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SUMMARY 

A s tudy was made o f  leptospiral infe ction i n  p i g s . The 

e p i demi o l ogy of th i s  d i s e a s e  and whe ther or not ce l l  

mediated immunity ( CM I ) i s  part o f  the immune re sponse o f  

p i g s  t o  pomo na i n fe c t i on we re inve s ti gate d . 

A number o f  sero l o g i c a l  te chnique s we re u s e d  i n  th i s  

s tudy . I n  a tr i a l  t o  me a sure the pre ci s io n  o f  the 

s e rologi c a l  me thod , i t  was found that 93% o f  the sera 

te s ted varied by only ± 1 doub ling di l ution . An ins trument 

was deve loped to aid the removal o f  s amp l e s  from serology 

te s t-p l a te s for dark f ie l d  examination and i t  was shown that 

the ti tre s de termine d  using thi s  i n s trumen t  were no 

d i f ferent from those u s ing the tradi tional capi l lary tube 

me thod . I t  was a l s o  found that the MA ti tre s o f  sera 

f rom conve ntiona l ly c o l le c ted b lood s amp l e s  we re the s ame 

as those e s timated on sera colle cte d from heart clots . 

The i s o l ation and ident i f i cation o f  lepto s p i r e s  was used 

to de f in e  the epidemio logy o f  leptos pi ros i s  i n  p i g s . An 
.e f f ic ient cul tura l method was deve loped , u t i l i s ing a 

s tomache r to homogenise k idneys . P 8 0  med i um was found 

to be superior to S tuart' s  and Fle tcher ' s  medium , with 

re spe c t  to the i s o lat ion o f  leptospires from p i g  k idney s . 

A cultur a l  and serological survey o f  lepto s p i r o s i s  was 

conducte d in young and adu l t  pigs f rom an abattoir . 

S erovar p omona was i s olated from 38/8 4 ( 4 5% ) o f  the 

kidneys from the young p i gs , and from 1/6 5  ( 2% ) of the 

adult k i dneys . However 8 7% of the young p ig s  and 8 6% 

o f  the adult pigs we re sero logi c a l ly pos i tive a t  1/ 12 

to p omona . I n  thi s  s urvey serovar t ara s s o vi was 

i sola te d  for the f i r s t  time in New Z e aland . I n  

contr a s t  to p omona , the prevalence o f  tara s s o vi cul ture­

p o s itive anima l s  was 1/ 8 4  ( 1% )  in the young group and 

3/65  (5%) in the adu l t  p i gs . Twenty-one pe rcent o f  the 



young pigs  and 25% o f  the adu lt p i gs had MA t i tre s  to 

tar asso v i  of 1/12 o r  mor e . Although many o f  the sera 

r e a c ted w i th se rovar s  other than pomona and tarasso v i, 

n o  o ther s erovars were i s o lated . I t  was concluded that 

p i g s  in New Zealand are r e s e rvo ir hos t s  for p omona and 

tar asso v i , but tha t  they do not become l i fe - long carriers 

o f  the se s erovars . The MA t itre s  to the se s erovars are 

ma intained long after in fection has been e l iminate d . I t  

w a s  a l s o  cons idered that pdm o n a  antibody c ro s s - reacts wi th 

many other serovars . I n  th i s  inve s t i gation i t  was f ound 

that the genus-spe c i f i c  micro s copi c  agglutinat ion te s t  

( MAT ) us ing serovar b i f Z exa ( CDC ) a s  antigen was o f  no 

v a l ue for detecting e i th e r  in fected pigs , or p i gs wh i ch 

h a d  t itre s to para s i t i c  lepto spire s . I t  was a l so found 

that in many of the k i dneys f rom wh i ch p o m o n a  was 

i so l ated e i ther no gro s s  leptospi r a l - l ike l e s ions we re 

apparent , or only minor le s i ons were observed . I t  was 

concluded tha t infe c ted k idneys that had no g ro s s  le s ions 

cons titute d  a pote n t i a l  pub l i c  he alth r i s k . 

