 . 3 ) 

>10 yrs 1 1  3 ( 2 ., . 3) 

Unknown 4 1  2 28 

Total 4 8 1  19 (4 . 0 )  44 ( 9 . 2 )  1 3 ( 2 . 7 )  2tl3 ( 5 8 . 8) 

TABLE 2 . 12 PREVALENCE OF COCCIDIA IN ' PUPPY ' ( UP TO SIX �lONTHS OF AGEi 

AND ' ADULT ' (OVER SIX �!ONTHS 01-' AGE) DOGS 

Age No .  
No .  infected ( \ )  

examined 
I .  can is I .  ohioensis H .  heydorni Sa rc_�yst i s 

' Puppy ' 107 18 ( 16 . 8 ) * * *  36 ( 3 3 . 6 ) * * *  6 ( 5 . 6 ) ns 6 3 ( 50 . 9 ) ns 

' Adu l t '  3 3 3  1 ( 0 . 3 ) 6 ( 1 . 8 )  7 ( 2 . 1 ) 192 (5 7 . 7 ) 

Unknown 41 2 ( 4 . 9 ) 28 

Total 48 1 19 44 13 283 

(Asterisks indicate significant dif ferences , 
ns =. not signi ficant, read vertical ly) . 

70 
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TABLE 2 . 1 3 

Sex 

Ma l e  

Fema le 

Unknown 

Tot a l  

Tl.BLE 2 . 14 

Sex 

Male 

Fema le 

Unknown 

Total 

No . 
exami ned 

1 5 2  

1 8 2  

174 

508 

No . 
examined 

2 3 3  

1 78 

7 0  

4 8 1  

PREVALENCE O F  COCCIDIA IN CATS ACCORD I NG TO SEX 

No . in fected ( % )  

I .  fe l i s  I .  r i volta !:_g!='nd i i  Sarcocys t i s  
sp . 

3 1 ( 20 . 4 ) n s 5 ( 3 . 3 ) n s 1 (0 . 7 ) ns 3 5 ( 2 3 . 0 ) ns 

30 ( 16 . 5 ) 6 ( 3 .  3 )  � ( 2 .  2 )  3 8 ( 20 . 9 ) 

28 ( 1 6 . 1 ) 1 3 ( 7 . 5 )  

89 1 1  8 6  

PREVALENCE O F  COCCIDIA IN DOGS ACCORD ING TO SEX 

No . i n fected ( % )  

I .  can i s I .  oh i oens i s  � · heydorni Sa rcoc;ts t i s  
s . 

2 (0 . 9 ) ns 7 ( 3 . 0 ) ns 7 ( 3 . 0 ) ns 1 3 5 ( 5 7 . 9 ) ns 

2 ( 1 . 1 )  10 ( 5 . 6 )  5 ( 2 . 8 )  104 ( 5 8 . 4 )  

1 5  27 1 4 4  

1 9  4 4  13 2 8 3  

( ns � not signif icant , read ve rtically ) .  

7 1  



TABLE 2 . 1 5 PREVALENCE OF COCC I D IA IN TOWN AND COUNTRY CATS 

No . No . i n fected ( \ )  
examined 

I .  fe l i s  I .  r ivol ta T. gondii Sarcocys t i s  
s 

Town 4 6 3  7 5 ( 15 . 5 ) * * *  10 ( 2 . l ) t S ( l . O ) t 82 ( 1 7 . 0 )  

Country 2 5  1 4 ( 56 . 0 )  1 ( 4 . 0 ) 4 ( 16 . 0 )  

Tot a l  5 0 8  8 9  1 1  5 86 

TABLE 2 . 16 PREVALENCE OF COCCIDIA IN ' KITTEN ' (UP '!'() 6 HONTHS OF 1\GE) 
AND ' ADULT ' (OVER 6 �lONTHS OF AGE) 'I'CMN AND CO'JNTRY CATS 

No . No . infected ( \ )  
examined 

n s  

I fe l i s  I .  rivolta T .  gond i i  Sarcocys t i s  
s 

Town 1 5 4  5 5 ( 3 5 . 7 ) * * *  6 ( 3 . 9 ) 7  5 ( 3 . 2 ) t  3 9 ( 2 5 . 3 )  ns 

' Ki ttens ' 

Country 17 14 ( 8 2 . 4 ) 1 ( 5 . 9 ) 2 ( 1 1 . 8) 

Town 3 1 6  20 ( 6 . 3 ) t 4 ( 1 . 3 ) t  t 38 ( 1 2 . 0 )  ns 

' Adu l t s ' 

Country 8 2 ( 2 5 . 0 ) 

Unknown age 1 3  5 

Total 508 89 11 s 136 

(Aste r i sk s  i ndicate s i gn i f icant d i f ference s , ns - not s ignificant , 

t • insu fficient numbers for s ta t i s t ical ana l ys i s .  Read ve rtica l ly ) . 

72 



TABLE 2 . 1 7 PREVALENCE OF COCCIDIA IN TOWN AND COUNTRY DOGS 

No . No . infected ( \ )  
examined 

. I .  can i s  I .  ohioensis �dq_rnj. s_ar�r�yst i �  

Town 3 4 2  1 8 ( 5 . 3 ) *  3 6 ( 10 . 5 ) ns 8 ( 2 . 3 ) ns 1 96 ( 5 7 . 3 ) ns 

Country 

Tota l  

TABLE 2 . 18 

1 3 9  1 ( 0 .  7 )  8 ( 5 . 8 ) 5 ( 3 . 6 )  8 7 ( 62 . 6 )  

4 8 1  1 9  4 4  1 3  2 8 3  

P�JALENCE OF COCCIDIA IN ' PUPPY ' (UP TO 6 MONTHS OF AGE) 

AND ' ADULT ' (OVER 6 �lONTHS OF AGE ) TOVlN AND COUNTRY DOGS 

No .  
No . infected (\) 

examined 
I .  can i s  I .  ohioe n s i s  H .  heydorni Sarcocys t i s  

----- · 
s 

Town 8 9  1 8 ( 20 . 2 ) ns 3 1 ( 3 4 . 8 ) ns 5 ( 5 . 6 ) n s  48 ( 5 3 . 9 ) * 

' Puppie s ' 

Country 18 5 (6 2 . 5 ) 1 ( 5 . 6 ) 1 5 ( 83 . 3 ) 

Town 2 2 4  - t 4 ( 1 . 8 )  n s  3 ( 1 .  3 )  n s  1 3 0 ( 58 . 0 )  ns 

' Adu l t s ' 

Country 109 1 ( 0 . 9 ) 2 ( 1 . 8 )  4 ( 3 .  7 )  62 ( 56 . 9 )  

Unknown 4 1  2 28 

age 

'l'ota l 4 8 1  1 9  4 4  1 3  283 

(Aste r i sks indicate s ign i f icant d i f ference s , ns = not s i gn i fi cant , 

t � i nsufficient numbers · for stat i s tical analys i s . Read vertically ) .  

73 
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1 puppi e s 1 showed no s igni ficant difference between the 

two ( Tabl e  2 . 1 8 ) . This sugge sts , there fore , that the 

d i ffe rence in preva lence of T .  can_i_ s  in town and country 

dogs was attr ibutable to the grea ter proportion of ' puppie s '  

in the former popu lation ( 2 8 . 4 �; )  than the latter ( 14 . 2 % )  . 

Sarcocy s t i s  sp . were f ound to be signi f i cantly mor e common 

in country ' pups ' than town ' pups ' a l th ough signif:Lcant 

d i f ferences were not found bet.ween ' adul t ' dogs from the se 

two popu lations . 

e )  Seasonal prevalence 

Data re lating to the sea sonal preva lence of cocc idia i n  cats 

and dogs are presented in Figure s 2 . 7  and 2 . 8 .  For the purposes 

of this study Spri ng was considered to include the months of 

September , Or::tober , November ;  Sumrr;er : -- December ,  January , 

February ; Autumn : - l-1ar ch , Apr i l , May and Wi r.te r :  -- June , Julj' 

and August . 

( i )  Cats : 

Although a l l  four coc c idians were more common in the Aut�umn­

Winter period than in the Spring- Summer season ( 'l'ab J e  2 . 19 )  

only for two o f  them , I .  fel i s  and Sarcoc y s t i s  s� was there 

a stati s t i c a l ly s igni f icant assoc iation between sea s on and 

preva lenc e . 

Cats examined during Autumn and Winter contained a greater 

proportion of ' ki ttens ' ( 7 2 . 3 % and 5 7 . 5 % )  than did those 

examined during Spring ( 1 2 . 5 % )  and Summe r ( 19 . 5 % ) . I t  was 

suspected , the re fore ,  that the apparently significant 

association between season and prevalence for I .  fel i s  and 

Sarcocys t i s  Sp . may have been due to thi s  fac t . Ac cordingly , 

tests to determine the signi ficance o f  the a s soc i at ion be tween 

sea son and preva lence in both ' kitten ' and ' adu lt ' cats were 

undertake n . Resu l t s  of thE se tests , which are summar i s e d  in 

Tabl e  2 . 20 ,  reve a led a sign i f ice\:r.t association between season 

and prevalence i n  ' k i tten ' and ' ad u l t ' c ats for I .  fel i s  

and i n  ' adul t '  cats for Sarcocys b s  sp. and I .  ri vol ta . 
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( i i )  Dogs : 

In contrast to cats , al l species of cocc i dia , apart from 

Sarcocys t i s  sp . ,  were more com1non in the Spring-Summer 

period than in the Autumn-Winter season ( Tabl e  2 . 2 1 ) . 

However ,  only for I .  ohi oens i s  and Sarcocysti s sp . was a 

statis tica lly s ignificant as sociation between sea son and 

prevalence demonstrated . Te sts undertaken to d etermine the 

signifi cance of the associ a tion between s eason and 

prevalence in ' puppy ' and ' adul t '  dogs revealed a 

sign i f i cant assoc iation for I .  ohi oens i s  i n  ' puppie s '  

only ( Tab le 2 . 2 2 ) . 

f )  Leve l s  of infection : 

Information regard ing the numbers of Sa rcocysti s sp. sporocysts 

found in fae cal samples from 6 9  out of 8 6  infected cats and 2 3 6  

out o f  2 8 3  infected dogs are pre sented i n  f i gure 2 . 9 .  I n  both 

cats and dog s ,  counts in these s amp l e s  were generally low with 

the ma j or i ty conta ining 200 sporocysts/g of faeces or l e s s . 

However ,  sporocyst numbers tended to be gre ater i n  sample s  f r om 

dogs tha n cats . In dogs the h ighest count recorded was 1 4 4 , 600/ 

g with a mean of 2 , 2 70/g and in cats 11 , 000/g w i th a mean of 

5 9 7/g . 

With the exception of I .  fel i s  i n  which fae c a l  samples from 

4 3  out of 8 6  i nfected cats had a mean count of 17 , 3 7 9  oocysts/g , 

insuffic ient mater ia l \vas ava i lable to enable any worthwh i l e  

in formation concerning oocysts counts of the othe r spe c i e s  to 

be obtained . 

2 . 4  D ISCUSSION 

For many years i t  wa s erroneously a ssumed , primarily on the 

morphology of the oocysts that cats and dogs shared the same spe c i e s  

of cocc idia ( see section 1 . 2 . 2 ) . Although th is assumption has s ince 

been d isproved by care fu l  cross-transmi ssion experiments , the view 
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Fig . 2 . 7  Seasonal prevalence of cocc idia i n  cats . 
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TABLE 2 . 1 9 SEASONAL PREVALENCE OF COCCIDIA I N  CATS 

Season No . 
No . infected ( % )  

Examined 
I .  felis I .  rivolta T. _�_l)_d i i  

Spring + 

Summer 3 2 8  2 7 ( 8 . 2 ) " * * 3 ( 0 . 9 ) ns 2 (0 . 6 ) ns 

Autumn + 180 6 2 ( 3 4 . 4 ) 8 ( 4 . 4 ) 3 ( 1 .  7 )  
Winter 

Total 508 89 1 1  5 

Sarcocys t i s  sp -

4 4 ( 1 3 . 4 ) * * 

4 2 ( 23 . 3 ) 

86 

Tabl e  2 . 20 SEASONAL PREVALENCE OF COCCIDIA IN ' KITTEN ' (UP TO S I X  MONTHS 
OF AGE) AND ' ADULT" (OVER S I X  MONTHS OF AGE) CATS 

Season No . 
Exami ned 

I .  f e l i s  

Spring + • • •  

Summer 57 1 7 ( 29 . 8 )  

Autumn + 

Wi nter 1 14 5 2 ( 4 5 . 6 ) 

Spring + * * *  

SUimle r 264 1 0 ( 3 . 8 )  

Autumn + 

Winter 60 1 0 ( 16 . 7 )  

No . infected 

I .  rivo l ta 'f . _gond i i  

2 ( 3 . 5 ) ns 2 ( 3 . 5 ) ns 

5 ( 4 . 5 ) 3 ( 2 . 6 )  

* 
1 ( 0 . 4 )  - t 

3 ( 5 . 0 )  

( % )  

Sarc<:>cys t i s  sp. 

1 4 ( 2 4 . 6 ) ns 

2 7 ( 2 3 . 7 ) 

* * *  
28 ( 10 . 6 )  

1 2 ( 20 . 0 )  

Unknown Age 1 3  5 

TOTAL 508 89 1 1  5 86 

(Asterisks indicate s igni f icant assoc i a t ion between prevalence and sea son , 

ns • no s igni f icant a s s oc i a t i on , 

t c insu f f ic i ent numbers for statistical analys i s } . 
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TABLE 2 . 2 1  

Season 

Spring + 
Su11111er 

Autumn + 
Winter 

Total 

TABLE 2 . 22 

Season 

SEASONAL PREVALENCE OF COCCIDIA IN DOGS 

No. 
examined 

300 

181 

481 

No . infected ( % )  

!·  cani s I .  ohioen � i s H .  heydorni Sarcocys t i s  sp. 

l 6 ( 5 . 3 ) ns 39 ( 1 3 . 0 ) * *  

3 ( 1 . 7 )  5 ( 2 . 8 )  

19 44 

10 ( 3 . 3 ) ns 

3 ( 1 . 7 )  

1 3  

1 7 1 ( 5 7 . 0 ) * 

1 1 2  ( 6 1 .  9 )  

2 8 3  

S EASONAL PRc.\/ALENCE OF COCC IDIA I N  ' PUPPY ' (UP TO SIX MONTHS 
OF AGE) AND ' ADU LT '  ( OVER SIX MONTHS OF AGE) DOGS 

No .  No. infected ( % )  
e:tamined 

I .  can i s  I .  ohioensi s H .  hevdor n i  Sarcocystis sp. 

Spring + 
Summer 78 15 ( 19 . 2 ) ns 34 ( 4 3 . 6 ) * " *  4 ( 5 . l ) ns 48 ( 6 1 . 5 ) ns 

Autumn + 

Winter 2 9  3 ( 10 . 3 ) 2 (6 . 9 ) 2 (6 . 9 )  1 5 ( 5 3 . 6 )  
-- ----

Spring + -
Ill Swrrner 215 
4-) 

l (O . S ) ns 5 ( 2 . 3 ) ns 6 ( 2 . 8) ns 1 18 ( 54 . 9 ) ns 
.... 

Autumn + :1 
"' Winter 1 18 1 ( 0 . 8 )  1 (0 . 8 )  7 4 ( 62 . 7 )  ort 

Unknown age 4 1  2 2 8  

Total 481 19 44 1 3  2 8 3  

(Asterisks indicate signif icant association between preva lence and 
season 
ns c no s ignificant association ) . 

7 9  
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tha,t many species o f  canine and fe l ine coccidia are morpho logic a l ly 

ind i s tingui shable has rema i ned l a rgely unchal lenged . In the pre sent 

study , each of the four val id coc c i di ans recorded in cats was found 

to be ma tched by a corre spondingly similar coccidian in dogs and 

the opportunity was taken , there fore , to see if thes e  c oc c idians 

cou ld be d i fferentiated by s tatis tical mean s . In a l l  c a s e s  

stati stica l ly s igni ficant d i ffe re n ce s  were found betwee n  the 

dime n s ior,s of e i ther the oocy sts and/or the sporocysts of 

cocc idians infecting the cat and those infecting the dog . 

The morpho logica l characte r i s ti c s  of these organ i sms were s imilar 

to those de scribed previou sly and mos t  were read i ly iden t ified . 

The ident i ty of the Sarcoc ystis species reoovered , however ,  i s  

uncertain al though at J.e a s t  some from cats were demon stra ted to 

be S .  mu ris ( see Chapter 3) · . Apart from this spe c i e s  \olh i ch i n fe c ts 

the mouse , at l e a s t  s i x  other species of SDrcocys t i s  h ave been 

shown to be transmitted by cats and seven by dogs ( Tab l e s  1 . 3  and 

1 . 4 ) . The sporocysts o f  ma ny o f  the se spe c i e s  over lap i n  s i z e  

and a lthough the prec ise species o f  Sa rcocys t i s  involved have not 

been identi fied , intermediate hosts for ten of them ( sheep , cattl e , 

pigs , hor ses , rats , rabbits ) have been found to be infe cted i n  New 

Zea land ( Collins , pers . comm . ) . In addition , goats and red deer 

have also been found to be in fec ted with Sarcocys ti s in th i s  country 

(Co l l ins , pers . comm . ) and whi l e  these sarcocysts have not , as ye t ,  

been proved to be transmi tted by cats or dogs , i t  i s  probable that 

they are . In New Zeal and the feeding of unfrozen or uncooked sheep 

and goat meat to dogs i s  forb idden . The feedi ng of un treated mea t  

o f  other anima l s , however i s  n o t  and n o  such r e s tr i ctions apply t o  

cats . Thus a lthough the mean d imens ions o f  sporocysts recovered 

from cats mos t  nearly approximate in size to those of S .  porci fel i s  

from pigs and those of dogs t o  S .  cruzi from cattle , i t  i s  l ikely 

that they represent a mixture of several di f ferent spe c ies . 

Surveys of the prevalence o f  canine and fel ine coc c id i a  undertaken 

in d i fferent countries h ave produced d i ffering results . Genera l l y  
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I .  fel i s  and I .  ri vol ta i n  cats and I .  can i s  and .r .  ohi oensi s 

i n  dogs are commonly encountered . Natural infec tions o f  Sarcoc ys t i s ,  

however , have been reported only infrequently and have usua l ly been 

found to have a low prevalence ( Tables 2 . 1  and 2 . 2 ) . In the p re se n t  

s tudy the rela tive ly high prevalence of Sarcocys t i s  sp. i n  cats and 

dogs indicates th at infected intermediate hosts are readi ly avai lable 

and may sugge st that the feeding o f  raw mea t  is more wide ly 

prac ti sed in this country than el sewhere . Both of the rema i ning 

two coc cidia recorded , H .  heydorni from the dog and T. gondi i  from 

the cat , may a l so be transmitted by carnivorism . For the former 

cocc idian th i s  route i s  the sol e means of transmi ss ion ( Heydorn , 1 9 7 3 ; 

Dubey and Fayer , 19 7 6 )  while for the latter i t  is the mos t  e f fi c ient 

( Dubey and FrE:mkel , 1 9 7 2 n ; V\lal lace , 1 9 73b) . Despite the fact that 

the se two spe c ie s  have a similar mode of transm i s s ion to that of 

Sarcoc ystis the i r  prevalences were much lowe r .  Th i s  may be exp l a ined , 

i n  the case o f  H .  heydorni by the fact th at cattle are the on ly 

l ikely source o f  infect ion ( Heydorn , 1 97 3 ;  Dubey. and Fnyer ,  1 9 7 6 ) 

and in the c a se o f  T .  gondii 1 _, by a shorte r per iod of patency and 

a longer and more substantial immunity in the de f i n i t ive hos t  

( Frenkel et a l . ,  1 970 ; Wa l lace , 1 9 7 3b ; Dubey and Frenke l ,  1 9 7 4 ) . 

A lthough i t  i s  widely held that coccidios is is more common in 

puppies and k i ttens than in adu l t  anima ls (Levine , 1 97 3 )  few s tudies 

have provided data to suppor t  this view; Lodal ( 19 7 3 ) fou nd tha t  

8 2 %  o f  coc c id i a  infe cted cats were j uvenile while Knoch e t  a l . ,  

( 1974 ) found young cats more commonly exc reted oocysts than o l d  

cats . A s imi lar tendency for both cats and dogs t o  show a dec r e a s in g  

prevalence o f  coc c idial infe ct ion w i t h  increas i ng a g e  was found 

i n  the present i nvestigation although some d i f ferences be tween 

coccidial species were apparent . In fections o f  Isospora spe c i e s  

were more common i n  ' ki ttens ' and ' puppie s ' than i n  ' adults ' ,  a 

resu l t  which may reflect the importance of the direct faeca l -oral 

route in the transmi s s ion o f  thi s  genus (.Frenkel and Dubey , 1 9 7 2 a )  . 

Similarly , as in the present study , most isolations o f T ,  gondi i 

have also been made from k i ·ttens under 6 months of a ge ( Jani t schke 



and Kuh n , 1 9 7 2 ;  Pampigl ione e t  a l  . , 1 9 7 3 ; vJa l l ac e , 1 9 7  3b ; Dubey 

l 9 7 7 a )  although occas ionally they have beer1 recovered from older 

c ats as we l l  ( Werner and Walt.on , 1 9 7 2 ; Wal lace , 1 9 7 3 b )  . The source 

of the pre s ent Toxopl a sma, i n fe ctions is unknown ; the young age of 

i nfected cats , in one case less than two months of age , may sugge st 

that they were acquired by ingest ing oocysts . Howeve r ,  since even 

some of the youngest cats examined must have had a c c e s s  to r aw 

meat , a s  shown by the presence of sarcoc ystan sporocy sts i n  the i r  

faeces ( Tab le 2 . 9 ) , the pos si0ility that they were acquired by 

carnivorism c annot be exc luded . 

Sarcoc y s ti s infections in d e f initive hosts are cha rac teri sed by 
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long periods of sporadic sporocy s t  she6d ing and r e i n fection is ea s i ly 

achieved ( Romme l et a l . , 1 9 7 2 ; Heydorn and Romme l ,  1 9 7 2 a ; Payer , 

1974 ) . In v i ew of the se f indings , whi ch indicate a low leve l o f  

acquired immuni ty ,  the l e s s  apparent dec l i ne in the pre valence of 

Sa rcoc ys ti s i n fection wj_ i:h i ncreasing host age as compared to the 

previously mentioned coccidia is not surpri s ing . In dogs the 

prevalence of Sa rcocys tis infection wa s found to dec l ine l e s s  

rapidly with increasing host age than in cats and the munbers o f  

sporocysts shed t ended to b e  greate r . Both these f indings may 

sugg e s t  that immunity to Sarcoc ysti s infec t ion , such as it is , i s  
stronger i n  cats than dogs ; the latter resul t ,  however , may be 

more s imply explained by d i f ferences in the n umbe r  o f  Sarcocys t i s 

species tran smitted by th e two hosts in New Zealand or , s ince 

schizogony doe s not occur i n  this genus ( Heydorn and Rornme l ,  1 9 7 2b ;  

Fayer , 1 9 7 4 ; Munday e t  a l . ,  1 9 7 5 ) , by the greater volumes o f  mea t  

l ikely t o  b e  consumed by dog s than cats . As with Sarcoc y s t i s  

infection , immunity to H. heydorni in dogs i s  a l so cons i dered to 

be weak . The absence of any s igni f i c ant difference between the 

preva lence of th is coccidian in ' puppie s '  and ' adu lts ' recorded 

here may support thi s  view a lthough the number s  infected were 

too sma l l  to be certa i n . 



Such fac tors a s  sex and e nvironment might a l s o  be e xpected to 

i nfluence the prevalence of cocc idial in fections in c ats and dogs . 

Female s are l ikely to experience a lowered resi stance to i n fe ction 

at times o f  parturi tion and lactation and , as a result o f  c l o s e r  

contact wi th k i tten s  and pupp i e s , may face greater exposure to 

oocysts than male s . Male s ,  on the other hand , by the i r  mor e  

adventurous nature , may have greater opportunity f o r  contact with 

in fected intermed i ate ho sts , a s  may both s e x e s  in rura l environments .  

Data r e l at :lng to the e ffe ct o f  such factor s , however ,  a re few ; 

Knoch e t  a l. , ( 19 7 4 ) found no di ffere nce i n  oocyst excretion between 

male and female cats , whi l e  in formation r ega:r:ding the a s s ociation 

betwee n  e nv ironment and prevale n c e  appears t.o be absent . I n  the 

present s tudy , the sex of the hos t  wa s found to have no s i g n i ficant 

influence on the prevalence of any coc c id i an in e ither cats or dog s 

vrherea s  a c ompari son between town and country ho sts revealed that 

I .  fel i s  was significantly more common in country ' kittens ' than 

in tmvn ' ki tten s ' and that Sa rcoc y s t i s  spe c i e s  were signi ficantly 

more cormnon in country ' puppi e s '  than i n  tovm ' puppi e s '  . In view 

of the fact that samples from only a sma l l number of country ' kit tens ' 

and ' puppies ; were examined , howeve r ,  the s e  find i ngs mus t  be 

i nterpreted with c aution . 

The a s s e s sment of pos sible seasonal e f fects on the prevalence of 

can ine and fel i ne cocc idia i s  comp l icated by the capac ity of these 

spe ci e s  to uti l i s e  i ntermediate hosts as a means of tran smi s s ion . 

Obviously seasonal c l imat ic conditions wilJ. have some e ffect on 

the abi l i ty of oocysts to sporulate and survive . Ti s sue cysts , on 

the other hand , will be l arge ly una f fe c ted by such change s al though 

it seems probabl e  that sma l l  intermed iate and transport hosts wi l l  

b e  more active and avai lable during Spr i ng and Summer than during 

Autumn and Winter .  A seasonal occurrence o f  oocyst excretion i n  

c a t s  was observed b y  Knoch e t  a l . ,  ( 19 7 4 ) wno found mor e  animal s  

i n fected in the Surnmer hal f --year than the in \vinter hal f-year i n  

Germany . Wal lace ( 19 7 3 b )  a l so i solated oocyst s  o f  T .  gondi i more 

frequently from cats during the former period than the latter i n  
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Hawa i i , whi le a s imi lar tendency for cocc i d i a  to be more common 

in dogs in Spring and Su.rnroe r was obs e rved in the c urrent s tudy . 
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I n  con tra sL, a l l  c o c c i d i a  re corded i n  c a t s  in the pre sent i nve s ti g a t ion 

were found to be more preva lent in the Aumumn -winter s e a s on . The 

reasons for the se d i f ferenc e s  are unclear but may part i a l l y  re late 

to d i spar i t i e s  in the s e a sonal occ urrence o f  c a t  b i rths b e tween 

countr i e s  and to s e a sonal di f ferenc e s  j n  the b reed ing o f  c a t s  and 

dogs here . Indeed , cats examined during Autumn and Winter contained 

a greater proportion o f  ' k i ttens ' than did tho se e xamined duri ng 

Spr ing and Summe r .  Te s t s  unde rtaken t o  de termine the s igni f i c ance 

of the a s soci ation between sea son and preva lence , howeve r ,  sugge s t  

that the s ea son a l  fluc tua t ions i n  the occurrence o f  a t  l e a s t  some 

spec i e s  of c oc c id i a  in c a t s  were not entire ly attr ibutable to 

se a sonal var iations in the age - s truc ture of the host popu l a tion 

s ampl e d . 



3 .  THE EXPERIMENTAL INDUCTION OF SA ICOCl'STIS INFECTIONS I N  MICE 

3 . 1 INTRODUCTION 
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Recently it has been e s tabli shed that the l i f e  hi s tori e s  of a number 

of species o f  Sa.rcocys ti s i nvo lve an obl igatory two-host cyc l e  i n  

which the i nges tion o f  typical cysts pre sent i n  the musculature 

of i ntermediate hos ts results i n  the e xcretion o f  cocc idian s tage s 

in the faeces of cats and dogs ( Rornrne l e t  a.I . , 197  2 ;  Heydorn and 

Romme l ,  1 9 7 2 a , b ) . For most spec ies , the se cocc idian s tage s have 

been shown to take 1:he form of free , ful ly- sporula ted i sosporan­

type sporocysts ( Ford , 1 9 7 4 ; Rornrnel e t  al . ,  1 9 7 2 ; Munday and 

Corbou ld , 1 9 7 4 ) . Such sporocysts are not i nfective for the 

definitive host bu t when inge sted by the appropriate inte rme d i a te 

l�st lead to the deve lopment o f  intramuscular cysts once more 

( Fayer , 1 9 7 4 ; Rornme l e t  al . ,  1 9 7 4 ) . 

Whi l s t  such a cyc l ic transmi ssion , i nvolving the c a t  as the de fini tive 

hos t ,  has been described for S .  muri s of the mouse , t he infective 

s tage s in the faeces o f  cats have been variously l i nked to Toxopla sma 

- l ike oocy s ts ( Wal lace , 1 9 7 3a ) , oocy sts o f  Isospora fel i s  ( Powe ll 

and McCarley , 1 9 7 5 )  and to free sporu lated isospora n  sporocysts 

( Ru i z  and Frenkel , 1 9 76 ) , al though the first report has s i nce been 

d isproved ( Wal lace , 1 9 7 5 ) . 

Sarcocysti s i n fec tion in mice has not been reported i n  New Zea land . 

'l'he d iscovery of such an infec-tion would be o f  i ntere s t  s ince i t  

would provide a useful sma l l  a n imal mode l enabl ing the para s i te to 

be s tudied under careful ly control led laboratory condition s . The 

present study was undertaken i n  an a ttempt to exper imenta l ly induce 

Sarcocysti s infe ctions in mice using i so lates of I .  fel i s  and free 

isosporan sporocysts recov ered from the faeces of naturally 

infected cats . 



3 . 2 MATERI�LS AND METHODS 

3 . 2 . 1  Recovery of oocysts and sporocys ts : 

Faeces of natura l ly i n fected cats were broken up in tap water with 

an e lectric beater a nd s tra ined through a s i eve ( ape rture 2 5 0  �m) . 

