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SUMMARY

Different aspects of feline leptospirosis including a study of the
bacteriology, serology, histopathology and clinical pathology were
investigated by inducing experimental infection by the oral and intra-

peritoneal (I.P.) routes.

Experimental inoculation with five of the six Leptospira interrogans
serovars which are known to exist in New Zealand, revealed a symptomless
infection in cats. A carrier state developed with pomona and ballum
whereas with hardjo and tarassovi the infected cats showed only a
serological response. A cat inoculated with balcanica did not respend,
even serologically, to infection. Susceptibility of cats to different

serovars was thought to be due to individual cat variation.

A further series of experiments was conducted, infecting cats
with serovar ballwn. 'The infectivity studies using two-fold increases
in dose from 10% to 10° by the oral route established a carrier state in
cats given more than 102 leptospires. Three cats with urinary carrier
states did not have a detectable micro-agglutination (M.A.) titre at the
time of euthanasia two and three weeks post-infection (p.i.) and there

was a decrease in the titre with lowering the infective dose.

The longest duration of the carrier state was 122 days after oral
infection and this was obtained with an infective dose of 10° leptospires.
Leptospiruria commenced at 13 days p.i. A direct correlation between
serological titre and urinary carrier state was hypothesised after
demonstréting a consistently high titre in one cat which was related to
a long duration of leptospiruria and observing in another cat a low titre
which disappeared by the 12th week p.i. and in which no leptospir—ria

could be detected. Serological response in the cat consists of the
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primary production of Igl and subsequent establishment of IgG and this

latter immunoglobulin appeared to be related to the carrier state.

Comparative studies of histological, serological and cultural
findings revealed that the I.P. route of infection produced more severe
infection than the oral route. Leptospiraemia was detected after the
same time interval for both routes with the longest duration being
seven days in an intraperitcneally infected cat. Leptospires were
recovered from some lymph nodes and the brain only during the lepto-

spiraemic phase.

All the cats had M.A. titres by the 10th day p.i. and higher initial
titres were recorded in the cats infected by the I.P. route. By the
third week p.i. the M.A. titres of the cats infected by the oral route
reached the same level as those infected by the I.P. route. Elevation
of rectal temperature coincided with the first isolation of leptospires
from urine and kidney seven to nine days p.i. There was also a
concurrent decrease in specific gravity of urine. This was thought to
be due to invasion of the kidneys by leptospires and consequent tissue
damage. |

¥
Histological studies showed disseminated foci of fatty change in

the straight portion of proximal tubules in the inner cortex of the
kidney one week p.i. Infiltration of lymphocytes occurred around the
urinary tubules two and three weeks p.i. and early tubular necrosis
was seen by the fourth week p.i. These histopathological changes are
related to the migration of the leptospires into the kidney, invasion

of the tubules by these organisms and subsequent reaction of the host.

Prey-predator transmission studies showed that more severe
infections were produced in cats when small portions of infected mice

were fed as compared with feeding whole infected mice. This is most
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likely to be due to the longer contact of infected ingesta with the
pre-gastric portion of the alimentary tract. All the cats showed 0.5
to 1 degree elevation of temperature 9-12 days p.i. which appeared to
be due to the kidney invasion and related tissue damage by leptospires.
Neutrophils were first éeen in foci of interstitial nephritis at 47
days p.i. in addition to lymphocytes, macrophages and plasma cells.
Duration of leptospiraemia was longer in the cats infected with the
smaller portions of ingesta (infected mouse kidneys and bladder) than

in the cats infected with whole infected mice.

No inhibitory effect was observed using the growth inhibition test
even when the serum had a very low M.A. titre, these results are different
from those obtained in other animals. Gel filtration tests on serum
samples of the infected cats showed the specific antibody to be
comprised of IgM and IgG in those cats which showed kidney lesions
histologically, but in the cats with no detectable kidney lesions the
only immunoglobulin detected was of IgM class. In all these exﬁeriﬁents
the cats showed a rapid decline in their M.A. titres after reaching a

maximum level.

A serological survey of 225 cats from various sources in the North
Island using 11 live leptospiral serovar antigens detected 25 (11.11%)
of sera with an M.A.T. of 1/12 or greater. The prevalence of serological
reactions to the different serovars which exist in New Zealand was
determined. These were as follows: eight (3.55%) to ballum, six (2.55%)
to copenhagenti, five (2.227%) to hardjo, four (1.77%) to pomona, two
(0.88%) to balcanica and one (0.44%) to canicola. No tarassovi titres

were recorded at 1/12 or greater.
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It is of interest that titres to ballwn and copenhageni showed
the greatest prevalence, both of which have rodents as their maintenance
hosts. It is hypothesised that prey-predator transmission has been
responsible for infection with these serovars, while with the other
serovars direct contact with infected animals or a contaminated
environment is presumed. There was no obvious relationship between
the titre and the clinical disease as the majority of the cats with
positive titres were apparently healthy. The results of this survey
combined with experimental studies suggests that in feline serological

surveys a low initial dilution should be used.