U s ing abattoir s ample s ,  a numbe r o f  te s t s  we re evaluated 

w i t h  respe c t  to the abi l ity to predict renal infe ction 

w i th serovar pomo n a . �  It was concluded tha t  i n  a 

population with a mode rate to h igh preva le nce o f  infe ctio n , 

a t  a MA t itre o f  1/3 8 4  both the sens i tivi ty and 

spe c i f i c ity w i l l  be approximate ly 8 5% . The use fulne s s  

o f  dark f ie ld examination o f  urine and ur i ne culture was 

l imited be cause o f  l ow sens i tivi tie s of the se parame ters . 

I n  the s ample col le c te d  from j uven i le anima l s , 6 7% o f  

the cul ture -po s i t ive an ima l s  had urine h omo logous MA 

t i tre s of 1/4 or more , and 9 5% o f  the culture - ne gative 

anima l s  we re te s t- ne g a tive at thi s  leve l . H owever , a s  

o lder re cove red anima l s  we re n o t  included in thi s  survey , 

i t  was con s i dered that the spe c i f i ci ty o f  thi s  parame ter 

was over-e s timate d . 



The p attern o f  lepto s p i r a l  infection in a p i g  herd was 

s tu d ie d . 7h i s  was a part o f  a col l aborative s tudy _of 

lep to s p i ro s i s  infe ction in p i g s , cattle and wi l d l i fe in 

th i s  are a .  I t  was con c l uded that se rovar p omona i nfe ct­

i o n  was endemi c ·in th i s  pig herd , and that the focus of 

i n f e c t ion was in those p i gs aged between 6 and 12 mon th s . 

The sera o f  the pomona i n fected p i gs cros s - re ac te d  with 

many o ther s erovars , and s ome marke d paradox i c a l  

he te ro logous titres t o  cope n hage n i  we re observed . The re 

was no evide nce o f  curren t  infec tion in the o lder s ows 

nor in the c attle or wi l d l i fe in thi s  are a . I t  was 

concluded that pig to pig transmi s s ion of p omona 

infe c tion o ccurred , and th i s  was faci l i tated by the sys tem 

of management , and the de s i gn o f  the bui lding s used to 

house the young stock . 

Serological s urveys we re conducted in two o ther p i g  herds 

whe re serovar taras s o v i  h ad previous ly been i s o l ated . 

The re was s e ro logical evidence o f  extens ive infection with 

both pomona and tara s s o v i  in both herds . The younger 

anima l s  we re found to be the main re servoi r of in fe ction 

for b oth the se serovars .  The re was no evide nce of any 

re c iprocal cro s s -prote ction b e tween p omona and tara s s o v i . 

A fur ther serological s urvey o f  leptospi ro s i s  in p i g s  was 

conducted , u s ing sera f rom 2 3 4  adu l t  pigs s e l e cted from 

a l l  maj or d i s tricts in New Z e a l and . I t  was con c l uded 

that infection wi th serovars p omona and tara s s o v i  occurred 

commonly and i t  was e s timated that 5 3% o f  the anima l s  

s ampled h a d  been infe c te d  with p omona and 3 3% with 

t ara s s o v i . The prevale nce o f  both p om o n a  and taras s o v i  

i n fe c tion i s  h i ghe r i n  the North I s land than i n  the S ou th 

I s l and . Pomona infected he rds are the mos t  common , 

f o l lowed by herds i n fe cted by both pomona and t ara s s o v i 3  

w i th tara s s o v i  infection alone be ing the l e a s t  common . 

There was n o  evidence that infe ction wi th s erova r s  o ther 

than p om o n a  or tara s s o v i  commonly occurs i n  p i gs in 

New Z e a l and . 



