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SUMMARY

A study was made of leptospiral infection in pigs. The
epidemiology of this disease and whether or not cell
mediated immunity (CMI) is part of the immune response of

pigs to pomona infection were investigated.

A number of serological téchniques were used in this

study. In a trial to measure the precision of the
serological method, it was found that 93% of the sera
tested varied by only tl doubling dilution. An instrument
was developed to aid the removal of samples from serology
test-plates for darkfield examination and it was shown that
the titres determined using this instrument were no
different from those using the traditional capillary tube
method. It was also found that the MA titres of sera

from conventionally collected blood samples were the same

as those estimated on sera collected from heart clots.

The isolation and identification of leptospires was used
to define the epidemiology of leptospirosis in pigs. An
efficient cultural method was developed, utilising a
stomacher to homogenise kidneys. P80 medium was found
to be superior to Stuart's and Fletcher's medium, with

respect to the isolation of leptospires from pig kidneys.

A cultural and serological survey of leptospirosis was
conducted in young and adult pigs from an abattoir.
Serovar pomona was isolated from 38/84 (45%) of the
kidneys from the young pigs, and from 1/65 (2%) of the
adult kidneys. However 87% of the young pigs and 86%
of the adult pigs were serologically positive at 1/12

to pomona. In this survey serovar tarassovi was
isolated for the first time in New Zealand. In
contrast to pomona, the prevalence of tarassovi culture-
positive animals was 1/84 (1%) in the young group and

3/65 (5%) in the adult pigs. Twenty-one percent of the



young pigs and 25% of the adult pigs had MA titres to
tarassovi of 1/12 or more. Although many of the sera
reacted with serovars other than pomona and tarassovi,
no other serovars were isolated. It was concluded that
pigs in New Zealand are reservoir hosts for pomona and
tarassovi, but that they do not become life-long carriers
of these serovars. The MA titres to these serovars are
maintained long after infection has been eliminated. It
was also considered that pdmona antibody cross-reacts with
many other serovars. In this investigation it was found
that the genus-specific microscopic agglutination test
(MAT) using serovar biflexa (CDC) as antigen was of no
value for detecting either infected pigs, or pigs which
had titres to parasitic leptospires, It was also found
that in many of the kidneys from which pomona was
isolated either no gross leptospiral-like lesions were
apparent, or only minor lesions were observed. It was
concluded that infected kidneys that had no gross lesions

constituted a potential public health risk.

Using abattoir samples, a number of tests were evaluated
with respect to the ability to predict renal infection
with serovar pomona.* It was concluded that in a
population with a moderate to high prevalence of infection,
at a MA titre of 1/384 both the sensitivity and
specificity will be approximately 85%. The usefulness
of darkfield examination of urine and urine culture was
limited because of low sensitivities of these parameters.
In the sample collected from juvenile animals, 67% of
the culture-positive animals had urine homologous MA
titres of 1/4 or more, and 95% of the culture-negative
animals were test-negative at this level. However, as
older recovered animals were not included in this survey,
it was considered that the specificity of this parameter

was over-estimated.



The pattern of leptospiral infection in a pig herd was
studied. This was a part of a collaborative study of
leptospirosis infection in pigs, cattle and wildlife in
this area. It was concluded that serovar pomona infect-
ion was endemic in this pig herd, and that the focus of
infection was in those pigs aged between 6 and 12 months.
The sera of the pomona infected pigs cross-reacted with
many other serovars, and some marked paradoxical
heterologous titres to copenhageni were observed. There
was no evidence of current infection in the older sows
nor in the cattle or wildlife in this area. It was
concluded that pig to pig transmission of pomona
infection occurred, and this was facilitated by the system
of management, and the design of the buildings used to

house the young stock.

Serological surveys were conducted in two other pig herds
where serovar tarassovi had previously been isolated.
There was serological evidence of extensive infection with
both pomona and tarassovi in both herds. The younger
animals were found to be the main reservoir of infection
for both these serovars. There was no evidence of any

reciprocal cross-protection between pomona and tarassovi.

A further.serological survey of leptospirosis in pigs was
conducted, using sera from 234 adult pigs selected from
all major districts in New Zealand. It was concluded
that infection with serovars pomona and tarassovi occurred
commonly and it was estimated that 53% of the animals
sampled had been infected with pomona and 33% with
tarassovt. The prevalence of both pomona and tarassovi
infection is higher in the North Island than in the South
Island. Pomona infected herds are the most common,
followed by herds infected by both pomona and tarassovi,
with tarassovi infection alone being the least common.
There was no evidence that infection with serovars other
than pomona or tarassovi commonly occurs in pigs in

New Zealand.