The f i l trate was centri fuged at 400g for 5 minutes and the 

supe rnatant di scarded . The sediment was re suspended i n  sucrose 

solut ion ( speci f i c  gravi ty l .  2 ) , centri fuged again and the top 

layer conta ining oocysts or sporocy s ts removed .  This procedure 

was repeated twic e . The oocysts and sporocys ts were washed c lean 

or sugar solu tion by repeated suspension and centrifuga t ion in 

tap water and finally suspe nded in e ither 2 . 5 % potass ium dichromate 

or 2% su lphuric ac id . Free sporocysts were then stored a t  4
°

C 

unti l used wh i l e  oocysts o f  I .  fel i s  we re placed in petri di she s 

at 2 2
° 

- 2 6
°

C for sporula tion . Fol lowing sporula tion the se oocysts 
0 

we re also stored a t  4 c .  

3 . 2 . 2  Experimental anima l s  : 

Labora tory mice and rats we re obta ined from the Sma l l  &�imal 

Production Uni t ,  Ma ssey Unive r s i ty . They were fed throughout only 

on pe l leted rations a nd water . S tock mice were e){amined for 

spontaneous Sarcocys t i s  i n fections on numerous occusions be fore , 

dur ing and a fter the exper iment but none were found . 
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Kittens were obta ined from a si ngle l i tter rai sed in i solation with 

the ir mothe r .  The mothe r  cat wa s fed on t i nned fish and milk . After 

weaning two k i ttens were removed , placed in separate cages and fed 

on the same d ie t . Faeces from both k i tten s  were examined periodic a l ly 

for the pre s e nce of cocc idia . Sma l l  numbers of I .  fel i s  were 

recovered from both . However ,  excre tion o f  these oocysts had c e ased 

e nt ir e ly be fore the exper iment started . 



3 . 2 . 3 ,  Infection and examination o f  rats and mice 

Shortly before they were to be used , oocysts and sporocysts were 

washed free o f  storage solution by repea ted suspens ion and 

centr i fugation in tap water . Rats and mice were i n fected ora l ly 

using a syringe f itted with narrow bore viny l  tubying . Ra ts , 

but not mice , wer e  l ightly anae stheti sed wi th chloroform before 

i nfection . Fol lowing s laughter rr�ce a nd rats were skinned a nd 

fresh spreads of diaphragm and abdomina l muscle examined for 

sarcocy st.s . Portions of the re s t  o f  the carcase musculature were 

f ixed in 1 0 %  formal i n  and sections exami ned mic roscopically a fter 
staining with haematoxyl i n  and eosin . I n  addition approx imate ly 

Sg of mus c l e  from mice and 2 0g from rats we re d igested according 
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to the technique de scribed by Seneviratn a  et al . ,  ( 19 7 5 ) . For th is 

purpose 2 . 5  ml of diges tion f luid per l g  o f  finely chopped musc l e  

was used and the samples incubated a t  4 0
°

C for 2 hours . The 

digestion f luid contained 1 . 3 g o f  pepsi n ,  3 .  5ml o :!.: !!Cl and 2 .  5 g  o f  

NaCl in 5 0 0ml of wate r . A f ter dige s tion the material wa s s ieved 

( aperture 2 5 0  pm) , centri fuged a t  l O , OOOg for 10 minutes and the 

sed iment exami ned microscopica l ly for Sarcocys ti s bradyzo i te s . 

3 . 3  EXPERIMENTAL PROCEDURES AND RESULTS 

3 . 3 . 1  Experiments with I .  fel i s ; 

( a )  Ten mice were divided into three groups and placed in separate 

cage s . Three mi ce in groups I and I I  were each infecte d  with 

between 2 , 000 and 4 , 000 sporulated oocysts of two d i f fe rent 

pure i solates o f  I .  fel i s  . Group I I I , o f  four mice , was 

mai ntained as an uninfected control group . Mice were k i lled 

between . 7 9  and 1 26 days after infection and e xamined . No 

sarcocy sts were observed i n  any mouse .  

(b) �velve mice were d iv ided i nto four e qual groups and placed 

i n  separate cage s . Pure oocysts o f  I .  fel i s i solated f rom 

the faeces of 10 natural ly infec .ted cats were pooled . 



Group I mice were infected with approximate ly 2 0 , 000 , group I I  

with S O , OOOg and group I I I  wi th 1 0 0 , 000 o f  these oocysts . 

Group IV was ma in tained a s  an unin fected control . Al l mice 

were kil led 1 7 3  days late r  but no sarcocysts were found . 

3 . 3 . 2  Experiments with free sporocy sts : 

8 9  

( a )  Free i sosporan sporocysts recovered from the faeces of 6 6  

natura lly infec ted cats were pooled i nto l l  groups o f  6 .  Nine 

of the ll pools conta i ned free sporocysts only whi le of the 

remaining two, one contained , in addi t ion to ·these sporocy sts , 

sma l l  numbers of unsporu la ted I .  fe lis and the other 

unsporulated T. gondii and I. rivo lta . Each pool of sporocys ts 

was fed to a group of three mice a nd a l l  groups were ma intained 

i n  separate cage s . 'I'wenty- soven mice , including at least t.wo 

from each group, were k i l led between 108 a nd 1 98 days post 

infect ion . The rema i ning six mice were r e tained for other 

purposes . Eighte e n  o f  the se mice from 9 of the 11 groups wer e  

found to b e  infe c ted with sarcocysts . The s e  sarcocysts , vvhich 

were macroscopically evident as whi t i sh i utramuscular streak s , 

measured up to 1 2nuu long and 1 2 5  to 1 8 7  11m wide . Cysts were 

found i n  all skeleta l  musc l e s and in some mice i t  wa s e s t iinated 

that up to 4 0 %  of the mu scle f ibres were in fected ( Plate 3 . 1 ) . 
However ,  even heavy infections appeared to have little c l inical 

e ffect on mic e .  Mic roscopica l ly the cysts were found to have 

smooth , th i n  wal l s  ( Pla te 3 . 2A )  and were d ivided into 

compartments by septa . Each cyst conta ined thou sands o f  

sausage-shaped bradyzoites with bluntly rounded e nds ( P1ate 

3 . 2B ) . 'I'wenty bradyzoites from fre shly ma c erated cysts measured 

� 3 . 0  to 1 4 . 7  ( 13 . 7  ± 0 . 2 ) by 3 . 3  to 4 . 6 ( 3 . 9  ± 0 . 2 ) 1Jm . Cysts 

observed in all infecte d  mice appeared mac roscopically and 

microscopic a l ly s imila r . 
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}?la te 3 . l  Ventra l a spec t  o f  } abora tory m-:m s e  s.;:;.)cr: i_me:nta l l y  
inf ec ted w i th Sarcocys t i s  muri s for 1 8 4  da y s . Th e 
bradyzo i te -f i l l ed sarcocy s ts are c l early ev i d e n t  a s  

whi t i sh intro ·-·rr,t"t scular strea.ks .  
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Plate 3 . 2  Some l i fe cycle stage s o f  S .  �{.P�S .  

A . : Section o f  mouse ske leta l  m u s c l e  showing bradyzoitc ­
filled sarcocysts (ha ematoxyl i n  and eosi n , x 7 5 0 ) . 

B . : Bradyzo ites from freshly macera ted cysts (unsta i ned , 
x 3 00 0 ) . C . : Free sporoc yst o f  S.  �ris from the faec e s  o f  
an exper imenta l ly infected ki tten ( x  3 0 0 0 )  . 
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(b)  Two heavily Sarcocys tis infected mice , from two of the groups 

which had been infected wi th sporocysts a lone 1 8 4  days 

previously , were skinned and heads , tai l s , feet and i ntern a l  

organs remove d . The c arcases were cut up i nto smal l  pieces 

and fed to a 1 2  week-old kitten . Another k itten , the l i tter­

mate of the f irst , was kept a s  an uninfected contro l . Faecal 

samples were col lected daily from both ki ttens and e::�amined . 

The infected kitten began pass ing fully sporulated i sosporan 

sporocysts five day s a fter ingesting the mice . No other 

cocc idian speci e s  was excrete d  by this ki tten and no c oc c idia 

were found i n  the faeces of the control . Fifty of these 

sporocysts ( Plate 3 . 2C ) , which l acked a s tieda body and 

conta ined four sporozoi tes and a scattered residuum , measured 

9 . 8  to 11 . 4  ( 1 0 . 8  ± 0 . 1 )  by 8 . 2  to 9 . 8  ( 8 . 7  ± 0 . 1 ) �m and had 

a length-width ratio of 1 . 17 to 1 . 4 ( 1 . 2 4 ± 0 . 01 ) . '1\·:elve 

days after the first k i tten wa s infec·ted three Sm•cocys tis 

i n fected mice from two other groups dosed on ly with free 

sporocysts were fed to the kitten previou s ly used as a control . 

Sporocysts ident ical to those desc r ibed above '.vere recovered 

from the faeces of thi s  k itten s ix days l ater . 

( c ) Doses of between 600 and 1 , 000 sporocysts ha rve sted from the 

above two k i ttens "''�� re g iven ora l ly to each of thre e  mice and 

two rats . A fur ther three mice and two rats were maintained 

as uninfe c ted contr o l s  and a l l  groups v1ere kept i n  separate 

cage s . A l l  a n ima l s  were k i l led 1 0 4  days after i nfection and 

examined . Light Sarcocystis infections , identical to those 

described previou s l y , were found in a l l  sporocyst i nfecte d  

mice . No sarcocysts were found i n  any of the cont!:"ol mice 

and none we re found in the rats . 



3 . 4  D ISCUSSION 

Recent reports ind icate tha t the mou se (Mus rrrtA.scu lus) may be ho s t  

t o  at least three spec i e s  of Sarcocy s tis.  One unnamed spec i e s  

with cysts o f  up to 1 . 8mm long a nd bradyzoite s  o f  6 t o  7 by 2 to 
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3 )lm i s  tra nsmitted by a n  owl (Cerna , 1 97 6 ,; Munday,  1 97 7 ) . Another 

spec i e s ,  a l so unnamed and of unknown origin , forms micro scopic c ysts 

surrou ntied by prominent rad i a l  spines (Co sgrove , G . E . , c i ted i n  

Ru i z  and Frenkel , 1 9 7 6 ) . The third spec ies , S. rrruris� whi ch i s  

transmitted by the ca t ,  ha s large , smooth-wa l led cysts conta i ning 

bradyzoites of 10 to 16 by 3 to 6 Jlm (Powel l  and McCar l ey ,  1 97 5 ;  

Rui z  and Frenkel , 1 97 6 ) . 

Sarcocysts found i n  the mu sc l e s  o f  mice i n  the pr e s e nt s tudy c l o s e l y  

resembl e tho se of the la tter spec i e s ,  an identi f i c a t ion which i s  

suppor ted by the occurrence o f  infective s ta ge s  5 n  the faeces o f  c a t s  .. 

I n  contrast to the findings o f  Powe ll and .t-·lcCarJ. (�y ( 1 9 7  5 )  hmvever , 

i solates of I. fel is u sed i n  this i nvestiga tion d id no t produc e  su c h  

cysts i n  mic e .  S imilar observa tions have been made by o thers ( Dubey 

and Frenke l , 1 9 7 2b ; Frenkel and Dubey ,  197 2a ; Melhorn and Ha rku s ,  1 9 7 6 )  

who have fou nd that , i n  mic e , infec t ions o f  I .  fe lis form only monozo i.c 

' c ysts ' in lung , l iver , l ymph node s  and spl een . Wh il e i t  is po s s ib l e  

that Powe l l  and McCarley ' s  ( 1 9 7 5 )  f i nd i ngs ma y be re lated to the 

existence of a d i f ferent stra i n  of I. fe lis a more l ikely explanation 

ha s been sugge sted by Ru i z  and Frenkel ( 1 9 7 6 )  . They con s idered tha t 

mic e used by these worker s may have been i nfected w i th both I. fe lis 

and Sm�cocys tis ; i n  mice only the sarcocy s ts would have been gro s sly 

evident wherea s  in cat faeces the more obvious I. felis ooc ysts d r ew 

attention a nd the sma l l er Sarcocys tis sporocysts may have been over­

lookedl . Thi s  sugge stion i s  supported by the pre sent f i nd i ngs s i nc e  

sarcoc y st s  were found only i n  mice i nfec ted with free sporocysts and 

only suc h sporocysts were excre ted by k i ttens fed infec ted mic e .  

l .  A recent r epor t  ( Last and Pm·1e l l , 197 8 )  has reveal ed tha t the mice used 
by Powe l l  a nd McCar ley ( 19 7 5 )  were indeed in fec ted with both I. fe l i s  and 
S. muris a nd tha t the source o f  the S .  r;ru.l'i:; infec t io n  wa s a sma l l  
sarcoc ysta n  sporoc yst a nd noL I. fe lis a s  previou sly suppo sed . 
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The sporocysts shed by these k ittens were very s imi lar i n  s i ze to 

those described by Rui z  and Frenkel ( 1976 ) a lthough the observed 

prepatent per iods were somewhat shorter than the 8 to 1 1  days 

recorded by the se authors .  

A compari son between the d imensions of these sporocysts and those 

previously recovered from the faeces of natur a l ly i n fe c ted cats 

( Chapter 2 )  reveal s tha·t the former are shorter than the la tter 

with l i ttle overlapp i ng betwe e n  the two (Fig 3 . 1 ) . One poss ible 

exp lanation for th i s  apparent anomal y  is that the Sarcocystis 

sporocysts recovered from the naturally infected cats con s i s ted 

o f  a mixture o f  specie s , o f  which S. muris was but one . By 

feeding such sporocysts to mice a l l  species other than S .  murisr 

which may initial ly have been pre sent in only low numbers , wou ld 

be e l imina ted . Subsequent feeding o f  the s e  mic .:o to k i tten s  wou ld , 

there fore , result in the excretion of S. muris :�po:::-ocysts only . 

Alternative ly , since sporocysts f rom only 8 of che cats on which 

the original measurements were ba sed v,rere used in i.:he present 

experiment ,  i t  is poss ible that the i nitial S.  ��ris i n fe ctions 

may have originated from unmeasured sporocysts i so l ated from a 

number of the rema ining 5 8  cats . 

The prevalence o f  S. murt.s sporocysts in the naturally i n fected 

cats cannot be de termined with any accuracy s ince sporocysts from 

six cats were used to i nfect each group of mice . As suming that 

the faeces of one cat i n  each i n fe ctive pool contained a l l  such 

sporocysts then this spec ies must have been pre sent in at least 

9 o f  the 66 cats ( 13 . 6 % )  te ste d .  Although natural infections of 

s. muris have not been reported i n  mice in New Zealand , 

morphologicd.lly similar sarcocysts have been found to be very 

common in rats (Rattus norvegicus) (Col l ins , per s . comm . ) . The 

definit ive host for thi s  rat sarcocyst is unknown . Howeve r ,  i t  

is conceivable tha t it is the cat2 , since rats from a particularly 

2 .  Although one spe cie s of Sarcocystis (S. cym:fluensis) o f  Rattus norvegicus 
in Wales ha s been found to be transmi tted by the cat (Ashford , 1 9 7 8 )  
the relationship between this species anc! the sarcocyst i n  New Zea land 
rats has yet to be determined . 
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Fig . 3 . 1  Compar i son between the lengths ( solid line s )  and 

widths (broken line s )  of Sarcocystis muris sporocysts 

recovered from the faeces o f  experimentally i n fected 
kittens and Sarcocysti s  sp . sporocysts recovered from 
the faeces of naturally infected cats . 

heavily infected population have commonly been found to form 
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part o f  the d iet of cats inhabiti ng the same area ( author ' s  

personal observation ) . Desp i te similaritie s  between sarcocysts 

found in rats and mice and despite the possibility that the cat 

may be de fini tive host for both , the present results indicate that 

they are different species . Thi s  f inding , which is similar to 

that of Rui z  and Frenkel ( 1976 ) , is consi stent with the work o f  

others which sugge sts that spe c ie s  o f  Sarcocystis a r e  highly 

host-spec ific for thei r  intermediate hosts ( Gestrich et a l . , 

1974 , 1975a; Munday and Rickard , 1 9 7 4 ; Munday , 1976 ; Rickard 

and Munday , 1976 ) . 
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4 .  THE OCCURRENCE OF BESNOITIA SPEC IES IN NEW ZEALAND CATS 

4 . 1  INTRODUCTION 

4 . 2  

4 . 2 . 1 

4 . 2 . 2  

4 . 2 . 3  

A f te r  completion of the survey of the i dentity and prevalence o f  

cocc idian paras i te s  i n  New Zealand c a t s  a n d  dogs (Chapter 2 )  

the author was g iven the oppor tuni ty of exami ning the faec e s  o f  

f ive fera l  cats . I n  the faeces of one of the se cats a sma l l  

nwnber of unsporulated oocysts were found . Sporulation o f  the s e  

oocysts showed them to be o f  the i sosporu.n type , intermed iate in 

size be tween those of I. rivo "lta and T .  gondii and unlike any o f  

the species previously recorded . 

Thi s  chapter de s cribes the s e  oocysts and record s the expe rimenta l 

procedures undertaken to ident i f y  them . 

MATERIALS AND lv1ETHODS 

Fera l cats : 

In October 1 97 7 1 faec a l  samples obtained from the rectums o f  

five feral cats were g iven to the author . The cats \.;rere of mixed 

sex e s  and age s and had all been shot on the Fei ld i ng rubbi sh dump . 

Thi s  dump , which i s  s i tuated 1 9  k i lometre s north-we s t  of 

Palme rston North , supports a large resident population of rats 

(Ra ttus norvegicus) and several dome s t ic cats which have reverted 

to a wild state but ,  apparently , no mice (Blackmore , per s . comm . ) .  

Recovery of oocysts : 

Oocysts pre sent i n  the faeces of naturally and experimentally 

infe c ted cu.ts were recovered , sporulated and e xamined a s  

previously de scr ibed ( Chapter 2 ) . 

Experimental animal s  : 

Laboratory mice , rats , rnbbi ts and guinea pigs obtained from 
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4 . 3  

4 . 3 . 1  
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the Sma l l  Animal Produc tion Unit , Massey Univer s ity were f e d  on 

pelleted rations and wate r ;  expe rimental kittens were raised i n  

i solation o n  a diet of tinned fish and milk . Periodic examination 

of the faeces of these k i ttens before the e xperime nt s tarted 

revealed the presence o f  I. felis . However ,  excre tion of the s e  

oocysts had c eased b y  the time the kittens were u sed . 

Infection and examination of intermediate hosts : 

Immediately prior to u s e  sporulated oocysts were washed free of 

storage solut ion by repeated suspens ion and c entrifugation i n  

tap water .  Rats , mice , rabbits and guinea pigs were i nfected 

orally u s i ng a syringe f i tted with narrow bore vinyl tubing . 

At necropsy , muscle , bra i n  and viscera were e xo.mined for cysts 

under a dissec ting microscope and susp ic iou s  nodules exc i sed , 

macerated in physiological sal ine , and examined for bradyzoi tes . 

In addi tion portions o f  most organs and tissues were f ixed i n  

1 0 %  formalin a n d  exami ned in sections s tained with haematoxyl i n  

and eosin . 

EXPERIMENTAL PROCEDURES AND RESULTS 

The i ni tial i s olate : 

The smal l  numbers o f  un sporulated oocysts (Plate 4 . 1 D )  recovered 

from the faeces of a young fema l e  feral cat were sporulated in 

2 . 5 %  potas s ium d ichromate a t  2 2 0 - 26 0c for 7 day s . The se ooc y s t s , 

which l acked micropyle s and were spherical to subspherical i n  

shape , were found , after completion of sporulation , t o  contain 

two te trazoic sporocysts wi thout stieda bodies ( Plate 4 . 1E ) . 

Five of the s e  sporulated oocys ts measured 1 8 . 0 to 1 9 . 5  

( 18 . 6  ± 0 . 4 )  by 14 . 7  to 1 6 . 3  ( 1 6 . 0  ± 0 . 3 ) �m . The oocysts were 

d ivided into five approximate ly equal lots and fed to three mice 

and two rats whi ch we re k i l led between 33 and 78 days late r . No 

evidence of i n fe ction was found in any of the mice but in both 

rats a few sma l l , but macroscop i ca l ly v i s ible , c ircular cysts 

measuring up to 260 lJm i n  d iameter were apparent in the diaphragm 



and abdominal .muscle s .  .tvli croscopi ca l ly the cysts were found to 

exhibit charac ter i s t i c s  typ i c a l  o f  those of the genus Besnoi tia . 
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Each cyst was surrounded by a thick cyst wa l l  (7  - 1 1  �m thick ) 

enclos i ng s everal hypertrophied and hyperpla stic hos t c e l l  nuc l e i  

( Pl a te 4 . 18 )  and contained thousands of crescenti c - shaped bradyzoi t e s  

with pointed ends ( Plate 4 . 1C ) . Ten bradyzoites from fre shly 

macerated c ysts mea sured 9 . 8  to 1 1 . 4  ( 11 . 1  ± 0 . 2 )  by 1 . 6 to 3 . 3  

( 2 • 8 ± 0 • 3 )  )l m .  

4 . 3 . 2  Transmis s ion experime nts : 

( a )  Porti ons of tissue including mus c le , heart and brain from one 

of the ra ts which had been dosed with the initial oocyst i solate 

7 8  days previou s l y  were fed to two 1 0  week-old ki tten s .  A 

further k i tten , o f  s imi lar age , was kept a s  an uninfec ted 

contro l . Faecal sa�r:p les were collected d a i ly from a l l  three 

kitte n s  and exami ned . Both i nfe cted k i ttens began pa s s ing 

unsporula ted ooc y s ts , simi lar to those origi n a l ly recovered 

from the fera l c a t , 11 days after inges ting rat t i ssue and 

continued to do s o  for 1 5  and 19 days re spec t ive l y .  No other 

coccidian spe c i e s  we re excre ted by the se k i ttens and no 

cocc idia were found i n  the fae ces of the control an imal . 

The oocysts were sporulated in 2 %  sulphu r i c  a c i d  and examined . 

The sporu lated oocysts , which had smooth colour l e s s  wal l s  about 

0 . 6  �m thick , were sper ical to subspherica l in shape . 

Micropyle s ,  polar granu l e s  and oocyst residua were absent . One 

hundred sporu lated oocysts from the two ki ttens measured 14 . 7  

to 18 . 0  ( 16 . 9  ± 0 . 1 ) by 1 3 . 0  to 1 6 . 3  ( 14 . 6  - ±  O . l )  �m (Fig . 4 . 1 )  

with length-width ratios of 1 . 00 to 1 . 38 ( 1 . 16 ± 0 . 01 ) . With i n  

each oocyst were two e l l iptical sporocysts with smooth 

cvlourless wa l l s  e ach conta ining four sporozoite s and a 

di spersed granular re siduum . Sporocyst. stieda bod i e s  were 

absent . F i f ty o f  th ese sporocysts measured 9 . 8  to 1 3 . 0  

( 1 1 . 8  ± 0 . 2 )  by 6 . 5  to 8 . 2  ( 7 . 4  ± 0 . 1 )  )lm ( Fig 4 . 1 ) w i th 

l ength·-'IIJidth ra tios o f  1. 2  to 2 . 0  ( L 6 :� ± 0 . 03 ) . 
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Plate 4 . 1  Some l i f e  c yc le stage s  of Besno.i tia sp . 

A .  Cys ts on the inte stine o f  a rat 9 1  d a y s  a fter 

infec tion with oocy si� s (x  4 )  . 
B .  S ec t ion o f  rat skel e ta l mu sc le shov1 i ng bradyzo i t e ­

f illed c yst ; note c y ::· t  v1a l l  enc l o s i ng enlarged 

host-c e l l  nuclei (arrows ) (haematoxylin and eosin 

X 7 5 0 ) . 

C .  Bradyzoi tes from freshly Ina c erated cysts ( unsta ined , 

X 3 00 0 )  . 

D .  and E .  Unsporulated a nd sporul ated ooc ysts recovered 

from the faec e s  o f  cats ( x  3 00 0 ) . 
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( b )  'l'he above oocysts were u sed to infect two rabbits , two gu inea 

pigs , three rats and three mi ce . Rats and Guinea pigs each 

recei- . ..  ·�d approximately 1 0 0 , 0 0 0 , · rabbits 2 0 0 , 00 0  and mice 

4 0 , 00 0  oocysts . The anima ls were kil led between 5 7  nnd 9 1  

days post i nfection and examined . Besnoi tia infec t i on s , 

identical to those de scribed previously were found i n  al l of 

the rnts , both of the rabbits and two out. of the t:hree mice . 

lOO 

No cysts we re found i n  e i ther of the two guinea piqs . The 

heav i e st infections were recorded in the rats where the greates t  

concentration o f  cysts ";a s found on the wa l l s  o f  th8 i l e um 

and caecum ( P late 4 . 1A ) . Sma l ler numbers of cysts were also 

found in ske letal mu sc l e , heart and brain of thi s  hos t .  

Much sma l l e r  numbers of cysts were found i n  the rabb i ts and 

i nfec ted mice and although the d i s tr ibution of i n fe c t ion in 

the se hos ts was similar to that recorded in r a ts , pred i l ection 

for the intestine wa s l e s s  obviou s . 

Con f i rmation of the absence o f  Besnoi tia i n fection in the guinea 
pigs was sought by feeding t i s sue s from both anima l s  to the 

c ontrol k itten used in �:he previous experiment . Da i ly 

examin a t i on of the faec e s  of thi s  k i tten for 2 0  day s fol lowing 

th i s  feeding fa iled to detect any oocyst excretion . 

E l imination of th e pos sibi l i ty that thi s  fa i l ure may have been 

due to any host immun i ty wa s obta ined by the subsequent 

excretion o f  Besnoi tia oocysts by thi s  k i t ten 1 2  days after 

i nge sting t i s sue from one of the infected ra ts . 

4 . 4  DISCUSSION 

The d e tect ion of Besnoitia in New Zealand , for the f i r s t  t ime , i s  

o f  cons iderable intere s t  s i nce some spe c i e s  of thi s  genus are known 

to be pathogenic for dome s t i c  l ivestock ( se e  section 1 . 7 . 2 ) . The 

identific ation o f  such spe c ie s  is ba sed primar i ly on the identity of 

the i r  natural i ntermediate hosts , their g�ograph i c a l  di s tribution 

and on the form , size and location of thei r  t i ssue cysts . As 

pointed out by Frenke l ( 19 7 3 ) , however ,  the n�crphole:gy of the cys t  



wall i s  a n  unre l i able chara c te r i s t i c  s i nce i t  i s  o f  hos t o r i g i n  

and i t  seems l ikely that the size o f  the cyst w i l l  be depende n t  

1 0 1  

o n  the age o f  i n fection . Currently s ix spec i e s  of Besnoi tia are 

recognised , the geograph i ca l  di stribution and natural i n termedi ate 

host r ange s of which have recently been reviewed by Frenk e l  ( 19 7 7 ) . 

These inc lude B .  besnoiti o f  c attle i n  Europe and A s i a  and wi ld 

ungulates in Afr ica ; B. bennetti of horses in Europe , Africa and 

North America ; B. tarandi o f  Alaskan re i ndeer and c a ribou ; B. j e l l isoni 

of dee r  mice (peromyscus sp . )  and Kan ga roo rats Wipodomys sp . )  in 

North Ame ri c a ; B .  dar lingi of l i za rds ( genera Bas i liscus and 

Ameiva ) and opos sums (Dide lphis marsupialis) in Panama and North 

America and B .  wal l-acei in Hawa i i ; the n atural interme d i a te host 

of the l atter spec i e s  i s  unknown a l though it has been shown 

exper imentally to i nfect Mus muscu lus� R. norvegicus> R. exu lans 

but not R .  rattus ( Frenke l ,  1 9 7 7 ) . 

Until recent ly the l i fe cyc l e s  of the s e  species haw� rema ined obscure . 

I t  i s  now known , however ,  tha t  at least three o f  them (B . besn01:ti> 

B. wa l lacei� B .  darlingi ) may be transmitted i n  the faeces of c a ts 

a s  an i sosporan oocyst ( Pe te shev e t  a l . , 1974 ; Wa llace a n d  Frenkel , 

1 9 7 5 ; Smi th a nd Frenk e l , 1 9 7 7 ) . The definitive hosts of the 

rema ini ng spe c i e s  are unknown ; fae c a l  transmis sion o f  ne i the r 

B .  benne tti nor B .  tarandi ha s been i nve stigated wh i le a n  ooc y s t  

s tage of B .  je l li soni h a s  not been de tected despite the feeding o f  

tis sue c y s t s  of thi s  spe c i e s  t o  2 0  potential fel ine hos t c andi d a te s  

( 13 domes t i c  cats , 6 bobcats , 1 cougar )  or t o  severa l o ther 

carnivore s (3 foxe s ,  3 dogs , l coyote , 8 procyonids , 4 skunks , 

1 owl , 1 hawk ) and some snakes ( 1  boi d , 1 colubr id a nd 3 viperids ) 

(\vallace and Frenke l , 1 9 7 5 ) . 

Like the former three spec ie s ,  the present spe c i e s  o f  Besnoi tia i s  

a l s o  transmitted a s  a n  i sospora n  oocys t  i n  the faec e s  o f  c a ts . 

A compar i son between the dimens ion s of the se oocysts and those 

of B. be snoi ti� B. Jarlingi and B .  waUacei (Table 1 .  3 )  reve a l s  

that they a r e  mos t  n early approximate to those of B .  wa Z Zacei 
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Fig 4 . l .  Frequency d i s tribution o f  the lengths ( solid line s )  
and widths (broken lines ) of oocysts and sporocysts 
o f  Besnoi tia sp . (oocysts n = lOO, sporocysts n = 5 0 ) . 

a lthough they are s l ightly larger . S imi la rly , the i n termediate 

host range o f  this spe c i e s  i s  also c lo s er to that of B .  wa l lacei 
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than t o  that of B.  bes1witi o r  B .  darlingi . In the pre sent s tudy 

rats (R. norvegicus )  appeared to be more suitable exper imental 

i ntermedj ate hosts than e ither mice or rabbi ts w i th infec tion tendi ng 

to be concentrated on the intestine . S imilar observations have been 

made for B. wa l lacei by �\Tallace and Frenkel ( 1 9 7 5 )  and Frenke l ( 197 7 )  

who also observed higher infec tion rate s and bette r  persi s tence of 

this species in R .  norvegicus than in other i ntermediate hos t s  

teste d .  Whether o r  n o t  B .  wallacei i s  infec tive for rabbits and 

guinea pigs or whe ther the present spe c ie s  will infect R. exu lans 

and R. rattus, howeve r ,  has not been dete ��ined . Like B. wa l lacei 

the natural interme d ia te host of the present spe c ie s  is un c e rtain 

although there i s  s tr ong c ircumstantial evidence to sugge s t  that 

i t  i s  the rat (R. norvegicus) . Support for thi s a ssumption h a s  

been provided b y  the find ing o f  natura l ly infected r a t s  o n  the 

Feilding dwnp ( Co l l ins , pers cormn . )  • Evi dence that the rabb i t  may 
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also b e  a natural intermediate host o f  thi s  species i s  provided 

by the s ame worker who recovered oocysts o f  simi lar form and size 

to those described i n  the present study from c ats fed wild rabbi ts . 

