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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
felis and Isospora rivolta sporozoites. The associations between these
protozoa and such organisms as Toxoplasma, Sarcocystis, Besnoitia and
other related genera are examined and the literature concerning their

life cycles, nomenclature and general biology reviewed.

Examination of faecal samples frem 508 cats and 481 dogs from North
Island localities revealed that 155 (30.5%) and 307 (63.8%) respectively,
contained coccidia. The majority of infected samoples were found to
contain a single coccidian but in total four valid coccidians from cats
and four from dogs, as well as several pseudcparasitic coccidia, were
recorded and described. The identities and prevalences of these valid

coccidians were:

(a) Cats : Isospora felis (17.5%) Iscspora rivolta ( 2.2.9%)
Toxoplasma gondii ( 0.98%) Sarcocystis sp. (16.9%)
(b) Dogs : Isospora canis ( 4.0%) Isospora ohioensis ( 9.2%)
Hammondia heydorni ( 2.7%) Sarcocystis sp. (58.8%)

The sex of 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 low with the majority excreting 200
sporocysts per gram of faeces or less. The specific identities of such
sporocysts are unknown but at least some from cats were demonstrated, by

mouse infection, to be those cf S. muris. Attempts to induce similar
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Sarcocystis infection in mice, using isolates of I. felis recovered

from the faeces of naturally infected cats were unsuccessful.

After completion of the main survey, a further coccidian showing
similarities to Besnoitia wallacei was recovered from the faeces of cne
of five feral cats. The feeding of sporulated oocysts of this coccidian
to mice, rats, rabbits and guinea pigs resulted in the formation of

typical Besnoitia cysts in all hosts except the liast.

Studies on the activation of I. felis and I. rivolta sporozoites revealed
that, although some differences were apparent between the two, both were

capable of activation over a wide range of corditions.

Activation of both species was observed to teke place in trypsin and

bile between temperatures of 210 and 439C (the range tested) and to occur
rapidly at 399C. While the rresence of bile appeared to be essential

for this process that of trypsin did not. Iz general, neither the
concentration of bile (above 5%) nor the type of bile was found to have
any marked effect on the level of activation attained while hydrogen ion

concentration (pH range 5.0 to 10.0) also apreared to have little influence.

Unlike many species of coccidia which have been studied, pretreatment of
oocysts before exposure to trypsin and bile was found not to be an
essential prerequisite for the activation of I. felis and I. rivolta.
However, higher levels of activation were attained when pretreatment was
used than when it was not although for I. rivolta at least, the level of
activation appeared to be less dependent on pretreatment for oocysts

stored in sulphuric acid than for those stored in potassium dichromate.

The process of activation and excystation of both species was observed
to be essentially similar to that described fcr other species of
coccidia which also lack either sporocyst stieda bodies or oocyst
micropyles. Sporozoites escaped following the collapse of the sporocyst
wall and were observed to complete excystatien through identations and

fractures at one or both ends of the oocyst.



iii

ACKNOWLEDGEMENTS

The present thesis could not have been completed without the help and
assistance of numerous people. Of these, some require special mention.
These include; my supervisor, Dr W.A.G. Charleston of the Veterinary
Faculty of this university, for his ever helpful advice and continuous
encouragement throughout the course of this study; Dr R.E. Harris of
the Veterinary Faculty for his advice on statistical analyses and

Mr G.H. Collins of the same Faculty for permission to quote unpublished

findings from his own work.

Special thanks are also due to the former and present Superintendents of
the Palmerston North Animal Health Laboratory, Drs D.E. Gardner and

B.H. Simpson, for their tolerance and understarding of my preoccupation
with this thesis, particularly over the last two years. Others to whom
special thanks are due include Ms. B.G. Wiens and Mr T.G. Law of the
Veterinary Faculty, for their unstinting assistance in the printing

of all photographic plates and graphs and to Mrs J.L. Simpson for the
preparation of Figure 1.3. I wculd also like to express my gratitude to
Mrs C.R. Whitcombe, Mrs J. Shore, Miss A. Punch and Mr M. Southern, who
all, at various times, assisted with the care and maintenance of
experimental animals. I also gratefully acknowledge the assistance of
people, too numerous to mention, who provided me with faecal samples
from cats and dogs, in particular Professor D.K. Blackmore of the
Veterinary Faculty for providing samples from feral cats and Mrs E.M.
Husband and staff of the Palmerston North S.P.C.A. who were totally
co-operative at all times. The co-operation of Mr R.W. Moffitt,
Supervising Meat Inspector, and staff of the Manawatu Abattoir, Feilding

is also appreciated.