ACKNOWLEDGEMENTS

I wish to acknowledge the financial support given by the
Ministry of Foreign Affairs and the help and advice given by Miss

Sarah Craig and Mr Tom Kwak.

It has been a pleasure to work in the Department of Veterinary
Pathology at Massey University with the leptospirosis team. My thanks

are due to everyone directly or indirectiy involved in this study.

My special thanks are due to my supervisor, Dr R.B. Marshall,
for his support and encouragement. I am grateful to Dr M.R. Alley
for heiping me .with the intérpretation of histopathology and the
writing of this thesis during Dr Marshall's absence. I also appreciate
the advice and assistance given by Professor B.W. Manktelow, Professor

D.K. Blackmore, Dr K.M. Moriarty and Dr R.H. Sutton.

My thanks are particularly due to Mrs Lyn 8ell and Miss Barbara
Wilton for their technical assistance and friendship during this>study.
I would like to acknowledge Mrs Jan Schrama for the preparation of the
glassware, Mr Peter Wildbore for administrative assistance, all the
members of the Histopathology Unit for the preparation of tissue slides,
Mrs Lyn Jeffrey for laboratory assistance and Mr Tom Law for the

photographic work.

The blood samples for the serological survey were obtained from
a variety of sources. I would like to thank all those involved in
this part of the project particularly Mr Boyd Jones, Mr G. F. Sommerville

and Mr T. J. Murphy.



vi.

My special thanks are due to my co-workers and friends, especially
Miss Janice Thompson, Mr Steve Hathaway, Mr Colin MacKintosh, Mr P.
Ramadass and Miss Carol Hall whose friendship added so much to this study

and for which I will always be grateful.

Finally, I extend my thanks and appreciation to Mrs Kathie White

for typing this thesis.



—

Chapter

Chapter 2

LIS}

Chapter

Chapter 4
Chapter 5

Chapter 6

TABLE OF CONTENTS

Summary

Acknowledgements

Table of Contents

List of Figures
Introduction

Review of the literature

Introduction and a comparative study with five
different serovars.
Infectivity studies with ballum.

Introduction

Exp.2 : Definition of infective dose and its
relationship to carrier state.

Exp.3 : Studies on the duration of the carrier

state in cats infected by the oral route.

Exp.4 : Comparative studies with intraperitoneal
and oral route.

Introduction and studies of prey-predator chain.
A serological survey of feline leptospirosis.
General discussion.

Appendix I

Appendix II

Appendix III

Appendix IV

Appendix V

Bibliography

vii,

Page

11

30

34

43

54

68
79
91
96
99
100
102

103



Figure

8a

8b

10a&b

11

12

13

14a&b

15

16

17

18

19

I.IST OF FIGURES

Culture Method.

Microagglutinaticn titres of cats infected with
different serovars.

Small accumulation of mononuclear cells around
portal area in the liver of a cat infected with
tarassovi.

Subacute foci of interstitial nephritis in a
pomona infected cat.

A large focus of infiltrating lymphocytes, plasma
cells and macrophages around cortical tubules in
the kidney of a ballum infected cat.

One of the largest foci of interstitial nephritis
seen in a cat infected with ballum.

Leptospiral organisms in the lumen of kidney
tubules.

Microagglutination titres of whole serum and
MA titre of IgM fractionms.

Microagglutination titre of whole serum, IgM and
IgG fractions.

Immunoelectrophoresis reaction of concentrated
gel filtration fractions of cat serum with goat
anti cat serum and goat anti cat IgG.

Bladder section from a cat following collection of
urine by aspiration through the abdominal wall as

viii.

Between page

compared with a bladder section following collection

of urine by manual pressure.

Microagglutination titres of cats infected by the
I.P. route.

Microagglutination titres of cats infected by the
oral route.

Microagglutination titres of cats inoculated with
formalised ballum.

Focal fatty change in the straight portion of the
proximal tubules.

A focus of lymphocyte and macrophage infiltration
in the interstitium of kidney cortex.

‘Severe cloudy swelling of cortical tubular

epithelial cells.

Hyperplasia of germinal centres in the mandibular
lymph node.

Microagglutination titres of cats in the prey-
predator chain.

Microagglutination of whole serum and of IgM and
IgG fractions from cats which were fed with
kidneys and bladder of an infected mous-.

numbers
17 18
24 - 25
25 - 26
25 - 26
40 - 41
40 - 41
40 - 41
46 - 47
46 - 47
46 - 47
47 - 48
58 = 59
58 - 59
58 - '§9
61 - 62
61 - 62
61 - 62
61 - 62
75 - 76
75 - 76



Figure

20

21

22

Microagglutination of whole serum and MA titre
of IgM fractions from cats which were fed whole
infected mice. ’

Immunoelectrophoresis reaction of concentrated
gel filtration serum fractions.

Presence of neutrophils in the foci of
interstitial nephritis.

isc,

Between page

numbers
75 - 76
75 - 76
76 - 77