Attempts to reinfect rabbits with these oocysts , howeve r ,  were not 

succes sful ( Co l l ins , pers comm . ) . 

In addi tion to the i r  natural i ntermedi ate hosts , some spec ies of 

Besnoitia have been shown experimental ly to be c apable of i n fecting 

a number of other anima l s : B .  besnoiti has been transmi tted to 

sheep , goats , rabbits , mice , hamsters , gerb i ls (Meriones tris tani ) 

and ground squirre ls ( Ci te l lus sp . )  ( Pol s , 1960 ; Neuma n , 1 9 6 2 ; 

Bigalke , 1 967 ; Pe te shev et a l . ,  1 9 7 4 )  whi le B .  je l l isoni has been 

transmi tted to l aboratory mice , Norway rats , hamsters and guinea 

pigs ( Frenke l ,  195 5 ) . I nfection o f  laboratory mice and hamsters with 

B .  darlingi has also been achieved ( Smith and Frenke l ,  1 9 7 7 ) . Thus 

a lthough the current evidence indicates that the natural interme d i ate 

hosts of the pre sent species a re rats and perhaps rabbits , the 

poss ibi lity that dome stic l ivestock may a l so be infected c annot be 

e xcluded and requires i nve stigation . 



5 .  STUDIES ON THE ACTIVATION AND EXCYSTATION OF 
I .  FELlS AND I. RIVOLTA SPOROZOITES 

5 . 1  INTRODUCTION 

For mos t  of the species o f  coc c idia tha t have been s tud i ed , the 

l iberation o f  motile sporozoites from the sporocyst and oocy st 
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has been found to fol low a sequenti a l  process invo lving two 

stimu l i . The f i rs t ,  or pretre atmen t  stimu lus a f fects the 

permeab i l i ty of the oocys t wal l ;  the second , or treatment s timulus 

acts on the sporocysts and pos s ibly the sporozoi te s . Tryp s i n  and 

bile are recogn ised as the most important factors in the second 

s timulus ( Jack son , 1 9 6 2 ) . The initial s timulus ,  howeve r ,  appears 

to di f fe r  for cocc i d ia i nfecting di f fe rent hos t s . Thus for some 

species of poultry coc c id i a  mechan ical bre akage of t�e oocys t  wal l ,  

such as may oc cur in the giz zard , has been found neces sary ( Doran 

and Farr , 1 9 6 2 ; Farr and Dora n , 196 2 ) , whereas for cocc idia 

i nfecting sheep , chemica l  al terat ion by factors with i n  the rumen 

may be requ i red ( Jackso n , 1 9 6 2 ) . 

In vitro the permeab i l i ty o f  the oocyst wall can be enhanced 

chemically by i ncubation i n  a redu c i ng med ium under co2 ( Ja ckson , 

1 962 ; Hibbert and Hammond , 1 9 6 8 ; Bunch and Nyberg , 1 9 7 0 ) . A 

s imilar e f fect may be achieved by removal of the out e r  wa l l  layers 

using sodium hypochlori te ( Spee r  e t  a l . ,  1 9 7 3 ; Nyberg a nd Knapp , 

1 9 7 0 ) a nd both technique s have been used succe s s fu l ly to s tudy 

the excystation process of coccidi a . With the forme r procedure , 

howeve r , the exposure time neces sary to achieve the optimum e f fect 

has been found to vary from spe c i e s  to species ( Bunch and Nyberg , 

197 0 )  . 

The requ i rements for the succe s s fu l  in vitro excyst ation o f  the 

cani ne and fel ine coc c idia a r e  largely unknown . Only those o f  

two speci e s , I.  canis a n d  B .  cruzi , o f  the dog have b e e n  brie fly 

examined ( Bunch a nd Nyberg , 1 9 7 0 ; Speer et a l . ,  19 7 3 ; Faye r and 

Leek , 197 3 ) and no i n formation co ncern i ng the excys ta t io n  o f  
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any of the fe l ine $pecies has bee n repor ted . 

The pr-esent s tudy was undertaken to determine the ef fec t  of 

various factors on the ac tivation and excystation of sporozoites 

of two of the cat coccidia , I. felis and I. rivo lta .  

5 .  2 MA TEIUALS AND J11ETHODS 

5 . 2 . 1  Col lection and s torage of oocysts : 

Oocysts of I. fe lis and I. rivoZta excreted in the fae c e s  of 

experimental ly i nfected kittens were recovered , c leaned and 

sporulated a s  previously described ( Chapter 3 ) . Unle s s  otherwise 

s tated all oocysts used in the s e  exper iments were sporulated i n  

2 . 5 9o potassium dichromate and s tored i n  the same solut. i on a t  4°C 

for two to three month s before use . 

5 . 2 . 2  co2 pretreatme nt : 

Oocy sts were washed free of s torage solution by suspens ion and 

c entri fugation in fou r  change s of tap and one of d i s ti l led wate r . 

Equal volume s of oocy s t  suspen s ion i n  d i s til led water and fre shly 

prepared 0 . 04M cysteine hydrochlor ide were placed in l O O  ml 

Erlenmeyer flask s  giving a final concentration of 0 . 0 2 M  cyste i ne 

hydroch loride . The flask s ,  wh ich were fi tted with inlet and outlet 

valve s , were flushed for two minute s  with compressed C02 . They 

were then sea l e d  and incubated at 3 9°C in a water bath for i nterva l s  

o f � ,  4 1  8 o r  2 4  hour s . Fol lowing incub ation the oocysts wer e  

washed twice with disti l led water and twice wi th Ringer ' s  sol ution , 

in which they were f inally suspended . 

5 . 2 . 3  Sod ium hypochlori te pretreatment : 

One ml a l iquots o f  c leaned oocyst suspen sions in d i s t i l led water 

were made up to 10 ml with 0 . 5 % sodium hypochlorite in graduated 

centrifuge tubes and placed in a n  ice-bath for interval s  o f  15 , 



3 0  or 6 0  minutes and stirred frequently . After the required 

interva l in the ice-bath e ach suspen sion was washed free of 

sodium hypochlor i te with f ive changes o f  tap wate r , one of 

d i s ti ll e d  water and two of Ringer ' s  solution . 

5 . 2 . 4 Treatme nt with excysting medium : 
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Pretrea ted and non-pre trea ted oocysts suspended in Ringer ' s  

solution were added to equ a l  volume s of freshly prepared excys ting 

medium consi sting of bile , trypsin ( 1 : 3 0 0 )  and buf fe r  and i ncubated 

under a ir in a wa ter bath . The interva l  and temperature o f  

incubation varied accord i ng to the experiment ,  a s  d i d  the 

concentration of tryp s i n  and b ile , the type o f  b i l e  used and the 

bu f fer . Natura l b iles u s ed in the se experiments were pooled from 

at lea st five an ima l s  and were frozen unt i l  u s e , while  a l l  bu f fe r s  

were prepared following the methods o f  Gomori ( 19 5 :, ) . 

5 . 2 . 5  Determi nation of activat ion : 

We t mount s lides \vere prepared after the appropri ate incub a tion 

pe riod in excysting medium and e xamined microscopically for 

activated oocysts . For this purpose and at each obse rvation 

i nterval , lOO normally sporu lated oocysts were randomly counted to 

deterTl)i ne the pe rcentage activated . Unsporulated or abnorma lly 

sporula ted oocys ts were not counted and oocysts were conside red to 

be activated when a t  least one sporo zoite from one sporocys t  was 

free in the oocys t .  

5 . 3  EXPERIMENTAL PROCEDURES AND RESULTS 

Al l results stated here i n  represent the means of at least four 

,ex,Per iments ± the standard error . 

5 . 3 . 1  Effect o f  type and dura tion o f  pretreatment ; 

C leaned I. fe lis and I. rivo lta oocysts were divide d  into e ight 

l ots ; four were pretreated wi th co2 and cyste ine hydrochloride 



for per iod s of 1 ,  4 ,  8 and 2 4  hour s  and three were pretreated with 

sodium hypoc hlor ite for 1 5 ,  3 0  or 60 minute s .  The f i na l  lot wa s 
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not subj ec ted to any pretr ea tment . A l l  pretreated a nd non-pretreated 

oocysts su spended in Ringer ' s  solution were then added to equal 

volumes of excysting medium con s i sting of 10% (V/V ) ov i ne b i le , 

0 . 5% (W/V ) trypsin and t r i s  buffer (pH 7 . 5 ) . They were then 

incubated at 3 9°C for six hours a fter which the p erc enta g e  

ac tivation wa s determined . 

The r e sul t s , which are pre sented in Table 5 . 1  revea led that I .  fel i s  

and I .  rivol ta sporozo ites were capable o f  ac tivation i n  non­

pretreated ooc ysts . For both spec i e s , however ,  the levels o f  

activation were greater i n  pretr ea ted than in non -pre treated oocysts 

and the se d ifferenc e s  tended to i ncrease with increa s ing dura tion 

of pretreatment.  Sodium hypochlorite pretreatment appeared more 

effec tive for the ac tivation o f  I .  fel i s  than C02 pretreat:rne:1t 

wherea s for I .  ri vol ta the converse appeared to be the case a nd 

the h ighe st level of activation of this spec i e s  was a t t a i ned in 

ooc ysts pretrea ted with co2 for 2 4  hour s .  

5 . 3 . 2  Effects o f  storage solution and storage duration : 

Fre shly harvested oocysts of I .  ri vol ta were div ided i nto two lots 

and sporulated in either 2 . 5% pota s sium d ichromate o r  2% sulphur ic 

ac id for six days at a temperature of 22 to 2 6°C .  Fol lowing 

sporulation oocysts from each solution were further subd iv ided 

i n t0 two por tion s .  One portion was u sed to de term i ne the 

percentage ac tivation immed iately fol lowing sporu lation and 

the other to determine the p ercentage activat ion a fter lOO days 

s torage at 40C in the same so lution in which they were sporu lated . 

I n  both c a s e s  and for each sporu la tion and storage solution , 

a l iquots of oocysts were d iv ided i nto three lot s ;  one wa s pre ­

tr eated with co2 and cysteine hydrochloride for e ight hour s ,  the 

s econd wa s pretrea ted w�th sod ium hypochlor i te for 3 0  minutes whi l e  

the third was not pretreated . Pretreated and non -pretreated ooc ysts 

were the n incuba ted for s ix hou rs at 3 9°C i n  the same exc ysting 



TABLE 5 . 1  EFFECT OF VARIOUS PRETREATMENTS ON THE ACTIVATION 
OF I .  FEL.TS AND I RIVOLTA SPOROZOITES AS DETERMINED 
AFTER 6 HOURS TREATMENT IN TRYPSIN AND B I LE 

1 0 8  

Duration Percent Ac tiva t ion* 
Pretre atment Concentration (hrs ) I .  f e l i s  I .  rivolta 

None 6 0 . 8  ± 2 .  8 3 6 . 0  ± 2 . 4  

Cyste i ne 1 7 4 . 5  ± 2 . 2  5 7 . 8  ± 1 . 3  
hydrochlor ide 0 . 02M 4 7 0 . 5  ± 3 . 0  6 1 . 5  ± 2 . 7 
and C02 8 7 4 . 8  ± 1 . 5  66 . 8  ± 2 . 5  

2 4  8 1 . 0 ± 1 . 5  7 0 . 3  ± 2 . 2  

Sodium 0 . 2 5 7 8 . 3  ± 2 . 1  5 6 . 5  �� 2 . 1  
hypochlori te 0 .  5 96 0 . 5  9 0 . 8  ± 2 . 0  5 6 . 5 ± 1 . 3 

1 9 0 . 3  ± 2 . 5  6 3 . 0  ± 0 . 8  

* Mean of 4 repl ications ± SE 

medium a s  used in the previous experiment and the percentage activat . .i.on 

determined . 

The re sults of thi s  experiment ( Fi gure 5 . 1 )  revealed two ma i n  di fferences 

in the e ffect of sporulation and storage solution on the activation of 

I. rivolta sporozoi te s . Firstly , whereas greater leve ls of activat i on were 

always attained in pre treated than in non-pretreated oocysts sporulated 

and stored in pota ss ium d ichromate , thi s  was not the case for oocysts 

sporulated and s tored in sulphur ic acid . For the latter oocysts the 

l eve l s  of ac tivation a ttained fo l lowing e i th e r  no pre·trea tmen t  or co2 

pretreatment we re s imilar whi le pretreatment w i th sodium hypochlor i t e  

appeared mi ldly inhib i tory . The second main d i f ference re lated to the 

e ffect of duration of storage on activa tion . For oocysts sporulated and 

stored in potass ium d ichromate the level of activation recorded a ft e r  l O O  

days e xposure h a d  de.c l ined t o  almost half that recorded a fter s i x  d a y s  exposure . 

For oocys·t s  sporul ated and stored in sulphur ic ac i d ,  however , the leve l  of 

activation was found to dec l ine less and at l O O  days the leve l of ac tiva t ion 

recorded in all such oocysts averaged only 10 . 3 % be low that recorded at 

s i x  days . 
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5 . 3 . 3  E�eect o� duration of t reatment i n  excysting medium : 

Oocysts of I. fe lis and I. rivolta subj ected to : ( a )  no pretreatment , 

(b ) C02 and cyste i ne hydrochloride pretreatment for one or 24 hours 

and (c)  sod ium hypochlorite pretreatment for 15 or 60 minute s , were 

i n cubated at 3 90C in the same excys ting med ium as used in the 

previous two exper iments . Sample s were removed a fter one , two , 

four and six hours incubation i n  excys ting med ium and exami ned 

for activated sporozoite s . 

The re sults , wh ich are presented in F igures 5 . 2  and 5 . 3 ,  revealed 

tb at altbough th e l evel s  of activa tion recorded var ied uccording 

to the nature and duration of pretrea tment , as previou s l y  observed 

( Exp . 5 . 3 . 1 ) , the patterns of ac tiva t i on fol l owing treatment i n  

excysting med ium were ba s i cR l ly s imi lar . For both spec i e s , the 

percentage of oocysts c ontaining activated sporozoites t ended to 

i ncrease with increasing interva ls of exposure to excysting mediulll . 

Wi th the exception of non-pretreated oocysts of I. rioo lta , howeve:::- , 

the leve l s  o f  a ctivation attai ned a fter two hou r s  exposure were 

only sl ightly l e s s  than those recorded a fter six hours . 

5 . 3 . 4 Effect of bile and trypsin concentration : 

To de termine the e f fect of bi le and trypsin concentration on 

activation , oocys ts of I. fe lis and I. rivolta were pretreated for 

30 minute s with sod ium hypochlorite . Oocysts so pre treated were 

the n added to e qual vo l ume s o f  excys ting media consi sting o f  t r i s  

buffer (pH 7 . 5 ) a n d  e i ther 0 . 5 % trypsin a n d  ovine bile at 

concentrations of 0 ,  1 ,  5 ,  1 0 , 2 0  and 50% , or 1 0 %  ovine bile and 

t rypsi n  at c oncentrations of 0 ,  1 and 2% . All samples were then 

i ncubated at 3 9°C for 1:wo hours and the percentage a c t ivation 

de termined . 

The results are pre sented in Figure 5 . 4 .  Activation o f  both spec i e s  

was found t o  occur only when bile wa s present . At concentrations 

of l% bile , only low level s  of activa t ion of I.  fe lis ( 5 2 . 7  ± 2 . 2 % )  
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and I. :rivolta ( 5 . 5  ± 1 . 0 % )  were recorded . 'l'hese leve l s  increased 

to 8 1 . 3  ± 2 . 6% and 3 7 . 5  ± 4 . 7 % re spe ctive ly ,  when 5% b i l e  wa s u sed . 

Above thi s  concentration the leve l o f  activation o f  L rivo Z ta 

was foun d  to further increase with i ncreas ing concentrat ions o f  

bile w i th the highe st level o f  ac tivat ion ( 56 . 5 ± 0 . 9 % )  being 

recorded i n  excysting medium containing 50% bile . For I. fe Zis� 

however , concentrations of bile above 5% had l i tt l e  effect on the 

leve l of activation . 

The presence of tryp s i n  appeared to be less important for the 

ac t ivation of I. feZis and I. :rivoZ ta than the presence of b i l e  

s ince the ac tivation of both spec ies wa s found t o  occur i n  i t s  

absence . For I.  :rivo Zta , however , higher leve l s  of activation 

were recorded whenever tryp s i n  wa s used than when it was not ,  

although above 0 . 5 % ,  concentration appeared unimpor t.an t .  I n  

contrast the ac tivation o f  I. fe Zis was found to occur a t. s imilar 

leve ls regard less of whe ther or not tryp s i n  .,.,as presen t . 

5 . 3 . 5  Effect o f  bile type or sub stitute 

Oocysts o f  I. feZis and I. rivoZ ta , p retreate d  for 30 minut e s  with 

sod ium hypochlori te , \vere i ncubated at 3 9°C for two hou r s  i n  

variou s  excysting media . These excysting med ia, which conta i ne d  

0 .  5 %  tryp s in and tri s buffer ( p H  7 .  5 )1 were made up of one o f  e ight. 

d i fferent bile types or substitutes . Frozen sheep , cattle , dog , ca t . 

chicken and pig bile were used at concentra tions o f  1 0 % . Sodium 

taurocholate was used at a c oncentration of 1 . 5 %  (w/v )  and i n  one 

series o f  experiment s  1 Twe e n  8 0 ' , at a concentration of 1 x 1 0- 4 % 

(v/v ) was substi tuted for b i le . 

The re sults , wh ich are presented in F i gure 5 . 5 revealed that 

act ivat io n  of both spec i e s  occurred in the pre s en c e  of a l l  b i l e  

typ e s  b u t  not when 1 T\veen 8 0 1 wa s sub s t i tu ted f o r  bile . Although 

a l l  bile s appeared equa l ly effective for the activation of I. feZis 

thi s  was not the case for I .  rivoZ ta For thi s  latter spec i e s  
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species ·the hi ghe s t  leve l s  of activation were re corded whenever 

cat ( 48 . 5  ± 1 . 1 % )  or dog ( 4 9 . 3  ± 2 . 9 % )  bile were u sed and the 

lowest ( 3 0 . 0  ± 1 . 7 % )  when p i g  bile wa s employed . Re lative ly 

high leve ls of activation of I. rivo lta ( 48 . 5  ± 6 . 5 % )  were a l so 

recorded in the pre sence of chicken b i le ; however , thi s  ':>ile 

appeared more erratic in its effect than did that of cats and dogs . 

5 . 3 . 6  Effect of trea tment temperature : 

Fol l owing 30 m i nutes pretreatmen t  with sod ium hypochlor ite , oocys ts 

of I. felis and I. rivo lta were suspended in excys ting medium 

[1 0 %  ovi ne bile , 0 . 5 % tryps in , t r i s  bu f fe r  (pH 7 . 5 )l and incuba ted _J 

at temperature s of 2 1 , 2 5 , 3 0 , 3 5 , 3 9  or 4 3°C for e i ther one or 

six hours . 

Activation of both spe c i e s  v..:as  found to occur at a l l  ter.ipc ratu r e s  

tes ted fol lowing six hou r s  i ncubation but not at the lowes t 

tempera ture ( 2 1°C )  a fter one hour ' s  incubation ( Figure 5 . 6 ) . For 
I. fe lis the percentage activa tion wa s found to increase wi th 
incr easing tempera ture up to 3 9°C and l eve l off thereafter . A 

simi la r pa ttern wa s observed for I. rivo l ta a l though a leve l l ing 
off a t  higher temperature s wa s not so appare n t  for th is spe c i e s . 

For both species higher l evels of activation were recorded a f te r  

six hours incubation than after o n e  hour ' s  incuba tion at a l l  

temperature s te s te d . However , for I. felis t h e  d i f ferences in 

activation leve l b e tween the two i ncubation i n tervals wa s found 

to decrease with i ncreas i ng temperature . 

5 . 3 . 7 Effe c t  of hydrogen ion concentration : 

In these experiments oocysts of I .  felis and I. rivo lta were 

pretreated for th i rty minu te s  with s od i um hypochlor ite . They were 

then i ncubated a t  3 9°C for two hours in excyst i ng media containing 

� 0 %  ovine bile , o . 5 % trypsin buffered to one of e ight pH leve l s . 



The buf fe r s  used in the se exper iments and the i r  pH range s were : 

tri s  mealeate [ tris (hydroxyme thy l )  aminomethanema leate J ,  pH 5 . 0  

to 6 . 5 ;  t : - i s  [ tr i s  (hydroxymethyl ) aminomethane ] , pH 7 . 0  to 8 . 5  

and a sodium ca rbonate-bic arbonate buffe r , pH 9 . 0  to 10 . 0  

Hydroge n  ion concen tration appeared to have little i n flu ence on 
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the a ctivation of either I .  fe lis o r  I .  rivolta and pe rcen tage 

activat ion was found to va ry l i ttle between the pH leve l s te sted 

( Figure 5 . 7 ) . For I. fe liB 7 0 . 1  ± 3 . 0 9o contained ac t ivated 

sporozoite s at pH 5 .. 0 .  At pH 6 . 0 and 7 . 0  the percentage activat ion 

i ncreased to 7 3 . 6  ± 2 . 4  and 8 1 . 8  ± 1 . 5 % re spec tive ly , and the 

maximum leve l of ac tiva tion ( 8 7 . 0  ± 2 . 0 % )  was recorded at pH 7 . 5 .  

The percentage activations at pH ' s  8 . 0 ,  8 . 5  and 9 . 0 ,  whi ch were 

8 4 . 8  ± 1 . 2 ,  8 4 . 3  ± 1 . 6  and 8 4 . 1  ± 3 . 2  re spective ly ,  had dec l ined to 

78 . 8  ± 2 . 1 % at pH 10 . For I. rivo U a  4 6 . 4  ± 2 . 2 % o f  oocys t s  

cont a i ned activated sporozoites at p H  5 . 0 .  Thi s  i ncrea sed s l i o,h tly 

to 4 9 . 8 ± 2 . 5 ,  4 9 . 0  ± 0 . 7  and 48 . 9  ± 3 . 1 %  at pH ' s  6 . 0 ,  7 . 0  and 7 . 5  

re spe c tive ly . The percent.age activation dropped to tho=:- l owe st 

leve l recorded ( 4 3 . 9  ± � . 7 % )  a t  pH 8 . 0  and then rose thr ou gh 

4 6 . 8  ± 2 . 4 and 56 . 1  ± 4 . 6 % a t  pH ' s  8 . 5  and 9 . 0 to 60 . 5  ± 3 . 2 % at 

pH 1 0 . 

5 . 3 . 8 The excystation proce s s : 

To s tudy the excystation proce s s  of I. fe liB and I. rivo l ta , 

oocysts were pretreate d  for 3 0  minutes with sodium hypochlorite 

and suspended in Ringer ' s  solution as previou s ly de s cr ibed . One 

drop of this suspension was placed on a s l ide and to tl1i s  drop was 

added a drop of excysting med ium [ 1 0 %  ovine bile , 0 .  5% tryp s i n , 

tris buffer (pH 7 . 5 )  ] .  A cover s l ip was placed over the preparation 

and s e a l ed with Vas e l ine . The s l ide was then examined under a 

microscope which was fi tted with a warm s tage set a t  3 9°C .  

The proc e s s  of excy sta tion wa s found to be e s sentia l ly s imilar for 

both spe c i e s  (plates 5 . 1  and 5 . 2 ) . Some oocysts appeared unaltered 

by the pretreatment regime. but i n  o thers the oocys t s  wa l l  was 
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folded i nto ridges and depre s sions a n d  occasionally breaks in 

the wal l were apparent . In oocysts s o  affected , th i s  fo lding and 

wrink l ing "� ppeared to increase in prominence with i ncreas ing 

exposure to excysting medium and such changes were frequen tly 

accompanied by a flattening and indentation o f  one or both ends of 

the oocys t .  In both altered and apparently unaltered oocys ts , 

sporozoite s  were observed to begin movement w i thin the sporocyst 

after approximately 10 to 1 5  minute s exposure to excys ting medium . 

Ini t ia l ly , movement wa s s l ow and intermittent but progre s s ively 

increased i n  vigour until i t  was fa s t  and almo s t  continuous . 

Sudden l y , without warning , the sporocyst wal l ruptured and the 

sporocyst r e s iduum , c los e l y  fol lowed by the sporozo i te s  were 

expe l le d  into the oocy s t . The s i te of rupture appeared to be 

randomly located and on some oc cas ion s wa s fol lowed by a second 

rupture shortly afterward s .  Fol lowing the es cape o f  the residu um 

and sporozo i te s , the wa l l s  of the sporocyst appeared to curl i nwards 

to form four longitud inal plates which frequently separated . 

The e xpe l led sporocyst re s iduum , par t i cu larly that of I. fe lis> 

appea re d  very active and the s eparated granu l e s  were obs e rved to 

conti nuous ly j ig around w i thin the oocys t ,  po s s ibly as a result 

of Brown ian movement .  The l iberated sporozoites were a l so very 

acti ve at thi s stage and movement was achieved by a seri e s  of 

g l id ing and flexing motion s . I n  some oocysts the release of the 

sporozoi te s  from both sporocysts occurred almost s imu l taneou s ly 

but more u sual ly one sporocy s t  was observed to rupture several 

minutes before the other . 

The t ime taken for the sporozoites to e s cape f rom the ooc y s t  was 

found to vary grea t l y .  I n  those oocysts in which breaks i n  the 

oocyst wal l were present , complete excysta t ion , frequent ly through 

one or other of the indented ends of the oocy s t , was u sua l ly 

accomJ? l i shed within f ive to 1 0  minute s of the i r  l ibera tion from 

the sporocys t .  On some occas ions sporozoite s from one sporocyst 

had completed e scape from the oocyst be fore rupture of the 

second sporocyst had t aken p l a c e . Spor ozoites in apparently 
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Plate 5 . 1  Photomicrograph s o f  the excystation process of I. fe Zis 
( x 3000 ) . A .  Sporulated oocyst before pretreatme nt . 

B .  Similar oocyst fol lowing pretreatment with sod ium 
hypochlorite ;

. 
note rents and folds in the oocyst wall 

( arrows ) . C .  Activation of one sporocyst and e sc ape 
o f  sporozoites fol lowing treatment wi th tryps j n and bile . 
D .  Complete activat ion of both sporocysts . 
E .  Completely excysted ooc ys t ;  note indented end of the 
ooc y s t  { arrow ) through whi ch the sporozoi t:e s  have e s caped 
a n d  the par t ia l ly separated p lates of the sporocys t  wa l l .  
F ,  G and H .  Liberated sporozo i te s . ( OW = ooc y s t  wal l , 
SW = sporocyst wa ll , S R  = sporocyst r e siduum , S P  � 

sporozo ite ) . 
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Plate 5 . 2  Photomicrographs o f  the excystati on proc e s s  of I. Y'ivo l ta  
( x 3 0 0 0 ) . A .  Sporulated oocyst before pretreatment . 

B .  S imilar ooc y s t  fol lowing pretreatment with sodiwn 
hypochlori te ; note rents and folds i n  the oocyst wal l  
( arrows ) .  C .  Activat ion o f  one sporocy s t  fol l owing 

treatment with tryp s in and bile ; col l apse o f  the 
sporocyst into four plates c learly evi den t: . D .  Compl ete 
activiation of both sporocy s ts . E .  Co;:np l e te ly excys ted 
oocy st showing i ndented end s through which sporozoitc s  have 
e scaped and the s eparated plates of the sporocyst wa l l . 
F and G .  Libera ted sporozoites . (OW = oocys t  wa ll , 
SW = sporocyst wal l , SR = sporocys t  re s iduum SP = 

sporozoite ) . 
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undamaged ooc y s t s  howev er frequently appeared unable to e s cape 

and w e r e  observed to move around within the ooc y s t  i n  a fut i l e  

sea rch for a n  ex i t  for a t  l e a s t  a n  hour unti l a l l  movement c e a s e d . 

5 . 4  D ISCUSS ION 

A di rec t c cl�fu .r i s on o f  the pr e se n t  rc sul ts with tho s e  of previou s 

work e r s  is conp l i cated by the f a c t  t h at d i f fe r e n t  inve s t i gator s 

ha ve used d i i fe:cent t e c hn i que s ,  t e rms and c r i te r i a  to s tudy the 

l ibera t ion or mo t i l e  sporo zoites f rom sporocysts and oocy s t s . 

Thu s  i n  some stud i e s  the term " excy s tat.ion " ha s been u s e d  t.o 

d e s c r ibe the e s cape o f sporozo i te s  from both mechan i c a l l y - freed 

spo:-:·oc y s t s  and f rom i n tact oocys t s  \Ji1 i l e  e s timat e s  o f  "pe r c e n tage 

exc y s tation " hdve been v ar i ou s l y  based on : ( a )  c ou n t s  ,) f par�i a l ly 

and c omp l e t e l y  empty sporoc y s ts ( Do r a n  a nd Ve t te r l i n g , 1 9 69 ) , 
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{b )  c o t "mt. s o f  c umyle te J y cmpt.y ooc y s t s  ( Hibbert and Hannnond , 1 9 6 8 ; 

H ibb2rt e t  a l . ,  1 9 6 9 ) , ( c )  coun t s  o f  sporo zoi t e s  f re e  from sporocy3 t s  

( f'ar:r. an d Do r a n , 1 �) 6 2 ; \"Vang and S t:o t i sh , 1 97 5 )  a n d  ( d )  o n  con:1 t �; o f  

sporo z o i t e s  free from oocysts ( Do r a n  a n d  Farr , l9G 2 ) . To fu r the r 

comp l i c ate an u. lr eady c on fused s i tu a t ion , other \vo rk e r s  ( Nyhe :r:g and 

Harnmond , 1 9 6 4 ; Nyber g e t  a l . ,  1 9 6 8 ; Bunch and Nyberg , 1 9 7 0 ; 
Jenscn e ·t a?- . ,  J. 9 7 6 )  have u se d  anotll e l:  term , "percentage a c t ivat ion " ,  

t o  ind i ca te the propor tion o f  oocy s t s wh ich a r e  e i t:hcr p a r t i a l l y 

or comp l e t e l y  empty of sporozo i te s . 

