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ABS TRJI.CT 

I n  o rde r t o  de t e rm i n e  t he p reva lence o f  lept o spiro s i s  in dee r  and 

g o a t s b o t h s e r o l o g i c a l  te s t s  a nd the c u l t u r ing o f  b a c t e r i a  f rom 

u rine s amp le s  we re used . The s e r o logic a l  t e s t s  enabled an a s s e sment 

to be made as t o  the n a t ure and e xte nt of a n t ibody leve l s . To ensure 

c on f i dence i n  t he se r o l ogical re s u lt s ,  i t  w a s  nece s s a ry to va l idate 

the s t a n da r d  mic r o s c o p i c  agglut i o n a t i o n  t e s t  (MAT ) . Rep e a t  t e s t s 

demo n s t r a t e d  r e p r o du c i b l e re s u l t s  t h a t  we r e  w i t h i n  o ne t wo - f o ld 

s e r i a l  d i l u t i o n . E n z yme linked immuno sorb e n t  as s ay s  (EL I S A )  were 

i nve s t i g a t e d  a s  a l t e r n a c iv e s  for  both t he de t ect ion of  ant ibodies 

a n d  L ep t o sp i r a a n t i g e n s . T h e s e  a s s a y s  d e m o n s t r a t e d g r e a t e r  

s e n s i t ivity than t he MAT f o r  t he det ect ion o f  ant ibodie s ,  but were 

les s sens i t ive than s t a nda rd me t hods for t he de tec t ion of antigen . 

U s i n g  t h e MAT , a n t i b o d i e s  t o  

c op e n h a ge n i ,  h a rd j o ,  p o m o n a ,  

a u st ra l i s , ba l l u m ,  

a n d  t a r a s s o vi w e r e  

b ra t i s l a va ,  

de t e c t e d  i n  

s e r o logical  s u rveys o f  deer and goats . I n  dee r ,  t he mo s t  f requent ly 

reco rded ant ibody t i t re s  we re t o  ba l l um, bra t i s l a va a nd copenhageni .  

A s  8 7% o f  the ant ibody t i t re s  < 8 0 ,  there appea rs t o  b e  a low leve l 

o f  a c t ive i n fect i o n . I n  some a r e a s  t he re wa s a h igh p revalence o f  

a n t ibody t it res t o  hardj o .  I n  go a t s , 70% were f ound t o  have ant ibody 

t i t re s  � 1 0  t o  one o r  mo re s e r o va r s  w i t h  a n t ibodies t o  ba l l um and 

b ra t is l a va t h e  mo s t  f reque n t l y  r e c o r de d .  As 90% o f  t he a n t ibody 

t it re s  were < 8 0 ,  there a ppea rs t o  be a low leve l o f  act i ve infect ion 

i n  goat s . 

Ant i b o d i e s  t o  bra t is l a va ,  a s e r o va r that h a s  not been i s o lated i n  

N e w  Zea land,  we re wide s p read in both dee r  and goat s . T h e  po s s ib i l it y  
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t ha t  t h e s e  r e s u l t e d  f r om mixed i n fect ions w a s  cons ide red but not 

r e s o lved . Unsuce s s f u l  a t tempt s  we re made t o  purify mixed cultures 

u s i n g  s pe c i f i c  a n t i s e r a . The p o s s i b i l i t y  o f  s e r o l o g i c a l  c r o s s  

r e a c t i o n s  o f  a n t i b o d i e s  t o  o t h e r  s e r o v a r s  w i t h  b ra t i s l a va w a s  

s upported b y  the i nc r e a s ed s e ro l ogical response o f  dee r and go a t s  t o  

v a c c i n a t i o n  w i t h  h a rdj o and pomon a a n t ige n s . We s te rn blot s t udies 

i dent i f ied seve r a l  c ommon ant igen s  between bra t i sl a va and pomona . 

A s t udy o f  a dee r  f a rm showed a h i gh p revalence o f  ant ibody t i t res 

to h a rdj o co rresponding to a s imi l a r  p reva lence of ant ibody t it res 

to bal can i ca be l ieved to be due t o  the ant ige n i c  s im i l a r i t y  o f  these 

t wo s e ro v a r s . Bal can i ca was i s o l ated f rom u r i n e  s amples f rom these 

deer and i s  bel ieved t o  be the f i rs t  i s o la t i o n  of t h i s  s e rova r f rom 

dee r . 

S t u d i e s o f  s i x  g o a t  f a rms s h o w e d  l o w  a n t i bo dy l e ve l s  a n d  n o  

L ept o spi ra we re i s o l at e d  f rom u r i ne samp le s . 
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INTRODUCT I ON 

L e p t o s p i r o s i s i s  r e c o g n i s e d  i n t e r n a t i o n a l l y  a s  a s e r i o u s  h uman 

disea s e  result ing i n  death i n  t he mo s t  s e ve re case s . This zoono s is 

i s  ma i n t a ined in a w ide range o f  a n ima l popu l a t ions in wh ich i t  i s  

o f ten exi s t s  as a c h ro n ic ,  inapparent i n f e c t i o n . Acute infect ion may 

o c c u r  i n  s ome a n i ma l p o p u l a t i o n s  p r o du c i n g  c l a s s i c a l  s i g n s  o f  

j aundi ce , feve r ,  c o n j u nc t i v i t i s , a n o r e x i a , cent r a l  n e rvous s ys t em 

d i s o rde r s , and l iver a n d  renal f a i lure . Abo rt ions and neonat a l  death 

occur in some cases . 

Lep t o spira i n t e rroga n s ,  s p i ro c h a e t e  b a c t e r i a , a re re spons ible f o r  

t h i s  d i s ea s e . More t h a n  1 8 0  s e r o logical va r ie t ies , t e rmed se rova r s , 

have been ident i f ied,  each o f  wh ich have spec i f ic ma inta inance host 

a n ima l  populations . The se ma inta inance ho s t s  may c a r ry the infect ion 

f o r  an e x t e n ded p e r i o d, s h e d d i n g  t h e  b a c t e r i a  in t he i r  u r i n e  

p ro v iding a sou rce o f  i n fect i o n  f o r  the i r  o wn and o t h e r  species . The 

i n f e c t i o n  in t he ma i n t a i n a n c e  h o s t  i s  o f t e n  i n a p p a r e n t  w h e r e a s  

acc icent a l  ho s t s  may deve lop an a c u t e  d i s e a s e . 

I n  New Z e a land,  s i x s e ro v a r s  o f  the i n t e rrogans species have been 

i s o l a t e d  f r om d o me s t i c  a n d  f e r a l  a n i ma l s . Ha rdj o ,  pomon a a n d  

t a rassovi a re ma i n t a ined in dome s t ic a n ima l s . Bal can i ca ,  ba l l um and 

copenhageni are ma i nt a i ned in w i ld l i fe . 

The d i s e a s e  in New Z e a land i s  o f  c o n c e r n  due to the economic l o s s  

f rom de a t h  and i l l  h e a lth o f  f a rmed a n ima l s  and t h e  e c o nomic and 

s o c i a l  imp l i c a t i ons o f  t he deb i l i t at i ng h uma n i l lne s s . New Zea land 

had t he h i ghe s t  i nc idence of huma n l e pt o s p i ro s i s  in the wo r l d  in 

1 9 7 1  w i t h  8 0 0  c a s e s . Re s e a r c h  i n t o  t h e d i s e a s e  in c a t t l e , t h e  

p r ima r y  s o u r c e  o f  t h e  human i n f e c t i o n  i n  N e w  Z e a l a n d ,  e n a b l e d  
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c o n t r o l  o f  t he di s e a s e . T h i s  i s  be le ived t o  have been respons ible 

f o r  t he reduct i o n  in t he annual number of h uman c a s e s  repo rted to 

approxima t e ly 1 00 . 

The re a re s e ve r a l  p o s s ib le s o u rc e s  o f  t h e s e  rema i n i ng 1 00 c a s e s . 

D e e r  a n d  g o a t s  a r e cap ab l e  o f  c a r r y i ng t he i n f e c t i o n  a n d  h a ve 

t h e re f o r e  been ident i f ied a s  potential  s ou r c e s o f  human infections . 

There i s  a n  inc re a s i n g  int e r e s t  i n  the di s e a s e s  o f  dee r  and goa t s  

w i t h  t h e  r e c e n t  i n c r e a s e  i n  t he f a rm i n g  o f  t he s e  a n ima l s . S t o c k  

l o s s e s  c a u s e  c o n c e r n  a s  t h e s e  a re o f t e n  p a r t i c u l a r l y  v a l u a b l e  

a n ima l s . The numbe r o f  repo r t s  o f  c l i n i c a l  di sease a t t r ibuted t o  

lepto s p i ro s i s  i n  dee r i s  inc rea s ing .  

As there have been n o  deta i led s t udies on leptosp i ro s i s  i n  dee r  and 

g o a t s  i n  N e w  Z e a l a nd ,  t h i s  s t u dy w a s  a im e d  a t  de t e rm i n i n g  t h e  

p re v a l e n c e  o f  l e p t o s p i ro s i s  u s i ng s e r o l og i c a l  inve s t iga t i on s  and 

cultura l i s o la t io n  o f  Lept ospi ra f rom u r ine s amp les . 

I n  t h e  c o u rs e  o f  t h i s  inve s t i g a t i o n ,  it w a s  nece s s a ry t o  v a l idate 

s o me e x p e r i me n t a l  t e c h n i qu e s ,  in  p a r t i c u l a r  t h e m i c r o s c o p i c  

agglut inat ion t e s t  t o  detect ant ibodie s t o  Lep t o sp i ra . E n z yme l inked 

immuno s o rbent a s s ay s  were i nve s t iga t e d  a s  a lt e r nat i ve met hods f o r  

t h e  mo re rapid ident i f icat ion o f  spe c i f i c  a n t ibody a n d  Lept ospi ra . 

I n ve s t i ga t i o n  i n t o  t he a n t ige n i c r e l a t i o n s h ip s  b e t we e n  c e r t a i n  

s e rova r s  w a s  p romp t e d  by t he s e ro log i c a l  r e s ult s o b t a ined du r i n g  

t h i s  s t u dy . T h i s  i n v e s t i g a t i o n  i n v o l v e d  a t t e mp t i ng t o  p u r i f y  

c u l t u r e s  c on t a i n i ng mo re than o n e  s e r o v a r  u s ing spe c i f i c  ant i s e ra , 

mo n i t o r ing the s e r o l og i c a l  response t o  v a c c inat i o n ,  the sepa r a t i o n  

o f  p r o t e i n s  a n d  t he i dent i f i c a t i o n  o f  p r o t e i n  ant igen s . 
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1 . 1  Int roduction and Clas s i f ication 

3 

Leptospirosis is a disease affecting both animals and humans caused 

b y  b a c t eria of t h e  genus L ep t o sp i ra This i s  i n  the order 

Spi rochae tales and is described in section 1 of Bergey's Manual of 

Systematic Bacteriology (Johnson and Faine 1 9 8 4 ) . Lep t o s pi ra are 

flexible, motile, helicoidal rods that are obligatory aerobes. Three 

species, b i f l e xa ,  i l l i n i, and i n t e rroga n s  are included in this 

g e nus. The i n t e r roga n s  speci e s  is prim a rily responsible for 

leptospirosis. Differentiation within this species is based on 

cross-a gglutin a tion absorption tests which have b e en used to 

identify about 1 8 0  serological varieties termed serovars. These are 

more conveniently divided into serogroups containing closely related 

serovars. 

y 
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Memb e r s  o f  t h e  bi fl exa s p e c i e s  a re o n l y  r a r e l y  a s s o c i a t ed w i t h  

i n f e c t i o n . L .  i n t e rogan s c a n  be d i f f e r e n t i a t e d  f u r t h e r f r o m  L .  

bi fl exa by i t s  DNA c ompo s i t ion , mo re f a s t idious growth requ i rements 

a nd g r e a t e r  s e n s i t i v i t y  t o  t h e g r o w t h  i n h i b i t o r y a c t i o n  of  8 -

a z ag u a n i n e  and d i v a l e n t  c a t i o n s . L .  i n t e rrogan s a l s o  h a s  u n i qu e  

s e ro logical charact e r i s t ic s  ( Johnson a n d  F a i ne 1 9 8 4 ) . 

L .  i l l i n i  i s  p h e n o t y p i c a l l y s i m i l a r  t o  L .  b i f l exa b u t  q u i t e  

d i f f e rent i n  i t s  DNA base compo s i t i o n ,  s e ro logical characte r i s t ic s  

a n d  some mo rpho logic a l  fea tures ( Johnson and Fa ine 1 9 8 4 ) . 

Lept o s p i r o s i s  w a s  f i r s t  de s c r i bed c l i n i c a l l y  as ' We i l s ' disease in 

the 1 8 8 0 ' s as a t r ibute t o  P ro f e s s o r  Ado l f  We i l  who recognised t h i s  

' i n f e c t i o u s  j a und i c e '  as a d i s t i nc t i ve e n t i t y  ( A l s t o n  and B r oom 

1 9 5 8 ) . The causat ive organism was not i s o l at ed unt i l  1 9 1 5  ( Inada I do 

1 9 1 5 ) . Since t h at t ime , l e p t o s piro s i s  h a s  been diagnosed in mo s t  

c ount r i e s  o f  t he wo r l d .  

1 . 2  Leptospiro s is - The Disease i n  Anima l s  

I n i t ia l ly ,  lept o sp i r o s i s was  c ons ide red t o  be a s p o radic infe c t ion 

of r a t s and dogs c a u s ed by a re l a t ive l y  s ma l l  numbe r of s e r ova rs 

( Al s t o n  and B room 1 9 5 8 ) . Inve s t igations have s hown lept o s p i ro s i s to 

be c ommo n ,  but gene r a l l y  an i napparent i n f e c t ion of many di f f e rent 

s p e c ie s of w i l dl i f e  a nd dome s t i c s t oc k  a n d  i s  a s s o c i a t e d  w i t h  a 

l a rge nu�be r o f  d i f f e rent s e r o v a r s . S ome a n ima l spec ie s s e rve a s  

inappa rent reservo i r s  and can a c t  a s  a s ou rc e  o f  infect ion f o r  o t h e r  

a n ima l s . T h e  c h r o n i c ,  inappa rent infe c t i o n  o f  a n ima l s  i s  u s u a l l y 

l o c a l i s ed in t he k idneys and may occur in a n ima l s  that have p a s s ed 

t h rough a n  a c u t e  s t a ge . I n  t h e  c h r o n i c  c a r r ier s t a t e ,  lept o s p i res 

a re exc reted in the u r ine for a va rying lengt h of t ime . This  u rinary 

s hedding o f  lept o s p i res may be int e rmi t tent o r  continuous depending 

o n  t he se rovar and a n ima l spec i e s  ( Faine 1 9 8 2 ) . 
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Acut e l e p t o s p i r o s i s i s  i n i t i a l l y  ma n i f e s t a s  a f eb r i l e  i l l n e s s ,  

a c c omp a n i ed by feve r ,  w i t h  s ign s o f  dep re s s ion,  ma l a i s e ,  ano rexia 

and c o nju n c t i v i t i s . L a t e r  s i g n s , w h i c h  a r e c h a r a c t e r i s t i c of 

lept o s p i ro s i s ,  i n c l ude bleeding , j a und i c e , cent r a l  ne rvous system 

d i s o rde r s  a nd l i ve r  and rena l f a i l u re . A b o r t i o n ,  s t i l lb i r t h  and 

ma s t i t i s  in lactat ing an ima l s  can also o c c u r  ( F a ine 1 9 8 2 )  . 

L e p t o s p i r o s i s  s h o w s  a n a t u r a l  n i d a l i t y  whe re e a c h  s e r o v a r  h a s  

s pe c i f i c  ma i nt e n a n c e  h o s t  popu l a t i o n s  w h i c h  a c t  a s  re s e r vo i r s o f  

infec t io n  ( B l a c kmo r e  and H a t ha way 1 9 8 0 ) . O t h e r  a n ima l s , inc luding 

huma n s , a re a c c i de n t a l  h o s t s , b e c o m i n g  i n f e c t e d  t h rough d i r e c t  

cont a c t  w i t h  u r ine o r  t i s s ue s f rom infect e d  an ima l s  o r  b y  indi rect 

contact via an envi ronment cont aminated w i t h  infected ur ine ( Wi lc o x  

1 9 7 6 )  . 

1 . 3  Leptospiro s i s  - The Disease in Humans 

Leptosp i r o s i s  in h��ans has a numb e r  o f  c l inical  s ign s and sympt oms 

( Fe ign and Ande r s o n  1 9 7 5 ) . Co��o nly it man i fe s t s  as a sudden feb r ile 

i l lne s s  with headache , p r o s t rat ion,  s e ve re myalg ia and con j unct i va l  

suf fus ion . Haemo rrha ge and j aundice may appe a r  i n  very s eve re c a s e s . 

There may a l s o  be a rash on t he pala t e ,  men ingism, rena l  f a i l u re and 

men t a l  dep res s io n . I f  not t re a t ed in t he f i rs t  t wo t o  t h ree da ys i t  

may bec ome mo re s e ve re and u l t ima t e l y  l e a d  t o  de a t h  due t o  re na l 

f a ilu re in t he mo s t  seve re o f  c a s e s . 

L e p t o s p i r e s  e n t e r  t h e b o d y  t h r o u g h  c u t s  a n d  a b r a s i o n s , t h e  

con j unct iva and muc ous memb ranes f rom whe re they a re s p read, via the 

b lo o d s t ream , whe r e  t hey mu l t i p l y  unt i l  t hey bec ome o p s o n i z e d  and 

p h a go c y t o s e d . G r o w t h  ma y c o n t inue u n t i l  h i gh c o n c e n t r a t i o n s  o f  

lept o s p i re s  a re f o und i n  a l l  t i s s ue s  o f  t h e  body ( T u rne r 1 9 6 7 ) . 

Ant ibiotic  t reatme n t  i s  e f fective in t he f i r s t  few days o f  infec t ion 

( Fa ine 1 9 82) . 
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1 . 4  Leptospirosis in New Zealand 

S i x s e r o v a r s  o f  t h e  L ep t o sp i ra i n t e r r o ga n s  s p e c i e s  h a ve b e e n  

i s o la t ed f rom dome s t ic and f e r a l  anima l s  i n  New Z e a l and . Unde r New 

Z e a land c ondi t i o n s , hardj o ,  p omon a,  and t a rassovi are ha rboured in 

d o me s t i c l i ve s t o c k  p o p u l a t i o n s . Ha rdj o i s  ma i n t a i n e d  in c a t t l e 

( He l l s t rom 1 9 7 8 )  whereas pomona and t a ra s s o vi a re ma int a ined in p igs 

( Ry a n  1 9 7 8 ) . Balca n i ca ,  ballum and c op e n h ageni a re ma int a ined in 

w i l d l i f e r e s e r v o i r s . T h e  o p o s s u m  ( T r i c h o s a u r u s  vulp e c ula ) i s  

c o n s i de red t o  b e  t he ma intenance host f o r  balcanica ( Hathaway 1 9 7 8 ) . 

Hedgehogs (Erin a c e u s  europeus) , mice (Mus musculus ) , and bla c k  rats  

(Ra t t u s ra t t u s )  a r e t he ma i n t e n a n c e  h o s t s  for  ballum ( H a t h a w a y  

1 9 7 8 ) . Copenh a ge n i  i s  ma int a ined in b r o wn rat s (Ra t t u s n orvegi cus)  

( H a th a way 1 9 7 8 ) . One othe r s e ro va r ,  a us t ralis has been i s o l ated in 

New Z e a land but as  yet no an ima l r e s e r vo i r  has been ident i f ied in 

this c ount ry . This se rova r ,  was iso lated f rom a No rth land f a rme r by 

Thomp s o n  ( 1 9 8 0 ) . 

1 . 4 . 1  Cattle 

Pomona was t he f i r s t  s e rova r t o  be a s s o c i a t ed with lept o s p i ro s i s  in 

c a t t l e  in New Z e a l a nd w i t h  an i s o l a t i o n  repo rted in 1 9 5 0  ( F i lme r 

1 9 5 1 ) . The c l i n i c a l import ance o f  t he di s e a se was recogn i sed with 

r e p o r t s  of  de a t h  i n  y o u ng c a lves a n d  h a emogl o binu r i a  i n  c a t t le 

( S a l i s b u ry 1 9 5 4 ;  J a mi e s o n  et al 1 9 7 0 ) Abo r t i o n s  ( T e P unga and 

B i s h op 1 9 5 3 ) and a ga l a c t i a  ( L a ke 1 9 7 5 ) h a ve a l s o  been r e p o r t e d . 

Adu l t  c ows ma y a l s o  be a s ympt oma t i c  c a r r ie r s  ( Sa l i sb u r y  1 9 5 4 ) . A 

nat i o n a l  su rvey by He l l s t rom ( 1 9 7 8 )  found 8 5 / 4 8 0  ( 1 8 % )  with ant ibody 

t i t re s  �2 4 t o  p omon a . Cat t le i nfected w i t h  pomona s hed the o rganism 

in t h e i r  urine f o r  one to f o u r  months ( He l l s t rom 1 9 7  8 )  . The s ou rce 

of p omona i n f e c t i o n  in c a t t le i s  be l i e ve d  t o  be p r ima r i l y due to 

e ithe r direct or i ndirect contact with p ig s  ( Mackintosh 1 9 8 1 ) . 

S e r o l o g i c a l  e v i de n c e  o f  h a rd j o  i n f e c t i o n  i n  c a t t l e  w a s f i r s t  

repo r t e d  i n  t h e  l a t e 1 9 6 0 ' s ( Jami e s o n  1 9 7 0 )  The f i rs t  c o n f i rmed 



7 

i s o l a t i on was made in 1 9 7 1  ( Lake 1 9 7 3 ) . S e ro logi c a l  s u rveys have 

been conducted b y  Lake ( 1 9 7 3 ) , Bro c k ie ( 1 9 7 6 )  and He l l st rom ( 1 9 7 8 ) . 

T h e  mo s t  t h o r o ug h  s t u dy w a s  t he w o r k  o f  He l l s t r o m  ( 1 9 7 8 )  w h i c h  

s h o w ed ant ibo dy t i t r e s  �1 7 i n  1 2 8 / 1 5 8  ( 8 1 % )  o f  c a t t le he rds a n d  

2 9 0 / 4 8 0  ( 6 0 % )  i ndi vidua l  c a t t le . The u s e  o f  hardjo a s  an ant igen i n  

s e r o l ogical t e s t s  f rom t he begin ing o f  t he 1 9 7 0 ' s  has  conf i rmed that 

this i s  the mo s t  c ommon l y  o c c u r ring s e ro v a r in cat t le in New Z e a l a nd 

( He l l s t rom 1 9 7 8 )  . 

He l l s t rom ( 1 9 7  8 )  s t udied t h e  ep idemio l o g y  o f  h a rdj o infe c t i o n  i n  

t own s upply cat t le and s howed a cont inuous cyc l ing o f  the infect ion 

in dry s t ock, inc luding the yearl ing he i fe rs . A p ropagat ing epidemic 

o c c u r red in the ye a r l i ngs i n  late w i nt e r  and spring which res u l t ed 

i n  l e p t o s p i r u r i a  p e r s i s t i n g  f o r  u p  t o  1 4  mo n t h s  e n a b l i n g  t h e  

infect ion t o  b e  ma intained . 

S e ro l o g i c al s t ud i e s  o f  3 5  f a c t o ry s u p p l y  he rds in T a ra n a k i  ( An o n  

1 9 8 0 )  indic ated t ha t  infec t ion was cyc l ing i n  t he yea r l ings o f  ha l f  

t he he rds, wh i le i n  t h e  rema inde r  i t  c y c led in t h e  mi l k i ng herd . 

T h e s e  a r e p r o b a b l y  t h e  m o s t  c o mmo n e nd e m i c  c y c l e s  o f  h a rd j o  

i n f e c t i o n  i n  N e w  Z e a l a nd c a t t le,  a s  9 0 % o f  da i r y  c a t t le i n  New 

Z e a l and are on f a c t o ry s upp l y  f a rms (Ma c k i n t o s h  1 9 8 1 ) . 

I n  y e a r l i ng c a t t l e  h a rd j o  i n f e c t i o n  i s  g e n e r a l l y a s ym p t o ma t i c  

( M a r s h a l l  e t  a l  1 9 7 9 b ) . T h e r e a r e s o me r e p o r t s  o f  p y r e x i a ,  

aga l act ia, f la c c i d  udde rs and ye l low mi l k  secretions  i n  mi l k ing cows 

( La ke 1 9 7 5 )  . Abo rt i o n s  due to h a rdjo i n fect ion have been repo rted 

inte rnat iona l l y  ( L i t t le e t  a l  1 9 8 0 ) , but have not been confi rmed in 

N e w  Z e a l a n d  ( H e l l s t r om 1 9 7 8 ) . T h i s  i s  be l i e v e d  t o  be due t o  a 

di f f e rence in s t r a ins ( Mackintosh 1 9 8 1 ) . 

I t  i s  pos s ible t h a t  some o f  t he ant ibody t it re s  t o  h a rdjo i n  c a t t le 

m a y  b e  du e t o  b a l c a n i c a i n f e c t i o n a s  i t  i s  n o t  p o s s i b l e  t o  

d i s t i n gu i s h  b e t w e e n t h e  a n t ibody t i t r e s  p ro d u c e d  by t h e s e  t wo 

s e ro va r s  ( He l s t rom 1 9 7 8 ) . Bal can i ca was i s o lated f rom cat t le i n  1 9 8 0  
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( Ma c ki n t o s h  e t  a l  1 9 8 0 ) , b u t  t h e  l o w  l e v e l  o f  l e p t o s pi r u ria 

obse rved made the pos sibilit y of l ong t e rm t ransmi s sion between cows 

s e e m  u n li k e l y . I t  w a s  c o n c l u de d ,  t h e r e f o r e ,  t h a t  c a t t l e we re 

u n like ly t o  act as main t e n a n c e  ho s t s  f o r  this  s e rova r (Ma c k i n t o s h  

1 9 8 1 )  . 

The p o t e n t i a l  a b i lit y o f  c a t t l e t o  a c t  a s  c a rrie r s  o f  ba l l um is 

unknown . Ris e t  al ( 1 9 7 3 )  iso l ated ba ll um f rom two , t h ree month o ld 

h e a l t h y  c a l ve s . He l l s t r om ( 1 9 7 8 )  f o u n d  t h a t  1 7 / 4 8 0  ( 4 % )  o f  New 

Z e a l and cat tle had antibody titres � 1 7  t o  bal l um .  

Copenh a geni in f e c tion appe a r s  to b e  s p o r a dic . Copenhageni h a s  been 

i s o l a t ed f rom c a t t le in New Z e a l a n d  ( D o dd and B r a c k e n ridge 1 9 6 0 )  

wh e re it w a s  a s s o ciated w i t h  s e ve re c linic a l  sign s o f  w e a k ne s s ,  

l ab o u red b rea t hing and a pendulous abdome n . The s e r o l ogic a l  s u rvey 

o f  c a t t l e by He l l s t ro m  ( 1 9 7 8 )  s h o we d  1 1 / 4 8 0  ( 2 % )  w i t h  a n tibody 

tit res � 1 7  t o  copenhageni a nd a l l  po sitive s e ra o riginated f rom t he 

No r t h  I s la nd .  A s ympt oma t i c  infectio n s  i n  ca t t le have be en repo rt ed 

by Ris et a l  ( 1 9 7 3 )  who s ugge sted t hat c a lve s may acqu i re in fection 

t h rough contact with in fected rat u rine . 

T h e r e  i s  n o  e vi de n c e  t o  s u gge s t  t h a t  t a r a s s o vi i s  imp o r t a n t  

c linic a l l y ,  o r  t h a t  cat t le act a s  maintenance hos t s  f o r  t his s e rovar 

( Ryan and Ma rsha l l  1 9 7 6 ) . 

The mo s t  imp o r t a n t  serovar i n fecting c a t t le in Ne w Z e a land, h a rdjo, 

can be cont r o l led t hrough vaccination ( Ma rs ha l l  et a l  1 9 7 9b )  

1 . 4 . 2 Sheep 

Hardjo was fir s t  is o lated f rom New Z e a l and s heep by Bahaman e t  al 

( 1 9 8 0 a ) . Hardj o w a s  is o lated f rom t he kidneys of 3 / 1 8 0  of the s heep 

s t udied in a s u rvey o f  the No rth I s land . 
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A s e ro l og i c a l  s u rvey o f  sheep in t he l o we r  N o r t h  I s land s ho wed a 

p re v a l e n c e  o f  1 8 2 / 9 2 8  ( 2 0 % )  w i t h  a n t i b o d y  t i t re s  �2 4 t o  h a rdjo 

( Ba h aman 1 9 8 1 )  

C l i n i c a l  d i s e a s e  a s s o c i a t e d  w i t h  h a rd j o  i n f e c t i o n  ha s n o t  b e e n  

r e p o r t e d  and exp e r ime n t a l  i n f e c t i on s  ( Ha t haway a n d  Marsha l l  1 9 7 9 )  

f a i led t o  p roduce c l i n i c a l  s igns and l e p t o s p i�uri a . The durat io n  o f  

l e p t o s p i r u r i a  f r o m  n a t u r a l  i n fections and t he ab i l i t y  o f  s heep t o  

a c t  a s  ma intenance hos t s  f o r  hardjo a re n o t  known ( Ma c k i n t o s h  1 9 81) . 

S he e p  a re s u s e c p t ible t o  i n f e c t i o n  w i t h  pomona and t h i s  may cause 

de a t h  in l ambs, a lthough i t  is usua l ly a s ympt omat ic i n  adu l t  s heep 

( S a l i sbury 1 9 5 4 )  Expe r iment a l  infec t i o n s  p roduce lept o s p i ru r i a  fo r 

up t o  t hree mo n t h s ,  w i t h  n a t u ra l  i n fect i o n s  caus ing lept o s p i ru r i a  

f o r  up to 9 mon t h s  ( Web s t e r  a n d  Reyn o l d s  1 9 5 5 )  A s u rvey o f  s e ra 

f ro m  the l o we r N o r t h  I s land showed t h a t  7 1 / 9 2 8  ( 8 % )  o f  s heep had 

ant ibody tit res �2 4 to pomona ( Bahaman 1 9 8 1 )  . 

T h e  s e r olog i c a l  p r eva l e n c e  o f  t a r a s s o vi i n  s heep i s  a l s o  l o w . A 

s u rvey in t he l o w e r  No rth I s land revea l e d  a p revalence o f  6 6 / 9 2 8 ( 7 % )  

w i t h  ant ibody t i t res �2 4 ( Bahama n 1 9 8 1 ) . There a re no rep o r t s  o f  

c l i n i c al d i s e a s e  and n o  evidence t h at s heep may a c t  a s  ma i n t enance 

ho s t s  for t a ra s s o vi . 

T h e r e  a re no r e p o r t s  o f  a n a t u r a l b a l c a n i c a i n f e c t i o n  i n  s heep , 

a l t h o u g h  s o me o f  t h e  a n t i b o d y  t i t r e s  t o  h a rd j o m a y  b e  d u e  

t o  ba l can i ca i n f ec t i o n  b e c a u s e  o f  t h e  s e r o l og i c a l  c ro s s  r e a c t ions 

due to the c lo s e  s e r o l og i c a l  re l a t i o n s h ip between t he s e  s e r o v a r s  

( He l l s t rom 1 9 7 8 ) . Expe r ime n t a l  infect io n  o f  s heep w i t h  bal ca n i c a  has 

p r o duced lept o sp i ruria (De rfee and P re s i dente 1 9 7 9 )  . 

B a h ama n ( 1 9 8 1 )  r e c o rded ant ibody t i t re s  �2 4 t o  b a l l um, copenhagen i 

and a ustra l i s  i n  5 5 / 9 2 8 ( 6 % ) , 4 0 / 9 2 8 ( 4 % )  a nd 2 3 / 9 2 8  ( 2 % )  respect ively 

of t he sheep s u r veyed . 
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Vac c in a t i o n  o f  s heep w i t h  a vac c ine c o n t a ining h a rdjo ant ige n has 

been shown to r e duce urinary shedding o f  lept os p i r e s  due to h a rdj o 

infect ion ( Ma rs h a l l  1 9 7 9 a )  . 

1 . 4 . 3  P igs 

The a s so c i a t i o n  o f  lept o s p i r o s i s  w i t h  p igs was f i r s t  rec ogn i s ed by 

K i r s chne r e t  a l  ( 1 9 5 2 )  whe re the d i s e a s e  in c a t t l e  and humans on 

da i ry fa rms c o u l d  be re lated to contact w ith pigs . 

Mo s t  o f  t he i n f o rma t i o n  o n  l e pt o s p i r o s i s i n  p i g s  re s u l t ed f rom 

s u rveys by Ryan ( 1 97 8 ) . A s amp le o f  2 3 4  adu lt sows f rom t h roughout 

New Z e a l a n d  s h o w e d  1 5 0  ( 6 4 % )  w i t h  a n t i b ody t i t r e s  � 1 2  to p omona 

( Ry a n  1 9 7 8 ) . E a r l ie r  s e ro l o g i c a l  p re v a l e nce dat a  f rom Rus se 1 1  and 

H a n s o n  ( 1 9 5 8 )  s h o w ed 4 8 4 / 1 1 2 5  ( 4 4 % )  w i t h  a n t i b o dy t i t re s  �10 

t o  pomona . 

A s u rvey o f  p ig s  f rom aba t t o i r s  i n  t h e  l o we r N o r t h  Is l a nd showed 

that 7 2 / 8 4  ( 8 6 % )  of 5 to 1 0  month o ld p igs and 5 7 /65 ( 8 8 % )  o f  p igs 

o l d e r t h a n  1 0  m o n t h s  h a d  a n t i b o dy t i t r e s  � 1 2  t o  p om o n a  ( Ryan 

1 9 7 8 )  Pomona w a s  iso lated f rom 3 8 / 8 4  ( 4 5 % )  o f  the k idneys f rom the 

5 t o  1 0  month o ld group but only 1 / 6 5 ( 2 % )  o f  tho se f rom t he g rOU!J 

olde r than 1 0  months . 

Pomona is e ndemic in 6 t o  1 2  month o ld p igs ( Ryan 1 9 7 8 )  and a l t hough 

lep t o s p i r u r i a  h a s  been r e c o rded a s  pe r s i s t ing f o r  1 2  t o  2 4  months 

(Mitche l l  et al  1 9 6 6 )  it i s  not l i f e l ong . 

Pomona infe c t i o n  in young p igs i s  u s ua l ly asymptomat i c  ( Ryan 1 9 7 8 ) , 

but i n  p regnant p igs abo r t i ons and s t i l lb i rths have been reco rded 

( P owers et al 1 9 5 6 ) . In New Z ea land it i s  be l ieved that p igs a re t he 

ma intenance ho s t s  for pomona and there f o re act as the pr ima ry s o u rce 

of i n fec t i o n  f o r  o ther anima l s  ( Ryan 1 9 7 8 ) . 



1 1  

Ta r a s s o vi w a s  f i r s t  r e p o r t e d  i n  p i g s  b y  K i r s c h n e r  ( 1 9 5 4 )  He 

s u rveyed 1 0 0  adu l t  p igs and found that 6 %  had ant ibody t it re s  � 1 5 0  

t o  t a rassovi . Ru s se l l  and H a n s on ( 1 9 5 8 )  s howed that 4 3 1 / 1 1 2 5  ( 3 8 % )  

o f  pigs t hey s u r veyed had ant ibody t i t re s  � 1 0  to t a rassovi . S imi l a r  

r e s u l t s  we re repo rted by Ryan ( 1 9 7 8 )  in h i s  n a t i o n a l  s u rvey o f  2 3 4  

p igs , i n  which 8 2  ( 3 5 % )  had ant ibody t i t res � 1 2  t o  t a rassovi . 

T he f i r s t  i s o l a t i o n  o f  t a ra s s o vi f r o m  p i g s  in 

r e p o r t e d  b y  R y a n  a n d M a r s h a l l  ( 1 9 7 6 )  f r o m a 

N e w  Z e a l a n d  w a s  

k i d n e y  c u l t u r e . 

S u b s equent inve stigat ions revealed b o t h  t a rassovi and pomona t o  be 

e ndemic in t he p i g  herd f rom which t he i s o lat ion o r iginated and both 

i n f e c t i o n s  cyc l e d  i n  young p igs . Tara s so vi i s  not recogn i s e d  as a 

ma j o r  p roblem o n  pig f a rms in Ne w Z ea l a nd wh ich i s  d i f f e r e nt f rom 

t he s ituat i on on Eu ropean pig farms ( Ryan 1 9 7 8 ) . 

The extens ive s u rvey o f  pigs by Ryan ( 1 9 7 8 )  revea led no s e ro logical  

or  c u l t u r a l  e v i dence of  ha rdjo . H o w e v e r ,  i n  2 / 2 3 4  ( 1 % ) , a n t i body 

t i t re s  �2 4 we re f ound t o  ba l l um and 9 / 2 3 4  ( 4 % )  of the popula t i o n  had 

a n t i b o dy t i t r e s  �2 4 t o  cop e n hage n i . R y a n  c o n c l u de d  t h a t  t h e s e  

s e rovars we re mi n o r  causes o f  lept o s p i ro s i s i n  New Z e a land p i g s . 

Va c c inat ion aga inst pomona has been s h o wn t o  be a n  e f fect ive means 

o f  r e du c i n g  u r i n ary s h edding of lept o s p i re s  re s u l t ing f rom pomona 

i n f e c t ion in p igs ( Hodge s et al  1 9 8 5 ) . 

1 . 4 . 4  Goats 

S u r v e y s  o f  go a t s  i n  many c o un t r i e s  h a v e  r e v e a l e d  a gg l u t i n i n s  t o  

s e v e r a l  d i f f e r e n t  s e r o va r s  ( r e v i e w e d  by S c h o l l um a n d  B l a c kmo re 

1 9 8 1 ) . Compa rat i vely few inve s t igations  have been c a r r ied out i n  New 

Z e a l and . D a n ie l ( 1 9 6 7 )  e xamined s e ra f rom 1 5 0  f e ra l go a t s  in New 

Z e a land at 1 / 1 0 and 1 / 2 0 0  dilutions and found one with an a n t ibody 

t i t re �2 0 0  t o  pomona . Three reacted t o  t a ras s o vi at a 1 / 1 0  d i l u t ion . 

A l l  o t h e r s  w e r e  nega t i ve f o r  ant ibodi e s  t o  andama n ,  a u s t ra l i s  A,  
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a u s t rali s B ,  c a n i cola , gripp o t yph o s a ,  i c t eroh aemorrhagiae,  pomona 

a n d  t a rassovi .  

H e l l s t r o m  a n d  O ' H a r a  ( 1 9 7 9 ) r e c o r d e d  a n t i b o d y t i t r e s  � 2 0 0  

t o  c open ha ge n i ,  h a rd j o , a n d  pom o n a  i n  2 / 3 0 0 ,  2 3 / 4 0 0  a n d  1 / 1 5 0  

r e s pe c t ively i n  t he dome s t i c  go a t s  s u r veyed . P re s umabl y  t he n umber 

of a n ima l s  e xh ib i t i n g  a n t ibody t i t re s  w o u ld have been h i gh e r i f  

l o we r  ant ibody t it res had been reco rded . 

S c h o l l um a n d  B l a c kmo r e  ( 1 9 8 1 ) re p o r t e d a n t i b o dy t i t r e s  � 2 4 t o  

b a l c a n i c a ,  b a ll u m  a n d  h a r d j o  i n  1 3 / 1 1 6 ,  5 / 1 1 6  a n d 1 2 / 11 6  

r e s p e c t ive l y ,  i n  a s t udy o f  N e w  Z e al a n d  fe r a l  g o a t s . Te s t s  f o r  

a n t ibodi e s  t o  a u s t rali s ,  c openh a gen i ,  pomona ,  and t a ra s s o vi were 

a l l  negat i ve . A l t hough r e s u l t s  f o r  b o t h  balcan i ca and h a rdjo we re 

g i ven, they we re indi s t i ngu i s hable due t o  the i r  ant igenic s imi l a rity 

( Ha t haway et al 1 9 7 8 ) . Balcanica a nd h a rdjo we re recovered f rom t he 

k i dneys o f  3 / 1 0 1 and 1 / 1 0 1  o f  these a n i ma l s ,  re spe c t ive l y . 

1 . 4 . 5  Deer 

T h e re a re f e w  s t udi e s  on t h e  p re va l e n c e  o f  lept o s p i r o s i s  in New 

Z e aland dee r ( Ma c k in t o s h  1 9 8 4 )  D a n i e l  ( 1 9 6 6 )  t e s t ed 1 0 9  s e ra f rom 

fe r a l de e r  f o r  a n t i b o d i e s  to andama n ,  a u s t rali s A, aus t rali s B, 

cani cola,  gripp o typhosa , i c t eroh aemo rrh agi ae ,  pomona and t a ra ssovi 

a t  1 / 1 0  and 1 / 2 0 0  di lut i o n s . One a n im a l s h o wed a n  ant ibody t it re 

� 2 0 0  t o  p omon a . Ant i b o d y  t i t r e s  � 1 0  we re r e c o rded f o r  a n d aman ,  

i c t e rohaemorrh agiae,  pomona and t a ra s s o vi i n  4 / 1 0 9 ,  3 / 1 0 9 ,  4 / 1 0 9  and 

1 / 1 0 9  dee r ,  re s pective l y . In l a t e r  s tudies , Daniel ( 1 9 6 7 )  found one 

a n t i body t i t re �2 0 0  t o  andaman and one ant ibody t i t re t o  t a ra ssovi 

i n  s e ra f rom 2 7 9  fe r a l  dee r ,  us ing t h e  s ame serovars and d i l u t ions 

o f  s e ra . H a t h a way et al ( 1 9 8 1 )  a l s o  f a i l e d  to f i nd e v i de n c e  o f  

l e p t o s p i r a l  i n f e c t i o n  i n  3 1  f e r a l  d e e r  u s i ng a m i n i umum s e rum 

d i l u t ion of  1 I 2 4 ,  t e s t i n g  for a n t i b o d i e s  t o  1 2  d i f fe rent s e rova r s  

( a u s t ra l i s ,  a u t umn a l i s ,  b a ll u m ,  b a t a vi a e ,  b i flexa , c a n i c ola , 
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gripp o t yp h o s a ,  h a r d j o ,  p om o n a ,  py r o ge n e s ,  a n d  

I n  1 9 8 0 ,  the death o f  a 4 yea r  o l d  red hind was diagnosed a s  being 

due to a pomona infect ion . Five out o f  1 2  dee r  a s s oc i at ed w i t h  this  

a n imal had ant ibody t it res t o  bal l um, hardj o ,  pomona and t a ra ssovi 

( An o n  1 9 8 0 c )  . 

F a i r ley ( 1 9 8 4 )  rep o r t e d  a n t ibody t i t re s  � 2 0 0  t o  pomona i n  9 / 1 2 

f a rmed d e e r w h i l e  i n v e s t i g a t i n g  de a t h s  i n  de e r  t h a t  h a d  b e e n  

a t t r ibuted t o  p omona i n f e c t ion . One de e r  h a d  an antibody t i t re o f  

1 0 0  t o  hardj o . A l l  1 2  s e r a  we re s c r e ened f o r  ant ibody t i t re s  � 1 0 0  

t o  ba l l um, copenhagen i ,  hardjo, pomona,  and t a rassovi . 

I ngles ( 1 9 8 4 )  reported I c t e rohaemo r rhagiae s e rogroup ant ibody t i t res 

of � 5 0  in 6 / 2 4  ( 2 5 % )  and t o  pomona in 8 / 2 4  ( 3 3 % )  o f  f a rmed dee r . A 

s u rvey o f  dee r  in t he s ame a rea by t h e  Mini s t ry o f  Agr i c u l t u re and 

F i s h e r i e s , de t e c t ed I c t e r o h a emo r r h a g i a e  s e r og r o up a n t i b o d i e s  o f  

u n s pec i f ied t i t re in 47 / 1 0 8  deer on 7 / 9  f a rms ( Ingles 198 4 ) . 

F l in t  e t  a l  ( 1 9 8 6 )  f ou nd 6 / 2 7  f a rmed dee r  w i t h  ant ibody t i t re s  o f  

� 3 2  to ha rdj o i n  a he rd whe re some a n i ma l s  were s hedding h a rdjo and 

c open hagen i i n  their u r ine . No a n t ib o dy t i t re s  �32 we re det e ct e d  to 

ba l l um, copenh a gen i ,  pomona ,  o r  t a ra s s o vi . 

A n t ibody t i t re s  �2 4 t o  ba l can i ca ,  h a rdjo a nd pomon a we re f ound i n  

2 / 1 6 ,  2 / 1 6 and 1 0 / 1 6  dome s t i c  dee r ,  r e spe c t ive ly , b y  F a i r l e y  et al  

( 1 9  8 6 )  wh i l e  i nve s t i g a t i n g  a h a emo l yt i c  d i s e a s e  a s s o c i a t e d  w i t h  

a p omona i n fe c t ion . The ant ibodies t o  bal can i c a  a n d  h a rdjo c annot be 

d i s t ingu i s h e d  due to e x t e n s ive c ro s s  r e a c t io n s  b e t we e n  t h e s e  t w o  

s e r o va rs ( H a t h a way e t  a l  1 9 7 8 )  N o n e  o f  t he s e  de e r  h a d  a n t ibody 

t it res �2 4 to b a l l um, c openhageni ,  a nd t a ra s s o vi .  
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1 . 4 . 6  Other D omestic Anima l s  

The re have b e e n  few s t udies of lept o sp i ro s i s  in dogs in New Zea l and . 

The f i rst i s o l a t ion was o f  pomona f rom a dog on a da i ry f a rm which 

was expe r ienc i ng an abo r t i on s t o rm in the c a t t l e  he rd ( Te Punga and 

B i shop 1 9 5 3 )  . Two othe r dogs had ant i bodie s t o  pomona a l though none 

of them sho w e d  s igns o f  d i s e a s e . S a l isbury ( 1 95 4 )  found that 7 / 6 3 

( 1 1 % )  s amp l e s  o f  dog s e ra submit ted t o  an An ima l He a l th Labo rat o ry 

f o r d i a g n o s t i c t e s t i n g h a d  a n t i b o d i e s o f  u n s p e c i f i e d  t i t r e 

t o  pomon a . S e ven dogs , f rom th ree d a i ry f a rms that had concurrent 

ep idemi c s  o f  p omona i n  the i r  c o w s  o r  c a l ve s , had a n t ibody t i t re s  

� 1 9 2  t o  pomona ( Mackint o sh 1 9 8 1 ) . 

The f i r s t  rep o rt o f  ant ibody t i t re s  t o  h a rdj o i n  dogs o c c u r red in 

two dogs o n  a da iry f a rm ( Anon 1 9 7 2 ) . Hackintosh ( 1 9 8 1 )  s t udied 64  

c a t t le dogs f rom 37 da i r y  fa rms and showed 2 8  ( 4 4 % )  h a d  a n t ibody 

t i t r e s  � 2 4 t o  a t  l e a s t  o n e  s e r o v a r . A n t i b o d i e s  t o  h a rd j o  we re 

p re sent i n  1 8  ( 2 8 % )  o f  the se dogs . S ix ( 9 % )  had ant ibodi e s  to ball um 

and four ( 6 % )  had ant ibodies to pomona . 

I n  a s imi l a r  s urvey o f  4 7  city dogs ( Ma c k i n t o sh 1 9 8 1 )  o n l y  t wo ( 4 % ) , 

one ( 2 % )  and o ne ( 2 % )  had ant ibody t it re s  �2 4 to a u s t ra l i s ,  hardj o 

and pomona , r e spective l y . 

These res u l t s  ref lect the gre a t e r  exposure o f  rura l dogs t o  rodent , 

catt le and p i g  populat ions whi ch ma i n t a i n  ba l l um, hardjo and pomona 

respect ive ly . 

An o u t b r e a k  o f  c l i n i c a l  l e p t o s p i r o s i s  d u e  t o  c op enh a geni w a s  

inve s t i ga t e d  i n  a p a c k  o f  3 8  h o u n d s  ( Ma c k i nt o sh 1 9 8 1 ) . Twenty s ix 

( 6 8 % )  we re i n fected, b a sed on the deve lopment o f  ant ibodx t i t re s  �2 4 

t o  c op e nh a g e ni . F o u r  s h o w e d  c l i n i c a l  s i g n s  a n d  t w o  d i e d . The 

i n fec t i o n  w a s  p r e s umed to have o r i g i n a t ed f rom contact w i th rats . 

S eve r a l  sub-c l in i c a l  i n fect ions w i th t arassovi we re a l s o  det ected in 

9 / 3 8  ( 2 4 % )  o f  hounds with low (::;2 4 )  a n t ibody t i t re s  to t a rassovi . 
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Ta ra s s o vi was i s o l a t ed f rom f o u r  ho unds . T h i s  i n f e c t i o n  ma y h a v e  

been due t o  cont a c t  with p i g  u r ine du ring h unt ing . 

Ma c k i n t o s h  ( 1 9 8 1 )  e xpe r iment a l ly in fected f ive dogs w i t h  t a rassovi 

which c a used s ub - c l i n ic a l  infect ion and l e p t o spiruria in a l l  a n ima l s  

f o r  u p  t o  t e n  mo n t h s . I t  i s  u n l i ke l y ,  h o w e ve r ,  t h a t  dogs a c t  a s  

ma i n t e n a n c e  h o s t s  f o r  t a ra s s o vi i n  N e w  Z e a l a nd d u e  t o  t h e  l o w  

intens i t y  o f  lep t o s p iruria and t he l a c k  o f  evidence o f  dog t o  dog 

t ransmi s s ion i n  t he s t udy o f  the hound p a c k  (Mackt ino s h  1 9 8 1 )  

F ro m  t he s e s t u d i e s i t  appe a r s t h a t  d o g s  i n  New Z e a l a nd do n o t  

ma int a i n lept o s p i ra l i n fect i o n  and t h e r e f o re ,  do n o t  repre sent a n  

impo rt ant source o f  infection f o r  othe r a n ima l s . 

S i m i l a r l y ,  d o me s t i c  c a t s i n  N e w  Z e a l a n d a r e n o t  r e g a r d e d  a s  

imp o r t a n t  i n  t h e  e p idemi o l ogy o f  l e p t o s p i ro s i s , a lt hough there i s  

s ome e v i de n c e  o f  l e p t o s p i ro s i s  o c c u r r i ng i n  t h i s  s pe c i e s . F o r  

examp l e ,  pomona was i s o l ated f rom a cat o n  a da i ry f a rm by H a r k ne s s  

e t  a l  ( 1 9 7 0 ) . 

A t ho rough s e ro l o g i c a l  study was pe r f o rmed by S hophet ( 1 9 7 9 )  where 

s e r a  f r om 2 2 5  f e r a l  a nd dome s t i c  c a t s  w e re s c r e e ned a g a i n s t  1 1  

serova r  ant igen s . T wenty ( 9 % )  o f  the s e ra gave a n t i bo dy t i t re s  � 2 4 

t o  lepto spira . The mo st f reque nt ly reco rded ant ibody t i t re s  we re t o  

ba l l um ,  c op e n h a g e n i ,  h a rdj o a nd p om o n a i n  4 ,  5 ,  5 ,  a n d  4 c a t s 

res p e c t i ve ly . T he a nt ibody t it re s  t o  ba l l um a nd c open ha gen i w e r e  

p re s umed t o  have o r iginated f rom preda t o r  p rey t ra n s mi s s ion bet we e n  

cat s a n d  rodent s .  Ha rdj o and p omona a re t hought t o  h a ve o r ig i n a t ed 

f rom cont act w i t h  o the r a n ima l s  o r  a c o n t aminated e n v i ronmen t . T he 

l o w  s e r o l og i c a l  p r e v a l e n c e  i n  t h i s  s t u d y  s ugge s t s  t h a t  b a l l um 

infec t ion i s  uncommo n . 

The re i s  o n l y  one repo rt o f  leptosp i ro s i s  in ho r s e s  i n  New Z e a land 

( Anon 1 9 7 7 a )  . T h i s  des c ribe s abort ions due t o  pomona which a ppea r  to 

be ra re . 
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1 . 4 . 7  Wildlife 

Lepto s p i ro s i s  is wide s p read in New Z e a l a nd ' s wildl i fe . This has been 

demo n s t r a t e d  p r ima r i l y  by t h e  s t udi e s  o f  B r o c k i e  ( 1 9 7 5 ;  1 9 7 7 ) , 

B r o c k i e  and T i l l  ( 1 9 7 7 ) and H a t haway ( 1 9 7 8 ) . 

The s t ud i e s  o f  H a t  ha way ( 1 9 7  8 )  reve a l e d  t h a t  opo s s ums ( Tri chos urus 

vulpec u l a )  acted as ma intenance hos t s  f o r  t he ba l cani ca s e ro va r . He 

c u l t u red 57 S e j roe se rogroup i s o l ates f rom 1 5 4  anima l s  ( 3 7 % ) , e ight 

of w h i c h  we re c o n f i rmed to be ba l canica . I n fection w a s  f ound to be 

re s t r i cted to s e xu a l ly mat u re a n ima l s  which s ugge s t s  direct contact 

t ra n sm i s s ion rather than indi rect envi ronment a l  t ransmiss ion . 

T h e s e  r e s u l t s  c omp l e me n t  t h o s e  o f  d e  L i s l e e t  a l  ( 1 9 7 5 )  w h e r e  

antibody t i t res �2 0 0  t o  h ardj o we re found i n  1 7 / 2 6  ( 6 5 % )  o f  opo s s um 

s e ra a nd i s o l a t e s  b e l i e ve d  t o  be h a rd j o ,  were made f rom f i ve o f  

t he s e  a n ima l s . D i s t i ngu i s h i n g  betwe e n  ba l c an i ca a nd ha=djo i s  not 

po s s ib l e  by rout ine typ i ng p r ocedu res a nd it has been sugge sted that 

these i s o lates were in f a c t  ba l canica ( Ha t haway 1 9 7 8 )  . 

B ro c k ie ( 1 9 7 5 )  p roduced s imi l a r  res u l t s  i n  a s u rvey o f  1 4 6  opos s ums , 

o f  w h i ch 3 8  ( 2 6 % )  revea led a n t ibody t i t re s  o f  1 0 0  t o  hardjo and t wo 

ant ibody t it re s  o f  1 0 0  we re f o und t o  ba l l um and a u t umnal i s . I s o lates 

w e r e  o b t a i n e d  f r o m  2 / 1 4 6  k i d n e y c u l t u r e s  a n d  t h e s e  w e r e 

p ro v i s iona l ly t yped a s  hardj o .  

