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ABSTRACT 

A survey o f  sheep from the North  Is land of New Z e a l and was 

c onducted  for lep to s p i ral  in fe c t i on .  The r e su l t s  of the 

s erolog i c a l  examina t ion showed 20 . 5  percent of the sheep 
'::J!il."' 

had t i t r e s  ( � 1 : 48 )  to Hebdomad i� �erogroup , 3 . 8  percent  to  

s erovar pomona., 2 .  6 percent t o  s erovar talc..MJ.:Jovi.., 2 .  3 percent  

to  serovar c.ope.n.ha.ge.n.i.. and 2 .  7 p ercent to s erovar ba.Uum. No 

t i tres o f  1 : 48 or greater  were  detec ted to s erovar �tk�. 
I t  wa s shown that a minimum d i lu t ion o f  1:24 ·resu l ted in 

many non- s p e c i f i c  or cros s -r e a c t ion . A min imum d i lu t ion o f  

1 : 48 was more  accurate  for d e t e c t ing the s e ro l o g i c a l  

p revalenc e o f  agglu t inins to  l e p to s p ires  i n  ovine s era . In 

the cu l tura l survey , serovar haJr.djo wa s i s o l a ted  from three 

anima l s  in  one group of  sheep . It was cons idered tha t the 

Hebdomad i s  t i tr e s  were more  l ik e ly to represent  prev1ou s 

infec t i on w i th ha.Jtdjo than w i th ba.l.c.a.n.i..c.a. 

Based on the s e r o l o g i c a l  and c u l tural examina t ions from the 

general survey and a s tudy farm , a pattern of infe c t ion was 

recorded . The s ero l ogi c a l  p r ev a l ence and the geome t r i c  

mean t i tre  ( GMT ) o f  di ffe ren t a ge groups o f  sheep from 

d i fferen t farms and the l ack o f  suc c e s s  on ob t a ining fur ther  

i so l a t e s  of  haAdjo ind i c a t e d  tha t  sheep are  not the  ma intenance 

h o s t  for th i s  s erovar in New Z e a l and . Al though infe c t ion o f  

sheep b y  s erovar haAdjo i s  n o t  uncommon , i t  i s  a s porad ic  

o c currenc e and endemic  infec t ion i s  un l ike ly t o  occur . 

P re l iminary inve s t i ga t i on s  on the u s e  o f  rad i o immunoa s s ay 

in detec t in g  l e p t o s p ires  o r  l e p tospiral  ant igens in  ur ine 

are pre s e n ted . 
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CHAPTER ONE  

OV I NE LEPTOSP I ROS I S: 

A REV I EW OF THE L I TERATURE 

The ear l i es t ment ion o f  l e p to s p ira l infe c t i on was in  the 

paper by Larrey ( 1 8 12) , bu t i t  was only in 1 9 1 5  tha t the 

organ i sms caus ing lep t o s p iro s i s  were d i s covere d . In 1 9 1 5, 

the Japanes e  workers ( Inada et al , 1 9 1 6 )  managed to  i s o l a t e  

and iden t i fy Lepto.op-Ur. a  ..i..ntVlA ogaM s erovar ..i..c.tvc. ohaemoJUt hag..i..ae .  / 

S ince then , numerou s works on lep t s p iros i s  have been recorded . 

Now lep tospiro s i s  i s  recogn i s ed a s  a d i sease  o f  wo rld wide  

s i gn i f i c ance . The new unders t and ing exi s t s through be t t e r  

know l edge of  the infe c t i on in anima l s  and man , toge ther w i th 

improved labora tory techn i ques for d i agnos i s . 

Lep t o s p ira l in fec t ion in sheep has  n o t  been s tu d i ed 

ex t ens ive ly . One reason � s  tha t  i t  has  o f t en been cons i dered  

to be  of  l i t t l e importanc e . The ear l ie s t  record of  

l e p t o s p iral  infec t ion in sheep was in  1 9 32, an exper imen t a l  

infec t i on o f  sheep b y  Pe t z e taki s  e t  a l , ( 1 9 32) . The se 

workers managed to  in fec t sheep w i th Sp-Ur. oc.haeta ..i..c.tvr.ohaemoJtJt hag..i..ae, 
now known as  Lepto-6pVt a ..i..ntvc.JtogaM s erovar ..i.. c.tvr. ohae.mOJt!t hag..i..ae ,  by 

in tra t e s t i cu l ar inocu l a t i on .  S ince  then , s evera l na tura l 

infec t i ons o f  sheep w i th l e p t o s p iro s i s  have been reported . 

S ome o f  the early repor t s  came from Au s tria (Wi r th , 1 9 3 7 ) ,  
Germany ( S ch l o s sberger , 1 9 50) , I s rae l ( Bernkop f and Ol i tzki , 

19 48 ) ,  Pal e s t ine (Fruend , 1 94 7 ) and U . S . S . R .  (Awrorow , 19 4 1 ) .  

One report (Ne fedev , 1 9 4 9 )  men t ioned an ou tbreak o f  

l e p t o s p iros i s  ( the s erovars were no t men t ione d )  among c a t t l e  

and sheep in s ome regions o f  the U . S . S . R . .  Vacc ine s were 

in troduced in th i s  outbreak to co ntrol the infecti on wi th an 

apparently high degree o f  succes s .  