I t  i s  obviou s , there fore , that there i s  a need for a un i form system 

o f  t e rm i no l ogy . I n  s tud i e s  on i ntac·t oocys t s  an approp r ia te sys tem 

would be t.o re strict th e term " ac tivation " to the e s c ape of the 

spoJ.::o zo i te s  from spo r ocysts and " e x cystation " to the i r  subsequ e nt 

e s c ape f rom the oocys t .  "Ac tiva t i on " and " excy s ta tion " may be 

c la s s i f ied a s  e i ther partial ( e s cape o f  a t  l e a s t  one sporoz o i t e )  

o r  c omp l e te ( e s c ape o f  a l l  sporozo i te s ) . Und e r  th i s  s y s tem the 

l iberat ion o f  sporoz o i te s  from mecha n i c a l 1 ';' - fr e ed sporoc y s t s  shou ld 

on ly be re fe rred to as " a c t iva t i on " whereas for those c oc c id i a  in 

whi ch the sporocys t s  are n atura l l y  shed f re e  ( e . c; .  Sax-�oc:ys tis sp . )  

the terms " a c t ivation " and " ex c y s tat ion "  may be c on s i.df! r ed synonymou s .  



'rhi s term i no logy was adopted i n  the pre sent s tudy which revea l e d  that 

a l though activation was usua l l y  greater in pretreated than in non­

pretreated oocys t s  of I. fe Zis and I. rivo l ta , a ctivation of both 

spe c i e s  could occur in its absence . S imi lar f i n d i ngs have been 

reported for I .  canis of the dog ( Bunch a n d  Nybe rg , 1 9 7 0 ; Speer 

et al . ,  1 97 3 )  b u t  not for the only other can ine coc c idian s tudied , 

S. c1�uzi ( Fayer and Leek , 1 9 7 3 ) . Sporocysts of S.  cruzi a r e  only 

infective for cattle ( Faye r ,  1 9 7 4 ; Fayer e t  a l . ,  l 9 7 6 a )  and l ike 

other coccidia wh ich a re in fect ive for th i s  host the a c t ivation of 

th i s  spec i e s ha s been found to be dependc;n t o n  pretrea tment ( Payer 

and Leek , 1 9 7 3 ) . Indeed , apa rt from the previou s ly menti one d  c anine 

and fel in e  spec i e s  of Isospora, coc c id i a l  oocysts from a lmos t  a l l  

other hos t s  have a l so been found t o  require a'c l e as t  some form o f  

pre treatment for ac tivat ion t o  occu r . A l t:hou g h  the r e are e xception s 

to th i s g e n e ra l i sat ion much of the i n format ion conc e rn i ng ·the s e  

e xcep tions i s  contrad i c t- o ry . Thu s wh i l e  some i nve s t.iga ten. s ( Ikeda , 

1 960 ; Sme ta na , 1 9 3 3 ; Bunch and Nyberg , 1 9 7 0 )  have b e e n  abl e to 

obta i n  activation and excystation i n  non-pre trca ted ooc y s t s  of 

E. i;ene l la, E .  s tiedae and E. Bi Zame Uata, oth e r  work e r s  \ N y b e rg 

e·t aZ . ,  1 9 6 8 ; Goodrich , 1 9 4 4 ; Hibbert and Hammond , 1 96 D ) , have 

not . The reasons for the s e  contradictions a re unclear but may 

relate , at l east in par t ,  to d i f ferenc e s  in both the method and 

dura tion of oocyst s torag e . I n  the present i nve s ti gat ion the 

l evel of activation of I. rivoZta was found to be l e s s  depe ndent on 

pretre atment for oocysts s tored in sulphuric a c i d  than for tho s e  

stored i n  potas sium d i chroma t e  and i t  is pos s ib l e , t:here fore , t.hat 

s imi l a r  d i f ferences in the e f fe c t  of such so lution s may be more 

exaggerated for other cocc idian spe c i es .  Un for tu nately , however ,  

i nfol-mation concerning the pre s e rvation of oocys t s  ha s not a lway s  

been provided b y  earl i e r  workers .  

The i nhibitory ef f ec t  of potas s ium dichromate o n  the subsequent 

ac tivation of cocc i d i a l  ooc y s t s  ha s been previou s l y  noted by Jackson 

( 1 9 6 2 )  who suggested tl1 a t  t:h i s  solution may r edu c e the permeab i l ity 

of the oocyst wal l  to excys t i ng med ium . 'I'h i s  s\Jgge stion i s  



supported by the pr esent f ind ings whi c h  indicate that sulphur i c  

ac id may be a more su i tabl e long -term oocyst pre servative than 

potass ium dichromate . Why pretreatment with sodi um hypochlor ite 

should appa rently be mi ld ly inhibitory for the ac t ivation o f  

I. rivolta oocysts stored i n  sulphuri c  ac id , however , i s  unc l ear . 

I t  i s  not l ikely that such an effect was merely due to a toxi c  

effect of sulphuri c  a c i d  on the sporozoites since non-pretrea ted 

oocysts stored in the same solution were apparently not affected . 

Nor doe s  i t  seem l ikely that this e f fect wa s due to the toxi c i ty 

of the sod ium hypochlor ite s ince ; ( a )  a s imilar phenomenon was 

not observed i n  oocysts s tored i n  pota ss ium dichromate and ( b )  

sod ium hypochlorite has been used previous ly a t  much higher 

concentra tions tha n employed in the present investigation without 

hinder i ng the abi l i ty of other coc c i d ia to exc y s t  ( Nyberg and 

Knapp , 1 97 0 ;  Speer et al . ,  1 97 3 )  . It would appear , the:::-e fore , 

tha t a more l ikely explanation may be that the combined e ff e c t s  

of su lphur ic a c i d  and sod ium hypochlorite altered t.he oocyst or 

sporocyst wal l s  in some way so that they were l e s s  permeabl e .  
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The prec i se nature o f  such changes ,  i f  any , arc unknown but are 

worthy of further inv e s t igation . 

Sporozoites o f  d ifferent coccidia n  species are known to ac t ivat e  

and excyst a t  d i fferent rate s ; in c erta in i nstance s  the rate of 

excystatj_on may be d irectly correlated with the d i s tance whi c h  

must be travelled in the d igestive trac t to reach t h e  u sual s i t e  

of endogenou s d evelopment (Du szynski a nd Bruns on , 1 97 3 )  . Like 

I. canis , wh ich has been found to activate faster than cocc id i a  

from o ther ho sts ( Bunch and Nyberg , 1 9 7 0 ) , act ivation o f  both 

I. felis a nd I. rivolta wa s observed to occur rapidly a fter contact 

with exc y sting medium . The relative rapid i ty o f  this r e sponse for 

a l l  ttese spec i e s  o f  Isospora i s  no t a l toge ther surpr i si ng i n  v i ew 

of the comparatively short length o f  the canine and f e l ine sma l l  

intestine . 
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Al though both trypsin and b i l e  are general l y  cons idered important 

ingredients of excysting media ( Jackson , 1 96 2 )  the pres ent r e su l ts 

ind icate tha t the latter i s  the mo st es sen-Lial for the act ivation 

of I. fe lis .and I. r>ivo l ta . For both spec ies activa t ion was found 

to occur in the presenc e  of bile a lone but not when tryp s i n  wa s 

u sed wi thout bile . The se f i ndings are similar to tho s e  record ed 

for cocc idia o f  dog s ( Fayer and Leek , 1 97 3 ;  Speer e t  a l . ,  1 9 7 3 ) , 

chickens , squ i rrel s and sheep ( H ibber t and H.::tmmond , 1968 ) but not 

for tho s e  of cattle which appear to be more dependent on the 

presence of trypsin than b i l e  ( Hibbert and Harnmond , 1 9 6 8 ; H ibbert 

et a l . ,  1 9 6 9 ) . Above a thr eshold l evel of 5% , the concentration 

of bile appeared to have l i tt l e  effec t on the ac t ivat ion o f  

sporozo i t e s . For I. l"iv o l ta , however , the l evel o f  a ct iva tion wa s 

found to further i ncrease w i th i nc r e a s ing concentra tions o f  b i l e  

abov e 5 % . D i f ferenc e s  between the two spec i e s  in thi s r e spect may 

relate to the type of bi l e  u sed s i nc e  bil e type appeared to be 

more important for the a c t iva t io n  o f  I. r>ivo l ta tha n I.  fe Z·is , 
Despite t.h e s e  d i fferences both spec i e s  were found to be capabl e of 

activation i n  a wide range of bile types but not when ' Twe;cr: 8 0 ' 

wa s subs tituted for bile . Thi s  l atter result i s  in cont r a s t  to 

the f indings o f  other s ( Jackson , 1 9 6 2 ; Doran and Farr , 1 962 ) who 

have r epor ted that thi s  and other surface ac tive agents could be 

substituted for bil e in a c t ivating oocysts of E .  arloingi and free 

sporocysts of E .  acer>vulina . 

Like trypsin and bil e ,  temperatur e a nd hydrogen ion concentration 

are al so cons idered to be impor tant fac tors for the a c t ivation and 

excystation of sporozoi t e s  in vitro . The effect o f  temperature 

has been s tudied by H ibbert and Hammond ( 1968 ) who found tha t  

excysta tion o f  bov i n e  coc c idia occurred between temperatu r e s  o f  2 9  

to 4 3oc and Jackson ( 1 9 6 2 )  who reported that E .  arloingi from 

sheep would not excy st a t  t empera ture s  below 3 1oc .  For a l l  the s e  

spec i e s  however , maximum excystat ion was found t o  occur b e tween 

39 a nd 4 1  °C ( i . e .  c lose to body temperatur e ) . I n  the prr:� sent 

investiga t io n  optimum activation o f  I. fe Us a nd I.  l"ivo l ta  wa s 
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found to occur at s imilarly high temperatures . U n l ike coc c id ia of 

cattle and sheep , howev er , ac tivation o f  these two spec i e s  wa s 

a l so founc. to ta ke plac e  at tempera tures as low a s  2 1oc .  S imilar 

findings have been repor ted for I. canis ( Speer et a l . ,  1 97 3 )  

sugge sting that the abi l ity of sporozoites to a c t ivate a t  r e l a t ively 

low temperatures may be a common feature of cocc idia o f  c a t s  and 

dog s . 

Doran a nd Farr ( 1 9 6 2 )  repor ted that a c t ivation o f  fre e  sporocysts 

of E. acervu Zina occurred between pH ' s  o f  5 . 5  to 8 . 5  ( the range 

tested ) with optimwn a ctivation occurr ing at pH 7 . 6 .  I n  the s tudy 

of Hibbert e t  al. . ,  ( 1 9 6 9 )  excy s tation of E. bovis was found not to 

occur at pH l evel s below 6 . 0 .  Above pH 6 . 0 excy s tation wa s found 

to increa se ma rked l y ; maximum l eve l s  of excystation were r ecorded 

at pH ' s  7 . 5 ,  8 . 0 and 8 . 5  and dec l ined t hereafter . I n  the pre s ent 

study hydrogen ion conc entration (pH 5 . 0  t o  1 0 . 0 ) appear ed to have 

l ittl e i nf l ue nce on the ac tiva tion of ei ther I. fe l.is or I. rivo lta 
and percentage ac tiva tion wa s found to be broadly s imilar to a l l  

pH l eve l s  tes ted . The reasons for thes e d i f ferences i n  r e s� l t s  

a s  compar ed t o  tho se o f  previou s  workers are unknown . Perh a p s  

it could b e  a ssoc iated with the d i ffering morphology a n d  mod e s  o f  

ac tivat ion and exc ystation of t h e  coccid ia species u s ed . 

S everal i nvestigator s have d e scr ibed the deta i l s  of the in vitro 

activation o f  various spec ies o f  Eimeria and Isospora The s e  

stud i e s  show two d i stinct patterns o f  activation which appear 

r elated to the s truc tur e  of the sporocysts . Ooc y s t s  o f  many spe c i e s  

of Eimeria , such a s  E.  bovis have a micropyle and conta in 

sporocysts w ith stieda bod i e s . Al though sporocy s t s  o f  E.  acervuZina 

also have s tieda bodie s , those o f  I. fel.is and I.  rivoZ ta do not 

and an oocyst micropyl e is s imilarly absent . I n  tho s e  spec i e s  

which have sporoc ysts w i th stieda bod i e s  t h e  sporozo ites always 

e sc ape through a gap at o ne end o £  the sporocyst created by the 

d i s solution of thi s struc ture (Dora.n und Farr , 1 9 6 2 ; Nyberg and 

Hammond , 1964 ; Hammond e t  al. . ,  1 97 0 ;  Roberts e ·t al . ,  1 97 0 ;  
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Du szynski and Brunson, 1 97 2 ,  1 97 3 ;  Speer and Dus zynsk i ;  1 9 7 5 ) . I n  

those spec i e s  whic h  have sporocysts which lack stieda bod ie s ,  however, 

such as I. canis and I. endocal limici., the sporocyst wa l l s  c o l l apse 

and the sporozoites e scape randomly ( Speer et al . ,  1 97 3 , 1 97 6 ;  

Du szynski a nd F i l e  1974 ) . Ul tras truc tura l stu d i e s  o f  the sporocyst 

wal l s  of the l atter two sp ec i e s  ( Speer et  al . ,  1 97 3 , 1 97 6 )  have 

reveal ed tha t they con s i s t  of two layers - a c o nt inuou s t h i n  outer 

layer and a r e la t ively thick d i scontinuous inner layer of four 

separate curv ed plate s . Excysting medium apparently ac t s  u:pon the 

sites of appo s i t ion of the s e  pla te s  r e sul ting i n  the rupture o f  

the sporocyst wa l l  and their eventual collapse i nto four p i e c e s  

( Speer e t  al . ,  1 97 3 , 1 9 7 6 ) . The proc e s s  of a c t ivation o f  I.  fe l&s 

and I .  rivolta observed in the present s tudy was found to be 

comparable to tha t. descr ibed for I .  canis and I. endoca Uim·Z:ci 

sugg est i ng tha t their sporocyst wa l l s  are struc tua l l y  s im i lar . 

The subsequent means o f  escape o f  the sporozoites f rom the oocyst 

ha s a l so been found to vary . Thus in spec i e s  such as E .  bovis 

ex it of the sporo zoites takes pla c e  through th e micropy l e  ( Nyberg 

and Hammond , 1 964 ) wherea s in tho s e  spec i es in which such a 

struc ture i s  lac k i ng , a s  i n  I. canis , the sporozoites e sc ape 

through rupture s created a t  one or bo th ends o f  the oocyst ( Speer 

et; a l . ,  1 97 3 ) . A similar escape of the sporozc ites of I. felis and 

I.  rivolta was observed in the present inves tiga tion . However , 

since c omple te excystation wa s not a lway s  accomp l i shed in vitro 

it woul d  appear l ikely that in v ivo rupture o f  the oocy s t  wal l 

may be further fac i l i tated by enviromental agents prior to 

i ng e s t ion or by o ther phys ical a nd c hemical facto r s  fol l ow i ng thi s  

event , o r  both . 



6 .  GENERAL D I SCUSS ION 
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I t  i s  now over l O O  yea r s  since cocc idia were f i r s t  recorded i n  the 

cat and dog . S inc e that t ime progre s s  towards an under stand i ng 

of the i d e nt i ty a nd biology of these spec ies ha s adva nced 

tremendou sly , particularly over the l a s t  seven or e ight year s . 

The ma j or impetus for th is progress wa s provided by the d i scovery 

that Toxoplasma gondii , until recently an enigma t i c  cyst-form i ng 

organism o f  unc erta i n  t 9Xo nomic status , could be transm i ·tted i n  

the fa eces o f  c a t s  in the form of a coccidial oocyst . 

Sub sequ e nt l y ,  s imilar he teroxenou s cocc idian l i fe cyc l es , i nvolving 

the cC< t and dog a s  d e :C ini ·tiv e  ho sts , were descr ibed for two o ther 

economic a l ly impor tant para s i t e s , Besnoit·{a and Sm.'cocy s tis , and a 

new genus o f  cyst- fanning cocc idia, llammondia ,  �tla s a l so d i scovered . 

These findings and a re-examination of the l i f e  c yc l e s  o f  other 

i so sporan para s it e s  of cats and dog s  have forc ed para s itolog i s t s  

to rev iew mar.y of the ba s i c  a s sumptions concerning t h e  coc c i d i a  

i n  general a nd have empha si s ed the super f i c ia l i ty of our k nowl edge 

regard ing the c an i ne a nd fel ine cocc idia in part i cular . 

I n  New Zea l a nd both toxopla smo s i s  and sarcosporidi o s i s  are o f  

considerable conc ern to the sheep i ndu stry . Attempt s  a t  l im i t ing 

these i nfections ,  however , have been prevented by a lack o f  

i nformation concerning their origin and epidemiology . With the 

recent real i sation of the cocc idian nature of the s e  organism s  and 

the r ecognitio n  of the centr a l  importance of the cat a nd dog i n  

their ·transmi s s ion , the fea s ib i l ity o f  i nstituti ng control mea sures 

has now increa sed . A s  a very pr e l im inary f i rst s tep towards the 

rea l i sa tion of thi s  obj ec tive , the s tudy descr ibed in thi s the s i s  

wa s carr i ed out to provide , for the f i r s t  time , some ba sic 

informat ion concern ing the cocc idian parasites o f  cats and dogs 

in New Zealand . The initial part o f  the study , which wa s under­

taken to determine the identity and preva lence o f  the s e  proto zoa , 

revea led four genera : IsospoY'a, Toxoplasma� Sarcocystis a nd 

Hammondia . Although some spec i e s  ( e . g . H. hammondi ) were not found , 



i t  would , becau se o f  the l imi ted geographic nature of the survey , 

be naive to a s sume tha t they are absent from the country a s  a 

whol e .  i . tdeed , a subsequent inv e �;tigation l ed to the recov ery o f  

a spec ies o f  Besn01: t1:a from the faec es o f  a fera l c a t  and i t  i s  

l ik el y ,  ther efore ,  that further searches may r eveal the exi stence 

o f  other spec i e s  as we l l .  

The effec t  o f  var iou s factors such a s  ho st age , ho st o r ig in , and 

season on the pr eval ence of infection was found to vary from 

spec ies to spec ie s .  Such var i a tions are r ead ily expl icab l e  in 
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t erms o f  d i f ferenc es i n · routes o f  transmi s s ion , ho st immunity and 

intermediate host spec if i c i ty . Of particular inter e s t  in thi s 

regard wc.ts the obs erved prevalence o f  Toxoplasma and Sarcocys ti s  

infections . As recm�ded in similar surveys which have be er.. carr ied 

out el sewh ere ( Table 2 . 1 ) the propor tion o f  c a t s  excr e t ing ooc y s ts 

o f  the former c o c c id ia n  wa s found to be l e ss than l % . �-Ih i l e  t:he se 

finding s ma y not be tota l ly unexpec ted ina s:nuch as c a t s  usua l l y  

shed Toxop 7-asma oocys r. s f o r  only a short per iod of l t o  3 weeks 

a f ter primary infec t i on ( Tabl e 1 . 8 )  a nd u sual l y  not a t  a l l  fol l owiny 

r einfec tio n  ( Dubey et al . ,  1 97 0b) they do , however , present 

something o f  an anoma ly . A rec ent summary o f  world wide r epo r t s  

(Vanderwagen et a l . ,  1 97 4 )  ha s ind icated that u p  t o  6 6 9o o f  c a tt.l e 

and 96% o f  sheep may exh ibi t  a ntibodi e s  to Toxoplasma . As ooc y s t s  

appear t o  be the ma in sourc e o f  infection for herbivorou s ho s t s  

( Hartley a n d  Hunday , 1 9 7 4 )  the s e  find ings appear d i f f i cu l t  t o  

reconc i l e  w i th the smal l  number s o f  c a t s  which have b e e n  found to 

be excre ting Toxoplasma in their faec e s . I n  a s se s s j ng the 

infec tive potential o f  thi s  sourc e ,  however , c ognisanc e mu s t  be 

taken of the fact that a s ingle cat may shed several m i l l ion ooc ysts 

during patency ( Dubey and Fr enke l , l 9 7 2a )  and that such ooc y s t s  

may remain infective for at l ea s t  a y ear in warm moi s t  c l imate s 

and even longer under cool er cond itions ( Yilmaz and Hopk i n s , 1 9 7 2 ; 

Frenkel et a l . ,  1 9 7 5 ) . I n  add i t ion , serelogical surveys i n  

several c ountr ies have shown that about 4 0 %  o f  adul t c a t s  i n  

natur e have an·tibod y t o  T. gondii ( Dubey , 1 9 6 8 )  . S ince i t  



ma y be a s sumed that the ma j or i ty of suc h c a t s  mu st have pa s sed 

ooc y s t s  i n  the ir f a e c e s  a t  some t ime , t.he pot.ential fo;� 

infection by ooc yst inge s t ion i s  l ikely to be muc h  grea ter than 

fa ecal surveys ma y otherw i s e  sugge st . 
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I n  contra s t  to the f i nd ings for Toxoplasma , sporocysts o f  

Sarcocystis wer e c ommonly encountered i n  cat a nd dog faec e s . The 

patent p er iod s o f  the se c oc c i d ia are usua l l y  l o ng ( Tabl e s  1 . 8  

and 1 .  9 )  and al though data rela t i ng to the m.unber o f  sporoc y s t s  shed 

dur i ng patency are l imi ted , l e ve l s  of exc r e ti.on atta i ned are l ik e l y  

to be dependent on the amount o f  infected rn.ea t ingested . In the 

pr e sent inv e s t iga tion sporocyst excretion in natura l l y infec ted 

c a t s  and dog s t ended to be lov.r with the ma j or i ty shedcl i ng 2 0 0  

sporocysts per gram of fae c e s  o r  l e ss . However , in dogs a mea n 

count o f  2 , 2 7 0  sporoc y st s  per gram and in c a t s  5 97 per g ram of 

faec e s , wa s recorded . I f  the faec a l  output o f  a med ium s i z ed dog 

is a s sumed to be 2 5 0  grams per day (Anv ik e t  a l . , 1 9 7 4 )  and that 

o f  a cat approx ima tely one thi rd o f  thi s c;mou nt , then the s e  

f igur e s  c a n  be crudely translanted a s  repr e s e nting an aver a g e  

excr etion of about ha l f  a mil l io n  sporoc y s t s  per day from i n f ec t ed 

dogs and 5 0 ,  000 per day from infec ted cat� s . The s e  c s t ima ·te s and 

the rela t iv e l y  high frequ enc y of sporocyst sheddi ng encountered i n  

c a t s  and dog s ,  ma y ind icate a cons iderabl e sourc e o f  Sarcocys tis 

infectio n  for su sc ept ibl e intermed iate ho sts . However , an 

a s s e s sment of the epidemiological s ignific anc e of such d a ta i s  

compl icated by the fa c t  tha t ( a )  information relating to the 

r e s i stance a nd surv ival of these sporocys t s  is tota l l y  lacking 

and ( b )  that sporoc y s t s  recover ed from the faec e s  of natura l l y  

i n f ec ted cats and dog s a r e  l ikely to repr e s ent a va r iable a nd 

i nd e term inate number o f  spec ie s . The spec i f ic i d entity o f  the 

sarcoc y st.an sporocysts recov e r ed in the pr e sent study are unknown 

a l though at l e a s t  some from c a t s  were demo n s trated to be tho se o f  

S. muris . The d i s cov ery o f  the latte:r. spec i e s  i s  of some 

inter e st s i nc e  i t  ma y provide a u se ful l a boratory an ima l model 

enabl ing Sarcocystis i n fect ion s  to be !.�·tud ied under c a r e fu l l y  



contr o l l ed condition s .  Suc h  c ircum s tanc e s  a r e  d i ff icult to 

a c h i eve with cattle a nd sheep due to the ubiqu ity o f  na tur a l l y  

acquired )arcocystis i n f ec t ions ( Levi ne , l97 3 ) a nd the expense 

o f  prov id i ng ster i l e  environments for a n ima l s . 

The d etection o f  Besnoi tia in New Zealand for the f ir s t  time 

is a l so of more than pa s si ng inter e s t  s ince some spec i e s  o f  
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thi s  genus are k nown to be pa thog enic for domestic l ives tock 

( Levine , 1 9 7 3 ) . The spe c i f ic id entity o f  t he present spec i e s ,  

however , i s  unk nown a lthough i t  shows s imi l a r i t i e s  to B . wa l lacei . 

Despite these s imilarities and in v ie\v o f  the po s s ible economic 

impor tanc e of thi s  proto zoa n fur ther inve stiga tion is obvious l y  

requ ir ed . 

Of the rema i n ing two c o c c id ian genera recorded in this s tudy , 

Harronondia a nd Isospo.Pa , the former genu s ha s a n  obl igatory a nd 

the latter a facul a t ive l y ,  hetero xenou s l if e  c yc l e . The abil i ty 

of Isospora spe c i e s  to u l til i se i ntermed i a te ho sts a s  an optional 

mea n s  of transm i s s io n  ha s not been fu l l y  inve sti ga ted bu t. spec ie s 
from both c a t s  and dogs have been s hown to i n fect rats , mic e and 

ham sters ( Fr enkel and Dubey , l 9 7 2 a )  . Whe t lwr thi s c on st.i  tut.e s 

the entire i ntermed iate ho st range o f  these spec ie s ,  or whether 

other ho st s ,  such as dome sticated l ive stock , ma y s e :cve eqw a l l y  wel l ,  

i s  unknown . I n  the pr e se nt investiga tion spornzoite s o f  I. fe lis 

a nd I.  rivolta from the cat were found to activa te in vi·tro under 

a wide range o f  cond i tio n s i pretreatment did not appear to be 

an e ssential prerequ i site for thi s  proc e s s  and bot h  spec i e s  exhibited 

a con s iderable tolerance to var iations in temperature , pH , b i l e  

type and bile concentration . The prec i s e  rela tion ship between 

the se f i nd i ng s  and the s i tuation in vivo is unknmm . Genera l l y ,  

however , i t  i s  consider ed tha t the s timu l i  nec e s sary t:o achieve 

a c t ivation and excysta tion in vitro are e ssent i a l ly s imilar to 

tro se r equired in vivo ( Jac k son , 1 9 6 2 ) . Thus a lthough i t  i s  read i l y  

conceded tha t the abi l i ty o f  cocc i d ia t o  i .nfec t a n y  o n e  ho st i s  

l ikely to be d ep endent o n  more c o n s tra i n t.s tl1an tho se gove rn i ng 



ac t ivat io n  and exc ysta t ion a lone , i t  i s  tempting , n everthe le s s , 

to speculate that the pre sen·t r e sults may i nd ic a t e  a potent ial l y  

much gr ea ter intermed iate ho st range for t! Jese spec i e s  than 

ha s h itherto been demon strated . 

1 3 3  



1 34 

REFERENCES 

Altma n ,  I . E .  ( l " "i l ) : Treatme nt o f  c a nine coc c id i o s i s  ( I so spora bigemina l . 
J .  Am .  vet . med . A s s . , 1 1 9 : 2 07 - 9 . 

A lv e s  da Cruz , A ;  Lino de Sousa , J . N . P .  a nd Cabral , A .  ( 1 9 5 2 ) : 
Indi c e  pa ra sitario do F e l i s  (�el i s )  catu s dome sticu s ola c idade d e  
Li sboa . Rev . Med . Ve t .  L i sboa , 4 7 : 1 4 2 - 5 2 . 

Andrews , J .M .  ( 1 9 26 ) : Cocc id io s i s  i n  mamma l s . Am . J .  Hyg . , _§_: 7 8 4 - 98 . 

A ndrews , J . M .  ( 1 9 27 ) : Ho st- spec i f ic ity i n  the coccidia of mammal s . 
J .  Para s i t . ,  J-2._: 1 8 3 - 94 . 

A nv ik , J . O . : Hague , A . E .  and Rahaman , A .  ( 1 9 74 ) : A m ethod of e stima t i ng 
urban dog populations and i t s  applica t.ion to the a s s e s sment o f  can ine 
f e c a l  pollution and endopara s i t i sm in Sa skatchewa n . Can . vet . J . , 1 5 : 
2 1 9 -2 3 .  

A shford , R . W .  ( l 9 7 7i : The fox , Vul]2_<� s vulpe s ,  a s  a final hos t. for 
Sarcoc y s t i s of sheep . Ann .  trop . Med . Par a s it . , 7 1 :  2 9 -3 4 . 

Ashford , R . W .  ( 19 78 ) : _?CJ.rcocystis � ymruen s i s
_ 

n . sp . , a para s ite o f  ra t s  
Rattu s  norv egicu s a nd c a t s  Fel i s  c a tu s . Ann . Trop . Med . Para s i t . , 7 2 : 
3 7 -4 4 . 

Babud ieri , B .  ( 1 9 3 2 ) : I sarco spor i d i  e le sarcosporidiosi . 
monograf ico ) .  Arch . Pro t i s te nk , 7 6 :  4 2 1 - 58 0 .  

( Studio 

Bearup , A . J .  ( 1 96 0 ) : Para s i t ic infec tion i n  cats i n  Sydney wit h  spec ial 
r eference of Ol lulanu s tr icu spi s .  Au s t . ve t .  J . , 3 6 : 3 5 2 - 4 . 

Bergmann , V .  and Kind er , E .  ( 1 9 7 5 ) : Unterschiede i n  der s truktur d er 
z y s tenwand bei sarkozysten d e s  schafe s .  Sonderdruck au s Mona t s c hefte 
fur Veterinarmed i z i n . ,  2 0 :  7 7 2 - 7 4 . 