Ea r l ie r  work b y  S a l i sb u ry ( 1 9 5 4 )  wa s l imited t o  pomona s t udies a nd 

no a n t ibodies we re found i n  t he 5 6  s e r a  s tudied . No furthe r de t a i l s  

w e r e  g iven . 

P re l im i n a r y  s t ud i e s  o f  t h e  b rown r a t  by K i r s chne r a nd Gray ( 1 9 5 1 )  

f o u n d  t h a t  8 / 5 3  ( 1 5 % )  h a d  s e r o l og i c a l  e v i de n c e  o f  c op e n h a gen i 

e xp o s u re a n d  t h i s  s e r o v a r  w a s  i s o l a t e d  f rom 2 / 5 3  k idneys . F o rt y  

s even b l a c k  rat s  were a l s o  s tudied and no s e rologic a l  o r  c u l t u ra l  
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evidence o f  leptosp i ro s i s  was found . Sera were tested f o r  a n t ibodies 

t o  a u s t ral i s ,  can icol a ,  copenhagen i and ba t a vi a e . The minimum s e rum 

dilution u s e d  was not given . Un fortunat e l y ,  t he re were no t e s t s  f o r  

ant ibodies t o  ba l l um .  

, ,.. 
B lake l o c k  a n d  Allen ( 1 9 5 6 )  in a s u rvey o f  rat s A We l l ingt o n  c i t y  f ound 

no ev idence o f  Lept osp i ra ant ibodies at a min imum se rum d i lut i o n  o f  

1 / 1 0 u s i n g  a u s t r a l i s ,  c a n i c o l a ,  h y o s ,  a n d  p o m o n a a n t i g e n s . 

Ant ibodies t o  ba l l um a nd copenhageni ,  wh i c h  a re now known t o  be the 

s e rova r s  e ndemic in r a t s  were not t e s ted f o r  in this surve y . 

Shortridge ( 1 9 6 0 )  repo rted ' po s it ive o r  s u s p ic ious ' ant ibody t i t res 

t o  c op e n h a ge n i  in 8 / 7 5  ( 1 1 % )  o f  t h e  s e r a t e s t e d  f r o m  r a t s ,  

p resumab l y  b rown rat s . No further det a i l s  were given . 

B a l l um s e r o g roup infect ions were f ou nd t o  be endemic i n  b l a c k  r a t s , 

a s  w e l l  a s , h o u s e  m i c e  a n d  h e d ge h o g s  ( H a t h a w a y  1 9 7 8 ) . T h e  

di f f e rent i o n  o f  age spec i f ic p reva lences i n  these groups o f  a n ima l s  

imp l ies t ha t  direct contact  i s  impo rtant f o r  t ransmi s s ion . 

Hathawa y  ( 1 9 7 8 )  inve s t igated rats  i n  the l o we r  No rth I s l a nd . F ive o f  

2 1  ( 2 4 % )  b l a c k  rat s h a d  ant ibody t i t re s  �2 4 t o  ba l l um .  P revious l y ,  

B r o c k i e  ( 1 9 7 7 )  f o und 1 / 1 6 ( 9 % )  o f  b l a c k  r a t s  s e r o po s i t i ve b u t  a 

min imum s e r um di l u t i o n  o f  1 / 1 0 0  w a s  u s ed . H a t h a w a y  ( 1 9 7 8 )  f ound 

5 / 1 5 5  ( 3 % )  of br own rats with a n t ibody t it re s  �2 4 t o  bal l um .  T h i s  

w a s t h e  o n l y s e r o v a r  i s o l a t e d  f r o m  t h e  c u l t u r e o f  k i dn e y s . 

I s o l a t ions were made f rom 6 3 / 2 3 2  ( 2 7 % )  o f  b rown rats  and 1 7 / 5 2 ( 6 % )  

o f  b l a c k  r a t s . A l t h o ugh t h e  s e r o l o g i c a l  p reva l e n c e  w a s l o w ,  t h e  

c u l t u r a l  p re v a l e n c e  wa s h igh . I n  t h e  s t u d i e s  o f  B r o c k i e  ( 1 9 7 7 ) , 

copen h a ge n i i s o l a t i o n s  we r e  made f r o m  5 / 7 9  ( 6 % )  o f  b r o wn r a t s . 

Copenh agen i  i n  r a t s  appe a r s  t o  b e  c o n f i n e d  t o  c e r t a in geogr a p h i c  

l o c a t i o n s . B r o c k i e ' s s t udy w a s c e n t r e d  i n  t h e  W a i k a t o  r e g i o n . 

Brockie a l s o  i s o l ated bal l um f rom 8 / 7 9  ( 1 0 % )  o f  brown r a t s  a nd 4 / 1 6  

( 2 5 % )  o f  b l a c k  ra t s . Hathaway ( 1 9 7 8 )  c o n c l uded that the b ro wn r a t  i s  

a ma i n t e n a n c e  h o s t  f o r  copen h a ge n i  a nd b l a c k  r a t s  a re t h e  n o rma l 
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ma inta inance h o s t s  f o r  ballum a l t hough ballum i s  ma i n t a ined i n  b rown 

rat p o p u l a t i o n s  in s yn a n t h r o p i c  f o c i . T h e  p re v a l e n c e  of ballum 

infect i o n  is popu l a t i o n  den s i t y  dependent . 

The mo s t  recent w o r k  i n  rat s i s  t h a t  o f  C a r t e r  a nd Co rde s ( 1 9 8 0 ) , 

whe re 1 1 2 u rb a n  a n d  4 8  r u r a l  ( 1 3 2  b r o wn a nd 2 8  b l a c k )  r a t s  '"'e re 

examined f o r  lept o s p i ros i s . U r i ne i s o la t i o n s  were made f rom 5 1  ( 3 2 % )  

o f  these rat s . Ballum was i s o lated f rom 1 5  ( 9 % )  ( 1 2 brown , 3 b l a c k )  

and c openhageni w a s  i s o l ated f rom 3 6  ( 2 3 % )  ( 3 3  b ro wn and 3 bla c k )  . 

The house mouse i s  c ons ide red a ma intenance ho s t  f o r  ballum . B ro c k i e  

( 1 9 7 7 ) i s o lated ballum f rom 9 / 7 3  ( 1 2 % )  mice i n  r u r a l  a reas o f  t h e  

N o r t h  I s land . S e ro l ogical p re va lence was l o w  w i t h  o n l y  two o f  t h e s e  

n ine a n ima l s  with a nt ibody t i t re s  � 1 0 0  t o  ballum . 

Hathaway ( 1 9 7 8 )  f ound no s e r o logical evi de nce o f  lept o s p i ro s i s  i n  1 2  

h o u s e  mice u s ing a min imum s e r um d i lu t i o n  o f  1 / 2 4 . H e  t e s ted f o r  

a n t i b o d i e s  t o  a u s t rali s ,  a u t umn ali s ,  b a llum, ba t a vi a e,  biflexa , 

cani cola , copenhageni ,  grippo typhosa,  h a rd j o ,  pomona,  and pyrogenes . 

H a t h a w a y  ( 1 9 7 8 )  f o u n d  n o  s e r o l o g i c a l  o r  c u l t u r a l  e v i de n c e  o f  

lept o sp i ro s i s  i n  h i s  s t udy o f  2 0  mus t e l id s . The s e  inc luded fe r re t s  

( P u t o ri o us p u t o r i o u s )  { 9 ) , s to a t s  ( Mus t ela erminea)  ( 8 )  and wea s e l s  

( Mus t ela n i vali s )  ( 3 )  T he s a me s e ra d i l u t io n s  a nd ant ige n s  we re 

used for the s e r o l ogical  t e s t s  a s  for t he mouse s t udy . 

Fe ra l c a t s  w e r e  a l s o  s t u d i e d  by H a t h a w a y  ( 1 9 7 8 ) . N o  l e p t o s p i r a l  

i s o l a t e s  we re made but t h e re w a s  s e r o l o g ic a l  evidence o f  exp o s u re 

t o  p omo n a . T h e  s e r o l o g i c a l  t e s t s  w e r e  p e r f o rmed a s  de s c r ib e d  

previously . 

Hedgehogs a re k n o w n  t o  be i n f e c t e d  w i t h  ballum . B ro c k ie and T i l l  

( 1 9 7 7 )  i s o l a t e d  t he B a l l um s e rogroup f ro m  5 / 7 8  ( 7 % )  o f  hedge h o g s  

f rom da i ry f a rms i n  t he l o w e r  N o r t h  I s l and . Hathaway ( 1 9 7 8 )  found 

6 / 1 2 ( 5 0 % )  o f  h e dge h o g s  w i t h  a n t i b o dy t i t re s  � 2 4 t o  ballum i n  
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a n i ma l s  f r o m  r u r a l  f a rme d l a n d . Ba l l u m w a s  i s o l a t e d  f r o m  1 / 5  

hedgehogs , a l l  o f  which had ant ibody t it re s  �2 4 to ba l l um .  

Nine l agomo rphs s t udied b y  H a thaway ( 1 9 7 8 )  s howed n o  s e ro l o g i c a l  

evidence o f  lept o s p i ro s i s us ing a min imum s e rum di l u t i o n  o f  1 / 2 4  a nd 

t he 1 2  ant igens u s ed p revious ly . A l l  a t t empts t o  c u l t u re Lep t osp i ra 

were a l s o negat i ve . 

Wild ungu l a t e s  were s t udied by Daniel ( 1 9 6 7 )  and o n l y  1 / 3 9 3 ( 0 . 2 5 % )  

goa t s  had an a n t i body t i t re �2 0 0  t o  pomona and three goa t s  and one 

de e r  h a d  a n t i b o d y  t i t re s  � 1 0  t o  t a r a s s o vi . No o t h e r  e v i de n c e  o f  

l e p t o s p i ro s i s  w a s  f o u n d . T h e s e  s e r a  w e r e  a l l  t e s t ed a t  1 / 1 0  and 

1 / 2 0 0  di lut ions f o r  ant ibodies to andama n ,  a u s t ral i s  A, a u s t ra l i s  B,  

can i co l a ,  grippo t yph osa , i c t erohaemorrh a giae,  pomona ,  and t a ra s s o vi . 

S imi l a r  res u l t s  we re reported by Hathaway ( 1 9 7 8 )  with no s e ro lo g i c a l  

e v i de n c e o f  l e p t o s p i r o s i s  i n  s e r a f r o m  3 8  w i l d  u ng u l a t e s . He 

c o n c l uded that l e p t o sp i ro s i s  in w i ld ungulates  occurs a t  only very 

low leve l s . 

1 . 4 . 8  Humans 

K i r s c h ne r a n d  G r a y  ( 1 9 5 1 )  r e p o r t e d  t h e  f i r s t  s e r o l o g i c a l l y  

c o n f i rmed c a s e  o f  lep t o sp i ro s i s  i n  New Z e a l a nd . T h i s  o c c u r red i n  a 

da i ry f a rme r w h o  had a h igh ant ibody t i t re t o  a rep re s e nt a t i ve o f  

t h e  I c te rohaemo r rhagiae s e rogroup . H i s  f a rm was he a v i l y  i n f e s t e d  

w i t h  b r o w n  r a t s . T h i s  c o i n c i d e d  w i t h  t h e  e s t a b l i s hme n t  o f  a 

L e p t o s p i ro s i s  R e f e r e n c e  L a b o r a t o ry a t  t h e  Un i ve r s i t y  o f  O t ago 

( McDonald e t  a l  1 9 8 5 ) . 

A ye a r  l a te r ,  K i r schne r e t  al ( 1 9 5 2 ) r eported the f i r s t  i s o l a t ion 

of pomona f ro m  1 2  p a t i e n t s a l l  of w h om we re a s s o c iated w i t h  da i ry 

f a rms . S ix o f  t he s e  patients  had been a s s o c iated with an outbre a k  o f  

' redwate r '  i n  c a l ve s  ( B rue re 1 9 5 2 ) . 
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Lept o s p i ro s i s  was made a not i f iable d i s e a s e  i n  1 9 5 2 . From N ovember 

1 9 5 1  to Novembe r  1 9 5 2 , s e r a  f rom 3 1 5  pat ients  were t e s t e d  ( McDonald 

e t  al 1 9 8 5 ) . S i x t y  e i g h t  ( 2 2 % )  w e r e  d i a g n o s e d  a s  h a v i n g  

lept o s p i ro s i s . Mo s t  we re da iry f a rm w o r ke rs o r  mea t  w o r k e r s  ( Fa ine 

and K i rchne r 1 9 5 3 ) . Of these 6 8 ,  o ne ( 2 % ) , nine ( 1 3 % )  a nd 5 9  ( 8 7 % )  

h a d  ant ibody t i t r e s  t o  cani cola , i c t eroh a emorrh a gi a e  a n d  p omon a ,  

respect i ve l y . The can i c ola s e rocon ve rs ion w a s  repo rted b y  We s t  and 

Wh i t ehead ( 1 9 5 3 )  and i s  t he o n l y  r e po r t  o f  can icola ant ibodies in 

huma n s  i n  Ne w Z e a l a nd . T he s amp l e  p r oduced an a n t ibody t i t re o f  

9 6 0 0 . N o  s o u r c e  o f  infect ion w a s  i de n t i f ied . 

Fa ine and K i rchner ( 1 9 5 3 )  showed l e p t o sp i r o s i s  to be wide s p read in 

New Zea land w i t h  a p reva lence o f  0 . 0 0 3 5 % . K i r s chner ( 1 9 5 4 )  repo rted 

a n  a lmo st t wo f o ld increase i n  the inc idence du ring the s e c o nd yea r 

ope r a t i o n . 

o c c u p a t i o n a l c a t a g o r i e s , 

l e p t o s p i r o s i s  

d i d  n o t  r e a c t  a g a i n s t  c a n i c o l a , 

o f  the re f e r e nce labo r a t o ry ' s 

w i t h  c l i n i c a l  s ymp t o m s  o f  

S o me s e ra f rom p a t i e n t s 

a n d  f r o m  h i g h  r i s k  

i c t e ro h a em o r rh a gi a e ,  o r  pomona a n t i g e n s  u s e d  i n  t he s e ro l o g i c a l  

t e s t . T h i s  l e ad t o  the inclus ion o f  t he mi t i s  ( t a ra s s o vi )  ant igen . 

T h re e  p a t i e n t s  w e r e  f o u nd t o  b e  s e r o l o g i c a l l y  p o s i t i ve t o  t h i s  

ant igen o n l y . 

I n  Septewbe r 1 9 5 4 ,  lep t o s p i ro s i s diagno s t ic se rvi ces were r e located 

t o  the N a t i o n a l  Hea l t h  I n s t i t u t e  ( NH I )  a n d  in t h e  f o l l o w i ng t wo 

yea r s , 7 7 4  h uma n s e ra we re t e s t e d  ( Jo s l and e t  al 1 9 5 7 )  Ant ibody 

t i t res �3 0 0  t o  i c t e ro h a emorrhagi a e , pomona and t arassovi we re found 

in 8 ,  3 9 ,  and 6 respe c t i ve ly . The p o s s ib i l it y  of f o u r  mo re se rovars 

w a s  s u g g e s t e d w i t h  t h e  d e mo n s t r a t i o n  o f  a n t i b o d i e s  r e a c t i n g  

w i t h  a u s t r a l i s ,  a u t umn a l i s ,  m e d a n e n s i s ,  a n d s e n t o t i  a n t i g e n s  

( Jo s land e t  a l  1 9 5 7 ) . Ballum wa s f i r s t  i s o l a t ed f rom t wo da i ry f a rm 

w o r k e r s  du r i ng a s u rvey o f  c l i n i c a l  c a s e s  ( Anon 1 9 6 7 ) . T he f i rst 

human i s o l a t ion o f  h a rdj o in New Z e a land wa s made i n  1 9 7 1  ( Ch r i s tmas 

e t  al 1 9 7 4 ) . This se rova r ,  f o rme r l y  o f  t he Hebdomadis s e r o group , is 

now c l a s s i f ied a s  belonging t o  t he S e j roe s e rogroup ( Fa in e  1 9 8 2 )  . The 

mo s t  r e c e n t  n e w  s e r o v a r  i s o l a t e d  f r om h uma ns i n  N e w  Z e a l a nd i s  
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a us t ra l i s .  T h i s  wa s iso l ated i n  1 9 7 7  b y  Thompson ( 1 9 8 0 )  f rom a dry 

s t o c k  f a rme r s u f fe ring f rom c l i n i c a l  lep t o s p i ro s is . 

I n  t h e  1 9 7 0 ' s o ve r  9 9 % o f  t h e  c a s e s  repo rted t o  t h e  Depa rtment o f  

Hea l t h  we re diagno sed a s  ha rdj o o r  pomoma ( B roc k ie 1 9 7 6 ) . These were 

ma i n l y  da i r y f a r me r s  o r  t h e i r  f am i l i e s  ( Ro b i n s o n  1 9 7 5 ) . O t h e r  

o c c up a t i o n a l  g r o up s  f re que nt l y  a s s o c i a t ed w i t h  l e p t o sp i r o s i s  were 

pig f a rme rs , s t o c k  t ruck drive rs , abat t o i r  workers a n d  vete rina rians 

( Ki r s c hne r and Magu i ne 1 9 5 7 , Robinson 1 9 7 5 ,  S cho l lu m  and B l a c kmo re 

1 9 8 2 ) . Se rologic a l  su rveys h a ve c on f i rmed that ru r a l  people a re at 

g r e a t e r  r i s k ( 2 - 4 % )  t h a n  u rb a n  dwe l l e r s ( T homp s o n  1 9 7 9 )  M e a t  

i n s p e c t o r s  h a d  a n  o ve r a l l  s e r o l o g i c a l  p re v a l e n c e  o f  1 0 . 2 %  with 

pomon a  and tarassovi accoun t i ng f o r  8 5 %  o f  these t i t res ( Bl a c kmo re 

e t  a l  1 9 7 9 ) . A s t udy by B l a c kmore and S cho l lum ( 1 9 8 0 ) , s howed t hat 

6 . 3 % o f  me a t  wo r k e r s  h a d  a n t i b o dy t i t r e s  �2 4 t o  L ep t osp i ra w i t h  

pomon a  be ing t he mo st c ommon . T h e y  a l s o  e s t a b l i shed a re l a t i o n s hip 

between aba t t o i r  worke r s  who had contact  with pig c a r c a s s e s  and the 

p r e s e n ce of ant ibodie s to pomona and t a rassovi . 

The numbe r o f  c a s e s  repo rted t o  t he New Zea land Dep a rtment o f  Health 

pe a ke d  a t  8 0 0  i n  1 9 7 1 . Between 1 9 7 1  a nd 1 9 8 0  a n  ave r a ge o r  4 0 0  cases 

were reported a nnua l ly . The a ve rage numb e r  o f  annu a l  cases repo rted 

fe l l  b e l ow 2 0 0  between 1 9 8 2  a nd 1 9 8 5 . T h i s  reduc t i o n  coinc ided with 

the int roduct i o n  of hardjo/pomona vac c i ne s  to cont ro l t he d i s e a s e  in 

c a t t l e  ( Ma rsha l l  1 9 7 9b ,  F l i n t  and L i a rdet , 1 9 8 0 )  . N i ne t y  n i ne cases 

were reported i n  1 9 8 6  ( New Z e a l and Dep a rtment o f  Hea l t h  1 9 8 7 ) . The re 

i s  a l a c k  o f  i n f o rma t io n  c o nce rn ing the s ource o f  these rema ining 

c a s e s . P o s s ib i l i t ie s  i nc l u de dome s t i c  a n ima l s ,  s u ch a s  de e r  and 

goat s . Howeve r ,  in the s e  l a t e r  t wo species the d i s e a s e  i s  not wel l  

unde r s t o od . 
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I n  1 9 1 7 , M a = t i n ,  P e t t i t  a n d  V a u d r e m e r o b s e r v e d  t h a t  s e r a o f  

p a t i e n t s , w h o  h a d  s u f f e r e d  f r o m  l e p t o s p i r o s i s , a g g l u t i n a t e d  

lep t o sp i ra c e l l s . T h i s  agg l u t ina t i o n  re a c t i o n ,  wh ich i s  max L�a l when 

a pure c u lture o f  Lept ospi ra i s  mixed w i t h  homo l ogous ant i s e rum, i s  

t h e  b a s i s  o f  Lep t o spira s e r o l o gy . The M i c roscopic Agg l u t i n a t i o n  T e s t  

( MAT ) , deve l oped by S chu f f n e r  a n d  Mocht e r  ( 1 9 2 6 ) , i s  t h e  o r i g i n  o f  

c u r rent methods u sed t o  det e c t  ant ibodi e s  t o  these o rgan i sms . T he re 

a r e n ume r o u s  v a r i a t i o n s  t o  t h i s  s e r o l o g i c a l  t e s t . O n e  w i de l y  

a c c e p t e d  va r ia t i o n  u s ing mi c ro t i t re p l a t e s , was f i rs t  repo r t e d  by 

G a l t o n  et al ( 1 9 6 5 )  and l a t e r  e x t e n s i v e l y  modi f ied by C o le et al 

( 1 9 7 3 )  . 
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A l t h o u g h  t h e MAT i s  t h e s t a n d a rd r e f e r e n c e  p r o c e d u re f o r  the 

s e r o logi c a l  d i a gn o s i s  of  l e p t o s p i ro s i s ,  a n t i b ody t i t r e s  obt a ined 

w i t h i n  labo r a t o ries and mo re f requent l y ,  between laborat o r ie s ,  o ften 

r e ve a l  u n a c c ep t able d i s c repan c ie s  ( i . e .  g r e a t e r  than one t wo fold 

d i l ut i o n  d i f f e re n c e ) . F o r  examp l e , B e t t l e he im a nd P e a r c e  ( 1 9 8 6 )  

repo rted on r e s u l t s  s ubmit ted f rom 1 7  d i f f e rent l abora t o r ie s  within 

New Z e a l and f rom t e s t s  pe r f o rme d o n  ident i c a l  bat ches o f  sera and 

f o r  w h i c h  t h e  n o rma l d i s t r i b u t i o n  o f  t i t re s  r a nged f rom < 2 5  t o  

5 1 , 2 0 0 . T he s e  d i s p a r i t i e s  b e t we e n  r e s u l t s  m a y  be e xp l a i n e d  b y  

v a r i a t i o n s  i n  t h e  t e s t  me t h o d s  e mp l o y e d  b y  t h e s e  d i f f e r e n t  

l a b o r a t o r ie s . 

A s t a nda rd p ro cedure f o r  the MAT h a s  b e e n  docume n t ed i n  t h e  WHO 

T e c h n i c a l R e p o r t  S e r i e s  ( 1 9 6 7 )  a n d by S t a l lm a n  ( 1 9 8 4 )  T he s e  

p ro cedure s a r e ,  howeve r ,  s u f f ic ient l y  l a c k i ng i n  prec i s e  det a i l  a s  

t o  p roduce d i f f e r ing re s u l t s . I n  addit ion , ma ny o f  the met hods used 

i n  di f fe rent l aborat o ri e s  a re we l l  o u t s ide the gen e r a l  guide l ines . 

N o  repo rt s h a ve been f o u n d  o f  s t ud i e s  a s s e s s ing the s u i t a b i l i t y , 

p a r t i c u l a r l y t h e  r e p r o du c i b i l i t y ,  o f  t h e  M A T  i n  m e a s u r i n g  

l e p t o s p i ra l a n t ibodies i n  dee r and go a t  s e r a . Th i s  s t udy was a imed 

a t  e s t a b l i s h i n g t h e c r i t i c a l  v a r i a b l e s  a n d  de t e r m i n i n g  t h e  

rep roduc i b i l i t y  o f  t he MAT us ing dee r  and goa t  s e r a . 

2 . 2  Materials and Methods 

2 . 2 . 1  Culture Medium 

T h e  me d i u m u s e d  f o r t h e c u l t i v a t i o n  o f  a l l  t h e L ep t o sp i r a 

i n t errogans ant igens u s e d  in t h i s  s t udy i s  de s c ribed in Appendix I .  
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2 . 2 . 2 Ant igens 

T h e  a n t i g e n s  u s e d  w e r e  t h e  f o l l o w i n g  s e r o v a r s  o f  L .  i n t e r r o gans 

( T a b l-e 2 . 1 ) : 

T able 2 . 1  An t igen s  used in the Mi c ro s c opic Agglutination Test 

S E ROVA R 

a u s t ra l  i s  

ba l l um 

bra t i s l a va 

copenh agen i 

h a r·djo 

h a r·djo 

p_<mona 

t a ra ssovi 

S T RA I N  

Ba l l i co 

M u s  1 2 7  

Jez 

M2121 

Hard j o pr a j i t no ,  ( a v i r u l e nt )  

N Z 1 2 , ( v i r u l ent ) 
Pornona 

Per i pe l i ca n 

An t ige n c u l � u r e s  we re p re p a red by i n o c u l a t i ng c u l t u re med i um w i t h  

a p p r o x ima t e l y  1 0 %  o f  a viab l e  c u l t u re a n d  i n c uba t i n g  a t  2 9 °C . B e f o re 

u s e , c e l l s  we :::: e c o u n t e d  m i c r o s c op i c a l l y  u s i n g  a b a c t e r i a l  c o unt ing 

c h a rnb e ::::- 1 a nd i f  n e c e s s a :::: y ,  d i l u t e d  u s i n g  pho s ph a t e  b u f f e r e d  s a l i ne 

( !? B S ) ( Appendix I I ) . 

2 . 2 . 3 Sera 

D e e r  s e r a  w e :::: e c o l l e c c e d  in 1 9 8 4  f r o m  r e d  d e e r h i n d s  o n  t w o  

p r ope ::::t i e s  in t h e  Ne l s o n  d i s t r i c t . 

Do me s t i c g o a t  s e r a we r e  o b t a i n e d  f r om t h e  W a l l a c e v i l l e  A n ima l 

R e s e a r c h  C e n t r e 2 a n d  w e r e  c o l l e c t e d  f r o m  a n ima l s  t h r o u g h o u t  N e w  

Z e a l a nd . 

T h e  f e r a l  g o a t  s amp l e s  c ame f r om t h e  W a i k a t o  r e g i o n  a n d  h a d  been 

p re v i ou s l y  t e s t e d  in 1 9 8 1  ( Scho l l um  a nd Bl a c krno re ,  1 9 8 1 )  a n d  s t o red 

a t  -20°C . 

1 Pet r o f f  H a u s s e r  a n d  So n ,  P h i l ade lp h i a ,  USA . 

2 Min i s t r y  o f  Agr i c u l t u re and F i s he r ie s ,  Wa l l a c e v i l le An ima l Re s e a rc h  C e n t r e ,  

Upper Hut t ,  Ne w Z e a l and . 
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2 . 2 . 4  Equipment Va l idation 

The p re c i s i o n  and a c c u ra c y  of a Dyna t e c h  a ut oma t i c  d i s p e n s e r 3 a n d  

modif ied Co rnwa l l  s y r i nge di s pe n s e r 4 we re det e rmined by c omp a r i ng the 

we ight o f  9 6  we l l  mic ro t i t re p l a t e s  be f o re and after the addi t ion o f  

a mea s u red volume o f  P BS . The d i spen s e r  v o l umes were s e t  a t  2 5 u l . 

P re c i s i o n  was det e rm i ned by c omp a r ing t he variat ion f rom the mean 

de livery o ve r  ten repeat tes t s . Accuracy w a s  dete rmined by comp a r ing 

t he v a r i a t ion of t h e  mean de l ive ry f rom t h e  exp e c t e d  re s u l t . The 

a c c u r a c y  o f  i n d i v i d u a l d i s pe n s e r  no z z l e s  w a s  de t e rmined b y  t h e  

remova l o f  t h e  di l ue n t  f rom e a c h  r o w  in t u r n  and rewe ighing . 

The p re c i s ion and a c c u ra c y  o f  a mi c ro p ip e t t e 5and diluters 6 f o r  the 

t rans f e r  of 2 5u l  was t e sted u s i ng t he D i lu t e r  Delive ry T e s te r . 7 

2 . 2 . 5 . The Microscopic Agglut inat ion Test 

A s e rum r e f e re n c e  p l a t e  ( S RP ) was p r e p a r e d  by d i s p e n s ing 6 0 u l of 

P B S , u s ing the automa t i c  d i s pe ns e r , int o e a c h  o f  t he 9 6  we l l s  of a 

Dyn a t e c h  M i c r o t i t re p l a t e . 8 s e r a  t o  b e  t e s t e d  w e r e  a dded i n  4 0 u l  

vo l ume s u s ing t he m i c ropippe t t e  i n t o  t e n  i ndividu a l  we l l s  i n  each 

r o w  o f  t h e S RP t o  p r oduce an i n i t i a l  d i l u t i o n  of 1 / 2 . 5 .  F o rt y  

mic ro l i t re s  o f  re f e r e n ce s e rum w a s  a dded t o  the e leventh we l l  o f  

each r o w  a s  a p o s i t ive cont ro l . To t h e  t we l f t h  we l l ,  4 0 u l  o f  P B S  was 

added a s  a n e ga t i v e  c o n t r o l . T h e  S RP w a s  cove r e d ,  s e a l e d  w i t h  

adhesive t ape and s t o red a t  - 2 0 °C f o r  l a t e r  use . 

Labo rat o r y  P roduc t s ,  9 0 0  S late rs L a ne , Alexandr ia , Virginia 2 2 3 1 4 ,  

4 Sect o n ,  D ic k i n s on and Co . ,  Ruthe rford ,  N e w  Je rsey 0 7 0 7 0 ,  USA . 
5 G i l s o n ,  F rance . 
6 F lo w  Labora t o r i e s  
7 Cooke Labo ra t o t y P roduc t s ,  9 0 0  S laters  Lane , Alexa ndr ia,  Virginia 2 2 3 1 4 ,  

USA . 

8 Cooke Labora t o r y  P roduc t s ,  9 0 0  S la t e r s  Lane , Alexandr ia,  Virg i n i a  2 2 3 1 4 ,  

USA . 
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T he d i l u t e r  w a s  t h e n  u s e d  t o  t r a n s f e r  2 5 u l  o f  1 0  s e r a a n d  t h e  

re f e re n c e  se rum f rom one row o f  the S RP  1 / 2 . 5  dilu t i o n s  t o  t h e  f i r s t  

r o w  o f  t he T P , p roduc ing s e rum di l u t i o n s  o f  1 / 5 . T h e  di l u t e r  w a s  

u s e d  t o  mix e a c h  s amp le and p roduce s eque nt i a l  doub l i ng d i l u t i o n s  

down t he plate . T h e  di l u t i o n s  i f  each s e rum s amp le r a nged f rom 1 / 5  

i n  the f i rst we l l  t o  1 / 6 4 0  i n  t h e  l a s t . L i ve antige n ,  d i luted t o  2 x 

1 0 8 c e l l s / ml , w a s a dded t o  e a c h  we l l  i n  2 5 u l  v o l ume s u s ing t he 

modi f ied Co rnwa l l  syringe dispense r .  

T h i s  p r oduced a f i n a l  di l u t i o n  s e r i e s  wh i c h  ranged f rom 1 / 1 0  t o  

1 / 1 2 0 0  a nd an ant igen concent r a t ion o f  1 x 1 0 8 ce l l s /ml . Each plate 

w a s  t h e n  c o ve r e d  a n d i n c u b a t e d at  2 9 ° C f o r  t w o h o u r s . A f t e r  

incuba t i o n  a n  a l iquot was remo ved f rom e a c h  we l l  a n d  p l a ced onto a 

g l a s s  s l i d e f o r d a r k  f i e l d e x a m i n a t i o n . T h e  t i t r e o f  a n  

agg l u t i n a t i o n  rea c t ion was t a ke n  a s  the greatest d i l u t ion o f  s e rum 

in w h i c h  5 0 %  o f  the lept o s p i re s  we re agglut inated . 

The MAT p rocedu re i s  out l i ned i n  Figure 2 . 1  

Whe re i n ac t ivated a n t igen w a s  u s e d ,  0 . 1 % F o rma l in 9 w a s a dded t o  a 

l ive c u lture one hour be f o re u s e . 

9 I C I  New Z e a l a nd 



F igure 2 . 1  The Mic ro � c opic Agglut inat ion T e s t  P rocedure 

• 

I 

1 / 5 
I S  o l 

1 / 1 0 
I S  • I 

1 1 20 
I S  • I 

1 1 40 
I S o I 

1 1 80 
I S • I 

1 1 1 6 0  
I S  o I 

1 / 320 
I S o I 

1 / 640 

Serum R e f e rence P l a t e ( S RP > 

J • s ' 7 • t , .  ' '  , • 

� 

o n e  r o w  o f  

w e l l s 

4 0 u l  o f  t e s t  sera i n  1 

J 

+ 6 0 u l o f  P BS C l / 2 . 5 d i l l  

40 u l  o f  

r e fe rence s e r um 

+ 6 0 u l  PBS 

1 00 u l  PBS 

l 25u l t ra ns fered from e a c h  we l l  

o f  one r o w  o f  t h e  S RP t o  o n e  row 

of t h e  TP. 

Test P l a t e  < TP >  

• s ' 7 • 

� 

' , .  ' '  1 1  

Add 25 u l  o f  ant i g e n  t o  e a ch w e l l  

J 
I nc u ba t e  a t  2 9 ° C  for 2 h o u r s  

� 
Read 

one row o f  

w e l l s 

25 u l  P B S  

i n  e a c h  

w e l l 

2 7  
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2 . 3  Result s 

The a u t oma t i c d i s pe n s e r ,  c a l i b r a t ed t o  de l i ver 2 5 u l  o v e r a l l  9 6  

we l l s ,  p roduced a me a n  de l ivery o f  1 . 9ml , w i t h  a s t andard deviation 

( S )  o f  0 . 0 7 3 ,  f o r  each plate ove r 10  rep l i c a t e s . T h i s  w a s  2 1 %  l e s s  

t h a n  expe c t ed s o  t h e  a c c u r a c y  w a s  7 9 % . P re c i s ion , c a l c u lated f rom 

the v a r i a t i o n  f rom t h e  individu a l  e ight n o z z les was app roxima t e ly 

7 9 % . 

The Modi f i e d  Co rnwa l l  S y r inge 1 2  c hanne l di spense r ,  a l s o  c a l ibrated 

t o  de l ive r 2 5u l  into each we l l  o f  a mic rot i t re plate or 2 . 4ml over 

a l l  9 6  we l l s ,  p ro du c e d  a me an de l i ve r y  of  2 . 4 6ml ( S  = 0 . 0 2 7 ) f o r  

e a c h  p l a t e  o ve r t e n repl i c a t e s . T h i s  i s  0 . 0 6ml g re a t e r t h a n  t he 

c o r re c t  v o l ume and s o  i t s  a c c u r a c y  i s  9 7 . 5 % .  Prec i s ion was within 

9 6 . 8 % .  

T h e  2 5 u l  d i l u t e r s  a nd mi c r o p i p p e t t e r  we r e  t e s t e d f o r  a c c u r a t e  

de l ive ry u s ing the D i luter D e l ive r y  Te s te r . All  were f o u nd t o  meet 

t he manu f a c t u re r ' s c r i t e ria . 

M i c r o s c o p i c  a gg l u t i n a t i o n  t e s t s  o n  t e n  de e r  s e r a  w e r e  u s e d t o  

comp a re bo t h  dispen s e rs for diluent dispe n s i ng and det e rmine whether 

va r i a t i o n s  i n  accuracy a f fected t he re s u lt s . E ight out of  t e n  t i t res 

t o  hardj o w e re within o ne two - f o ld dilut ion ( T able 2 . 2 ) . 

A se ries o f  1 2  rep l i c a t e  t e s t s  f o r  a nt ibodies to h a rdjo i n  t e n  dee r  

s e r a , p r o d u c e d  r e s u l t s  w h i c h  w e r e  w i t h i n  o ne t wo - f o l d  d i l u t i o n  

( Table 2 .  3 )  . 

Two bat c h e s o f  5 5  dee r  s e ra we r e  t e s t ed f o r  ant ibodi e s  t o  h a rdj o 

( T a b l e s  2 .  4 a n d  2 .  6 ) . S a mp l e s  w e r e  s e l e c t e d  f r o m  t h e s e  f o r  

t r ip l i c a t e  t e s t s  ( Tables  2 .  5 and 2 .  7 )  . Ant ibody t i t re s  w e re w i t h i n  

one t wo f o l d  dilut ion . 



Table 2 . 2 Agglutinat ion Te s t s  Compa ring Ant ibody Titre s  to Hardjo 

us ing Two D i spensers 

A N T I BODY T I T R E S  SE RUM TEST 

NUMB E R  A U T OM A T I C  D I S P E N S E R  C O RNWALL S Y R I NGE 

20 2 0  
·;) 
.... 1 60 1 6 0 
3 640 320 
4 640 320 

5 640 80 

6 1 6 0 640 

7 640 320 

8 320 320 

'3 320 320 

1 0  1 280 640 

T able 2 . 3 Reproducib i l ity of the MAT . 
Antibody Titres t o  Hardjo . 

S E R UM TEST NUMBER REPL I CATE T E S T  NUMBE R 
1 2 3 4 5 6 7 8 9 1 0  1 1  

80 8 0  8 0  8 0  4 0  4 0  8 0  40 20 20 20 
� 1 0  1 0  1 0  4 0  2 0  20 20 20 1 0  40 1 0  .... 

3 ( 1 0  ( 1 0  ( 1 0  1 0  ( 1 0  ( 1 0  ( 1 0  ( 1 0  < 1 0  1 0  1 0  

4 1 0  2 0  20 2 0  1 0  20 20 20 20 1 0  2 0  

5 ( 1 0  ( 1 0  ( 1 0  1 0  1 0  ( 1 0  ( 1 0  ( 1 0  ( 1 0  ( 1 0  ( 1 0  

6 40 1 0  40 1 0  2 121  40 20 40 1 0  40 40 

7 1 0  1 0  1 0  1 0  1 0  20 20 20 1 0  1 0  1 0  

8 320 80 80 8 0  8121 1 60 1 60 1 60 80 80 80 

'3 ( 1 0  ( 1 0  1 0  1 0  1 0  ( 1 0  ( 1 0  ( 1 0  ( 1 0  ( 1 0  ( 1 0  

1 0  ( 1 0  ( 1 0  < 1 0  ( 1 0  ( 1 0  < 1 0  ( 1 121  ( 1 0  ( 1 0  ( 1 0  ( 1 0  

Table 2 . 4  MAT Re s u l t s  from Batch ' A ' o f  5 5  D e e r  Sera 

ANT I B O DY T I TRES T O  H�wdjo NUMBER 

0 1 7  

1 0  1 5  

20 1 0  

40 5 

8121 4 

1 60 2 

1 2  

20 

20 

1 0  

2 0  

( 1 0  

40 

1 0  

1 60 

( 1 121  

( 1 0  

2 9  



T a b l e  2 . 5  Re s u l t s  from T r iEl icate Tests on Ten Dee r Sera f rom 
Batch ' A ' 

SE RUM TEST A N T I BODY T I TRES T O  Hardjo I N  THREE TESTS 

N U M BE R 1 2 3 

1 1 0  20 1 0  
'=> 2 0  2 0  1 0  .... 

3 2 0  2 0  2 0  

4 ( 1 0  ( 1 0  ( 1 0  

5 ( 1 0  ( 1 0 ( 1 0  

6 2 0  20 20 

7 2 0  20 20 

8 1 0  ( 1 0  1 0  

9 4 0  4 0  40 

1 0  2 0  20 2 0  

T ab l e  2 . 6  K�T Re sults from a Sec ond B a t c h  ' B ' o f  5 5  Deer S e ra 

A N T I B O D Y  T I T R E S  T O  Hardjo NUMBER 

0 2 7  
1 0  1 3  
20 6 
40 2 
8 0  5 

1 60 1 
320 1 

T ab l e  2 . 7 Re s u lts from T r i o l icate T e s t s  on Ten Dee r S e r a  f rom 
B a t ch ' B '  

S E R U M  TEST NUMBE R A N T I B O D Y  T I TRES T O  Hardjo I N  THREE 

·:;) .... 

3 

4 

5 

6 
7 

8 

9 

1 0  

TESTS 

1 

< H:'I  

( 1 0  

4 0  

1 60 

{ 1 0  

( 1 0  

2 0  

4 0  

( 1 0  

1 60 

� 3 .... 

( 1 0  < 1 0  
( 1 0  1 0  

80 8 0  
8 0  8 0  
1 0  1 0  

( 1 0  ( 1 0  
40 2 0  
40 2 0  

( 1 0  { 1 0  
1 60 8 0  

3 0  
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S i x t y  f o u r  g o a t  s e ra t e s ted u s ing t h e  MAT p roduced ant ibody t it r e s  

> 1 0  t o  a u s t r a l i s  i n  t w o  s e r a  ( 2 )  1 ballum ( 3 7 )  1 bra t i sla va ( 2 0 )  1 

copenhageni ( 4 ) 1 hardjo ( 3 )  1 pomona ( 1 1 )  and t a ras s o vi ( 6 ) . 

T w e n t y  s e r a r e t e s t e d  f o r  a nt ibodi e s  t o  ballum produced 1 9  re s u l t s  

w i t h in one t w o - fold dilut i o n  o f  the p r e v i o u s  re s u l t  ( Table 2 . 8 ) . 

T ab l e  2 . 8  Reproducib i l ity o f  the MAT u s ing Go at S e ra 

SERUM TEST NUM B E R  

1 
� 
..... 

3 

4 
c:-
..J 

5 

7 

8 

'3 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 5  

1 7  

1 8  

1 '3  

20 

ANT I BOO Y T I T  RES TO Ba 1 1  um IN DUPL I CATE 

TESTS 

1 2 

{ 1 0  { 1 0  

{ 1 0  < 1 0  

4 0  20 

{ 1 0  < 1 0  

4 0  2 0  

2 0  20 

320 320 

20 20 

{ 1 0  ( 1 0  

1 121  20 

< 1 0 < 1 121  

20 20 

80 80 

20 20 

80 40 

( 1 0  { 1 0  

< 1 121 ( 1 0  

4 0  20 

40 1 0  

2 0  20 

In t he f o l lo w ing t e s t s  ( T ables 2 . 9  to 2 . 1 5 ) 1 dee r  s e ra were u s ed to 

de t e rm i n e  t he e f fe c t  o f  v a r y i ng t e s t  c o n d i t i o n s  on t he a n t ibody 

t i t res t o  h a rdjo . 

T e n - fo ld di f fe rences in the f i n a l  ant igen dens i t y  re s u lted i n  lowe r 

a n t ibody t i t re s  than the s t anda rd 1 x 1 0 8 c e l l s  /ml ( T able 2 . 9 ) . 
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Table 2 . 9  Ant ibodv Tit res t o  Hardjo with Ten Fold Va riations in the 

Ant igen Concent rat ion 

S E R U M  TEST NUMBER A N T I BODY T I T R E S  TO Hardjo 

Ant i g e n  concent rat i o n ( c e l l s / rn l ) 

1 X HF 1 X 1 0• 1 X 1 0 ' 

1 ( 1 0  1 0  < 1 0  

2 ( 1 0  40 2 0  

3 ( 1 0  320 8 0  

4 ( 1 0  320 80 

5 ( 1 0  2 0  { 1 0  

6 { 1 0  320 1 60 

7 1 0  1 6 0 4 0  

8 1 0  320 80 

9 { 1 0  4 0  4 0  

1 0  1 0  320 320 

T r i a l s  v a r y i ng the a n t i g e n c o n c e n t r a t i o n  o v e r  a s ma l l e r  r a nge , 

c o n f i rmed re s u l t s  obt a ined u s ing 1 0 - fo l d  di f fe =ence s .  That i s ,  lowe r  

a n t i b ody t i t re s  were obt a i ned u s ing a n t i g e n  de n s i t i e s  g re a t e r  o r  

le s s  than 1 x 1 0 8 cel l s /ml ( Table 2 . 1 0 )  . 

C ul t u re s  i n a c t i vated by adding 0 . 1 % F o rma l i n  produced lowe r ant ibody 

t i t r e s  t h a n  l i ve c u l t u re s  when u s e d  a s  a n t igen i n  t �e ��T ( Table 

2 . 1 1 )  . 



3 3  

Table 2 . 1 0 Ant ibody T itres to Hardjo Obta ined Us ing D i f fe rent 

Ant igen Co ncent rat ions 

SERUM TEST NUMBE R A N T I BODY T I T RE S  TO Hardjo 

Ant i g e n  Concent rat i on 

1 )( 1 0 7 4 )( HF 1 X 1 01 2 X 1 01 4 X 1 01 1 X 1 0' 

1 2 0  40 20 20 20 { 1 0  

2 1 0  ( 1 0  80 40 40 20 

3 1 0  ( 1 0  3 2 0  3 2 0  3 2 0  8 0  

4 1 0  80 3 2 0  320 1 50 8 0  

5 1 0  80 80 4 0  2 0  1 0  

6 ( 1 0  8 0  3 2 0  3 2 0  1 6 0 8 0  

7 ( 1 0  1 60 3 2 0  320 1 5 121 8 0  

8 1 0  80 80 4 121  40 20 

'3 1 0  40 40 40 40 2 0  

H'J 1 0  320 3 2 0  320 1 60 8 0  

Table 2 . 1 1 Comparison o f  L ive and Inact i vated Antigen 

SERUM TES T NUM B E R  AN T I B O D Y  T I T RES TO Har·djo 

L i v e I nact i vat ed 

2 0  1 0  

2 1 50 80 

3 6 4 0  ( 1 0  

4 6 4 0  80 

5 640 40 

6 1 50 1 50 

7 6 4 121  320 

8 3 2 0  320 

'3 3 2 0  320 

1 0  1 280 64121 

In a t e s t  c o mp a r i n g  t h e  u s e  o f  a re c e n t  i s o l a t e  a n d  l a b o r a t o ry 

a d a p t e d  c u l t u re a s  a n t i ge n  i n  t he M.Z\.T ,  a l l  a n t i b ody t i t re s  were 

w i t h i n  o•e t wo - fo ld di lut i o n  ( Tab le 2 . 1 2 ) . 
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Table 2 . 1 2 A Compa r i s on o f  Antibody Tit re s  Obta ined Us ing D i f fe rent 

Ant igen S t rains 

S E R UM TEST NUMB E R  ANT I BO D Y  T I T R E S  TO Ht:wdj,_-. 

Recent I so l at e L a borat ory C u l t u re 

20 l iZJ  

2 80 8121 

3 320 32121 

4 640 64121 

5 1 60 80 

6 640 640 

7 320 64121 

8 320 32121 

9 320 320 

1 0  1 28121 64121 

Four day o ld c u l t u re s  p roduced h ighe r  ant i bo dy t i t res t ha n  10 and 2 1  

day o ld c u l tures when used a s  a n t igen i n  t h e  ��T { Table 2 . 1 3 )  

Table 2 . 1 3 Comp a r i s o n  o f  Antibody Titre s Obt ained Us ing Cultures 

of D i f ferent Age s 

SERUM T E S T  NUMB E R  ANT I BODY T I T  RES TO Ha. rd jo 

A g e  o f  C u l t ure < D ay s )  

4 1 0  2 1  

1 1 0  ( 1 0  < 1 0  
·::. 
.... 80 40 4121 

3 320 320 80 

4 640 80 80 

5 8 0  1 0  1 0  

6 6 4 0  1 50 1 60 

7 640 40 1 60 

8 320 80 80 

9 320 40 1 60 

1 0  640 640 320 
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T h e  i n c ub a t i o n  t ime r e qu i red f o r  ma x i mum a n t i b o d y  t i t re s  v a = i e d  

i nve rsely w i t h  t he incubat i o n  t empe r a t u re . A t  2 9°C , max imum a n t ibody 

t it res were r e c o rded a f t e r  t h ree hours  incuba t ion ( T ab le 2 . 1 4 ) . 

T able 2 . 1 4 Ant ibody Tit re s  Obt a ined at D i f fe rent Incubat ion T ime s at 

2 9°C 

S E RUM TEST N U M B E R  A N T I BO D Y  T I T R E S  T O  Ha rdj,_, 

I nc u ba t i o n T i me < Ho u r s > 

1 -:> 3 4 I... 

1 1 0  1 0  1 0  20 

-:;. 
1... 4 0  40 80 80 

3 ( 1 0  320 640 32121 

4 4 0  320 320 32121 

5 2 0  2 0  2 0  40 

6 ( 1 0  320 640 640 

7 4 0  1 50 320 32121 

8 3 2 0  3 2 0  3 2 0  32121 

g 4 0  4 0  1 6121 1 60 

1 0  1 5121 320 1 280 1 280 

Maximum ant i bo dy t it res we re a l s o  p ro duced i nc �ba t ing at l 6 °C f o r  1 8  

h o u =s o r  3 7 °C f o r  two hours . 

T e s t s  read aga i n  a f t e r  s t o rage a t  4 ° C  overn ight p roduced ident i c a l  

r e s u l t s . 

T e s t s  comp a r i n g  P B S  and c u l t u re medium a s  d i luent s r e s u l t e d  i n  9 / 1 0  

a n t ibody t i t re s  w i t h i n  one t wo - f o ld d i l u t i o n  ( Table 2 . 1 5 ) . 



Table 2 . 1 5 A Compa r i s on of Ant ibody Titres Obta ined Us ing P B S  

or Culture Medium a s  D i luent s 

S E R UM T E S T  NUMB E R  ANT I BO D Y  T I TRES T O  Hat·djo 

D i l uent s 

3 6  

P B S  C u l t u re Med i um 

1 2121 2121 

2 1 60 1 60 

3 320 1 60 

4 320 32121 

5 8121 32121 

6 640 64121 

7 320 6 4 0  

8 320 640 

g 320 320 

1 0  640 640 

T h e  p =e c i s i on of t h e  e nd p o i n t  e s t ima t i o n  was c o n f i rmed b y  c h e c k s  

u s ing o t h e r  cbs e rve r s . 

I n  5 0 %  o f  the dee r  s e ra t e s t s ,  a p ro z one e f fect w a s  obse rved, w i t h  

n o  a g g l u t i n a t i o n  a t  s o m e  o f  t h e  l o w e r  s e r u m  d i l u t i o n s  a n d  

agglu � i n a t ion a t  h ighe r di l u t i o n s . T h i s  w a s  e l imin a t e d  i n  5 / 6  s e r a  

b y  h e a t i n g  t he s e r a  t o  5 6 °C f o r  3 0  m i n u t e s  b e f o re t e s t i n g ,  o r  b y  

p r o l onging t he incub a t i on o f  t h e  t e s �  f o r  3 0  hou = s  at l 6°C . 

Current r e s u l t s  o n  deer and g o a t  sera s h o w  s ome d i f f e rences i n  t h e  

r e s u l t s o f  previ o u s  t e s t s  i n  w h i c h  d i f f e rent condi t ions were u s e d  

( F igure 2 . 2 ) . 



F igure 2 . 2 A Compa ri s on o f  Results f rom Two Laborat o ries 

u s ing the MAT 

I de n t i c a l  Dee r s e r a  were T i t rated f o r  Ant ibodies t o  h a rdj o a t  

t he Ma s s ey Lab o r a t o ry ( A )  and the Upp e r  Hutt Labo r a t o ry ( 8 )  

( A) Ma s s ey Lab o ratory ( 2 2 / 4 6  Ant ibody t it re s  �2 0 )  

N u m b e r  o f  

S a rn p l e s  
1 I 

1 1  

I I 

' 

• 

7 

' 

5 

4 

l 

I 

2121 4121 8121 1 6121 32121 

Ant i body T i t res 

( B )  Uppe r  Hutt Lab o rato ry ( 1 8 / 4 6  ��t ibody t it res � 3 2 ) 

N urn ber o f  

Sarn p l es 
7 

4 

l 

I 

32 6 4  1 28 256 5 1 2  

Ant i body T i t re s  

1 12124 

3 7  
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2 . 4  D i s c u s s ion 

This i n ve s t igat ion of t he MAT has revea led those f a c t o rs which a re 

mo s t  l i k e l y  t o  a f fe c t  re s u l t s  a nd h a s  demo n s t ra t e d  s a t i s f a c t o r y 

r e p r o du c i b i l i t y ,  t h a t  i s  w i t h i n  o n e  t wo - f o ld d i l u t i o n , u s ing a 

st anda rd i z e d  method f o r  the det e rm i n a t i o n  o f  ant ibody t it re s  i n  dee r  

and goat s e ra . 

Te s t s  o n  t he prec i s i o n  and a c c u r a c y  o f  t he e qu ipme nt ava i lable f o r  

use i n  t he MAT were neces s a ry t o  e n s u re t h a t  va r i a t i o n s  wo uld not 

a f fect r e s u l t s  in s ubsequent e xp e r iment s .  The prec i s io n  of t he t wo 

dispens e r s , based on we ight compa r i sons , was s imi l a r  at 9 1 %  and 9 8 % . 

A l t h o ugh t h e  d i f f e re nc e  i n  a c c u r a c y  w a s  g re a t e r  a t  7 9 %  and 9 7 . 5 % 

this  had n o  e f fect o n  t he MAT r e s u l t s  i n  c omparat ive t r i a l s  ( Table 

2 0 2 )  0 

The D i lu t e r  D e l i v e r y  T e s t e r  i s  e s s e nt i a l l y a b l o t t e r  a n d  i s  l e s s  

re l i ab l e ,  a lt hough mo re co nven i e n t , t h a n  we ight mea s u remen t s , f o r  

de te rmi n in g  t he p re c i s io n  and a c c u r a c y  o f  t he d i l u t e r s . Rep l icate 

��T re s u l t s  us ing these diluters w e re within one t w o - f o l d  dilut i o n ,  

so a n y  unde t ected va r ia t ions in t h e  accuracy h a d  a neg l igible e f fect 

on t he t e s t  result s . 

T h e  M A T  m e t h o d  u s e d  w a s  b a s e d  o n  t h e f o l l o w i n g  W o r l d H e a l t h  

Organ i s a t i o n  ( WHO ) guide l ines ( WHO Expe rt G roup 1 9 6 7 ) . 

1 .  ? repa r e  s e r i a l  t w o - f o ld dilut i o n s  o f  t e s t  sera . 

2 .  Add e qu a l  vo lume s o f  a f o u r  t o  1 4  day o ld c u l t u re o f  2 x 1 0 8 

ce l l s / ml t o  give a f in a l  concent r a t ion o f  1 x 1 0 8 c e l l s / m l . 

3 .  Incub a t e  at 2 2  t o  3 7°C f o r  t wo hours . 

4 .  Examine mic roscopically f o r  5 0 % agglut i n a t ion . 
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W i t h i n  t h e s e  g u i de l i n e s , t h e f o l l o w i n g ,  mo re c l e a r l y  de f i ned 

procedure was used i n i t i a l l y  in this s t ud y . 