An abortion s torm in p i g s  w a s  inve s t igated 

and shown to be due to p o m o n a  infection . In total 22% o f  

the mated sows aborted . Leptospires we re i s o l ated f rom 

many ti s sue s f rom the aborted p ig le ts , but the mos t  
-

convenient t i s sue to use was vi treous hurnor . I n  the se 

abort i on s  a ma rked acute p l acentiti s was ob serve d . 

Ant i biotic the rapy did not prevent abortions . 

In v i tr o  lyrnphocyte trans f o rmation was used to inve s tigate 

whe the r  or not ce l l  med i a te d  immuni ty ( CMI ) was pre sent in 

pig s  that had bee n  natur a l l y  infe cted with p om o n a . 

Lymphocyte mi crocu lture s from 1 8  pig s  from a herd known 

to be e ndemi c a l ly inf e c te d  with p omona we re prepare d . 

Ce l l s  we re s timu la te d  wi th phy tohaemagglutinin ( PHA) , a 

s onic ated p o m o n a  extract and a sodium deoxycholate­

derived pomona antigen . The t ime-re spon s e s  o f  an tigen 

s timu l a ted ce l l s  over 1 4 4  hours we re also s tudied . 

The PHA re spons e s  of the o lde r p i g s  wh ich had been infe cte d  

with p omona we re the s ame as thos e  o f  the younger non­

infe c te d  p i g s. The acti viti e s  o f  the non- s timulate d  

c u ltures o f  the se groups were a l s o  the s ame . The ce l l s  

o f  a l l  the anima l s  were a l so trans formed i n  v i t ro by the 

ant i gen extracts wi th dose-re spo�ses occurring in mo s t  

c a s e s .  However the maximum re spon s e s  o f  the p i g s  wh i ch 

had been infected with p o mona were s i gn i f i cantly greater 

than those whi ch had not been infe c ted . I t  was concluded 

that t rans forma tion in re sponse to the p om o n a  ant i gens 

h ad occurred in the ce l l  cul ture s f rom anima l s  whi ch h ad 

been infe c te d , sugge s ting that CMI i s  part o f  the immune 

re sponse o f  the p i g  to p o mona infection . I t  was a l s o  

considered that the antigen extracts contained a low 

concentration o f  non- spe c i fi c  mitogens . 

I n  a furthe r s tudy o f  the s e  i n  v i tro  lymphocyte a c tivi t i e s , 

the r e spon s e s  o f  B ce l l- deplete d  culture s to the p om o na 

ant i gen extracts we re inve s tigate d . The remova l  o f  B 

c e l l s  from porcine b lood lymphocytes was a chieve d by 

n ylon wool fractionation and confirmed by e numera ting the 

c e l l s  exhib i ting surface immunog l obulin . Alth ough the 



non- frac tionated ce lls  re sponded to both antigen extracts 

the e luted ce l l s  did not . Supp leme ntation o f  c u l tures 

of e luted ce l l s  with adherent ce l l s  did not incre ase the 

leve l o f  tran s fo rmation achieved . I t  was there f ore 

concluded that the ant i gen-re a ctive cells in this i n  v i tro 

sys tem were probably B ce l l s . Thus, the postulate that 

CMI is part of the immune response of the p i g  to i n f e ction 

with s e rovar p om o n a  was not conf i rmed . However the se 

f indings were in accord w i th the ob servation tha t  the 

e s sence of the re s i stance to infection with the para s i tic 

leptospires lay with the abi l ity o f  the anima l to s e crete 

antibody soon a f ter infection . 



ACKNOWLEDGEMENTS 

The work for th i s  thes i s , whi ch was supported by the 

Pork I ndus try Counc i l ,  was carried out in the Department 

of Ve te r inary Pathology and P ub l i c  Health of Mas se y  

Univers i ty ,  and I would l ike to expre s s  my grati tude t o  

the Execut ive o f  the Pork Indus try Counci l and to a l l  

those whose he lp has enab led the work to be comp le ted . 