Bernard , P . N .  and Bauc he , J .  ( 1 9 1 2 ) : F i la r io se e t  a therome aort ique 
du buf fl e  et du boeu f . Bul l . Soc . Pa thol . Exot . ,  5 :  1 09 - 14 . 

Beve r le y ,  J . K . A .  ( 19 7 6 ) : Toxopla smo s i s  i n  a n ima l s .  Vet .  Rec . ,  9 9 : 1 2 3 - 7 . 

Beverl e y , J . K . A . ;  Hutchinson , W . M . ; Al l sup , T . N . ; Spenc e , J . B .  a nd Wat so n , 
W . A .  ( 1 97 5 ) : stud i e s  o n  the spread of Toxopla sma gond i i  to sheep . 
Br . ve t .  J . , 1 3 1 : 1 3 0- 5 . 

Bigalke , R . D .  ( 19 6 7 )  : The arti ficial tra nsmi ssion o f  Be sno i tia be s no i t i  
from c hron ica l l y  i nfected to suscept ibl e cattle a nd rabbit s . 
Onder stepoort J .  vet . Re s . ,  3 4 : 3 03 - 1 6 . 

Bla nchard , R .  ( 18 8 5 ) :  Note sur l e s  sarco spor id ie s e t  sur un e ssa i d e  
c la s si fication d e  c e s  sporozoa ire s . Bull . Soc . ZooJ. . ,  1 0 :  2 4 4 - 7 7, 



Boughton , C . M .  ( 1 97 0 ) : Toxopla smo s i s . Med . J .  Aust . , 7 :  4 18 - 21 . 

Box , E . D .  ( 197 7 ) : Life c yc l e s  o f  two I so spora spec ies i n  the canary , 
Serinu s  canar lu s .  J .  Pro tozoal ., 24 : 5 7 -67 . 

Brumpt , E .  ( 1 9 13 ) : Prec i s  d e  Para sito logie . 2nd ed . l Ol l p . 

1 3 5  

Bul l , P . C .  ( 1 9 5 3 ) : Para s i t e s  o f  the wild rabbit ,  Or yctolagu s c u n i c u lu s 
( L . )  i n  New Zealand . N . Z .  J .  Sc i .  Tech . , A34 : 3 4 1 - 7 2 . 

Bunc h ,  T . D .  and Nyberg , P . A .  ( 1 9 7 0 ) : E ffec t s  of c a rbon d iox ide on 
c oc c id ia n  oocyst from s ix ho s t  spec i e s . J .  Proto zoa l . ,  17 : 3 64 - 7 0 .  

Burrows , R . B .  a nd Hunt , G . R . ( 1 9 7 0 ) : Inte s t i nal pro to zoan infections 
i n  cats . J .  Am . vet . med . A s s . ,  1 5� : 2 06 5 -67 . 

Burrows , R . B .  and L i l l i s ,  W . G .  ( 1 9 67 ) : I nte stinal pro to zoan infec t io n s  
in dogs . J .  Am . v e t . med . A s s . , 1 5 0 :  8 8 0 -3 . 

Bwangamoi ,  0 .  ( 1 968 ) : B e s no i tios i s  and other skin d i se a s e s o f  c a ttle i n  
Uganda . Am . J .  vet . Re s . , 2 9 :  7 3 7 -4 3 . 

Cari n i ,  A .  a nd Mig l ia no , L .  ( 1 9 1 6 ) : Sur u n  toxopla sme du cobaye 

( Toxop la. sma caviae n .  sp . ) . Bul l . Soc . P a thol . Exo t: . ,  -� = 4 3 5-·6 . 

Ca ste l lani , A .  ( 1 91 3 ) : Pro to z oan-l ike bod ie s i n  a c a se o f  protra c ted 
fever with splenomega l y . J .  C eylon Br . Brit . Med . A ss . , 1 0 :  2 0 . 

Catcott ,  E . J .  ( 1 9 4 6 ) : The inc idenc e of i nte stina l  protozoa in the dog . 
J .  Am . vet . med . A ss . , 1 08 ; 3 4 - 6 . 

C erna , Z .  ( 1 9 7 6 ) : Relationship o f  ooc y s t s  o f  ' I so spora buteon i s ' from 

the Barn owl ( Tyto alba ) to mu sc l e  c ys t s  o f  sar c o spor idians from 
the hou s e  mou s e  (Mu s musculu s ) . Fol ia Para s it . ,  ( Praha ) , 2 3 : 28 5 .  

Ches sum ,  B . S .  ( 1 97 2 ) : Rea c tiva t ion of Toxoplasma ooc y s t  produc tion i n  
the c a t  b y  infec tion with I so spora f e li s .  Br . v e t . J . , 1 28 :  3 3 - 6  

Chinchil l a , M .  and Ru i z , A .  ( 1 9 7 6 ) : Cockroaches a s  po s s ible transport 
hos t s  o f  Toxopla sma gond i i  i n  Co s ta Rica . J .  Para si t . , 6 2 : 1 4 0- 2 . 

Choquette , L . P . E .  and G e l ina s ,  L .  De G .  ( 1 95 0 ) : The i nc idenc e o f  
i nt e s t ina l nematod e s  and proto zoa i n  dogs in the Montreal d i str ic t . 
Can . J .  Camp . Med . ve t .  Sc i . ,  14 : 3 3 -8 .  

Chr i s t i e , E . ; Dubey , J . P .  a nd Pappa s ,  P . W .  ( 19 7 6 ) : Preval e nc e  o f  
Sarco c y stis infec tion a nd o ther inte s tinal par a s i t i sm in c a t s  from 
a humane shelter in Ohio . J .  Am .  vet . med . A s s . , 1 68 : 4 2 1 - 2 . 

Col e s , A . C .  ( 1 9 14 ) : Blood para sites found i n  mamma l s ,  bird s a nd f i she s 
i n  Engl and . Para s i to logy , 7 :  1 7 -· 6 l . 



Col l in s , G . H .  ( 19 7 4 ) : Sarcoc ys t i s  cau se s heavy loss to meat i ndu stry . 
N . Z . J .  agr ic . ,  .!_3 0 :  4 0 -3 . 

1 3 6  

Col l in s , G . H . ; ��ar le ston , W . A . G .  and Moriar ty , K . M .  ( 1 9 7 6 ) : Sarcoc y s t i s  
spec i e s  in sheep . N . Z .  vet . J . , 1!= 1 2 3 -4 . 

Corner , A . H . ; Mitche l l , D . ; Mead s , E . B .  a nd Tayler , P . A .  ( 1 963 ) : 
Dalmeny d i sea s e . An infec t i on of cattle pr e sumed to be cau sed by 
a n  unidentitied pro to zoan .  Can . vet . J . , 4 :  2 5 2 -64 . 

Coute l e n ,  F . R .  ( 1 93 2 ) : Exi s tence d ' une toxopla smo se sponta ne ' e  e t  
general i se ' e  chez le fure t .  Un toxopla sme nouvcau , Toxop���ma 
la icUawi n .  sp . ,  para s ite d e  t-1u stela ( Putor iu s )  putoriu s var . furo . 
C . R .  Soc . Biol , 1 1 1 : 2 8 4 - 7 . 

Cra ig e , J . E .  ( 1 9 7 6 ) : _Sarcoc y s t i s  o f  dom e s t ic a n ima l s .  J· . Am . vet . med . 
A s s . , 1 7 0 :  4 63 - 6 . 

Crawley , H .  ( 1 91 4 ) : Two new sarco spor id ia . Proc . A c ad . Na t .  Sc i .  
Ph i l a . ,  6 6 : 214 -18 . 

Crum , J . M �  a nd Pre s twood , A . K .  ( 1 9 7 7 ) : Tra n sm i s sion o f  Sa1:cocy_::;_t:_i s 
leporurn f rom a co ttonta i l  r abb i t  to domestic ca t s . J .  Wild l . D i s . , 
1 3 ; 1 7 4 - 5 . 

Cunningl1am , C . C . ( 1 97 3 ) : Sai_-cocysts in the heart mu sc l e  of a foa l . 
Vet . Rec . ,  92 : 684 . 

De Mel lo , I . F .  ( 1 91 5 ) : P r e l iminary note on a new ha emog r egar ine found 
in the pigeon ' s  blood . Ind . J .  Med . Re s . ,  3 :  93-4 . 

D e  M e l lo , I . F .  ( 1 93 5 ) : On a toxopla smid of Fulico. a tra L .  with spe c ia l  
refer enc e t o  a probabl e  sexua l ity of agame tes . Proc , Ind . Acad . Sc i . ,  
( B )  1 :  7 05 - 9 . 

Dobell , C . C .  ( 1 9 1 9 ) : A rev i sion of the cocc id ia para s i tic i n  man . 
Par a s i tology , 1 1 : 1 4 7 - 97 . 

Dobell , C . C .  a nd O ' Connor , F  .· '..-7 . ( 1 9 2 1 ) : The inte s t i na l  protozoa o f  man . 
John Bal e Sons and Dani e l sson , Londo n . 2 l lp . 

Dolf l e i n ,  F . J . T .  ( 1 90 1 ) : D ie protozoen a l s  para s i ten u nd krank­
h e i tserreger , nac h biologi schen ge s i c ht spunkte n  darge s te l l t . 
G .  Fi sher , Jena , x i i i  + 2 7 4 p . 

Dora n , D . J· .  and Fa rr , M . M .  ( 1 9 62 ) : Exc ystation o f  the pou l try cocc id ium , 
E imeria ac;ervul i na

_
. J .  Protozoa l . ,  �: 1 54 -61 . 

Doran , D . J .  and Vetter l i ng ,  J . Y! . 0 968 ) : I nf luence o f  storage per iod o n  
excys·tation a nd developmen t i !1 c e l l  uu l t_ure s o f  Eime r ia 
meleagrimiti s Tyz zer , 1 9 2 9 . Proc . H e lm i nt.h . Soc . \.Va s h . , 3 6 :  3 3 - 5 . 



Duberman , D .  ( 1 9 6 0 ) : Treatment o f  ca nine c oc c id io s i s  u s i ng ni tro 
furazone a nd su lphonamides . J .  Am . vet . med . Ass . , 1 3 6 : 2 9 -3 0 .  

13 7  

Dube y ,  J . P .  ( 1 9 ,. 6 ) : Toxocara c a t i  a nd other inte stina l para s i te s o f  c a t s . 
Vet . Rec . ,  7 9 :  5 06 -8 . 

Dubey , J . P .  ( 1 968 ) : Fel ine toxopl a smos i s  a nd its nematode tra nsmi s sion . 
Vet . Bul l . ,  3 8 : 4 9 5- 9 .  

Dubey , J . P .  ( 1 9 -/ 3 ) : F e l i ne toxopla smo s i s  and cocc id io s i s : A su rvey 
o f  domic i l ed a nd stray c a t s . J .  Am . ve t .  med . As s . , 1 6 2 : 8 7 3 - 7 . 

Dubey , J . P .  ( 1 97 4 ) : E ffec t  o f  f re e zi ng on the i nfec t i v i ty o f  
Toxopla sma cysts t o  c a t s . J .  Am . vet . med . A s s . , 1 6 5 : 5 3 4 - 6 . 

Dubey , J . P .  ( 19 7 5a ) : Expcr imenta l I so spora ca 1:2-� and I so spora fel i s  
i nfec tion i n  mice , c a t s , and dog s .  J .  Protozoal . ,  2 2 : 4 1 6 -7 . 

Dub e y ,  J . P .  ( .1 97 5b) : Immu n i ty to Harnmond iil hammond i i nfec tion in c a t s . 
J .  Am . vet . med . A s s . , 1 6 7 : 3 7 3 - 7 . 

Dubey , J . P .  ( l 9 7 5c ) : I sos:f2?_�� ohi?en siE_ sp . n .  propo sed for I .  r i.:_rol ta 
o f  the dog . J .  Para s it . ,  61 : 4 6 2 - 5 . 

Dubey , J . P .  ( 1 9 7 5d ) : E��pe r imenta l Hammond ia ha.rrunondi i n f e c t i o n  in dog s . 
Br . vet .  J . , 1 3�:  7 4 1 - 3 . 

Dubey , J . P .  ( 1 9 7 6a ) : Reshedd i ng o f  Tox opla sma
_ 

ooc y s t s  by chronica J l y 
infected ca t s .  Nature , Lo nd . , 2 6 2 : 21 3 -4 . 

Dubey , J . P .  ( 1 97Gb) : l\ revievJ o f  _Sarcoc ysti_�_ of Dom e s tic a nimal s a nd 

o f  other c oc c idia o f  c a t s  and dog s .  J .  Am . v e t . med . A s s . , 1 6 9 : 
1 0 61 -78 . 

Dubey , J . P .  ( l 977a ) : A ttempted transmi s s ion o f  f e l i ne cocc id ia from 
c hr on ic al l y  infec ted qu e e n s  to the ir k i ttens . J .  Am . vet . med . A ss . , 
1 7 0 ; 54 1 - 2 . 

Dubey , J . P .  
and dog s . 

( 19 7 7 b )  : Taxonomy of Sarcoc y s t i s  and other cocc id ia o f  c a t s  
J .  Am . v e t . rned . A ss . , 1 7 0 :  7 7 8 - 2 . 

Dube y ,  J . P .  and Fayer , R .  
dog s and o ther mamma l s .  

( 1 97 6 ) : Development of I so spora big em i na i n  
Para s itology , �: 3 7 1 -8 0 . 

Dubey , J . P .  and Fr enke l ,  J . K .  ( 19 7 2a ) : Cyst induc ed toxopla smo s i s  i n  
cat s .  J .  Proto zoal . ,  1 9 : 1 5 5 -7 7 . 

Dubey , J .  P .  a nd Fr.enkel , .J . K .  ( 1 9 7 2b )  : Extra -inte s t i na l  stag e s  o f  
I so spor� f e l i s  a nd I .  r ivol ta ( Proto zoa : Eimer i id a e )  in c a t s . 
J .  Protozoal . ,  1 9 : 8 9-9 2 . 

Dubey , J . P .  and Frenkel , J . K .  ( 1 97 3 ) : Expc:c imenta l Tox ��_pla sma i nf ec tion i n  
mice w i th stra ins produc i ng oocysts . J .  Para s i t . ,  5 9 : 5 0 5 - 1 2 . 



138 

Dubey , J . P .  a nd Prenkel , J . K .  ( 197 4 ) : Im.rnu nity t o  fel ine toxop l a smo si s : 
mod ificat.ion by admini stration of cortico stcroid s . Vet . Path .. , 
l l : 3 50-7 9 .  

Dubey 1 L! . P . a nd Hoover ,  E . A .  ( 1 97 7 ) : A ttempted tra nsmi s sion o f  
Toxopla sma gond i i  in fecti on from pr eg nan t cats to the i r  kitten s . 
J .  Am .  vet . med . A s s . 1 17 0 :  538 -4 0 .  

Dubey 1 J .  P .  a nd Str e i te l 1 R . H .  ( l 97 6a )  : Fur ther stud iP. s on the 
transmi s s ion of Harnmond i a  hammond i i n  cat s . J .  Para s i t . ,  6 2 : 
548-51 . 

Dubey , J . P . a nd S tr e i tel 1 R . H .  ( l 97 6b ) : I so spora f eJ. i� a n d _! .  r ivo l ta 
inf ec t ion s  i n  c a t s  induc ed by mou s e  t i ssue or ooc y st s . Br . vet .  J . 1 
1 3 2 : 6 4 9 - 5 1. . 

Dubey , J . P .  and S treite l , R . H .  ( l 9 7 6c ) : Shedd ing of Sarcoc y s t i s  i n  
fa ec e s  o f  dog s and cats fed mu scle s of natm� a l l y  infec ted food 
anima l s  in m idwe stern Uni ted State s . J .  Para si t . , 6 2 : 8 28 -3 0 .  

Dubey , ,J. P .  a nd Yea ry 1 R . l\ .  ( 1 97 7 ) : Anticoc c i r Ha l ac t- i v i t y  o f  2 ··· 
Sul famoyl -4 1 4 - Diam i nod iphenyl sulfone , Su l f:'.c1 ia z i ne , Pyr ime tbam i ne 
a nd C l indamyc i n  i n  c c:. t s  i nfec ted wi th Toxo:p}�_:sma g o_!:l_cJ_�:�-· Can . v et . J . , 
18 : 5 1 -7 . 

Dubey , J . P . , Cl1r i stie , E .  and Pappa s ,  P . \V .  ( l � 7 7 a ) : C l1ara c ter i zu. t.ion o f  
'l'OXC?plaE;!_ni'l gond i i  from the faec e s  o f  naturo l l y  i n f ec ted c a t s . 
J .  Infect� .  Di s . , l 3 6 : 4 3 2 - 5 . 

Dubey , J· . P . ; Hoover , E . A .  and Wa l l s ,  K . W .  ( 1 9 7 7b ) : E f fec t of age a nd 
s ex on the a c qu i s i tion of immu n i ty to toxopl c:ts:no s i s  i n  c a t s . 

J .  Proto zoal . ,  24 : 184-6 . 

Dubey , J . P . , ;  Iv1 i l l er , N . L .  and F.renke l .  ( 1 970a ) : The Toxopl�_
sma gond i � 

ooc y s t s  from cat faece s .  J .  exp . Med . , 1 3�; 636�6 2 . 

Dubey , J . P . ;  .t-1il l e r ,  N . L .  and Fr enke l . J . K .  ( l 97 0b) : Charac teri zation 
of the nev1 feca l form of Toxopla sma go nd i i_ . J .  Para s i t . , 56 : 447-56 . 

Dubey , J . P . ,  Streitel , R . H ;  S tromberg 1 P . C .  a nr1 Tou s sant , M . J .  ( 1 977c ) : 
Sarcoc ys t i s fayer i sp . n .  from the hor se . J .  Para s it . ,  63 : 4 4 3 -7 . 

Durr , U . M .  ( 1976 ) : Cl inical exper i e nce s with trimethoprimsul fad i a z i ne 
in coc c idio s i s  o f  dog s  a nd c a t s . Tieraztl . Umschau . ,  3 1 : 1 7 7 -8 .  

Du szyn ski , D . H .  and Brun son , J . T .  ( 1 97 2 ) : Th 2 s truc tur e o f  the ooc y s t  
a n d  e xc ysta t ion proc e s se s  of .:!:_���12ora marqt J.n�_ti sp . n .  f rom the 
Co lorado pika . Ochot.ona pr i�cep_�· J .  Protvwol . ,  1 9 : 2 57-9 . 

Duszyn sk i , D . W .  and Brun so n ,  J . T .  ( 197 3 ) : S tr uc ture o f  the ooc y s t s  
and exc y s ta t ion proc e s s  o f  four ��me��� spr ( Protozoa : E imer i ida e )  
from the Colorada pika , Oc�_t:0� J2!-inc eR_.?_· ,J . Para s i t ,  5 9 ; 2 8 -34 . 



Du szynski , D . W .  and F i l e , S . K .  ( 1 9 7 4 ) : Struc ture of ooc ysts and 
excysta tion of sporozo i t e s  of !���por� endoc a l l imic i n .  sp . 
from the marmo set Cal l imico goe l d i i . Tra n s . Am .  M icrosc . Soc . 9 3 : 
4 0 3 -8 . 

Ehrenford , F .  A .  ( 1 9 5 3 ) : The i nc idence of some common c a n i ne inte stinal 
para s i te s . J .  Para s i t . ,  39 ( Suppl . ) : 3 4 - 5 . 

Parr , M . M .  and Doran , D . J .  ( 1 9 6 2 ) 
spec i e s  o f  pou l tr y  cocc idia . 

Compara t ive exc ystation o f  four 
J .  Protozoa l . ,  9 :  4 0 3 - 7 . 

Payer , R .  ( 1 974 ) : Development o f  Sarcoc y s t i s  fu s i form i s  i n  the sma l l  
i ntestine o f  the dog . J .  Para s it . ,  6 0 : 6 6 0 - 7 5 . 

Payer , R .  ( 1 9 7 5 ) : Effects of r e f r ig era tio n , cooking and f r ee z i ng o n  
Sarco_� y s t i s_ i n  beef from reta i l  food s t or e s . Proc . Helminth . Soc . 
Wa sh . , 4 2 : 1 3 8 - 4 0 . 

Payer , R .  a nd John son , A . J .  ( 1 9 7 3 ) : Deve lopment of Sa rcoc y�! i s  
fu s iformi s  i n  c a l ve s  infected with s poro c yst.s from dog s . 
J .  Para s it . ,  ��: 1 1 3 5 -7 . 

Payer , R .  and John son , A .  ,J . ( 1 974 ) : Sarcoc ys�i s fu s�!ol::!l�:!:.:>.:_ 
Development of c ys ts i n  c a l v e s  i nfec ted with sporoc ys t s  from dog s . 
Proc . Helmi nth . Soc . lva sh . , 4 1 : 1 0 5 -8 . 

Payer , R .  a nd Johnso n , A . J .  ( l9 7 5a ) : Sarcoc ysti s fu��!or�_
i s  infec tion 

in the coyote ( Cu n i s  l a tran s ) .  J .  I nfec t .  Di s . , 1 3 1 : 1 8 9 - 9 2 . 

Payer , R .  and Johnso n ,  1\ . J .  ( l 9 7 5b ) : Effe c t  of amprol ium on acute 
sarcoc y sto s i s  in exper imenta l ly i n f ec ted calve s . J .  Par a s i t . , 6 1 : 

9 3 2 - 6 . 

1 3 9  

Fayer , R .  a nd Krade l , D .  ( 1 9 7 7 ) : Sarc o c y s_t i� leporum i n  c otton- ta i l  
rabbits and i t s  transmi s s ion to carn ivor e s . J .  Vhld l .  D i s . ,  1 3 : 1 7 0-3 . 

Payer , R .  and Leek , R . G .  
sporo c y s t s  from dogs . 

( 1 9 7 3 ) : Exc ystat ion of 
_
Sarcoc y s t i s fu s i form i s  

Proc . Helminth . Soc . Wa sh . , 4 0 : 2 94 -6 . 

Payer , R . ; Johnso n ,  A . J .  a nd Hildebrandt , P . K .  ( 19 7 6a ) : Ora l  infec tion 
of mammal s  with �rcoc y sti s fu s i formi s bradyzoi t e s  from c a tt l e  a nd 
sporoc y sts from dogs and coyote s . J .  Para sit . ,  6 2 : 1 0 - 1 4 . 

Fayer , R ;  Johnson , A . J .  and Iu nd e , M .  ( l 9 7 6b ) : Abortion and other s ign s 
of disease in cows experimenta l l y  infec ted with Sarco c y s

_
t i s  fu s i formi s  

from dog s . J .  Infec t . Di s . , 1 3 4 : 6 2 4 - 8 . 

F ink , H .  ( 18 54 ) : Sur le physiolog i e  de 1 ' epithel iwn int e s t i nal . 
The s i s ,  stra sbourg , S Op . 

F i s h ,  J . G .  ( 19 64 ) : Su l fa d imethoxine for enteric infection s . 
Mod . Vet . Prac t . , 4 5 :  3 7 -8 . 



Ford , G . E .  ( 1974 ) : Prey-predator tra nsmi s s ion in the epi zoo t io logy of 
ovine sarco spor id i o si s . Au st . vet . J . ,  �: 3 8 - 9 .  

Frel i er ,  P . ; Mayhew , I . G . ;  Fayer , R .  a nd Lunde , H . N .  ( 1 97 7 ) : 
Sarcoc ystis : A c l i nical outbreak in dairy ca lve s .  Sc i e nc e , 1 9 5 : 
1 3 4- 2 . 

Frenke l , J . K .  ( 1 9 5 5 ) : Infections with organisms re semhl ing Toxopla sma 
toge ther with de scrption of a nev; orga n i sm : !3e�no i t ia j cl l i soni . 
At.t i de VI Congr . Int . Hicrobio l . Rome , �: 4 2 G - 3 4 . 

Frenke l , J . K .  ( 1 973 ) : Toxoplasmo s i s : Para site l i fe c yc l e ,  pa thology 
and immunolog y .  p . 3 4 3 -4 1 0 . In The cocc idia : E imer ia , I so spora . 
Toxopla sma a nd rela ·ted gener a , ed s .  Hammond , 0 . 1'1 . and Long , P . L . 
Unive r s i ty Park Pre s s ,  Bal timor e . 

Frenke l , J . K .  ( 19 7 4 ) : Advanc e s  i n  the biology of the sporozoa . 
Z .  Para s iten k . 4 5 : 1 2 5 - 6 2 . 

Frenke l , J . K .  ( 19 77 ) : Be sno i t i a  wa l l a c e i  of c a t s  and roden t s : 
with a rec l a s s i f ication of other c yst-forming iso sporoid cocc i d ia . 
J .  Para s i t . ,  G3 : 6 1 1 - 2 8 . 

Frenk c l , J . K .  a nd Dubey ,  J . P .  ( 19 7 2:1 ) : Rodents a s  vec tor s for f e l ine 
coc c idia , Iso spora !�:..� i s  and I_ s o��ora r ival ta . J .  I n f ec t .  D i s . , 1 2 5 : 
6 9 -7 2 .  

14 0 

Frenke l , J . K .  a nd Dubey ,  J . P .  ( 1 97 2 b ) : Toxopla smo s i s  and i.t s  prevention 
i n  cats and ma n .  J.  Infec t .  Di s . ,  1 26 : 6 6 4 -7 3 . 

Frenkel , J . K .  a nd Dubey,  J . P .  ( 1 9 7 3 ) : 
v iabil ity o f  'l'C?xopla�rra oocysts . 

E f fects of free z ing on the 
J .  Para sit . ,  5 9 : 587-8 . 

Frenkel , J . K .  and Dubey , J . P .  ( 19 7 5 ) : Hammondi_� hammond i g e n . nov . , sp . 
nov . , from dome stic cats , a n ew cocc idian related to Toxopl�� and 
Sarcocysti s .  z .  Para s itenk . ,  4 6 :  3 -1 2 . 

Frenkel , J . K . , Dubey , J . P .  and Mil ler , N . L .  ( 1 97 0 ) : Toxopla sma gond i i : 
The ooc yst , sporozoite and i nfec tion o f  c u l tured c el l s .  Sc i enc e , 
1 67 : 8 92 - 6 . 

Frenke l , J . K . ; Rui z ,  A .  and Chi nchi l la ,  H .  ( 19 7 5 ) : S o i l  surv ival o f  
Toxopla sma ooc y s t s  in Kansa s and Costa Rica . Am J .  Trop . Hed Hyg . , 
2 4 : 4 3 9- 4 3 . 

Gall i-Va ler i o ,  B .  ( 1933 ) : Not e s  para sitolog iques e t  d e  technique 
para s itolog ique . Zbl . Bak t . I .  Orig . ,  1 2 9 :  4 2 2 - 3 3 . 

Gassner , F . X .  ( 1 94 0 ) : Stud i e s on c anine cocc idios i s .  J .  Am . vet . med . 
As s . , 9 6 : 2 2 5 - 9 . 

Gestric h ,  R .  and Heydorn , A . O .  ( 1 974 ) : 
von sarko spor idienzysten .im f l e i sch 
TierarztJ. . Woc hen schr . 87 : 4 7 5 - 6 . 

Untersuchungen zur uberlebensdauer 
von schlac htti eren , . Ber l . Munc h .  



Ge strich , R . ; Heydorn ,  A . O .  and Baysu , N .  ( 1 9 7 5a ) : B e i trage zum 
1 ebenszyklu s der sarko spor idien . V I . Unter suchungen zur 
artend iffere n z i erung bei _Sarocystis_ f�:>i form i s  und Sarc o_S(�ti� 
tene l la . BeL l .  Munc h .  Ti erar z t l . Wochensc hr . ,  8 8 : 1 9 1 - 2 0 4 . 

Gestric h , R . ; Helhorn ,  H .  a nd Heydorn , A . O .  ( 197 5b) : Licht - und 
e l e k tronenmikro skopi sche unter suchungen an c ysten von �?-rc oc:_y_:=;_!:_�� 
fu s iformi s in der mu sku l a tur von ka lbern nac h exper imentel l er ---------
i nfektion mi t ooc ysten und sporoc y sten der groben form von I so spor a  
bigemina der katze . Zbl . Bak t . Hyg . , 1 .  Abt . Or ig . A . ,  2 3 3 : 2 6 1 - 7 6 .  

Ge strich , R . ; Sc hmitt ,  M .  and Heydorn , A . O .  ( 1 9 7 4 ) : Pa thogenitat von 
Sarcocystis tenella sporozys ·ten aus den faze s von hunden fur lammer .  
Ber l . Hunch . Tierar z tl . Woc henschr . ,  8 7 : 3 6 2 - 3 . 

1 4 1  

Goleman sky , V .  ( 1 9 7 5a ) : Observa t ion s d e s  ooc y s te s  et d e s  spo r e s  l ibres 
de Sarcocyst i s  sp . (P:r:·oto zoa : Coc c i d i a )  dans le gros i ntesti n du 
renard commu n C Vulf?e s  vul pe s  L . ) en Bulgari e .  Ac ta . Protozoo logica , 
14 : 2 9 1 - 6 . 

Gol ema n sky , V .  ( l 9 7 5b)  : E imer i a  l i  nov . sp . e t  _!Clo s s i a  sp . 
c o c c id ia l trouves d ct n s  l e  gro s inte s t i n  du r enctrd commun 

vulpcs L . ) en Bulyarie . Zool . Anz . ,  1 94 : 1 3 3 - 9 . 

( Pro to zoa : 
(Vu_l_pes 

Golubkovan ,  D . I . anc'! Ki s l i akova , Z . I .  ( 1 9 7 <1 ) ; ( 'l'he sourc e s  o f  infec tion 
for swine Sarcocy s t ?� ) .  Vete rinar i ia , 1 1 : 8 5 - 6 . ( Ru ) . 

Gomor i ,  G .  ( 19 5 5 ) : Prepara t ion of buff e r s  for u se in enzyme stud i e s . 
p .  1 3 8 -4 6 . �n l\1etliods o f  enzymology I ,  ed s .  Colowick , S .  P .  a nd 
Kaplan , N . O .  Academ ic Pre ss ,  New York . 