1 .  P re p a re t w o - f o l d  s e r i a l  d i l u t i o n s  o f  t e s t  s e r a f rom 1 / 1 0  t o  

1 / 1 2 8 0  i n  P B S . 

2 .  Add equ a l  v o l umes o f  ant igen cons i s t i n g  o f  a four day o ld c u l t ure 

o f  2 x 1 0 8 c e l l s / m l . 

3 .  I n cubate a t  2 9 °C for two hours . 

4 .  E xamine mic ro s cop i c a l ly for 5 0 %  agg l u t inat ion . 

Howeve r ,  a s  a re s u lt o f  the t r i a l s  va r y i ng t he test  condit i o n s , the 

i nc ubat ion pa rame t e r s  were a lte red t o  3 7 ° C  for two hours . 

T w e l v e  re p e a t  t e s t s  o n  t e n  de e r  s e r a demo n s t r a t e d  s a t i s f a c t o ry 

r e p r o duc i b i l i t y  w i t h  a l l  re s u l t s  w i t h i n  o n e  t wo - f o l d v a r i a t i o n  

( T a b l e  2 . 2 ) . P o s s i b l e  b i a s  i n  t h e r e a d i n g  o f  t h e  r e s u l t s w a s  

e l i m i n a t e d  b y  t h e r a ndom i z a t i o n  a n d  c o d i ng o f  t h e  s e r a b y  a n  

i ndependent ope r a t o r . 

Two fu rthe r lot s of ten dee r  sera p ro duced re s u l t s  w i t h i n  one t wo ­

f o l d  dilution i n  t ri p l icate t e s t s  ( Ta b l e s  2 . 5  and 2 . 7 ) . 

Rep roduc ibi l i t y  w a s  demonst rated i n  repea t  t e s t s  on t went y goa t  sera 

w i t h  1 9 / 2 0  re s u l t s  within the acceptable l imit s  ( T able 2 . 8 ) . 

Va r i a t ions in t e s t  condit ions e s t a b l i s he d  t he c r i t i c a l  var i ab l e s  in 

t h e  met hod . An t igen c oncent ration va r i a t i o n s  produced the grea te s t  

e f f e c t  on t h e  a n t ibody t it re s  rec o rded ( Tables 2 .  9 and 2 . 1 0 )  . T h i s  

empha s i s es t he n e e d  for accu rate ce l l  c o u n t s  t o  b e  pe r f o rmed o n  each 

ant igen be fore use in t he MAT . 
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F o rma l i n  i n a c t ivated c u l t u r e s  p ro duced l o we r ant ibody t it res than 

l i ve c u l t u r e s  i n  the MAT ( T a b l e  2 . 1 1 )  T e s t s  u s i n g  i n a c t ivated 

cultures were a ls o  mo re diff icul t  to read . 

T h ere w a s  n o  d i f f e r e n c e  i n  r e s u l t s  w h e n  l a b o r a t o r y a da p t e d  and 

f re s h l y  i s o l a t ed ha rd j o  c u l t u r e s  w e re c ompa red as ant ige n s  ( T able 

2 . 1 2 )  . 

Four day o ld c u l t u re s  p roduced max imum a n d  reproduc i b l e  a nt ibody 

t i t re s  ( T ab l e  2 . 1 3 ) . T e n  a nd 2 1  d a y  o l d  c u l t u r e s  p roduc e d  l o w e r  

antibody t i t re s  a n d  re s u l t s  w e r e  mo r e  d i f f i c u l t  to read . 

Maximum a n t ibody t i t re s  were obt a ined a f t e r  t wo hours incub a t i o n  at 

3 7°C . Longe r incubation was requ i re d  at lower temperature s . At 2 9°C , 

t h ree hours were requ i red to obt a i n  ma ximum ant ibody t i t re s  ( Table 

2 . 1 4 ) . Although maximum ant ibody t it res we re obt lined a f t e r  1 8  hours 

i ncubat ion at l 6°C , the end-po int was d i f f i c u l t  to inte rpret . 

There was n o  detectab le di f f e rence in re s u l t s  us i ng P B S  o r  culture 

medium a s  di luent ( Tab le 2 . 1 5 ) . 

I t  ma y not a l ways be p o s s ib le t o  u s e  t he ide a l  condi t ions for t he 

MAT . I f ,  f o r  examp l e ,  a culture c annot be grown t o  a s u f f i c ient c e l l  

dens ity i n  f our days , a n  o lde r c u l t u re o r  a l ower ce l l  conce ntrat ion 

may have to be u s e d . I n  such c i r c ums t ance s , t r i a l s  should compare 

the a l t e rn a t i ves t o  det e rmine w h i c h  p rodu c e s  the mo s t  rep rodu c ible 

result s .  

No di f f i c u l t y  was expe r ienced i n  det e rmining the e nd-po int o f  5 0 %  

agglut i na t i o n  us ing s t anda rd t e s t  c o nd i t i o ns . This wa s ref l ected in 

the rep r o du c ib i l i t y  t r i a l s  and c o n f i rmed b y  chec k i ng w i t h  o t he r  

o b s e r v e r s . D i f f i c u l t i e s  w e r e  e xp e r i e n c e d  w h e n  o l de r a nd mo re 

concent rated ant igens were used . Re f e r r ing t o  a 1 / 2  dilut ion o f  the 

PBS cont r o l  we l l s , whe re the numbe r o f  f re e  cells app roxima t e s  that 
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o f  a 5 0 %  a g g l u t i n a t i o n , a s s i s t e d  t h e  i de n t i f i c a t i o n  o f  t he end 

p o int . 

P ro z o n e s  a r e  c h r a c t e r i s ed by t he a b s e nce o f  agglu t i na t i o n  a t  the 

l owe r se rum di lutions and agglut i n a t i o n  at h igher di lut ions . 

P ro z o n e s  we r e  o b s e rved i n  app r o x imately 5 0 %  o f  the dee r  s e ra with 

a n t ibody t it re s  to h a rdj o ,  but not i n  t e s t s  o n  goat s e ra . 

T h e  o n l y  r e c e n t  repo r t  o f  p r o z o n e s  was t h a t  o f  M a l k i n  ( 1 9 8 4 )  i n  

t e s t s  o n  s h e ep and go a t  s e ra . No repo r t s  o f  p ro z on e s  u s i ng dee r  

s e ra have been found . 

P ro zone e f f e c t s  can c a u s e  a mi s i nterp retat ion o f  result s . The cause 

of pro zones is a t t r ibut e d  to the p re sence of b lo c k i ng ant ibodi e s  or 

e xce s s  a n t i bo dy p r e ve n t i ng the f o rma t i o n  of a l a t t i c e ( T i z z a rd ,  

1 9 8 4 ) . T h e  p ro z o n e  c a n  be e l im i n a t e d  by t re a t ing t h e  s e ra at 5 6°C 

f o r  3 0  m i n u t e s  b e f o re t e s t i n g ,  a s  repo r t e d  by Ma l k i n ,  ( 1 9 8 4 )  and 

c o n f i rmed i n  h i s  s t udy . 

E xtending the MAT incuba t ion t o  1 8  hours  a l s o  reduced the p r o z one . 

The diffe rences i n  r e s u l t s  obta ined i n  t e s t s  o n  dee r  a nd goat s e ra , 

c ompa red w i t h  e a r l i e r  t e s t s ,  can be exp l a i ned by di f fe rences in the 

t e s t  methods . 

T he dee r  s e ra had been p revio u s l y  t e s ted us ing d i f f e rent equ ipment 

and mo re i mp o r t a n t l y ,  t he r e  were d i f fe rence s in the t e s t  met hods . 

T h e p r o c e d u r e  u s e d  i n  t h e  e a r l i e r  t e s t s  u s e d a m i n i mum s e rum 

d i l u t i o n  o f  1 / 3 2 r a t h e r  t h a n  1 / 1 0  u s e d  i n  t h i s  s t udy . An t i g e n  

c oncent r a t i o n  was v i s ua l ly a s s e s sed by ho lding t he c u l t u re up t o  an 

i nd i r e c t  l ight s ou rc e ,  i n s t e a d  o f  u s i n g  a c o u n t i n g  c h ambe r .  The 

a n t i g e n  c u l t u r e s  w e r e  f o u r  to s e ve n  d a y s  o l d as o p p o s ed to a 

s t a nda rd f o u r  day o ld c u lt ure . 
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P re v i o u s  t e s t s  o n  g o a t  s e r a  f o l l o we d  t h e  me t h o d  o f  C o l e  e t  a l  

( 1 9 7 3 )  . T he i r  me t h o d  d i f fered f ro m  t h e  o n e  u s ed i n  t h i s  s t udy in 

that a min imum di lut ion of 1 / 2 4  was used, t he antigen c o nc e nt rat ion 

was v i s ua l l y  de t e rmined and aga i n  c u l t u r e s  we re b e t w e e n  f o u r  and 

s even days o ld .  

F rom t he re s u l t s  o f  t h i s  p resent s t udy , i t  i s  recomme nded t hat test  

c ondi t i o n s  b e  c a re f u l l y  c o nt r o l l e d  t o  help p revent v a r i a t i o n s  i n  

result s . T he use o f  s t anda rd s e r a  a n d  repea t  t e s t s  f o r  

reproduc ib i l ity would en sure r e l i a b i l it y .  T h e  agglut inat i o n  te s t ,  as 

s t anda rdi z e d  in this  s t udy , p rovide s  reproducible re s u l t s  with both 

deer and g o a t  sera . 

2 . 5 Conc lus i ons 

1 .  A s t a n d a rd i z e d  t e c hnique w a s  f ound to enable rep rodu c ib l e  M..ii.T 

res u l t s  w i t h  dee r  and goat s e ra . 

2 .  Va r i a t i o n s  i n  a n t igen de n s i t y  h a ve t h e g re a t e s t  e f f e c t  o n  

a n t i body t i t res me a s u red with t h e  MAT . A n  a n t igen s t re ng t h  o f  2 x 

1 0 8 ce l l s / m l  is recommended . 

3 .  F o u r  d a y  o l d  c u l t u re s  s h o u l d  be u s e d  a s  ant ige s f o r  maximum, 

rep roducible MAT re s u lt s . 

4 .  A t e s t  i n c u b a t i o n  t e mp e r a t u r e  o f  3 7 ° C f o r  t w o h o u r s  i s  

recommended a s  t h i s  produces maximum, rep roduc ible , e a s i ly read MAT 

ant ibody t i t res in the shortest t ime . 

5 .  E nd - p o i n t  de t e rmi na t i o n  i s  a s s i s t e d  b y  re f e r r i n g  t o  a 1 / 2  

dilut ion o f  the antigen . 

6 .  T r e a t i n g  s e r a  a t  5 6 ° C f o r  3 0  m i n u t e s  b e f o r e t e s t i n g  o r  

p r o l onging the t e s t  incub a t i on t o  1 8  h o u r s  w i l l  e l imin a t e  p r o z o ne 

e f f e c t s  o b s e rved w i t h  dee r s e ra i n  t he MAT . 
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The re i s  l i t t le i n f o rmat ion about t h e  p reva lence o f  lept o s p i ro s i s  i n  

g o a t s  i n  N e w  Z e a l a nd ( D a n i e l  1 9 6 7 ,  H e l l s t r om a nd O ' H a r a  1 9 7 9 ,  

S c h o l lum and a la c kmo re 1 9 8 1 ) . The repo r t s  t h a t  a re pub l i s hed p rovide 

e v i dence that lept ospi ro s i s  doe s  o c c u r ,  b u t  n o  n a t iona l s u rveys o r  

de t a i l ed s t ud i e s  h ave b e e n  pe r f o rmed t o  de t e rm i ne t he e x t en t  o f  

e i t he r  t h e  i n f e c t io n o r  t h e  d i s e a s e . T h i s  i n f o rmat i on i s  v i t a l  in 

o rde r t o  det e rmine the r o le that goa t s  play in the e p i demi o l ogy of 

lepto s p i ro s i s . The impo r t a nce o f  goat s a s  a s ou r c e  of i n f e c t i o n  f o r  

h umans a n d  o t h e r  a n ima l s  may become g rea t e r  w i t h  the i n c r e a s e  in t h e  

f a rming o f  g o a t s  in New Z e a l and . 

The a im o f  t h i s  p a r t  o f  t h e  s t udy w a s  t o  det e rmine the p revalence o f  

l e p t o s p i ro s i s  i n  goa t s . A national  s urvey o f  randomly s e le c t e d  s e ra 

f o r  l ep t o s p i r a l  a n t ibo d i e s  w a s  f o l l o wed b y  s t udie s o f  s ix f a rms . 
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T h r e e  p a r t s  o f  t he s t u dy w e re de s i g n e d  t o  l o o k  f o r  s e ro l og i c a l  

e v i d e n c e  o f  i n f e c t i o n  a n d  t h r e e  w e r e  de s i g n e d  t o  s e a r c h  f o r  

s e ro logical  and cultural evidence . 

3 . 2  Materials and Methods 

3 . 2 . 1  S ample Se lection 

The s e ra f o r  the nat i o n a l  s u rvey we re s e le c t ed f r o m  4 0 0 0  s amp les 

sent t o  the Min i s t ry o f  Agr i c u lture and F i she r i e s  ( MAF ) Wa l lacev i l le 

Anima l Re sea rch Cent re a s  p a r t  o f  t he s cheme t o  acc redit goat f locks 

f re e  f rom c a p r i ne a rt h r i t i s  e ncepha l i t i s  ( CAE ) ( Ma cD a i mid 1 9 8 4 ) . 

The s e  samples had been r andomly c o l le c ted f rom a n im a l s  n a t i o n  wide 

and s t o red at - 2 0 °C . U s ing r a ndom numbe r t a b l e s  ( RAN� Corp . 1 9 5 5 ) , 

6 4  s amples we re s e lected f o r  lept o s p i ro s i s  t e s t ing . 

T h e  s a mp l e  s i z e w a s  s e t  a r b i t r a r i l y  a s  n o  s u i t a b l e  d a t a  o f  

p re v i o us ly repo rted p reva lence was ava i lable . A s amp le o f  t h i s  s i ze 

w a s  c on s ide red manage a b l e  f o r  a det a i l e d  s e r o l o g i c a l  s t udy . The 

s amp l e  s i ze f o r  s uch a s t udy would n o rma l ly be based on the s i ze of 

t he e n t i re pop u l a t i o n ,  t he e s t ima t ed p revalence and the percent age 

c e r t a inty requ i red ( F a i ne 1 9 8 2 )  . 

Age , sex and b reed o f  t he a n i ma l s  f rom wh ich t he s e r a  we re c o l lected 

f o r  t he nat iona l survey were not spe c i f ied . 

T h e  p ro pe rt ie s  s e le c t e d  f o r  t h e  f a rm s c ud i e s  we r e  c h o s e n  o n  t he 

b a s i s o f  t h e  c o ope r a t i o n  o f  t he f a rme r s  a n d  t o  s ome e xt e n t , f o r  

t he i r  acce s s ib i l i t y  t o  Ma s s e y  Unive r s i t y . 

S e r a  f rom 1 1 0  mixed saanan b reed goat s ,  o f  unspe c i f ied age and sex,  

were obta ined f rom prope r t y  numbe r one , located n e a r Wanganui .  

S e r a  f rom 7 2  f e r a l  goa t s ,  a l l  app roxima t e l y  two yea rs o f  age a nd o f  

unspec i f ied s e x ,  were obt a ined f rom the s econd prope r t y ,  s ituated in 

P a ra p a raumu . 
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S ix t y t wo s e r a  were obt a ined f rom property numb e r  t h ree , located i n  

t h e  Waika t o . T h e s e  were randomly s e l e c t ed f rom a mixed age group o f  

a ngo ra c r o s s  does . Pomona i n fe c t i o n  wa s s u spec ted o n  t h i s  p ro perty 

a f t e r  abo r t i o n s  had o c c u r red and s e r o l og i c a l  evidence obt a ined by 

the MAF . 

S e r a  and u r i ne s amp l e s  we r e  c o l l e c t e d  f rom 4 0 ,  a p p r o x ima t e l y  t w o  

yea r  o ld ,  angora c r o s s  doe s  on p rope r t y  numbe r 4 i n  Feathers t o n . 

Ano the r 4 0  angora c r o s s  doe s  f rom four age groups ranging f rom 1 2  t o  

> 4 8  mont h s  we re sampled f o r  the i r  s e ra and u r ine o n  prope rt y  n umbe r  

5 i n  the P ohangina Va l le y . 

M i x e d  S a a n a n  m i l k ing go a t s  o n  p rope r t y  6 ,  n e a r  P a lme r s t o n  N o rt h , 

p r o v ided s e r a  and u r i ne s amp l e s  f ro m  4 0  do e s  i n  8 d i f fe re n t  age 

groups ranging f rom one to n i ne ye a rs . Lept o s p i ro s i s  was s uspected 

o n  t h i s  p rope r t y  five yea r s  e a r l i e r  but t h i s  was never c o n f i rmed . 

3 . 2 . 2 Serology 

The MAT , a s  de s c ribed i n  Chapter 2 ,  w a s  used i n  t h i s  s t udy . 

F o r  the nat i o na l s urve y ,  s e ra were s c reened f o r  ant ibodies t o  2 0  o f  

the serogroups l isted in T a b l e  3 . 1 .  A 1 / 1 0  dilut i o n  o f  each se rum 

w a s  p r e p a r e d  f o r  s c r e e n i n g . S e r a w e r e t e s t e d ,  u s i n g d o u b l i ng 

di l u t ions f rom 1 / 1 0 ,  f o r  a n t ibodies t o  s ix of t he s e rovars t h a t  have 

b e e n  i s o l a t e d  i n  N e w  Z e a l a n d . B ra t i s l a va w a s  i n c l u d e d  s i n c e  

ant ibodies we re detected i n  t he s c re e n i ng t e s t . 

The percent age o f  s amp l e s  w i t h  ant ibody t it re s  � 1 0  t o  each s e rova r 

a n d  t h e  g e o me t r i c  me a n  t i t re s  ( GMT ) � 1 0  f o r  e a c h  s e r o v a r  w e r e  

c a l c ulated . 
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Table 3 . 1  Ant igens used in the Serogroup S c reening Test 

SEROGROUP REPRE SENTATIVE STRAIN 

SEROVAR 

Aus t ra l  is a u s t ral  is B a l l i c o  

Aus t ra l  i s  bra t i s l a va Je z -b r a t i s lava 

Aut umna l i s  a u t umn a l i s  Aki Yami A 

B a l l  urn ba l l um M us 1 2 7  

Bataviae ba t a vi a e  Swart 

Butembo b u t embo Butembo 

Can i c o l a  can i c o l a  Hond Ut recht IV 

Ce l ledoni cel ledon i Cel ledo n i  

Cynopt e ri cyn opt eri 3 5 2 2 c  

D j a s iman sen t o t  Sentot 

G r ippotypho s a  grippotyph osa Mo s k ova V 

Hebdomadis hebdomadi s Hebdomadis 

I cte rohaemo r rhagiae copenhageni M2 0 

Java n i c a  javanica Ve ldrat -Bataviae 4 6  

Lou i s iana l o u i s i ana LSU 1 9 4 5  

Mini mini S a r i  

P anama panama cz 2 1 4 K  

P omona pomona Pomona 

Pyrogenes pyrogenes S a l inem 

S e j roe hardjo Hard j opra j itno 

S h e rma n i  sherman i  1 3 4 2 K  

T a ra s s ovi t a rassovi P e r ip e l ican 
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3 . 2 . 3  Culture P reparat ion 

Urine s amp les were c o l lected in s t e r i le s pe c imen cont a iners  a ft e r  an 

intravenous in j ect i o n  o f  ' F rud i x ' 1diuret ic ( lml / l O kg body weight ) . A 

O . lml a l iquot o f  u rine w a s  t ra n s fered t o  l Oml of a t ra n sp o rt media 

( Appe n d i x  I I I ) . T h i s  p re p a r a t i o n wa s t he n  u s ed t o  i n o c u l a t e  t w o  

t yp e s  o f  c u l t u re me di a : s e m i  s o l i d  E M J H  ( Appendix I ) , a n d  E l l i s 

medium ( Appendix I V )  . Two 5ml a l iquot s  o f  each medium w a s  inoculated 

with 0 . 0 2ml a n d  O . lml vo l ume s o f  t he i n o c u lated t ra ns p o rt medium . 

When i n o culated,  t he culture med i a  were i n c ubated a t  2 9°c f o r  t h ree 

mo n t h s . M i c r o s c o p i c  e xa m i n a t i o n s  we re made at app r o x ima t e l y  t wo 

weekly i n te rva l s  t o  obse rve g r o wt h . 

3 . 3  Re s u lt s  

3 . 3 . 1  S e rological Survey 

The na t io n a l  s u rve y s c reen ing t e s t  de tected antibodi e s  t o  S e rogroups 

B a l l u m ,  B r a t i s l a v a , I c t e ro h a e m o r r h a g i a e ,  P omo n a , T a r a s s o v i  a n d  

S e j roe . 

I n  the n a t iona l s u rve y ,  seve n t y  percent o f  a l l  s e r a  respo nded w i t h  

a n t i b o dy t i t r e s  � 1 0  t o  a t  l e a s t  o n e  o f  t he s e r o v a r s  t e s t ed . A l l  

re s u l t s w e r e  w i t h i n  9 5 %  c o n f i de n c e  l imi t s  u s ing t ab le s  r e l a t i n g  

preva lence a n d  pe rcent age ce r t a i n t y  t o  s ampl e  s i ze i n  F a ine ( 1 9 8 2 ) . 

An t i b o dy t i t r e s  t o  b ra t i sl a v a  w e r e  t h e m o s t  p r e v a l e n t  i n  t he 

nat i o n a l  s u rvey . T h i rt y  one p e rcent o f  t he samp l e s  h a d  t i t re s  � 1 0  

( Table 3 . 2 ) . 

The n e x t  mo s t  f re quent l y  re c o r ded a n t ibody t it re s  we re t o  ballum 

( 2 5 % )  0 

The h ig h e s t  a n t i b o dy t i t res r e c o rded we re to hard j o  w i t h  a GMT o f  

1 2 6 .  

1 P f i z e r s , Auc k land,  New Z e a land . 



Table 3 . 2  Seroloqical Survey o f  the Nat iona l Herd 
( 6 4 Sampl e s )  

SEROVAR ANT I BODY T I T RES 

1 0  20 4 0  8 0  1 61{) 321{) 640 1 280 

a u s t ra l  i s  

ba l l um 7 1 4  4 1 1 
bra t i s l a va 1 2  4 2 2 

copenhageni 5 1 1 

hardjo 1 1 1 

pomona 5 1 1 

t a t'dSSL,Vi 3 

PERCENTAGE 

0 

25 
3 1  
1 1  

5 

1 1  

5 

GMT 

22 

1 6  
1 3  

1 26 

1 6  

20 

.l:> 
00 
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The mo s t  f reque n t l y  reco rded c ombina t io n  o f  ant ibody t i t re s  detected 

wa s to ba l l um a nd bra t i s l a va ( T a b l e  3 .  3 )  Al l o t h e r  s amp l e s  with 

mu l t iple ant ibody t i t res i n c luded ba l l um a nd bra t i s l a va . 

Table 3 . 3 Sero logical Survey o f  the National Herd 

Ant ibody Titres t o  Multiple S e rovars 

Sero vars Number of Sera 

ba l l um,  bra t i s l a va 

ba l l um, bra t i s l a va ,  pomona 

ba l l um,  pomona 

ba l l um, t a ra s s o vi 

bra t i sla va , pomona 

bra t i sl a va ,  copenhageni 

9 

5 

3 

2 

1 

1 

ba l l um, bra t i s l a va ,  copenha gen i 1 

ba l l um, bra t i s l a va ,  t arasso vi 1 

bal l um,  bra t i sl a va ,  copenhagen i ,  ha rdjo ,  t a rass ovi 1 

3 . 3 . 2  Farm S tudie s  

The s e ro logy r e s u l t s  from t h e  f i rst f a rm st udy d i f f e red f rom t h o se 

o f  t he n a t i o n a l h e rd i n  t h a t  t he r e  w e r e  mo re a n t i b o dy t i t re s  t o  

bal l um, ha rdj o a n d  tarassovi ( Table 3 . 4 ) . Ant ibody t i t res t o  ba l l um 

we r e  t h e  mo s t  f r e qu e n t l y  r e c o r d e d  ( 6 7 / 1 1 0 ,  6 1 % ) . T h e  h i g h e s t  

ant ibody t i t re s  we re t o  bra t i slava ( 1 2 8 0 ) , ha rdj o ( 6 4 0 ) , and pomona 

( 1 2 8 0 ) . The h ighe s t  GMT s we re t o  ha rdj o ( 4 7 )  and pomona ( 4 2 ) . 

A p redominance o f  ant ibody t it res t o  ba l l um and bra t i s l a va w a s  s een 

in t h e  re s u l t s  f r om t h e  s e c ond f a rm s t udy ( T a b l e  3 .  5 )  . An t i body 

t i t res t o  ba l l um ( 1 9 / 7 5 ,  2 5 % )  and bra t i s l a va ( 2 8 / 7 5 ,  3 7 % ) we re t he 

mo s t  f requent l y  reco rded . The highe s t  a n t ibody t i t re s  we re reco rded 

to h a rdjo ( 6 4 0 ) with a GMT o f  7 2 . 



Table 3 . 4  Farm Study_! §e rol�eBults 

( 1 1 0 S amp l e s )  

SE ROVAR ANT I BODY T I T RES 

1 0  20 '• 0 80 1 60 

a us t r·a l i s  3 1 

ba l l um 23 25 1 0  5 4 

br·a t i s l  a va 1 2  3 4 

copenha geni 8 3 1 ·::> 
.... 

h ardjo 2 1 2 3 

pomona 6 1 3 ·::> 1 ..__ 

t a r·a ssovi 9 3 1 1 1 

320 640 1 280 

1 1 

1 ·::> 
.... 

1 1 2 

PERCENTAGE 

4 
6 1  

1 9  

1 3  

1 0  

1 5  
1 4  

GMT 

1 2  
-::> ·::> .__ .__ 

23 

1 7  

4 7  

4 2  
1 7  

U1 
C> 



Table 3 . 5  Farm Study 2 SerolQ_gy Re sults 
( 7 5 S a mp l e s ) 

SEROVAR ANT I BODY T I T RES 

1 0  20 40 80 1 60 320 

a us t t·a l i s  

ba l l um 1 1  6 1 1 

bra t i s l  a va 1 1  1 0  6 1 

copenha geni 6 4 1 

h a t·djo 1 1 1 2 1 

ponwna g 2 
t a t·asssov i 1 

PERCENTAGE 

6 4 0  1 280 

ill 
25 

3 7  

1 5  

1 9 
1 5  

1 

GMT 

'JC L.. ..J 

3 7  

1 5  

'3 

1 5  

1 

(J1 
� 
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P rope rty numbe r 3 a l s o  h a d  a high p revalence o f  a nt ibody t it re s  to 

ba l l um ( 3 3 / 6 2 , 5 3 % )  b u t  l o we r to b ra t i s l a va ( 1 0 / 6 2 ,  1 6 % )  ( T able 

3 .  6 ) . An t i b o d y  t i t r e s  to  h a rdj o w e r e the n e x t  mo s t  f re qu e n t l y  

r e c o rded ( 1 6 / 6 2 ,  2 5 % ) . A compa r a t i v e l y  la rge numbe r o f  s e ra f rom 

a n ima l s  o n  t h i s  prope rt y had ant ibodies t o  t a rassovi ( 1 4 / 6 2 ,  2 0 % ) . 

T he h i g h e s t  t i t re s  r e c o rded we r e  t o  h a rd j o  ( 6 4 0 )  a n d  t a ra s s o vi 

( 3 2 0 )  . 

Ant ibody t it re s  to ba l l um ( 8 / 4 0 ,  2 3 % ) , bra t i s l a va ( 1 2 / 4 0 ,  3 0 % ) , and 

c open h a gen i ( 1 1 / 4 0 ,  2 8 % ) , a l l  o c c u red w i t h  a s imi l a r  f requency t o  

e a c h  o t h e r  i n  t h e  f o u r t h  f a rm s t udy ( T a b l e  3 .  7 ) . T h e r e  w e r e  no 

a n t ibody t i t re s  t o  hardjo in this s t udy . 

T h e  f i f t h  f a rm s t udy demo n s t r a t e d  a h igh p e r c e n t a ge o f  a n t ibody 

t i t re s  t o  c openhagen i ( 3 2 / 4 0 ,  8 0 % ) , a l t ho ugh the GMT w a s  l o w  ( 1 5 )  

( T able 3 .  8 )  . T he re was a l s o  a high p reva lence o f  ant ibody t it r e s  to 

ba l l um ( 1 9 / 4 0 , 4 8 % ) . T he h i ghe s t  a n t ibody t i t res reco rded were t o  

bra t i sla va ( 3 2 0 )  and t a rassovi ( 3 2 0 ) . 

A s t udy o f  a ge p re v a l e n c e  d i s t r i b u t i o n  o f  a n t i b o d y  t i t re s  wa s 

po s s ible o n  p rope rty numb e r 5 and s ho wed t h a t  t he 3 6  month o ld group 

had t he gre a t e s t  numbe r of an ima l s  w it h  a n t ibodie s t o  o ne or mo re 

se rova rs ( 2 9 / 4 0 ,  7 2 % )  ( Table 3 . 9 ) . The 12 month o l d  g r o up had the 

least numbe r of anima l s  with ant ibody t i t re s  to any of t he s e rovars 

t e s ted ( 1 1 / 4 0 ,  2 7 % ) . 

Al l ant i body t it res f rom f a rm s t udy numbe r 6 were l o w  ( �8 0 )  ( Table 

3 . 1 0 ) . The mo s t  frequent l y  reco rded ant ibodies were to c openhagen i 

( 3 1 / 4 0 ,  7 8 % ) . The h ighe s t  ant ibody t it re was a l so reco rded f o r  t h i s  

s e rovar ( 8 0 )  . The re w a s  a l s o  a l a rge numb e r  o f  low ( �4 0 )  a n t ibody 

t it re s  t o  bra t i sl a va ( 2 0 / 4 0 ,  5 0 % ) . 

No lept o s p i r e s  were c u l t u red f rom a n y  o f  the u r ine s amp le s . 



Table 3 . 6  F a rm  Study 3 �erology Results 

( 6 2 S a mp l e s ) 

SEROVAR ANT I BODY T I TRES 

1 0  20 4 0  8 0  1 60 

a u s t ra l  i s  2 2 

ba l l um 1 2  1 0  5 6 

bra t i s l  a va 6 1 3 

copenha geni 2 ·::> 
L. 1 

ha r·djo 3 2 5 5 

pomona 1 3 1 

t a rassovi 5 6 2 

PERCENTAGE 

320 640 1 280 

6 
53 

1 6  

8 

1 25 
8 

1 20 

GMT 

1 4  

22 

20 

1 7  
42 

2 0  

2 1  

l/1 
w 



Table 3 . 7  F a rm  S tudy 4 Sero logy Re sults 

( 4 0  S a mp l e s ) 

SEROVAR ANT I BODY T I T RES 

l lll 20 40 Bill 1 6121 

a us t ra l  i s  

ba l l um 6 2 1 

bt·a t i s l  a va 6 1 ? ·::> 1 .... L. 

copenha geni 6 ·::> 3 '-

ha rdjo 

pomona 1 

t a t•a ssovi '::> 
'-

PERCENTAGE 

32121 64121 1 28121 

0 
23 

30 

28 

0 

3 

6 

GMT 

0 

1 6  

24 

1 7  
0 

80 

1 0  

(J1 
A 



Table 3 .  8 F a rm  S t':!Qy__;i_ Sero logy Res�;!.,.!=� 

( 4 0 l\n irna l s ) 

SEROVAR ANT I BODY T I T RES 

1 0  20 40 80 1 60 

a u s t ra l  i s  6 1 

ba l l um 1 2  3 3 1 

bra t i s l a va 6 1 1 

copenha geni 1 8  9 4 1 

har·djo 1 

p..,mona 4 

t a ra ssovi 4 1 1 

PERCENTAGE 

320 640 1 280 

1 8  

4 8  

1 2 3  

8 0  

3 

1 2  
1 2 1  

GMT 

1 1  

1 5  

20 

1 5  

4 0  

1 0  

2 4  

(Jl 
(Jl 



Table 3 . 9  F a rm  Study 5 �e D i s t r ibut ion o f  Ant ibody T i t re s  

S E ROVAR AG E G ROUP < MONTHS > 

1 2  2 4  36 ) 48 

a us t ra l i s  1 ·::> ·::> 1 L.. L.. 

ba l l um 4 8 6 
bra t i s l a va 1 6 ·::> L.. 

copenha geni 9 1 1  8 6 
ha r·djo 1 

pomona '::> '::> L.. L.. 

t ar·a ssovi 1 1 3 1 

T OTAL 1 1  2tll 29 1 8  

(.Jl 
CT\ 



Table 3 . 1 0 F a rm  S tuQy_§ Serolog�� u l t s  
( 4 0  S a mp l e s ) 

SEROVAR AN T I  BODY T I T  RES 

1 0  20 40 80 1 60 320 

a us t t·a l i s  

ba l l um 7 ·::> 
.... 

br·a t i s l  a va 1 2  6 2 

copenh a geni 22 4 4 1 

ha r·djo 

pomona 5 1 

t a ra ssovi 5 

PERCENTAGE 

640 1 280 

0 

23 

50 

78 

0 

1 8  

1 3  

GMT 

0 

1 2  

1 4  

1 4  

0 

1 1  

1 0  

Ul 
-.1 
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3 . 4  D iscus s ion 

T h e  s e ra c ho s en f o r  t h e  n a t i o n a l  s u rvey p rovided a representat ive 

s amp le o f  t he n a t i o n a l h e rd . One a re a  o f  b i a s  r e s u l t e d  f ro m  the 

v o l u n t a r y n a t u re of t h e C AE a c c r e d i t a t i o n  s c h e me . f a rme r s  mo s t  

c o n c e rned w i t h  a n ima l hea l t h  were mo s t  l ikely t o  p a r t i c ipate . 

A h i gh leve l o f  e xp o s u re t o  Lep tospi ra w a s  i nd i c a t e d  b y  t h e  7 0 %  

p re va lence o f  a nt ibody t i t re s  � 1 0  t o  o ne o r  mo re se rova r s . Ninety 

p e r c e nt o f  t he ant ibody t i t res were < 8 0 . 

The mo st f requent ly reco rded ant ibody t it res were t o  s e rova r s  bal l um 

a n d  bra t i s l a va .  T h e  r e s p o n s e  t o  ba l l um w a s  mo s t  l i ke l y  due t o  

c o n t act w i t h  i n fected rode n t s  o r  t h r o ugh contamina t ion o f  f o o d  and 

wat e r  supp l i e s  w i t h  t he i r  u r ine . The cause of the a nt ibody response 

to b ra t i s l a va was unknown a s  this s e rovar has neve r been i s o l at ed in 

New Zealand . 

Ant ibodies t o  b ra t i s l a va h ave been repo rted in h uman s e r a  i n  New 

Z e a l a n d  b u t  i t  h a s  b e e n  s u g g e s t e d  t h a t  t h i s  i s  due t o  c r o s s ­

re a c t ions be t ween bra t i s l a va and pomon a ( McDona ld e t  a l  1 9 8 5 )  

I t  i s  pos s ib l e  t hat t h e  a n t ibodie s o b s e rved i n  t h i s  s u rvey were a 

r e s u lt o f  c ro s s - re ac t i o n s  w i t h  a n o t h e r  se r o var . An e xaminat ion o f  

s e ra w i t h  a n t ibodies t o  mu l t iple s e r o v a rs ( T able 3 .  3 )  showed that 

a n t ibodies t o  ba l l um and b ra t i s l a va o c c u r re d  t og e t h e r  mo re o f t e n  

t h a n  any o ther comb inat i o n . T h i s  may repre s ent a n  a n t ige n i c  c ro s s ­

r e a c t i o n  o r  i n d i c a t e  t ha t  b o t h  s e ro v a r s  o r i g ina t e d  f rom t h e  s ame 

s o u rce . 

B a l l um and bra t i s l a va a re b o t h  a s s o c i a t ed with hedgehogs i n  other 

c o u n t r i e s  ( B r o o m a n d  C o g h l a n  1 9 6 0 ) . B ra t i s l a va h a s  a l s o  been 

r e p o rt ed in d o g s , p i g s  a n d  h o r s e s  ( E l l i s  1 9 8 5 )  Re c e n t l y t h i s  

s e r o va r  was i s o lated f rom abo rted dome s t ic p igs i n  Northern I re land 

( E l l is et al 1 9 8 5 )  . 
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The r e l e v a n c e  o f  a n t ibody t i t r e s  t o  b ra t i s l a va w i ll  b e  d i s c u s s ed 

f u r t he r  i n  Chap t e r  6 .  

I t  i s  o f t e n  d i f f i c u l t t o  d r a w  a c c u r a t e  c ompa r i s o n s  b e t we e n  t he 

r e s u l t s  o f  di f f e r e n t  wo r k e r s  a s  t e s t  c o nd i t i o n s  v a r y . The mo s t  

recent w o r k  i n  N e w  Zea l and goa t s  w a s  t h a t  o f  S cho l l um and B l a c kmore 

( 1 9 8 1 )  i n  w h i c h  s e r a f r om c a p t u r e d  f e r a l  s t o c k  w e r e  t e s t e d  fo :::­

ant i b o d i e s  t o  a u s t ra l i s , ba l ca n i ca ,  b a l l um,  copen h a gen i ,  h a rd j o ,  

pomon a ,  and tara s s o vi . 

S ch o l l um and B l a c kmo re ' s wo rk d i f fe red f rom t h i s  s t udy i n  t ha t  t hey 

did not t e s t  f o r  b ra t i s l a va and the min imum se rum d i l u t ion was 1 / 2 4 ,  

r a t he r  t han 1 / 1 0 . 

Ba l c an i c a  w a s  n o t  i n c l uded a s  a n  a n t i ge n  i n  t h e  p r e s en t  s tudy as 

t h i s  s e r o v a r  i s  s o  c l o s e l y  r e l a t e d  t o  h a rd j o  t h a t  the a n t ib ody 

response i s  u s ua l ly indi s t ingu i s hable ( Ha t h a way 1 9 7 8 ) . 

S cho l l um and B l a c kmo re ( 1 9 8 1 )  f ound 1 5 / 1 6 6  ( 1 3 % )  o f  g o at s e r a  w i t h  

det e c t a b l e  ant ibodi e s . ��t ibod i e s  t o  s e rova r h a rdj o we r e  det ected i �  

1 2 / 1 1 6  ( 1 0 % )  goat se :::-a and ant ibodies to ba l canica were det ec t e d  in 

1 3 / 1 1 6  ( 1 1 % )  o f  g o a t  s e r a d e m o n s t r a t i ng t h e  c l o s e  s e r o l o g i c a l  

re l a t i o n s h ip b e t w e e n  t h e s e  s e r o va r s . Ant ib ody t it re s  t o  bal can i ca 

we re a l l  w i t h i n  o n e  t w o  f o l d  d i l u t i o n  o f  the a n t i b o dy t it re s  t o  

h a rdj o f o r  indiv i dua l anima l s . 

The l o w  number o f  antibodie s  t o  h a rdjo ( 5 % ) de tected i n  t h i s  c u r rent 

s u r v e y  o f  dome s t i c g o a t s p r o b a b l y  o r i g i n a t e d  f ro m  c o n t a c t  w i t h  

c a t t l e w h i l e t h e  a n t i b o dy t i t r e s  i n  t he f e r a l  s t o c k  s t u d i e d  b y  

S c h o l l um a n d  B l a ckmo re ( 1 9 8 1 )  a re mo re l ik e l y  t o  be d u e  t o  ba l ca n i ca 

o r ig i n a t i ng f rom c ontact w i t h  opo s s ums . 

He l l s t r o m  and O ' H a ra ( 1 9 7 9 )  re c o rded 2 3 / 4 0 0  ( 6 % )  dome s t ic goa t s  w i t h  

ant ibody t i t re s  � 2 0 0  to h a rdj o . 
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I n  the s t ud y  o f  S c ho l l um and B l a c kmo re ( 1 9 8 1 ) , 5 / 1 1 6  ( 4 % )  o f  t he 

a n ima l s  po s s e s sed a n t ibodies t o  ba l l um, compa red t o  t he 2 5 %  reco rded 

i n  t h i s  s u r ve y . No a n t ibodi e s  t o  a n y  of t he o t he r  s e ro v a r s  we re 

de t ected . 

S o me exp l a n a t ion i s  r e qu i red t o  a c c o unt f o r  the o t h e r  a n t ibodi e s  

det ected i n  the nat ion a l  s u rvey . The ant ibody t i t re s  t o  copenhagen i 

p re s umab l y  i ndicates exp o s ure t o  i n fec ted rodents . Contact with pigs 

wa s t he mo s t  l ikely s o u rc e  of expo s u re t o  pomon a and t a rassovi . 

H e l l s t rom and O ' H a ra ( 1 9 7 9 )  o n l y  reco rded ant ibodies t o  copenh ageni 

3 / 8 7 0  dome s t i c go a t s , h o weve r ,  t he y  u s e d  1 / 2 0 0 as t h e i r  min imum 

s e rum dilut ion . 

A n t ibody t i t re s  t o  ba l l um and bra t i s l a va were t he mo s t  f requent ly 

r e co rded i n  t h e  s e r a f ro m  t he f i r s t  f a rm s t udy . T h e  s e ro l og i c a l  

r e s u l t s  di f fe red f rom t h o s e  o f  t he nat iona l he rd i n  t h a t  t he re was a 

h i ghe r p reva le nce o f  a n t ibodies t o  ba l l um, hardjo and t a rasso vi and 

a l o we r p r e v a lence o f  a n t ibody t i t re s  to bra t i s l a va . T h i s  may be 

exp la ined b y  t he unusua l management of stock on t h i s  p ropert y .  The re 

we re f requen t  stock movements on t h i s  prope rt y ,  t he f a rme r choos ing 

t o  g r a z e  s t o c k  b e l o n g i n g  t o  o t he r f a rme r s  r a t he r t h a n  p u r c h a s i n g  

g o a t s  he rse l f . T h i s  typ e  o f  management wou ld incre a s e  t he l i ke l yhood 

of s t o c k  b e i ng expo sed t o  a wide r r ange o f  s e ro va rs t h a n  wou ld be 

t he c a s e  o n  p rope r t i e s  w i th mo re s t able pop u l at i o n s . The re we re no 

o t he r  spec i e s  fa rmed o n  t h i s  p rope r t y  s o  contact w i t h  other dome s t i c  

s t o c k  d i d  n o t  p r o v i de a n  i mm e d i a t e  s o u r c e  o f  e x p o s u r e t o  

lepto s p i re s . 

A n t ibody t i t re s  t o  ba l l um and bra t i s l a va were the mo s t  f requent ly 

r e c o r d e d  i n  s e r a  f r o m  t h e  f i r s t  f a rm .  T h e  h i g h  p re v a l e n c e  o f  

a n t ibody t i t re s  t o  bal l um ( 6 1 % )  imp l ie s  a high leve l o f  contact with 

i n f e c t e d  r o de nt s . The r a nge of  a n t i body t i t res t o  bra t i s l a va w a s  
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g r e a t e r  than was found in t he nat i o n a l  surve y ,  with t wo h igh t i t res 

of 6 4 0  and 1 2 8 0  pe rhaps indicat ing a c t i ve infect io n . 

T h e  h i g h  a n t i b ody t i t re s  ( > 1 6 0 ) t o  h a rd j o  a n d  p omon a m a y  a l s o  

indicate a c t ive infect ion . 

T h e  few low ant ibody t it re s  t o  a us t ra l i s  a re p robably t he result o f  

c r o s s -react i o n s  w i t h  o t h e r  serova r s . 

U n f o rtunately no u rine s amp les we re obt a i ned f rom these goat s . 

A l though the anima l s  o n  p rope rty numbe r 2 were o f  f e r a l  s t o c k ,  they 

we re ma int a ined i n  a dome s t i c  e n v i r o nme nt w h i c h  may e xp l a in t h e  

r e s u l t s  mo r e  c l o s e l y  r e s emb l e  t h o s e  o f  t h e  n a t i o n a l  s u r v e y  o f  

dome s t i c  s t o c k  than t h o s e  o f  rece n t l y  capt u red f e r a l  go a t s  s t udied 

b y  Schol lum and Blackmo re ( 1 9 8 1 ) . 

As ant ibody t i t res t o  ba l l um and bra t i s l a va we re t he mo s t  f requent l y  

reco rded, cont act w i t h  in fected rode n t s  may have b e e n  impo rtant . 

T h e  h i g h  a n t ibody t i t r e s  t o  h a rd j o  ( > 1 6 0 )  ma y i n d i c a t e  r e c e n t  

expo sure t o  e ithe r  hardj o t h rough c ontact w i t h  c a t t le o r  ba l can i ca 

f rom contact w ith opos s ums . 

The suspected history o f  pomona infect ion o n  f a rm numb e r  3 ,  was not 

s uppo rted b y  t he sero logy res u lt s . 

T h e r e  w a s  a l a rge di f f e r e n c e  b e t w e e n  t h e  n umb e r  o f  a n i ma l s  w i t h  

a n t ibody t it re s  to bal l um ( 5 3 % )  c ompa red w it h  t it re s  t o  bra t i sl a va 

( 1 6 % )  on p rope rty 3 whi c h  indic a t e s  that t h e re may be l e s s  ant igenic 

s imi l a r i t y  between the s e  t wo s e ro va rs than w a s  f i r s t  suspected f rom 

t h e  nat i o n a l  s u rvey . 

The f requency o f  ant ibody t it re s  t o  h a rdjo o n  f a rm numbe r 3 wa s f ive 

t ime s t h a t  f o r  the na t i o n a l  he rd i ndicat ing a h ighe r than average 

e xp o s u re t o  t h i s  serovar o r  a r e l a t ed s e rovar such a s  ba l canica . 
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The re w a s  a l s o  a h igher than ave rage frequency o f  a n t ibody t i t re s  t o  

tara s s o vi r e c o rded w h i c h  i s  mo s t  l i ke l y  t o  b e  due t o  c o n t a c t  with 

pigs . 

Ant ibody t i t re s  t o  ballum, bra t i sla va ,  and copen hageni we re t he mo s t  

f reque nt l y  reco rded o n  property numb e r  4 .  The s e  re s u l t s  imp l y  that 

c o n t a c t  w i t h  r o de n t s  i s  the m o s t  l i k e l y  s o u r c e  o f  e xp o s u re t o  

Lep t o s p i r a  o n  t h i s  p r o p e r t y . T h i s  w a s  s u ppo r t e d  b y  f r e q u e n t  

s ight ings o f  rat s . Thi s prope r t y  i s  prima r i ly a s heep f a rm w i t h  n o  

othe r dome s t ic an ima l s  to a c t  a s  p o s s ible reservo i r s  o f  i n fect ion . 

Although o n l y  one age group ( 2  yea r s ) was s amp led, t h e s e  results  are 

probabl y  representat ive o f  the who l e  group . 

The l a c k  o f  any l e p t o s p i r a l  i s o l a t e s  f rom u r ine s amp le s  indicates 

that t h e re w a s  n o  a c t ive i n f e c t i o n  i n  t h i s  group . I t  is  p o s s ible 

that younge r age groups may be h a rbour ing a c t i ve infect ion . 

Farm s t udy numbe r 5 w a s  the mo s t  c omp lece w i t h  a numbe r o f  different 

age group s be ing s t udied . Ant ibody t it re s  to copenhageni and ballum 

were the mo s t  f requ e n t l y  reco rded im� lying contact w i t h  rodents a s  

the a po s s ible source o f  expo s ure t o  t h e s e  s e rova r s . Antibody t it re s  

i n  gene r a l  were low ( � 8 0 )  which may indi c a t e  the abs e nce o f  a c t ive 

i n f e c t i o n . T h e  t w o  a n t i b o dy t i t r e s  o f  3 2 0  t o  b r a t i sla va a n d  

ta rass o vi may indica t e  a curre n t , infect ion . 

The age d i s t ribu t i o n  o f  ant ibody t it re s  ( Table 3 . 9 ) s h o ws only 1 1 / 4 0  

1 2  mo n t h  o ld go a t s  w i t h  a n t ibody t i t re s  � 1 0  indi c a t i n g  t h a t  t h i s  

group i s  e ither not as suscep t i b l e  o r  n o t  a s  e xpo sed t o  infection a s  

the o lde r groups . T he high f requency o f  a nt ibody t i t re s  i n  t he 3 6  

and > 4 8  mo nth o ld groups imp l i e s  t hat a nt ibodies pe r s i s t  f o r  seve ra l  

yea r s  o r  t hat c o n s t ant re-expo s u re to t he s e  serova r s  ma i n t a i n s  low 

ant ibody l e ve l s . 
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A lt hough othe r anima l s  o n  t h i s  p r op e r t y  ( c at t l e ,  ho r s e s  and s heep) 

we r e  not a v a i l a b le f o r  s amp l i ng ,  the ant ibody t i t re s  of the goa ts 

did n o t  sugge s t  t h a t  t he s e  a n ima l s  were a c t ing as r e s e rv o i r s  o f  

Lept ospira i n fect ion . 

L ep t o s p i ro s i s  had been s u s pe c ted f i ve yea r s  be f o re o n  property 5 ,  

whe n t he re we re seve ral c a s e s  o f  haemoglob i nurea i n  the goat s  and a 

s i n g l e c a s e  o f  h u ma n l e p t o s p i r o s i s . H o w e v e r ,  t h e r e w a s  n o  

s e r o logical evidence t o  s ugge st that t h i s  i n f e c t ion w a s  s t i l l  act ive 

in the herd . All ant ibody leve l s  we re low a nd mo s t  o f  t hem we re to 

c op enhageni ,  indicat ing t h a t  rode n t s  were the mo s t  l ikely s ource o f  

i n fe c t ion . 

S h e ep a nd c a t t le grazed o n  pr ope r t y  numb e r  5 we r e  n o t  s amp led but 

t he re was no s e ro logica l  e v idence in the goat s  to s ugge s t  that these 

o t h e r  anima l s  might be imp o rt ant as s o u rc e s o f  i n f e c t i o n . 

W i t h  o n l y l o w  ant ibody t i t re s  b e i ng r e c o rded i n  a l l  t h e  a n ima l s  

s amp l e d ,  i t  w a s  p e r h a p s  n o t  s u rp r i s ing t h a t  n o  L ep t o sp i ra we re 

i s o lated f rom t he u r i ne . 

I n t e rnationa l l y ,  lepto s p i r o s i s in goat s i s  r a re l y  repo rted a l t hough 

t h e re i s  amp l e  e v i de n c e  t o  s h o w  t h a t  go a t s  c a n  b e c ome i n f e c t ed 

e xp e r imen t a l l y  ( Mo r se and Langham 1 9 5 8 ; T ripathy e t  a l  1 9 8 5 a ,  1 9 8 5b )  

a n d  b y  na t u r a l  expo s u r e  ( va n  de r H oeden 1 9 5 3 ) . S e ro v a r s  f rom the 

Aus t ra l i s , G r ippot ypho s a ,  Hebdomadis a nd P omona s e rogroup s  have been 

i s o lated in many count r i e s  ( T o rt e n  1 9 7 9 ) . 

F e w  s e ro log i c a l  su rveys h a ve been repo rted . I n  one the p reva lence o f  

l e p t o s p i r a l agglut i n i n s  w a s  e s t ima t ed a t  o n l y 5 t o  1 0  pe r cent 

( S c h o l lurn and Blackmo re 1 9 8 1 ) 

The s e ro logical  p reva lence de termined f rom the present s u rvey o f  the 

n a t iona l he rd in New Z e a l and was 7 0 % . Comp a r i s o n s  o f  s e r o l o g ic a l  

p r e va lence r a t e s  mus t  b e  i n t e rpreted with caut ion howeve r  because o f  
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di f f e rences i n  the test  techn i ques . The h igh f requency o f  ant ibody 

t i t re s  to ballum a nd copenh ageni i n  a l l  t hese s tudie s  imp l i e s  that 

rode n t s  a re t he p r ima ry re s e rvo i r  o f  Lep t o spira f o r  g o a t s  in New 

Z e a l a nd . 

T h e  n u m e r o u s  a n t i b o d y t i t r e s  t o  b r a t i s la va n e e d  f u r t h e r  

inve s t igat ion a s  t hey have n o t  been p rev i o u s ly repo rted in goats n o r  

has  t he se rova r b e e n  i s o lated i n  New Ze a l a nd .  

Altho ugh lept o s p i r u r i a  has been detected i n  goa ts ( Mo r s e  and Langham 

1 9 5 8 ) , no Lept ospi ra we re c u l tu red f rom a ny of the u r ine s amp l e s  in 

s t ud i e s  rep o r t e d  h e re . It is p o s s ib l e  t h at ballum, bra t i sla va and 

copenhageni a re n o t  s hed i n  goat u r i ne and that s p read of infect ion 

only occurs f rom t he ma intenance popul a t i o n . Another po s s ib i l i t y  is  

that infection may be t ransmit ted betwe e n  goats ven e re a l l y . T h i s  has  

been s ugges ted a s  a po s s ible means of  t ra n smi s s ion f o r  bra t i s l a va i n  

p igs a f t e r  i s o la t i o n s  f rom abo rted pigle t s  a n d  the gen i t a l  t ra c t s  o f  

adu l t  p igs ( E l l i s  e t  al 1 9 8 5 ) . 

The s e n s i t iv i t y  o f  t he c u l t u re t e c h n ique s  used in t h i s  s t udy mus t  

a l s o  b e  que s t i on e d . T h e  concentrat ion o f  viable Lep t osp i ra i n  goat 

u r i ne may h a ve been be low de t e c t ab le l e v e l s . This a s p e c t  w i l l  be 

d i s c u s s ed further i n  Chapte r 6 .  

The r e s u l t s  f rom t h i s  s t udy s upport the g e neral conclus ions made by 

other w o rke r s  ( He l l s t rom and O ' Hara 1 9 7 9 ) , that lept o s p i r o s i s  is n o t  

imp o r t a n t  i n  g o a t s  i n  N e w  Z e a l a n d  a s  

d e mo n s t r a t e d . T h e r e w a s ,  h o w e v e r ,  

wide s p read exp o s u r e  t o  Lept osp i ra . 

3 . 5  Conclus ions 

n o  a c t ive i n f e c t i o n s  we re 

s e r o l o g i c a l  e v i de n c e  o f  

1 .  S eventy pe r c e n t  o f  dome s t i c  goats i n  New Zealand had a n t ibodies 

t o  one o r  mo re Lept ospi ra s e rovars . 