I wou l d  e spec i a l ly l ike to thank Dr R B Mars ha l l , 

Profe s sor B W Mankte low , and Dr K M Moriarty for the i r  

encouragement and guidance in carrying out thi s  pro j e c t . 

I am a l s o  grate ful for the adv i ce and as s i s tence o f  

D r  W J Pryor , Profe s sor D K B lackmore , M r  F M Wi l l i ams , 

Mr A G Taylor , Mr S C Hathaway and Mr J S He l l s trom . 

Ab le techni c a l  a s s i s tance was g ive n by Mrs Lyn B e l l ,  

Mi s s  Lyn ley Fray , M i s s  Barbara W i l ton , Mr R G Fauld ing , 

the s ta f f  o f  both the h i s topathology laboratory and med i a  

preparation room . Thi s  i s  grate f u l ly acknowledged . 
Pr of . R E Munford gave valuable a s sistance w i th analys i s of data . 

I woul d  a l s o  l ike to record my appre c i ation for the he lp 

g iven by Mr J R Carr and the s ta f f  of the Mas se y  

Unive r s i ty P i g  Re seafch Centre ( in particu lar Mr K W Be s t ) , 

Mes s r s  B Graham and G Peter s on and the s ta f f  o f  the 

Mini s try of Agr iculture and F i she r i e s  Meat D iv i s i o n , 

Longbourn , the s ta f f  o f  the K iwi Bacon Factory and the 

s t a f f  of the Mini s try of Agr iculture and F i s her i e s  Anima l 

Hea l th Divi s ion , New Plymouth . 

I w i s h  a l s o  to extend my thanks to Mrs Ainse ly Te H iwi , 

Mrs Carole Harnble ton and Mrs Jud i th H ami l ton for typ ing 

thi s  the s is , and to Mr s Una Paulger for the preparation 

o f  the i l lus trations . 

Permi s s i on to quote mate r i a l  pub l i shed in the M in i s try o f  

Agri cu lture
_ 

and F i she r i e s  pub l ication " Surve i l l an ce " 

was k indly g ive n by Me s s r s  G Shir ley and D Corde s . 



S ome o f  the results in Chapter IX re l a te to s e ro logy 

per formed in the P a lmerston North Animal He a l th Laboratory , 

and I wi s h  to thank Mr B L S tevenson for permi s s ion to 

quote the s e . 



Chap ter I 

Chap ter I I  

TABLE OF CONTENTS 

I ntroduction 

Review : porcine leptospiro s i s  

Sero logi cal me thod s : a de scription 
and an evaluation 

Chapter I I I  Cultural me thods : a de s cription and 
an evaluation 

Chapter IV An abattoir survey of leptosp i ros i s  

PAGE 

1 

2 

22 

3 6  

i n  p i g s  5 1  

Chapter V Diagno s t i c  parame te r s  in porcine 
pomona infe ction 6 9  

Chapter VI The e pidemio logy o f  leptospiros i s  i n  
a p i g  herd 8 6  

Chapter VI I Se rovar tarasso v i  i nfection i n  p i g s  129 

Chapte r VI I I  A n ational sero lo g i c a l  s urvey o f  
leptospiros i s  i n  p i g s  1 3 6  

Chapter IX An abortion s torm i n  pigs  due to 
serovar pomona infe ction 1 5 4  

Chapter X Lymphocyte tran s fo rmation s tudie s 1 6 3 

Chapter X I  Lymphoqyte tran s fo rmation : 
experiments wi th B ce l l  depleted 
lymphocyte culture s' 1 9 5  

Chapte r XI I General di s cu s s i o n  2 1 0  

_Appendix I The a s sociation be twee n  appare nt 
prevalence , rea l  p revalence , 
s e n s itivity , and s pe c i f i city 2 1 7  