Goodr ic h ,  H . P .  ( 194 4 ) : Coc c idian oocysts . Para sito logy , 3 6 :  7 2 - 9 . 

Gorbov , Yu . K .  ( 1 9 7 5 ) : (Developmental cyc l e  o f  Sarcocyst i s ) . 
Veter inar iya Mo scow , .§_:  7 2 -4 . ( Ru . ) . 

Gra s s i , B .  ( 18 7 9 ) : 
sono ne l l ' uomo . 

De pro tozoi para s s i t i  e spec ialmete d i  quel l i  c he 
Ga z .  Hed . I ta l . Lombard , 3 9 : 4 4 5 - 8 . 

Gregor y ,  G . G .  a nd Munday , B . L .  ( 1 9 7 6 ) : I n t erna l par a s i t e s  o f  f eral 
c a t s  from the Ta smanian midland s and King I sland . Au st . vet . J . , 
6 2 : 3 1 7 -2 0 .  

Gutterbock , W . M .  and Levine , N . D .  ( 1 9 7 7 ) : Coc c id ia and inte stinal 
nematod e s  of Ea st Central I l l ino i s  cats . ,  J .  Am .  vet . med . A s s . , 
1 7 0 : 14 1 1 -1 3 . 

Hammond , D . H . ; Ernst , J . V .  and Chobotar , B .  ( 1 9 7 0 ) : Compos ition and 
function o f  the subs·t i edal boc'i y i n  the sporocysts o f  E imeria 
u tahensi s . J .  Para s i t . ,  5 6 : 6J 8 - 9 .  

Hartley , W . J .  and Blakemore , W . F .  ( 1974 ) : An unidentiti fed sporozoan 
enc epha lomyel i t i s  i n  sheep . Vet . Pathol . ,  !1 : 1 - 1 2 . 



Hartl e y ,  W . J .  a nd Boyes , B . lv .  ( 1 964 ) : I nc idence of ov ine perina tal 
mor tal i ty in New Zea l and w i th par ticula r  reference to i n trauterine 
infections . N . Z .  vet J . , 1 2 :  3 3 -6 . 

Hartl ey , W . J .  and Munday , B . L .  ( 1 9 74 ) : F e l idae in the d i s semination 
of toxopla smo s i s  to ma n and other animal s .  Au s t .  ve t .  J . , 5 0 : 
2 24 -8 . 

Hasselmann , G . E .  ( 1 9 2 6 ) : Alteracoes pato logicas c a s  do myocardia 
no sarc o spor ideose . Bol . Int . Bra si l . Sci . ,  2 :  3 1 9 - 2 6 . 

Henry , A . C . L .  ( 191 3 ) : Besno i t i a  besnoi t i  ( Maro t e l , 1 9 1 3 ) . 
Rec . I-1ed . Vet . , 9 0 : 3 28 . 

Henry , A . CL . and Lebl oi s ,  C . P .  ( 19 2 6 ) : E s sai de c l a ss i f ic a t ion d e s  
cocc id i es d e  l a  f a m i l l e  d e s  Diplo spor idae Leger , 1 9 1 1 . 
Ann . Para s i t . ,  4 :  2 2 -8 . 

Hcpd i ng , L .  ( 1 9 3 9 ) : Ueber toxopl u smen ( 'fo:>���_J�_<:_l_��a ga l.JJ.nc:ru!::J. n .  sp . )  
in der r e t ina eines huhne s und uber bez.i e.h:.mg zur huhne r 1amung . 7, .  
I n fektnk r . Hau s t . ,  5 5 : 1 09 - 1 6 . 

Heydor n , A . O .  ( 1 97 3 ) : Zw11 l ebens zyklus dcr A' l.e inen torm von I so srnr�:_ 
b :i gemi na._ d e s  hund c s . I .  Rind und hund a J. s  mogl iche ZH.i schenwir':::e .  
Berl . Munch . Tierarztl . 1\lochenschr . , 8 6 : :.12 3 - 9 . 

Heydorn , A . O .  a nd Gestr ich , R .  ( 19 7 6 ) : Beitr 2 ge zum l ebon szyk l u s  d e r  
sarko spor i d i en . V I I . Entwic klung s stad ie1� von Sarcocy s t i s  �vican i s  
im schaf . Berl . l.'Junch . 'ri erarztl . I!Jochenschr . ,  8 9 :  l - 5 .  

( 1 9 7 2a ) : B e i truge zum l eben s zyklu s d e r  

1 4 2  

Heydorn , A . O .  and Rommel , M .  
sarkospor idien . I I . Hund 
d e s  r i ndc s . Berl . Munch . 

and katze a l s  ulx�rtrager d e r  sarkosporidien 
Tierar ztl . Wochen schr . ,  ?_2: 1 2 1 - 3 . 

Heydorn , A . O .  a nd Romme l ,  M .  ( 1 97 2b ) : B c itro.ge 
sarko spor idien . IV . Entwick lung s s tadien v:on 
dunndarm sc hle irnhant der ka tz e . Berl . . Munch .  
8 5 :  3 3 3 - 6 . 

zum lebenszyk l u s  der 
S .  f u s i form i s  in der - -------
Tiera r z t t . Woc henschr . ,  

Heydor n ,  A . O . , G e s trich , R .  a nd Ipc z ynsk i ,  V .  ( l 9 7 5a ) : Zum l ebenszvkl u s  
d e r  kel inen form von I sospora b i g emina d e s  hunde s .  I I .  Entw ic}� lung­
s stad i e n  im darm des hunde s .  Ber l .  Munch . 1'eirar ztl . Woc hen schr . ,  
8 8 : 4 4 9 - 5 3 . 

Heydor n ,  A . O . ; Ge strich , R .  a nd Jan itschk e , K. ( 1 9 7 6 ) : B e i trag e  zum 

l ebenszyklu s der sarkosporid i e n . VI I .  Spo�·ozysten von §�rcocy s t i s  
9ovihomi ni? in c1en fazes von rhe su sa ffen (}'iacaca E._h e s u s )  und pavianen 
(Papio c ynocepha lu s ) . Bcr l . Munc h .  Ticrar ztl . Wochenschr . ,  8 9 : 1 1 6 - 2 0 . 

Heydorn ,  A . O . , G e s tr ic h , F.. ; Helhor n ,  H .  and Rommel , M .  ( l 9 7 5b ) : 
Propo s a l s  for a nGv/ nomenc l a ture of the sa.J:-cosporidia . Z .  Para s i tenk . ,  
48 : 7 3 -8 2 . 



Heydorn ,  A . O . ; Melhor n ,  H .  a nd Gestric h , R .  ( 1 9 7 5c ) : Licht- und 
e l ektronenntikro skopische unter suchungen an cysten von _§arcoc y s t i s  
fu s i formi s_ i n  der mu sku l a tur von kalbern nach exper imente l l er 
i n fektion mi t oocysten und sporocysten von I so spora hornini s . 
Ra i l l ie t  e t  Luc et , 1 8 9 1 . 2. Die feinstruktur d er rne·troc yten und 
merozo i ten . Zbl . Bakt . Hyg . , I .  Abt . Orig . A . , 2 3 2 :  3 7 3 -9 1 . 

Hibbert , L . E .  a nd Hammond , D . M .  ( 1968 ) : E f f e c t s  o f  temp era tu r e  o n  
i n  vi tr� excystation o f  va r iou s E i meri� spec ies . Expt . Para s i t . ,  
2 3 : 1 61 -7 0 . 

Hibber t ,  L . E . ; Harnmond , D . J1 .  and Sim:non s ,  J . R .  ( 1 969 ) : The e ffec t s  o f  
pH , bu ffer s ,  b i l e  and b i l e  a c i d s  on excystation o f  sporozo ites of 
var iou s E imer ia spec ie s . J .  Proto zoal . ,  :!:_§_ ;  4 4 1 - 4 . 

Hitchcoc k , D . J .  ( 1 9 5 3 ) : I nc idenc e  o f  gastro- inten s t i nal par a s i t e s  
i n  some Michigan k i tte n s . N .  Am . Vet . , 34 : 4 28 - 9 . 

H itchcock , D . J .  ( 1 9 5 5 ) : 'Ihe l i fe c yc l e  o f  I so spora fe_l i �  in the k itten . 
J .  Para sit . ,  4 1 : 3 8 3 - 9 7 . 

Hone s s ,  R . F .  ( 1 93 6 ) : Na tural a nd experimenta l i n fec tion o f  d o g s  with 
E imeria c a n i s . J .  1\ m .  vet . med . Jj. s s . ,  i_�: 7 5 6-·7 ,  

Hud k i ns , G .  and K i s tner , T . P .  ( 1 97 7 ) : Sarcoc ysti s hem i on i l a tranti s -------- -----·-----
( sp . n . ) l i fe c yc l e  in mul e  deer and coyote s . J .  Wildl . Di s . , 1 3 : 

8 0�4 . 

Hudk i.n s -V iv ion G . ,  Ki stner , T . P .  and Fayer , R .  ( 1 9 7 6 ) : Po s s ib l e  spe c i e s  
d if f erenc e s  between Sarcoc y s t i s  from mul e  deer and cattl e . 
J .  Wildl . D i s . ,  �; 8 6-7 . 

Hutchin so n ,  W . M .  ( 1 9 67 ) : The nematode transmi ss ion o f  :!'_oxopla_�rna 
gond i i . Tra ns . Roy .  Soc . Trop . Med . Hyg . ,  �: 8 0-9 . 

Hutchinson , W . M . ;  Dunach i e , J . R . ; S i irn , J .  Chr . and Work , K .  ( 1 9 7 0 ) : 
Coc c i d ia n - l ike nature o f  Toxopla sma 9ond i i  Br . Med . J . , l_ :  1 4 2 -4 . 

Hu tchi nson , W . M . ; Dunachie , J . G . ; Wor k ,  K .  and S i im ,  J .  Chr . ( 1 9 7 1 ) : 
The l ife c yc l e  o f  the cocc idian para s ite Toxopla sma gond i i , in the 
dome s tic c a t . Tran s .  Roy . Soc . Trop . Med . Hyg . ,  6 5 : 3 8 0- 9 9 . 

Ikeda , M .  ( 1 9 6 0 ) : 
c hicken . VI . 
2 7 -4 1 . 

Fac tor s nec e s sary for E .  tene l la i n f ec tion o f  the 
Excystation o f  ooc ysts in v i tro . Jap . J .  vet . Sc i . , 2 2 : 

14 3  

Ito ,  S . ;  Shima da , K . ; Taki , T .  and Matsu i ,  T .  ( 1 9 7 5a ) ; D i s i nfec tant 
e ffec t s  of several c hemi cal s aga inst Toxoplasma ooc ysts . Jap . J .  vet . 
S c i . ,  37 : 2 2 9 - 3 4 . 

I to ,  S . : Tsundoda , K . ; N i sc hikawa , H .  and Ma ·tsui. , T .  ( 1 974 ) : Sma l l  type 
of I so spora b igemj.na : I solatio n  from natura l l y  in fec ted c a t s  and 
r e la t ions w i th Toxopla sma oocysts .  Nat . I n s t . An i m .  H l th . Quar t . , 
1 4 : 1 3 7-44 . 



I to ,  S . ;  Tsunoda , K . ; Nishikawa , H .  and l'1a t sui , T .  ( 1 97 5b ) : 
Pathog e n i c i ty for several labora t or y  anima l s  of Toxopla sm� oocysts 
orig inated from na tural l y  infec ted cats . Na t .  In s t . Anim . H l th . 
Qua :r: t . 1 5 : 1 2 2-7 . 

I to ,  S . ; Tsunoda , K . ; Taki , T . ; N i schikawa , H .  and Ma t su i ,  T .  ( l 9 7 5c ) : 
Destructive eff ec t s of hea t i ng aga i ns t  Toxopla sma oocyst s . Na t .  I n s t . 
l\nim . IIl th . Quar t . ;  �: 1 28 - 3 0 .  

1 44 

Jackson , A . R . B .  ( 1 9 6 2 ) : Excysta t ion o f  E imeri_� ?-r�i ng �  ( l'la r o te l , 1 905 ) : 
S t imu l i  from the host sheep . Na tur e ,  Lond . ,  1 9 4 : 8 4 7 - 9 . 

Jacob s , L .  ( 1 9 73 ) : New knowl edge o f  Tox�pl a sma_ and toxopla srr.o s i s . 
In Advances in Para s i tolog y , ed . B .  Dawe s , 11 : 6 3 1 - 69 . 

Jacobs , L . ; Remington , J . S .  and M e l ton , M . L .  ( 19 6 0 ) : The r e s i s tan c e  of 
the encysted form of Toxoplasma gond_j.i . J .  Para s i t . ,  4 6 : 1 1 - 2 1 . 

Jan i tsc hke , K .  and Kuhn , D .  ( 1 9 7 2 ) : ToxopJ a sma oo zysten im kot 
natu r l ich i nf i z ierter katze n . Berl . Mu nch . 'l'ierar z t l . 1\oclv : m sc hr . , 

8 5 : 4 6 - 7 . 

Janit schke , K . ; P rot z , D .  and Werner , H .  
entwicklung szyk l u s  von Sarc o sporidien 
Z .  Para s i tenk . ,  �8 : 2 1 5 - 9 . 

( 1 97 6 )  : Be i trag zum 
der Gran tga z c ll e  (C2�_72_L_"!_� �!:_�_J_l t:�) 

Jcnsen , J . B . ; Nyberg , P . A . ; Bur ton , S . D .  and .Jo l l ey ,  \•J . R . ( 1 9 7 6 ) : 
The effects of s e l ec ted g a s e s  on excy s ta t io n  of c oc c i d i a n  ooc ysts . 
J .  Para s i t . ,  G 2 ! 1 95-8 . 

Jewe l , M . L . : Frenkel , J . K . ; Joh n s ton , K . M . ; Re ed , U .  a nd Ru i z , A .  ( 1 9 7 2 ) : 
Development of Toxopla sma ooc yst s in neo t.rop ic d l  f e l i da e . Am .  J .  
•rrop . Med . Hyg . , �: 5 1 2 - 1 7 . 

John son , A . J . ; H i ldebrandt , P . K .  and Paye r , R .  ( 1 9 7 5 ) : Exper imenta l l y 
induced Sarcoc yst i s  infec tion in c alve s : Pathology . Arn . J .  vet . 
Re s . ,  3 6 : 9 95 - 9 .  

Jone s ,  S . R .  ( 1973 ) : Toxopla smo s i s :  A review. J .  Am . v e t . med . A s s . , 

1 6 3 : 1 0 38 -4 2 . 

Ka l yakh i n ,  V . N .  and Za sukhin , D . N .  ( 1 97 5 ) : Di str i bution of Sarcoc ysti� 
( Proto zoa ; Sporo zoa ) i n  vertebra te s .  Fol ia Para si t .  ( Praha ) , 2 2 : 
2 8 9 - 3 0 7 . 

Knoc h ,  H . ; Jungmann , R .  a nd Hi epe , Th . ( 1 97 4 ) : Zum koprolog i schen 
nachwei s  von Toxo.e_la sma gC2_nd i� oo zysten be�, der hau skatze , �1on . fur 
Vet . , 2 9 : 247 - 5 0 . 

Kuhn , J .  ( 1 8 65 ) : Unter su c huge n  uber die trid1 i nenkrankhei t der schwe i ne . 
M i tth . Landwi rth sch .  I n st . Univ . Hd l l e ,  1865 : 1 -8 4 . 



Laa;r,rl)a.n , J . J .  ( 1 96 2 ) : 
the Netherl a nd s . 

I so spor� hom i n i s  ( Ra i1 l i e t  and Luc et , 1 8 9 1 ) 

Ac ta Leidensi a ,  3 1 : 1 1 1 -1 6 . 

Labbe , A .  ( 18 9 9 ) : Sporozoen . Da s Tierrej c h . , 5 :  xx + l8 0p .  

i n  

Lankester , E . R .  ( 18 8 2 ) : On Drepa n id ium !anar�un the c e l l -para s i t e  o f  
the frog ' s  b lood a nd spl e e n . Q . J .  Microsc . Sc i . ,  .?3_: 5 3 - 6 5 . 

La st , M . J .  a nd Powel l ,  E . C . ( 1 9 78 ) : S eparat ion of Sarc<?c y s t i� mu r i s  
and I so spora f e l i s  i n  mic e u sed by Pmvel 1  and McCar J.ey ( 1 9 7 5 ) 
i n  s l:ud i e s  on the l i f e  cyc l e  of .§._. mu r i s . J .  Para s it .  64 : 1 6 2 - 3 . 

Lee , C . D .  ( 1 93 4 ) : The pa tho logy o f  coc c idio s i s  i n  t:he dog . J .  Am .  vet . 
med . As s . , 8 5 : 7 6 0-8 1 . 

Leek , R . G .  a nd Payer , R .  ( 1 9 78 ) : S h eep exper imenta l l y  i n f ec t ed wit.h 
Sarcoc����� f r om dng s . I I . Abor tion and d i sea s e  in ewe s . 

Cor n c 1 l  Vet . , 68 : 1 08- 2 3 . 

Le pp , D .  L .  and 'l'odd , K .  S .  ( Jr ) 
Neme ser i ,  1 9 5 9  in the doq . 

( 1 974 ) : L i f e  cyc l e  of I so s��·a �an i s  
J .  Protozoal . ,  2 1 : 1 9 9 - 2 0 6 . 

Levine , N . D .  ( 1 9 7 3 ) : Pro to zoa n pa ra s i t e s  o f  dom e stic an ima l s  a nd o f  
ma n .  2 nd ed . Bur g e s s  Publ ica t ion s , Minn eapo 1 i s . 4 06p . 

Lev ine , N . D .  ( 1 9 7 7 a ) : Nomenc l a tur e of .§_arcocys ti� i n  the ox a nd sheep 

and of feca l cocc idia o f  the dog a nd c a t . J .  P a r a s it . , 6 3 : 3 6 - 5 1 .  

1 4 5  

Levine , N . D .  ( 1 9 7 7 b ) : Taxonomy o f  Toxopla sma . J .  Pro tozoal ; 2 4 : 3 6 -41 .  

Levine , N . D .  and Ivens , V .  ( 1 9 65 ) : I so spore� spec i e s  in the dog . 
J .  :Pal_-a s it . , �: 8 5 9 - 6 4 . 

Lev i ne , N . D . ;  Iven s ,  V .  and Kru iden i er , F . J .  ( 1 9 5 5 ) : Two n ew spec i e s  of 
Klo s sia_ ( Sporozoa ; Ade 1 eida e )  from a d e er mou se a nd a ba t .  
J .  Para s i t . , 4 1 : 6 2 3 - 9 . 

Lickfe l d , K . G .  ( 1 9 5 9 ) : Unter suchung e n  uber da s katzencocc id I so spora 
f e l i s  ( Wenyon , 1 9 23 ) . Arch . Pro t i s t . ,  1 0 3 : 4 2 7 - 5 6 . 

Lodal , J .  ( 1 97 3 ) : Isospora ooc ysts and Toxopla sma a n tibod i e s  in cats . 
Nor . J .  Zoo 1 . ,  2 1 : 3 2 6 . 

Luhe , M . F . L .  ( 1 9 0 6 ) : D i e  im blute schmarotzend e n  Protozoen und ihre 
Nachste n  verwandten . Handbuch Tropenkrankh , l= 69-268 . 

Machlll ' sk i i , S . N .  and Timofeev , P . S .  ( 19 4 0 ) : Kok t s id io z  koshek 
U . S . S . R .  Ve stn ik . Microbia l . Epi dim iol . Para s it . , 1 7 : 4 0 2 -7 . 

Mahr t ,  J . L .  ( 1 966) : L i f e  c yc l e  of I sC?_spora :£_ivol ta (Gra ss i , 1 8 7 9 )  
Wenyon 1 9 2 3 . J .  proLozoo l . ,  1 3  ( Suppl . ) : 18 . 



Mahrt , J . L .  ( 1 967 ) : Endogenou s stage s  of the l i:(e c yc l e  o f  I so spora 
rivolta in the dog . J .  Protozoal . ,  1 4 : 7 4 5 - 5 9 . 

1 4 6  

Mahrt , J . L .  ( 1968 ) : Sporogony of I sospora r ivol ta oocysts f rom th e dog .  
J .  Protozoal . ,  1:2_: 3 08 - 1 2 .  

Mahrt , J . L .  ( 1 97 3 ) : Sarcocy s t i s  in dog s and i t s  probable transm i s sion 
from c a ttle . J .  Para s i t . ,  5 9 : 58 8 - 9 . 

Mahr t , J . L .  and Fayer , R .  ( 1 9 7 5 ) : Hematologic and sero log i c  cha ng e s  
in c a lves experimenta l l y  i n f ec ted w i th Sarcoc y st i s  f � s iformi s .  
J .  Para s it . ,  6 1 : 9 6 7 - 9 . 

Mann i ng , J . D .  and Re id , J . D .  ( 19 5 6 ) : Toxopla smo s i s  in New Zea land a 
serological surv ey . N . Z .  Med . J . , 5 5 : 4 4 1 - 7 . 

Marotel , G .  ( 1 91 2 ) : Sur une nouvel l e  cocc idie du chat . Bul l  Soc . Sc i .  
V e t . Lyon , 1 91 2 :  3 - 4 . 

Hata , D . A .  and Briecno , C .  ( 1 9 6 0 ) : Cocc id i o s i s  por _I so_�g� fel i� 
en ca to s  deme s ticos d e  la Cu idad l e  Mex ico . Rev . I n s t . Sa l u br . 
Enferm . Trop . (Mex . ) . ,  2 0 : 9 9 - J Ol. 

McKenna , P . B .  ( 1 97 2 ) : The identity and preva l enc e of coc c i dia sp�c i e s  
i n  sheep and c a t t l e  i n  New Zealand . N . Z .  vet . J . ,  2 0 : 2 2 5 -8 . 

Mead s , E . B .  ( 1 9 7 6 ) : Da lmeny d i sea se - ano ther ou tbreak - proba b l y  
sarcocysto si s .  Can . vet . J .  1 7 : 2 7 1 . 

Melhorn , H .  and Marku s , M . B .  ( 1 97 6 ) : E l e c tron microscopy o f  s t a.ge s  
o f  I sospora i_e l i s  of the c a t  in the m esenteric l ymph node o f  the 
mou s e . Z .  Para s i tenk . ,  5 1 : 1 5- 2 4 . 

l-1el hor n ,  H .  and Sc ho l tyseck , E .  ( 1 97 4 ) : Licht-und e l ektronen­
m ikro skopi sche unter suchungen an entewicklungsstadien von 
Sarcoc ystis ten e l la au s der darwand der hau ska tze . I .  Die ooc y s te n  
u nd sporocysten . z .  Para s itenk . ,  � :  2 5 1 -7 0 .  

Melhorn ,  H . ; Har t l e y ,  W . J .  and Heydor n , A . O .  
u ltra structural s tudy o f  the cyst wal l  o f  
Prot isto logica , �: 4 5 1-67 . 

( 1 9 7 6 )  : A c omparative 
1 3  Sarcoc y s t i s  spec ie s . 

Melhor n , H . ; Heydorn , A . O .  and Gestrich , R .  ( 1 9 7 5a ) : Licht-und 
e l ektronmikroskopi sche unter suchungen an cysten von Sarcocy s t i s  
fu s i formis in d e r  muskulatur von kalbern nac h experimen t e l l er 
i n f ecktion m i t  ooc ysten und sporoc y s ten der groben fo�m von 
.!_. bigem ina d e s  hunde s .  I .  Zur entstehung der cyste u nd der 
c ystenwant . Z bl . Bakt . ,  I .  Abt . Or ig . A ,  2 3 2 :  3 9 2 - 4 0 9 . 

Melhorn ,  H . ; Heydorn ,  A . O .  and G e s trich , R .  ( 1 97 5 b ) : L i c ht - u nd 
el ektronemikro skopi shc e un ter suchungen an cysten von Sarcoc y s t i �  
ovica n i s  Heydorn _et a l . ,  ( 1 9 7 5 )  i n  d e r  mu skulature von scha f en . 
Z .  Para s i tenk . ,  48 ; 8 3 -93 . 



Mel l o , tJ . ( 1 9J_ O ) ; U n  c a s  de toxopla smo s e  du chien obsexve a, 'l'urin . 
Bu l l . Soc . �a th . Exot . ,  !: 3 5 9-63 . 

M i l l e r ,  N . L . ; F r e nke l , J . K .  and Dubey , J· . P . ( 1 9 7 2 ) : Ora l  i n fec t ion s 
with •roxop l a sma cysts and ooc ysts i n  fe l ine s ,  other mamma l s , 
and i n  bird s . J .  Para s i t . ,  58 : 9 2 8 -3 7 . 

M imioglu , M . ; Bu r la p ,  H .  a nd Sayi n ,  F .  ( 1 9 6 0 ) ; Ankara kopek l er i nd e  
gorulen para z i t  turler : ve bu nlarin yayi l i s  n i sbet i . Vet . Fak . 
Ankara U n iv . , G :  5 3 -68 . 

Mou l e , L . 'l' . ( 1 8 8 6 ) : Sur l a  psorospcrmo s e  d e s  bovide s .  Bu l l . Soc . 
Centr e . Med . Vet . , 4 0 ; 694-6 . 

Mul l in s ,  S . \'\1 . and Co l l ey , F . C .  ( 1 97 2 ) : E�er ia and Klo s s ii'l: ( P r o to zoa : 

Sporozoa ) from wild marmna l s  in Borneo . J .  Protozoal . ,  1 9 ;  4 06 -8 . 

Munday , B . L .  ( 1 9 7 6 ) : J''urther stud i e s  on the host-spe c i f ic i ty o f  
Sarcocysti s spJ) . i n  dome stic a n imal s .  Au st . vet . J .  5 2 ;  1 0 3 . 

14 7 

Munday , B . L .  ( 1 97 7 ) : A spec i e s  of Sa�c_y_s t i r_; u s ing owl s a s  d e f in i tive 
hosts . J .  Wild l . Dis . !  .:!_l: 2 0 5 - 7 . 

Munday , B . L .  a nd Bl ac k , H .  ( 19 7 6 ) ; Suspe c t ed Sa rc__9cy s t i� i n fec tions 
of the bov i ne p ] acenta and foetu s . Z .  Para sitenk . ,  5 1 : l /. 9- 3 2 . 

Munda y ,  B . L .  a nd Corbould , A .  ( 1 97 1 ) ; The po s s ibl e ro l e  of the dog 
in the epidemiology of ovine sarcospor idio s i s . Br . ve� . J . , 1 3 0 � 
ix-x i . 

Munday , B . L .  and Ri ckard , M . D .  ( 1 9 7 4 ) : 

spec ie s ?  Au st . ve t .  J . ; 5 0 : 5 5 8 - 9 . 
I s  Sarcocysti s tenel l a  two 

Munday ,  B . L . ; Barker , I . K .  and Rickard , M . D .  ( 1 9 7 5 ) : The d evelopmen t a l  
cyc l e  of spec i e s  of Sarcoc y s t i s  occurr ing in rlog s and sheep , w i t h  
observations on pathogenic ity i n  the intermediate ho s t . z .  P a r a sitenk . ,  

4 6 ; l l l -2 3 . 

Munday , B . L . ; Humphrey , J . D .  and Kila , v .  ( 1 9 77 ) : Pa thology produced by , 
preval ence of , and probable l i f e -c yc l e  of a spec i e s  of Sarcoc ysti� 
i n  the dome stic fow l . Avian Di s ea se s , 2 1 : 697 - 7 03 . 

Neme ser i ,  L .  ( 1 9 5 9 ) : Adatok a kutya cocc idiosi saho z . I .  I so spora can i s . 
Magy . All a torv . Lapj a . ,  1 4 : 91 - 2 . 

Neuman , M .  ( 19 6 2 ) : The exper imental i nfec t ion o f  the gerbil 
(Meriones tr i strami sha i i )  with B e s noitia be sno i t i . Refu . V et . , 1 9 ! : 
188 -94 . 

Niak , A .  ( 1 9 7 2 )  : The preva l enc e o f  Toxocara cati and other para s it e s  
i n  Liverpool c a t s . Vet . Rec . , 9 1 : 5 3 4 -6 . 



Nico 1 l e ,  C .  a nd Manc eaux , L .  ( 1 9 08 )  : Su r une infec t ion a sorps de 
Le i shman ( ou org a n i smes vo i s i n s )  du go nd i i . C . R . Acad . Sc i . , 1 4 7 : 
7 63 -6 .  

148 

Nicol l e , C .  and Manc eaux , L .  ( 19 0 9 ) : Sur un proto zoa ire nauveau du gond i i , 
C . R .  Aca d . Sc i . ,  148 : 3 6 9 -7 2 . 

Ni eschul z ,  0 .  ( 1 924 ) : Zur v eJ:bre i t.ung von I so spora i nfektionen be i 
hunden and ka tzen in den Niederl a nden . Centr a l b l . Bak t . ,  9 4 : 1 3 7 -4 1 . 

Nyberg , P . A .  ar.d Hammond , D . A .  ( 1 9 6 4 ) : 
and o ther spec i e s  of bovine cocc id ia . 

Ex c ysta tion o f  �j.rne r i� bov i s  
J .  Proto zoal . ,  !l =  4 7 4 -8 0 .  

Nyberg , P . A .  and Knapp , S . E .  ( 1 9 7 0 ) : E f fect o f  sod ium hypochlor ite on 
the ooc yst wa ll of E imer ia tene l la a s  shown by e l ectron rni c roscopy . 
Proc . Helminth . Soc . Wa sh . , 3 "/ : 3 2 ·-5 . 

Nyberg , P . A . ; Bauer , D . H .  a nd Knapp , S . E .  ( 1 968 ) : Carbon d iox ide a s  the 
i ni tia l stimulu s for exc ysta tion of Eimeria _teJ!el l<: ooc y s '.:s . 
J .  Pro tozoal . ,  l S :  1 4 4 - 8 . 

Ohshima ,  S .  and Kumada , M .  ( 1 97 4 ) : Prevention of '£_oxol2_2:a s_�� ooc y s t  

excretion by c a t  wi th 2 - su lfamol yl-4 , 4 -diarninod i-phenl ysu l fone ( SDDS ) 
Jap . J .  Para sit . , _23 : 2 0 - 4 . 