Others to whom my thanks are due include the typists of the Ministry
of Agriculture and Fisheries, Palmerston North, for preparation of the
initial draft of this thesis and to Mrs F.S. Wicherts for her most
efficient and expert typing of the final draft. Finally I would like to
express my appreciation and gratitude to the Director of the Znimal
Health Division, Ministry of Agriculture and Fisheries, for permission

to undertake this course of study.



TABLE OF CONTENTS

ABSTRACT

ACKNOWLEDGEMENTS

INTRODUCTION AND LITERATURE REVIEW

151
12

THE
NEW

275

Systematics of the coccidia

Coccidia of cats and dogs

1.2.1 Eimerian oocysts of cats and dogs

1.2.2 Isosporan oocysts of cats and dogs
(a) Historical

(b) Current species and problems of
nomenclature

Diagnosis and identification
Life cycles

1.4.1 Genus Isospora

1.4.2 Genus Toxoplasma

1.4.3 Genus Besnoitia

1.4.4 Genus Hammondia

1.4.5 Genus Sarcocystis
Dissemination of infection and transpert hosts
Resistance and survival

1.6.1 Oocysts

1.6.2 Intermediate host stages
Pathogenicity

1.7.1 Definitive hosts

1.7.2 Intermediate hosts
Immunity

1.8.1 Definitive hosts

1.8.2 1Intermediate hosts
Treatment

1.9.1 Definitive hosts

1.9.2 Intermediate hosts
IDENTITY AND PREVALENCE OF COCCIDIAN PARASITES IN
ZEALAND CATS AND DOGS

Introduction

Page

iii

w w w

11
14
16
17
21
24
25
26
28
28
30
31
31
312
34
34
36
37
37
38

40
40

iv



Materials and methods
2.2.1 Faecal samples
2.2.2 Detection of coccidia
2.2.3 Sporulation of coccidia
2.2.4 Morphological characteristics
2.2.5 1Identification of Toxoplasma-like oocysts
2.2.6 Oocyst and sporocyst counts
Results
2.3.1 1Identity and morphology
(a) Feline coccidia
(b) Canine coccidia
(c) Pseudoparasitic coccidia
2.3.2 Prevalence
(a) General prevalence
(b) Age prevalence
(c) Sex prevalence
(d) Town and country prevalence

(e) Seasonal prevalence

(f) Levels of infection

2.4 Discussion

THE EXPERIMENTAL INDUCTION OF SARCOCYSTIS INFECTIONS

IN MICE
3.1 Introduction
3.2 Materials and methods

3.2.1 Recovery of oocysts and sporocysts

3.2.2 Experimental animals

3.2.3 Infection and examination of rats and mice
Experimental procedures and results

3.3.1 Experiments with I. felis

3.3.2 Experiments with free sporocysts

Discussion

THE OCCURRENCE OF BESNOITIA SPECIES IN NEW ZEALAND CATS

4.1

Introduction

4.2 Materials and methods

Page

40
40
43
43
44
44
44
48
48
48
54
59
64
64
64
68
68
74
75
75

86
86
87
87
87
88
88
88
89
93

96
96
96



4.2.1
4.2.2
4.2.3
4.2.4

Feral cats
Recovery of oocysts
Experimental animals

Infection and examination of intermediate
hosts

4.3 Experimental procedures and results

4.3.1 The initial isolate

4.3.2 Transmission experiments

4.4 Discussion

STUDIES ON THE ACTIVATION AND EXCYSTATION OF I. FELIS
AND I. RIVOLTA SPOROZOITES

5.1 Introduction

5.2 Materials and methods

S5r

2.1

5). 252
5.
5
S

23

.2.4
52185

Ccliection and storage of oocysts
CO2 pretreatment

Sodium hypochliorite pretreatment
Treatment with excysting medium

Determination of activation

5.3 Experimental procedures and results

S
55

v un nn ;L o,

3=1
892

Effect of type and duration of pretreatment

Effect of storage solution and storage
duration

Effect of duration of treatment in excysting
medium

Effect of bile and trypsin concentration
Effect of bile type or substitute
Effect of treatment temperature

Effect of hydrogen ion concentration

The excystation process

5.4 Discussion

GENERAL DISCUSSION

REFERENCES

APPENDICES

Page
96
96
96

9/
97
Y
98
100

104
104
105
105
105
105
106
106
106
106

107

112
112
113
116
116
117
123

129
134

155

vi



Table

LIST OF TABLES

Morphological characteristics of eimerian oocysts
recorded from cats and dogs.