2 .  Ant ibodies t o  ba l l um, bra t i s l a va and copenhageni p re dominated . 
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3 .  A n t i b o d i e s  t o  a u s t ra l i s ,  h a rdj o ,  p omona a n d  t a ra s s o vi we re 

present . 

4 .  More ant ibo d i e s  to Lep t o sp i ra we re de tect ed i n  a n ima l s  o lde r 

than 2 4  months 

5 .  No Lep t osp i ra we re i s o lated f rom goat u r ine . 
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A l t hough t h e r e  a re f e w  do c ume n t e d  s t ud i e s  o f  lepto s p i ro s i s  i n  New 

Zea land dee r ( Chapter 1 ) , lately t h e r e  has been a n  inc re a s e  in the 

n umb e r  of c a s e s  rep o rt e d  which p robab ly re f le c t s  the rec e n t  g rowth 

in dome s t i c  dee r  f a rming . The re a re 3 0 0 0  regi s tered f a rms c o nt a in i ng 

4 0 0 , 0 0 0  dee r  ( N .  Z .  Dept o f  Stat i s t i c s )  . 

T h i s  st udy o f  leptospi r o s i s  in dee r  wa s p r ompt ed by two f a ct o r s . The 

f i r s t  w a s  t h e  e conomic l o s s  due t o  abo r t i o n s  a n d  neon a t a l  deaths 

a t t r ibuted to lept o s p i ro s i s . Secondly, dee r a re a p o s s ible r e s e rvo i r  

o f  i n f e c t i o n  f o r  h u m a n s  a n d m a y  a c c o u n t  f o r  s o m e  o f  t h e 

a p p r o x i ma t e l y 1 0 0  h uman c a s e s  o f  l e p t o s p i r o s i s  r e c o r d e d  i n  New 

Z e a land a n n u a l l y .  In t h i s  count r y ,  h a rdj o ,  pomona a nd copenhagen i 

have a l l  been i s o lated f rom dee r  u r i ne . 
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L e p t o s p i r o s i s  i n  de e r  due t o  a t  le a s t  n i n e  s e r o v a r s  h a s  been 

r e p o r t e d  in the f o l l o w i n g  c o u n t r i e s ; Aus t ra l ia ( h a rd j o ,  pomona,  

grippotyph o s a ) , t h e  UK ( i cterohaemo rrhagi a e ,  ba t a viae,  ba l l um) , the 

USA ( can i co l a ,  grippo typh osa, pomon a ,  pyrogen e s ) , US S R  

( grippotyphosa,  pomon a ) , F rance ( un spec i f ie d ) , Yugo s l a v i a  ( ba l l um, 

p omona ) ,  We s t  Ge rmany (ba l l um, grippotyphosa,  i ct e rohaemorrhagi a e ) , 

a nd China ( roma n i a )  ( Ma c kint osh 1 9 8  4 )  . 

T h i s  s t udy was de s igned to de t e rmine the p reve l a nc e  o f  lept o s p i r o s i s  

i n  dome s t i c  dee r in N e w  Zea land . I t  invo lved a s e r o l ogic a l  s u rvey o f  

a nima l s  f r om both the N o rth and S outh I s lands and a s t udy o f  a dee r 

f a rm s i tuated at Glads t one , in the Wa i ra rapa di s t r i c t . I n  t he de e r  

f a rm s t udy both s e r o l o g i c a l  and c u ltural techn i ques w e r e  used . 

4 . 2  Mate rials and Methods 

4 . 2 . 1 S amp le Selection 

S amp les of s e ra were obta ined f rom t wo North I s land a nd t h ree S outh 

I s land s o u r c e s . The s amp le s i ze a nd c o n t e n t  va r i e d ,  depending on 

s ample a v a i lability f ro m  each s ou rce . 

S e r a  f r o m  5 0  r e d  de e r  w e r e  o b t a i n ed f r o m  I n ve rmay Ag r i c u l t u r e  

Re s e a rch C e n t re 1 i n  t he Sout h I s land . F o rt y  o f  the s e  we re f rom h inds 

a nd n i n e  f r om s t a g s . The s e  dee r w e r e  in t h ree a ge 

yea r l ings , 1 8  mont hs , and aged . 

c a t e go r ies ; 

A dee r  s l aughte r  plant in Mo sbu r n ,  provided s e ra f rom s even t y  e ight 

red dee r  s t ags f rom s e ven dif ferent S o u t h  I s l and p ro pe rt ie s  ( A-G ) . 

T h e s e  w e r e  g ro uped i n t o  f o u r  a ge c a t e go r ie s ; 2 ye a r s ,  3 yea rs , 4 

yea r s  and above . 

A Ne l s o n  dee r  f a rm p ro v ided s e ra f rom 6 - 1 2  month o ld red dee r  h i nds . 

1 I nve rmey Agricult u re Resea rc h  Centre,  P r ivate Bag,  Mos g ie l . 
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The Ruakura An ima l  Hea l t h  Labo r a t o ry s upp lied 1 2 0  s e ra f rom f a l low 

and red dee r  o f  unspec i f ied age and s e x ,  f rom t he Wa ikato region . 

Twenty four s e ra , f rom t w o  ye a r  o l d  r e d  dee r  hinds f rom T a r a n ak i ,  

we re obta ined f rom t he dee r s l aughte r  p l ant i n  Hast ings . 

T he dee r  f a rm i n  Glads t one was s e lected f o r  a det a i led s t udy because 

of its proximi t y  to Ma s s e y  Un ive r s it y  and t he co ope rat ive a t t itude 

o f  t he f a rme r . Two v i s i t s ,  t h ree mo n t h s  a p a r t , we re made t o  t h i s  

p roperty to t a k e  b l o o d  a nd u rine s amp le s . T h i r t y  red dee r  h inds we re 

s amp led on t he f i r s t  v i s i t . The se we r e  in t h ree age catego r i e s ; 6 

months , 1 8  mont h s ,  and o lde r .  Samp l e s  f rom 4 2  red dee r ,  3 2  hi nds and 

1 0  s t ags , we re taken on t he second v i s it . These a n ima l s ,  now t h ree 

months o lde r ,  w e re grouped into f ive a ge catego r ie s ; 9 ,  2 1 ,  3 3 ,  4 5 ,  

a nd 5 9  month s . A l l  t he s t ags we re nine months o f  age and rep res ented 

a group not samp led on the f i r s t  o c c a s i o n . 

4 . 2 . 2 Serologic a l  Techniques 

T he MAT de s c r ibed in Chap t e r  2 was u s e d  in t h i s  study . 

T he dee r s e r a  f rom Ruakura and Mosbu rn were s c reened f o r  ant ibodies 

t o  t he 2 0  s e r o g r o u p s  l i s t ed in T a b l e 3 . 1  ( C h a pt e r  3 ) . A 1 / 1 0  

dilut ion o f  e a c h  se rum was used f o r  s c reening . 

S e r a  f r om a l l  s o u r c e s  w e re t i t r a t e d  u s i n g  do u b l i n g  d i l u t i o n s  

s t a rt ing f rom 1 / 1 0 ,  and t e s ted f o r  t he p res ence o f  ant ibodies t o  s ix 

o f  the s e r o va r s known t o  o c c u r  i n  N e w  Zea land ( a us t ra l i s ,  b a l l um, 

copenhagen i ,  h a rdjo,  pomon a ,  t a ra s s o vi ) . The s e ra we re a l s o  t i t rated 

f o r  a n t ib o d i e s t o  bra t i s l a va a s  a nt ibodi e s  t o  t h i s  s e r o va r we re 

detected in t h e  s c reen ing t e s t s . S e ra obt a i ned du r ing the f a rm s t udy 

we re tested u s i ng t he s ame seven se r o v a r s  and serova r balcan i ca . 
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The percent age o f  samp les with de tectable ant ibodies t o  each se rovar 

and t he geomet r i c  mea n  t i t re s  ( GMT ) f o r t h o s e  s e ra w i t h  ant ibody 

t i t res � 1 0  were c a l c u l a ted f rom the re s u l t s  o f  the s e  t e s t s . 

4 . 2 . 3  Culture P reparat ion 

Urine s amp le s  we re c o l l ected in s t e r i le spec imen conta iners  a f t e r  an 

int ravenous in j e c t ion of ' F rudix ' 2 diure t ic ( 1ml / 1 0 kg body we ight ) .  A 

0 . 1ml a l iqu o t  o f  u r ine was t ra n s f e red t o  1 0ml of a t ransport media 

( Appe ndi x I I I ) . T h i s  p repa r a t i o n  was t h e n  u s ed to i n o c u l a t e  t w o  

type s o f  c u l t u re me d i a :  s emi s o l id E M J H  ( Appendix I ) , and E l l i s 

me d i u m ( A p p e n d i x  I V ) . T w o  S m l  a l i q u o t s  o f  e a c h  me d i um we r e  

i n o c u l a t e d  r e s p e c t i v e l y w i t h  0 . 0 2 m l  a n d  O . l m l  v o l ume s o f  t he 

i n o c u l a t e d t r a n s p o r t  me dium . T h e  i n o c u l a t e d  c u l t u r e me d i a  w e r e  

incubated a t  2 9 °C f o r  t h r e e  mo n t h s . M i c r o s c opic examina t ions we re 

made at app roximate l y  t wo wee k l y  i nterva l s  to obse rve growt h . 

4 . 2 . 4  Culture Typing 

L e p t o s p i r a l  i s o l a t e s we r e  i de n t i f i e d  b y  t w o m e t h o d s ; s e rum 

a gg l u t i n a t i o n  and b a c t e r i a l  r e s t r i c t i o n  e ndo n u c l e a s e  a n a l y s i s  

( BREND A )  ( Ma rs h a l l  e t  al 1 9 8 1 )  . 

C u l t u r e s  i s o l a t e d f r om u r i ne s amp l e s  we r e  g r o w n  i n  l i quid EMJH 

medium by t ra n s f e r i n g  O . Sml o f  c u l t u r e  t o  Sml o f  l iqu id EMJH and 

incuba t ing at 2 9 °C f o r  7 t o  1 4  days unt i l  g rowt h w a s  o b s e rved by 

mic roscopic examina t i o n . This was repeated unt i l  c u l t u re s  cont a in ing 

�2 x 1 0 8 ce l l s / ml w i t h no s ig n s  o f  c l ump i ng a f t e r  f i ve da ys o f  

incuba t i o n  were obt a ined . 

The ce l l s  were c o u n t e d  mi c ro s c o p ic a l l y  u s i n g  a bact e r i a l  count ing 

c hambe r . 3 T he ce l l  s u s pe n s i o n  w a s  adj u s te d  t o  2 x 1 0 8 c e l l s / ml by 

d i l u t i n g  i n  P B S  ( Ap pe ndix I I ) . T h i s  c e l l  s u spen s i o n  was u s e d  a s  

2 P f i z e r s ,  Auc k land, New Zealand . 
3 P e t r o f f  Hause r and Son,  P h i la de lphia , USA 
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a nt igen and reacted aga i n s t  1 2  s t anda rd refe rence ant i s e ra o f  known 

a nt ibody t it re .  Ant i s e r a p repa red aga i n s t  a u s t ra l i s ,  a u t umna l i s, 

b a l c an i c a ,  ba l l um,  ba t a vi a e ,  b r a t i s l a va ,  c a n i c ol a ,  copenhagen i ,  

grippotyph os a ,  hardjo ,  pomona,  and t a rassovi were obta ined from the 

W H O / F A O  L e p t o s p i r o s i s  C o l l a b o r a t i n g  L a b o r a t o r y ,  P u b l i c  H e a l t h  

L a b o r a t o r y ,  B r i s b a n e . T h e  i s o l a t e s  w e r e  i de n t i f i e d  t o  t he i r  

s e rogroup l e ve l  based o n  t he i r  agg l u t inat ion with the t e s t  a nt i s e ra . 

D e f i n i t i v e  i dent i f i c a t i o n  was a c h ieved u s ing BRENDA . The i s o lates 

w e re repe a t ed l y  c u l t u r e d  t o  a c h i eve p u r e  c u l t u r e s  w i t h  a f i n a l  

v o l ume o f  S Oml . The s e  c u l t u r e s  w e r e  cent r i fuged at 1 0 , 0 0 0 g f o r  3 0  

m i nu t e s  a nd re s u spended i n  P B S  ( Appendix I I ) . T h i s  w a s  repeated 

t w ice t o  w a s h  t he c e l l s  f ree of media c ompo nent s .  The c e l l s  were 

c e nt r i fuged again and t he pe l le t  resuspended i n  lml of 1 0mM T r i s  HC 1 

e t h y l e n e d a m i n e  t e t r a c e t i c a c i d  s o d i u m  s a l t ( E D T A )  b u f f e r  

( TE B )  ( Appe ndix XV) . 

E ach p rep a r a t ion was incubated f o r  1 5  minutes at 3 7 °C with l O O u l  o f  

4 
G r ade 1 l y s o z yme · ( 3mg / ml ) . F o l l o w ing t h i s , l O O u l  o f  a 1 0 %  aqueous 

s o l u t i o n  o f  s odium l a u ry l  s u lp h a t e  (SD S )  5 a n d  l O O u l  of a n  aque o u s  

s o lu t i o n  o f  p ro n a s e 6 ( l O mg/ml ) w a s  added a n d  i n c ub a t e d  f u rthe r a t  

5 0 °c f o r  1 8  hou rs . The protease s o lut ion wa s heated t o  5 6°c f o r  3 0  

minute s  be f o re u s e  t o  de s t roy any e ndonuc l e a s e s . 

S o d i um p e r c h l o r a t e  w a s  a dde d t o  a f i n a l  c o n c e n t r a t i o n  o f  l M . 

I ncub a t i o n  w a s  c o n t i n u e d  at 5 0 °C f o r  6 0  minut e s . T h e  mixt u r e  w a s  

t hen made up t o  Sml w i t h  STE ( Appendix XV I ) . DNA wa s ext racted f rom 

t h i s  m i x t u re w i t h  a s o l ut i o n  o f  p h e n o l ,  c h l o r o f o rm a nd i s o amyl 

a lcoho l ( 2 5 : 2 4 : 1 )  ( Appe ndix XVI I )  that had been sat urated with S T E . 

DNA ext ra c t ion was p e r f o rmed by a dding Sml o f  the pheno l ,  c h l o r i f o rm 

i s oamy l a l c oh o l  mixt u r e  t o  Sml o f  t he s amp l e  and m i x i ng gent l y  by 

t ipping b a c kwa rds and f o rwa rds f o r  appro x imately 1 - 2  minute s . The 

4 S igma Chemi c a l  Co . S t . Louis , M i s sour i 6 3 1 7 8 ,  USA . 
5 BDH , P o o l e ,  England . 
6 S igma Chemi c a l  Co . S t . Louis , M i s s ouri 6 3 1 7 8 ,  USA . 
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laye r s  were separated by cent r i fuga t i o n  a t  3 0 0 0 g f o r  1 5  minutes . The 

t op aqu e o u s  l a ye r  was removed a n d  t he e xt r a c t ion repea t e d  unt i l  no 

f u r t he r p r e c i p i t a t i n g  p r o t e i n  w a s  e v ide n t . The s amp l e  w a s  t hen 

pipet ted i nto dia l y s i s  tubing . The DNA ext ract was dia lysed against 

a t r i s  E D T A  d i a l y s i s  b u f fe r ( T E )  ( Ap p e n d i x  XV I V )  at 4 °C f o r  two 

days . The DNA samp l e  was then s t o red at 4°C until requ i red . 

The p u r i t y  o f  the DNA was dete rmi ned by reading t he opt i c a l  de nsity 

( OD )  o f  t he dia lysed ext rac t s  i n  a spect rophot omet e r  aga i n s t  a blank 

cont a in ing dialys is buffer . Opt i c a l  de ns i t y  ( OD )  re�dings we re t aken 

i n  1 0 nm s t ep s  b e t we e n  2 3 0 nm a n d  2 8 0 nm .  P h e n o l  c o n t am i n a t i o n  was 

indi c a t e d  by a peak reading a t  2 7 0 nm .  In  t h i s  c a s e  mo re dia lysis 

wa s n e c e s s a ry .  P ro t e i n c o n t am i n a t i o n  was i ndi c a t e d  b y  a 2 6 0 / 2 7 0  

ratio o f  < 1 . 8 .  I f  t h i s  occu rre d ,  the who l e  e xt rac t i o n  p rocedure was 

repe ated f rom the p rotease s t ep . 

The nuc l e i c  ac id c oncent rat ion w a s  de t e rmined by the re lat ionship ; 

1 . 0  OD reading = 5 0 ug/ml at 2 6 0 nm . The DNA c o ntent was e s t imated at 

7 0 %  t o  8 0 %  o f  the nucleic a c id . T h i s  was c o n f i rmed by reading t he OD 

of a s o l u t ion cont a i n ing 2ug o f  nuc l e i c  a c i d  from the t e s t  samp l e ,  

2 0 0 u l  o f  1 0 X  concent rated STE ( Appendix XV I I )  and 8 0 0 u l  o f  eth idium 

bromide ( di luted t o  1 2 . 5  ug/ml ) made up t o  2ml with di s t i l led wate r .  

The OD a t  2 6 0 nm o f  t h i s  s o l u t i o n  was compa red with a s t a nda rd cu rve 

prepa red w it h  0 t o  1 ug /ml o f  c a l f  t hymus DNA . A v o l ume of s amp le 

cont a in i n g  2 ug o f  DNA was dige s t ed w i t h  2 0 u l  o f  5 x  e n z yme buffer 

( Appendix X I X )  a n d  4 unit s of ECoR1 re s t r i c t ion endonuc lease were · 

made up t o  1 0 0 u l  with wate r . T h i s  mixt u re was incubat e d  at 3 7°C for 

30  minu t e s  f o l l o wed by incub a t i o n a t  6 5° c f o r  3 0  m i n ut e s . A 1 / 2 0  

vo lume o f  5M NaCl and t wo vo l ume s o f  a b s o lute e t h a n o l  we re added, 

t he s o l u t i o n  mixed and s t o re d  a t  - 2 0 °c f o r  30 minut e s . T h i s  was 

cent r i fuged in a mic ro fuge 7 at 1 5 , 0 0 0 g f o r  5 minut e s . The s upernatant 

was removed and the depo s it r i n s e d  with 7 0 %  ethan o l  a n d  dried . The 

s amp l e  wa s r e s u s p e nded in 4 5 u l  o f  s ampl e  bu ffer ( Appendix XX ) and 

incubated f o r  1 8  hours at room t empe ra t u re . 

7 Eppe ndo rph Ge ratebau,  We st Ge rmany . 
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A n  e lect roph o r e s i s  ge l wa s p repa red f rom 0 . 7 g o f  u l t ra pure agarose 8 

b o i led in 1 0 0 u l  o f  e le c t ropho res i s  buffer ( Appendix XX I )  and poured 

o n t o  a 2 0 0  x 1 5 5  mm g l a s s  p late bounded by c e l l ophane adhes i ve tape . 

We l l  f o rme rs we re p l ac e d  i n  t he ge l du ring pour ing . When the agarose 

b a s e  s e t ,  the we l l  f o rme r s  and t ape we re removed and t he p la t e  was 

p l a ced o n  a f l at bed e le c t r opho re s i s  appa r a t u s 9 ) The we l l s  were 

w a s hed w i th e lect ropho r e s i s  bu f fe r  ( Appendix XXI ) , t he s amp le s  were 

added and the we l l s  t opped up with e lect roph o re s i s  b u f fe r .  

E le c t ropho r e s i s  was a l lo wed t o  c o n t i n ue unt i l  t he me t hy lene b l ue 

t r a c k i n g  d y e , wh i c h  h a d  b e e n  a dd e d  t o  t h e s amp l e  b u f f e r ,  h a d  

migrated 1 2 5mm .  

T h e  g e l  w a s  removed f r om t he g l a s s  s l ide a n d  p l a ced o n  a n  u l t ra 

v i o let l ight box and phot o g raphed u s ing T r i  X f i lm . 1 0  

The rest rict ion patterns o f  t he i s o lates  we re comp a red with t h o se o f  

s t anda rd refe rence s t r a i n s . 

4 . 4  Results 

4 . 4 . 1 Serological Survey 

T h e  p re v a l e n c e  of l e p t o s p i ro s i s in New Z e a l and dome s t i c dee r wa s 

e s t ima ted u s ing the se r o logy re s u l t s  o riginat i ng f rom f ive d i f f e rent 

s o u rces . 

T h e  s c re e n i n g  t e s t s  o n  s e ra f rom Rua ku r a  a n d  Mo s b u r n  s h o wed that 

a n t i b o dy t i t r e s  we re p r e s e n t  to a l l  t h e  s e r ova r s  that have been 

i s o l a t e d  i n  New Z e a l and . I n  add i t i o n ,  a n t ibodi e s  to bratislava, a 

s e rova r that has not been i s o lated i n  New Z e a land, were det e c t ed . 

8 LKB , B romrna , S weden 

9 LKB , B r omrna , S weden 
1 0  Kodak New Zea land Ltd 
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The h ighe s t  a n t ibody t i t re s  i n  the I nve rmay Agr i c u l t u r a l  Re s e a rch 

Cen t re herd w e r e  t o  h a rdj o w i t h  a GMT o f  3 8 0  ( T a b l e  4 . 1 ) . T h e s e  

t i t r e s  o c c u r r e d  i n  6 2 % o f  t h e s a m p l e s .  A n t i b o d y t i t r e s  t o  

c op enh a geni a n d  b ra t i sla va we re t h e mo s t  p r eva l e n t  w i t h i n  t h i s  

g roup , b e i ng de t e c t e d  i n  9 6 %  a nd 8 6 % o f  t he samp l e s  respect ively . 

Ant ibody t i t re s  t o  ballum and t a rassovi o c c u r red mo re f requent l y  i n  

the o lde r groups wh i l e  ant ibody t i t re s  t o  hardj o w e r e  f ound t o  b e  

mo re p reva lent i n  t h e  yea r l ing a nd 1 8  mon t h  o ld groups ( T able 4 . 2 ) . 

S e r a  c o l lected at t h e  Mo sbu r n  deer s l augh t e r  plant had the h ighe s t  

ant ibody t i t res t o  hardjo with a GMT o f  2 2 4  a lthough t he prop o r t ion 

o f  a n ima ls with t i t r e s  ( 1 8 / 7 8 ,  2 3 % )  wa s s ma l le r  than those f rom the 

I nve rmay herd . Ant ibody t i t re s  t o  copenh a gen i ,  ballum, t a rassovi and 

bra t i s l a va were the mo s t  p re va lent in t he Mo sburn dee r  with 7 6 / 7 8  

( 9 7 % ) , 6 9 / 7 8  ( 8 8 % ) , 6 5 / 7 8  ( 8 3 % )  and 5 8 / 7 8  ( 7 4 % )  re spect ive l y  having 

ant ibody t it res � 1 0  ( Table 4 .  3 )  . 

The age di st r i bu t i o n  o f  a n t i b o dy t it re s  i s  di f f ic u l t  t o  i n t e rp re t  

accurate ly due t o  va riations  i n  the s i ze o f  the groups ( T able 4 . 4 ) . 

Ant ibody t it res t o  h a rdjo o c c u r red mo s t  f re quent ly in t he 3 ye a r  o ld 

g r o u p  ( 1 3 / 2 2 , 5 9 % ) . A n t i b o d y  t i t r e s  t o  p omona o c c u r r e d  mo s t  

f requent ly in t he 2 yea r  o ld group . 

The d i s t ribu t ion o f  ant ibody t it re s  b e t we e n  the s e v e n  p rope r t i e s  

showed that mo s t  o f  the a nt ibody t i t re s  t o  hardj o we re c o n f i ned t o  

one p rope r t y ,  ' C ' , f rom which a l l  anima l s  s amp led we re i n  the 3 yea r  

o ld g roup ( Table 4 . 5 ) . 

A n t i b o dy t i t r e s  t o  a l l  o t h e r  s e r o v a r s  w e r e  s i m i l a r  o n  a l l  

p rope rt ies . 

S imi l a r  resul t s  we r e  seen in the dee r  s e r a  f rom the Ne l s o n  f a rm . The 

h i g h e s t  a n t i b o dy t i t r e s  r e c o rde d o n  t h i s  f a rm w e r e  to h a rdj o 

a l though the GMT w a s  s omewhat l owe r a t  2 3  ( Table 4 .  6 ) . Howeve r ,  the 

p ropo rt ion with a n t i body t i t re s  to hardj o w a s  highe r a t  6 8 / 8 8  ( 7 7 % ) . 



Table 4 . 1  S e ro logy Re e u l t e  f o r  the I n v o rmay D e e r  

( 50  � a mp 1 e 3 )  

SE RDVRI� RNT I B D D Y  T I T H E S  

1 0  ;�I/) '• ill 8 12.1  1 60 320 6 4 1Zl  

--

a u s t ra l  i s  4 1 

ba l l um 1 3  
c (=: 1 J 

bra t .i s l a \-'d 1 5  8 1 1  '3 

copenhn gerli  1 1Zl  1 7  1 2  B .1 

h e:wdjL• '• 1 1 2 �� c 
1 3  J 

pomona 9 1 

t a rassO\l i 8 " 
.J 

'1. 

1 2812.1 25GIZI 5 1 20 1 02 4 0  

1 0  

4 c:  

8G 

'3L 

1 1 1 52 
.::: 121  
·:.·::. '--'-

Gm 

1 1  

1 5  

l 't 

2 7  
380 

1 1  
1 2  

-.1 
� 
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T able 4 . 2  Age D i s t r ibut ion o f  Antibody T it re s  > 1 0  f o r  the Inve rmay 

Deer H e rd 

! Year l i n g s  1 8  Months ! A ged 

a us t ra. l i s  0 5 ( 1 4 � )  ill 
ba l l um ';) ( 22" ) 1 5  ( 4 1 " ) 4 ( 8121 " )  .... 
bra. t i s l a. va 9 < 1 00" ) 3 1  ( 86 " )  3 ( 6121 � )  

copenha.geni 9 ( 1 00 " )  3 4  ( 94 � )  5 ( 1 illill � )  

hardjo 6 ( 66" ) -;, - ( 63 � )  ';) ( 4 0 " ) .... � .... 
pomona 2 ( 2 2" ) 8 < 22� ) 121 

t ara ssovi I ( 1 1 ,: )  8 ( 22 � )  2 ( 40 " ) 
-------- ----- i --- ------ --------- --------
TOTAL SAMPLED ' 9 35 5 



Table 4 . 3  Serology �esults for the Mosburn Deer 

( 7 8  s a mp l e s )  

SE ROVAR ANT I BODY T I T RES 

1 0  20 40 B0 1 60 320 640 

a u s t t·a l i s  32 2 

ba l l um 1 2  3 '3  1 4  4 

br·a t i s l a va 2 7  2 2  5 4 

copenha geni 7 35 2 1  1 3  

ha t·djo 1 ·::> 
L.. 1 3 1 7 

pomona 7 7 ':> 
L.. 

t a t•a ssovi 33 1 B  1 12l  4 

PE RCENTAGE 

1 2B0 

4 4  

BB 

74 

9 7  
3 23 

2 1  

7 4  

GMT 

1 1  
·::>·::> L.. L.. 

1 7  

6'3 
224 

1 6  

1 7  

-.J 
0'1 



Table 4 . 4  Age D i s t r ibut ion o f  An t ib ody T it re s  > 1 0  f o r  the Mosburn 
Deer 

S E ROVAR AGE G ROUP 
2 yrs 3 yrs 4 yrs > 4yrs 

a us t ra l  i s  20 ( 4 4 " }  6 ( 27" } I 3 ( 75" } 'J ( 29" } ,_ 

ba l l um 44 ( '38 " }  1 8  ( 82" } 4 ( 1 1lll2l" ) 4 ( 57" ) 

bra t i s l a va 38 ( 84 " )  1 4  ( 63" ) 4 ( 1 01ll" )  2 ( 29" ) 
copenhageni 43 < '35 " )  2 121  ( 90" ) 4 < H ?l0" > 7 ( 1 00" ) 

h ardjo 3 ( 7" }  1 3  ( 59" ) 1 ( 25 " }  1 ( 1 4" )  
pomona 1 3  < 29 " )  2 ( '3" )  0 1 ( 1 4 " )  

-��=������- - - - � -��-�����-

1 7  ( 77" ) 4 ( 1 0121" ) 7 ( 1 00" ) 
- - - - - - - - - - --- - - - - - - - - - - - - - - -

T O TAL SAMP L E D  45 22 4 7 

7 7  



Tab l e  4 . 5  The P rope rty D i s t r ibution o f  Ant ibody T i t re s f rom the 

Hosburn D e e r  

SEROVRR PROPERTY 
A 8 I c D E F G 

a us t r·a 1 i  s 0 3 1 5  4 1 5  4 - -=>  � ... 

ba l l um 0 5 1 2  4 1 5  4 30 
br·a t i s l a va 0 2 1 2  4 1 4  4 -=>·:> 

'- '-

copenhageni 1 7 1 4  4 1 5  4 30 
hardjo 0 1 1 3  1 0 0 3 
pomona 0 1 1 0 6 1 6 

tar·as sovi 0 8 1 2  3 1 5  4 1 7  ------- - - - - - - - , - - - - ----- ----- ----- ----- ----- -----
TOTAL SAMPLED 1 7 1 5  4 1 5  4 - -=>  � ... 

7 8  



Table 4 . 6  Serology Results for the Nelson Deer 

( 8 8  s amp l e s )  

SE ROVAR RNT I BODY T I T  RES 

1 1£'  20 4 0  80 1 60 320 640 

a us t ra l i s  ·:> 
..._ 1 

ba l l um 34 1 1 

br·a t i s l a va 2 7  1 7  4 3 

CL,penha geni 8 1 

har·djo 2 4  ·:::> -:> 
..._ ..._ 1 2  7 ·:::> .... 1 

pomona 3 

t ara ssovi 1 1  1 

P E R C E N TAGE 

1 280 

3 

4 1  

58 

1 0  
7 7  

3 

1 4  

G M T  

1 3  

1 1  

1 6  

1 3  
2 3  

1 0  

1 1  

._J 
\.0 
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Ant ib ody t i t re s  t o  ba l l um a n d  b ra t i s l a va were the mo s t  f reque n t l y  

r e c o r d e d  i n  t h e  R u a k u ra s e r a  a t  3 0 / 1 2 0  ( 2 3 % )  a n d  2 4 / 1 2 0  ( 2 0 % )  

r e s p ec t i v e l y . A l t h o ugh t he re w e re o n l y  a 

a n t i b o d y  t i t r e s  t o  h a rdj o ( 1 2 / 1 2 0 ,  1 0 % )  

few s e rum s amp l e s  w i t h  

t h e s e  w e r e  t he h ighe s t  

ant ibody t i t re s  reco rded i n  t h e  Rua kura group ( Table 4 .  7 )  . 

S e ra f rom the T a r a n a k i  hinds a l l  had low a nt ibody t i t re s  ( $  8 0 ) . The 

mo st f requen t l y  reco rded we re t o  ba l l um, copenhageni and bra t i s l a va 

at 1 6 / 2 4  ( 6 7 % ) , 7 / 2 4  ( 2 9 % )  and 6 / 2 4  ( 2 5 % )  re spect ive l y  ( Table 4 . 8 ) . 

The c omb i ned r e s u l t s  f rom the f ive s e r o logical  studies s ho we d  that 

t he o rde r  o f  p r e v a l e n c e  f o r  a n t i b o dy t i t re s  � 1 0  w a s  bra t i s l a va 

( 5 3 % ) , b a l l um ( 5 2 % ) , copen h a ge n i  ( 4 9 % ) , h a rdj o ( 3 6 % ) , t a ra s s o vi 

( 2 3 % ) , a u s t ra l i s  ( 1 5 % )  and pomon a ( 1 3 % ) . 

4 . 4 . 2 Farm Study 

T h e  r e s u l t s  f r om t he f i r s t  s amp l i ng o f  t he G l ads t o n e  de e r  f a rm 

showed t hat t he h ighe st ant ibody t it re s  were to ba l canica,  w i t h  a 

GMT o f  2 2 7  f o l l o w e d  b y  h a rd j o w i t h  a GMT o f  2 2 5  ( T a b l e  4 . 9 ) . 

Ant i b o dy t it re s  t o  ba l can i ca w e re de t e c t ed in 2 1 / 3 0  ( 7 0 % )  a n d  to 

h a rd j o  in 2 0 / 3 0  ( 6 7 % )  of t h e  s e r a . The mo s t  p re v a l e nt a n t i body 

t i t re s  w e re to bal l um ( 2 9 / 3 0 ,  9 7 % ) . Ant ib o dy t itres to t a rassovi and 

bra t i s l a va we re a l s o  reco rded at high f requencies at 2 0 / 3 0 ( 6 7 % )  and 

1 6 / 3 0  ( 5 3 % )  respe c t ive ly . The re we re no a n t ibody t it re s  t o  pomon a in 

t h i s  g roup . 

An e xami n a t ion o f  t he age dis t r ibut i o n  o f  ant ibody t i t re s  revea led 

that mo s t  o c c u r red i n  the 1 8  mo n t h  o ld g ro up ( Table 4 . 1 0 ) . 

S amp le s  t a ken t h ree months l a t e r  had a lower GMT t o  b o t h  bal ca n i ca 

( 1 4 7 )  a nd h a rd j o  ( 1 4 7 )  a n d  a n t i b ody t i t re s  we r e  r e c o rd e d  i n  a 

sma l le r  p ropo r t i o n  o f  a n ima l s  ( 1 9 / 4 2 ,  4 5 % )  ( Table 4 . 1 1 ) . The mo s t  

f re qu e n t  a n t i b o d y  t i t re s  we r e  t o  ba l l um,  t a ra s s o vi ,  a u s t ra l i s , 
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c openh a ge n i ,  a n d  b ra t i sla va a t  3 8 / 4 2 ( 9 0 % ) , 3 6 / 4 2 ( 8 6 % ) , 3 6 / 4 2 

( 8 6 % ) , 3 4 / 4 2 ( 8 1 % )  and 7 9 % ( 3 3 % )  respe c t i ve l y . 

A n t i b o dy t i t re s  t o  ba l c an i c a  a nd h a rd j o  we r e  a b s e n t  i n  t he n i ne 

mo nth o ld g roup but p re s ent in 1 0 0 %  o f  the 2 1  mont h  o ld g roup ( T able 

4 .  1 2 ) . 
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Table 4 . 8  S e rology Results f rom the Ta ranaki Deer 

( 2 4  s amp l e s )  

S E ROVA R ANT I BODY T I T RES 

1 121  2121 40 8121 1 6121 32121 64121 1 28121 

a u s t ra l  i s  1 1 1 

ba l l um 5 7 4 

bra t i s l  a va 4 1 1 

copenhageni 5 2 

hat·djo 1 1 

pt.,mona 1 1 

t a t·a ssovi 1 

PE RCENTAGE 

1 3  

67 
-J C  
o... ..J 

29 

8 

8 

4 

GMT 

20 

1 9  

1 8  

1 2  

28 

1 4  

1 121  

CD 
N 



Table 4 . 9  Serology_Results f rom the First S ampl ing o f  Deer f rom the Gladstone 

Property 

( 3 0  s a mp l e s )  

SE ROVAR ANT I BODY T I T RES PE R CENTAGE GMT 

1 0  20 40 80 1 60 320 640 1 280 
-

a u s t r·a l i s  6 2121 1 0  
ba l ca n i ca 5 3 3 4 3 1 1 1 7 0  227 
ba l l um 9 4 7 9 9 7  2 '3  
br·a t i s l  a va 7 6 1 ·:;) 53 1 8  ,_ 

copenh a geni 9 3 4 0  1 2  
ha rdjo 4 1 3 6 2 1 1 2 6 7  225 
pomona tZl tZl 
t a ra ssovi 7 6 1 6 7  1 2  

00 
w 



Table 4 . 1 0 Age D i s t r ibution o f  Ant ibody Titre s  � 1 0  f rom the First 

S amp l ing o f  Dee r from the Gladst one P rope rty 

S E ROVAR AGE G RO U P  ( mo n t h s  

6 1 8  7 1 -95 

a ustra l  i s  Ill 8 ( 88 " )  5 ( 63 " )  

ba l cani ca 5 ( 38 " )  9 ( 1 1210 " ) 7 ( 8 7" ) 

ba l l um 1 2  ( 92 " )  9 ( 1 1Z1121" J 8 ( 1 IZIIZI" J 

bra t i s l a va 3 < 2 3 " )  8 ( 89 " )  5 ( 63 " )  

copenhageni -:;) ( 1 5" )  4 ( 44 " )  5 ( 53 " )  .... 

hardjo 4 ( 3 1  " )  9 ( 1 121 0" ) 7 ( 87" ) 

pomona Ill Ill Ill 
tarassovi 7 ( 54 " )  7 ( 78" ) 6 ( 75" ) 

- - ------ - - - - - -- ------ --- -------- - - -- - - - - - -

T O TAL SAMP L E D  1 3  9 8 

8 4  



Table 4 . 1 1 Sero logy Results from the Second Sampl ing o f  Deer f rom the 

Gladst one P rope rty 

( 4 2  s amp l e s ) 

S E RDVA R RNT I BDDY T I T RES PE RCENTAGE 

1 0  20 4 0  8 0  1 60 320 640 1 280 

a u s t r·a l i s  1 3  1 1  1 0  2 86 

ba l ca n i ca 1 2 4 3 8 1 4 5  

ba l l ttm 1 8 1 9  7 ·::> 1 9ill .... 

bra t i s l  a va 1 1  1 2  1 0  79 

copenh a geni 1 1  1 6  5 2 8 1  

ha rdjo 1 ·::> 
.... 3 4 1 7 1 4 5  

pomona 4 4 1 2 1  

t a rassovi 8 1 1  1 3  4 85 

GMT 

20 

1 4 7  

4 3  

20 

1 9  

1 4 7 

1 6  

25 

00 
l/l 



Table 4 . 1 2 Age D i s t ribution o f  Ant ibody Titre s  > 1 0  from the Second Sampling o f  

D e e r  f rom t h e  Gladstone P rope rty 

SE ROVA R AGE G ROUP < MONTHS ) ( f= fema l e , m=ma l e )  

'3 ( f )  '3 ( m )  

a u s t ra l  i s  7 ( 70" ) 1 0  ( 1 00 " )  

ba l c:a n i c:a 0 0 

ba l l um 8 ( 80" ) 9 ( '31Zl" ) 
bt·a t i s l  a va 8 ( 80" ) 8 ( 80 " )  

copenhagen 7 ( 70" ) 7 ( 70" ) 

har·djo 0 tZl 
pc•mona 1 ( t ill" )  3 ( 30" ) 

t a r·assovi 8 ( 80 " )  l tll ( 1 1l10 " )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

TOTAL SAMPLED 1 0  1 0  

2 1  ( f )  3 3  ( f ) 

7 ( 1 00? 0 5 ( 1 00? 0 

7 ( 1 1Zl0" ) 5 ( 1 00 " )  
7 ( 1 00" ) 5 ( 1 00" ) 

7 ( 1 00 " )  5 < 1 1210 " )  

7 ( 1 00" ) 5 ( 1 00" ) 

7 ( 1 1Zllll" )  5 ( 1 1l10 " )  
-:> ( 29" ) 3 ( 60 " )  L.. 

7 ( 1 1Zl0 " )  5 ( 1 00" ) 
- - - - - - - - - - - - - - - - - -

7 5 

45 ( f )  

5 ( 1 00" ) 

5 ( 1 00 " )  

5 ( 1 00 " )  

5 ( 1 1210 " )  

5 ( 1 1Zl0" ) 

5 ( 1 00 " )  
0 

5 ( 1 00" ) 
- - - - - - - - -

5 

5'3 ( f ) 

4 ( 1 00" ) 

4 ( 1 00" ) I 
4 ( 1 00 " )  I 
4 < 1 121121" > 

I "J ( 50" ) 
I 

L.. 

4 < 1 01Zl" ) ; 
0 

I 
2 ( 50 " )  i 

- - - - - - - - -

4 

<X> 
m 
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A l l  t h e  a n t i b o dy t i t r e s  t o  b a lca n i c a  w e r e  w i t h i n  o n e d o ub l i n g  

di lut i o n  o f  t he ant ibody t i t re t o  hardj o . 

Lept ospi ra we re i s o l a ted f rom u r ine s amp l e s  o f  5 / 9  o f  t he 1 8  month 

o l d  de e r  a n d  1 / 8  o f  t h e  7 1 - 9 5  mo n t h  o l d  de e r  f r o m  t h e f i r s t  

s a mp l i n g . F r o m  t h e  s e c o n d  s a mp l i n g ,  3 / 7  a n d  2 / 5  L ep t o sp i ra 

i s o l a t i o n s  were made f rom u r ine s amp les f rom the 2 1  and 3 3  month o ld 

g r o u p s  r e s pe c t i ve l y . A l l  i s o l a t e s  a g g l u t i nat ed w i t h  a n t i s e ra t o  

balcan i c a  a nd h a rdj o . The BRENDA p a t t e r n s  c o n f i rmed t ha t  a l l  t h e  

i s o l a t e s  we re balcan i ca ( F igure 4 . 1 ) . 
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F igure 4 . 1  BRENDA o f  I s o l a t e s  f rom Deer o f  t h e  G l a d s t one P rope rty 

F r om l e f t  t o  r i g h t : 

C J L T U?. ::: 

1 B a l ca n i c a  r e f e ::- � :--, c e  s t ::- a i :; - 1 6 2 7  B u ::- g a s  

2 D e e ::  I s o l a t e  f :- am a :1 1 8  mo r:c. h o l d a n i.::ca l  

3 D e e :: I s o l a t e  :: ::- ::n:-.  a n  1 8  mo n � :-t  o l d a n i!":".a l 

4 D e e :: I s o l a t e  f :: :: � a n  1 8  ITlO !": � j  o l d a n :.�a l 

D e e r I s o l a t e  � ..... .-.. m a n  1 8  r:-.c :; c_ j  c l d a n i.::-,a l 

S e e :: I s o l a t e  : :: ') ::\  a n  : a  !':":::::- :-: :. h  o l d  a r-. .:..::-.a l 

C e e r I s o l a t e  - ._. ...... ......, a 6 ye a ::  o ld a n i:na :.. - - .,J • • •  7 
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4 . 4  D i s cuss ion 

Te s t s on dee r s e r a  f rom f ive s ou rc e s  i n  New Z e a l a nd reve a led t h at 

ant i body t i t res t o  ba l l um, bra t i s l a va a n d  copenhagen i were the mo st 

p re v a l ent a nd o c c u r red w i t h  about equ a l  f requency t o  one anothe r . 

T h i s  r e s u l t  wa s s imi l a r  t o  t h a t  obt a i n e d  f r om t h e  s t udy o f  go a t s  

( Ch a pt e r  3 )  . Rode n t s  a re t he mo s t  l i k e l y  s o u rce o f  i n f e c t i o n  f o r  

ba l l um and copenh a geni as t h e s e  rep resent t h e  ma inta inance ho s t s  f o r  

t he s e  s e rova r s  i n  New Zea land ( Hathaway,  1 9 7 8 ) . Ant ibody t it re s  to 

bra t i s l a va may h a ve o r iginated f rom contact with t he s ame source as 

t h e i r  p r e v a l e n c e  is s imi l a r  to t h a t  o f  ba l l um and cop e n h a gen i . 

S e ro va r  bra t i s l a va has neve r been i s o l a t e d  in New Zea land and s o  an 

a lt e rnat ive exp l a nat ion f o r  these t it re s  i s  requ i red . I t  i s  p o s s ible 

t h a t  t h e  a n t i b o dy t i t re s  to bra t i s l a va a re t he r e s u l t  of c r o s s  

r e a c t i o ns w i t h  s imi l a r  a n t igens o f  o t he r  s e rov a r s . T h i s  w i l l  be 

d i s c u s sed in mo re det a i l  in Chapter 6 .  

The l o w  l e v e l  a n t ibody t i t re s  t o  a us t ra li s ,  pomona and t a ra s s o vi 

a l s o  may result f rom c ro s s  reactions w i t h  othe = se rova rs . 

The h igh p reva lence and magn itude o f  a n t ibody t i t res t o  h a rdj o may 

rep r e s e nt e xp o s u re to e i t he r  ba l c a n i c a  o r  h a rdj o .  I t  i s  n o rma l l y  

imp o s s ible t o  di s t ingu i s h  be tween t he a n t ibody response t o  the s e  two 

s e r o va rs ( H a t h a w a y ,  1 9 7 8 )  The i s o l a t i o n  o f  h a rdj o f rom dee r h a s  

been repo rted ( F a i rley et a l  1 9 8 4 ) . C a t t le were a l s o  grazed o n  the 

G l a ds t one p rope r t y  in paddoc k s  separate f rom the dee r  but on h ighe r 

g ro und providing t he po s s ib i l ity o f  t he s pread of hardjo t h rough the 

n a t u r a l  w a t e r s h e d . A l t h o ug h  t he s e  c a t t l e we r e  n o t  s t ud i e d  f o r  

e v i dence o f  l ep t o s p i r o s i s , c at t le a re t he recogni sed ma int a inance 

ho s t s  f o r  t h i s  s e rovar and hardjo is e ndemic in cat t le in man y  New 

Zea l a nd he rds ( He l l s t rom 1 9 7 8 ) . There w a s ,  howeve r ,  no e vide nc e  o f  

infect ion due t o  hardjo i n  t he Glads t o ne dee r . 

T h e  i s o l a t i o n  o f  balca n i c a  f rom dee r u r ine in t h i s  s t udy i s  the 

f i r s t  conf i rma t i o n  o f  this  infec t i o n  in dee r . The BRENDA p a t t e r n s  of 
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t h e s e  i s o l a t e s  a r e t h e  s ame a s  t h o s e  o b t a i ned f r o m  N e w  Z e a l and 

o p o s s ums but d i f f er f rom t he t ype s t r a i n  balcan i c a ,  1 6 2 7  b u rgas , 

i s o lated i n  t he B u lkan s t a t e s  in Cent r a l  Europe by Janev a s  repo rted 

by Mateev and Manev ( 1 9 7 4 )  . Opo s s ums a re t he mo s t  l ik e l y  s ou rc e  of 

i n f e c t ion being t he recogn ised ma inta i n ance hosts for t h i s  s e r o var . 

C o n t a c t  w i t h  o p o s s ums o n  t he G l a d s t o n e p r o p e r t y  m a y  w e l l  h a v e  

o c c u r r ed a l t h o u gh i t  i s  p o s s i b l e  t h a t  t h e o l de r s t o c k  b e c ame 

i n f e c t ed be f o re c ap t u re and p a s s ed t he i n f e c t i o n  on t o  t he o t her 

s t o c k . I f  t he i n fect ion has s p re a d  in t h i s  way then t ra n s mi s s ion 

b e t ween dee r  mu s t  have occu r red for man y  yea rs as all dee r  less t han 

7 1  months of age we re born a nd r a i s ed on t he prope r t y . All the dee r 

on t he Gla sds t one prope rt y s hare the s a me races and yard f ac i l i t ies 

wh i c h  probably f a c i l itates the spread of infection . 

A l l  the ba l ca n i c a  iso lates in t h i s  s t ud y  we re obt a i ned f rom a n ima l s  

a g e d  1 8  mon t h s  o r  o l de r .  I t  i s  l i ke l y  t h a t  de e r  y o unge r t h a n  1 8  

mon t h s  are s u s c e ptab le t o  i n fec t i o n  w i t h  Lep t ospira,  a s  ant ibodies 

t o  other se rova r s  were present . 

T h e  age s�e c i f i c  p reva l e n c e  o f  a n t i b o dy t i t re s  t o  ba l c a n i c a  and 

h a rd j o  in s e r a o b t a i ne d  f r o m  a n i m a l s  o n  t h e  p r o p e r t y  s t u d i e d  

indicated t h a t  t he younge r a nima l s  we r e  not infec t ed . O n l y  3 8 %  and 

3 1 %  o f  s e r a  w i t h  a n t i b o d y t i t r e s  t o  b a l c a n i c a  a n d  h a r dj o 

re spect ive ly o c c u rred in t he s ix mon t h  o ld group . No ant ibody t it res 

to these s e r ova r s  were reco rded in a n ima ls f rom the s ame g r o up on 

the second v i s i t . It i s  po s s ible that t he ant ibodies det e c t ed in t he 

s i x mo n t h  o l d g r o up r e p r e s e n t e d  r e s i d u a l ma t e r n a l  a n t i b o di e s  

a l t h o ug h  s t u d i e s  i n  o t h e r  s p e c i e s ,  f o r  e x a mp l e , c a t t l e ,  h a ve 

demo n s t r a t e d  t h a t  these a n t ib o d i e s  n o rma l l y  wane t o  unde t e c t ab l e 

levels be f o re s i x months ( He l l s t rom 1 9 7 8 )  . 

T h e  s e r o l o g i c a l  re s u l t s  f rom t h e  M o s b u rn dee r s h o we d  a s im i l a r  

p a t t e rn f o r  t h e  age spec i f ic p revalence o f  ant ibodies t o  h a rd j o  with 

o n l y  7% of dee r in the l-2 yea r age g roup having these ant ibodie s . 
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T h i s  increased t o  5 9 % in t he 2 - 3  ye a r  a g e  group . S imi l a r l y ,  t h e re 

we r e  few ant ibody t i t re s  t o  h a rdjo i n  t h e  h inds f rom Ta rana k i , which 

were de sc r ibed as being ' app roximate l y  t wo yea rs o ld ' . T he r e s u l t s  

f rom t h e  Inve rmay he rd di f fe red in t h a t  there wa s a h igh percent age 

( 6 6 % )  of yea r l ing hinds with ant ibody t i t re s  t o  hardj o .  

S im i l a r l y ,  7 7 %  o f  t he de e r  f rom Ne l s o n  a t  s i x  mo n t h s  o f  a ge had 

p ro duced ant ibody t i t re s  to hardjo up to 3 2 0 . 

I t  i s  di f f i c u l t  t o  interp ret t he r e s u l t s  f rom Rua kura as t he age s of 

t h e  a n ima l s  s amp led we re not spe c i f i e d . The re we re , howeve r ,  few 

a n t ibody t i t re s  to hardjo ( 1 4 % ) . 

The a ge spec i f ic preva lence o f  balcan i c a  infection in dee r  o b s e rved 

on t h e  G l a ds t o n e  p r o pe r t y ,  is d i f f e re n t  f r om t h a t  o b s e rved f o r  

balca n i c a  i n f e c t ion i n  c a t t le ( Ma c k i n t o s h  1 9 8 1 ) . I t  appea r e s  t hat 

ye a r l i ng c a t t le a re e it h e r  mo re s u s c e p t ab l e , a re g r a z e d  i n  a re a s  

mo r e  l i ke l y  t o  c on t a i n  a s o urce o f  i n fe c t i o n ,  o r  t h a t  t he o lde = 

a n ima l s  a re immune due t o  ant ibodie s t o  hardjo r e s u l t ing f rom past 

expo s u re . 

There are seve ra l po s s ib l e  e xplan a t i o n s  f o r  t he absence 0 f  i n fe c t ion 

i n  de e r  l e s s  t h a n  1 8  mo n t h s  o ld ,  s ome of wh ich a re . : : ique to the 

Gl ads t one prope rt y . All dee r  on t h i s  p rope rty a re ke� � i n  s e p a rate 

age groups , p re vent ing any direct c o n t a c t  between g roup s . They are 

r a re l y  moved a nd when moved, the paddoc k s  a re left without s t o c k  t o  

r e c o ve r  f o r  t wo to t h ree weeks . T h i s  would p revent c o n t a c t  with 

u r ine recent l y  s hed f rom i n fected a nima l s . 

T h e  d i f f e r e n t  a ge g r o u p s  o f  de e r  o n  t h e  G l ads t o n e  p rope r t y  a re 

g r a z ed s e pa r a t e l y  but s ome t ime s o n  a d j a c e n t  p a ddo c k s . T he r e  i s , 

u n de r t h e s e  c o n d i t i o n s , i n s u f f i c i e n t  c o n t a c t  t o  e n a b l e s p re a d  

bet ween s t oc k . Macki n t o s h  ( 1 9 8 1 )  s howed t h a t  hardj o infect ion f rom 

p r o p e r t i e s  w i t h  i n f e c t e d  c a t t le f a i l e d  to s p re a d  to c a t t l e  on a 
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ne ighbou r i n g ,  even though there was n a t u r a l  drainage o f  wa t e r  f rom 

t he p rope r t y  w i t h  infected c a t t le . 

I t  i s  po s s i b l e  t h a t  a l l  t h e  de e r  o n  t he G l a ds t o n e  p r ope r t y  were 

e xp o s e d  to b a l c a n i ca be f o re the b i r t h  of the y o u n ge s t  g r o u p . I f  

b a l c a n i c a i n f e c t i o n  p r o du c e s  o n l y  a l o w  i n t e n s i t y  o f  u r i n a r y  

shedding i n  dee r ,  the younge r s t o c k  may n o t  b e  in fected by c o ntact 

w i t h  the o lde r i n fected anima l s . 

At the t ime o f  t h i s  s t udy , t he s p re a d  o f  infect i o n  t o  t he younge r 

a n i m a l s  m a y  h a v e b e e n  a f f e c t e d  b y  c l i m a t e  a s  t h e  d i s t r i c t  

expe r i e n c e d  a d r i e r  t ha n  n o rma l w i n t e r i n  1 9 8 7 . O n l y  f o r t y  n i ne 

p e r c e n t  o t  t h e  n o rma l r a i n f a l l  wa s r e c o rded f rom May t o  S ep t embe r  

( Hee rdegen 1 9 8 7 ) . Late w i n t e r  t o  e a r l y  s p r ing has been s ho w n  t o  be 

t h e  mo s t  f a v o u r a b l e  t ime f o r  t h e  s p r e a d  o f  l ep t o sp i ra in c a t t le 

( H e l l s t r o m  1 9 7 8 ) . C l ima t e  i n f l u e n c e s the s u rv i va l o f  l ep t osp i ra 

o u t s ide t he h o s t  an ima l and the re fo re h a s  an inf luence on i t s  s p read 

( F a i n e  1 9 8 2 ) . The amo u n t  of g r o u nd w a t e r is a l s o  impo r t a n t  i n  

a f fect ing s p re a d  ( �e l l s t rom 1 9 7 8 )  . 