Ohshima , S . ; I nam i , Y .  a nd Ta naka , H .  (1 9 6 9 )  : Thero. peu t ic e f f e c t  of 
2 -sul famoyl -4 , 4 -diaminod iphenyl su l fone ( SDDS ) on experime nta l 
toxopla smos i s  i n  pigs . J .  Jap . Vet . Med . As s . , � :  2 3 9 - 4 4 . 

Ohshima , S . ;  Inami , Y .  and Tanaka , H .  ( 1 9 7 0 ) : Prophylac t i c  e ffect o f  
2 - su l famoy l -4 , 4 -diam i nod iphcnyl sul fone ( SDDS )  o n  experimental 
inf ec t ion with Toxopla sma in pig s .  Am . J .  Trop . Med . Hyg . 19 : 
4 2 2 -6 . 

Overdulve , J . P .  ( 1 9 7 0 ) : The probabl e identity o f  Toxopla sma and 
I so spora a nd the role o f  the cat in the transm i s s ion of toxopl a smo s i s . 
Ti j d schr . Diergeneesk . ,  9 5 : 1 4 9 - 5 5 . 

Pampigl ione , S . ; Poglayen , G . ; Arnone , B .  and De La l l ia ,  F .  ( 1 9 7 3 ) : 
Toxoplasma gond i i  oocysts i n  the fa eces of natura l l y  i nfected c a t s . 
Br . Med . J . , 2 :  3 06 . 

Parkin , B . S .  ( 19 4 3 ) : Treatmen t  o f  c a n i ne coccidiosi s .  J . S .  Afr . vet . 
med . A s s . , 1 4 : 7 3 -6 . 

P e 1 l erd y ,  L . P .  ( 19 7 4 ) : Studi e s  o n  the coccidia o f  the dome stic cat . 
I so spor� novoca t i  sp . n .  Acta . V e t . Hung . ,  2 4 : 1 27 -3 1 .  

Pete shev , V . M . , Ga luzo , I . G .  and Polomo shnov , A . P .  ( 1 9 7 4 ) : ( Ca t s ­
d e f i ni tive ho s t s of Besno i t:.i. a ( Be snoi t i a  besnoi ti ) ) .  I zv .  Akad . 
Nauk . Kazakh SSR , Ser . Biol . ,  l :  3 3 -8 (Ru ) . 



14 9  

P i ekar sk i , G .  a nd I.Yi tte , H . M .  ( 1 9 7 1 ) : Experimental a nd h i stol o g i ca l 

stu d i e s  on Toxopla_� inf ec t ion s  i n  c a t s . Z .  Para s i tenk . r 3 6 :  9 5 - 1 2 1 . 

Pol s ,  J . W .  ( 1 9 6 0 ) : Stud i e s  on bov i ne be snoit�o s i s  with spe c i a l  

r e ference t o  t h e  a e t j o lo g y . Ond e r s t epoor t .  J .  Vet . Re s . , 28 : 
265-356 . 

Powel l ,  E . C .  a nd McCa r l e y ,  J . B . ( 1 9 7 5 ) : A mu d ne Sar<::9_:::y s t i� tha t: 

cau s e s  !.??_S_;?ora_ - l ike i n fec t io n i n  cats . ,J .  Para s i t . ,  ?1_ : 0 2 8 - 3 1 .  

Qu inn , :C . �r . d ncJ �ir; c-,·a·,., , B . M .  ( 1 9 '7 2 ) : Curren t s tatu s o f  Toxop la sma a nd 
tm: opla smo s i s :  A r evi ew . Can . vet . ,J . ,  1 3 �  2 4 7 - 6 2 . 

Rachma n ,  H .  and P o l l oc k , S .  ( 1 9 6 1 ) : •rrea tment of ca n ine cocc ido s i s  
Vet . Med . , 5 6 : 7 5 - 6 . 

Ra i l l i e t , A .  ( 18 8 6 ) : M i e scheria tcne l l a . Bu l l . Mem . Soc . Centr . 

Med . Ve t . , 4 0 :  1 3 0 .  

Ra i 1 1 i e t ,  i� . ( 1 8 9 7 ) : La douve panc r ea t ique . Bu l l . Mem . Soc . C entr . 
Mcd . Vet . , 5 1 : 3 7 1 - 7 . 

Ra i l 1 i e t , lL a nd Lu c e t , A .  ( 1 8 9 1 ) : Note sur qu e 1 qcJ e s  e spe:c e s  de 
coc c id i e s  e n c o r e  peu e tud iee s . Bu l l . Soc . Zool . Pa r i s , 1 6 : 2 4 6 - 5 0 . 

Re i nhard t , R .  ( 1 9 3 4 ) : Kok z id io s e  b e i  hur..d c n  i.l nd ka tze n . Berl . Bunch . 
T i erarz t l . Woc henschr . ,  �: 4 3 3 -4 . 

Rickard ,  M . D .  and Mund a y , B . L .  ( 1 9 7 6 ) : Ho s t  ::;pec i f i c i ty of Sarc(�_c::ysti s 
spp . in sheep and c a tt l e . Au s t . v e t . J . ,  5 2 : 4 8 . 

Roberts , W . L . ; Spe e r , C . A .  and Hammo nd , D . l'L ( 1 9 7 0 ) : E l ec tron and 
l ight m icr o scop e  stud i e s  o f  t h e  ooc y s t  wa l l s ,  spor o c y s t s  a n d  
exc y s t i ng sporozoi tc s o f  E im e r i a  c a 1 lo SfJ�}-_l?OPh i l i  and E .  l a::::_ime r e n s i s .  
J .  Par a s i t . , 5 6 : 9 1 8 - 2 6 . 

Rocha , E . M .  and Lope s , C . W . G . ( 1 9 7 1 ) : Compor tamento da I so spora c an i s , 

I so spora f e1 i s , e I so spora r ivo 1 ta ern i nfccc o e s  exper ime nta l i s em 
c a e s  e ga to s . Ar qu ivos da Un iver sida de F e.-:L�ra 1 Rura l do Ri o  d e 
Ja ne iro , l= 6 5 - 7 0 .  

Rommel , M .  a nd Ge i sel , 0 .  ( 1 9 7 5 ) : Unter suchnngen uber d i e  ver bre i tung 

und den lebens zyklus einer Sarko spor i d i ena rt d e s  pferdes 
( Sarcoc y s t i s equ ican i s n .  spec . ) . Ber l . F u nch . Tierar z tl . l'ioc hensc hr . ,  

8 8 : 4 68 - 7 1 . 

Romme l ,  M .  a nd Seyerl , F . V .  ( 1 9 7 6 ) : D er 
Hammond i a  hammond i ( F' r enkel und Dubey 
Deu t schland . Ber l . Munch . 'ri e ra r z tl . 

erstma l ige na c hwe i s  von 
1 9 7 :) )  irn kot e i n er ka tz e 

Wochenschr . ,  8 9 :  3 98 - 9 . 
i n  



1 5 0 

Romrnel , M . ; H eydorn , A . O . ; F i sch l e , B .  and Gestd ch , R .  ( 19 7 4 ) : 
Bei trage zum l eben szyklu s der sarkospor i d i e n , V .  We i tere endvJ i r t.e 
de sarko spo-c id ien von r i nd , schaf und schwei n  und d i e  bed eutung d e s  
zwi schenwirtes fur d ie verbr e i tung d ie ser d i e bedeutung d e s  
zwi �chenwirtes fur d i e  verbre it.ung d i e ser para s i to s e . B e r l . Munc h . 
Ti erar z t l . Wochenschr . ,  8 7 : 3 9 2 - 6 . 

Ronune l , H . ; HeyckJJ.:- n , A . O .  and Gruber , F .  ( 1 9 7 2 ) : Bei tra ge zum 
l ebens zyklu s d er sarko spor idien . I .  D i e  sporo zyste von �· tennela 

in den f a z e s  der ka tze . Berl .  Munc h . T i erar ztl . Woc h e n schr . ,  8 5 : 
1 01 - 5 . 

Rose , 1'1 . E .  ( 1 97 3 ) : Immun i ty p .  2 9 5 - 3 4 1 .  In T.he Cocc i d ia : E imeria , 
I so spo!a , Toxo����ma and r e lated g ene r a , ed s .  Hammond , D . M .  and 
Long , P . L .  Univer s i t y  Park Pre s s , Ba l t imore . 

Ru i z ,  A .  a nd Frenkel , J . K .  ( 1 9 7 6 ) : 
of Sarcoc y s t i s !_!lu r i s  by c at s . 

Recog n i tion of c yc l ic transm i s s ion 
J .  I n fec t. .  D i s . , 1 3 3 : 4 09 -1 8 . 

Rzepc zyk , C . M .  
Sarcoc�t. i s_ .  

( 1 9 7 4 ) : Evidence o f  a rat- snake l ife cyc l e  for 

I n t . J .  Par a s ito1 . ,  4 :  4 4 7 - 9 . 

Sang i org i , G .  ( 1 91 3 ) : Un nuovo pr oto zoa pa r a s i ta d e l  Hu s �l sC\��:!.· 
Patholog ica , �: 3 2 3 - 5 . 

Sa ng iorg i , G .  ( 1 91 5 ) : :!'_�xopl��ma �a tt:_:!:_ n .  sp . G ior . R .  Acc:ad . l•1r;>d . 
Tor ino . ,  2I: 383 - 5 . 

Schneider , C . R .  ( 1 9 67 ) : Besno i tia dar 1 i ng i  ( Brumpt , 1 9 1 3 ) i n  Panama . 
J .  Protozoa l . ,  l:i_: 78-8 2 . 

Scho 1 tysec k ,  E . ; Me1horn , H .  a nd Mul l er , B . E . G .  ( 197 3 ) : I d en t i f ikac tion 
von mero soi ten der vier cystenb i l d enden cocc id ien ( Sarcocyst i s ,  

Toxopla sma , Besno itia , Frenkel ia )  au fgrund f e i n s trukture l l er 
kriter ien . Z .  Para s i tenk . ,  4 2 : 1 8 5 - 2 0 6 . 

Scho l tys eck ,  E . ; Melhorn , H .  and Mul l e r , B . E . G .  ( 19 7 4 ) : F e instruktur 
der c yste und cystenwand von Sarcoc y st i s  tene1 l a , B e sno i ti a  
j el l i soni , Frenk e 1 ia sp . und Toxoplasma gond i i . J .  Protozoal . ,  
2 1 : 284 -94 , 

Sen eviratna , P . ;  Edward , A . G .  and De Gu iusti , D . L .  ( 1 97 5 ) : Frequenc y  
of Sarcocyst: i s  spp . in Detro it , metropolita.n area , Michiga n . 
Am . J .  vet. . Res . , 3 6 : 3 3 7 -9 . 

Sha h ,  H . L .  ( l 97 0a ) : I s�spora spec i e s of the ca t and a ttempted 
tra n smi s s i on o f .!_. f e 1 i s  Wenyo n ,  1 9 2 3  from the c a t  to the dog . 
J .  Pro to zoal . , �: 6 0 3 - 9 . 

Sha h ,  H . L .  ( l 970b ) : Sporogony o f  the oocysts o f  ;c so sp� fe�ll s 
Wenyon , 1 9 2 3  from the cat .  J .  Proto zoal . ,  1 7 : 6 0 9 - 1 4 . 



Sha h ,  H . L .  ( 1 97 1 ) ; The l ife c yc l e of I so spora_ !e l i s Wenyon , 1 9 2 3 , 
a coc c id ium of the ca t .  J .  Pro tozoal . ,  }�: 3 -1 7 . 

She f f i e l d , H . G .  and Melton , M . L .  ( 1 97 0 ) : Toxopla sma gC?2_1d i i : th e 
ooc y st , sporozoi te , and i nfect ion o f  cul tured c el l s . Sc ienc e , 1 67 : 
8 9 2 -3 . 

She ff ie ld , H . G .  a nd Mel ton , M . L .  ( 1 9 7 6 ) : Effects o f  pyr ime tham i ne and 
su l fad ia z inc on the i nt e s tinal developme n t  o f  'l'oxo1� l a sma go_J]d i i  i n  
ca t s . Am .  J .  Trop . Med . Hyg . , 2 5 : 3 7 9 ·-8 3 . 

Sk idmo re ,  L . V .  and Mc Gra th , C . B .  ( 1 93 3 ) : Ca nine c oc c id io s i s  d u e  t o  
E imer ia c a nj s . J .  1\m . vet . med . l,s s . ,  3 5 : 6 2 7 - 9 . 

Smar t ,  J .  ( 1 97 1 ) : Amprol ium for canine coccidiosi s .  Mod . Vet . Prac t . , 
5 2 :  4 1 . 

Smetana , H .  ( 1 9 3 3 ) : Cocc id io s i s of the l iver in rabbi t s . I .  

Exper i m2nta l s tudy on the excystation of oocy s t s of �imeri� st iedae .  
Arc h . P a th . , 1 5 : 1 7 5 - 9 2 . 

Smi th ,  D . D .  and Fr enk el , J . K .  ( 197 7 ) : Bes_r:oi_tia ��-� i n� ( Pr o to zoa , 
Toxopla sma t i na c ) : c yc l ic tra n sm i s s ion by cat s . J .  Para s i t . ,  6 3 : 
1 06 6 -71 . 

Sm i th ,  M . J .  a nd Edmond s , R . S . ( 1 9 5 9 ) ; U s e bf ni trofurazone in ca nlne 
cocc id io s i s . Mod . Vet . Prac t . , 4 0 ;  3 1 - 2 . 

Soko l yov , A .  ( 1 9 7 6 ) : ( Comparative e f f icacy of va r iou s c h emic a l s  for 
trea tment of toxopla smo s i s in the fowl ) . P t i t sevod stvo . ,  7 :  4 4 . 

Speer ,  C . A .  and Du s zyn sk i , D . vL ( 1 97 5 ) : F ine s truc tur e o f  the oocy s t  

wa l l s  o f  I sosl?_9ra _:;er i n i  and I so spora ��liH_ia and exc y s ta t ion o f  
I so spora _:;e�ini from the c anar y , Ser inus canaE_���· L .  
J .  Protozoal . ,  2 2 : 4 7 6-8 1 . 

Speer , C . A . ; Hawuond ,  D . M . ; Mahr t ,  J . L .  and Robe r t s , W . L .  ( 1 97 3 ) : 
S truc ture o f  the ooc ys t  and sporocyst wa l l s  and exc ystat i on o f  
sporozo i tes o f  I so spora c an i s . J .  P a ra s i t . , 5 9 : 3 5 -4 0 .  

Speer , C . A . ; Marchiondo , A . A . ; Dus zynsk i , D . W .  and F i l e , S . K .  ( 1 9 7 6 )  
Ul tra structure o f  the sporocyst wal l  during excystation o f  
I sospora endocall imi c i . J .  Para sit. . ,  _6 2 : 9 8 4 - 7 . 

Spl endor e ,  A .  ( 1 908 ) : Un nuovo pro to zoa para s i t:a de con i g l i 
i ncontrato n e l l e  le s ion i anatomiche duna ma l a tt.ia che r icorda 
i n  ol ta punti i l  kala a za r  d e l l ' uomo . Rev . Soc . Sc i .  s .  Paulo , 
3 :  1 09 - 1 1 2 . 

Sti l e s , C . W .  ( 18 91 ) : Note pr el im ina i re sur que l que s para s ite s .  
Bul l . Soc . Zool . Franc e , 1 6 : 1 6 3 - 5 . 

1 5 1  



Streitel , R . H .  and Dubey , J . P .  ( 1 9 7 6 ) : Preval ence o f  .Sarco
_c:_ysti� 

i nfec t ion and other intestina l  para s i tism in dog s from a humane 
shelter in Ohio . J .  Am . vet . med . Ass . 1 168 : 4 2 3 - 4 . 

Swe l l engrebel , N . H .  ( 1 914 ) : Zur kenntnis der entwicklung sgesch ichte 
von I so spora biCJ_emina ( stile s ) . Arch . Pro tistenk . 3 2 :  3 7 9 � 9 2 . 

Tadro s ,  W .  and Laarma n ,  J . J .  ( 1 9 7 6 ) : Sarcocy s t i s  a nd rela ted 
cocc idian para s i t es : A br ief general review , tog ether with a 
d i scu s s ion o n  some biological a spects of their l i fe c yc l e s  a nd 
a new proposal for their c l a s s ification . Acta . Leidensie , 4 4 : 
1 -1 07 . 

Tomimura , T .  ( 1 957 ) : Experimenta l s tud ies on cocc idio s i s  in dog s 
and cats , ( 1 ) . The morphol ogy of oocyst and sporogony o f  
I sospora fel i s  and its arti f ic ia l  infect ion in cats . Jap . J .  
Para s i t . ,  6 :  1 2 - 24 . 

Torres , P .  et al . ( 1 9 7 4 ) : Pro to zoo s , helmintos y artropodo s 
para sites del perro domestico en la c iudad de vald ivia , Chile . 
Bo letin . Chileno . Para sito log ia , 2 9 : 1 8 - 23 . (Ab s . i n  Vet . Bull . ,  
4 6 : 1 4 1 7 ) . 

'lurner , G . V . S .  ( 1 97 6 ) : Toxopla smo s i s  a s  a publ ic hea l th ha zard . 
J . S .  Afr . vet . A ss . , 4 7 : 2 2 7 - 3 1 . 

Vanderwagen , L . C . ;  Behymer , D . E . ; Reimann , H . P . ;  a nd Franti , C .  E .  
U 9 74) : A survey of Toxop l a sma an tibod ies i n  Northern Ca l i fornia 

l ive stock and dog s . J .  Am . vet . med . A s s . , 1 6 4 : l 0 l 4 - 7 . 

Vapari j i s ,  O . F . C .  and Thienpont , D . C .  ( 1 97 3 ) : 
helmi nth and protozoan infec tion i n  Belgium . 
3 2 7 - 3 0 .  

Can ine a nd f e l i ne 
J .  Paras i t . , 5 9 : 

Vershinin , I . I .  ( 1 9 7 5 ) : Sarkotisi sty krupnogo rogatogu skota . 
Dokl . Veeso iuz Akad . Sel ' skokh . Nauk , Selskokn . I n st . Sverd lovsk , 
1 :  3 0- 2 . 

Virchow , R .  ( 18 6 0 ) : Helm intho logi sche not i zen . 4 .  Zur kenntn i s  der 
wurmknoten . Arc h . F .  Path . Anat . ; XVI I I : 5 2 3 . 

Vogelsang ,  E . G .  ( 1 9 3 8 ) : 
anima l en Venezuela . 
( Bo s  taurus L . ) . Bol . 

Contr ibuc ion a l  e studio de la par a s itologia 
V I I I  Sarco systis iturbei sp . n .  del bovine 
Soc . Venezolana C ien . Nat . , 4 :  2 7 9 - 8 0 . 

1 5 2  

Van Prowa z2k , S .  ( 1 9 1 0 ) : Para s i t i sc he protozoen a u s  Japan , g e samme l t  
van Herrn Dr . Mine in Fukuoka . Arc h .  Schiff shyg , 1 4 : 2 9 6 - 3 0 2 . 

Von Wasielewsk i ,  T .  ( 1 904 ) : Studi e n  und m ikrophoto-g:r:amme zue 
kenntni s  der pathogenen pro to zoen . 1 :  1 18 ; Leipzig . 



Wa l lac e ,  G .  D .  ( 1 9 7 1 ) : Exp e r imen t a l  t ra n smi s s ion o f  Toxo p l a sma gon d i i  
b y  f i l th f l ie s . Am .  J .  Trop . He d .  Hyg . , �; 4 1 1 - 1 3 . 

1,.J'a l l a c e , G . D .  ( 1 9 7 2 ) : Exp er iment a l  t r a n sm i s s ion o f  Toxop l a sma �nd i i_ 
b y  c o ckroache s . J .  I n f e c t . D i s . ,  1 2 6 : 5 4 5 - 7. 

Wa l l a c e , G . D .  ( l 9 7 3 a ) : S a r c o cys t i s  i n  m i c e  inocula t e d  \vi t h  !C?x op l a sma­
l ike oocys t s  f r om c a t  f a e c e s . S c i ence , 1 80 : 1 3 7 5 - 7 . 

Wal la c e , G . D .  ( 1 9 7 3b ) : The r o l e  of the c a t  in the n a t u r a l  h i s tory o f  
Toxop l a sm� gond i� .  Am .  J .  Trop . l1e d . Hyg . , 2 2 : 3 1 3 - 2 2 . 

Wa l l a c e , G . D .  ( 1 9 7 5 ) : Ob serva t i ons on a f e l ine c o c c i d ium w i t h  some 
char a c t e r i s t i c s  of Toxo p l a sma and S a r c o c y s t is . Z .  Pa r a s i t enk . , 4 6 : 
1 6 7 - 7 8 . 

Wal l a c e , G . D . and Frenke l ,  J . K .  ( 1 9 7 5 ) : �e sno i�i a s p e c i e s  ( P r o t o z o a , 
Sporozoa , Toxo p l a sma t i d a e ) : Re c o gn i t i o n  of cyc l i c  t r an s m i s s ion b y  

• 
c a t s . S c i en c e , 1 8Q :  3 6 9- 7 1 . 

Wang , C . C .  and S t o t i sh , R . L .  ( 1 9 7 5 ) : 
e s s en t i a l  en z yme f o r  exc y s t a t io n  
J .  P a r a s i t . , 6 1 : 9 2 3 - 7 . 

Pan c re a t i c chymo t r y p s in a s  the 
of Eime r ia t e n e l l a . 

We i l and , G .  a n d  Kuhn , D .  ( 1 9 7 0 ) : Exp e r imen t e l l e  Toxop l a su_1_9. - i n f e c t ioncn 
b e i  der k a t z e . I I . Etitwic k lun g s t a d i e n  d P s  p a r a s i t en im d a rrn . B e r . 
Hunch . Tie r a r z t l . Wochen s c h r . ,  8 3 ; 1 2 8 - 3 2 . 

Wenyon ,  C . M .  ( 1 9 2 3 ) : 
I s o spora of man . 

C o c c i d i o s i s  o f  c a t s and dogs and t h e  s t a t u s  o f  
Ann . Trop . Hed . Pa r a s it . ,  Q :  2 3 1 - 8 8 . 

1 5 3  

Wenyon ,  C . H .  ( 1 9 2 6 ) : Pro t o zo o l o gy . 2 vol . Wo o d , New York , xxi + 1 5 6 3  p .  

We rner , J . K .  and Wa l t o n ,  B . C .  ( 1 9 7 2 ) : P r ev a l ence o f  n a t u r a l l y  o c cu r r in g  
Toxo p l a sma _g_ond i i  i n f e c t i ons in c a t s  f r om U . S .  mi l i t a ry 
ins t a l la t i o n s  in Jap an .  J .  Para s i t . ,  �: 1 1 4 8 -5 0 . 

Wol f ,  A . ; Cowen , D .  and P a ige , B . H .  ( 1 9 3 9 ) : Human 
Occurrence in in f ant s as an encephalomye l i t i s . 
t ran smi s s io n  t o  a n :i,mal s .  S c i e nc e , �: 2 2 6 -2 7 . 

t oxo p l a s mo s i s : 
Ve r f i c a t ion b y  

Yakimo f f ,  W . L .  ( 1 9 3 3 ) : Z u r  f r a g e  der Eime r i o s e  der k a t z en . Arch . 
P ro t i s t enk . ,  80 : 1 7 2 - 6 . 

Yakimo f f ,  W .  L ,  and Kohl-Yakimo f f , N .  ( 1 9 1 2 ) : Toxopla sma _c a n i s  (He l l o ) . 
Arch . P ro t i s t enk . , !:]_: 1 9 5 -2 0 6 . 

Yilma z , S . H .  and Hop k in s . S . H .  ( 1 9 7 2 ) ; E f f e c t of d i f f e r e n t  c o n d i t i o n s  
on dura t i on o f  infe c t iv i t y  o f  Toxo p la sma _B_C?_nd i i_o o c ys t s . 
J .  Pa r as i t . , 5 8 : 9 3 8-9 . 



1 5 4 

Zama n ,  V .  ( 1 9 70 ) : Morpho l o g y  o f  �oxop l a sma o o c y s t s  a n d  i t s  �omp a r i s on 
\vith o ther c a t  c o c c i d i a . S th . E .  As ia n .  J .  Trap . Med . Pu b l . H l th . ,  

_ _l, 32 9- 35 .  

Za sukh in , D .  N .  and Ga i s k y ,  N . A .  ( ]  9 3 0 ) : To_x_o p l a sma _n ik2 n o rovi n .  s p . 
novyi k rove p a r a l i t s t e n nogo StJ s l ika C i_!_�l_�-� pygma_e u s  P a l l a s . 
Ves t n ik . Mi c r o b i o l . Ep i d emio l .  P a ra z i to l . ,  1 5 : 2 7-44 . 



Appendix 1 

Synonyms 

Synonyms 

Synon yms 

Synonyms 

S ynonyms 

Synonyms 

Synonyms · ·  o f  Canine and Fel ine Coccidian Species 

(Af ter Levine 1 9 7 7 a  with mod i f i ca t ions ) 

FELINE COCCIDIA 

I s o spora f e l i s  Wenyon 1 9 2 3  

Dipl()Sp_s:>ra b i gem ina von Has ie l e\·JSki 1 9 04 pro .E_<?:.0=_'=.; 
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Iso s.roJ�� b i gemina_ S1-.re l l engrebel 1 9 1 4 ;  _!. E_:!:_vo � t a  Dob e l l  and 
O ' Conn er 1 9 2 1 ;  I.: c a t i  Haro t el  1 9 2 1 ;  Lu c e t ina f e l i s  (Henyon 
1 9 2 3 )  Henry and Leb l o i s  1 9 2 6 ;  Lev in�.a f e li s Dubey 1 9 7 7 ; 
Cys t��s o spora f�l i s Frenkcl 1 9 7 7 . 

I so�pora r ivo l_ta (Gr a s s i  1 8 7 9 )  Henyon 1 9 2 3  

Co c c id ium r iv o l t a  Gra s s i  1 8 7 9 ; Diplo spora b i gemina von 
\•Ja s i e l e�;;k-i 1 904 pro p a r t e ; I sospora rivo l tae Do b e ll 1 9 1 9 : 

--- ----- . 

Lu ce t1_!1_� r ivo l t a  ( Gras s i  1 8 7 9 )  Henry a n d  Leb l o i s  1 9 2 6 ; 
_Isosl�O rc".J:_ nov o<:iit:!:. Pel lerdy 1 9 7 4 ; Levi n e i a �_:i_vo l t_Q_ Dub ey 1 9 7 7 ; 
.f.z_���_so sE._ora r ivo l ta Frenke l , 1 9 7 7  

Be sno i t ia b e�no i t i (Maro tel 1 9 1 2 )  Henry 1 9 1 3  

Sarcocys t i s b e sno i t i  Ma ro l c l  1 9 1 2 ; Ga s tr o c y s t i s  b e sn o i_t i  
(Maro t e l  1 9 1 2 )  Brump t 1 9 1 3 ;  Glob i d iu m  b e s no i t i  (Ma r o t e l  1 9 1 2 )  
Henyon 1 9 2 6 . 

B e sno i t i a  wal l a c e i  (Tad r o s  and Lda rman 1 9 7 6 )  
Dubey 1 9 7 7  

Besn o i t ia sp . Wa l lace and Frenke l 1 9 7 5 

B esno i t ia darlin_g! (Brump t ,  1 9 1 3 )  S chne ider 1 9 6 7 

Besno i t i a  panamensis S chne ider 1 96 5  

Toxopla sma gond i i  (Nico l l e  and Manc eaux 1 9 0 8 )  
Nicol l e  and Manceaux 1 9 09  

Leishmania gond i i  Nico l e  and Manceaux 1 9 08 ; Toxop lasma 
cuniculi Spend ore 1 9 08 ; Toxoplasma canis Mel lo 1 9 1 0 ; 
To2:'oplasma talpa�_ von P ro\·Jazek 1 9 1 0 ; _Toxopla sma c o l umb ae 
Yakimoff  and Kohl-Yakimo f f  1 9 l 2 ; Toxoplasma pyrogenes 
Cas te l lani 1 9 1 3 ; Joxop l asma mus cul i Sangiorgi 1 9 1 3 ; 
Toxop l asma s c iuri Co l es 1 9 1 4 ;  Toxopla sma ratti  S angiorgi 
1 9 1 5 ; Toxop��fran c a e  ( d e  Me l l o  1 9 f5)tvenyon 1 9 2 6 ;  
Toxoplasma cav ia e  Ca r in i and Mi gliano 1 9 1 6 ;  Toxoplasma 



S ynonmy s 

Synonmys 

Synonmys 

Synonyms 

Synonyms 

Synonyms 

Synonyms : 
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Nikano rov i Za sukh in and Ga i sky 1 9 3 0 ; Toxo p l a sma l a i d l awi 
Cout elen 1 9 3 2 ;  Toxopla sma wenvo n i  Cou t e l en 1 9 3 2 ; Toxop la sma 
c ro c i_::l_u_rar::_ Gall i-Val erio 1 9 3 3 ; Toxo p l a s_ma fulic.ae d e  He l l o  
1 9 3 5 ; _To�op l asm.J. E.�min i s  Wo l f ,  Cmven , and Paige 1 9 3 9 ; 
Toxop l a sma gal l inarum Hepding 1 9 39 . 

Hammondia hammon d i  Frenkel and Dub ey 1 9 7 5 

Toxop l a sma hammon d i  Levine 1 9 7 7 . 

Sarcocy s t i s  h ir sll.!:� Hou 1 e  1 8 8 8  

Hie sch eria c r u z i  Ha s s e l mann 1 9 2 6  pn• p a r t e ; Sarc�s tis 
fus i form i s  Ra i ll i e t  1 8 9  7 o f  Babud ier-i-1 9 3 2  pro pa r t e ; 
_§_.  fu s if�mis (Ra i l l ie t  1 8 9 7 )  Bernard and Bauc·h�-91X; 
Sarco c y s t i s bov i f e l i s  Heydo rn , Ges t rich , Melhor n  and 
Romme l 1 9 7 5 . 

