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SUMMARY 

A s tudy has been made of the host-parasite relationship that 

exists between �eptospira interrogans serotype pomona and a mammalian host 

as exemplified by the sheep . Tissue culture s tudies provide evidence that 

serotype pomona is capable of elaborating a cytotoxin at a low leve l .  

Surprisingly there i s  no indication that the organism produces either 

lecithinase or hyaluronidase and i t  appears that the organism enters and 

migrates within host  tissue mainly by direct mechanical ins inuation . The 

organism does not appear to commonly penetrate cells either in tissue 

culture or the host and thus avoids exposure to lysosomal enzymes . 

Migration is mainly between cells and the organism is capable of passing 

between tight junctions . Although exotoxin production does not appear to 

be of major importance in the migration of the organism , ultrastructural 

studies of the kid1ey in both mice �nd sheep indicate that tubular 

epi thelial chan�es result from toxic rather than mechanical damage . Limited 

experimental studies into the possible roles  of delayed type hypersensitivity 

and allergy in the pathogenesis  of leptospirosis  gave no indic ation that 

these are of any importance .  

Haemolytic anaemia is a characteristic clinical feature of 

leptospirosis  caused by serotype pomona . This is due to a haemolysin of 

large molecular weight which is not a lecithinase and acts independently of 

complement and spe�ific antibody. 

After the organism enters the animal body there is a period of  

rapid multiplication within the blood  stream; the so  called leptospiraemic 

�as3 . Durjng this time the animal experiences a variable pyrexia .  Sero­

type pomona can be obse�ed in renal capillaries and renal inters�itium 

<l'.li te early in the. leptospiraemic phase . It �s rot clear whe+her thor-<:3 is 

' 



a specific tropism for renal tissue but t�ere is no doubt that once the 

organism reaches the tubular l1men that i t  is free to multiply in a pT�lific 

manner . In this situation it appears to be protected from c irculating 

antibody and organisms are passed out into the urine in large numbers for 

prolonged periods at a time when the animal may have a high level of 

circulating antibody. 

Detailed investigations have been carried out into the nature of 

humoral antibody act ivity. It  has been shown that there is a di�nct , 

specific leptospiracidal antibody whi ch is  independent of agglutinating 

antibody . Leptospiracidal antibody is produced by certain iwmunogenic 

fractions of pomona cultures w·hich can be separated by chromatographic 

methods . 

Ultrastructural studies have revealed t.hat leptospiracidal antibody 

strips the outer sheath from the 0rganism. It arts inde�endently of 

complement anu is an IgG class ant ibody. The discovery of leptospiracidal 

antibo dy has provided a new concept in the study of immunity in lepto­

spirosis . It is likely that it is the major factor in the termination of 

the leptospiraemic phase of the disease and it also should be expected to 

play a major role in preventing infection . 

The application of this knowledge to  the elaborat:Lon and 

evaluation o f  new vaccination procedures appears to hold great promise . 



ACKNOWLEDGEMENTS 

The -work for this thesis was carried out while working in the 

Animal Health Department of the Veterinary Faculty �d I would like to 

express my grati tude to all the members of the department whose help 

has enabled the work to be completed. The earlier part of this  research 

work was supported by a grant from Tasman Vac8ine Laboratories Ltd. I 

would especially like to thank Prof. B .W . r-fanktelow , head of  the depart­

ment , for his encouragement and assistance in carrying out this project . 

The early t issue culture work owes much to Mr P. Mortimer of Ruakura 

who assisted greatly in the establishment of the tissue culture 

laboratory. 

by : -

Cheerful and competent technical assistance has been provided 

Mrs J .  Laing and the other members of the histopathology 

laboratory. 

Mr J .  Austen and Mrs M. McComi&� of the Photograph and 

I llustration Unit. 

Mrs M.  Mc�onald of  the cli�ical pathology laboratory . 

I \voulrl like also to  show my appreciation for the work of 

Mr A. de C leene in helplng with the experimental sheep . 

The ele ctrqmicrographic work was carried out with the assi stance 

of Messrs A. Craig and D. Hopcroft of the Applie d Biochemistry Division 

of the New Zealand Department of S cientific and Industrial Research and 

to these people I am deeply indebted . 

During the course of this thesis work I have been ably assisted 

by two technicians both of whom have given of their time and energies 

unstintingiy ,  they are Mrs D .  Udy and Mr B. Ingram. 

I wish al.so  to extend my thanks to Mrs J .  Gilbert and Mrs G. Percy 

for typing this thesis. 



Chapter 1 

Chapter 2 

Chapter 3 

Chapter 4 

Chapter 5 

Chapter 6 

Chapter 7 

Chapter 8 

Chapter 9 

Appendix 

Appendix 

Appendix 

Appendix 

I 

II 

III  

IV 

TABLE OF CONTENTS 

Introduction 

Review of the literature and aims of the present 

investigation 

'I'issue culture investigations 

The importance of haemolysins and enzymes in 

pathogenesis 

Experimental leptospirosis in sheep 

Morphological changes  of leptospirosis in sheep 

with particular reference to the kidney 

Some immunological factors in the pathogenesis 

of leptospirosis 

Electron microscopic observations of e�perimcntal 

leptospiro sis in suckling mice 

Leptospiracidal antibodies 

General �i scussion 

Page 

2 

11 

27 

37 

48 

60 

68 

74 

86 

A . 1  

A . 7  

A .8 

A . 26 



Figure 

2 0 1 

2.2 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

4.1 

4.2 

4.4 

4.5 

4.6 

LIST OF ILLUSTRATIONS 

F'ollowing page 

Rabbit kidney monolayer culture infected with 
Leptospira interrogans serotype pomona as compared 
with a control cultllre. 