An abortion storm in pigs was investigated

and shown to be due to pomona infection. In total 22% of
the mated sows aborted. Leptospires were isolated from
many tissues from the aborted piglets, but the most
convenient tissue to use was vitreous humor. In these
abortions a marked acute placentitis was observed.

Antibiotic therapy did not prevent abortions.

In vitro lymphocyte transformation was used to investigate
whether or not cell mediated immunity (CMI) was present in
pigs that had been naturally infected with pomona.
Lymphocyte microcultures from 18 pigs from a herd known

to be endemically infected with pomona were prepared.
Cells were stimulated with phytohaemagglutinin (PHA), a
sonicated pomona extract and a sodium deoxycholate-
derived pomona antigen. The time-responses of antigen
stimulated cells over 144 hours were also studied.

The PHA responses of the older pigs which had been infected
with pomona were the same as those of the younger non-
infected pigs. The activities of the non-stimulated
cultures of these groups were also the same. The cells
of all the animals were also transformed in vitro by the
antigen extracts with dose-responses occurring in most
cases. However the maximum responses of the pigs which
had been infected with pomona were significantly greater
than those which had not been infected. It was concluded
that transformation in response to the pomona antigens

had occurred in the cell cultures from animals which had
been infected, suggesting that CMI is part of the immune
response of the pig to pomona infection. It was also
considered that the antigen extracts contained a low

concentration of non-specific mitogens.

In a further study of these in vitro lymphocyte activities,
the responses of B cell-depleted cultures to the pomona
antigen extracts were investigated. The removal of B
cells from porcine blood lymphocytes was achieved by

nylon wool fractionation and confirmed by enumerating the

cells exhibiting surface immunoglobulin. Although the



non-fractionated cells respondedhto both antigen extracts
the eluted cells did not. Supplementation of cultures
of eluted cells with adherent cells did not increase the
level of transformation achieved. It was therefore
concluded that the antigen-reactive cells in this in vitro
system were probably B cells. Thus, the postulate that
CMI is part of the immune response of the pig to infection
with serovar pomona was not confirmed. However these
findings were in accord with the observation that the
essence of the resistance to infection with the parasitic
leptospires lay with the ability of the animal to secrete

antibody soon after infection.



ACKNOWLEDGEMENTS

The work for this thesis, which was supported by the

Pork Industry Council, was carried out in the Departmént
of Veterinary Pathology and Public Health of Massey
University, and I would like to express my gratitude to
the Executive of the Pork Industry Council and to all
those whose help has enabled the work to be completed.

I would especially like to thank Dr R B Marshall,
Professor B W Manktelow, and Dr K M Moriarty for their
encouragement and guidance in carrying out this project.
I am also grateful for the advice and assistence of

Dr W J Pryor, Professor D K Blackmore, Mr F M Williams,
Mr A G Taylor, Mr S C Hathaway and Mr J S Hellstrom.

Able technical assistance was given by Mrs Lyn Bell,

Miss Lynley Fray, Miss Barbara Wilton, Mr R G Faulding,
the staff of both the histopathology laboratory and media
preparation room. This is gratefully acknowledged.
Prof. R E Munford gave valuakle assistance with aralysis of data.
I would also like to record my appreciation for the help
given by Mr J R Carr and the staff of the Massey
University Pig Research Centre (in particular Mr K W Best),
Messrs B Graham and G Peterson and the staff of the
Ministry of Agriculture and Fisheries Meat Division,
Longbourn, the staff of the Kiwi Bacon Factory and the
staff of the Ministry of Agriculture and Fisheries Animal

Health Division, New Plymouth.

I wish also to extend my thanks to Mrs Ainsely Te Hiwi,
Mrs Carole Hambleton and Mrs Judith Hamilton for typing
this thesis, and to Mrs Una Paulger for the preparation

of the illustrations.

Permission to quote material published in the Ministry of
Agriculture and Fisheries publication "Surveillance"

was kindly given by Messrs G Shirley and D Cordes.



Some of the results in Chapter IX relate to serology
performed in the Palmerston North Animal Health Laboratory,
and I wish to thank Mr B L Stevenson for permission to

quote these.