O n e  p o s s i b l e  e xp l a n a t i o n  f o r  t h e  a b s e n c e  o f  i n f e c t i o n  due t o  

balcan i ca i n  t h e  the younge r an ima l s  i s  that spread o f  t h i s  s e rova r 

m a y r e qu i r e i n t i ma t e  c o n t a c t  b e t w e e n  a n i m a l s ,  s u c h  a s  t h a t  

a s s o c i a t e d  w i t h  mat ing . Ac c o rding t o  Yerex and S p i e r s  ( 1 9 8 7 ) , t he 

f i rs t  mat ing i n  dee r o c c u r s  whe n t he y  a re at l e a s t  1 5  mon t h s  old . 

Behaviour a s s oc i ated with mat ing h a s  been s ugge s t ed a s  t he c a u s e  o f  

s p re a d  o f  ba l ca n i ca i n f e c t ion i n  t h e  o p o s s um whe re i n f ec t i o n  only 

o c c u r s  in s e x u a l l y  ma t u re an ima l s  ( H a t h a w a y  1 9 7 8 ) . I f  i n t ima t e  

c o nt act between dee r  i s  requ i red f o r  t he s p read o f  i n fec t io n  due t o  

b a l ca n i c a ,  a s  i s  t h e  c a s e  f o r  o po s s ums , t h i s  ma y be t h e  n o rma l 

method o f  s p re a d  for t h i s  se rova r . 

I f  the age s pe c i f ic p reva lence o f  ba l c a n i ca infec t ion in the deer on 

t he G lads t one p rope rty i s  a fea t u re of ba l canica infec t i o n  i n  dee r ,  

i t  a p pe a r s  l i k e l y  t h a t  a t  le a s t  s om e  o f  t he a n t i b o dy t i t re s  t o  
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h a rd j o  ob s e r v e d  i n  t h e  s e r o l o g i c a l  s t u d i e s  o f  de e r  f r om o t he r 

s o u r c e s  were due t o  expo s u re t o  ba l can i ca . This i s  mo st l i ke ly in 

t h e  Mo s b u r n  de e r  whe r e  t h e r e  is a s im i l a r  age d i s t r i b u t i o n  o f  

a n t i body t i t res t o  h ardj o  a s  the dee r f rom t he Glads t one p rope r t y . 

4 . 5  Conclus ion 

1 T here i s  s e r o log ica l evidence in dee r  f o r  wide s p read exp o s u re t o  

ballum, bra t i s l a va ,  a n d  c openh agen i .  

2 E v ide n c e  o f  e xp o s u r e t o  ba l c a n i c a  o r  h a rdj o w a s  s e e n  o n  a l l  

p r operties s tudied . 

3 Balcan i c a  w a s  i s o l ated f rom dee r  f o r  the f i r s t  t ime . 

4 Bal can i c a  infection w a s  found t o  o c c u r  s omewhe re f rom nine to 1 8  

mo n t h s  o f  age i n  dee r o n  the G l ad s t o n e  p rope rt y a nd it s s p re ad i s  

p o s s ibly a s s o c i ated with mat ing . 
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The diagn o s i s  o f  lept o s p i ro s i s  a t  p r e s e n t  l a rge ly re l i e s  on b o t h  

s e r o l o g i c a l  t e c h n iqu e s  t o  de t e c t  c i r c u l a t ing ant ibodie s and the 

i s o l a t i o n o f  Lep t o sp i ra . This c h a p t e r  de s c r ibes t he u s e  o f  enzyme 

l i n ked immu n o s o rbent a s s ay ( EL I S A )  t echn iqu e s  a s  diagno s t i c  met hods . 

The s t a nda rd s e rologic a l  test , the MAT , w a s  de scr ibed i n  det a i l  in 

C h a p t e r  2 .  T h i s  h a s  many d i s a dv a n t a g e s  and as a r e s u l t  i t  i s  a 

s p e c i a l i s e d  t e s t  n o t  r e a d i l y  p e r f o rm e d  b y  r o u t i n e  d i a g n o s t i c  

labo rat o r ie s . Technic a l  prob lems w i th t h i s  t e s t  i n c l ude the use o f  

l ive c u l t u res a s  ant igens i n  many labo r a t o r i e s  which me a n s  a la rge 

bat t e ry o f  c u l t u res needs to be ma inta ined a nd also  p re sent s a r i s k  

o f  i n f e c t i o n  t o  l ab o r a t o r y  w o r ke r s . T he n e e d  t o  u s e  a da r k f i e l d  

mi c r o s cope t o  de t e rmine t he end p o i nt f o r  t he MAT t i t re ma ke s t he 

re a d i n g  o f  t h e s e  t e s t s  t i me c o n s umi ng . T o  obt a i n  r e p r o duc i b l e  

re s u l t s ,  a n  expe r i e n c e d  ope r a t o r  i s  r e qu i r e d  a s  t h e e nd p o i n t  

det e rminat i o n  o f  t h i s  test  i s  s ub j e c t ive . 

I s o l at ion o f  Lept ospi ra from i n f e c t ed f lu ids and t i s s u e s  i s  requ i red 

f o r  t h e de f i n i t i v e  d i a gn o s i s  o f  l e p t o s p i r o s i s . T h i s  i s  t ime 

c o n suming a s  inoculated culture media mus t  be incubated f o r  seve ra l  

mon t h s  a n d  examined m i c roscop i c a l l y a t  f r equent int e rv a l s  in o rde r 

t o  de t e c t  g rowt h . The sen s i t i v i t y  o f  c u l t u re techn iques relies on 

t h e  qua l i t y  of the med i a  and i s  f raught w i t h  di f f i c u l t ie s  which 

ma i n l y  a r r i s e  f r om the i n t r o du c t i o n  of  mic rob i a l  c o n t ami n a t i o n . 

I s o lates mu s t  a l s o  be c loned and c u ltu red s eve ral t ime s t o  obt a in a 

p u r e  c u l t u r e a n d  m u s t  a c h i e ve a c e l l  d e n s i t y  o f  a t  l e a s t  1 0 8 

c e l l s / ml b e f o re they can be s e ro logica l l y  t yped . T h i s  me ans i t  may 

t ake up to s ix months to i s o l a t e  and t ype Leptospira . To reduce the 

t ime t a ke n  to make t h i s  diagnos i s ,  it was dec ided to exp l o re other 

met hods b a s ed on t he E L ISA . 

Enzyme l abe l led ant ibodies were f i r s t  used in a manne r a n a logous t o  

i mm u n o f l o u o r e s c e n c e  f o r  t h e  m i c r o s c o p i c  l o c a l i z a t i o n  a n d  
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i dent i f i c a t ion o f  ant ige ns in 

1 9 6 6 ) . L a t e r ,  M i l e s  and Hales 

b i o logic a l  t i s s ues ( Na ka ne and P ie rce 

( 1 9 6 8 )  de s c r ibed how e n z yme s could be 

u s e d i n s t e a d  o f  i s o t o p e s  in an imm u n o me t r i c  a s s a y . 

d e t a i l e d  de s c r i p t i o n s  o f  e n z yme i mm u n o a s s a y  w e r e  

T h e  f i r s t  

p u b l i s h e d  

i ndepe nde nt l y  b y  Van -Weeme n a n d  S c h u u r s  ( 1 9 7 1 )  and b y  Engva l l  and 

P e r lman ( 1 9 7 1 )  

The E n z yme l i n k e d  immuno s o rb e n t  a s s a y  ( E L I SA)  i s  a v e r s i t i l e  t o o l  

t ha t  i s  u s e d  f o r  t h e  i dent i f i c a t io n  o f  a v a r iet y o f  ant igens and 

a n t ibodies in b o t h  t he medic a l  and vet e rina ry fie lds Vo l l e r  e t  al 

1 9 7 6 )  . 

Ant igen det e c t i o n  b y  E L I S A  gen e r a l ly t a ke s  the f o rm o f  one o f  t wo 

b a s i c  m e t h o d s , t h e c o mp e t i t i v e s y s t e m o r  t h e  d o u b l e  a n t i b o dy 

s andwi c h . 

The comp e t i t i ve s y s tem invo l ve s  coat ing a s o l id phase with spe c i f ic 

ant ibody . A s amp le containing a n  unknown amount o f  ant igen i s  then 

mixed with a known amo unt o f  e n z yme l abe l led ant igen . This mixt u re 

i s  then a l lowed t o  react with t he ant ibody coated s o l id phase . After 

washing t o  remove t he unre a c t e d  mat e r ia l ,  a s ubs t ra t e  is added and 

t he inhibit ion of uptake of the enzyme l ab e l led ant igen is mea s u red 

b y  the i nhibit i o n  of s ubs t ra t e  degrada t ion . This is p ropo rt iona l to 

t he amo unt o f  ant igen in t he s amp le . The dis advant age of t h i s  met hod 

i s  t h a t  each di f f e rent ant igen mus t  be c o n j ugated to a n  enzyme . 

The double ant ibody sandwich me t hod requ i re s  only l abe l led ant ibody . 

T h e  s o l i d p h a s e  i s  c o a t e d  w i t h  s p e c i f i c a n t i b o dy . T h e  s amp le 

cont a i n ing ant igen i s  added and att aches t o  the c o a te d  so lid phase . 

Aft e r  w a s h ing , e n z yme l abe l led spec i f ic ant ibody t o  t he ant i ge n  i s  

a dded a nd a t t a ch e s  t o  a n y  a n t igen-ant ib ody comp l e xe s  o n  t he s o lid 

pha s e . A f t e r  w a s h ing, t o  remove unreacted mate r ia l ,  a s ubst r a t e  i s  

adde d . T h e  p ro p o r t i on o f  s ub s t rate deg raded i s  p ro p o r t i onal t o  t he 

amount o f  ant igen in the t e s t  s ample . 
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An indi rect E L I SA i s  used t o  mea s u re ant ibody leve l s  t o  i n fect ious 

age nt such a s  Lep t ospira . The s o l id pha s e  is coated w i t h  ant igen and 

incubated with the s e rum s amp le to be a s s ayed for a n t i body . Ant ibody 

b e c o me s  a t t a c h e d  t o  t o  t h e  a n t i g e n  o n  t h e  s o l i d p h a s e . A f t e r  

w a s h i n g ,  an e n z yme labe l l e d  a nt i - s p e c i e s  globu l i n i s  added w h i c h  

a t t a c h e s  t o  a n y  a n t i b o dy - a n t i g e n  c o mp l e x  o n  t h e s o l i d p h a s e . 

S u b s t r a t e  i s  a dd e d  a n d t h e r a t e  o f  d e g r a da t i o n  o f  t h i s  i s  

p r o p o r t ional t o  t he amount o f  ant ibody i n  t he test  s o l u t ion . 

Alt hough t he t e s t  p r inciples a re s imp le , t he re is muc h  wo r k  requ ired 

t o  de t e rmi n e  t he o p t imum c o n d i t i o n s  f o r  a s ucc e s s f u l  d i a gn o s t i c 

t e s t . T here a re nume rous po s s ible pe rmut a t ions o f  va r iables such as 

t h e  t yp e  of s o l i d pha s e , s o l i d phase c o a t ing condi t i o n s , w a s h ing 

regime s , di lut ions of reage n t s  and s ub s t rate s e lect i o n . 

A v a r i e t y  o f  mat e rials have been used f o r  t he s o l id p h a s e  ( Vo l le r  et 

al 1 9 7 6 ) . D i s p o s a b l e  p o l y s t y r e n e ,  p o l yp r o p y l e n e  o r  p o l y v i n y l  

mic ro t i t re p l a t e s  a re t he mo s t  convenient t o  u s e  a s  l a rge nuwbe rs o f  

s a mp l e s  ma y b e  h a n d l e d  c o n v e n i e n t l y . O t h e r  m a t e r i a l s  i n c l ude 

ce l lu lo s e , c r o s s  l i nked dext ran s ,  polyac ryl amide , g l a s s  and s i l icone 

rubbe r wh i c h  h ave been u s e d  i n  t he f o rm o f  beads , t ube s ,  disks  or 

mic ro t i t re plate s . 

The c o a t ing o f  t he s o l id pha s e  i s  no rma l l y  achieved t h rough p a s s ive 

a ds o rp t i o n  o f  a n t igen o r  a n t ibody , b u t  c o v a l e n t  c o u p l i n g  u s i ng 

c y a n og e n  b r omide o r  f i x a t i o n  w i t h a c e t o ne o r  c r o s s  l in k i ng w i t h  

glut a r a ldehyde m a y  a l s o  b e  u se d .  The a im i s  t o  obt a in a reproduc ible 

c o a t i n g o f  t h e  s o l i d  p h a s e  w i t h  t h e  a n t i g e n  o r  a n t i b o dy , yet 

p re ve n t ing non specific b inding o f  s ub s equent reagen t s . Non spe c i f i c  

b inding i s  reduced b y  u s ing b loc king s o lut ions , u s u a l ly o f  p r o t e i n ,  

wh i c h  b ind t o  rema i n i ng a r e a s  on t he s o l i d  p h a s e  a n d  do not react 

w i t h  t e s t  reage n t s . Wa s h ing s o lutions and di luent s u s ua l l y  c o nt a i n  a 

wet t ing agent , s uc h  as Tween 2 0 ,  which reduce s non s p e c i f i c  upt a ke . 
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The method o f  p repara t i o n  o f  the ant igen f o r  a t t achment t o  the s o l id 

p h a s e  i s  impo r t a nt . The ant i gen mus t  be pure t o  prevent compet i t ion 

w i t h  contaminant s for a t t a c hment . To remove a l l  but t he f i rmly f i xed 

ma t e r i a l ,  the s o l id phase mu st be tho roughly washed . 

T e s t  s amples a re di l u t ed i n  a buffer c onta i n ing we t t ing agents a nd 

a dd i t i ona l p ro t e i n t o  p re ve n t  n o n  s pe c i f i c b i ndi ng in subs equ e n t  

s t e p s . The opt imum di lut ion o f  t e s t  s amp les and t h e  incubat ion t imes 

and t empe rature must be det e rmined t h rough a s e r ie s  of test s 

W a s h ing s t e p s  a re e s s e n t i a l  t o  remove u n r e a c t ed mat e ri a l . Several 

w a s h e s  a re n o rma l l y r e qu i re d  and s t a n d i n g  t ime i n  t he w a s h i n g  

s o l u t ion i s  a n  impo rtant p a r t  o f  t h e  proce s s . 

C o n j ugat es a re ant i -globul i n s  a t t ached t o  e n z yme s . Both compo nent s 

n e e d  t o  b e  h i g h l y  r e a c t i ve . A v a r i e t y  o f  e n z yme s may be u s e d . 

A l k a l ine phosphatase ( AP )  a nd horse raddi s h  peroxidase ( HRP )  a re the 

mo s t  common . The enzyme and ant ibody a re coupled by one of s e ve ra l  

met hods . The glutara lde hyde met hod ( Avrameus 1 9 6 9 )  a n d  t he pe r iodate 

me t hod ( W i l s o n  and N a k a n e  1 9 7 8 )  a re t he mo s t  o f t e n  used f o r  this  

p u rpo s e . 

A s e ries o f  t e s t s  a re requ i red t o  dete rmine the appropriate di lut ion 

o f  c o n j ugate and t he incub a t ion c o ndit ions needed to p roduce opt imum 

r e s u lt s . A w a s hing s tep i s  e s sent ia l  a f t e r  the con j ugate reac t i o n  i s  

c omp lete . 

T he approp r i a t e  e n z yme s u b s t rate i s  a dded which change s c o l o u r  in 

the p res ence o f  the e n z yme . S ubs t ra t e s  need to be s a fe , inexpen s ive 

a n d  stable . The subs t ra te of choice f o r  a l k a l ine phospha t a s e  is p ­

n i t rophenyl phospha t e . F o r  peroxida s e  con j ugates , hydrogen pe roxide 

( H 2 o 2 ) i s  u s e d  i n  c o n j u n c t i o n  w i t h  o rthophenylenediamine ( OPD ) , 5 

amin o  s a l i c y l a t e  o r  diami n obe n z idine . F o r  h igh s en s i t ivity a s s ays , 

O P D  i s  c o n s i de re d  b e s t  ( Vo l l e r  1 9 7 8 )  . S u b s t r a t e  de g r a da t i o n  i s  

de t e rmined b y  a rea c t i o n  r a t e  ana l y z e r  o r  b y  the amount o f  c o l o u r  
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c h an ge i n  a g iven t ime . T h i s  i s  a c h i e ved b y  s t opping the reaction 

a f t e r  a s e t  t ime w i t h  e it he r  a s t rong a c i d  o r  a l k a l i . The a s s ay 

r e s u l t s  ma y b e  e x p re s s ed a s  b e i n g  e i t he r p o s i t i v e  o r  n e g a t i ve 

f o l l owing a visual appra i s a l . Alte rnat ive l y ,  abso rbance va l u e s  f rom 

a s pe c t r o p h o t omet e r ,  w h i c h  a r e p r o p o r t i o n a l t o  t h e  a n t i g e n  o r  

a n t ibody i n  t he sample being a s s ayed, may be used . 

E L I S A r e s u l t s  may a l s o  be exp re s s e d  a s  t i t re s  by s e ra l ly di lut ing 

t h e  s amp l e  t o  a p rede t e rmined e n d  p o i n t . Re f e re n c e  p o s i t i ve and 

n e g a t i ve s amp l e s  mu s t  a lways be i n c l uded to a c h i e ve a c c u r a t e  and 

r e p roduc ible result s .  

T h e  e a r l i e s t  repo rts o f  a n t igen quant itat ion by E L I SA we re those o f  

Ho lmgren and S venne rholm ( 1 9 7 3 )  who suce s s fu l l y  me a s u red t he toxins 

of Vibri o ch o l era . 

T h e  E L I S A i s  mo s t  w i de l y  app l ie d  t o  t h e  me a s u r emen t  o f  s pe c i f ic 

a n t i b o dy w i t h  one o f  t h e  f i r s t  a p p l i c a t i o n s  b e i n g  t o  me a s u r e 

a n t ibody t o  Sa lmonel l a  ant igens ( Ca r ls on e t  a l  1 9 7 2 )  . 

F o r lept osp i ro s i s , t he E L I SA has s e ve r a l  advan t ages ove r the MAT . I t  

u s e s  k i l l e d  a n t i g e n ,  i s  l e s s  t e d i o u s  t o  p e r f o rm ,  c a n  b e  r e a d  

ob j ect ive l y  a n d  c a n  b e  readily used f o r  the t e s t ing o f  ma ny s amples . 

D i f f e rent i mmunoglobu l i n  c la s s e s  c a n  a ls o  be di f fe rent iated eas i l y  

b y  us ing t h e  approp riate c o n j ugat e . 

T h e  f i rs t  r e c o rded use o f  an E L I S A  f o r  lept o sp i r o s i s  diagno s i s  was 

f o r  t he det e c t ion o f  I gM and I gG a n t ibodies t o  Lept o sp i ra i n  human 

s e r a ( Ad l e r  e t  a l  1 9 8 0 ) . T h i s  i n v o l ve d  c o a t i n g  t h e w e l l s  o f  

mic rot i t re p l ates with a sonicated s uspen s io n  o f  Lep t o s p i r a l  ce l l s  

a n d  u s ing a HRP con j ug a t e  a nd a n  H 2 o2 / 0 P D  subs t rat e . B o t h  I gM a nd 

I g G  ant ibodies to Lept o spira we re detected i n  pat ien t s  i nfected with 

c openhagen i ,  hardj o,  o r  p omona . Adl e r  e t  a l  ( 1 9 8 1 )  used a s imi l a r  

t e s t  t o  d e t e c t  a n t i b o d i e s  t o  h a r d j o i n  s h e e p  f i n d i n g  a 9 5 %  
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c o r r e l a t i o n  b e t w e e n  t h e MAT a n d  E L I S A f o r  t h e  d e t e c t i o n  o f  

ant ibodies . 

Cu r s o n s  a nd P yke ( 1 9 8 1 )  s ugge s t e d  a d i f f u s i o n  in g e l  E L I SA as an 

a lt e r n a t ive to t he MAT be c a u s e  of its s imp l icity,  s e n s i t ivity and 

ve r s it i l i t y . They used t h i s  t e s t  in a s urvey o f  human sera ( Cursons 

e t  al  1 9 8 2 ) . 

An E L I S A  s imi l a r  t o  t h at u s ed b y  Adl e r e t  a l  ( 1 9 8 0 )  w a s  u s e d  t o  

detect t he bovine IgM and IgG response t o  h a rdjo a f t e r  infect ion o r  

immuni z a t i o n  ( Adle r e t  a l  1 9 8 2b )  . 

P..n E L I S A  s imi l a r  t o  t h at u s ed b y  Adl e r e t  a l  ( 1 9 8 0 )  '.-Ja s  u s e d  by 

Waltma n  and D a we ( 1 9 8 3 )  t o  de t ect Lept o s p i r a l  ant ibodi e s  in swine 

s e r a . T h e y  r e p o r t e d  1 0 0 %  s e n s i t i v i t y ,  8 6 %  s p e c i f i c i t y  a n d  a 

predict ive accuracy o f  9 1 . 3 % with re s u l t s  di rectly c o r re lat ing with 

t he MAT .  

Thierrnan and Ga rrett ( 1 9 8 3 )  used a pheno l  ext ract a s  the ant igen in 

an ELISA t o  de tect a n t ibodies to hardj o and p omona in cattle s e ra . 

They s ho wed that t h i s  t e s t  was mo re sens it ive than the K�T . 

Adl e r  a nd Fa ine ( 1 9 8 3 )  demo n s t rated the p r e s ence o f  both genus a nd 

species s p e c i f i c  non a gglut ina t ing ant igen s  which could be det ected 

only by E L I SA .  

An outer envelope p repa rat ion was used b y  Ha rtman e t  a l  ( 1 9 8 4 c )  in 

an E L I S A  f o r  t he de t e c t i o n  of c a n ine a n t ibodies to can i co l a  w i t h  

wh ich the s t age o f  t he di s e a s e  c o u ld b e  mo n i to red . A s im i l a r  t e s t  

wa s u s e d  b y  H a r tman e t  a l  ( 1 9 8 4 a )  to mon i t o r  the r e s ponse o f  dogs 

f o l lowing vacc inat ion against Lep t ospira . 

H a r t m a n  e t  a l  ( 1 9 8 4 b )  f o u n d  t h e  o u t e r  e n ve l o p e  a n t igen t o  b e  

se rotype spec i f i c  in t he E L I S A . 
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F a i rb r o t h e r  ( 1 9 8 4 )  u s e d a va r i e t y  o f  a n t i g e n s  i n  t h e  E L I S A t o  

demo n s t ra t e  t he serological re l a t ions hip between di f fe rent ant igens . 

A l k a l i  e xt r ac t s ,  s o n i c a t ed a n t i ge n  a nd e t h a n o l  p re c i p i t a t e s  were 

u s e d . 

A s ho r t  p ub l icat ion by Setyawan ( 1 9 8 4 )  de s c ribes the u s e  o f  an E L I SA 

u s i n g  de o xycho l a te e xt r a c t  t ype s pec i f i c  l e p t o s p i r a l  a n t i ge n s  t o  

det e c t  a n t ibodies i n  rabbit and c a t t le sera . The h a rdjo antigen gave 

8 0 %  s e n s i t i v i t y  a n d  9 6 . 5 % s pe c i f i c i t y  i n  d i ffe rent i a t ing r abb i t  

ant ibodi e s  t o  hardjo . 

Te rp s t ra e t  al ( 1 9 8 5 )  used a p o l y s a c c h a r ide ext ract i n  the E L I SA 

f o r  t he de t e c t ion o f  h uman a n t ibodies t o  Lep t osp i ra and conc luded 

t h a t  t h i s  E L I S A  w a s  u s e f u l  f o r  t h e  r a p i d  d i a g n o s i s  o f  h uma n 

lep t o s p i r o s i s . 

Son icated ant igen a s  p repared a s  by Adle r  e t  a l  ( 1 9 8 0 ) , was used by 

Cous ins et al ( 1 9 8 5 )  to mea s u re the ant ibody res ponse of c at t le to 

Lep t ospi ra . The leve l s  of a n t ibody de t e c t ed by E L I S A a nd the MAT 

n e i t h e r  c o r re lated w i t h  each o t he r  no r w i t h  t he p e r iods o f  u r ina ry 

s hedding . 

An E L I SA u s ing a sheath ext ract a s  t he ant i ge n  was used by Cou s i n s  

a n d  Robe r t s o n  ( 1 9 8 6 )  t o  detect I gM and I gG a n t ibody t o  Leptosp i ra i n  

s heep w i t h  good co r r e l a tion between I gG a n t ibodie s mea s u red by t he 

E L I SA and t he MAT ( r  = 0 . 9 0 1 8 ,  P > 0 . 0 0 1  ) . 

T h e r e  a r e n o  r e p o r t s on t h e  u s e  o f  E L I S A f o r  t he de t e c t i o n  o f  

ant ibodies to Lept ospi ra in dee r  and o n l y  o n e  brief  a ccount o f  i t s  

u s e  f o r  t h e  de t ec t i o n  o f  goat a n t ibo d i e s  t o  Lept o sp i ra ( S e t ya w a n  

1 9 8  4 )  . 
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The f o l lowing wo r k  w a s  based o n  met hods u s ed by Adl e r  e t  a l  ( 1 9 8 0 )  

a s  t h e s e  have b e e n  t he mo s t  w i de l y  u s e d  t o  de t e c t  a n t i b o d i e s  t o  

Lep t o spira . The poo r c o r r e l a t i o n  between t hi s  type o f  E L I S A  and the 

MAT and u r i n a r y  s h e dding,  repo rted by C o u s i n s  e t  al 1 9 8 5 ,  was o f  

l i t t l e c o n c e r n  a s  a mo r e  s e n s i t i v e  t e s t  may a l s o  give a p o o r 

c o r r e l a t i on yet be o f  g re a t e r  u s e  i n  t h e  de tect i o n  o f  Lep t o sp i ra 

ant ibodies f o r  epidemi o logica l s tudie s . 

5 . 2  Materials and Methods 

5 . 2 . 1  Solid Phase 

P o lyvinylchlor ide f l at bott omed 96 we l l  mic ro t i t re p lates . Dynatech 1 

and Nunc 2brands we re used . 

5 . 2 . 2  Ant igen and Antis era P repa rat ion f o r  P late Coat ing 

C u l t u re s  of Lep t osp i ra we re g rown in EMJH media ( Appendix I )  f o r  

f o u r  t o  five days a t  2 9 °C .  T h e  c e l l s  w e r e  c ounted unde r a da rk f ie l d  

m i c r o s c ope u s ing a Pet r o f f  H a u s s e r  b a c t e r i a l  count ing chamb e r 3 and 

c u l t u re s  cent r i fuged at l O , O O O g f o r  1 0  m i nutes . The s upe rnate was 

removed and the c e l l s s u s p e nded in 0 . 0 6M c a rbo n a t e  b u f f e r p H 9 . 6  

( Appendix X I I I )  t o  give a c oncent rat i o n  o f  5 x 1 0  7 c e l l s /ml . T h i s  

w a s  s o n i cated a t  2 0  h z  f o r  t w o  pe r iods o f  1 5  s e c onds imme d i a t e l y  

befo re use t o  c o a t  t he s o l i d  phase . 

F o r  t he detect i o n  o f  ant igen by E L I S A ,  rabbi t  ant i s e r a  t o  Lep t o sp i ra 

we re di luted t o  1 / 4 0 0  i n  0 . 0 6M c a rbonate b u f f e r  for plate coat i ng . 

1 C o o ke Labo r a t o ry P roduc t s , 9 0 0  S la t e r s  Lane , Alexa ndra , Ve rginia 2 2 3 1 4 ,  USA 
2 Nunc , Denma r k  
3 C . A . Haus s e r  a n d  Son , P h i la delphia , USA 
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5 . 2 . 3  Test Antisera Collection 

B l o o d  w a s  t a ke n f r om dee r  a nd goa t s  a nd l e f t  to c l o t . S e r a  were 

e x t r a ct e d  b y  c e n t r i f uga t i o n  at 3 0 0 0 g f o r  10  minutes and s t o red at 

- 2 ° c  un t i l  requ i re d  for t e s t ing . Al l s e r a  used for E L I S A  had been 

p re v i o u s l y  t e s ted for ant ibodies t o  Lep t ospira us ing t he MAT . 

5 . 2 . 4  Ant isera P roduction for Con j ugate P repa ration 

Whe r e  c omme r c i a l  c o n j ugates we re not ava i l able , rabbit ant i se r a  we re 

u s ed f o r  c o n j ugate preparat ion . 

R a b b i t  a n t i s e rum t o  h a rd j o  w a s  p re p a r e d  f o l l o w i n g  a s e r i e s  o f  

i n o c u l a t i o n s  o f  t h ree mo n t h  o l d  N e w  Z e a l a n d  wh i t e  r a b b i t s . T he 

i n o c u l a  cons i s ted o f  1 x 1 0 9 ce l l s /ml f rom seven day o ld c u ltures  

of  t he Bovis  s t ra i n  o f  hardj o p repa red i n  EMJH med ium ( Appendix I ) . 

T h e  c e l l s  we re c o unted a nd O . lml o f  F o rma l i n 4 ( 4 0 %  f o rma l de hyde ) 

added t o  inact i va t e  the ce l l s . This was t hen cent r i fuged at l O , O O Og 

f o r  3 0  minute s ,  the supe rnat e  removed and the cel l s  resus pended in 

P B S  ( Appendix I I ) . The cent ri fugation and re suspe n s i o n  was repeated 

t wice t o  wa s h  the c e l l s  free o f  culture medium . The c e l l  s u spens ion 

was di luted with PBS ( Appendix I I )  t o  g ive a f in a l  c o ncen t ra t ion of 

1 x 1 0 9 ce l l s /ml . One mi l l i l i t re of t h i s  ce l l  suspe n s ion w a s  added 

t o  l m l  o f  F re un d s  comp l e t e  a d j uvant 5 a n d  a w a t e r  i n  o i l  emu l s ion 

c re a t e d  by f o r c i n g  t he mi x t u r e  repe a t e d l y  t h rough a doub l e  e nded 

h ype rde rmic needl e between two s yrings . Once a s t a b l e  emu l s i o n  was 

f o rmed ,  as demo n s t rated by t he forma t i o n  o f  a dis c re t e  drop l e t  t hat 

d i d  n o t  d i s s o c i a t e  on t h e  s u r f a c e  o f  w a t e r ,  it w a s  i n j e c t e d  

int ramu s c u l a r l y  into rabbit s i n  four , O . Sml vo lume s a t  four sepa rate 

s it e s . 

4 I C I  New Zea l and Ltd . 

5 D i fc o  Labo r a t o ries , Det ro it , Michiga n ,  USA . 
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A s ec o nd i n o c u l a t i o n  wa s given 2 1  da y s  l a t e r ,  int ramu s c u l a r l y  a t  

f o u r  di fferent s it e s  us ing O . Sml vo l ume s . T h i s  inoculum cons i s ted o f  

a n  emu l s ion p repa red as f o r  t he f i r s t  v a c c ination b u t  us ing F reunds 

i n comp lete a d j uvan t . 6 

F o u rteen days l a t e r ,  l ive h a rdjo c e l l s  f rom a seven day o ld c u l t u re 

o f  t he Bovis s t ra i n  grown i n  EMJH medium ( Appendix I ) , we re c ounted, 

t he n  cent r i f uged at l O , O O O g for 30 minutes , the supe rnate removed, 

and the ce l ls r e s u spended in PBS ( Appendix I I )  . The cent r i fuga t ion 

a n d  r e s u s pe n s i o n  s t e p s  we re repe a t e d  t w i c e  to remove a n y  media 

c ompo nent s ,  the s u spens i o n  a d j u s t e d  t o  give 1 x 1 0 9 cel l s / ml ,  and 

lml i n j e c t ed i n t ravenio u s l y  into t he r ab b i t . This inoc u l a t i o n  was 

r e p e a t ed wee k l y ,  and lml b l o o d  s amp l e s  were a l s o  t a ken a t  w e e k ly 

i n t e rva l s  f ro m  a n  e a r  ve i n . S e r a we r e  e x c r a c c e d  f r om t h e  b l ood 

s amp les by cen t r i fuga t i o n  a t  3 , 0 0 0 g  f o r  10 min ute s ,  and c e s t ed f o r  

a n t i b o die s t o  h a rd j o  u s i ng t h e  MAT . W h e n  a n t i b o dy t i t re s  w e r e  

� 3 0 0 , 0 0 0 ,  S Oml o f  b lood w a s  t aken by c a rdi ac punct u re a nd t he sera 

e x t r a c t e d  as de s c r i b e d  a nd s t o re d  a t  - 2 0 ° C unt i l  r e qu i r e d  f o r  

c o n j ugate p repa r a t ion . 

A n t i - d e e r  s e r u m  w a s  p r e p a r e d  f r o m  N e w  Z e a l a n d  w h i t e  r a b b i t s  

i n oculated w i t h  dee r  IgG which was sepa r ated f rom complete s e rum by 

t h e  method of Co rthier et al ( 1 9 8 4 ) . 

T h e  s ep a r a t i o n  o f  I gG i n vo lved addi n g  Sml o f  s a t u r a t ed ammo n i um 

s u l p h a t e  s o l u t i o n  t o  S m l  o f  d e e r  s e r u m  w h i c h  w a s  f r e e  f r o m  

a n t ibodie s t o  L ep t o sp i ra de t e rmi n e d  b y  u s i n g  t h e  MAT . T h i s  w a s  

i n c ub a t e d  a t  4 ° C f o r  6 0  m i nu t e s ,  c e n t r i f uged a t  3 , 0 0 0 g  f o r  1 0  

m i n u t e s , a n d  r e s u s p e n d e d  i n  0 . 0 2 5 M T r i s - H C l  b u f f e r  p H  8 . 8  

c o n t a i ning 0 . 0 3 5M NaCl ( Appendix V ) . T h i s  was dialysed aga i n s t  this  

bu f fe r  a t  4 °C f o r  1 8  h ou r s , t h e n  app l ied to  a 1 . 6 cm x l O cm D EAE ­

T r i s a c ry l - M  c o l umn , 7 t h a t  had been e qu i l ib rated with t he T r i s - HCl 

6 D i fc o  Labo r a t o rie s ,  Det r o i t , Michiga n ,  USA 
7 LKB , Bromma , Sweden 
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bu f fe r  with a f low rate o f  5 0ml / h r . T he re lease o f  I gG was indicat ed 

by a n  u l t ra v i o l e t  mon it o r . 8 S amples c o n t a in ing I gG were poo led . 

The c o lumn was p repared f o r  further w o r k  by de s o rbing other p roteins  

by e l u t i n g  w i t h  0 . 0 2 5 M T r i s - H C l ,  p H  8 . 8  c o n t a i n i n g lM N a C l  

( Appendix V I ) , f o l lo wed b y  a n  equ i l ib ra t i o n  with t h ree v o l ume s o f  

T r i s -HCl bu f fe r  conta i n i ng 0 . 0 3 5M NaC l ( Appendix V )  

The IgG f ract i o n  pool wa s a s s ayed f o r  prot e i n  content a c c o rding t o  

t h e  method o f  B radford ( 1 9 7 6 ) . A 0 . lml s amp le wa s a dded t o  5 ml o f  

B r a df o rd Reagen t  ( Appendix VI I )  . Af t e r  mixi ng a nd s t anding f o r  t wo 

mi n u t e s ,  t he a b s o rb a n c e  w a s  r e a d  a t  5 9 5 nm . A s t a nda rd c u rve w a s  

prep a red by t e s t ing s o l u t i o n s  o f  bovine se rum a lbumin c o nt a i n ing a 

s e r i e s  o f  t wo f o ld inc re a s e s  in t he c o n cent ration o f  protein f rom 1 0  

t o  l O O ug / m l  u s ing t he B r a d f o rd me t ho d . The protein content o f  the 

I gG s amp le was e s t imated by comp a r ing t he absorbance re s u l t  w i t h  t he 

s t a nda rd cu rve . 

T he p r o t e i n  c o ntent wa s a d j u s t ed t o  l O ug / ml by di lut ing w i t h  PBS 

( Appendix I I )  or concent rat ing us ing an u l t r a f i l t e r 9 with a l O , O O Omw 

l imit memb ra ne (Amicon YM1 0 )  1 0 and the s amp le was checked f o r  purity 

b y  u s ing immun o e lectropho re s i s ( G rabe r a nd Wi l l iams 1 9 5 3 )  . A 1%  aga r 

( Ox o id I o n ag a r ) 1 1 s o lut ion was made i n  0 . 5 %  s o dium ba rbi t one b u f f e r  

p H 8 . 6 ( Appen d i x  V I I I )  a n d  l Oml wa s p o u red wh i le s t i l l  h o t  onto a 

1 0 cm2 g l a s s  p l a te t h a t  h a d  been t h o r o ugh ly c leaned with det e rgent 

a n d  a lcoho l . The g l a s s  p la t e  was l e f t  at 4 °C f o r  1 8  hours then 0 . 5 cm 

t ro ughs we re cut with a s c a lpel b l a de and 0 . 5 cm diame t e r  we l l s  we re 

cut with a punch at a di s t ance o f  l cm f rom the t roughs ( F igure 5 . 1 ) . 

I n i t i a l ly ,  t h e  agar w a s  remo ved f rom t he we l l s  o n l y  and s u f f ic ient 

s amp le a dded t o  f i l l  t he we l l s . T he s amp le s  we re e le c t r o p h o r e s e d  

8 LKB ,  Bromma , S weden 

9 Amicon USA 

1 0  Amicon , U S A  

1 1  Oxoid, B a s i ngstoke , Hampshire , England 
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t h rough t h e  ge l by a p p l ying 1 0 v/ cm ( 1 0 0 v ,  1 5mA ) a t  1 0 ° c f o r  t h ree 

t o  f o u r  ho u r s  us ing the LKB 2 1 1 7  Mu l t ipho r . 1 2 A lit re of 0 . 5 %  s odium 

barbitone b u f f e r  p H 8 . 6  c ove ring e a c h  e le c t rode wa s c o nn e c t e d  t o  the 

ge l w i t h  1 0 cm2 wicks  of f i lte r p a pe r . 

Complete dee r  se rum a n d  t he IgG f ra c t io n  were e lec t roph o re s ed on the 

s ame p la t e  f o r compa r i s o n . 

A f t e r  e l e c t ropho re s i s , t he a g a r  w a s  remo ved f rom t he t ro ughs a n d  

t he s e  were f i lled w i t h  l O Ou l  o f  who l e  ant i dee r  serum . T he p lat e was 

t h e n  put in a humid c hamber at r o om t e mp e r a t u re f o r  1 8  hours . The 

l in e s  of p re c ip i t a t i o n  were reco rded v i s u a l l y  be fo re the p la t e  was 

d r i e d  by c o ve r i n g  t h e  ge l w i t h  m o i s t  f i l t e r  p a p e r  f o l l o wed b y  

a n o t he r g l a s s  p l a t e  a nd a l kg we ight . A f t e r  1 8  h o u r s  a t  3 7 °c ,  the 

f i l t e r  pape r was remo ved f rom t h e  dried ge l by we t t ing a n d  peal ing 

f ro m  t h e  d r ied ge l .  T h e  ge l wa s c o ve r e d  i n  C o oma s s i e B l ue s t a in 

( App e n d i x  V I X )  a nd l e f t  f o r  3 0  m i nu t e s  a t  room t empe r a t u re . The 

s t a i n  w a s  remo ved and t he g e l  s o a k ed i n  1 0 %  a ce t i c  a c i d t o  remove 

t h e  s t a i n  f r om the gel to leave t h e  p re c i p i t in l i n e s  v i s ible . Four 

c hange s of  acetic acid were neede d  w i t h  30  mi�ut e s  betwee n changes 

to de s t a in t he ge l .  The gel was p h o t ographed with E c t a c h rome f i lm . 1 3  

1 2  LKB B rorrma ,  S wede n 
1 3  Koda k ,  New Zea land 
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F igure 5 . 1  Dmmunoe lect rophore s i s  P l ate 
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Once p u re dee r  I gG was obt a i ne d ,  lml c o n t a i ning l O ug o f  protein was 

a dde d t o  l m l  o f  F r e u n d s  c o mp l e t e  a d j u va n t  a n d  a w a t e r  i n  o i l  

e mu l s i o n  c r e a t e d  b y  f o r c i n g t h e  m i x t u r e  b e t w e e n  t w o s y r i nge s 

c onnec t ed by a double ended hypode rmic needle a s  de s c t ribed e a r l ie r . 

T h i s  w a s  u s e d  t o  i n o c u l a t e  a r a bb i t  i n t r a mu s c u l a r l y  a t  f o u r  

d i f f e re nt s ites u s ing O . Sml a t  each s i t e . 

T wenty e ight days lat e r ,  lml o f  dee r  IgG containing l O ug o f  protein 

was  c omb ined with F reunds i n c omp l e t e  a d j uvant and a water i n  oil  

e mu l s i o n  p repared a s  be f o re . This  was i n j e c t ed i n t ramuscularly at 

f o u r  di f fe rent s it e s  in O . Sml volume s . 

A f t e r  a f u r t h e r  2 8  days , a s e r i e s  o f  i n t ravenous i n o c u l a t i o n s  o f  

d e e r  I gG c o n t a i n i n g  l O u g / m l  o f  p r o t e i n  w e r e  g i v e n  o n  t h r e e  

s u c c e s s ive days , w i t h  do s e s  o f  O . Sml , lml , a nd 2ml respe c t i ve ly . 

T he re a f t e r ,  2ml inoc u l a t i o n s  were given int raveno u s l y  eve ry seven 

days u n t i l  a ma x imum ant ibody re s p o n s e  w a s  obta i ned . The ant ibody 

r e s p o n s e  w a s  me a s u r e d  u s i n g  t h e O u c h t e r l o n y  d o u b l e  d i f f u s i o n  

techn ique ( Oucht e rlony 1 9 4 9 )  a t  se ven d a y  interva l s . 

A lml b lood samp le was t a ken f rom an e a r  vein a nd the sera ext racted 

t o  de t e rmine t h e  ant ibody t it re t o  dee r  IgG using t he Ouchter lony 

doub le diffus ion techn ique . A g l a s s  p l a t e  1 0 cm2 was c o ated with l Oml 

o f  1 %  agar ( Oxoid I onaga r in s odium barbit one buffe r p H 8 . 6  ( Appendix 

V I I I ) . We l l s , O . S cm i n  diame t e r  we re cut u s ing a t emp late to give a 

p a t t e r n  a s  in F i gu re 5 . 2  w i t h  a di s t ance o f  2 mm  between each we l l . 

The agar was removed f rom e a c h  we l l  us i ng a p a s teu r p ipette a t t ached 

to a v acuum . The cent r a l  we l l  was f i l le d  with dee r  I gG and the outer 

we l l s  were f i lled with t e n  f o ld dilut i o n s  o f  a nt i s e ra f rom 1 / 1 0 t o  

1 / 1 0 0 , 0 0 0  i n  P B S  ( Appendix I I ) . The p l a t e  w a s  incubated in a humid 

a tmo s phere at r o om t empe r a t u re f o r  2 4  h o u r s , t h e n  d r i e d ,  w a s he d ,  

s t a i ne d  a n d  pho t og raphed a s  f o r  t he immunoelect ropho r e s i s  plate s . 
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5 . 2 . 5  Con j ugate P reparat ion 

The met hod used wa s ba s ed on that of Wi l s o n  and Na kane ( 1 9 7 8 ) . 

H o r s e  radi s h  pe roxidase ( HRP , RZ 3 ) 1 4 was p repa red f o r  con j ugation by 

di s s o l ving 4 mg i n  1ml o f  d i s t i l led wat e r ,  adding 0 . 2ml o f  f re shly 

made 0 . 1M s odium per iodate , a nd s t i r r ing at room t emp e rature for 2 0  

min u t e s .  This w a s  t hen dia l y s ed aga i n s t  1 mM  s o dium a cetate b u f f e r ,  

pH4 . 4  ( Appendix X )  at 4 °C f o r  1 8  hours . 

Immu n o globu l i n  ( 8mg ) , wh ich had been p u r i f ied u s ing D EAE T ry s a c ry l -M 

and a s s ayed fo r protein c o n t e nt as de s c ribed i n  5 . 2 . 4 , was di s s o lved 

in l . O ml of O . O lM c a rbonate b u f fer pH9 . 5  ( Appendix X ) . 

T o  t h e  HRP s o l u t ion , 2 0 u l  o f  0 . 2 M c a rbonate b u f f e r  ( Appendix X I I )  

w a s  a dded and t h i s  w a s  imme d i a t e l y  f o l l owed by t he immunoglobulin 

s o l u t ion . This was s t i r red f o r 2 hours a t  room tempe rature . A f resh 

sodium borohydr ide so lut ion c ont ain ing 4mg/ml was made and O . lml of 

this a dded t o  t he HRP / immunog l obulin mixt u re and a l lo wed t o  s t and at 

4 °C f o r  2 hours . 

1 4  S igma Chemi c a l  Co . ,  S t . Louis , Mi s s ou r i  6 3 1 7 8 ,  USA 
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�� equ a l  ammo u n t  o f  s a tura t e d  ammon ium s u lphate w a s  added,  a nd t he 

s o lu t i o n cent r i f uged a t  1 0 , 0 0 0 g  f o r  1 0  minutes . The s upernate was 

di s c a rded and t he p r e c ip i t a t e  w a s  r e s uspended i n  a 5 0 %  s at u rated 

ammo n i um s u l p h a t e  s o l u t i o n . T h i s  w a s  c e n t r i f u g e d  a g a i n ,  t h e  

p=e c i p itate r e s u s pended as be f o re ,  cent r i fuged f o r  a t h i rd t ime and 

t he p recipitate resuspended in P B S  ( Appendix I I )  . T h i s  was dia lysed 

f o r  1 8  hours against P B S  ( Appendix I I )  a t  4 °C .  Bovine se rum a lbumin 

was added to a f i n a l  concent r a t ion o f  1 %  and the c o n j ugate f i l t e red 

t h r o ug h  a 0 . 2 2 um n i t r o c e l l u l o s e  memb r a ne . 1 5An e qu a l  qua n t i t y  o f  

glyce r o l  w a s  added f o r  s t o rage at - 2 0 °C .  

5 . 2 . 6  Tests for Con j ugate Act ivity 

T o  t e s t  t h e a c t i v i t y  o f  t h e a n t i s e r u m  t o  de e r  c o n j u g a t e ,  a 

mic r o t i t r e  p l a t e  w a s  c o a t e d  w i t h  0 . 2 m l  o f  n o rma l dee r s e rum at a 

1 / 4 0 0  di l u t i o n  p repared i n  0 . 0 6M p h o s p h a t e  buffer p H 8 . 6  ( Appendix 

X I I I )  by i n c u b a t ing at 4°C f o r  1 8  h o u r s . The coat i ng s o lut ion was 

t he n  removed by inve r t i ng the p l a te s . The we l l s of t he p l a t e s  were 

washed t � ree t ime s by f i l l ing with wash ing s o lution ( Appendi x X I V ) ,  

s t a nd i ng f o r  f iv e  minut e s , t h e n  r e f i l l i ng w i t h  wa s h in g  s o l u t ion 

u s i n g  a Nunc I mmunowa s h . 1 6 T w o  f o ld s e r i a l  d i lut i o n s  of  c on j ugate 

f r o m  1 / 5 0  t o  1 / 3 2 0 0  we r e  m a de i n  a P B S / T w e e n  2 0 / B S A  d i l u ent 

( Appendix XIV)  . F i fty micro l i t re vo l ume s o f  each d i l u t ion we re added 

to e a c h  of t h re e  we l l s  and t he p lates were incubated at 3 7 °C f o r  6 0  

minut e s . 

The p lates were t hen washed s ix t ime s a s  des c ribed above . 

The s ubstrate w a s  prepa red b y  di s s o l v i ng 0 . 0 0 5g o f  OPD i n  0 . 2 5u l  o f  

me t h a no l ,  addi ng 1 2 . 2 5 ml o f  wa t e r  a nd 2 5 u l  o f  3 %  H 2 o 2 . This  was 

15 M i l l ipore C o rporat ion , Bedford, Ma s s achu s e t t s  0 1 7 3 0 ,  USA 
1 6  Nun c , Denma rk 
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added i n  S O u l  v o l ume s t o  each we l l  and i ncubated at room tempe rature 

i n  t h e  da rk for 2 0  minut e s . 

The react ion wa s s t opped by adding 0 . 2 5 u l  o f  8 N  H2 s o 4 s u lphu r i c  a c id 

t o  e a ch we l l . 

The o pt i c a l  de n s i t y  was read at 4 8 6 nm aga i n s t  blank we l l s  w i t h  n o  

coat ing ant i s e rum o r  ant igen u s ing a p l a t e  reade r ( S LT 2 1 0 )  . 1 7  

A H RP P rotein A c o n j ugate 1 8 was tested a s  above f o r  use a s  a po s s ib le 

a lt e r nat ive t o  the ant is e rum t o  dee r  c o n j ugate . 

T h e  a n t i s e r um t o  h a rd j o  c o n j u ga t e  w a s  t e s t e d  u s i n g  a s im i l a r  

techn ique but the p lates were coated w i t h  a suspe n s i o n  h a rdj o c e l l s  

de s c r ibed i n  5 . 2 . 2 .  inst ead o f  se rum . 

5 . 2 . 7  Chequerboard T itrat ions 

C h e q u e r b o a r d t i t r a t i o n s  w e r e  u s e d t o  de t e r m i n e  t h e  o p t imum 

concent rat ion o f  a nt isera and c on j ugate t o  use . 

Mic ro t i t re p l at e s were c o a t ed with ant ige n a s  previous l y  de s c r ibed 

in 5 . 2 . 6 .  

Ant i s e rum t o  the ant ige n wa s di luted i n  s e r i a l  t wo f o ld s t e p s  f rom 

1 / 1 0 0  to 1 / 3 2 0 0  in P B S / Tween 2 0 /BSA ( Appendix X IV) . 

Se rum f rom t he s a me spec ies with n o  a n t i b odie s t o  t he ant igen w a s  

di l u t ed as above . 

The dilutions o f  s e ra with a nd without a n t ibodies t o  t he antige n ,  as 

mea s u red by t he MAT , we re added in l O O u l  vo lumes to the we l l s  of t he 

mic r o t i t re plate s ,  a s  in F igure 5 . 3 .  

1 7  S a l zburge r Electro n i k  Indu s t rie , S LT Inst rument s ,  Grundig,  We s t  Germa ny 
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The p l a t e s  were incubated a t  3 7 °C f o r  6 0  minute s ,  then wa s hed th ree 

t ime s as de s c r ibed in 5 . 2 . 6 .  

S e r i a l  t wo - f o l d  d i l u t i ons o f  c o n j ug a t e  f rom 1 / 1 0 0  t o  1 / 3 2 0 0 ,  were 

prepa red in P B S / Tween 2 0 / B S A  ( Appendix X I V )  . These were added to t he 

p l a t e s  a s  i n  F igure 5 . 3 , and t h e  p l a t e s  i n c ubated a t  3 7 °C f o r  6 0  

minutes . 

The p l a t e s  we r e  w a s he d  a s  b e f o r e a n d  S O u l  volume s o f  a f re s h ly 

prepa red s ub s t r a t e  p repared,  a s  de s c r ibed i n  5 . 2 . 6 , added t o  each 

we l l . The p la t e s  were incuba t ed at room t empe rature i n  t he da rk f o r  

2 0  minut e s  and the reaction s t opped b y  adding 25ul o f  B N  H 2 s o 4 t o  

each we l l . 

The opt i c a l  de n s i t y  w a s  r e a d  a t  4 8 6 nm u s i n g  a s p e c t r o p o h o t ome t e r  

( S LT 2 1 0  reade r ) , a n d  the opt imum d i l u t i o n s  o f  serum a n d  c on j ugate 

det e rmined by t he c omb ination t h a t  p roduced t he gre a t e s t  di f fe rence 

between p o s it ive and nega t i ve s e r a . 

1 8  Miles Labo rat o r i e s  I n c . E lkha rt , I ndiana 4 6 5 1 4 ,  U S A  
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5 . 2 . 8  An Indirect E L I SA P rocedure for the Detection o f  Goat 

An t ibodies to Leptospira 

This p ro c edu re was based on that o f  Adle r  e t  al ( 1 9 8 0 ) . 

An t igen , p repared a s  de s c ribed i n  5 . 2 . 2 ,  w a s  added i n  2 0 0 u l  vo l umes 

to a l l  we l l s o f  a mic rot it re p l at e . T h i s  w a s  incubated a t  4 °C f o r  1 8  

hours . 

The ant igen wa s then removed by inve rt ing the p l a t e ,  and the p l ate 

w a s  w a s hed t h ree t ime s by f i l l i ng the we l l s  with P B S / T ween 2 0 / BSA 

( Appe n d i x  X I V )  a n d  emp t y i n g  a f t e r  f i v e  m i nu t e s ,  u s i ng t h e  Nunc 

Immunowa s h . 

Test s e ra we re added in l O O u l  v o lume s . F o r  mo s t  t e s t s ,  t he opt imum 

di l u t i o n  o f  s e rum i n  P B S / T we e n  2 0 / B S A  ( Appe ndi x X I V ) , w h i c h  had 

previo u s l y  been det e rmined u s ing a cheque rbo a rd t i t r a t i o n ,  was added 

t o  e a c h  o f  t h ree we l l s  f o r  e a c h  s amp le . A l t e rna t i ve l y ,  s e ra were 

t i t r a t e d i n  s e r i a l  t w o  f o l d  d i l u t i o n s  f r om 1 / 5 0  t o  1 / 3 2 0 0  i n  

P B S / Twee n 2 0 / BSA ( Appendix X IV )  and l O O u l  o f  each di lut ion added t o  

e a c h  o f  t h re e  we l l s . T h e  p l a t e s  w e r e  i n c ub a t e d  a t  3 7 °C f o r  6 0  

minute s . 

The p l a t e  was washed six t ime s a s  de sc ribed previou s l y ,  then S O u l o f  

t h e  a p p r o p r i a t e  d i l u t i o n  o f  r a bb i t  a n t i s e rum t o  g o a t p e r o x i d a s e  

c o n j ug a t e ,  ( Ev a i  B o i s 1 9 and M i l e s 2 0 wh i c h  had bee n  d e t e rmined b y  a 

cheque r b o a rd t i t r a t ion , w a s  a dded t o  e a c h  we l l  a n d  t he p l a t e  was 

incubated at 3 7 °C fo r 60 minut e s . 

The p l a t e  was washed s ix t ime s a s  be f o re . 