Sarcocys t i s tenell �  Ra i l li e t 1 8 8 6  

Balb a n ia g igan tea Ra il l i e t  1 8 86 ; S<!!_C:_oq�_s_t i s  �:��i�} i s  
Heydo rn , Ge s t r i ch , Mel horn and Romoel 1 9 7 5 . 

None 

Sarcocy s t is p o r c i fe l i� Dub ey 1 9 7 6  

Sarco cy�t i s  mur i s  (Blanchard 1 8 8 5 )  Labb e 1 8 9 9  

Miescher ia muris  Blanchard 1 8 8 5 ; Coc c i d ium b igeminum 
var . �!:_i.:. Ra i l l ie t  and Luc e t  1 8 9 1  ;-Sal�_o cy.st �s-mu � c u l i  
Bl anchard 1 8 8 5  o f  Ka l yakhin an d Za sukhin 1 9 7 5 . 

Sarcocys t i s  leporum Crawley 1 9 1 4  

Sarco c y s t i s  cuniculi  Brump t 1 9 1 3  

None 

Sa�co c y s t is cyrnruensis Ash ford 1 9 7 8  



Synonyms 

Synonyms 

Synonyms 

Synonyms 

Synon yms 

Synonyms 

Synonyms 

CANI NE COCCIDIA 

l s o sp��� can i �  Neme s e r i  1 9 5 9  

I s_<2_�pora i_e l is_ Henyon 1 9 2 3 ; Levineia canis Du bey 1 9 7 7 ; 
Cyt o i s o s p o ra can i s  Frenkel 1 9 7 7 . 

I so s p o ra o h i oen s i s  Dub ey 1 9 7 5 

I s o s p o r� . ."!;j_vo l ta ( Gra s s i 1 8 7 9 )  \\fenyon 1 9 2 3 ; Levine i a  
oh io en s i s Dubey 1 9 7 7 ; Cy t o i s o s p

_
o
_:r

o ohio 12ns i s Frcnke l 1 9 7 7 . 

Hammond i a heyd o rni ( Ta d r o s  a n d  Laa rman 1 9 7 6 )  
Dubey 1 9 7 7  

1 5 7  

I so spor a b i gem_j na ( S t i le s 1 8 9 1 )  Lu llc 1 9 0 6 ;  I s o sl?_o ra Ha l J a c e i  
Du bey 1 9  7 6 ; I s o s_pO£<:!_ l1eydorn:!:_ Tadros and Laa r man 1 9 / 6 ;  
Hammond i� b l gemi na F r e nkel 1 9 7 7 . 

Sarcocy s t i s  c r�zi 1-la s s e J rr.ann 1 9 2 G  

tfi e s ch e r i� c ru z i  Has s elman 1 9 2 6  p !�S? p a r t e ; _§;ncocystj� 
fu s i f o rmis Ra i l l i e t 1 8 9 7 ; p ro b ab l y  Sa:!-::::_(2_c:_ys t_:!:� J:!:L_lrb c i  
Vo g e l sang 1 9 3 8 ; Sa rcocys t i �  ma r cc,v i Ve r s h i n in 1 9 7 5 
pro .E_?r t � ; Sa r co cys t i s I> ovicanis Hey d o r n , G•: s t r i c h , Hc lhorn 
and Romme l 1 9 7 5 . 

Sa rcocys t i s  ovi can i s Heyd 0rn , Gc s t r i c h , 
Me lhorn and Romme l 1 9 7 3  

Sa r c o cys t i s t e n e l l a  Ra i l l i e t  1 8 8 6  p r o  _ _pm � t e . 

Sa r c o cy s t i s  m i e s che r i anB:_ (Kuhn 1 8 6 5 )  Lab b e  1 8 9 9  

S yn chy t r i um m i e s ch e r i a num Kuhn 1 8 6 5 ; S a r c o c ys t i s mi e s ch e r i  
Lanke s t e r  1 88 2 ; Co c c id ium b igemina var . cani s Ra i l l i e t  
and Lu c e t  1 8 9 1 pro p�r t e . 

Sarco cys t i s  b e r t rami Do f lc in 1 9 0 1  

S a r c o cys t i s cq_':l_�c a n i s  Rommel and G c i s e l  1 9 7  5 .  



Synonyms NC'n e . 

Synonyms Non e . 

S a r co�t i� Favey� Dub ey , S t r e i t c l , 
S t romb e r g  and Tou s s a n t  1 9 7 7  

Sar�o c y s_!: i s  h eJ�j_.o n i l a t ra n t :i s  
Hud k i n s  and K i s tner 1 9 7 7  

1 5 8  



Appendix 2 

I .  fel i s  

I .  r ivo l ta 

T .  gon d ii 

Sarcocys t i s  

1 5 9 

Re s u l t s  o f  x 2 t e 8 l S  t o  d e t e rmine t h e  s i gn i f i cance o f  the 
d i f ferences b e tween the p r ev a l ence o f  c o c c i d ia in ' k i t t e n ' 
(up to 6 mon t h s  o f  age)  an d ' a du l t ' (over 6 month s o f  
age) c a t s . 

' Ki t tens ' ' Adul t s ' To t a l s  

+ve 6 9  2 0  89  

-ve 1 02 304 406 X� 8 6 . 3 6 �( ** 

To t a l s  1 7 1  3 2 4  4 9 5  (x f ( .  00 1 )  = 1 0 . 83 ) 

' Ki t tens ' ' Adult s '  To tals  

+ve 7 4 1 1  

-ve 1 64 3 2 0  484 x
z 

= 3 . 0 0 (n . s . ) ' l  
To t als 1 7 1  3 2 4  4 9 5  (x : ( .  05 ) - 3 . 8 4 ) 

J. 

' Ki t tens ' ' AJul t s ' To tals 

+ve 5 0 5 

-ve 1 6 6  3 2 4  4 9 0  X� = 6 • 8 7 >'ck 

To tals 1 7 1  3 2 4  4 9 5  (x i ( .  0 l )  = 6 . 6 4 ) 

s p . ' Ki t tens ' ' Adul t s ' To t a l s  

+ve 4 1  40  8 1  

-ve 1 3 0  2 8 4  4 1 4 x z 
1 1 0 . 2 3>'< * 

To tal s 1 7 1  3 2 4  4 9 5  



Append ix 3 :  

I .  c an i s  

I .  ohioen s i s  

1 6 0  

2. 
Re su l t s o f  X t e s t s  t o  d e t e rmin e the s i gn j _ f i c an c e s  o f  
th e d i f f e r e n c e s  b e tween the p r evalen c e  o f  c o c c i d i a  i n  
1 puppy ' ( u p  t o  6 mon th s  o f  age )  and ' ad u l t ' (ove r 6 months 

o f  a g e ) d o g s . 

+ve 

-ve 

To t a l s 

-l-ve 

-ve 

To t a l s  

+ve 

-ve 

To t a l s  

' P u p p i e s ' 'Adul t s ' To t a l s  

1 8  

8 9  

1 0 7  

1 

3 3 2  

3 3 3  

1 9  

4 4 0  

' Pup p i e s ' ' Adul t s ' To t a l s  

3 6  

7 l  

1 0 7 

6 

3 2 7  

3 3 3  

4 2  

398 

L; 4 0  

xi = 4 9 .  s s * >�* 

(x i ( . 00 1 )  = 1 0 . 8 3 ) 

9 1 . 4 5 * * * 

-----------------
' Pup p i e s ' ' A.du l t s ' To t a l s  

6 

1 0 1  

1 0 7 

7 

3 2 6 

3 3 3  

1 3  

4 2 7  

4 4 0  

2 . 3 6 (n . s . )  

S a r c o cy s t i s  sp . ' P u p p i e s  1 ' A d u l t s  1 To t a l s  

+ve 

-ve 

To t a l s  

6 3  

4 4  

1 0 7  

1 9 2 

1 4 1  

3 3 3  

2 5 5  

1 8 5  

4 4 0  

0 . 0 1  (n . s . ) 



Appendix 4 

I .  f e l i s  

I .  r i vo l t a  

T .  _gond i :i: 

S a r c o cys t i s  s p . 

R e s u l t s  of X 2  t e s t s  to d e t e rmine t h e  s i gn i f ic a n c e  o f  the 
d if f e r e n c e s  b e tween the p reva l e n c e  o f  co c c i d i a  i n  ma l e  
a n d  f emale c a t s  

+ve 

-ve 

To t a l s  

+ve 

-ve 

To t a l s  

+ve 

-ve 

T o t a l s  

+ve 

-ve 

To t a l s  

Mal e  

3 1  

1 2 1 

1 5 2  

Ma l e  

5 

1 4  7 

1 5 2  

Ma l e  

1 

1 5 1 

1 5 2  

Ma l e  

35 

1 1 7 

1 5 2  

Fema l e  

3 0  

1 5 2  

1 8 2 

Fema l e  

6 

1 7 6 

1 8 2  

Fema l e  

4 

1 7 8 

1 8 2  

Fema l e 

3 8  

1 4 4  

1 8 2  

To ta l s  

6 1  

2 7 3  

3 34 

To t a l s  

1 1  

3 2 3  

3 34 

To t a l s  

5 

3 2 9  

3 34 

To ta l s  

7 3  

2 6 1  

3 3 4  

0 . 6 1  (n . s . ) 

0 . 0 9 (n . s . )  

2 x l 0 .  4 9  (n . s ) 

------

2 x 1 I'= 0 . 1 2  (n .  s . ) 

1 6 1  



Append ix 5 

I .  canis 

I .  oh ioeri. s i s  

H .  hevdor n i  

2 RP- su l t s  o f  X t e s t s  t o  determine the s i gni f i c an c e  o f  the 
d i f f erenc e s  b e tween the p r e v a l e n c e  o f  c o c c i d i a i n  ma le and 
feltodle d o g s  

Ma l e  Fema l e  To t a l s  

+ve 2 2 4 

1 6 2  

-ve 2 3 1  1 7 6  Lf 0 7  x2 0 . 00 (n . s . ) 

To t a l s 2 3 3  1 7 8  4 l. l  l 

-----

Ha l e  Female To t a l s  

+ve 7 1 0  1 7  

-ve 2 2 6  1 6 8 3 9 4  x 2 = 1 . 1 4 (n . s . )  1 
Tota l s  2 3 3  1 7 8 4 1 1  

Ha l e  Fema l e  To t a l s  

+ve 7 5 1 2  

-ve 2 2 6  1 7 3  3 9 9  X 2 0 . 0 3 (n . s . ) 
To t a l s  2 3 3 1 7 8  4 11 

1 

Sarcocyst_i s  s p . Ma l e  Fema l e  To t a l s  

+ve 

-ve 

To t a l s  

1 3 5  

9 8  

2 3 3  

1 0 4  

7 4  

1 7 8 

2 3 9  

1 7 2  

4 1 1  

0 . 00 (n . s . )  



Append ix 6 

I .  f e l i s  

I .  r ivo l ta ---

T .  g o n d ii  

Sarc ocys t i s  

Resul t s  o f  x 2 t e s t s  t o  d e t e 1� i n e  t h e  s i gn i f ic an c e  o f  
d i f f e ren c e s  b e tween t h e  pr eva l en c e  o f  c o c c i d i a  i n  to�-m 
and c o un t ry c a t s  

Tm-m Coun t ry To tals  

+ve 7 5  1 4  8 9  

-v e 4 0 8  1 1  4 1 9 XI · - 2 4 . 2 2 
2 To t a l s  4 8 3  25 503 (x l ( . 00 1 )  

Tmv-n Coun t r y  To t a l s  
+ve 1 0  1 1 1  

-ve 4 7 3  2 4  4 9 7  t 
To ta l s  4 8 3  2 5  5 0 8  

To\vll Coun t r y  Tc- t a l s  

+ve " 0 5 ..) 
-ve 4 7 8  2 5  S 0 3  t 
To tal s Lf 8 3  2 5  .l> 0 8 

sp . Town Coun t ry '.L'o t al s 

+ve 8 2  4 8 6 -
-ve 4 0 1  2 1  tl 2 2  2 x 1 0 . 0 2 

To t a l s  4 8 3  2 5  .) 08 

- ---
(t ins u f f i c ien t n umb e r s  f o r  s ta t i s t i ca l  a o a l y s i s ) . 

= 

X ;'' * 

l (C ') 
C J . J  

1 0 . 8 3 ) 

(n . s )  



Ap p end i x  7 

I .  f e l i s  ---

Re s ul t s  o f  X 2 t e s t s  t o  d e t ermine the s i gn i f i c a n c e  o f the 
d i f f e renc e s  b e t\veen the p r evalence of co c c i d i a  in tmm and 
co un try 1 ' k i t t ens " ( u p  to 6 mon t h s  of a ge ) . 

Tmvn Coun t r y  To t a l s  

+ve 5 5  1 4  6 9  

-v e 9 9  3 1 0 2.  x i  = 1 1. 9 7  * * *  

1 6 4  

To t a l s 1 5 4  1 7  1 7 1  (x � c .  oo 1 )  = 1 0 .  8 3 )  

I .  r ivo l t a  

+ve 

-ve 

To t a l s 

T .  gon d i i_ 
+ve 

-ve 

To t a l s  

Sarco cys t i s  s p . 

+ve 
-ve 

To t a l s  

6 
1 4 8  

1 5 4  

Town 

5 

1 4 9  

1 5 4 

To\.Jll 

39 

1 1 5 

1 5 4 

Coun t r y  

1 

1 6  

1 7  

C o u n t r y  

0 

1 7  

To t al s  

To t a l s  
5 

1 6 6  

1 7  1 7 1  

Co u n t ry To t a l s  

2 4 1  

1 5  

1 7  

1 30 

1 7 1  

(t  insu f f i cient numb e r s  f o r  s t a t i s t i c a l  ana l ys i s ) . 

x r  0 . 89 (n . s ) 



Appendix 8 

I .  felis 

I .  r ivo l ta 

T .  _g_�_El d i� 

Res u l t s  o f  X 2 t e s t s  t o  d e t ermine the s i gn i f i c an c e  o f  t h e  
d i f f e renc e s  b e t\veen the preva l ence o f  c o c c i d i a  in  tcwn and 
c o u u t r y  "a.du l t "  ( o v e r  6 mon t h s  of a g e )  c a t s  

+ve 

-ve 

To t a l s  

+ve 

-ve 

To t a l s  

Tmvn 

2 0  

2 9 6  

3 1 6  

Tmm 

4 

3 1 2  

3 1 6  

-� -·- -·--·----

Tmvn 

+ve 0 

-ve 3 1 6  

To t a l s  3 1 6  

Coun t ry 

0 

8 

8 

Coun t ry 

0 

8 

8 

Coun t ry 

0 

8 

8 

To t a l s  

2 0  

30t, t 
324 

To t a l s  

4 

3 2 0  t 
3 2 4  

To t a l s  

0 

3 2 4  -r 
324 

S a r c o cys t i s  s p . Tmvn Cou n t ry To t a l s 

+v e 

1 6 5  

-ve 

3 8  

2 7 8  

3 1 6  

2 

6 

8 

4 0  

2 8 4  

3 2 4  

0 . 3 1  ( n . s . )  

To t a l s  

( t insuf f i c ient numb e r s  for s t a t i s t i ca l a na l y s i s . ) 
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Appen d ix 9 

I 

I .  

H .  

2 
Re su l t s  o f  ·X t e s t s  t o  d e t e rmine the s i gn i f i c a n c c s  o f  the 
d i f f e r en c e s  be t\vecn the p r evalence o f  coc. c i d ia in t ovm and 
coun t r y  dogs . 

can i s. Tow11 Cou n t ry To t a l s  

+ve 1 8  1 1 9  

3 2 4  1 3 8  l; 62 2 4 . 2 5 *  -v e X l  = 

To t a l s  3 4 2  1 3 9 !18 1  (x � ( . 0 5 )  = 3 .  8 4 )  

ohioen s i s  Town Co un t ry To t a l s  ------
+ve 3 6  8 44 

-ve 3 0 6  1 3 1  4 3 7  2 
x l  2 . 1 6 (n . s . )  

To t a l s  3 4 2  1 3 9 4 8 1  

-- ·-------- --

heyd o rn i To\vn Co u n t r y  To t a l s  

+ve 8 5 1 3  

-ve 3 3 4  1 3 4  4 6 8  x2 0 . 2 1  (n . s . ) 1 
T o t a l s  3 4 2  1 39 4 8 1  

---------�---

S a r c o c y s t i s s p . Town Cou n t r y  To !: a l s  

+ve 1 9 6 8 7  2 8 3  
2 

-ve 1 4 6  5 2  1 9 8  X l 0 . 9 3 (n . s . ) 

Totals 3 4 2  1 3 9 4 8 1  



Ap p e n d i x  1 0  

I .  c a n i s  ---

I .  oh i o e n s i s  

H .  h e yd o r n i  

Sarcocys t i s  

167 

Re s u l t s  of X 2 t e s t s  t o  d e t e rmine t h e  s i gn i f i c an c e  o f  t h e  
d i f f e rences b e t \veen t h e  p reva l en c e  o f  c o c c i d i a  in town 
and c o u n t r y  11 pupp i e s " (up to 6 mon t h t>  o f  a g e ) . 

Town Coun t r y  To t a l s  

+ve 1 8  0 1 8  

-ve 7 1  1 8  8 9  X �  - 3 . 0 5 (n . s . ) 

To t a l s  8 9  1 8  1 0 7  (x � ( . OS ) = 3 . 8 4 ) 

Tow-n Cou n t ry To t: a l s  

+ve 3 1  5 3 6  

-ve 5 8  1 3  7 1  x 2 
1 0 . 0 9 (n . s . )  

To tals 8 9  1 8  1 0 7  

------------

Town Coun t ry To t a l s  

+ve 5 1 6 
8 4  1 7  1 0 1  2 0 . 3 0 (n . s . ) -ve x 1 

To t a l s 8 9  1 8  1 0 7  

s p .  Town Coun t ry To t a l s  

-ve 4 8  1 5  6 3  

-ve 4 1  3 44 x 2 4 . 20 *  
1 

To ta l s  8 9  1 8  1 0 7  



168 

Ap pendix 1 1  

Resu l t s  o f  x 2 t e s t s  t o  d e t e rmin e the sign i f i c a n c e  o f  the 
d i f f erences b e t,.;een t he prevalence of c o c c i cl i a  in town 
and c o un t ry "a ·Jul t "  (over s ix mon th s  o f  a ge )  d o g s . 

I .  canis 

+ve 

-ve 

To ta l s  

I .  ohioen s l s  

+ve 

-ve 

To t a l s  

H .  peyclorni 
+ve 

-ve 

To t a l s  

Sarcoc y s t i s  s p . 

+ve 

-ve 

To t a l s  

Town 

0 

2 2 4  

2 2 4  

Town 

4 

2 2 0  

2 2 1+ 

Tmvn 

3 

2 2 1  

2 2 4  

Town 

1 30 

9 4  

2 2 4  

Country 

1 

1 0 8  

1 09 

Coun try 

2 

1 0 7  

1 0 9  

Coun try 

4 

1 05 

1 0 9  

Coun t ry 

6 2  

4 7  

1 09 

To ta l s  

1 

3 3 2  

3 3 3  

To t a l s  

6 

3 2 7  

3 3 3  

To t a l s  

7 

3 2 6  

3 3 3  

To ta l s  

1 9 2  

1 4 1  

333 

(t "' i n su f f i c ient numbers for s ta t i s t i c a l  ana l y s i s ) . 

2 
x l 0 .  1 7  ( n . s . )  

x 2 0 . 9 7 (n , s . )  
1 

0 . 0 1 (n . s . )  
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Ap p en d ix 1 2  2 

I . 

I .  

T .  

f e l i s ---

Re s u l t s  o f  X t e s t s  t o  d e t e rmine the s i gn i f i c a n c e  o f  t h e  
a s s o c i a t i on b e tween s e a s o n  a n d  t h e  p r evalence o f  c o c c i d i a 
i n  C' CJ t s . 

Spring S umm e r  Au t umn Hin t e r  To t a l s  

+ve 3 2 if 4 9  1 3  8 9  x 2= 3 9 8 .  v=�"* 

-ve 81+ 2 1 7  4 6  7 2  4 1 9  (x! C . OO l )  = 1 6 . 2 7 ) 
To t a l s  8 7  2 4 1 9 5  8 5  5 0 8  

r ivo l t a  S p r i n g  S umme r  Au t umn '� in t e r To t a l s  ----
+ve 1 2 !+ 4 1 1  x 2= fi .  9 2  (n . s . )  3 
-ve 86 2 3 9  9 1  8 1  4 9 7  (x � c .  os ) 7 .  8 1 ) = 

To t a l s  8 7  2 4 1  9 5  85 5 0 8 

----- ·--

gon cti j  S p r ing S umme r  Au t umn \Vi n t c r  To t a l s  
---- ---�-- �� 

+ve 0 2 3 0 5 

8 7  2 3 9  9 2  8 5  5 0 3  
2 

0 .  4 7 (n . s . )  -ve X , 
To t a l s  8 7  2 4 1 9 5  8 5  5 0 8  

S a r c o cys t i s  s p . S p r ing Summe r Au t umn \Vin ter To t a l s  

+ve 1 9  2 5  2 0  2 2  8 6  X� = 1 4 . ss ��,., 

-ve 6 8  2 1 6 7 5  6 3  4 2 2  (X ! ( . 0 1 ) = 1 1 .  3 4 ) 
To t a l s  8 7  2 4 1 9 5  85 5 0 8  



App e.nd :i.,x 1 3  

I .  f e l i s  

Resu l t s  o f  X 2 t e s t s . to d e t ermine the s ign i f i c ance o f  the 
a s s o c i a t i on h e t ween s e a s o n  and the p revalence o f  c o c c i d i a  
i n  "k i t t e n s " (up t o  6 mon t h s  o f  a ge ) . 

S p r i ng S ununer Aut umn Hin l- e r  To t a l s  

+ve 1 1 6  40 1 2  6 9  

1. 7 0  

9 3 1  2 8  3 4  1 0 2  ,, 
1 8 . 1 7 >'<* * -ve X �  3 

To ta l s  1 0  4 7 68  4 6  1 7 1  

I .  r iyo l t a  S p r i n g  Summer Au t umn Win t e r  Tota l s  ---- .._____� 
+ve 1 1 2 3 7 

-ve 9 4 6  6 6  4 3  1 61! x 2 0 . 95 (n . s . )  2 
To t a l s  1 0  4 7 6 8  4 6  1 71  

------------

T .  gond i i  S p r in g  S umme r Au t u mn \.;j_ n t e r  To i:<l l s  
----------...-----------

+v� 0 2 3 0 5 
�ve 1 0 4 5  6 5  4 6  1 6 6 x 2 1 .  9 1  (n . s . )  2 
To ta l s  1 0  4 7 68  L1 6 1 7 1  

S a r c o cy s ti !?_  s p . S p r ing Summ e r  Au t umn Win t e r  To t ;:: l s  

+ve 2 1 2  1 0  1 7  4 1 

8 35 5 8  2 9  1 3 0  
2 

7 .  6 Lf (n . s . ) -ve x 3  
To t a l s  10  4 7  6 8  4 6  1 71 
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App en cl :b> 1 4  

I .  

I .  

T .  

f e U s  

r ivo l t a 

Re s u l t s  o f  x 2 t e s t s  t o  d e t e rmine the s i gn i f i c a n c e  o f  the 
a s so c i a t ion be tween s e a s on and the p reva l e n c e  o f  c o c c i cl i a  
i n  " a du l t "  (over 6 mon t h s  o f  a g e )  ca t ::; . 

·------

S p r ing S umme r Au t umn Win t e r  To t a l s 

+ve 2 8 9 1 2 0  

-ve 6 8  1 8 6 1 7  33 3 0 4  x 2 3 9 . 8 2 * * j' 3 
To t a l s 7 0  1 9 4  2 6  34 3 2 4  

-------

S p r i n g  S umme r  Au tumn Hin t e r  To t a l s  ----- --------------...___ ____ _____..., 

+ve 0 1 2 1 4 

7 0  1 9 3  2 4  3 3  3 2 0  
2 5 . 1 9 >'< -ve x l 

To t a l s  7 0  1 9 4  2 6  3 4  3 2 4  

---- - - - · 

_8_'2_1] cl i � S p r in g  Summe r Au t umn \�in t e r  To t 2 l s 

+ve 0 0 0 0 0 

-ve 7 0  1 9 4 2 6  311 3 2 4  i" 
To t a l s  7 0  1 9 4 2 6  3 ll 3 2 LI 

Sarco<::1._s t i s  sp . Sp r in g  S umme r Au t umn Hin t e r  To t a l s  

+ve 1 5  1 3  1 0  2 4 0  

-ve 5 5  1 8 1  1 6  32 2 8 4  X� 2 8 . 8 9 *:.1: * 

To ta l s  7 0  1 9 4  2 6  34 3 2 4  

( i-= insu f f i c i en t  numb e r s  for s t a t i s t i ca l  a na l y s i s ) . 
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Append ix 1 5  

Re s ul t s  o f  x z  t e s t s  t o  d e t ermine the s i gn i f i c a n c e  o f  the 
a s so c ia t i on b e tween s e a s o n  and t he p r eval ence o f  c o c c i d ia 
in dogs . 

I .  c an i s  - ----
+ve 
-ve 

To ta l s  

I .  ohioen s i s  -----
+ve 
-ve 
To t a l s  

H .  heyd o r n i  

+ve 
-ve 

To t a l s  

S a r c o c y s t i s s p . 

+ve 

-ve 

To ta l s  

Spr ing Summer Au tunm \-Jin ter To t a l s 

1 2  4 1 2 1 9  

1 6 7  1 1 7 90 8 8  4 6 2  

1 7 9  1 2 1  9 1  9 0  4 8 1 

Spring Summe r Au tunm Hin t er To t a l s  

2 5  1 4  3 2 t, !+ 

1 5 4  1 0 7  8 8  8 8  4 3 7  

1 7 9 1 2 1  9 1  9 0  4 8 ]  

Sp r ing Summe r Au tumn Hintf !r To t a l s  

5 5 0 3 1 3  

1 7 4 1 1 6  9 1  8 7  4 6 8  

1 7 9  1 2 1 9 1  9 0  1� 8 1  

S p r ing Summer Autumn \Vin t e r  To t a l s  

1 1 2 

6 7  

1 7 9  

5 9  

6 2  

1 2 1  

6 2  

2 9  

9 1  

50  
40  
9 0  

2 8 3  

1 9 8 

4 8 1  

X �  = 6 . 3 3 (n . s . ) 

(x� ( . 05 )  -- 7 . 8 1 ) 

x 2  3 1 4 . 6 7 -lo'' 

x2 3 . 6 2 (n . s . ) 3 

9 .  8 0 1• 
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Ap p end ix 1 6  

2 
Re sul t s  o f  X t e s t s  t o  d e t e rmine t h e  s i gn i f i c a n c e  o f  t h e  
a s r � c i at i on b e tween s ea s o n  and the p r eva l en c e  o f  c o c c i d i a  
i n  "pupp i e s" ( u p  t o  6 mon th s  o f  a g e ) . 

I .  c an i s  S p r i n ;;  Summe r Au tumn H in t e r  To t: a l s  

+ve 1 1  4 1 2 1 8  

-ve 2 9  3 4  1 0  1 6  8 9  5 . 32 (n . s . ) 
To t a l s  4 0  3 8  1 1  1 8  1 0 7  

I .  oh ioen s j s ------- S p ring Summer An tumn Hi n t e r To t a l s  

+·ve 2 2  1 2  1 1 3 6  

-ve 1 8  2 6  1 0  1 7  7 1  x2  3 1 7 .  6 2 i<>o'< 
To t<'l l s  4 0  3 8  1 1  1 8  1 0 7 

------·-------------· 

H .  hcyd o r n i  S p r ing Summe r Au t umn Hi n t e r  To t a l s  
'-------......,- - . � 

+v e  2 2 0 2 6 

-ve 3 8  36  1 1  1 6  1 0 1  X� 0 . 1 3 (n .  G . )  
To ta l s  4 0  3 8  1 1  1 8  1 0 7  

S a r c oc y s t i s  s p . Sp r in g  Summe r Au tumn Hin t e r  Tot a l s  

+ve 2 7  2 1  6 9 6 3  

-ve 1 3  1 7  5 9 44 

To t a l s  4 0  38  1 1  1 8  1 0 7  2 . 1 (n . s . ) 
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Appen d :i,x 1 7  

I .  

I .  

H .  

Re su l t s  o f  X 2 t e s t s  to d e t ermine the s i gn i f i canc e o f  t h e  
a s s o c i a t ion be twe en s e a s on o n d  t h e  p r eva l e n c e  o f  c o c c i d ia 
in " a d u l t "  ( ov e r 6 mon th s o f  a ge )  d o g s . 

can i s  
---

+ve 
-ve 

To t a l s 

oh i o en s i s  

+-..re 

-ve 

To ta l s  

h e y d o r n i  
--·------ ----

+ve 

-ve 

To ta l s 

S pring Summer Au tumn Hin t e r  To t a l s  
....... ____ :.. -............- --- --- " .......__--�--- -·----· 

0 0 0 1 

1 3 1  8 3  6 0  5 8 3 3 7.  '/ . 1 0 . 0 9 (n . s )  
1 3 2  83 6 0  5 8  3 3 3  

------·· ----------- -- ------ ·· -

S p r i n g  Summer Au tumn Hin t e r  Tc t a l s  
3 2 1 0 6 

� 

1 2 9  8 1  5 9  5 8  32 7 x ·· 3 . 08 (n . s . ) 3 
1 3 2  8 3  6 0  5 8  333  

· -- ------- -···--------- ------

Sprin g Summe r  A u t umn 1-J i n  t e r  To t a J r:; 

3 3 0 1 7 X �  -
j 1 .  4 2 ( n . s . )  

1 2 9  80 60 5 ] 3 2 6  
3 1 2 83 6 0  5 8  3 3 3  

- --------------

S a r co cys t i s  sp . Spr ing SUimne r Au t umn Hi n t e r  To t· <l l s  

+ve 80 38 38 36 1 9 2  

-ve 5 2 4 5  2 2  2 2  1 4 1 x;  6 . 5 7  (n . s . ) 
To ta l s  1 3 2  8 3  6 0  5 8  3 3 3  

--
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