Chapter I

Chapter II
Chapter III
Chapter IV
Chapter V
Chapter VI

Chapter VII

Chapter VIII
Chapter IX

Chapter X

Chapter XI
Chapter XIT
Appendix I

Appendix II
Appendix III

Appendix IV

Appendix V

TABLE OF CONTENTS

Introduction
Review: porcine leptospirosis

Serological methods: a description
and an evaluation

Cultural methods: a description and
an evaluation

An abattoir survey of leptospirosis
in pigs

Diagnostic parameters in porcine
pomona infection

The epidemiology of leptospirosis in
a pig herd

Serovar tarassovi infection in pigs

A national serological survey of
leptospirosis in pigs

An abortion storm in pigs due to
serovar pomona infection

Lymphocyte transformation studies

Lymphocyte transformation:
experiments with B cell depleted
lymphocyte cultures

General discussion

The association between apparent
prevalence, real prevalence,
sensitivity,and specificity

The effect of culture medium on
lymphocyte transformation in vitro

The effect of pulse time on the
incorporation of tritiated thymidine

The effect of wash volume on the
retention of non-incorporated
isotope by fibreglass filters

The effect of a trichloroacetic
acid wash on the activity of
stimulated and non-stimulated
lymphocyte culture filtrates

PAGE

22

36

51

69

86

129

136

154

163

195

210

207

218

222

225

227



Appendix VI

Appendix VII

References

The effect of foetal bovine
serum on lymphocyte
transformation

The in vitro dose-responses of
lymphocytes to the sonicated
and sodium deoxycholate-
derived pomona antigen
extracts .

PAGE

230

234

243



FIGURE

2rexl

N
N -

LIST OF ILLUSTRATIONS

The cornwall syringe as modified for
dispensing antigen into microtitre
plates

The instrument developed to withdraw
samples from microtitre plates for dark-
field examination

The association between the coded
pomona MA titres and the coded
heterologous MA titres in young pigs

The association between the coded pomona
MA titres and the coded heterologous
MA titres in adult pigs

The frequency distribution of the
pomona MA titres of the pigs sampled
at an abattoir

The frequency distribution of the pomona
MA titres in those pigs which were
kidney culture - positive and kidney
culture - negative

The association between sensitivity,
specificity and the homologous serum
MA titres in pomona infection in pigs

The sensitivities and specificities of
urine darkfield examination, urine
culture and the urinary homologous

MA titre in pomona infection in pigs

A schematic plan of the Massey University

pig farm showing the pattern of open
drainage

The average and standard error of the
mean coded titres of all pigs in each
group sampled in the epidemiological
studies

The average and standard error of the
estimated real prevalences of pomona
infection in each group sampled

The association between the coded pomona
MA titres and age in the sow herd

The frequency distribution of pomona
and tarassovi MA titres in two known
tarassovi infected farms

PAGE

25

27

57

58

76

77

78

79

103

104

105

106

131
132



FIGURE

7.3

102

10.3

10.4

The lack of association between the
coded pomona and tarassovi MA titres

PAGE

in pigs from two tarassovi infected herds.133

The frequency distribution of pomona
MA titres in the sample of sera from
pigs from throughout New Zealand

The association between the coded
pomona MA titres and the coded
heterologous titres from the total
New Zealand sample

The frequency distribution of tarassovi
MA titres in the sample of sera from
pigs from throughout New Zealand

The association between the coded
tarassovi MA titres and the coded
bataviae MA titres in sera from the
New Zealand sample

A summary of events that occurred on a
pig farm during a pomona abortion
storm

Section of pig placenta showing the
inflammatory cell infiltrate and
staining of leptospires (Modified
Warthin-Starry x 180)

Section of pig placenta showing
individual leptospires (Modified
Warthin-Starry x 650)

The PHA responses of the Group I
(presumed infected) and Group II
(presumed non-infected) pigs

The maximum responses of the Group I
(presumed infected) and Group II
(presumed non-infected) animals to
the sonicated antigen extract

The maximum responses of the Group I
(presumed infected) and Group II
(presumed non-infected) animals to the
sodium deoxycholate antigen extract

The association between the maximum
responses to the sonicated antigen and
the maximum responses to the sodium
deoxycholate-derived extract

141

142

143

144

157

160

161

175

176

177

178



FIGURE PAGE

10.5 The optimal antigen in vitro 179

10.6 lymphocyte responses, and PHA 180
responses over 144 hours

10,47 The differences between the geometric 181

10.8 means of the antigen treated and non- 182

stimulated cultures over 144 hours

111 The in vitro responses to PHA of B 201
11.2 cell-depleted cultures 202
11.3 The in vitro responses to the 203
11.4 sonicated pomona extract of B 204

cell-depleted cultures

11.5 The in vitro responses to the sodium
11.6 deoxycholate extract of B cell-

depleted cultures 205
A2.1 The effect of culture medium on

in vitro lymphocyte transformation 220
A3.1 The effect of pulse time on the uptake

of tritiated thymidine by transformed

lymphocytes 224
Ad.1 The effect of wash volume on the

retention of tritiated thymidine on

fibreglass filters 226
Ab.1 The effect of the concentration of

foetal bovine serum in culture medium

on in vitro lymphocyte transformation 232
A7.1 "The in vitro lymphocyte responses to 235

the sonicated pomona extract 239
A7.2 The in vitro lymphocyte responses to 240

the sodium deoxycholate pomona extract 242