The s ub s t rate was p repa red by d i s s o lving O . O O Sg o f  OPD in 0 . 2 5ml o f  

me thano l ,  adding 1 2 . 2 5ml o f  wat e r  a n d  2 5 u l  fo 3 % H2 o2 . T h i s  was added 

1 9  Eva i Bo i s ,  P e t wo rt h ,  Wes t  S us s e x ,  Eng l a nd 

2 0  M i l e s  Labo ra t o r ies I n c . E l khart , I nd iana 4 6 5 1 4 ,  U S A  
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i n  S O u l  vo lume s t o  e a c h  we l l  a nd i n c ubated a t  room t empe ra t u re in 

the da rk f o r  2 0  minutes . The reac t i o n  was s t opped by adding 2 5 u l  o f  

The opt ica l den s ity was read us ing t he S LT 2 1 0 p late reade r a t  4 8 6nm 

aga inst b l a n k  we l l s  containing no ant i s e rum . 

The p rocedure i s  s umma r i sed in F igu re 5 . 4  

5 . 2 . 9  The Double Ant ibody S andwich E L I SA P rocedure t o  Detect . 

Lept ospira 

A mic ro t i t re p late was coated w i t h  hyper immune bovine ant i s e rum to 

Lept ospi ra p repared a s  de s c r ibed i n  5 . 2 . 2 .  Quant ities o f  2 0 0 ul were 

added t o  e a c h  we l l  and t he plate was incubated at 4 °C f o r  1 8  hou r s . 

T h e  p l a t e  w a s  e mp t i e d  a n d w a s h e d  t h r e e  t i me s ,  a s  de s c r i b e d  

p revious l y . 

Lept ospi ra c u l t u re s ,  incubated f o r  s even days in EMJH ( Appendix I ) , 

were c o u n t e d  u s ing a b a c t e r i a l  c o u n t ing c hambe r , 2 1 a nd s e r i a l  t e n  

f o ld di lut i o n s  made in P B S  ( Appe ndix I I ) , f rom 1 0 8 t o  1 0 1 c e l l s /ml . 

E a ch di lution was added t o  each o f  t h ree we l l s  in 0 . 1ml qua n t i t i e s . 

The p l a t e  wa s incub a t e d  at 3 7 0C f o r  6 0  minut e s ,  t h e n  emp t ied and 

washed s ix t ime s . 

Ant i s e rum t o  h a rdjo w a s  added t o  e a c h we l l  i n  1 0 0 u l  v o l umes at a 

dilution de t e rmined p r e v i o u s l y  us i n g  a c heque rbo a rd t it ra t i o n ,  and 

the plate was incubated at 3 7 °C f o r  6 0  minut e s . 

T h e  p l a t e w a s  t h e n  e mp t i e d  a n d w a s h e d  s i x t ime s b e f o re t h e  

approp riate d i lu t i o n  o f  con j ugat e ,  which had been det e rmined b y  a 

2 1  C . A .  Hauser and S o n ,  Phi lade lphia , USA 
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chequ e rboard t i t ra t ion , was added i n  S O u l  vo lumes t o  each we l l . The 

p l a t e  was then incubated for a furthe r 6 0  minutes a t  3 7 °C .  

The p late wa s w a s h e d  s ix t ime s ,  and t he s ub s t r at e ,  p repa red a s  i n  

S . 2 . 8 , was added i n  S O u l vo l ume s a n d  t he p lates were incub a t ed i n  

t h e  da r k  a t  r o o m  t empe r a t u re f o r  2 0  m i n u t e s . T h e  r e a c t i o n  w a s  

s topped b y  adding 2 Su l  o f  SN H 2 so 4 t o  e a c h  we l l . T h e  opt i c a l  den s i t y  

w a s  read on t he S LT 2 1 0  reade r  a t  4 8 6 nm .  

This p rocedu re i s  s umma r ised i n  Figure S . S  

5 . 2 . 1 0 A Single Ant ibody ELISA P rocedure t o  Detect Lept ospira 

A s i ngle ant ibody E L I S A proc edure w a s  a l s o  used which f o l l o wed t he 

p r ocedure o f  the double antibody s a ndwich t o  t he s t age j u s t  be fo re 

t he addit ion o f  t h e  ant iserum t o  hardj o . At this  point S O u l  v o l ume s 

o f  r abb it ant i s e rum t o  hardj o peroxida s e  c o n j ugate , di luted t o  t he 

opt imum concen t r a t i o n  a s  dete rmined by a cheque rbo a rd t i t ra t i o n ,  was 

added . The p l a t e  w a s  incubated at 3 7 °C f o r  60  minut e s . After w a s h i ng 

s i x t ime s ,  t h e s u b s t r a t e  w a s  added a n d  t he re a c t i o n  a l l o wed t o  

procede a s  de s c r ibed previous ly . 

This p rocedu re i s  s umma r ised i n  F igure S . 6  
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F igure 5 . 5  The Doub le Ant ibody S andwich P rocedure 
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Figure 5 . 6  The S ingle Antibody E L I SA P rocedu re 
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5 . 2 . 1 1 Tests Performed 

T h e  r e p r o d u c i b i l i t y  o f  t h e  E L I S A  f o r  t h e  d e t e c t i o n  o f  g o a t  

a n t i b o d i e s  t o  h a rd j o  w a s  d e t e rm i n e d  b y  t e s t i n g  o n e  s e rum w i t h  

a n t i b o d i e s  t o  h a rd j o  mea s u r e d  b y  t h e  MAT a n d  a n o t h e r w i t h o u t 

det e c t a b l e  MAT ant ibodies t o  a n y  o f  the s ix se rova r s  o f  Lept osp i ra 

used i n  t h i s  t e s t . These we re t e s ted i n  four di fe rent p l a te s , with 

t e s t s  pe r f o rmed i n  t r ipl icate o n  each p l a t e . Two d i f f e rent b rands o f  

plate , Dynatech a nd Nunc , w e r e  c ompa red f o r  u s e  in t h i s  t e s t . 

Ninety f o u r  goat s e ra we re a s s a yed by E L I SA ,  u s i ng a s ingle s e rum 

dilut i o n , f o r  g o a t  ant ibodies t o  hardj o . 

S ixty f o u r  s e ra f rom a national  su rvey o f  New Zeal and g o a t s  ( Chapter 

3 )  w e r e  t e s t e d  f o r  a n t ibo d i e s  to h a rd j o  u s i ng t h e s ingle s e r um 

dilut i o n  E L I S A  and t hese res u l t s  we re c ompa red with the MAT . 

The E L I S A u s ing t it ra t e d  s e r a w a s  pe r f o rmed on s i x t ee n  s e r a  and 

these r e s u l t s  we re compa red w i t h  those of t he s ingle s e rum di lut ion 

E L I SA . 

Ant ibod i s  t o  pomon a we re de t e c ted u s i n g  t he s ingle s e rum dilut ion 

E L I S A . T wenty t h ree sera were t e s t ed . 

The d o u b l e  a n t ib ody s a ndw i c h  E L I S A w a s  u s ed t o  t e s t  f o r  h a rdj o .  

D i f fe re n t  s t rength s  o f  coat ing s e rum were t e sted t o  t ry t o  inc re a s e  

t h e  s e n s it ivity . 

T h e  s i n g l e  a n t i b ody E L I S A w a s  c omp a r e d  w i t h  t he do u b l e  a n t ibody 

s a ndwi c h  met hod f o r  the dete c t i o n  o f  h a rd j o  ant ige n . 
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5 . 2 . 12 S t a t i s t ical An a lys is 

To comp a re t he MAT and E L I S A for mea s u r i ng t he ant ibody re sponse to 

h a rdj o ,  c o nt ingen c y  t ab les we re p repa red ( P i a z z a 1 9 7 9 )  ( Table 5 . 1 ) . 

Table 5 . 1  Contingency Table f o r  the Ana lys i s  o f  Serological Data 

Rl 

R2 

c l 

c2 

N 

a+b 

c+d 

a+c 

b+d 

E 

L 

I 

s 

A 

a +b +c +d 

+ 

-

MA T 
+ -

a b R ,  

c d Ra 

c ,  Ca N 

T h e  c ompa r a t i ve s e n s i t i v i t y  o f  t he E L I S A  c ompa red t o  t he ��T i s  

a / c 1 . 

The c ompa rat ive s p e c i f ic ity o f  these i s  d / c 2 .  

T h e  c ompa r a t i ve s e n s i t i v i t y  o f  t he ��T c om p a r e d  t o  t h e  E L I S A  i s  

a / R 1 .  

The comp a r a t ive spe c i f ic i t y  o f  these i s  d / R2 

The C h i  s qua red ( X2 ) t e s t  f o r  i ndepende n c e  w a s  p e r f �rmed o n  t h i s  

d a t a ,  t o  t e s t  t he n u l  h y p o t h e s i s t h a t  t h e r e i s  n o  s t a t i s t i c a l  

a s s o c i a t io n  between t he s e  two t e s t s . 
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T h e  x2 t e s t , based on t he cont ingency table above i s  

[ ( ad -bc ) 2
- 0 . 5N ) 2 

T h e  c o r  re l a t i o n  c o e f f i c i e n t  ( r )  w a s  c a l c u l a t e d  t o  de t e rmine the 

extent o f  t he a s so c i at i o n . 

The f o rmu l a , based on t he i n f o rmat ion in the c o nt i ngency table is : 

( ad - be ) 

r = 

5 . 3  Results 

5 . 3 . 1 Con j ugate P reparat ion 

R a b b i t  ant i s e rum to h a rdj o p � oduc e d  an a n t ibody t i t re of 3 2 7 , 6 8 0  

me a s ured by t he MAT . 

T h e  IgG f ra c t ion o f  dee r  s e rum was e luted f rom the DEAE T ry s a c ry l -M­

c o l umn in a discrete pe a k  mea s ured by t he UV mo n i t o r  ( F igure 5 . 7 ) . 

I mrnu n o e l e c t r o p h o r e s i s  o f  t h e p o o l e d f r a c t i o n s  f r o m  t h e D E AE 

TRYSACRYL M c o lumn shows t he s amp le is pure F igure 5 . 8  

T he s t a nda rd c u rve f o r  t he e s t ima t i o n  o f  p ro t e i n  b y  t he B ra d f o rd 

method i s  shown in f igu re 5 . 9 .  



F igure 5 . 7  Elut ion Peak f rom Dee r Sera Ads o rbed ont o 

DEAE TRYSACRYL M 

T r a nsm i s s i o n ( � )  

1 00 

5 0  

1 0  

I g G 

20 

Vo l urne ( rn l  l 

1 2 4  
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F igure 5 . 8  I��noe l e c t =ocho re s i s P l a t e  o f  F ra c t i o n a t e d  S e rum 
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F igure 5 . 9  S t and a rd Curve f o r  P ro t e in E s t ima t i on 

Absor bance 

5 '35nrn 

0 .  1 �  

� . '3 
- · 

0 . 8 

0 . 7 

0 . 5 / 

0 . 5 

0 . 4 

0 . 3 / 
0 . 2 / 
0 .  1 

1 0  20 30 40 

u g  BSA < 0 .  l m l  s a m p l e !  
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T h e  p o o led f r a c t i o n s  f rom t h e  co l umn c o n t a ined 4mg / ml p r o t e i n  and 

were concent rated to l Omg / ml by ult r a f i l t rat ion f o r  use . 

The rabb i t  ant i se rum t o  dee r  IgG ,  p r o duced a ge l d i f u s ion t i t re of 

1 0 0 0 . A s e r ie s  o f  inocu lat ion s  ove r 1 2 0  days we re requ i red t o  reach 

t h i s  level . 

T h r e e  a t t emp t s  a t  t he p repa r a t i o n  o f  a pe roxida s e  label led rabbit 

a n t i s e ra to de e r  IgG c o n j ug a t e  f a i l e d  to p r odu c e  a p rodu c t  t hat 

reacted w i t h  the subst rate in an indi rect E L I SA t o  de tect dee r  s e rum 

ant ibodies to h a rdj o . 

HRP c on j ugated p ro t e in A ( Mi l e s ) f a i led t o  react w � t h  dee r  se r um so 

t h i s  could not be u s ed as an a l t e rn a t i v e  to the a n t i se r�m to deer 

con j ugate . 

Rabb i t  an t i s e ru m  t o  h a rdj o w a s  c o n j u g a t e d t o  H R P , rea c t i ng a t  a 

di lut ion o f  1 / 5 0  w i t h  an opt ical  den s i t y  reading o f  > 1 . 0  o n  p l ates 

coated with h a rdj o . 

5 . 3 . 2 Chequerbo a rd Tit rations 

C h e qu e rbo a r d t i t r a t i o n s o f  E va i  B o i s  p i g a n t i s e rum t o  g o a t  I gG 

p e r o xi da s e  c o n j ugate f a i led t o  di s t i n gu i s h  between the presence o r  

a b s e n c e  o f  g o a t  IgG i n  the t e s t  de s c r ib e d  in 5 . 2 . 7 .  A l l  rea c t i o ns 

we re weak w i t h  opt ical de n s i t y  readings o f  < 0 . 1 .  

T he Miles rabb i t  ant i s e rum t o  goat IgG pe roxidase con j ugate c le a r ly 

di s t ingu i s he d  b e t ween the p re sence and a b sence o f  goat I gG w i t h  an 

opt imum test d i l u t ion o f  1 / 2 0 0  ( Table 5 . 2 ,  F igure 5 . 1 0 )  



Table 5 . 2 A Chegue rboa rd Tit ration t o  Det e rmine the Opt imum 

Concentrat ion o f  ��-�j�g�le and Te�t Se��!o r  �� 

in t he ELISA t o  Detect Ant ibodies to Hardjo 

Conj u g a t e  D i l u t i on 1 60121 

1 60121 0 . 121 1 5  

812113 121 . 04 1 

400 0 . 037 

200 0 . 056 

1 121121 0 . 097 

Sera D i  1 u t  i ons 

80121 

121 . 058 

121 . 083 

0. 1 0 7  

Ill . 1 35 

0 .  1 0121 

'• 121121 

0. 1 1 2 

Ill . 1 2 1  

0 .  1 3121 

0. 1 9121 

0 .  1 1215 

2121121 

Ill . 1 29 

Ill . 1 7 7 

0 . 1 78 

0. 207 
Ill . 1 53 

1 1210 

0 .  1 32 

0 .  1 92 

0 .  1 '33 

Ill . 1 58 

0 .  1 4 2 

50 

121 . 01219 

0 . 0 1 3  

0 . 029 

121 . 1213'3 

121 . 12130 

Re s u l t s  a r e e x p r e s sed as t he d i f f e r e n c e s  b e t ween p o s i t i ve a n d  ne g a t i ve 

s e r a . 

T h e  g re a t e s t  d i f f e re n c e  i n  b o l d  t ype i nd i c a t e s  t h e opt imum d i l u t i o n s  o f  

s e r a  a n d  c o n j ug a t e  t o  u s e . 

..... 
N 
CO 
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Figure 5 . 1 0 A Chequerboard Titration to Dete rmine t he Opt � 

Concent rat ion o f  Conjugate and Test S e ra for use in 

the E L I S A  to Detect Ant ibodies t o  Hardjo 





1 3 0  

5 . 3 . 3 Te s t s  for Goa t  Antibodies t o  Lept ospira 

T h e  rep roduc ib i l it y  o f  t h i s  t e s t  was demo n s t rated by t h e  re s u l t s  i n  

T a b l e  5 . 3  

T able 5 . 3  Reprodu c ib i l ity o f  the E L I S A  f o r  the Detection o f  

Antibodi e s  t o  Hardjo 

P l at e  N u m b e r  

1 

Sera 

a 

b 

R e peat T e s t s 

0 . 250, 0 . 280 , 0 . 2 4 1 

1 .  1 4 7,  1 .  1 33 ,  1 .  1 35 

2 a 0 .  1 96 ,  0 . 2051  0 . 258 

b 1 .  249 , 1 .  1 99 ,  1 .  1 98 

3 a 0. 1 47 ,  0 . 2 2 5 1  0 . 2 1 1 

b 1 .  275, 1 .  298, 1 .  2 7 1 

4 a 0 . 257 1 0 . 2 8 8 ,  0 . 255 

b 1 .  093, 1 .  1 1 0 ,  1 .  070 

T e s t s  of 9 5  s e ra to c ompa re the E L I S A  and ��T p ro duce d  t he r e s u l t s  

s umma r i s e d  i n  Tab l e s  5 . 4  and 5 . 5 .  

T able 5 . 4  Comparison o f  the E L I S A  and MAT 

Number o f  

S a m p l e s  

17 

54 

2 
5 
9 
3 
4 
1 

H A T  T i t r e  to H a r d j o  

< 1 0  ( n o a n t i bo d i e s  t o  

o t h e r  serova rs ) 

< 1 0  ( w i t h  an t i bo d i e s  to 

o ther serovars ) 

20 
40 
80 

150 
640 

1280 

Hean ELISA O D  

f o r  A n t i b od i e s  

to H a rd j o  

0. 407 

0. 472 
0. 837 
0 . 9 1 3  
0. 995 
1 .  051 
1 .  458 
1 .  1 2 1  



T able 5 . 5  Cont ingency Table o f  Results f o r  the E L I S A and the MAT 

E 

L 

I 

5 
R 

+ 

-

+ 

} 1 121  

2 4  

121 

2 4  

M R T  

-

( 1 121  

1 8  42 

53 53 

7 1  I 95 

1 3 1  

The Chi squa re d r e s ult i s  0 . 4 0 which ma ke s P > 0 . 0 5 imp lying t h a t  

the E � I S A  a n d  K�T a re s t a t i s t i c a l ly a s s oc i ated .  

T he c o r r e l a t ion c o e f ficient o f  0 . 6 5 s h o w s  a p o s i t ive but incomp lete 

c o r r e l a t i o n  between these t e s t s . 

T he c omp a rat ive s en s it ivity o f  t he E L I S A  t o  t he K�T i s  1 0 0 %  and t he 

comp a r a t ive spec i f i c ity i s  7 5 % . 

The c ompa ra t ive s e n s itivity o f  t he MAT t o  t he E L I SA i s  5 7 %  and t he 

c omp a r a t ive spe c i f i c i ty i s  1 0 0 % . 

T he r es u l t s  show t he E L I S A  t o  b e  more s e n s i t ive t h a n  t h e  MAT . 

The t i t r a t i o n  o f  s e ra i n  t he t e s t  f o r  g o a t  a n t i b o d i e s  t o  h a rd j o  

p roduced t he re s u l t s  in T a b l e  5 . 6 . 



T a b l e  5 . 6  A Corno a r i s o n  o f  t he E L I S rl  (u s i ng t h e  t it r a t i o n  met h o d) 

and t h e  ��T f o r  D e t e c t i nq &�t ibodie� t o  Ha rdjo 

M A T  T i t r e EL I SA T i t re ( 0 0 ) 0 . 2 )  

( 1 0  50 

20 4 0 0  

4 0  1 6 0 0  

8 0  8 0 0  

1 6 0 32'210 

3 2 0 3200 

640 3 2 0 0  

1 3 2  

u s i n g  a :-�  c �  o ::: 0 . 5  a s  a n  
. d ' . 
� n  :. c a :. .:. o n  o :  :. :: e  p .::- e s e n c e  o f  g o a :.  

a n -c .:. s e .::- :.:.-:1 I g ::J  -e o  h a. rdj o ,  b a s e d  e n  :. ::-te r e s u 2. :. s  o :  e a r l. i e .::- t e s :. s ,  t !"'.e 

s e r a f .::- o::� the n a t: i o n a l.  s u nr e y  s h o ·  .. ; e :i 9 / 6 4  ( :. S % )  w i t. ::C  a n ::. i b odi e s  t o  

h a rdj o . T !-, i s  c o mp a r e s  w i :. h  3 / 6 4  ( 5 % )  w i : ::  a n t: i b o c i e s  t o  h a rd) o 

me a s u :: e ·:i by ::. :: e  �·L�T ( C h a E=J t: e r  3 )  . 

a n t i bo c i e s  t o  pomon a in T ab l e s 5 . 7  a � d  5 . 8  s :: o �ec. S L� i l. a r i :. i e s  w i t h  

:. h e  t e s t: ::: o r  g o a t:  a n t: i b o d i e s t o  h a rdj o . : :: e  ::. e s t  C. e s t i n g u i s h e c  

b e t w e e n  t h e  ? re s e n c e  o r  a b s e n c e  o f  a � :. i b o c i e s  2 u -c  t �e 2 � I S A  r e a d i ng s  

a n :. ib o c i e s  t o  o ::. ::Ce .::- s e r o v a r s  o n .:. y  p r o cu c e d a s ::1a l l  i n c re a s e  i :1  t h e 

T ab l e  5 . 7 A C orno a r i s o n  o f  t h o  E L I S A  a nd t h e  YAT f o r  t h e  D e t e c t i o n  o =  

��t ibodi e s  t o  Pomona 

N um ber o f  s a m p l e s MAT T i t r e M e a n  EL I SH O D  

5 ( 1 0  ( no o t h e r 0 . 3 1'7 

ant i bo d i e s 

9 ( 1 0  < ot h er 0 . 4 0 9  

a n t i bo d i e s 

4 40 1 .  1 1 7 

3 812! 1 .  2 '3 3  

1 1 60 1 .  054 



T able 5 . 8  Cont ingency Table f o r  the Compa r i son of the E L I SA and 

MAT f o r  the Detect ion of Antibodies to Pomona 

E 

L + > � .  

I 

s - ( � .  

A 

5�0 g 

500 0 

g 

3 1 2  

1 1  1 1  

1 4  23 

1 3 3  

A s  f o r  t h e  t e s t  f o r  h a rd j o  a n t i b o d i e s t h e r e  i s  a s t a t i s t i c a l  

a s s o c i a t io n  between these t e s t s  2 -( X  - 0 . 4 6 ,  P > 0 . 0 5 )  and there i s  a 

c o r re l a t ion coe f i c ient o f  0 . 7 7 . 

The c omp a r a t ive s en s itivity o f  the E L I S A  t o  the K�T i s  1 0 0 %  and t he 

c omp a r a t ive spec i f i c ity i s  7 9 % . 

The c ompa r a t i ve s e n s i t i v i t y  o f  the MAT t o  t he E L I S A  i s  7 5 %  w i t h  a 

c omp a r a t i ve spec i f icity o f  1 0 0 % . 

The re s ul t s  show that the E L I S A  i s  mo re s e n s it ive t h a n  the MAT . 

5 . 3 . 4  Det ection o f  Hardjo . 

T h e  d o u b l e  a n t ibody s andw i c h  t e s t  f o r  h a rd j o  i n d i c a t e d  t h a t  1 0 6 

c e l l s /ml was t he lowest conce n t ration det e cted ( T able 5 . 9 ) . 
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T ab le 5 . 9  ELISA Re sults for the Detect ion o f  Hardjo 

Har·djo ( c e l l s /m l l Mean EL I SA OD 

1 1211 121 . 7 1 5  

1 121 7 0. 426 

1 �  0. 263 

1 1215 0. 1 %  

1 04 0 . 204 

1 0� et .  1 86 

T h e r e w a s  s ome v a r i a t i o n  i n  t he s e n s i t i v i t y  o f  t h i s  t e s t  u s i n g  

d i f f e re nt a n t i s e ra t o  c o a t  t he p l a t e . The se rum w i t h  t h e  h i ghe s t  

a n t i b o dy t i t re t o  h a rd j o  me a s u r ed b y  t he MAT p r o du c e d  t h e  mo s t  

s e n s i t i ve a s s a y b u t  the s e n s i t i v i t y  o f  t he t e s t  w a s  n o t  di r e c t ly 

r e l a t e d  t o  the l e ve l o f  agglu t inat ing ant ibodies i n  t he c o a t i�g s e ra 

( Table 5 . 1 0 ) . 

T ab le 5 . 1 0 E L I S A  Result s f o r  the Detect ion of Hardio u s ing D i f f e rent 

Coat ing Sera . 

Hard j o ( ce l l s / m l l M e a n  EL I SA DO 
C o a t i n g S e r a  

A B c 

1 08 1 .  1 34 0 . 465 0 . 2 7 3  

1 07 0 . 867 0 . 334 0 . 2 0 8  

1 06 0 . 323 0. 1 6 7 0. 1 42 

1 05 0 .  1 44 0 .  1 1 6 0 .  1 03 

1 04 0 .  1 1 2 0. 1 44 0 . 0 '3 5  

1 03 0 .  1 02 0 .  1 35 0 .  1 1 6 

0 0 . 088 0. 086 0. 1 06 

The MAT t i t re s  o f  the c o a t i ng s e r a  we re : 

A 1 6 3 , 8 4 0  
B 2 0 , 4 8 0  

c 5 , 1 2 0  
D 3 2 0  

0 

0 . 2 1 1  

0 . 1 53 

0. 1 4 1  

0 . 1 38 

0 . 1 23 

0 . 1 29 

0 . 09 1 
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Rabbit ant i s e rum with a t i t re o f  3 2 7 , 6 8 0  was u s e d  a t  t wo di f f e rent 

d i l u t i o n s  to c o a t  the E L I S A  p l a t e s . Com�a rative t e s t s  u s ing these 

p l a t e s  s h o we d  that t h i s  s e rum wa s j u s t  as  e f f e c t iv e  a t  1 / 4 0 0  a s  

1 / 1 0 0  f o r  t he det e c t ion o f  h a rdj o ant igen ( Tab le 5 . 1 1 ) . 

T ab le 5 . 1 1 A Comparison of D i f ferent D i lut ions of P late Coat ing Sera 

and Conjugate f o r  use in the ELISA to Detect Hardjo 

D i l ut i o n  o f  

c o a t i n g  sera 

1 / 1 00 

1 / 400 

Hardjo ( c e l l s / ro l ) 

1 0• 

1 ilJ7 

1 0' 

1 05 

1 04 

1 0l 

1 0• 

1 0 7 

1 0' 

1 05 

1 04 

1 0l 

M e a n  EL I SA OD a t  a 

Conj u g at e  D i l u t i on o f ;  

1 / 200 1 1 4 00 

0 .  7 1 5  0 . 4 0 0  

0 . 420 ill . 2 1 3  

0 . 263 0 .  1 56 

0 . 1 96 0. 1 68 

0 . 204 0. 1 2 7 

0 . 1 86 ill . 1 69 

0 . 525 ill . 29 3  

0 . 337 0. 2 1 7  

0 . 2 35 0. 1 3 7 

0 . 1 97 0. 1 0'3 

0 . 1 90 0. 1 1 2 

0. 1 86 0. 1 86 

T he s e n s i t i v i t y  o f  t h e  E L I S A f o r  de t e c t ing hardjo a n t igen w a s  not 

i n c reased u s i ng cells dis rupted by s on i c a t ion ( T able 5 . 1 2 ) . 

T ab l e  5 . 12 Comp a ring the E L ISA test to Detect Hardjo as Who le Ce l l s  

and C e l l s  D i s rupt ed th rough Sonic T re atment . 

Hardjo ( ce l l s / rn l )  M e a n  EL I SA O D  

Wh o l e  C e l l s  Son i c  Tre at ed C e l l s  

1 0• 0 . 673 1 . 456 
1 07 0 . 235 0 . 643 
1 0' 0 .  1 22 0 . 1 92 
1 0' 0. 1 1 3 0 . 089 
1 04 0 . 0 9 4  0 . 086 
1 0l 0 . 099 0 . 07 1 
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T h e  s i n g l e  a n t ibody E L I S A p r o c edu r e  w a s  l e s s  s e n s i t ive t h a n  the 

double ant ibody sandwich t e s t  f o r  de t e c t ing h a rdj o ( Table 5 . 1 3 )  

T able 5 . 1 3 The S ingle Antibody E L I S A  f o r  the Detect ion o f Hardio. 

Har·djo ( ce l l s / ro l l 

5 . 4  Discuss ion 

M e a r1 EL I SA O D  

0 . 332 

0 . 0S5 

0 . 002 

The E L I S A  has been used to mea s ure a n t ibodies t o  Lep t o spi ra in s e ra 

f r om huma ns (.l\dler et a l  1 9 8 0 ) , s h e e p  ( !<.dl e r  e t  a l  1 9 8 1 ) , catt le 

( Adler et a l  1 9 8 2b ) , pigs ( W a l tman and D awe 1 9 8 3 ) , dog s  ( Ha rtman et 

al 1 9 8 4b )  and r abb i t s  ( S e t ya�-:an 1 9 8 4 ) . The re a re n o  rep o r t s  of t 2.ese 

t e s t s  b e i ng used t o  mea s u r e  the ant ibody response in dee r  and on_y a 

b r i e f  repo rt o f  t he i r  u s e  in t e s t ing f o r  goat a n t ibodies ( S e t yawan 

1 9 8  4 )  . 

I t  was dec ided to use a n t i s e rum ma de aga i n s t  dee r  and goat IgG to 

t e s t  f o r  a n t i b o d i e s  to L ep t o sp i r a . I g G  a n t i b o d i e s a re k n o •..;n to 

p e r s i s t  for l o nge r t h a n  t he I gM c l a s s  in man y  s pe c i e s  pa rt icular ly 

c a t t le ( Co u s i n s  e t  al  1 9 8 5 ) , and a re the re f o re o f  g r e a t e r  interest 

in epidemi o l og i c a l  s tudie s . 

The re i s  n o  comme r c i a l l y  a va i l a b l e  e n z yme c o n j ug a t e  f o r  dee r  E L I SA 

s t u dies . T h i s  may be due t o  a l o w  demand f o r  s u c h  a p roduct o r  t o  

s ome di f f ic u l t y  i n  i t s  p re parat i o n . 

The periodate me thod o f  c o n j ug a t i o n  ( W i l s o n  and Nakane 1 9 7 8 ) u sed in 

t h i s  s t udy , f a i led t o  p r oduce a f u n c t i o n a l  ant i s e rum t o  de e r  I gG 
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p e r o xida s e  c o n j ugat e ,  a l t ho ugh t h i s  i s  unde r s t o o d  t o  b e  t he mo s t  

r e l iable met hod ava i l a b le ( Wo rdinge r e t  a l  1 9 8 3 ) . The s ame method 

w a s  u s e d  t o  p roduce a f u n c t i o n a l a n t i s e r um t o  h a rdj o pe ro xida s e  

c o n j ug a t e . T h e  p r o c e du r e f o r  t h e p r o d u c t i o n  o f  I gG f o l l o we d  

e s t a b l i s he d  t echn ique s .  The p u r i f i c at i o n  o f  de e r  I gG u s i n g  D E A E  

T r i s a c ry l  M ion exchange chromat og raphy h a s  been repo rted for rat , 

r a bb i t , s h ee p ,  p i g ,  c a t t l e ,  h o r s e , a nd dog s e r a ( C o rt h i e r  et al 

1 9 8 4 )  . P u r i f icat ion o f  s e r a  f rom goa t s  and c a t s  has been s hown t o  be 

l e s s  s u c c e s s f u l ,  w h i l e  mo u s e  and h a r e s e r a  a r e n o t  a b l e  t o  be 

p u r i f ied us ing this me t ho d . 

T h e  s u c c e s f u l  s e p a r a t i o n  o f  d e e r  I g G w a s  d e mo n s t r a t e d  b y  

immunoe lect rophore s i s  p roducing a p recipit in l ine rep resent ing IgG . 

T h e  response o f  rabb i t s  t o  the immuni zat ion p rogramme with p u r i f ied 

I gG w a s  s l o w  and ant i b o d i e s  neve r reached h i gh leve l s  in the ge l 

d i f f u s i o n  a s s a y .  T he l o w  leve l o f  ant i b o dy ma y e xp l a i n t he p o o r  

r e s u l t s  in t he prepa rat i o n  o f  t he con j ugat e . 

I t  i s  po s s ib le that a n o t h e r  spe c i e s  o f  a n ima l ma y have p roduced a 

b e t t e r  re sponse . 

T h e r e  i s  a n  a b s e n c e  o f  p ub l i s h e d  de t a i l s  o n  me t h o d s  o f  r a i s ing 

a n t i s e ra w i t h  muc h  r e l i a nce be i ng put o n  t r i a l  and e r ro r ( Ri t chie 

1 9 8 6 )  

The attempt t o  use P ro t e i n  A pero xidase t o  react with dee r  I gG was 

a ime d a t  a v o i d i ng t h e  need f o r  an ant i s e r um to dee r  c o n j uga t e . 

S t a p h l o c o c a l  P r o t e i n  A i n t e r a c t s  w i t h  t h e  F e  f r a gme n t  o f  I gG 

mo l e c u l e s  f rom s e ve r a l  s p e c i e s  i n c luding humans , dogs , s wine , and 

r a bb i t s ( B i a n c i f i o r i  a n d  C a rda r a s  1 9 8 3 ) . P r o t e i n  A p e r o x i da s e  

c o n j ug a t e  h a s  been u s ed t o  de t e c t  Lept o s p i r a l  a n t ibodies in s wine 

and dogs w i t h  re s u l t s  repo rted to be equ a l  to o r  bet t e r  t han tho se 

o b t a ined us ing the MAT ( B ianc i f o r i  and Ca rda r a s  1 9 8 3 )  . 
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F o r  t h e  de t e c t i o n  o f  g o a t  a n t i b o d i e s t o  h a rd j o  a n d  pomona o n e  

c omme r c i a l  c o n j uga t e  ( M iles  ICN ) p rodu c e d  a c ce p t a b l e  re s u l t s  b u t  

a nothe r ( Ev a i  Boi s )  c o n j ugate was un suitable . 

S eve r a l  o t h e r  p r oblems were e n c o u n t e red i n  s e t t ing up t h i s  t e s t . 

T he re w a s  a di f fe re n c e  in t h e  r e p roduc i b i l i t y  o f  t he res u l t s  f rom 

t e s t s  pe r f o rmed in D y n a t ech a n d  N u n c  p l a t e s . To p revent the non 

s pec i f i c b i nding of r e agent s o n t o  the p l a t e ,  a r e l i a b l e  w a s h ing 

r e g ime n e e ded to be e s t a b l i s h e d  and a p r o t e i n  b l o c k  ( B S A )  w a s  

e s sent i a l  i n  a l l  diluen t s . 

T he t e s t  f o r  goat ant ibodies t o  Lep t o spi ra s h o wed a high s e n s i t ivity 

a nd was s u f f i c i e n t l y  s e rova r s pe c i f i c  to p re c lude confus ing c r o s s  

r e a c t ions . T h i s  spec i f i c ity was demo n s t rated b y  the s imi l a r  results 

o b t a i n e d  f o r  a n t i s e r a w i t h  MAT t i t r e s  > 1 0  w i t h  a n d  w i t h o u t  

de t e c t a b l e  a nt ib o d i e s  t o  o t h e r s e rova r s . A n o t he r h ig h l y  s pe c i f i c  

E L I S A  w a s  reported b y  H a rtman e t  a l  ( 1 9 8 4b )  u s ing a n  outer envelope 

p repa rat ion for coat ing plate s . 

There are a l s o s ome rep o rt s  o f  I gG E L I S A  c ro s s  re a c t ions . Adl e r  e t  

a l  1 9 8 0  repo rted a one way c ro s s  re a c t i o n  bet ween pomona s e ra a nd 

h ardj o ant igen . C ro s s  react ions between h a rd j o  and t a ra ss o vi u s ing 

t he I gG E L I S A  we re repo rted by Cous ins et al ( 1 9 8 5 )  I n  s t udies o f  

h uman s e r a  f o r  ant i b o d i e s  t o  Leprospi ra , T e rp s t r a  e t  a l  ( 1 9 8 5 ) , 

o b s e rved c r o s s  reac t i o n s f rom p a t i e n t s w i t h  grippotyph osa,  h a rdjo 

a nd i c t e ro h a emorrh a gi a e i n f e c t i o n s . T h e r e  a re n o  r e p o r t s  o f  

i nve s t iga t i o n s  s t udyi n g  c ro s s r e a c t i o n s  b e t ween a l a rge numbe r o f  

Lept o s p i r a l  ant igens i n  E L I S A  t e s t s . 

I n  o u r  s t udy , ant ibodi e s  t o  ba l l um a re the mo s t  p re va lent in goats 

( Chapt e r  3 )  s o  these would be t he mo s t  l ik e l y  t o  inte r fe re with the 

t e s t s  f o r  o t he r a n t i g e n s  if t he r e  w e r e  a s u f f i c i e n t  a n t i ge n i c  

s imi l a r i t y . 
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B o t h  ge n u s  and spec i e s  spe c i f i c n o n  agg l ut i n a t i ng a n t ige n s , t h a t  

c ould b e  detected b y  E L I SA ,  were repo rted by Adle r a n d  F a ine ( 1 9 8 3 ) . 

Although i t  has been s ugges ted by Adle r  e t  a l  ( 1 9 8 1 )  that t h i s  E L I S A  

a n d M A T  m a y  de t e c t  t o t a l l y  d i f f e r e n t  a n t i g e n s , t h e r e i s  a 

s igni f icant a s s o c i a t i o n  between these t e s t s  ( P  > 0 . 0 5 ) . 

There i s  a p o s it ive c o r relation bet ween these t e s t s  f o r  the p res ence 

o f  a n t i b o d i e s  t o  b o t h  h a r d j o ( 6 5 % )  a n d  p om o n a  ( 7 7 % ) . A 9 5 %  

c o rre l a t i o n  between t he MAT and the IgG E L I S A  was repo rted by Adler 

et  a l  ( 1 9 8 1 )  f o r  ant ibodies t o  h a rdjo in s heep . Cous ins and Rob inson 

( 1 9 8 6 )  r e p o r t e d  a 9 0 %  c o r re l a t i o n b e t w e e n  the s ame t e s t s  f o r  

a n t ib o d i e s  t o  h a rdjo i n  sheep . A 9 1 %  c o r re l a t ion w a s  repo rted by 

Adl e r  e t  al ( 1 9 8 2 )  b e t we e n  t h e s e  t e s t s  f o r  b o v i n e  a n t i b o d i e s . 

Wa l tman a nd Da we ( 1 9 8 3 )  repo r t e d  a di rect c o r re la t i on bet ween the 

t wo t e s t s . The i r  da t a ,  when c a l c u l at e d ,  shows an 8 8 %  c o r re l a t ion . 

While t he c o r relat ions f o r  the p re s e nce o r  abs ence o f  ant ibodie s a re 

h igh , s t udie s of t he c o r relat ions o f  t he leve l s  o f  ant ibody me asured 

b y  t h e  t w o t e s t s  a r e l o w . A d l e r  et a l  ( 1 9 8 1 )  s h o w e d  an 1 1 %  

c o r re l a t i o n  betwee n t h e a n t i b o d y  leve l s  me a s u re d  b y  e a c h  t e s t . 

S imi l a r l y  in our da t a  ( Tables 5 . 4  and 5 . 7 ) , a n  increas ing MAT doe s 

not nec e s s a r i ly c o r r e s p o nd t o  a n  increas ing E L I SA result . 

T h e  s e n s i t i v i t y  o f  t h e  E L I S A  w a s  g re a t e r  t ha n  t h e  MAT f o r  b o t h  

h a r d j o  a n d  p o m o n a  a n t i b o d i e s . T h i s  w a s  d e mo n s t r a t e d  i n  t h e  

c omp a r i s o n  o f  9 8  g o a t  s e r a  f o r  a n t i b o d i e s  t o  h a rdjo and i n  t h e  

result s  f rom the 6 4  s e r a  o f  t he nat ional s u rvey , whe re ant ibodies t o  

h a rdjo we re a l s o  t e s t e d  b y  each method . T h e  g rea t e r  s e n s i t ivity o f  

t he E L I S A  w a s  a l s o  demo n s t r a t e d  b y  comp a r i n g  the t e s t s  o f  t he 2 3  

s e ra f o r  ant ibodies t o  pomon a .  

The s e n s i t ivity o f  the E L I S A  f o r  de tect ing bo vine IgG t o  Lept ospira 

w a s  s hown t o  be s imi l a r  to t he MAT with mo re s e n s i t ive r e s u l t s  be ing 
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obta ined u s ing ant i s e ra t o  c omp l e t e  gl obu l i n  ( Thie rman and Ga rrett 

1 9 8 3 )  . 

As expected with t e s t s  o f  greater s e ns i t ivit y ,  there i s  s ome l o s s  o f  

c ompa rat i ve spe c i f i c i t y . Whe the r t h i s  i s  due t o  t h e  det e c t i o n  o f  

f a l s e  p o s i t i v e s o r  b e c a u s e  t h e  E L I S A  i s  a mo r e  a c c u r a t e  t e s t  

indicat ing t he p resence o f  infec t io n  can only be det e rmined t h rough 

det a i led inve s t iga t ions in con j un c t i on w i t h  in depth s t udi e s  o f  t he 

disease . 

T h e  doub l e  a n t i b o dy s a ndw i c h  E L I S A w a s  a b l e  t o  de t e c t  a l o w e r 

concent rat ion o f  antigen than t he s ingle ant ibody t e s t . 

A c ompe t i t i ve E L I S A w a s not a t t empted a s  t he ant i s e rum t o  h a rdjo 

con j ugate p roduced w e a k  re a c t i o n s  with the subst r a t e  and there f o re 

would not be ve ry e f fe c t ive in a compe t i t i ve s ystem . 

The doub l e  ant ibody E L I SA re l iably de t e c t ed a c once n t r a t i o n  o f  1 0 6 

ce l l s / ml . T h i s  l im i t  v a r i e d  w i t h  di f f e re n t  c o a t i n g  s e ra but t he 

react ions f o r  concen t r a t ions be l o w  1 0 6 ce l l s /ml . were s imi la r . With 

d i f f e rent di lut ions of coat ing s e r a  t he l imit of ant igen det e c t ion 

varied f rom 1 0 6 t o  1 0 4 but again all results for concent r a t ions less 

t han 1 0 6 we re t reated w i th caution a s  all the readings we re s imila r .  

I n  the compa rison o f  whole c e l l  and s onic t re ated c e l l s , t he E L I S A  

detected a l imit o f  1 0 6 c e l l s /ml which was mo re c le a r l y  de f ined f o r  

t h e  s o n i c  t reated ce l l s  than t he whole ce l l s . I t  may be a rgued that 

t he det e c t ion l imit for who le ce l l s  was 1 0 5 . 

A rapid a nd sen s it ive method o f  detect ing Lep tosp i ra in s amples o f  

a n ima l t i s s ue s  a nd f l u i ds w o u l d  g re a t l y a s s i s t  a l l  L ep t o sp i ra 

s t u d i e s . T h i s  E L I S A ,  h o w e ve r ,  w i l l  n o t  r e l i a b l y  de t e c t  c e l l  

concent r a t ions below t h e  leve l detected by s t a nda rd t e c hn iques . D a rk 
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f i e l d  mi c r o s c op i c  exami n a t i o n s  w i l l  det e c t  1 0 4 c e l l s /ml a l t hough 

t h i s  t e c h n i q u e  i s  l a b o r i o u s  a n d m a d e  m o r e d i f f i c u l t  w h e n  

contaminant s are p r e s e n t  ( F a ine 1 9 8 2 ) . 

Cult u re s  o f  infected t i s sues and f luids w i l l  detect a s  l it t le as 2 0  

c e l l s /ml a l t hough t h i s  may t a ke s everal mon t h s  ( E l l inghausen 1 9 7 3 )  

Othe r techn iques such a s  the immuno fluo re scent techn ique s have been 

u s ed b u t  s e ro t yp e  s pe c i f i c  t e s t s  of t h i s  s o rt a re labo r i o u s  i f  

mu lt iple se rova r s  a re t o  be c o n s i de red ( Fa ine 1 9 8 2 ) . 

Iromuno f lu o re scence h a s  been repo rted t o  be mo r e  sens i t ive t han da rk 

f i e l d  m i c r o s c o p y  b u t  t h e r e a r e p r o b l e m s w i t h  n o n  s p e c i f i c  

f l u o re s cence (Co f f i n  a n d  Mae s t rone 1 9 6 2 ) . 

Both i s o l a t ion and f l u o recent met hods depend on v i ab le lept o s p i re s  

s u rviving i n  spec ime n s  t h a t  o ft e n  arr ive i n  t he l abo r a t o r y  seve ra l  

hours o r  days a f t e r  t he i r  c o l l e c t ion ( F a ine 1 9 8 2 )  

A c hemi l umine s c e n t  immuno a s s a y ,  de s c r ibed b y  Wa i t k i n s  a n d  H o o k e y  

( 1 9 8 6 ) , ma y p r o v i de a n  a c c u r a t e  and r a p i d  me t h o d o f  de t e c t i n g  

lept o s p i re s  i n  b i o l o g i c a l  f lu ids . Furt he r invest igat ions into t h i s  

method a re recommended by t he autho r s . 

Lept ospi ra have been i dent i f ied i n  t i s s ue u s ing an immunope roxida s e  

s t a i n ing p rocedu r e  i n v o lv i ng a double a n t i b o dy s andwich technique 

( E l l i s  et al 1 9 8 3 ) . They a l s o  used this  techn i que f o r  t he detection 

of  Lep t o spi ra i n  s me a r s  made f rom di f fe re n t  i n f e c t e d  t i s s u e s  a n d  

f l u ids w i t h  a g o o d  c o r re l a t i o n  b e t ween t he s e  and c u l t u re res u lt s . 

More w o r k  i s  needed t o  de t e rmine t he l imit o f  det e c t i o n  u s ing t h i s  

method and its  use o n  a wide r range of biological  ma t e r i a l s . 

An avidin - biotinylated HRP s t a ining p ro cedu r e  was used by Jennings 

et al  ( 1 9 8 3 )  for the m i c roscopic visua l i z a t io n  of s p i rochetes . This 
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m a y  a s s i s t  v i s u a l i z a t i o n  o f  s p i r o c h e t e s  i n  di f f i c u l t  s pe c ime n s , 

e spec i a l l y  i f  there i s  much cont aminat i o n . Howeve r ,  i t  i s  not l ikely 

t o  b ring about a great inc rease in ones ab i l i t y  to de tect Lept ospira 

above o t h e r  mic ro s co p i c  techn iques such a s  da r k  field examination o r  

s i lve r s t a ining ( Fa ine 1 9 8 2 ) . 

Inakov e t  a l  ( 1 9 7 7 )  u s ed a comp lement f ixat i o n  t e s t  t o  detect about 

1 0 6 Lept ospi ra /ml i n  ur ine . 

Rad i o i mmune a s s a y  wa s repo r t e d  by Adl e r e t  a l  ( 1 9 8 2 a )  t o  h ave a 

dete c t io n  l imit o f  b e t ween 1 0 4 and 1 0 5 o rganisms /ml , but i t  l o s e s  

s e n s i t i v i t y  i n  b i o l o g i c a l  f luids . 

B i o lo g i c a l  f luids such a s  ur ine and se rum h a ve inh i b it o ry components 

w h i c h  i n c r e a s e  the d i f f i c u l t y  of  o b t a i n i n g  adequ a t e  immuno a s s a y  

sens i t i v it y . 

Bahama n ,  Marsha l l  and Moriarty ( 1 9 8 0 b )  f ound radio immuno a s s a y  t o  be 

a s imp l e , rapid t e c h n ique f o r  t h e  de t e c t i o n  o f  Lep t ospi ra , but a 

min imum o f  only 3 . 6  x 1 0 7 c e l l s /ml could be detect ed . 

Chappe l e t  a l  ( 1 9 8 5 )  t r ied t o  imp rove t h e  s ens i t i vi t y  f u rt he r by 

inve s t igat ing the t e chn ique o f  enzyma t i c  radi o immunoa s s a y ,  which is 

l i k e  e n z yme imm u n e  a s s a y but e mp l o y s  a r a d i o a c t i ve s ub s t a n c e , 

comb i n ing both the f e a t ure s o f  e n z yme immun o a s say and 

radio immunoa s s a y ,  p o t en t i a l ly increas ing the sen s i t i v it y . This was 

used t o  detect pomona in p ig u r i ne but did not o f f e r  any increased 

s en s i t i v i t y  o ve r  t h e  o t he r diagno s t i c  met h o ds such a s  culture and 

dark f i e ld mic ros c opy . Unfo rtuna t e l y  t he s e n s i t iv i t y  in t e rms of the 

numbe rs o f  c e l l s  det e cted i s  not g iven . 

I t  i s  p o s s i b l e  t o  d e t e c t  1 . 1  x 1 0 3 L ep t o sp i ra / ml u s i n g  D N A  

hybr idi z a t ion t echn iques ( Mi l l e r  e t  al  1 9 8 7 )  . Terps t ra e t  a l  ( 1 9 8 7 ) 
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comb ined t he spec i f ic it y  o f  DNA hybridi z a t i o n  with the visua l i z a t ion 

o f  L ep t o spi r a  m o r p h o l o g y  u s i n g  b i o t i n  l a b e l l e d  D N A  p r o b e s . 

Un f o r t un a t e l y ,  t h e  a ut h o rs did n o t  s t a t e  t he s e n s i t i v i t y  o f  t he 

technique . 

I t  i s  p o s s ible t h a t  a n  enzyme amp l i f ic at io n  s ys tem such a s  that used 

by S e l f  ( 1 9 8 5 )  f o r  i n c r e a s i n g  t h e s e n s i t i v i t y  o f  t e s t s  u s i n g  

a l k a l ine phospha t a s e , may i nc r e a s e  t h e  s e n s i t ivi t y  o f  an E L I SA f o r  

det e c t i ng Lept ospi ra . 

F o r  t h e  E L I S A  t o  b e  u s e f u l  f o r  t h e  r o u t i n e  d i a g n o s i s  o f  

l e p t o s p i r o s i s ,  i t  m u s t  b e  a b l e  t o  de t e c t  f e we r c e l l s  t h a n  w a s  

achieved i n  t he p re s e n t  s t udy . 

5 . 5  Conclusions 

1 T he E L I S A  ma y b e  u s e d  a s  a n  a l t e rn a t i v e  t o  t he MAT f o r  t he 

det ect ion o f  goat a n t ibodies t o  Leptosp i ra . 

2 T h e  E L I SA i s  mo re s e n s i t ive t ha n  t h e  MAT f o r  de t e c t ing g o a t  

ant ibodies t o  hardjo a n d  pomona . 

3 The re is s ome d i f f iculty i n  produc ing a n  ant ise rum t o  dee r  I gG 

peroxidase c o n j ugat e . 

4 D e e r  I gG may be p u r i f ied u s ing DEAE T r y s a c ryl M .  

5 S t aphlocc a l  P ro t e i n  A did n o t  react w i t h  deer IgG . 

6 The E L I SA wi l l  detect 1 0 6 Lept ospi ra c e l l s /ml i n  P B S . 
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Ant ibodies t o  bra t i s l a va have been rep o r t ed as o c cu rring in human 

s e ra ( McDonald et al 1 9 8 5 )  and pig s e r a  ( Bo l t  1 9 8 7 )  in New Zea land . 

I nte rnat ion a l l y ,  bra t i s l a va has been i s o l ated f rom hedgehogs ( B room 

a nd Coghlan 1 9 6 0 ) , dogs , pigs and h o r s e s  ( E l l i s 1 9 8 5 )  It has been 

a s s o c iated with abo rt ions i n  p igs ( E l l i s  et a l  1 9 8 5 ) . 

I t  ha s been s ugge s t ed by McD o n a ld et a l  ( 1 9 8 5 ) , howeve r ,  t h a t  the 

a n t ibody t i t re s  to bra t i s l a va seen i n  human s e ra may be due t o  c r o s s  

r e a c t i o n s  w i t h  a n t i b o d i e s  d i r e c t e d  a g a i n s t  o t h e r  s e r o v a r s ,  

p a r t i c u l a rl y  pomona .  

The results  in Chapters 3 and 4 show t ha t  ant ibodies t o  ba l l um a nd 

b ra t i s l a va o f t e n  o c c u r  w i t h  a s imi l a r  f requency,  a f i nding w h i c h  

s ugge s t s  t he po s s i b i l i t y  t h a t  c ro s s  re a c t i o n s  may o c c u r  n o t  o n l y  

w i t h  pomona but w i t h  ba l l um a s  we l l . 

The po s s ib i l it y  t h a t  bra t i s l a va infect i o n s  may occur at a low level 

i n  the populat ion must not be overlooked . The f a i lure to i s o la t e  t he 

o rgan ism may be due to one o r  mo re fac t o r s ,  name l y ,  a low leve l o f  

i n f e c t i o n ,  d i f f i c u l t i e s  i n  g r o w i n g  t he o rg a n i sm i n  c o nve n t i o n a l  

medium, o r  d i f f i c u l t ies a s s oc iated w i t h  i s o la t ing t h i s  s e rova r f rom 

a mu l t iple i n f e c t i o n  c o nt a i n i ng o t h e r  s e rovars wh ich may ove rgrow 

bra t i s l a va .  

T h e  w o r k  de s c r i b e d  i n  t h i s c h a p t e r  i n ve s t i g a t e s  a me t h o d  o f  

i s o l a t ing bra t i s l a va f rom a mixed c u l t u re . Ant i se rum t o  pomona was 

used to inhibit the growth of t he homo logous s e rova r . 

Deer and go a t s  we re mo n i t o r e d  t o  obs e rve any serological re sponse 

to bra t i slava wh i c h  may be p roduced as a r e s u lt o f  vaccinat ing with 

other a nt igens . 

T h e  p r o t e i n s  o f  e ight d i f f e re n t  Lep t o sp i ra we r e  c omp a re d  u s i ng 

s o d i um do de c y l  s u l pha t e  p o l ya c ryl amide g e l  e le c t ropho re s i s  ( S O S -
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P AGE ) t o  det e rmine the degree o f  s imi l a r i t y  between bra t i s l a va and 

o t he r s e rovars . 

Wes t e rn b l o t s  o f  the SOS -PAGE separated p roteins we re reacted with 

d i f f e rent ant i s e ra aga in s t  t h ree serova r s  t o  ident i f y  common protein 

a n t i gens . 

6 . 2 Materials and Methods 

6 . 2 . 1  Growth I nh ib ition us ing Specific Antiserum 

T h i s  method was ba sed o n  that o f  T r ipathy e t  al  ( 1 9 7 1 ) . 

A 1 2 0 0ml batch o f  semi - s o l id EMJH medium ( Appendix I )  was p repa red 

a nd s p l it into t h ree 4 0 0ml bat ches labe l led A,  B and C .  Batch A was 

d i s p e n s e d  in 4 ml qu a n t i t i e s . T h i s  was the c o n t r o l  bat c h  w i t h  no 

ant i se rum added . Rabb i t  ant i s e rum to pomona with a n  ant ibody t it re 

> 8 x 1 0 9 was heated t o  5 6 °C for 3 0  minutes t o  de s t roy c omp lement . 

T h i s  was f i lte red t h rough a s t e r i l e  0 . 2 2 urn nit roce l lu lo s e  f i lt e r 1 and 

added t o  a f ina l dilution o f  l / 1 0 0  t o  b a t c h  B which had been he ld at 

5 0 °C .  This was mixed and di spensed in 4ml vo lumes . The ant i s e rum was 

a l s o  added to b a t c h C t o  a f i n a l  d i l u t i o n  o f  l / 1 0 0 0 ,  mixed and 

d i s pensed in 4ml vo lume s . 