Appendi x  I I  The e ffect o f  culture medium o n  
lymphocyte tran s formation �n v i t r o  2 1 8  

Appendix I I I  The e f fe c t  o f  p u l s e  time on the 
i ncorporation of t r i t iated thymidine 222 

Appendi x  IV The e f fe ct o f  wash volume on the 
re tention of non- incorporated 
i sotope by f ibre g l a s s  f i lte rs 

Appendix V The e f fect o f  a tri ch l oroace t i c  
a c i d  wash on the activity o f  
s timulated and non-s timul ated 
lymphocyte cul ture f i l trate s 

22 5 

227 



Appendix VI The e f fe ct of foe tal bovine 
s erum on lympho cy te 
trans formation 

Appendix VII The in v i tro dos e - re s pon ses of 
lymphocyte s to the soni cated 
and s odium deoxycho l a te ­
de rived p omona antigen 

PAGE 

2 3 0 

extracts 2 34 

Re ference s 243 



FIGURE 

2 . 1  

2 . 2  

4 . 1 

4 . 2  

5 . 1  

5 . 2  

5 . 3  

5 . 4  

6 . 1  

6 . 2  

6 . 3  

6 . 4 

7 . 1  
7.2 

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 
p omona MA titres and the coded 
heterologous MA titres in young pigs 

The association between the coded p o mona 
MA titres and the coded heterologous 
MA titres in adult pigs 

The frequency distribution of the 
p o mona 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 p omona infection in pigs 

The sensitivities and specificities of 
urine darkfield examination, urine 
culture and the urinary 'homologous 
MA titre in p om ona 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 p omona 
infection in each group sampled 

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

The frequency distribution of p om ona 
and tarasso v i  MA titres in two known 
tarassov i  infected farms 

PAGE 
, -.--

25 

2 7  

5 7  

5 8  

76 

77 

7 8  

79 

1 0 3  

1 0 4  

1 0 5  

1 0 6  

1 3 1  
132 



FIGURE PAGE 

7.3 The lack of association between the 
coded p omona and tarasso v i  MA titres 
in pigs from two tarasso v i  infected herds.l33 

8.1 

8.2 

8.3 

8.4 

9.1 

9.2 

9.3 

10.1 

10.2 

10.3 

10.4 

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 tarassov i  
MA titres in the sample of sera from 
pigs from throughout New Zealand 

The association between the coded 
tarasso v i  MA titres and the coded 
b a t a v i ae MA titres in sera from the 
New Zealand sample 

A summary of events that occurred on a 
pig farm during a p o mona 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 

10.5 
10.6 

10.7 
10.8 

11.1 
11.2 

11.3 
11.4 

11.5 
11.6 

A2.1 

A3.1 

A4.1 

A6.1 

A7.1 

A7. 2 

The optimal antigen in v i t r o  
lymphocyte responses, and PHA 
responses over 144 hours 

The differences between the geometric 
means of the antigen treated and non­
stimulated cultures over 144 hours 

The i n  v i t ro responses to PHA of B 
cell-depleted cultures 

The �n v i tro responses to the 
sonicated pomona extract of B 
cell-depleted cultures 

The in v i tro responses to the sodium 
deoxycholate extract of B cell­
depleted cultures 

The effect of culture medium on 
in v i t r o  lymphocyte transformation 

The effect of pulse time on the uptake 
of tritiated thymidine by transformed 
lymphocytes 

The effect of wash volume on the 
retention of tritiated thymidine on 
fibreglass filters 

The effect of the concentration of 
foetal bov�ne serum in culture medium 
on i n  v i tro lymphocyte transformation 

The i n  v i tro lymphocyte responses to 
the sonicated p omona extract 

The i n  v i tro lymphocyte responses to 
the sodium deoxycholate p omona extract 

PAGE 

179 
180 

181 
182 

201 
202 

2 03 
2 04 

205 

220 

224 

226 

232 

2 35 :... 
239 

240 -
242 