Foetal lamb kidney monolayer culture infected with 
Leptospira interrogans serotype pomona as compared 
with a control cultur-e. 

Normal foetal lamb kidney cell in tissue culture 
showing endoplasmic reticulum and fibrillar area. 

Fat globules and mitochondria of normal rabbit kidney 
cell in tissue culture. 

Dense membrane bound bodies in normal foetal lamb 
kidney cells in monolayer culture. 

Inclusion body in pomona infected foetal lamb kidney 
cell in tissue culture. 

Vacuolated cytoplasm of infected foetal lamb kidney 
cell in tissue culture, containing remnant of 
leptospire. 

Vacuolated cytoplasm of pomona infected foetal lamb 
kidney tissue culture cell. 

Mitochondrial changes seen in pomona infected foetal 
lamb kidney cell in tissue culture. 

Haemolysin related to the elution profile of a 
sonicated pomona culture. 

Graph of data collected from ewe 599 after infec;tion 
with pomona. 

Graph of data collected from lamb 594 after infection 
with pomona. 

Graph of data collected from ewe 386 after infection 
with pomona as compared with control ewes. 

Graph of data collected from lamb 389 after infection 
with pomona as compared with control lambs. 

Graph cf mean values from data collected in 
experimer>t 4a. 

Graph of mean values from data cvllectcd in 
experiment 4b. 

26 

26 

26 

26 

26 

26 

26 

26 

26 

33 

47 

47 

47 

47 

47 

47 



Figure 

5 .I 

5.2 

5.5 

5.6 

5.7 

5.8 

5.9 

5.10 

5. 11 

5.12 

5.13 

5.14 

5.15 

5. 16 

5.17 

7.1 

Following page 

G1·oss pathological changes in ewe kidney infected 
with Leptospira interrogans serotype pcmona. 

Gross patholcgical changes in lamb kidney infectei 
with Leptospira interrogans serotype pomona. 

Pomona infected sheep kidney section showing mild 
degree of inflammatory cell infiltration. 

Pomona infected sheep kidney section showing 
follicular form of cellular infiltration. 

Haematoxylin Phloxine B stained Durcupan section of 
infected sheep kidney. 

Section of sheep kidney showing leptospires in 
tubule. 

Montage showing proximal convoluted tubule of sheep 
kidney colonised with pomona organisms. 

Numerous leptospires in tubular lumen showing their 
close association with the brush border. 

Sheep kidney tubular iumen infected with pomona and 
showing protrusion of the apical region of a cell. 

Protrusion of cell apex and proteinaceous "balloon" 
within the lumen of a convoluted tubule. 

Individual leptospires showing their close associa­
tion with the brush border. 

Mitochondria, lysosomes, brush border and other 
debris, free within the lumen of an infected tubule. 

Glomerulus of a pomona infected sheep kidney, 
illustrating foot process fusion and microvillus 
formation; 

Glomerular epithelial cells showing prominent endo­
plasmic reticulum. 

Glomerulus of infected sheep wi t::.1. "balloons" of 
proteinaceous material within the urinary space. 

Oedema of glomerular capillary endothelium. 

Necrotic cell invaded by leptospires and lying free 
in the lumen of a convoluted tubule. 

Mouse kianey capillary endothelial cell with a 
leptospire within a vacuole. 

59 

59 

59 

59 

59 

59 

59 

59 

59 

59 

59 

59 

59 

59 

59 

59 

59 

73 



Figure 

7.2 

7.5 

7.6 

7.7 

7.8 

8. 1 

8. 2 

8.4 

8.5 

Following page 

Leptospires in oedematous interstitial tissue 
of mouse kidney. 

· 

Severe interstial oedema in a mouse kidney infected 
with pomona 

A leptospire within an infolding of the base of a 
proximal convoluted tubular cell. 

A leptospire migrating between adjacent convoluted 
tubular epithelial cells. 

A vacuole within a tubular epithelial cell and 
containing a leptospiral remnant. 

Leptospires within the tubular lumen of a mouse 
kidney 14 .days after infection. 

Diagram of the migratory path for leptospires within 
a mouse kidney. 

Specific suppression of growth of pomona by lepto­
spiracidal antibody. 

Outer sheath of pomona following exposure to lepto­
spiracidal antibody. 

Pomona after exposure to antibody showing organism 
devoid of sheath. 

·nense cytoplasmic bodies within a leptospire after 
treatment with leptospiracidal antibody. 

Pomona organisms after treatment with normal rabbit 
serum. 

73 

73 

73 

73 

73 

73 

79 

85 

85 

85 

85 