I nd i v i du a l  f i v e  day o l d  c u l t u r e s  o f  b ra t i s l a va a n d  pomona were 

p repa red in EMJH l iqu id medium ( Appendix I ) . The c e l l s  we re c ounted 

u s i n g  a b a c t e r i a l  c o unt i n g  c hambe r 2 a nd we re s e r i a l l y d i l u t e d  in 

s te ri l e  PBS ( Appendix I I )  ten fold f rom 1 0 7 c e l l s /ml t o  1 0 3 ce l l s / ml 

T w o  b o t t l e s  o f  medium f rom e a ch b a t c h  ( A, B ,  C ,  were inocul a t ed 

w i t h  0 . 4ml o f  c u l t u re f r om e a c h  d i l u t i on o f  bra t i s l a va c u l t u re . 

S i m i l a r l y ,  du p l i c a t e  c u l t u re s  w e r e  m a de f r o m  e a c h  d i l u t i o n  o f  

pomona . I n  addit i o n ,  cultures we re p repa red i n  each batch o f  medium 

1 M i l l ipo re C o rpo rat ion,  Bedfo rd ,  Ma s s achus e t t s  0 1 7 3 0 ,  USA 

2 C . A .  Hau s s e r  and Son, P h i ladelphia , USA 
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f r om inoc u l a  c o n s i s t ing o f  0 . 4ml o f  m i xtures from combina t i o n s  o f  

bra t i slava a n d  p omona . 

A l l  c u l t u r e s  we r e  incub a t e d  at 2 9 °C f o r  t h ree months and e xamined 

wee k ly f o r  growth by da r k  f ie ld mi c ro s copy . P o s it ive cultures  were 

r e p e a t e d l y  c u l t u r e d  in l i qu i d  E M J H  me d i u m ( Ap p e n d i x I )  i n  

p r e p a r at i o n  f o r  s e r o l o g i c a l  a nd B R E N D A  t yp i ng a s  de s c r ib e d  i n  

Chapter 4 .  

6 . 2 . 2 The Sero logical Response o f  Deer a nd Goat s Fol lowing 

Vaccinat ion 

The s e ro l og i c a l  r e s p o n s e  o f  dee r  and g o a t s  to a u s t ra l i s ,  ba l l um ,  

bra t i sl a va ,  copenhageni ,  h a rdjo, pomon a ,  and ta ra ssovi w a s  mon i t o red 

f o l l o wing vac c i n at i o n . T h e  an ima l s  s e l ected for t h i s  wo r k  were on 

p r op e r t i e s  whe r e  t he f a rme r or ve t e r i n a r i a n  pe r c e i ved a n e e d  f o r  
v a c c i n a t i o n  a g a i n s t  l e p t o s p i r o s i s  a n d a g r e e d  t o  c o o p e r a t e  b y  

s upplying blood s amples f o r  test ing . 

S e rum s amples we re t a ken f rom f o r t y  red dee r  h inds o f  s ix t o  t we lve 

months o f  age immediately be fore t he v a cc inat ion o f  2 0  o f  t h e s e  with 

2 m l o f  a c o mm e r c i a l  v a c c i n e 3 c o n t a i n i n g  h a r d j o ,  p o m o n a a n d  

c openhagen i a n t igens . T h e  s e ra w e r e  t e s t e d  f o r  a n t ibodies t o  t h e  

s e ven serova r s  l isted above us ing t h e  MAT ( Chapter 2 ) . Twe n t y  e ight 

da ys late r ,  s e r a  we re aga i n  t a ken f ro m  a l l  a n ima l s  and t e s t e d  f o r  

a n t ibodies t o  Lept ospi ra . A second vac c inat ion o f  2ml wa s g i ve n  t o  

t h e  2 0  a n ima l s  v a c c i n a t e d  p re v i o u s l y . Fou rteen days l a t e r ,  b l o o d  

s amp les we re t a ke n  f rom a l l  anima l s  a n d  t e s ted f o r  a n t i b o d i e s  t o  

Lep t ospi ra . T h e  geome t r i c  me an t it re s  ( GMT ) we re c a lculated f o r  each 

s e rovar in both groups at each s amp l ing . 

S e ra we re t a ke n  f rom a mixed age f l o c k  o f  4 8  ango ra c ros s doe s  and 

t e s t ed f o r  a n t ibodies  t o  t he s e ve n  s e rova r s  as f o r  the dee r . All  

w e re vacc inated with 2ml of  a comme rc i a l  vacc ine 4 containing h a rdjo 

3 ' Lepto 3 ' , Coopers An ima l Health N Z Ltd . Upp e r  Hutt . 

4 ' Lept avo i d ' , Coope rs An ima l H e a l t h  NZ Ltd . Uppe r Hutt . 
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and pomon a a n t igens . S e ra were t a ke n  f rom a l l  a n ima l s  3 4  days l a t e r  

a n d  t e s t e d  f o r  a n t i b o di e s  t o  Lept o sp i ra . At t h i s  t ime t he y  we re 

v a c c i n a t e d  a g a i n  w i t h  2ml o f  t h e s ame v a c c i n e . F o rt y  f i ve days 

l a t e r ,  s e r a  were t a k e n  to t e s t  f o r  a n t i b o di e s . The GMT f o r  e a c h  

s e rovar a t  e a c h  samp l ing was c a l c u l a t ed f o r  e a c h  s e rova r . 

6 . 2 . 3  The Separation o f  Leptospiral P roteins us ing Sodium Dodecyl 

S ulphate Po lyacryl��de Ge l E lectropho re sis ( SD S -PAGE ) 

Lept osp i ra c u l tures , which had been c loned by cultu ring f rom l imit 

dilutions , we re grown in 1 0 0ml of EMJH l iqu id me dium ( Appendix I ) 

t o  a c o n c e n t r a t i o n  o f  b e t w e e n  1 0 8 a nd 1 0 9 ce l l s / ml . T h e s e  were 

cent r i f uged at 1 0 0 0 0 g  for 1 5  minut e s , t he s up e rnat ant d i s c a rded and 

the p re c i p i t a t e  resuspended i n  P B S  ( Appendix I I )  . T h i s  was repeated 

t h r e e  t i me s to w a s h  t h e  c u l t u r e s  f r e e  o f  c u l t u r e me d i um . T h e  

p r e c ip i t a t e  f r om t he f i n a l  c e n t r i f u ga t i o n  w a s  re s u s p e nded t o  a 

volume o f  1 0  ml . The c e l l s  we re t he n  dis rup t ed by s o n i c a t i o n  at 2 0  

H z  f o r  t wo mi nutes . 

The p r o t e i n  c ontent o f  each p rep a r a t ion was e s t imated b y  t he met hod 

o f  B radford ( 1 9 7 6 )  de s c r ibed i n  Chapter 5 but u s ing the mod i f ic a t ion 

o f  Ionas  ( 1 9 8 3 ) . This modi f ic a t i o n  s imu lates SOS t reatment by u s i ng 

0 . 2M NaOH t o  s o lub i l i s e  the prot e i n s . P rotein e s t imat i ons o f  t he S O S  

t reated s amp le s  we re n o t  pos s ib le a s  S O S  i n t e rfe re s  w i t h  the t e s t  

( I onas 1 9 8 3 ) . 

The S O S -P AGE discont i nuous buf fer s y s tem deve l oped by Laemml i ( 1 9 7 0 )  

w a s  u s e d  t o  s e p a r a t e  t he p r o t e i n s . An a c ry l a m i de s o l u t i o n  w a s  

p o lyme r i s e d  b e t ween t w o  g l a s s  p l a t e s  a n d  t he n  p l a c e d  v e r t i c a l l y  

between uppe r ( nega t i ve e lect rode - t he cat hode ) a nd lower ( po s i t ive 

e lect rode - t he anode ) buffer r e s e r v o i rs . 

Each g l a s s  p l a te me a s u red 1 3 cm x 1 7 cm x 0 . 5 5 cm .  One p l a t e  had a 2 cm 

deep , l O cm l o ng n o t c h  c u t  t o  p e rmi t ge l c o n t a c t  w i t h  t h e  upp e r  

b u f f e r  re s e rvo i r .  
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The p l a t e s  w e r e  t h o ro ughly c leaned b y  wash ing in det e rgent and hot 

wate r ,  drying and wiping with methano l .  

Th reads o f  p e t roleum j e l l y  we re p iped f rom a s y ringe a l ong t he s ide s 

a nd bot t om o f  both p l a t e s . T h ree s p a ce r s , 0 . 1 5 cm t h i c k  we re placed 

o n  the s ides a nd bottom o f  one p l a t e  and t he othe r plate p laced on 

top and p re s s ed down f i rmly to g i ve a g o o d  s e a l . The p la t e s  we re 

c lamped i n t o  a ve r t i c a l  pe rspex s t a nd u s ing bul ldog c l ips . The notch 

in the g l a s s  p late was p l a ced at the t op fac ing away f rom the s t and . 

A r u n n i ng g e l o f  1 0 %  a c r y l a m i d e  w a s  p r e p a red a s  de s c r ib e d  i n  

Appendix XX I I .  Th is w a s  poured bet ween the g l a s s  plates t o  a depth 

of l l cm ,  t a k i n g  c a re t o  a vo i d  a i r  bubb l e s . T h i s was immed i a t e l y 

o ve r la yed w i t h di s t i l led wa t e r  t o  p roduce a s u f f i c i e nt l y  anae robic 

e nv i ronme n t  t o  e n a b l e  t he a c r y l amide s o l u t i o n  to p o l yme r i s e . The 

g e l s  w e r e  l e f t f o r  3 0  m i n u t e s  a t  r o o m t e a mpe r a t u r e  f o r t h e  

p o lyme ri s at i o n  t o  occu r . 

The s t a c k i ng g e l  w a s  p repared a s  de s c r ibed i n  Appendix XX I I I . The 

w a t e r  w a s  p o u red o f f  t he t op o f  t h e  r u n n i ng ge l a nd t h e  e xp o s ed 

s u r f ace washed twice with a l iquot s  o f  f re s h l y  prepa red s t a c k i ng ge l 

a c r y l amide . T he s t a c k i n g  ge l s o l u t i o n  w a s  pou red on t o p  o f  t he 

running ge l t o  comp l e t e l y  f i l l  t h e  s pa c e  t o  the t o p  o f  the g l a s s  

p l ates . A pe r s pe x  c omb , w i t h  e ight 7 . 5mm x 1 7 mm  l o n g  t e e t h  s paced 

3mm apa rt , was inserted between the g la s s  p lates into the s t ac k ing 

ge l so that t he bottom o f  the teeth we re 8 mm  above t he running ge l .  

C a re w a s  t a k e n  t o  a v o id a i r  b u b b l e s  o n  t he t e e t h  o f  t h e  c o mb . 

P o l yme r i z a t i o n  w a s  l e f t t o  o c c u r  a t  r o o m t e mpe r a t u r e  f o r  t e n  

minutes . The c omb was t hen removed and the we l ls wa s hed w i t h  T r i s  -

g l ycine buf f e r ( Appendix XXIV) . 

The ge l s a nd w i c hed be t ween t w o  g la s s  p l a t e s  wa s remo ved f rom t he 

pe rspex s t a nd and the bot tom spacer w a s  c a re f u l ly removed . 
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Thick t h reads o f  petro leum j e l ly were app l ied t o  t he e le c t ropho re s i s 

appa ratus , immediately below the upper re s e rvoir and midway be tween 

the t wo r e s e rvo i r s . T h i s  e n s u�ed a l iqu id t ight s e a l  b e t ween t he 

r e s e rvo i r s , permi t t i n g  c u r rent f l o w  o n l y  t h rough the ge l .  The ge l 

s andwich w a s  then pus hed onto t he e l ect ropho re s i s app a r a t u s  and held 

with bul ldog c l ips with the plate n otch facing int o t he uppe r buffer 

reservo i r . 

The r e s e r v o i r s were f i l led w i t h  T r i s  - g l y c ine b u f f e r ( Appendix 

X X I V )  . Bubb l e s  were e l iminated f rom the lowe r ge l s u r f a c e  us ing a 

syr inge f u l l  o f  the b u f fe r . 

The s amp l e s  were p re p a red f o r  e l e c t ro p h o re s i s  b y  m i x i n g  l O O u l  o f  

l y s ed ce l l  s u spe n s i o n ,  2 5 u l  o f  S D S  s amp le b u f f e r  ( Appendix XXV) , 

1 2 . 5u l  o f  b romophenol blue t ra c k i ng dye ( Appendix XXV I ) a nd bo i l ing 

f o r  t h r e e  m i n u t e s  t o  s o l ub i l i z e t he p r o t e i n s . T h e  s amp l e s  were 

c o o l e d  and c e n t r i f uged at 3 0 0 0 g  f o r  t h re e  minu t e s  to remove any 

i n s o l ub l e  mat e r i a l .  These s amp l e  p repa r a r i o n s  were s t o red at - 2 0 °C 

i f  not requi red f o r  immediate use . 

A v o l u me o f  e a c h  s a m p l e  n e e d e d  t o  g i v e  t h e r e qu i r e d  p r o t e i n  

concent rat i o n ,  a s  de te rmined by the protein a s say,  wa s added t o  each 

we l l  u s ing a mic ropipet t e 5 . 

A c u r r e n t  o f  l S mA  w a s  app l ied t o  t he ge l u n t i l  t h e  t r a c k ing dye 

reached the interface o f  the s t a c k i ng and runn ing ge l s . The current 

was t hen reduced t o  l OmA unt i l  the t r ack ing dye reached the b o t t om 

o f  the running gel . The e lect r i c i t y  was then disconnected . 

The g e l  w a s  removed f rom t h e  e le c t ro p h o r e s i s appa r a t u s , the t wo 

perspex s p a c e rs on e i t he r  s ide remo ved and t he plates l e ve red apart 

u s ing a s p a t u l a . The l o we r left c o rne r of the ge l was removed to 

ensure c o r re c t  o rientat ion o f  t he g e l  in later s t age s . The s t a c king 

ge l w a s  remo ved with a spatula a nd di s c a rded .  The runn i ng ge l was 

5 Gilson , F rance 
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a l l o w e d  t o  f a l l  i n t o  a p l a s t i c  c o n t a i ne r  o f  i s o p r o p a n o l  s t a i n  

( Appe n d i x  XXV I ) T h i s  w a s  l e f t  r o c k i n g  f o r  t h r e e  h o u r s  a t  room 

tempe r a t u re . 

The s t a i n  was s iphoned o f f  a nd t he gel wa s de s t a ined b y  r i n s i ng and 

s o a k i ng i n  1 0 %  aqueous a ce t i c  a c id . The a ce t i c  a c id s o l u t i on was 

de c a n t e d  o f f  a n d  r e p l a c e d  e v e r y t w o  t o  t h r e e  h o u r s  u n t i l  t h e  

b a c k g r o u n d  o f  t h e  g e l  b e c a me c l e a r .  T h e  ge l w a s  w a s h e d  w i t h  

dist i l le d  wat e r  u n t i l  n o  ace t i c  acid sme l l  rema ined . S e lected ge l s  

we re p h o t ographed us ing T r i  X f i lm . 6 

A s e r i e s  o f  s a mp l e s  o f  t h e  p om o n a  s e r o v a r  c o n t a i n ing p r o t e i n 

c o n c e n t r a t i o n s  r a n g i n g  f r o m  2 0 ug t o  1 6 0 u g i n  2 0 u g  s t e p s  w e r e  

sepa rated b y  SD S - P AGE t o  det e rmine t he opt imum concent ration t o  use 

in f u r t he r work . 

The p r o t e i n s  o f  s e v e n  s e r o v a r s  ( a u s t ra l i s ,  ba l l um ,  b ra t i s l a va ,  

copen h a gen i ,  h a rdj o ,  p omon a ,  a nd t a ra s s o vi )  p l u s  a n  add i t i o n a l  

hardj o s t ra in Bovi s ,  we re sepa r a ted b y  S D S - P AGE . 

6 . 2 . 3  We stern Blots 

T h i s  me t h o d  was b a s ed on t h a t  of T o wb i n  et al ( 1 9 7 9 ) , B u r n e t t e  

( 1 9 8 1 ) , a nd Tamu ra e t  al ( 1 9 8 5 ) . 

Leptosp i ra p r o t e i n s  were sepa ra ted u s ing S D S -PAGE a s  de s c r ibed above 

w i t h  t h e  e x c e p t i o n  t h a t  t h e  g e l s  w e r e  n o t  s t a i n e d . O n c e  

e lect rophores i s  w a s  complete o n e  gla s s  p l a t e  was removed and the ge l 

overlaye d  with a s heet o f  n i t r o c e 1 l u l o s e 7 that had been cut t o  t he 

s i z e  o f  t h e  ge l s l a b  a nd ma r k e d  i n  p e n c i l  w i t h  l a n e s f o r  e a c h  

s a mp l e . E a c h  l a n e w a s  n u mb e r e d  f o r  f u t u r e  r e f e r e n c e . T h e  

n i t r o c e l l u l o s e  w a s  s o a k e d  f o r  1 0  m i n u t e s  i n  t r a n s f e r  b u f f e r  

( Appen d i x  XXV I I I )  be f o re l a y i n g  on the g e l . A c l e a n  g l a s s  rod was 

7 B i o  Rad, Richmo nd , Ca l i f o rn ia 9 4 8 0 4 ,  U S A  
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r o l l e d  o v e r  t h e  n i t ro c e l l u l o s e  s h e e t  t o  remove a n y  a i r  t rapped 

b e t w e e n  t h e  s h e e t  a n d t h e  g e l . F i l t e r  p a p e r ,  w h i c h  h a d  b e e n  

mo i s te ned i n  t rans f e r bu f f e r  ( Appe ndix XXVI I I ) , was l a i d  o n  t o p  o f  

the n i t roce l l u l o s e  s heet and a laye r o f  s ynt hetic sponge placed o n  

t op o f  t h i s . The g l a s s  plate w a s  removed f r om the o t h e r  s ide o f  the 

ge l and r e p l a c e d  w i t h  anothe r sheet of mo istened f i l t e r  pape r and 

s y n t h e t i c  s p o ng e . T h i s  s a nd w i c h  wa s p l a c e d  b e t we e n  t w o p o r o u s  

p l a s t i c  shee t s  f rom the ' T rans B lot ' c e l l 8 a nd was i n s e rted into the 

Trans Blot ce l l  w i t h  the nit roce llulose s heet c lo s e s t  to the anode . 

The ' T rans Blot ' ce l l  was t he n  f i l led w i t h  t ra n s f e r  b u f f e r  ( Appendix 

XXVI I I )  and the c u r rent set at 3 0 0  mA f o r  1 8  hours . 

The n i t ro ce l lu l o s e  s heet wa s then remo ved a nd dried a t  3 7 °C f o r  6 0  

minut e s ,  t hen cut w i t h  s c i s s o r s  a long t he l ines sepa r a t ing t he bands 

o f  e l e c t r o ph o r e s e d  p r o t e i n . The s t r i p s  w e r e  p l a c e d  in s e p a r a t e  

cont a i ne rs a n d  w a s h e d  in PBS  c o ntai n ing 0 . 0 5 % Twe e n  2 0 . Each s t rip 

was t hen soaked i n  5 %  bovine s e r um a lbumin ( B S A )  for 6 0  minute s  at 

room t empe rature to block any s i tes on t he nit roce l lu l o s e  l ik e l y  t o  

c a u s e  n o n  spec i f i c  b inding o f  ant i s e ra o r  c o n j ugat e s . The B S A  was 

r e mo v e d  a n d  t h e  s t r i p s  w a s h e d  t h r e e  t i me s i n  P B S / T w e e n  2 0 . 

A p p r o p r i a t e  a n t i s e r a t o  L ep t o sp i r a , d i l u t e d i n  P B S / T we e n  2 0  

c o n t a i n i n g  1 %  B S A  w e r e  a dde d and a l l o w e d  t o  r e a c t  a t  2 9 °c o n  a 

r o c k e r  f o r  6 0  m i n u t e s . The s t r ips were t he n  washed f i ve t ime s i n  

P B S / Tween 2 0 . A pe ro xidase con j ugate 9 , di lut ed t o  l / 2 0 0  i n  PBS / Tween 

20 wa s added and t he nit roce l lu lose s t r i p s  incuba t e d  on the r o c k e r  

at 2 9°C f o r  a furthe r 6 0  minut e s . The s t r i p s  were then wa s hed t h ree 

t ime s i n  P B S / Tween 2 0  and t he s ubs t rate ( Appendix XXVI I )  was added . 

This w a s  a l lowed t o  react a t  2 9°C on the r o c ke r  fo r 1 5  minut e s . I f  

the r e a c t i o n  was n o t  s u f f i c ient after t h i s  t ime , a n  add i t i o n a l  l O u l  

o f  H 2 o 2 w a s  a dd e d  t o  t h e  s u b s t r a t e  c o v e r ing e a c h  s t r ip a n d  t h e  

i n c ub a t i o n  w a s  c o n t inued f o r  a f u r t he r 1 5  min u t e s  a t  2 9 °C .  T h e  

reac t i o n w a s  s t op p e d  by r i n s i n g  the n i t r o c e l l u l o s e  s t r i p s  i n  t a p  

wate r .  The s t rips we re dried t h e n  pho tographed with T r i - x 1 0  f i lm .  

8 B i o  Rad, Richmond, Ca l i f o r n i a  9 4 8 0 4 ,  USA 

9 M i l e s  Labo r a t o r i e s  I nc . ,  E l k h a rt , Indiana 4 6 5 1 4 ,  U S A  
1 0  Koda k ,  New Z e a l and 
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6 . 3  Results 

6 . 3 . 1  Growt h  Inhibition u s ing Specific Antiserum 
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The p resence o f  g rowth det ected b y  da r k f i e l d  mic ro s copic observat ion 

at t he end of t h e  three mon t h  period is det a i led i n  Table 6 . 2 .  

Ant is e ra t o  pomon a  inhibited the growth o f  t h i s  s e rovar in t ub e s 1 ,  

2 a nd 3 whe re pomona only wa s used a s  t h e  inoculum . S ome growth was 

appa rent i n  mo s t  t ubes e a r l y  in t he e xpe r iment but the e f fe c t  of the 

ant i s e ra appeared after two weeks incub a t ion . 

The pomona ant i s e ra did not a f fect t he g rowt h  o f  bra t i s l a va i n  those 

t ubes inoculated with bra t i s l a va o n l y . 

An examination o f  �he s e ro v a r s  i s o lated f rom this  e xp e r imen t  s howed 

t h a t  t h e  i n h i b i t i o n  o f  p om o n a g r o w t h  i n  a m i x e d  c u l t u r e  w a s  

inc omp le t e  ( T a b l e  6 .  3 ) . P omon a w a s  i s o l a t e d  mo re f r eque n t l y  t h a n  

bra t i s l a va ove r a l l . T h e  a n t i s e rum t o  p omon a was mo re e f fect i ve in 

l i mi t i ng t he g r o wt h  of t h i s  s e r o va r  a t  a d i l u t i o n  o f  1 / 1 0 0  t han 

1 / 1 0 0 0 . 

W h e r e p o m o n a  d i d  o v e r g r o w  t h e  b r a t i s l a va i n  m i x e d  c u l t u r e ,  

b r a t i s l a va c o u l d  n o t  b e  d e t e c t e d  i n  t he i s o l a t e s  p re p a r e d  f o r  

s e r o t yping . 

The se rological t yping o f  these i s o l a t e s  was c o n f i �med by the B RENDA 

res u l t  ( F igu re 6 . 1 ) 



Table 6 . 2 Mic ro scopic Examin ation of the Growt h  Inhibit ion T r ial 

I nocu l a  

Lo g 1 1 c e l l s / m l  

bra t i sl a va l PJmona 

0 7 

0 6 
121 5 

0 4 

121 3 
7 0 
6 0 
5 0 
4 0 
3 0 
7 7 

6 7 

5 7 

4 7 
3 7 
7 6 
6 6 
5 6 
4 6 
3 6 
7 5 
6 5 
5 5 
4 5 
3 5 
7 4 

6 4 
5 4 
4 4 

3 4 
7 3 

6 3 
5 3 
4 3 
3 3 

No 

( + ) = g rowt h  

D i l ut i o n  o f  

Ant i se r u m  t o  Pomona 

Serum 1 / 1 1210 1 1 1 000 

+ - + 
+ - + 
+ - + 
- - -
- - -
+ + + 
+ + + 
- + -
- - -
- - -
+ + + 
+ + + 
+ + + 
+ - -
+ - -
+ + + 
+ + + 
+ + + 
+ - + 
+ - + 
+ + + 
+ + + 
+ + + 
+ - + 
+ - + 
+ + + 
+ + + 
- + -
- - -
- - -
+ + + 
+ + + 
- - -
- - -
- - -

( - ) = no g rowt h 

1 5 5  
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Table 6 . 3  S e rotypinq o f  I s olates f rom the Growth I nh ibition T rial 

Tab l e  6. 3 Serotypi ng of I so l at es from t h e  Sr� h I nh i b i t i on Tr i a l 

I no c u l a  Ant i serum D i l u t i on 

L o g ' • ce l l s / m l  

bra t i s l  a va p::>mona No S e r u rn  1 / 1 �� 1 / 1 �121� 

121 5 p - p 

6 0 B B -
7 7 p B p 

6 7 p p p 

5 7 p p p 

7 6 p B p 

6 6 p p p 

5 6 p - p 

7 5 - B B 

6 5 p B B 

5 5 p - p 

4 5 p - p 

3 5 p - p 

7 4 - B -
6 4 - B -
5 4 - B -
7 3 - B -
6 3 - B -

P = pomona i so l a t e  B = br-a t i s l a va i so l a t e  

( - ) = n o  i so l at e  
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F igure 6 . 1  BRENDA P atterns o f  the I s o la t e s  f rom the Growth 

Inhibition T r i a l  

F rom l e f t  t o  r ight : 

LANE S E ROVP..R 

1 Pomona refe rence s t r a i n  VD H  

2 P omona i s o l a t e  

3 P omona i s o l at e  

4 Pomona i s o l a t e  

5 P omon a i s o l a t e  

6 Pomona i s o l a t e  

7 Pomona re f e rence s t ra in VD H  
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6 . 3 . 2 The S e r o logical Response of Deer and Go a t s  t o  Vaccination 

The vacc i n a t i o n  of dee r  and goa t s  p roduced ant ibody t i t re s  t o  t h o s e  

s e r o v a r s  c o n t a i n e d i n  t h e  v a c c i n e s . I n  a d d i t i o n ,  t h e r e w a s  a 

c o r r e s p o nd i n g ,  a l t h o u g h  l o we r ,  r i s e  i n  t h e  a n t i b o d y  t i t r e s  t o 

b r a t i s l a va .  T h e  a n t i b o dy t i t r e s  t o  t h e  o t h e r  s e r o v a r s  t e s t e d 

r e ma i n e d  s u b s t a n t i a l l y  t he s ame a s  t h ey we r e  b e f o re v a c c i n a t i o n  

( Ta b l e s  6 . 4  and 6 . 5 ) . 

Table 6 . 4  The S e rological Re sponse of Deer t o  Vaccination . 

S E ROVAR GEOMET R I C  MEAN T I T RE 

Vacc i n at ed Group Non V a c c i n at ed G r o u p  

D A Y  DAY 

0 2 8  4 3  0 2 8  4 3  

a u s t r•a l i s  5 5 5 5 5 5 

ba l l um 6 5 5 5 5 5 

bra t i s l  a va 8 '3 3 1  8 g 8 

copenh ageni 5 1 5  1 2 1  5 5 5 

ha rdjo 7 1 2  ·::><= L.. ..J 7 7 7 

pomona 6 1 2  1 1 2 6 6 6 

t a r a s sovi 5 5 5 5 &:" &:" 
..) ..) 

T ab l e  6 . 5  The S e rologic a l  Response of Goats to Va ccination 

S E R O V A R  GEOMET R I C  M EAN T I T R E  

D A Y  

0 3 4  7 '3  

a us t ra l i s  5 5 6 

ba l l um 1 1  1 2  1 0  

br·a t i s l a va 6 3 5  36 

copenhageni 5 8 1 1  

ha rdjo 8 1 30 59 

{XImona 6 1 '30 1 3 1 3  

t a ra s sovi 9 8 9 
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6 . 3 . 3  The S epa rat ion o f  Leptosp iral Proteins by SOS -PAGE 

T h e  re s u l t s o f  SDS -PAGE o f  a range o f  prot e i n  c once nt rations showed 

t he c le a r e s t  sepa ration was obt a i ned u s ing l O O ug of p ro t e in ( F igure 

6 . 2 ) . This  was used in a l l  s ubsequent work . 

T h e  p r o t e i n  b a nds p roduced b y  a l l  s t r a i n s  o f  Lep t ospi ra di f fe re d  

f rom o n e  a n o t h e r  ( F igu r e  6 . 3 ) . A l t hough common bands w e r e  presen t ,  

n o ne o f  t he s t rains t e s t e d  was f ound t o  have a ny gre a t e r  degree o f  

s imi l a r it y  t ha n  any othe r . 

6 . 3 . 4  Wes t ern Blot Ana lysis o f  the P rotein Ant igens 

T h r e e  p r o t e i n  b a n d s  f r om S D S - P AG E  w h i c h  w e r e  c ommo n  t o  b o t h  

bra t i s l a va a n d  pomon a ,  r e a c ted w i t h  goat a n t ibodies t o  bra t i s l a va ,  

h a rdj o a n d  p omona . Mo r e  p ro t e i n  b a nds f rom bra t i s l a va a n d  p omon a 

r e a c ted w i t h  goat ant i s e r a t o  bra t i s l a va o r  pomona than with goat 

a n t i s e ra t o  h a rdj o .  The rabbit ant i s e rum to pomona a l s o  reacted with 

s e ve r a l  ant igens f rom bo t h  bra t i s l a va a nd pomona ( F igure 6 . 4 ) . 



1 6 0  

Figure 6 . 2 The T i t ration of pomona P rotein in SOS -PAGE 

F rom l e f t  to right : 

LANE PROT E I N  (ug) 

1 2 0  

2 4 0  

3 6 0  

4 8 0  

5 1 0 0  

6 1 2 0  

7 1 4 0  

8 1 6 0  



. 

I 
I 
I 
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Figure 6 . 3  SDS -PAGE of E ight Diffe rent S t rains o f  Leptospira 

F ro m  l e f t  t o  right : 

L?..NE S E ROV?.R 

1 Aus t ra l  i s  

2 Ba l l um 

3 Bra t i s l a va 

4 Copen h a geni 

5 Ha rdjo ( P ra j it n o )  

6 Ha rdj o ( Bovis ) 

7 Pomon a 

8 Ta ra s s o vi 
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F igure 6 . 4  We stern Blots o f  bratislava and pomona . 

F rom left t o  r ight : 

LP..J.'IE .!I.NT IGEN .!I.N T I S ERA 

1 Bra t i s l a va Rabb i t  ant i s e rum t o  pomona 

2 Pomo n a  Rabb i t  ant i s e rum t o  pomona 

3 Bra t i s l a va Goat ant i s e rum t o  pomona 

4 Pomo n a  G o a t  a n t i s e rum t o  pomona 

5 Bra t i sl a va Goat ant i s e rum t o  bratisl a va 

6 Pomo n a  Goat ant i s e rum t o  bratisl a va 

7 Bra t i s l a va Goat a n t i s e rum t o  hardjo 

8 Pomona Goat ant i s e �um t o  hardj o 



-



6 . 4 Di scus s i o n  
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G r o w t h  i n h i b i t i o n  o f  p o m o n a  w i t h  s p e c i f i c a n t i s e r a w a s  o n l y 

p a rt ia l l y  succe s s ful in l imit ing the g rowt h o f  pomona . The a n t i s e ra 

w o r ked s a t i s f a c t o r i l y  i n  c u l t u re s  i n o c u l a t ed with pomona o n l y  but 

f a i led to l imit pomona g rowth in man y  o f  t he mixed c u l t u re s . 

T he inhibit ion o f  pomona growth has bee n  demo n s t rated u s ing a n t i s e ra 

w i t h  much lowe r MAT t i t r e s , t han used i n  t h i s  s tudy . T ripathy et al 

( 1 9 7 1 )  we re a b le t o  demo n s t r a t e  g r o w t h  i n h i b i t i o n  u s ing a n t i s e r a  

f rom vaccinated cattle which had ant ibody t i t re s  o f  < 1 0 0 . 

I n  t h e s e  s t ud i e s  incomp le t e  i n h ib i t i o n  o f  pomon a g rowt h i n  mixed 

c u l t ure ma y h a ve been due t o  t he e f f e ct of t he o t h e r  s e rova r ,  in 

t h i s  case bra t i sl a va .  Rabb it s e ra has been used for many yea rs as an 

e s s e nt i a l  i n g r e dient of many l e p t o s p i r a l  me dia s u c h  as t h o s e  o f  

F le t c h e r  ( 1 9 2 8 ) ,  Kortho f ( 1 9 3 2 ) a n d  S t u a rt ( 1 9 4 9 ) . I t  i s  po s s ible 

t h a t  t h e  sma l l  amo un t  of a nt i s e r um t o  pomon a used in t h e  g r owth 

inh ibit ion t e s t  ma y have been u s e d  as a nut r ient by bra t i s l a va in 

t he e a r l y  s t ag e s  o f  growth , a l l owing pomona t o  g ro w  a nd t a ke over 

t he c u l t u re i n  t he l a t e r  s t a ge s . T h i s a s s ume s t h a t  a n t i b o dy to 

p omona has l it t le e f fect on the growth of bra t i sl a va . To a v o i d  this  

p r o b lem,  c u lt u re s  could b e  p re p a re d  f rom l imit di l u t i o n s  of  the 

g ro wth inhib it i o n  cultures be f o re the a n t i s e rum lose s  i t s  e f fe c t . 

T h e  r e s u l t s  o f  t h i s  t e s t  c o n f i r m t h a t  p o mon a w i l l  o ve r g r o w  

b r a t i s l a va i n  m i x e d  c u l t u r e s . T o  i s o l a t e  bra t i s l a va i n  s u c h  

s it uat ions i t  would be nece s s a ry t o  i n  some way l imit the g rowth o f  

p omona . 

T h e s e  result s s how that t h i s  batch o f  EMJH media was o n ly capable o f  

s upport ing growth f rom s amp les cont a in i ng 1 0 6 cells /ml o f  bra t i sl a va 

o r  1 0 5 c e l l s  / ml o f  pomona . S amp l e s  c on t a i n ing le s s  than t h i s  would 

not have been detected u s ing t h i s  c u l t u re medium . If bra t i s l a va was 
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i s  shed i n  u r ine s amp l e s  at concen t r a t ions les s than 1 0 6 c e l l s /ml it 

would n o t  have been det e c ted i n  c u l t u res . 

The re s u l t s  f rom t he a nt ibody response in dee r  and goat s ,  f o l l owing 

v a c c i n a t i o n ,  indic a t e d  t h a t  t h e re w a s  s ome c ross react ion bet ween 

h a rd j o  a n d / o r  p o m o n a a n d  b r a t i s l a va .  T h e l e v e l o f  a n t ibod i e s  

det e c t e d  i n  t he de e r  a nd g o a t s t o  t h e  a n t ige ns c o n t a i n e d  i n  t he 

vacc ine , w a s  s imi lar t o  that obs e rved in other spe c i e s  ( M a r s ha l l  e t  

a l  1 9 7 9 a and 1 9 7 9b )  inc l uding dee r  ( Wi l s o n  a n d  Scho l l um 1 9 8 4 )  . 

I n  t h i s  t r i a l ,  a n t i b o d y  t i t re s  t o  mo s t  s e r o va r s  w h i c h  w e r e  n o t  

conta ined i n  t he vac c i ne did not cha nge . Howeve r ,  a n  inc re a s e  i n  the 

a n t ibo dy t i t r e s  to bra t i s l a va wa s o b s e rved a nd the t ime of t h i s  

i nc rea s e  c o r r e s p o nded w i t h  t h e  i n c r e a s e  

s e r o v a r s  c o n t a i n e d  i n  t h e  v a c c i n e s . 

a n t i b o d i e s g e n e r a t e d  b y  v a c c i n a t i o n  

i n  t he ant ibody t i t re s  t o  

T h i s  s u g g e s t s  t h a t  t h e  

w e r e r e s p o n s i b l e  f o r  t h e 

reac t i o n s  t o  bra t i s l a va . T h i s  p ro v i de s  s ome evidence o f  ant igenic 

s imi la r i t y  which may h e l p  exp la i n  t he p res ence o f  ant ibody t it re s  to 

bra t i s l a va obse rved in t he s e ro l og i c a l  s u rveys . 

I t  i s  u n f o r t u n a t e  t h a t  t h e r e  w a s a l a c k  o f  c o n t r o l o ve r  t h e  

manageme nt o f  t h e  v a c c i n a t i o n  p ro g ramme s . T h e re wa s n o  ' c o n t ro l '  

g roup o f  n o n  vaccinated goa t s  a nd va riat ion e xi s ted i n  the t iming o f  

t he s amp l i n g s  o f  t h e  g o a t s  comp a red w i t h  t he de e r . Howeve r ,  s ome 

use ful inf o rmat io n  was ga ined f rom t h i s  l imited expe r iment . 

The p r o t e i n  p a t t e rns observed i n  t he S O S -PAGE sepa rat ion o f  a l l  t he 

L e p t o s p i r a  s t r a i n s  w e r e  h e t e r o g e n i o u s  a n d  o f  n o  h e l p  i n  

dist ingu i s h i ng ant ige n i c  s imi l a r it y . 

We s t e r n b l o t  s t ud i e s  w e r e  mo r e  u s e f u l  i n  d i s t i n gu i s h i n g  c ommon 

a n t igen s . T he i r  value i n  det e rmi n ing the a nt ige n i c  r e l at i o n s h i p s  

amo n g s t  L ep t o spi ra h a s  b e e n  r e p o r t e d  p re v i o u s l y  ( C h apma n e t  a l  

1 9 8 6 ) . T h r e e  p r o t e i n  b a n d s  r e a c t e d w i t h  a l l  s e r a  a n d  p r o b a b l y  

rep re s ent c ommon genu s  s pec i f c  ant i ge n s . T h ree ma j o r  p r o t e in bands 
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o f  ge n u s  s p e c i f i c  a n t igen we re a l s o  r e c o g n i s ed b y  C h a pman e t  a l  

( 1 9 8 6 )  i n  a mo r e  t h o r o u g h  s t u d y  u s i n g  s e v e r a l f r a c t i o n a t i o n  

t e c hn ique s . 

A s t rong s im i l a r i t y  between bra t i s l a va and pomona w a s  demo n s t rated 

by t he rea c t i o n  of go a t  ant i se ra to bra t i s l a va with s imi l a r  protein 

b a nds f rom b o t h  bra t i s l a va and pomon a . The reaction of goat anti sera 

t o  pomona w i t h  s imi l a r  p rotein bands from both bra t i s l a va a n d  pomona 

s uppo rt s t h e  hypothe s i s  t h a t  t h e re is a n t igenic s imi l a r i t y . G o a t  

a nt i s e ra t o  h a rdjo r e a c ted t o  f e we r p r o t e i n s  f r o m  b ra t i s l a va a n d  

p o m o n a  i n d i c a t i n g  a g r e a t e r  d i f f e r e n c e . I t  w o u l d  h a ve b e e n  

i n t e re s t ing t o  pe r f o rm Western b l o t s  us ing ant i sera w i t h  a n t ibodies 

t o  bal l um o n l y  a s  ba l l um and bra t i s l a va ant ibodie s were f reque ntly 

detected t ogethe r . Unfo rtunacely there were no samp l e s  of  goat sera 

c ontaining a n t ibodies t o  ba l l um o n l y . 

Alt hough t h i s  t e s c  h a s  e s t ab l i s hed a s imi l a ri t y  between b ra t i s l a va 

a nd pomona ,  t h e re a re severa l a re a s  that need cla r i f i c a t i o n . I t  i s  

p o s s ib l e  t h a t  t he s e r a  t hought t o  c o n t a i n  a n t ibodie s t o  o n l y  one 

s e rovar may have ant ibodies to o t he r s  not detected by the MAT which 

may react in the We s t e rn blot . It i s  interes t ing that go a t  ant i se ra 

t o  hardj o reacted w i t h  o nly t h ree b a nds and there was a l i ke l ihood 

t ha t  t h i s  s e ra c o n t a ined unde t e c t e d  a n t ibodies to o t h e r  s e rova r s . 

A l s o  a s im i l a r  re s u l t  t o  t h a t  o b t a i n e d  u s i n g  g o a t  a n t i b o d i e s  t o  

p omona w a s  o b t a ined w it h  rabbit a n t isera t o  pomon a wh ich , i t  could 

b e  a rgued , would be u n l ike l y  t o  c o n t a i n  c o n t aminat ing lept o s p i r a l  

a n t ibodie s . 

These b l o t s  were repeated with di f f e rent batches o f  s e r a  a n d  o n  each 

o c c a  s i o n  p roduced the same re s u l t s .  The purity o f  the Lept ospi ra 

p repa rat i o n s  i s  d i f f i c u l t  t o  e n s u r e  a n d  a l t hough c u l t u r e s  c lo n e d  

f rom l imit d i l u t i o n s  were u s e d ,  i t  i s  s t i l l  po s s ib le t h a t  a pure 

c u l ture had not been ach ieved . 
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W h i l e t h i s  wo r k  do e s  n o t  c o n c l u s i ve l y  e xp l a i n  t h e  p r e s e n c e  o f  

a n t ibodie s to bra t i s l a va ,  it doe s  p rovide s t rong evidence support ing 

t he hyp o t h e s i s  that bra t i s l a va .a n d  pomona s ha re commo n ant igen s . 

6 . 5  Conc lus ions 

1 A g r o wt h  i n h i b i t i o n  t e s t  u s ing s p e c i f i c  a n t i s e r a i s  n o t  a 

re l iable met hod o f  i s o l a t ing bra t i sl a va f ro m  a mixed c u l t u re . 

2 The EMJH medium and c u l t u re me t hods u s e d  in t h i s  s t udy would 

detect a l o we r  l imit of 1 0 6 ce l l s /ml of bra t i slava and 1 0 5 ce l l s /ml 

o f  pomona . 

3 Immu n i z a t i o n  o f  de e r  a n d  go a t s  w i t h  t w o  comme rc i a l  v a c c i n e s  

c o n t a i n i ng hardjo a n d  pomona a n t igens p roduced a r i s e  i n  ant ibody 

t it re t o  b ra t i s l a va a s  wel l  as t o  h a rdjo and pomona . 

4 S O S - P AGE i s  u n s u i t a b l e  f o r  det e c t i n g  s imi l a r i t i e s  b e t w e e n  

s t rains o f  Leptospira . 

5 We s t e r n  blots showed s imi l a r  a n t ige n s  i n  bra t i s l a va and pomona . 
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This s tu dy was de s igned t o  de t e rmine t he p reva lence o f  lept o s p i ro s i s  

i n  dee r  a nd goa t s  i n  New Z e a land . I t  i s  invo lved s e r o l o g i c a l  s u rveys 

and det a i led f a rm s t udies us ing s e r o l o g i c a l  techniqu e s  and c u l t u re 

i s o l a t i o n  f ro m  u r i ne s a mp le s .  I n  pu r s u i ng t h i s  o b j e c t ive i t  w a s  

n e c e s s a r y t o  va l ida te expe r ime n t a l  t e c h n ique s ,  i n  p a r t i c u l a r  t o  

e n s u r e  t he rep r o duc ibi l it y  o f  the Mi c r o s c op i c  Agg l ut i n a t i o n  T e s t  

( MAT ) . E xpe r imen t s  were de s i gned t o  de t e rmine the va l ue o f  E n z yme 

L i n k e d  I mmuno s o r b e n t  A s s ay ( E L I S A )  a s  a n  a lt e rna t i ve me t h o d  f o r  

de t e c t i n g  ant ibodies  t o  Lep t osp i ra . The E L I S A  wa s a l s o  appl ied t o  

the de t e c t ion o f  Lept ospira o rganisms . Expe r ime nts we re c a r ried out 

to l o o k  a t  t he a n t igenic r e l a t i o nships bet ween bra t i s l a va a nd other 

s e r o v a r s  in an a t t emp t to e x p l a i n t h e  w i de s p r e a d  p r e s en c e  o f  

antibodies t o  bra t i s l a va .  

Va lida t i o n  o f  t he Microscopic Agglut inat ion Test 

The s t a nd a rd s e ro l ogical techn ique rec omme nded by WHO f o r  s t udies of 

Lept osp i ra infect i o n s  is the �ffiT . Although t his test  is wide ly used,  

t he re a re d i s c repencies in the results f rom repeat t e s t s  and i n  t he 

re s u l t s f rom di f f e rent labo r a t o r i e s  ( Be t t l eheim a nd P e a rce ( 1 9 8 6 ) . 

I t  i s  t h e re f o r e  ne c e s s a r y  t o  

p a r t i c u l a r  s t u d y  i n  o r d e r 

reprodu c ible . 

s t a nda r d i s e  t he me t h o d  u s e d  i n  a 

t o  e n s u r e t h a t  t h e  r e s u l t s a r e 

F i rs t l y ,  t he p r e c i s ion and a c c u ra c y  o f  the equipmen t  used i n  t h i s  

s t udy wa s e s t ab l i s hed . The prec i s io n  f o r  t wo di luen t  d i spe n s e r s  was 

h igh at > 9 0 % . The a c c u r a c y  v a r ied f o r  the two t yp e s  of d i spenser 

used i n  t he labo rato ry at 7 9 %  and 9 7 . 5 % respective l y . U s ing the s ame 

equ ipme n t  a n d  a s t anda rdi s e d  me t h o d ,  r e p ro duc ible r e s u l t s ,  w i t h i n  

o n e  t wo f o ld dilut i o n ,  were o b t a ined in repeat tes t s . 
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A l t h o ug h  gu ide l i n e s  f o r  c a r r y ing out t he MAT have b e e n  pub l i s hed 

( WHO Expert group 1 9 6 7 ) , t he re is s t i l l  r oom f o r  v a r i at ion i n  t he 

d e t a i l e d  me t h o d s  o f  t h e t e s t . T h e s e  v a r i a t i o n s  i n  t h e t e s t  

c o ndi t i o n s  we re ident i f i ed a s  c r i t i c a l  v a r i a b l e s  a n d  c o n t r o l  o f  

t he s e  e nabled a mo re s t r inge n t  p roc edu re t o  be deve loped t o  ensu re 

reprodu c ibil i t y  a nd maximum ant ibody t i t re s . 

D i f f e re n c e s  i n  t h e  a n t igen c o n c e n t r a t i o n  p r oduc e d  t he g r e a t e s t  

v a r i a t i o n  i n  the t e s t  r e s u l t s  empha s i s ing t he need t o  s t anda rdi ze at 

2 x 1 0 8 c e l l s /ml . 

L i ve c u l t u r e s  p roduced h ighe r t i t re s  and were e a s i e r  t o  read than 

when f o rma l i n  inact ivated ant igens we re u s e d . 

F o u r  d a y  o l d  c u l t u res p rodu c e d  max imum a n t ibody t it re s  which we re 

r e p r o du c i b l e . C u l t u r e s  o l de r  t h a n  t e n  d a y s  r e s u l t e d in l o w e r  

ant ibody t i t re s  and te s t s  t h a t  we re mo re d i f ficult t o  read . 

Maximum ant ibody t i t re s  we re obta ined a f t e r  two hours incubat ion at 

3 7 °C w i t h  longe r incubat ion t ime s be ing requ i red t o  obt a in the s ame 

r e s u l t  a t  lower t empe ra t u re s . 

F a c t o r s  t h a t  did not a f fe c t  t he re s u l t s  w e re the t yp e  o f  d i luent 

used ( PB S  or c u l t u re medium) and the t ype of culture ( recent f i e ld 

i s o l a t e s  o r  labo r a t o ry adapted s t ra i n s )  . 

T h e i n t e r p r e t a t i o n  o f  t h e  M A T  e n d  p o i n t  i s  s u b j e c t i v e  b u t  

r e p r o du c ib l e  r e s u l t s  a re o b t a i n ed b y  t h e  s ame o p e r a t o r  o r  when 

d i f fe r e n t  ope r a t o r s  a re t r a in e d  to inte rp ret the 5 0 %  end point in 

t he s ame way . 

P r o z o n e s we r e  o b s e r v e d  a n d m a y  b e  a c a u s e  o f  c o n c e r n  i n  t h e 

interpret a t ion o f  t he resul t s . P ro zones were ident i f ied by obse rving 

t he res u lts f rom s e ve r a l  di l u t i ons of s e rum and we re e l iminated by 
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h e a t i n g  t h e  s e r u m  t o  5 6 ° C f o r  3 0  m i n u t e s  o r  b y  e xt e nd i n g  t he 

i ncuba t io n  t ime o f  the t e s t  t o  1 8  hours . 

The f o l lowing s t andard method was found t o  p roduce maximum ant ibody 

t it re s , w h i c h  were w i t h i n  o n e  t wo f o l d di lut ion , w h e n  app l i ed t o  

repea t e d  t e s t s : 

1 .  P re p a r e  t wo - f o l d  s e r i a l  d i l u t i o n s  o f  t e s t  s e r a  f rom 1 / 1 0  t o  

1 / 1 2 8 0  i n  P B S . 

2 .  Add equ a l  vo lumes o f  ant igen cons i s t ing of a four day o ld cult ure 

o f  2 x 1 0 8 c e l l s /ml . 

3 .  I ncubate a t  3 7 °C for two hours . 

4 .  E xamine mic ros copica l l y  f o r  5 0 %  agglut inat ion . 

I n  add i t ion , the use o f  a c o n t rol se rum o f  known ant ibody t i t re and 

t he i n c lu s i o n  o f  a sample of a nt igen di luted 1 / 2  to app roximate the 

c e l l  den s i t y  t hat e x i s t s  at t he 5 0 %  agglut i n a t i o n  end p o i n t , a re 

emp l o yed t o  a s s i s t  with t he i nterp ret a t i o n  o f  the end point . 

Lepto sp irosis i n  Goats 

Lept o s p i ro s i s  h a s  r a r e l y  b e e n  reported in goa t s  a l t h ough t he re is 

evidence t o  show that go a t s  c an and do bec ome i n f e c t e d  ( Mo rs e  a nd 

Langham 1 9 5 8 )  . 

A s u r v e y  o f  s e r a f r om a s amp l e  o f  g o a t s ,  r e p r e s e n t a t ive o f  t he 

n a t i o n a l he rd,  showed a 7 0 %  p reva lence o f  ant ibod i e s  � 1 0  t o  o ne or 

m o r e  o f  the f o l l o w i n g  s e r o v a r s ; a u s t ra l i s ,  ba l l um ,  bra t i s l a va ,  

copenhageni ,  h a rdj o,  pomona ,  a nd t a rassovi . Ninety pe rcent o f  these 

ant ibody t i t re s  were < 8 0  s ugge s t ing a low leve l  of a c t ive infect ion . 



1 7 0  

T h e  m o s t  f reque n t l y  r e c o rded a n t ibody t i t re s  w e r e  t o  ba l l um and 

b ra t i sl a va . The ant ibody t i t re s  to ba l l um mo s t  l i ke ly o r iginated 

f rom food and water contamin a ted by u r ine f rom i n f e ct e d  rodents as  

t h e s e  a n i ma l s  a c t  a s  ma i n t a i n a n c e  h o s t s  f o r  t h i s s e r o va r . As  

a n t i b ody t i t re s  t o  bra t i s l a va occurred w i t h  a s imi l a r  p reva lence and 

w e r e  f r e qu e n t l y  a s s o c i a t e d  w i t h  a n t i b o dy t i t r e s  t o  ba l l um i n  

indiv idua l anima l s ,  both se rovars ma y have o r iginated f rom a s imi l a r  

s o u r c e . A l t e r n a t i v e l y ,  b o t h  s e r o v a r s  m a y  b e  c l o s e l y  r e l a t ed 

a n t i g e n i c a l l y  s o  t h a t  a n t i b o d i e s  t o  b a l l um c r o s s  r e a c t  w i t h  

b ra t i sl a va . Bra t i s l a va h a s  n o t  yet been i s o lated i n  New Zea l and . 

T he re was o n l y  a 5 %  p reva lence o f  go a t s  with ant ibodies t o  h a rdjo in 

t h i s  s e r o l o g i c a l  s t udy . T h e s e  a n t i b o d i e s  p r obab l y  r e s u l t ed f rom 

i n f e c t i o n  a c qu i red as t he r e s u l t  o f  c o n t a c t  with infected c a t t le , 

t he recognised ma inta inance host  f o r  t h i s  s e rova r .  

Ant ibody t it re s  t o  copenhagen i presumab l y  res u l t ed f rom contact with 

i n fe c t ed urine f rom b rown r a t s  ( Ra t t us n orvegi c u s ) , t he ma inta inance 

h o s t s . Ant i b o d i e s  to pomon a and t a ra s s o vi a re mo s t  l i ke l y  to have 

o r i g i na t ed f r om c o n t a c t  w i t h  i n f e c t e d  u r ine f rom p igs , the n o rma l 

ma i n t a inance h o s t s  f o r  these serova rs . 

C o mp a r ing t he results  o f  t h i s  s tudy w i t h  those o f  o t h e r  wo rkers is 

d i f f i cu l t  be c a u s e  o f  the d i f f e re n t  t e s t  condi t i o n s  emp l oyed . The 

mo s t  recent wo r k  in go a t s  wa s that of S cho l l um and B la c kmo re ( 1 9 8 1 )  

whe re 1 3 %  o f  f e r a l  goa t s  we re fo und w i t h  ant ibody t it re s  t o  �2 4 t o  

Lep t ospira . 