Reported prevalences of eimerian oocysts in cat and
dog faeces.

Coccidian species of cats

Coccidian species of dogs

Tentative key and investigational sequence for the
identification of isosporan coccidia in cat and dog
faeces.

Reported sporulation times of feline coccidian species

Reported sporulation times of canine coccidian species.

Reported prepatent and patent periods of feline
coccidian species.

Reported prepatent and patent periods cf canine
coccidian species.

Reported "effective" treatments for general canine
and feline coccidiosis.

Reported prevalences of coccidian species in cats.
Reported prevalences of coccidian species in dogs.
Sources of faecal samples.

Results of a two-level nested analysis of variance to
determine the significance of the differences in oocyst
dimensions between similar dog and cat coccidia.
Results of a two-level nested analysis of variance to
determine the significance of the differences in
sporocyst dimensions between similar dog and cat

coccidia.

Prevalence of coccidia in canine and feline faecal
samples.

Number and composition of coccidial infections in
individual feline faecal samples.

Page

12

13

15
19

20

22

41
42

45

62

63

65

66

vii



Table

2.10

2.11

247

2.18

2211

2.22

Number and composition of coccidial infections in
individual canine faecal samples.

Prevalence of coccidia
Prevalence of coccidia
Prevalence of coccidia
Prevalence of coccidia
Prevalence of coccidia
Prevalence of coccidia
Prevalence of coccidia

Prevalence of coccidia
and country cats.

Prevalence of coccidia

Prevalence of coccidia
and country dogs.

Seasonal prevalence of

Seasonal prevalence of
"adult" cats.

Seasonal prevalence of

Seasonal prevalence of
dogs.

in cats according to age.

in "kitten"

and "adult" cats.

in dogs according to age.

in "puppy" and "adult" dogs.

in cats according to sex.

in dogs according to sex.

in town and country cats.

in "kittens"

and "adult" town

in town and country dogs.

in "puppy" and "adult" town

coccidia

coccidia

coccidia

coccidia

in

in

in

in

cats.

"kitten" and

dogs.

"puppy" and "adult"

Effect of various pretreatments on the activation
of I. felis and I. rivolta sporozoites

Page

67
69
69
70
70

71

73

78

78

79

79

108

viii



LIST OF FIGURES

An apicomplexan sporozoite or merozoite

A spcrulated coccidian oocyst (Eimeria sp.)
Schematic comparison of the life cycles of the
canine and feline coccidia

Geographical distribution of sampled cats
Geographical distrikution of sampled dogs

Frequency distributions of oocyst dimensions of
feline coccidia

Frequency distributions of sporocyst dimensions of
feline coccidia

Frequency distributions of oocyst dimensions of
canine coccidia

Frequency distributions of sporocyst dimensions of
canine coccidia

The seasonal prevalence of coccidia in cats
The seasonal prevalence of coccidia in dogs
Frequency distributicen of Sarcocystis sp. counts

in cat and dog faeces

Comparison of the dimensions of S. muris sporocysts
recovered from the faeces of experimentally infected
kittens and Sarcocystis sp. sporocysts recovered from
the faeces of naturally infected cats.

Frequency distributions of oocyst and sporocyst
dimensions of Besnoitia sp.

Effect of storage solution and storage duration on
the activation of I. rivolta sporozoites

Effect of duration of treatment in excysting medium
on the activation of I. felis sporozoites

Page

27

46

47

52

53

57

76

0

81

95

102

109

110



Figure

DS

5.4

5.5

586

5.7

Effect of duration of treatment in excysting medium on
the activation of I. riyolta sporozoites

Effect of bile and trypsin concentration on the
activation of I. felis and I. rivolta sporozoites

Effect of bile type or substitute on the activation
of I. felis and I. rivolta sporozoites

Effect of treatment temperature on the activation of
I. felis and I. rivolta sporozoites

Effect of hydrogen ion concentration on the activation
of 1. felis and I. rivolta sporozoites

Page

111

114

115

119

120



Plate

LIST OF PLATES
Valid coc.idia recovered from the faeces of naturally
infected cats

Valid coccidia recovered from the faeces of naturally
infected dogs

Sporulated oocysts of pseudoparasitic coccidia recovered
from the faeces of naturally infected cats and dogs
Ventral aspect of a laboratory mouse experimentally

infected with S. muris

Some life cycle stages of S. muris

Some life cycle stages of Besnoitia sp.

The excystation process cf I. felis

The excystation process of I. rivolta

Page

50

55

6l

90

91

99

121

122

Xi