S e r o l o g i c a l  r e s u l t s  f r o m  s i x f a rm s t u d i e s  a l s o  s h o we d  a h igh 

p reva lence of ant ibody t it re s  to ba l l um as obse rved in t he nat iona l 

s u r v e y . T h e  p reva lence o f  a n t ibody t i t re s  t o  a l l  t he o t he r  s i x 

s e r o v a r s  va r i e d  and t he a s s o c i a t i o n  b e t w e e n  a n t i b o d y  t i t re s  t o  

bal l um and bra t islava obs e rved in the nat iona l s u rvey was only seen 

in s amp les f rom t wo p rope r t i e s  ( 2  and 4 )  . 
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T h e  v a r i a t i o n  i n  t h e  p re v a le n c e  o f  a n t ibody t i t re s t o  d i f f e rent 

s e r o va r s  p r e s umably re f l ec t s  the d i f f e rences in the e xp o s u re of the 

g o a t s  to t he va r ious ma i n t a inance host popu lat ions . Fo r example , the 

h ig h  p reva l e n c e  of ant ibody t i t re s  to copenhagen i on p rope rt ies 5 

a n d  6 ( 8 0 %  a n d  7 0 %  r e s p e c t ive ly )  p re s uma b l y  ind i c a t e s  a g r e a t e r  

e xp o s u r e  t o  r o den t s  i n f e c t e d  w i t h  t h i s  s e r o va r . S imi l a r l y ,  the 

h ig h e r  p revalence of ant ibody t i t re s  t o  hardjo on p rope r t i e s  1 and 3 

( 1 0 %  a n d  2 5 %  r e s p e c t i v e l y ) , c o mp a r e d  w i t h  t h e  r e s u l t s  o f  t h e  

n a t i ona l s u rvey,  presumab l y  re f le c t s  contact w i t h  i n fected catt le i n  

w h i c h  t h i s  s e r o v a r i s  e ndemi c . T he ma n a geme n t  o f  t h e s t o c k  on 

p ro p re t y  nurob e r  1 ,  whe re t h e re i s  a h igh t u rnove r of goat s  c oming 

f rom a v a r i e t y  of locat ions , would increase t he chance of some goat s  

i nt roduc ing t he infe c t i o n  t o  t h i s  f a rm f rom cont a c t  with cat t le o n  

o t h e r  p rope r t i e s . P rope r t y  numbe r 3 i s  l o c a t e d  i n  the Wa i k a t o ,  a 

m a j o r da i r y  f a rmi ng d i s t r i c t  whe r e  c o n t a c t  w i t h  c a t t l e  i s  mo re 

l ik e l y  t han in s ome othe r p a r t s  of t he count ry . 

T h e  age di s t r ibut ion s t udie s in go a t s  f rom one p roperty s ho wed that 

a ge may b e  a f a c t o r  i n f l ue n c i n g  s u s c e p t a b i l i t y  o r  e xp o s u re t o  

i n f e c t ion . F e we r anima l s  l e s s  t h a n  1 2  mo n t h s  o f  age had ant ibody 

t i t re s  � 1 0  t o  Lept ospi ra t han did the o lde r s toc k . Unfortunately,  

a g e d i s t r i b u t i o n  s t u d i e s  c o u l d  n o t  b e  c o n duc t e d o n  t h e o t h e r  

p ro pe r t ie s . I t  i s  pos s ib le that younge r anima l s  a r e  l e s s  sus ceptable 

o r  not as l i ke ly to be e xposed to infe c t ion as t he o lde r groups . 

Howeve r ,  a s  a l l  goat s  on t h i s  p roperty we re gra zed t oget he r ,  i t  was 

t ho ught t h a t  a l l age g r o u p s  w o u l d  h a ve been exp o s e d  to t he s ame 

s o u rces o f  i n fection . 

T h e  s e r o v a r s  

e xp o s u r e i n  

c openhageni . 

f o r  w h i c h  t h e r e i s  mo s t  s e r o l o g i c a l  e v i de n c e  o f  

g o a t s  i n  t h i s  c o u n t r y  a r e b a l l um ,  bra t i s l a va and 

Howeve r ,  Lep t ospi ra we re not i s o lated f rom any of  the 

u r ine s amp le s . One exp l a n a t ion f o r  t h i s  may be that these se rova rs 

a re incapable o f  p ro du c i n g  a u r i n a r y  shedding infect ion in goat s . 

Ano t he r  po s s ible exp l ana t i o n  i s  that goa t s  may shed these o rganisms 
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a t  s uc h  l o w  c o n c e n t r a t i o n s  a s  t o  b e  undet e d t a b l e  b y  t h e  c u l t u re 

t echniques used in t h i s  s t udy . 

A l t h o ugh l e p t o s p i r o s i s  h a s  b e e n  r e p o r t e d  i n  go a t s  a n d  t he re i s  

w i de s p re ad s e ro logic a l  e vidence o f  e xpo s u re ,  t h i s  d i s e a s e  i s  n o t  a 

p rob lem in goats in New Z e a land . 

Leptospiro s i s in Deer 

D e e r  s e r a f r o m  f i ve l o c a t i o n s  i n  N e w  Z e a l a nd w e r e  t e s t e d  f o r  

a n t ibodie s  t o  a u s t ra l i s ,  

p om o n a ,  a n d  t a ra s s o vi . 

ba l l um,  bra t i s l a va ,  copenhagen i ,  hardjo,  

An t i b o d i e s  t o  b a l l u m ,  b ra t i s l a va ,  a nd 

c openh ageni we re t he mo s t  preva lent . Cont a c t  with i n fected rodents 

i s  a g a i n  t h e mo s t  l i k e l y s o u r c e o f  e x p o s u r e  t o  b a l l u m a n d  

c open h a gen i . The p reva l e nce o f  a n t ibody t i t re s  t o  b ra t i s l a va w a s  

s im i l a r  t o  t h a t  f o r  ba l l u m a n d  c open h a ge n i  wh i c h  s ugge s t s  t h e 

p o s s ib i l i t y  t ha t  a nt i b o d ie s t o  b a l l um a n d  copenh a gen i m a y  c r o s s  

r e a c t  w i t h  bra t i s l a va . A l t e rna t ively , bra t i sl a va may a l s o  e x i s t  in 

r o dent s but has not yet been i s o lated in New Z e a land . 

A n t ibody t i t re s  t o  a u s t ra l i s ,  pomona and t a rassovi we re a l l  �8 0 and 

t he s e  may r e s u l t  f r om c ro s s  r e a c t i o n s  w i t h  a n t i b o d i e s  t o  o t h e r  

s e rova rs . 

Ant ibody t i t re s  to hardjo were wide s p read with p reva lence s o f  up to 

7 7 %  i n  the s e rolog i c a l  s t udies . S ome o f  these t i t re s  may have been 

due to ba l ca n i ca as expo su re t o  ba l ca n i ca p roduces a nt ibody t it res 

t hat a re no rma l ly indi s t ingu i s hable f rom t h o s e  t o  h a rdjo ( Hathaway 

1 9 7 8 ) . T h i s  w a s  demo n s t r a t ed in t he de t a i l e d  f a rm s t udy on t he 

G l ads t one p rope rt y  whe re ba l ca n i c a  w a s  i s o la te d  from u r ine s amp les 

a nd the MAT ant ibody t it re s  t o  ba l ca n i ca and h a rdjo were a l l  within 

one s e r i a l  d i lut ion of e ach o t he r . This is  t he f i r s t  i s o la t i on of 

b a l canica f rom dee r . The o r igin o f  bal canica infection i n  these dee r  

i s  l i kely t o  have been i n fected opo s sums a s  t he s e  have been shown t o  

b e  i t s  ma i n t a i nane h o s t . Cont a c t  w i t h  i n fe c t ed opo s s ums may have 
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o c c u r red e i ther o n  the farm o r  t he o r ig i n a l  s t oc k may have become 

i n fe c t e d  be f o re c a p t u r e . I f  t h e  o r igina l c a p t ured s t o c k  were t h e  

s ou rc e  o f  i n fe c t i o n  f o r  t h i s  he r d ,  t he n  dee r mu s t  b e  c ap a b l e  o f  

ma int a ining ba lcan i ca i n fect ion f o r  a t  l e a s t  7 1  months when t he l a s t  

c apt ured s t o c k  were int roduced . 

I n fect ion with bal cani ca appeared t o  be re s t r i c ted t o  anima l s  o f  at 

least 18  months o f  age . No i s o la t e s  were made f rom an ima l s  l e s s  t han 

1 8  months o ld .  T h i s  w a s  re f lected in the abs ence of ant ibody t it re s  

t o  ba l c an i c a a n d  h a rd j o  in t h e  n i ne mon t h  o l d g ro up . P re s umab l y  

t he s e  younge r s t o c k  we r e  sus cept able t o  i n f e c t ion w i t h  Leptospira 

a s  ant ibodies to othe r  s e rovars were p re s e nt . 

The absence of infec t i o n  in the younge r s t o c k  may have been due t o  

s e ve r a l  f a c t o r s . F i r s t l y ,  s t o c k  ma n a geme n t  inv o l ved k e e p i n g  the 

d i f f e rent age groups in sepa r a t e  paddo c k s  wh ich p revented d i r e c t  

c ontact bet ween t h e  groups . The o lde r s t o c k  may have been exposed t o  

i n fe c t ion b e f o r e  t he b i rt h  o f  t h e  younge r s t o ck and t h i s  t ype o f  

manageme n t  wou l d  h a v e  p revent e d  t he i n f e c t i o n  sp reading f u r t he r . 

S e c ondl y ,  i f  bal can i c a  pr odu c e s  l o w  i n t e n s i t y  urinary shedding o f  

L ept osp i ra in dee r ,  t he r e  may been ins u f f ic ient numbers o f  o rgani sms 

f o r  the s p read of i n f e c t ion between dee r . T h i rdly,  an ext reme ly dry 

l a t e  w i n t e r a n d  e a r l y  s p r i ng m a y  h a v e  p r e ve nt e d  t he s p re a d  o f  

i n fection du ring t h i s  pa rticular year a s  ground wate r  i s  known t o  be 

a n  i mp o r t a n t  f a c t o r  i n  t h e  s p r e a d  o f  L ep t o spi r a  b e t w e e n  o t he r  

s pe c i e s  s uch a s  c a t t l e  ( He l l s t rom 1 9 7 8 ) . F in a l ly ,  int imat e  contact 

between a n ima l s , a s  o c c u rs dur ing mat ing , c o u l d  be requ i red for t he 

s p re a d  o f  ba l ca n i c a  i n f e ct ion i n  dee r . T h i s  degree o f  int imacy o f  

contact i s  t hought t o  be neces s a r y  f o r  t h e  t ransmi s s ion o f  balcanica 

i n fe c t ion i n  opo s s ums ( Ha thaway 1 9 7 8 ) . 

I t  appe a r s  that t he age spec i f ic p reva lence o f  ba l ca n i ca infect ion 

in dee r  i s  wide spread a s  ant ibody t i t re s  to h a rdjo in s amp les f rom 

o t h e r  a re a s  s h o we d  a s imi l a r  a ge d i s t r i b u t i o n to t h o s e  o f  t h e  

G l adst one property . 
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E n z yme L i nked Immu n o s o rbent As s ay ( E L I S A )  f o r  t h e  Detect i on o f  

Antibodies t o  Lept ospira . 

E L I SA s ys t ems have been used t o  detect ant ibodies t o  many infect ive 

a ge n t s  i n c luding Lep t o spi ra . S u c h t e s t s  h a ve nume r o u s  adva n t ag e s  

o ve r  t h e M A T  u s e d  f o r  m e a s u r i n g a n t i b o d i e s  t o  L ep t ospi ra . I n  

p a r t i c u l a r  they a re f a ster t o  pe r f o rm and p rovide a mo re o b j ect i ve 

r e s u l t  t han the MAT . 

E x p e r i me n t s  w e r e  d e s i g n e d  t o  

c o n j ug a t ed a n t i s e r u m  t o  g o a t s  

d e v e l o p  t e s t s  u s i n g  p e r o x i d a s e  

t h at w o u l d  de t e c t  a n t i b o d i e s  t o  

Lep t osp i ra . Once t h e  t e s t  c o n d i t i ons we re e s t ab l i s hed u s ing known 

p o s i t ive and negat ive sera , as det e rmined b y  the MAT , a test  o f  h igh 

s e n s i t i v i t y  a n d  g o o d  s e r o v a r s p e c i f i c i t y  c o u l d  b e  p e r f o rmed . 

A l t ho u g h  t h e  c o r r e l a t i o n  be t we e n  t h e  E L I S A  and t he MAT f o r  t he 

p re s e n c e  and a b s e n c e  o f  ant ibodies t o  h a rdjo and pomona wa s good, 

the c o r relat ion for the magn itude of the a n t ibody leve l s  mea sured by 

the two t e s t s  was poo r .  This may be e xp l a ined by t he f a c t  t h a t  the 

t wo t e s t s  may use t o t a l ly di f f e rent ant igen s  ( Adler e t  a l  1 9 8 1 )  . The 

d i f f e re n ce may a l s o  be due to t h e  d i f f e re nt c l a s s of ant ibodies 

mea su r e d  by the two t e s t s . The MAT is b e l i e ved to mea s u re both I gM 

a n d  I gG a n t ibod i e s  ( He l l s t rom 1 9 7 8 ) . The E L I S A  used i n  t h i s  s tudy 

mea s ured only t he I gG ant ibodie s .  This was c hosen as I gG ant ibodies 

a re known t o  pers i s t  f o r  longe r t han the I gM c la s s  i n  many specie s ,  

p a r t i c u l a r l y  c a t t l e  ( C o u s i n s  e t  a l  1 9 8 5 ) , a nd a re t h e re f o re o f  

g r e a t e r  interest i n  epidemio log i c a l  st udie s . 

An E L I S A  f o r  the de t e c t ion of dee r  ant ibodi e s  t o  Lep t osp i ra w a s  mo re 

d i f f i c u l t  t o  deve lop as t he re is n o  comme r c ia l l y  ava i lable ant i s e rum 

t o  de e r  c o n j uga t e . D e e r  IgG w a s  s u c c e s s f u l ly pu r i f i e d  u s ing i o n  

e x c ha n g e  c h roma t o g r a p hy . Rabb i t s  w e r e  c h o s e n  f o r  the immuni z a t ion 

p r o g r a mme to p roduce ant i s e rum to dee r I gG . Unf o r t u n a t e l y  t h e i r  

r e s po n s e  t o  dee r  I gG us ing a s t a nda rd immu n i z a t i o n  p ro g ramme wa s 
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p o o r . O t h e r  s pe c i e s  ma y be mo re s u i t ab le f o r  rais ing ant i s e rum t o  

dee r .  

Once a leve l  o f  ant ibodies had been obt a i ne d  in t he rabb it s ,  thei r 

s e r a w a s  u s e d  t o  c o n j u g a t e  t o  h o r s e  r a d i s h  p e r o x i d a s e  e n z yme 

a c c o r d i n g  t o  t h e  s t anda rd me t h od o f  W i l s o n and N a kane ( 1 9 7 8 ) . A 

f u n c t i o n a l  c o n j u g a t e  w a s  n o t  p ro du c e d  w i t h  t h i s  a n t i s e rum even 

t hough t he con j ugat i on me thod wa s va l idat e d  by us ing anothe r t e s t . 

I t  appe a rs that the re i s  s ome d i f f i c u l t y  i n  p roduc ing an ant i s e rum 

to dee r  con j ugate , a nd a range of di f f e rent anima l species w i l l  have 

to be t r ied f o r  the immun i z at ion p rogramme . 

P ro t e i n  A p e r o x i da s e  c o n j ug a t e  was u s e d  a s  an a l t e rnat i ve t o  the 

a n t i s e r um to d e e r c o n j u g a t e . P r o t e i n  A i n t e r a c t s  w i t h  the F e  

f r agme n t  o f  I gG mo l e c u l e s  f r om s e ve r a l  s pe c i e s ( B i a nc i f i o r i  a n d  

C a rda ras 1 9 8 3 )  T h i s  con j ugate ,  howeve r ,  did not react in a n  E L I S A  

f o r  dee r  IgG . 

A r a p id and s e n s i t i ve me t h o d  f o r  t h e  de t e c t i on o f  Lep t osp i ra i n  

s amp l e s  o f  a n im a l  t i s s u e s  a n d  f l u i d s  w o u ld gre a t l y  a s s i s t  a l l  

L ep t o sp i ra s t ud i e s . T w o  E L I S A  s y s t e m s  w e r e c o mp a r e d  f o r  t h e  

det e c t ion o f  Lep t o sp i ra ;  s ingle and double ant ibody sa ndw ich t e s t s . 

T h e  d o u b l e  a n t i b o d y  s a ndw i c h  E L I S A  r e l i a b l y  de t e c t e d  a m i n imum 

c o nc e n t r a t i o n  o f  1 0 6 h a rd j o  c e l l s / m l . T h e  s i ng l e  a n t ibody E L I S A  

u s ing a n  ant i s e rum t o  hardjo con j ugate p roduced we aker reactions  and 

w o u l d  o n l y  det e c t  1 0 8 c e l l s / ml . T he s e  E L I S As ,  howeve r ,  w i l l  n o t  

de t e c t  c e l l  c o n c e n t r a t i o n s  be l o w  t h e  l e ve l det e c t e d  b y  s t a nda r d  

techn iques s uch a s  da rk f ield mic ro scopy ( 1 0 4 cel l s /ml )  and c u l t u re 

( 2 0  c e l l s /ml )  . I n  a dd i t i o n ,  a l t hough ce l l s  we re d i luted in P B S  f o r  

t h i s  s t udy , b i o l og ic a l  f l u ids s uc h  a s  u r i n e ,  may h a ve inh i b i t o r y  

components which would inc rease the di f f i c u lty in obt a i ning adequ a t e  

immunoas say sens i t i v i t y . 
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O t h e r wo r k e r s  a r e de v e l o p i n g  a v a r i e t y  o f  t e c h n i qu e s  f o r  t he 

d e t e c t i o n  o f  L ep t o sp i ra . T h e  mo s t  p r o m i s i n g o f  t h e s e  i s  DNA 

hyb r idi zat ion which i s  repo rted t o  de tect concent rat ions o f  1 . 1  x 1 0 3 

c e l l s /ml (Mi l l e r  e t  al  1 9 8 7 ) . 

Growt h  Inhibit ion Tests Us ing Specific Ant isera 

A g r o wt h  i nh ib i t i o n  t e s t  u s i ng spec i f ic ant ise ra t o  Lept o sp i ra has 

been s hown t o  p re vent t he growth o f  the L ep t ospira se rovar to wh i ch 

t he se rum ant ibodies a re di rected ( T ripathy e t  al  1 9 7 1 )  . T h i s  met hod 

w a s  u s e d  i n  a n  a t tempt t o  p u r i f y  a m i x e d  c u l t u r e  of p omon a a nd 

b ra t i s l a va .  The se s e rova rs we re c h o s e n  a s  agglut inat ing ant ibodies 

to both which a re often detected togethe r (McDonald et al  1 9 8 5 )  . The 

e xp l anat ion for t h is a s s o c i at ion may be t h a t  pomona ant ibodies c ro s s  

r e a c t i n g  b ra t i s l a va o r  t h a t  du a l  i n f e c t i o n s  o c c u r . S pe c i f i c 

ant i s e ra may be able t o  l imit the g rowt h of one s e rova r in a mixed 

c u l t u re , a l lowing t he other to grow . In a mixed cu l t u re there i s  t he 

p o s s ib i l i t y  o f  o ne s e r o v a r  b e c o m i n g  domi n a n t  due t o  i t s  b e t t e r  

growth in c u l t u re medium . I f  t h i s  s it ua t ion we re t o  occur i t  would 

b e  d i f f icult to i s o late and t ype t he s lo w e r  growing s e rova r . 

Rabb it ant i s e rum t o  pomona incorpo rated into cu lture medium, l imited 

t h e  g ro w t h  of p om on a  when i n o c u l a t e d  w i t h  t h i s  s e ro v a r  o n l y . In 

mixed c u l t u re s  c o n t a in i ng bra t i s l a va and pomona t he ant i s e rum was 

l e s s  s ucce s s fu l  i n  inhib it ing the growth o f  pomona . One exp lanat ion 

f o r  t h i s  i s  t h a t  the o t he r  s e rov a r ,  b ra t i s l a va ,  ma y u t i l i s e  t h e  

r a b b i t  a n t i s e r a  a s  a n u t r i e n t  e a r l y  i n  t he i n c ub a t i o n  o f  t he 

c u l t u re ,  a l lowing pomona t o  s u rvive and o ve rgrow t he bra t i s l a va . 

I t  appea rs that s e rum inhib it ion i s  uns u i t ab le for p revent ing g ro wt h  

o f  o ne s e r o v a r  in a mixed c u l t u re . 
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The Re sponse o f  Deer and Goat s t o  Vaccinat ion 

D e e r and goa t s  we re vac c inated with c omme r c i a l l y  a v a i lable vacc ines 

de s igned to p r o t e c t  aga inst lept o sp i ro s i s  due t o  h a rdjo or pomona . 

T h e  a n t i b o dy r e s p o n s e s  t o  t h e s e  a n d  f i v e  o t h e r s e r o v a r s  w e r e  

mon i t o red . The ant ibody responses t o  h a rdjo a n d  pomona we re s im i l a r  

t o  t h o s e  repo r t e d  i n  other spec ies ( Ma r s ha l l  e t  al 1 9 7 9 a a n d  1 9 7 9b )  

i n c l uding dee r  ( Wi l s on and S cho l l um 1 9 8 4 )  . There w a s  n o  change in 

t he antibody l eve l s  to mo st other s e ro va r s  except bra t i s l a va whe re 

t h e re was an inc rease in the ant ibody t it re s  f o l lowing vacc inat ion . 

T h i s  f i nding s u gg e s t s  t h a t  a n t i b od i e s w h i c h  a re t h e r e s u l t o f  

v a c c i n a t i o n  c r o s s  r e a c t  w i t h  b ra t i s l a va a n d  t h i s  p r o v i de s s ome 

e v i de n ce o f  a n t i ge n i c  s im i l a r i t y  b e t we e n  a t  l e a s t  o n e  o f  t he 

s e r ovars conta i ne d  in the vacc ine and b ra t i s l a va .  This imp l i e s  that 

a n t ibodies made aga i n s t  hardjo and/ o r  p omon a in dee r  and goa t s  may 

h a ve reacted w i t h  bra t i s l a va . 

S odium Dodecyl Sulphate P o lyac rylamide Elect roph o re s i s  ( SO S -PAGE ) 

S epa ration of P ro teins from Dif ferent S e rova rs 

S O S - P A G E  o f  p r o t e i n s  f r o m  d i f f e r e n t  s e r o v a r s  a t t e mp t e d  t o  

demo n s t rate any ant igenic s imi l a r i t ies . 

T h e  p r o t e i n  p a t t e r n s  w e r e  h e t e r o g e n e o u s  a n d  o f  n o  h e l p  i n  

d i s t inguishing a n t igenic re lat ionships . 

We s tern Blot S tudies of Lept ospira 

L e p t o s p i r a l  p ro t e i n s  we re s e p a r a t e d  b y  S O S - P AG E , t ra n s f e r e d  t o  

n i t roce llulose and reacted with ant i s e r a  and and a n  ant ise rum e n zyme 

c o n j ugate to h ig h l ight spec i f ic bands . The va l ue o f  t h i s  t e c h n ique 

f o r  the det e c t i o n  o f  ant igenic s imi l a r i t ie s  between Lep t osp i ra has 

been repo rted b y  Chapman et al  ( 1 9 8 6 ) . 
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I n  t h i s  p re s ent s t udy , t h ree protein bands we re found t o  react with 

a l l  s e r a  t e s t e d  and p r e s umab l y  r e p r e s e n t  c o mmo n g e n u s  s p e c i f i c 

ant igens a s  repo rted by Chapman e t  a l  ( 1 9 8 6 ) . 

A c l o s e r  s imi l a ri t y  bet ween bra t i s l a va and pomona was demo n s t rated 

b y  t he reac t ion of a gre a t e r  numb e r o f  protein bands f rom b o t h  t hese 

s e r o v a r s  r e a c t i n g  w i t h  a n t i s e r u m  t o  b ra t i s l a va . S i m i l a r l y ,  

a n t i s e r u m  t o  p o m o n a r e a c t e d  w i t h  s e v e r a l  b a n d s  o f b o t h  t h e  

b ra t i s l a va and pomona p rotein e le c t roph o re t i c  p r o f i le s . Ant i s e r um t o  

h a rdjo r e a c t e d  w i t h  o n l y  t h ree bands o f  t he bra t i s l a va a nd pomona 

p ro f iles . 

T h i s  p ro v i de s  f u r t he r  e v idence t o  s up p o r t  t he hypot h e s i s  t ha t  t he 

a n t ibody t i t re s  t o  bra t i s l a va obse rved in t h i s  s t udy were the result 

of  c ro s s  react ions to pomona . 

Conc lusion 

T h i s  st udy has demonst rated the wide sp read presence of dee r  and goat 

a n t i b o d i e s  t o  L ep t o sp i ra s e r o v a r s  k n o w n  t o  b e  p r e s e n t  in New 

Z e a l and . It  rep resents t he f i r s t  nat i o nwide s tudy o f  t he s e rological 

p revalence of  l eptosp i ro s i s  in these dome s t ic anima l s . Ant ibodies t o  

bra t i s l a va ,  a s e rova r n o t  yet i s o l a t e d  i n  New Z e a l an d ,  we re a l s o 

w ide spread in these anima l s  and e v ide nce was p resented s ugge s t ing 

t ha t  t h e s e  ma y re s u l t  f r o m  c r o s s  r e a c t i ng a n t i b o d i e s  t o  o t h e r  

s e r o v a r s . B a l c a n i c a  w a s  i s o l a t e d  f r o m  d e e r u r i n e  a n d  t h i s  

r e p re s e n t s t h e  f i r s t  r e p o r t  o f  t h i s  i n f e c t ion in dee r .  Lep t osp i ra 

w e re not i s o la t ed f rom t he u rine o f  a n y  o f  the goa t s  unde r s t udy . 



AP P END I X  1 

EMJH MED I UM 

Re f ;  Johns o n  and S e it z e r  ( 1 97 7 )  

T he f o l lowing stock s o lut ions were requ i red 

S t ock Solut ions 

Ammonium c h l o r ide 

Z inc s u lpha t e  

Magne s ium c h l o r ide 

C a lc ium c h l o r ide 

F e rrous s u lphate 

C oppe r s u lphate 

S odium pyruvate 

G lyce rol 

T ween 8 0  

T hiamine 

Cyanocoba l amin 

B a s a l  Medi um 

( NH4Cl ) 

( Z nS0 4 7 H2o l  

( MgC 1 2 6 H2 o l  

( Cacl2 2 H2 o l  

( FeS0 4 7 H20 ) 

( CuS0 4 5 H2 o l  

( Vitamin 8 1 ) 

( Vit amin 8 1 2 ) 

[ B . D  . H . ]  

[ M  & B ] 

[ Ana la r ]  

[ Ana l a r ]  

[ lma l a r ]  

[ Ana l a r ]  

[ B . D . H . ]  

[ B . D . H . ]  

[ S igma ] 

[ S igma ] 

[ S igma ] 

1 7 9  

Amo unt (g/ l O Om l )  

2 5  

0 . 4  

1 . 5  

1 . 5  

0 . 5  

0 . 3 

1 0  

1 0  

1 0  

0 . 5  

0 . 0 2 

The f o l lowing we re di s s o lved in 9 9 6 m l  o f  di s t i l led wat e r ;  

D i sodium hydrogen 

o rthopho s p h a t e  ( Na2 HP0 4 ) [ An a l a r ]  1 .  O g  

P o t a s s ium d ihydrogen 

phosphate ( KH 2Po 4 ) [ Ana l a r ]  0 . 3g 

S odiun c h l o r ide ( NaC l )  [ An a l a r ]  1 .  O g  



T he f o l low ing s t ock s o lutions , p repared a s  above ,  we re added;  

Ammonium c h lo ride 

T h i amine 

S odium pyruvate 

G lyce r o l  

l . Oml 

l . O ml 

l . Oml 

l . Oml 

1 8 0  

T h e  p H  w a s  ad j u s t e d  t o  7 . 4  w i t h  t he addi t i o n  o f  s o d i um hydrox ide 

( NaOH ) o r  h ydrochloric acid ( HC l )  . 

The b a s e  medium was t hen s t e r i l i z ed by aut o c l aving a t  1 2 1 °C f o r  2 0  

minute s .  

Albumin S upp lement 

T we n t y  g rams of F r a c t ion V b o v i n e a lbum i n  was a dde d to l O O ml of 

d i s t i l led wat e r . The f o l lowing s t o c k  s o l u t i o n s  ( p repa red a s  above ) 

were adde d ;  

C a l c ium ch l o r ide 

Magnes ium chlo ride 

Z inc s ulpha t e  

Coppe r s u lphate 

Fe r rous s u lphate 

Cyanocob a l amin 

Tween 8 0  

2 .  O ml 

2 . 0 ml 

2 .  O ml 

0 . 2ml 

2 0 . 0m l  

2 . 0 ml 

2 5 .  O ml 

The pH was a d j u s ted t o  7 . 4  by the addit ion o f  sodium hydroxide o r  

h y d r o c h l o r i c  a c id . D i s t i l l e d  w a t w e  w a s  t h e n  added t o  b r ing t he 

vo lume t o  2 0 0ml and the solution w a s  s t e r i l i zed by f i l t rat ion . 

Complete Medium 

T h e  c omp l e t e  me d i um wa s p re p a r e d  b y  a dd i n g  3 0 ml o f  t he a lbumin 

s u p leme n t  t o  2 7 0 m l  o f  b a s a l  med i u m . B e f o re d i s pe n s i n g  i n t o  t h e  

requ i red vo l ume s ,  0 . 3 3ml of a 2mg / ml s o lut ion o f  neomycin was added . 



1 8 1  

A s t o c k  s o l u t i o n  o f  5 - f l uo r o u r a c i l  wa s a dded t o  s ome b a t c h e s  o f  

media t o  reduce c o n t ami nat ion . A s t o c k  s o lut ion o f  5 - f lu rourac i l  was 

p re p a r e d  b y  a dd i ng l . O g of 5 - f l uo ro u r a c i l  to S O m l  of d i s t i l led 

w a te r . T h i s  wa s p laced i n  a 6 0° C  wat e r  b a t h  to di s s o lve and the pH 

wa s ad j us ted t o  7 . 6  by the add i t ion o f  lN HCL . The s o l u t ion wa s made 

up t o  l O Oml w i t h  di s t i l l ed w a t e r  and w a s  s t e r i l i zed by f i l t r a t ion 

t h r o u g h  a 0 . 2 2 u  memb r a n e  f i l t e r .  T h i s  w a s  s t o re d  a t  4 °C u n t i l  

requ i red f o r  a dd i t ion t o  t he c u l t u re medium . Befo re di spen s i ng t he 

comp l e t e  medium, lml of t he 5 - f luorourac i l  s tock s o lut i o n  was added 

t o  l O Oml o f  medium . 

S em i  s o l i d me d i u m  w a s  p r e p a r e d  b y  a d d i n g  0 . 7 5 g  o f  a g a r  ( D i f c o  

b a c t e r i o logical grade ) t o  4 5 0 ml o f  ba s a l  medium . T h i s  w a s  autoclaved 

at 1 2 1 °C f o r  2 0  minutes and coo led to approximately 4 0 °C before the 

a s e p t i c  a dd i t i o n  o f  5 0 ml o f  a l bumin s up p l eme n t , n e o my c i n  and 5 

f lu o r o u r a c i l . T h i s  wa s then di spen sed into t he requ i red vo lume s . 

The comp le t e  medium was incub a t e d  a t  3 7 °C f o r  at l e a s t  t h ree days t o  

e n s u re s t e ri l it y . 



AP P END I X  I I  

PHOSP HATE BUFFERED SAL INE ( P B S ) 

The f o l lowing were dis s o lved in t wo l i t re s  of dis t i l led wa t e r ;  

S odium chloride ( NaCl )  

D i s od i um hydrogen o rthopho sphate 

P o t a s s ium dihydrogen pho sphate 

The pH was checked to be 7 . 2 - 7 . 4 .  

1 5 . 3g 

1 . 4 4 8 g 

0 . 4 2 g  

T h i s  w a s  t hen dispensed and autocl aved a t  1 2 1°C f o r  1 5  minutes . 

1 8 2  



AP P END I X  I I I  

TRANS PORT MED I UM 

1 8 3  

This was p repared b y  di s s o lving l . O g o f  F ra c t ion V bovine a lbumin t o  

lO Oml o f  d i s t i lled wate r .  When d i s s o lved , lml of a 5 f lu o ro u r a c i l  

so lut ion , p repa red a s  i n  Appendix I I ,  w a s  added . T h i s  s o l ut io n  w a s  

then s t e r i l i zed by f i l t rat ion t h r o ugh a 0 . 2 2 u  membrane f i lt e r  be fore 

dispens ing i n  4ml vo l ume s . 



AP PEND IX I V  

E LL I S  MED IUM 

Re f ;  E l l i s , W . A . ; Montgome r y ,  J . A . ; C a s se l l s , J . A .  ( 1 9 8 5 )  

1 8 4  

The f o l l o w i n g  s t o c k  s o lut ions we r e  p repa red b y  d i s s o lving each in 

l O Oml o f  di s t i l led wat e r : 

Z inc s ulphate 

Calc ium chlo r i de 

Magne s i um c h l o r ide 

Glyce rol 

Vitamin 812  

Thiamine c h lo r ide 

Mangane se s u lphate ( B . D . H . ] 

The se we re s t o red at 4°C unt i l  requ i red . 

0 . 4g 

1 .  O g  

1 .  O g  

l O . Oml 

0 . 0 2 g  

0 . 5 g  

0 . 3g 

The f o l lowing addit iona l s tock s o lut ions we re p repa red in d i s t i l led 

water immedi a t e ly be f o re use f o r  the p repa r a t i o n  of t he s upp lement : 

F e r rous sulphate 

Tween 8 0  

Tween 4 0  

5 -F lurourac i l  

N a l idixic a c i d  

0 . 5g/ 1 0 0ml 

2 0 . 0ml / 1 8 0ml 

2 0 . 0 ml / 1 8 0ml 

l . O g / l O Oml 

O . lg/ l O Oml 

T h e  s up p l e me n t  w a s  p r e p a r ed by a dd i ng t h e  f o l l o w i ng t o  5 0 ml o f  

s t e rile dis t i l led wate r :  

Fraction V bov ine a lbumin 

Lacta lbumin hydro lysate ( D ifco ] 

S upe roxide d i s muta s e  

S odium pyruv a t e  

l O . Og 

1 .  O g  

O . lg 

0 . 0 4g 



1 8 5  

T h i s  w a s  s t i r red a t  s l ow apeed t o  p revent foaming and when f u l l y  

di s s o lved, t h e  f o l l o w ing s t o c k  s o lut ions were added in t he f o l low ing 

o rde r : 

Th iamine c h l o r ide 

Calc ium chloride 

Magnes i um chloride 

Z inc s u lphate 

Mangane s e  s ulphate 

Ferrous s u lphate 

Vit amine B 1 2  

Tween 8 0  

Tween 4 0  

1 .  O ml 

1 .  O ml 

1 .  O ml 

1 .  O ml 

1 .  Oml 

1 0 . 0 ml 

1 .  Oml 

9 .  Oml 

3 . 5ml 

T h i s  w a s  s t i r red f o r  one h o u r  to e n s u re t h at a l l  t h e  ing redient s 

we r e  d i s s o l v e d . T h e  p H  w a s  a d j u s t e d  t o  7 . 4  u s i n g  1 0 %  s o d i um 

hyd roxi de and t he f i n a l  vo l ume was made u p  t o  9 6m l  u s ing s te r i le 

di s t i l led wate r . 

To t h i s , 4ml o f  f r e s h  rabbit s e rum which had been heated t o  5 6°C f o r  

3 0  minu t e s , was adde d . 

Naladixic acid and 5 - f luoroura c i l  we re added in 2 0ml vo l ume s t o  t he 

s upp lement before s t e r i l i z ing by f i lt e r ing t h rough a 0 . 2 2 u  memb rane 

f i lt e r . 

The c omp l e t e  medium was p r e p a r e d  by di s s o l vi ng t h e  f o l l o w ing in 

9 9 8ml of di s t i l led w a t e r : 

D isodium hydrogen o rt hopho sphate 

P o t a s s i um dihydrogen phosphate 

Sodium chloride 

Ammonium chlor ide s t o c k  s o lu t i o n  

Glyce ro l s to c k  s o l u t ion 

1 .  Og 

0 . 3g 

1 .  Og 

l . Oml 

l . Oml 



1 8 6  

The pH was adjus ted t p  7 . 4  us ing 1 0 %  s odium hydroxide s o lut ion . 

Note that whe re components t hat were a l s o  u s e d  in t he p reparat ion o f  

EMJH med ium were requ i red, the same t yp e s  and sources we re used a s  

det a i led in Appendix I .  

To 8 6 0 ml o f  the ba s a l  medium, 1 . 5g o f  bact e r io logi c a l  g rade aga r was 

di s s o lved and s t e r i l i zed by by autoc la ving at 1 2 1°C for 2 0  minute s . 

This was t hen coo led t o  approxima t e ly 5 0 °c be f o re a sept ica l ly adding 

1 4 0ml of supp lement , mix ing and dispensing i n t o Sml vo lume s . 



1 8 7  

APP END I X  V 

0 . 0 2 5M TRI S HCL BUFF E R + 0 . 0 3 5M NaCL 

Re f : C o r t h i e r ,  e t  al  ( 1 9 8 4 )  

S i x  grams o f  T r i zma b a s e  were added to one l i t re o f  dis t i l led wate r . 

The pH was adjusted t o  8 . 8 with O . O SM HCL and the vo lume was made up 

to 2 l i t re s . 

To t h i s , 3 . 6 3g o f  s odium chlor i de we re added and di s s o lved . 



1 8 8  

AP P END I X  VI 

0 . 0 2 5M TRIS HCL BUFFER + IM NaCL 

Re f :  Co rthier e t  al ( 1 9 8 4 )  

The T r i s  buf f e r  was p repa red as in Appendix V .  

T o  t h i s , 1 0 8 . 9g o f  s odium c h lo ride were added . 



Re f :  B radf o rd ( 1 9 7 6 )  

AP P END I X  V I I 

B RADFORD REAGENT 

1 8 9  

I n  5 0 ml o f  9 5 %  e t hano l ,  1 0 0mg o f  Cooma s s ie B r i l l iant B lue G2 5 0  was 

di s s o lved . To t h i s  , l O Oml of 8 5 % phospho r i c  acid w a s  added ant t he 

s o l u t i o n  di l u t e d  t o  l O O O ml . T h i s w a s  f i l t e red t h r o ugh a Wha tman 

numb e r 1 f i l t e r  p a pe r  a n d  s t o r e d  in a d a r k  g l a s s  b o t t l e  u n t i l  

requ i re d . 



Re f : He l l s t rom ( 1 9 7 8 )  

APPEND I X  VI I I  

SOD IUM BARB I TONE BUFFER 

1 9 0  

Th i s  buf f e r  was p repa red b y  d i s s o lving 2 0 . 6 2 g  o f  s odium b a rbitone i n  

l S O Oml o f  d i s t i l led wa t e r ,  a d j u s t ing t h e  pH t o  8 . 6  with O . SN HCl and 

mak ing t he volume up to 2 0 0 0ml with di s t i l le d  wate r . 



AP P END I X  X I X  

COOMAS S I E  S TAIN FOR AGAROS E  GELS 

Re f :  !ila 1 lenbo rg and Ande rson ( 1 9 7 8 )  

1 9 1  

T h i s  w a s  made b y  d i s s o l v i n g  l g  o f  C o o ma s s i e b r i l l i a nt b l ue R2 5 0  

s t a i n  i n  a s o lut i o n  o f  9 0ml o f  ethano l ,  2 0ml o f  ace t ic a c id and 9 0ml 

o f  wate r .  This w a s  s t o red at r o om tempe r a t u re and used seve ral t ime s 

t o  s t a i n  aga rose ge l s . 



1 9 2 

AP P END I X  X 

0 . 0 0 1M SOD I UM ACETATE BUFFER 

Re f :  Munro ( 1 9 7 0 )  

T h i s  w a s  p repa red b y  c omb ining 2 8 3ml o f  0 . 0 0 1M a c e t i c  a c id with 

1 0 0ml o f  0 . 0 0 1M NaOH and dilut i ng to 1 0 0 0ml . The ph w a s  checked t o  

be 4 . 4 .  



Re f :  Mun r o  ( 1 9 7 0 ) 

AP P END I X  X I  

0 . 0 1M CARBONATE BUFFER 

Two s o lut i o n s  we re p repa red as f o l l ows : 

1 9 3  

Solution A conta ined 0 . 8 4g o f  sodium b i c a rbonate di s s o l ved i n  1 0 0 0ml 

of di s t i l le d  wate r .  

Solut ion B conta ined 1 . 0 6g o f  s od ium c a rbonate di s s o lved in 1 0 0 0ml 

of dis t i l le d  wate r .  

The t wo s o l u t ions were combi ned in t he f o l l owing propo r t i o n s : 

S o lut ion A 4 5 . 3ml 

S o lut ion B 1 8 . 2ml 

The v o l ume was made u p  t o  1 0 0 0 m l  w i t h  d i s t i l led w a t e r  and t he pH 

checked to be 9 . 6  at 2 5°C . 



Ref : Mun ro ( 1 9 7 0 )  

AP P END I X  X I I  

0 . 2M CARBONATE BUF FER 

Two s o l ut ions A and B were made a s  fol lows : 

1 9 4  

S o l u t i o n  A conta ined 1 6 . 8 g o f  s odium b i c a rbonate d i s s o lved in l O O Oml 

of di s t i l led wate r . 

S o l u t i o n  B conta ined 2 1 . 2 g o f  s odium c a rbonate di s s o l ved in l O O Oml 

o f  di s t i l led wate r . 

The comp lete b u f f e r  w a s  prepa red by comb i n ing 4 5 . 3ml o f  s o l ut i o n  A 

and 1 8 . 2ml o f  s o lut i o n  B a n d  ma k i ng t h e  vo l ume up t o  l O O Oml with 

d i s t i lled wate r . 

The pH w a s  chec ked t o  be 9 . 6  at 2 5°C .  



Re f :  Munro ( 1 9 7 0 )  

APP END I X  X I I I  

0 . 0 6M CARBONATE BUFFER 

Two s o lut ions A and B we re p repa red a s  f o l lows : 

1 9 5  

S o l u t i o n  A ;  5 . 0 4 g o f  sodium b i c a rbonate we re d i s s o lved i n  l O O Oml of 

di s s t i l led wate r . 

S o l u t i o n  B ;  6 . 3 6 g of s o dium c a rb o n a t e  we re d i s so lved in l O O O ml of 

di s t i l led wate r . 

The c omplete b u f f e r  was prepa red by comb i n i ng 6 2 . 8 ml of s o lut ion A 

w i t h  l 2 . 4ml o f  s o lut ion B a nd ma k i ng up the v o lume t o  l O O Oml with 

di s t i l l ed wat e r . 

The p h  was checked t o  be 9 . 6  a t  0°C . 



1 9 6  

AP P END I X  X I V  

P B S, TWEEN 2 0  E L I S A  WAS H I NG SOLUT ION AND D I LUENT 

P B S  was p repa red as in Appendix I I . 

To l O O Oml o f  P BS , O . Sml o f  Twe e n  2 0  wa s a dde d .  Th i s  w a s  the w a s h ing 

s o lu t io n  used between each s t ep in the E L I SA tests . 

F o r  dilut ing s e ra a nd co n j ugate s ,  lg o f  F ract ion V bovine a lb umin 

was a dded to l O Oml of the P B S / Tween 20 wa s h ing s o lution . 



AP P END I X  XV 

T r i s -HC l EDTA B u f f e r  ( TEB)  

Ref : Ma rsha l l  e t  a l  ( 1 9 8 1 )  

1 9 7 

T E B  w a s  p r ep a r ed by c o mb i n ing 1 0 0 rru"l T r i s - H C l  ( p H  7 .  5 )  a nd 1 0 0 mM 

e t hylene diamine tet ra c e t i c  a c id s odium s a l t  ( EDTA) . 



1 9 8  

APP END I X  XVI 

Sodium C h l o r ide T r i s -HCl EDTA Bu f f e r  ( S T E )  

Re f : Marsha l l  e t  a l  ( 1 9 8 1 )  

T h i s  b u f fe r  was p repa red a s  a 1 0 X  s t o c k  s o lut ion . T h i s  c o n s i sted o f  

t he f o l lowing : 

SM NaC l 

1M T r i s  HCl pH 7 . 5  

0 . 2M EDTA 

2 0ml 

S Oml 

Sml 

The s e  w e re combined and made up to a vo l ume of 1 0 0 0 ml w i t h  dist i l led 

wat e r . 



APP END I X  XVI I  

P HENOL : CHLORO�ORM : I AA EXTRACTION MIXTURE 

Re f : Ma rsha l l  et al ( 1 9 8 1 )  

1 9 9  

P h e n o l  was me l ted in hot t ap wat e r  then combined w i t h  chlo rofo rm and 

i s o amyl a lcoho l in the f o l l o wing proport ions : 

P h e n o l  2 5ml 

Ch l o ro form 2 4ml 

I s o amyl a l coho l 1ml 

The pheno l w a s  of high p u r i t y  and t he mixt ure was made f re s h  each 

day . 



2 0 0  

AP P END I X  XVI I I  

T r i s  EDTA B u f f e r  ( TE BUF F E R )  

Re f :  M a r s ha l l  e t  a l  ( 1 9 8 1 )  

T h i s  c o n s i s ted o f  l Oml o f  l M  t r i s -HCl ( pH 7 . 5 ) and Sml o f  0 . 2M EDTA 

which w a s  comb ined and diluted t o  l O O Oml with dist i l le d  wat e r . 



AP P END I X  X I X  

ENZYME BUFFER 

Re f : Boehr inge r ,  Mannhe im ; Manufac t u re s  S pe c i f i ca t i ons . 

This c o n s i sted o f  a s o lut ion containing t h e  f o l lowing : 

l O OmM T r i s -HCl ( p H  7 . 5 ) 

S OmM s odium chlo r i de 

l OmM magnes ium c h l o ride 

2 0 1  



Re f : Marsha l l  e t  a l  ( 1 9 8 1 )  

APP END I X  XX 

SAMP LE BUFFER 

T h i s  c o n s i sted of a combinat io n  of t he f o l low ing : 

l M  T r i s -HCl ( pH 7 . S ) l O O u l  

0 . 2M EDTA S O u l  

1 0 %  S o dium dode c yl sulphate ( S O S )  S O u l  

Glyc e ro l  2ml 

T h i s  was made up to a vo lume of l Oml w i t h  di s t i l led w a te r . 

2 0 2 



Re f : Marsha l l  e t  a l  ( 1 9 8 1 )  

AP P END I X  XXI 

E LECTROPHORE S I S BUFFER 

T h i s  was a so lut ion cons i s t ing of : 

4 0mM T r is acet a t e  p H  7 . 8  

5�� S odium acet a t e  

l mM  EDTA 

2 0 3  

T o  e ac h  1 5 0 0ml o f  this  bu f f e r ,  3 0 0 u l  o f  a n  ethidium b romide s o lut ion 

cont a ining 2 . 5mg / ml was added . 



2 0 4  

AP PEND I X  XX I I  

P OLYACRYL�MI D E  GEL �LECTROPHORE S I S  ( P AGE ) RUNNING GEL 

Re f :  Ionas ( 1 9 8 3 )  

The f o l lowing s t o c k  s o l u t i o n s  we re p repa red : 

A .  Lower T r i s  B u f f e r  

T h i s  c o n s i sted o f  t he f o l l o w i ng : 

T r i zrna base 

1 0 %  SDS in di s t i l led wat e r  

1 2 N  H C l  t o  pH 8 . 8  

D i s t i l led wat e r  t o  l O Oml 

1 8 . 1 7 g  

4ml 

The T r i zma b a s e  was added t o  7 0ml o f  di s t i l led wat e r  and the p H  was 

a d j u s t ed t o  8 . 8  with 12N HC l .  S D S  wa s a dded and the s o lut ion made up 

to l O O ml w i t h  d i s t i l led w a te r .  The pH w a s  checked a nd ad j u s t ed i f  

nece s s a ry .  

B .  Running Ge l Ac rylamide 

T h i s  conta ined the fol lowing : 

Ac r y larnide 

Met hylene b i s  a c ry lamide 

D i s t i l led wate r  t o  l O Oml 

3 0 . 0 g 

O . Sg 

The a c rylamide s o lution w a s  p repa red by d i s s o lving t h e  a c rylarnide in 

7 0rnl of di s t i l led wate r . The met hylene bis acrylamide w a s  then a dded 

and t h e  s o l u t i o n  was made up t o  l O Oml w i t h  di s t i lled wate r .  



C .  Ammon ium P e r s u lpha t e  

T h i s  conta ined t he f o l lowing : 

Ammon i um pe rsulpha t e  

D i s t i l led water 

0 . 1g 

1 .  Oml 

2 0 5  

T h e  a mmo n i u m  p e r s u l p h a t e  wa s d i s s o l ve d  i n  t h e  d i s t i l l ed wa t e r  

immedi a t e l y  be f o re u s e . 

The running ge l wa s a 1 0 %  ac rylamide ge l p repared by comb ining the 

f o l l o wi ng s o lut i o n s  in the o rde r given w i t h  thorough mix ing a f t e r  

each addit ion . 

Lowe r T r i s b u f f e r  

Running gel acrylamide 

D i s t i l led wat e r  

Ammonium pers ulphate 

N , N , N '  , N ' - tet rame t h y l ethyle nediamine ( TEMED ) 

5 .  Oml 

6 .  7ml 

8 . 3ml 

0 . 3ml 

0 . 0 1ml 



Re f : Ionas ( 1 9 8 3 )  
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PAGE STACK I NG GEL 

The f o l lowing s t o c k  s o lut i o n s  we re p repa red : 

A .  Uppe r  T r i s  B u f fe r  

T r i zma base 

1 0 %  SDS in dis t i l led water 

12N HCl to p H 6 . 8  

D i s t i l led wat e r  t o  l O O ml 

6 . 0 6g 

4ml 

2 0 6  

The T r i zma b a s e  w a s  added t o  7 0ml o f  di s t i l led wat e r  and the p H  was 

adj usted to 6 . 8  w it h  1 2 N  HCl . SDS was a dded and the s o lu t i o n  made up 

t o  l O Oml w it h  d i s t i l l ed wate r .  The p H  w a s  chec ked a nd a d j u s t e d  if 

nece s s a ry . 

B .  S t a c k ing Ge l Ac rvlamide 

Ac rylamide 

Methylene b i s  a c rylamide 

D i s t i l led wate r t o  l O Oml 

3 0 . 0 g 

1 . 6g 

The a c ry lamide s o lution was p repa red by d i s s o l ving the ac rylamide in 

7 0ml o f  di s t i l l e d  wate r .  The met hy le ne b i s  ac rylamide was then a dded 

and t he s o lu t i o n  w a s  made up t o  l O Oml w i t h  di s t i l led wate r . 



C .  Ammon i um P e rs u lpha t e  

Ammo n ium pe rsu lphat e  

D is t i l le d  wat e r  

0 . lg 

1 .  O ml 

2 0 7  

T h e  a mm o n i u m  p e r s u l p h a t e  wa s d i s s o l ve d  i n  t h e  d i s t i l l e d  wa t e r  

immedi a t e ly be f o re u s e . 

The s t a c k ing ge l w a s  prepa red b y  mix ing the f o l lowing i n  the o rde r 

given , m ixing tho roughly a f t e r  e ach addi t ion . 

Uppe r T r i s  buffer 

S t a c k ing ge l a c ry l amide 

D i s t i l led wat e r  

Ammon i um persulpha t e  

TEMED 

2 . 5ml 

l . Sml 

6 .  O ml 

0 . 0 3ml 

O . O lml 
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TRIS GLYC INE RE S ERVO I R  BUFFER 

Re f :  Ionas ( 1 9 8 3 )  

The fol lowing we re di s s o lved in 2 0 0 0 ml o f  di s t i l led wate r : 

T r i zma base 

G l yc ine 

S D S  

6 . 0 7 g 

2 8 . 8 g  

2 . 0 g 

2 0 8  

The p H  w a s  c h e c ked t o  b e  8 . 3  a n d  t h e  b u f f e r s t o re d  a t  4 °c u n t i l  

requ i red . 



Re f ;  I o n a s  ( 1 9 8 3 )  

The f o l l o w i ng we re c ombined : 

2 -Me rcaptoethanol 

SDS  

Upp e r  T r i s  buffer 

l O . Oml 

6 . 0 g 

2 5 . 0ml 

AP PEND I X  XXV 

SDS S��P LE BUFFER 

2 0 9  

D i s t i l l e d  wa t e r  w a s  added t o  ma k e  the v o l ume up t o  l O O ml and the 

buffer was s t o red a t  4 °C unt i l  requi red . 



Re f : I o n a s  ( 1 9 8 3 )  

APPEND I X XXVI 

BROMO P H ENOL BLUE T RACK ING DYE 

This c o n s i s ted o f  t he f o l low ing : 

B romophe n o l  b lue 

Glyce r o l  

D i s t i l led water t o  S Oml 

O . O O Sg 

4 0ml 

2 1 0  

The s e  we re comb ined and s t o red a t  room tempe rature unt i l  requi red . 
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li.P P END I X  XXV I I 

I S O P ROPli�O L COOMAS S I E  STAIN FOR PAGE 

Re f :  Ionas ( 1 9 8 3 )  ' 

T h e  f o l l o w i n g  we r e  mi x e d  and s t o re d  a t  r o o m  t empe r a t u re u n t i l  

r e qu i red : 

I s o p ropano l 

G l a c i a l  acet i c  acid 

Cooma s s ie b r i l l iant blue R2 5 0  

D i s t i l led wat e r  

2 5 0 ml 

l O O ml 

0 . 4g 

l O O Oml 
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TRANSFER BUFFER FOR WE S TERN BLOTS 

Re f :  Ge rs honi and P a l ade ( 1 9 8 3 )  

A 2 5 mM p h o s p h a t e  b u f f e r  w a s u s e d  a n d  p r e p a r e d  b y  m i x i n g  t h e  

f o l l owing i n  l O O Oml o f  2 0 %  met ha no l : 

P o t a s s ium dihydrogen phosphate 

D i s odium h ydrogen o rt hopho sphate 

The pH w a s  chec ked t o  be 6 . 5  

0 . 1 3g 

0 . 0 4 7g 



Re f :  Hawkes e t  al ( 1 9 8 2 )  

APP END I X  XXIX 

WE S T E RN BLOT SUBSTRATE 

2 1 3  

A s ub s t r a t e  c oncent r a t e  w a s  made b y  di s s o lv ing 3mg o f  4 -c h l o ro - 1 -

naphthol in lml o f  met h a no l . 

A s ubst rate buffer was p repared by c ombining the f o l lowing : 

l O O mM T r i s  HCl ( pH 7 . 4 )  

D i s t i l led wate r 

S odium c h l o r ide 

8ml 

8ml 

0 . 1 8 g  

The comp l e t e  s ubst rate w a s  p repa red b y  comb in i ng l O ml o f  s ub s t rate 

bu f f e r  w i t h  2 ml of s ub s t rate c o n c e n t rate and l O ul of 3 0 %  hydrogen 

pe roxide . 
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