During the pas t fi fty year s , repor t s  o f  s e r o l o g ical  survey s  

for the pre s ence of  lep t o s p ira l an t ibod i e s  have been repo r t e d  

from a lmos t  every p a r t  o f  the wor l d . One o f  t h e  earl ies t  

s er o l o g ic a l  surveys o f  l e p to s p iral  i n fe c t i on in sheep was by 
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van der  Hoeden ( 1 9 5 3 ) . He found s e r o l o g i c a l  ev idence o f  

infe c t i on o f  sheep in I s rae 1 wi th Le.pto..6p.i.Aa gJtA.ppotypho..6a 

Al l the a ffec t ed anima l s , except  for one ram , were hea l thy . 

The r am was  o f f  i t s  feed and had a t i tre  of 1:3 0, 000 to  

serovar gJt-i..ppotypho..6a. The k i dneys from one hea l thy anima l 

wi th h i gh t i t r e , showed grey i sh s po t s  and h i s to l og i c a l ly 

the k i dneys  showed in ters t i t ia l  nephr i t i s . Cu l tures  s e t  up 

were a l l  found to be nega t ive . 

Mochmann ( 1 9 5 5 )  found sero lo g i c a l  evi d ence o f  infe c t ion in 

sheep in Germany t o  Le.pt0..6p.i.Aa -i..nte.Jz.Jtoga.YL-6 serovar c.an-i..c.ofu, 

whi l s t  van R i e l  and van R i e l  ( 1 9 5 6 )  in Cen t r a l  Afr i c a  showed 

s ign i f i c an t  agg l u t ina t ion t i tre s o f  s erum s amp l es from sheep 

to s erovar batav-i..ae. and membe r s  of the I c terohaemorrhagiae -, 
and Cynop t e r i  s erogroup s .  In Argen t ina , 1 1 3  ou t o f  the 889  � 
( 12 .  7 p e r c en t )  sheep sera e xamined by Cacch ione e.t af, ( 1 9 6 3 )  

were s e ropo s i t ive t o  e i ther ba.Lfum, he.bdomad-i..-6, autwnn.a£-i..-6, 
-i..c.te.Jtohae.moJUc.hag-i..ae., tal!.M..6ov-i.. o r  pomona.. Mi chna ( 1 9 6  7 )  in 

Sco t l and ob s e rved the pre s ence of agglu t inat ing ant ibod i e s  

i n  t h e  s era o f  S co t t i sh sheep t o  billum, -i..c.te.Jtohae.moJUc.hag-i..ae., 

..6e.jJtoe. and c.an-i..c.ofa., wi th t i t re s  ranging from 1 : 3 0 to  1: 1, 000 . 

In the Uni ted S ta te s , Beamer e.t af, ( 1 9 5 3 )  d e s c r ibed an 

ou tbreak invo lving 108 young ewe s w i th deaths  and abor t ions . 

P o s tmortem examina t ion of f ive o f  the ewe s reve a l ed i c terus , 

swo l l en k i dneys and marked hema tur ia . Cu l ture s o f  var ious 

organs for pa thogenic  microorgan i sms were nega t ive . Dark

f i e l d  e xamina t i on of the stomach c on t en t s  o f  one foe tus 

revea l e d  mo t i l e  organi sms morpho l og ic a l ly r e s emb l ing 

l e p t o s p i re s . The organi sms were sugge s t ive of l ep t o s p ires  

bu t c ou l d  not b e  iden t i f i e d  w i th c e r t a inty . S ome o f  the 

s erum s amp l e s  were pos i t ive to l e p t o s p i re s  ( th e  s erovar wa s 

no t men t ioned ) . Al though l ep to s p i r e s  were no t demons tra ted 

by c u l t ural  me thod s , the au thors  b e l ieved that the symp toms; 

l e s i on s , mic r o s c o p i c  aggl ut ina t ion r eac t ions and the 

demon strat i on o f  lep to s p i r a l  forms from an aborted foe tus 

warranted a d iagno s i s  of l ep t o s p i ro s i s . 
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Fol l owing the r e p o r t  o f  Beamer et ai, ( 1 9 5 3 )  on the ou tbreak 

of  ovine l ep t o s p i ro s i s , a survey in the S tate  o f  I l l ino i s  was 

conduc t e d  by Chappe l l  et ai, ( 1 9 6 1 ) . The survey showed l ow 

preva len c e  ( 5 . 3  p e r c en t )  o f  l ep to s p i r a l  infec t ion in the 

sheep examined . S era tha t we re examined in th i s  survey 

reac ted to :t.o.Jr.M-6ov..i.., gJt..i..ppo:typhMa, ..i..c.teAohae.moJtJthag..i..ae., pomona., 

c.an...i..c.oia and woi66L A more recent  survey by Smi th and 

Arms trong ( 1 9 7 5 )  showed a much h i gher  preva lenc e o f  

lep to s p i r a l  infe c t i on i n  sheep in the Uni ted S ta t e s . S ix teen 

perc en t  o f  the sheep  demon s trated  agglu t ina t ing an t ibod i e s  

for Le.pto-6p..i..Jta ..i..n.tVrJtogan.-6 s erovar pomon.a.. 

S ince the s e  ini t ia l  repor t s  o f  lep t o s p i ral  infe c t ions in 

sheep , s erovar pomon.a. has  b e en recogn i sed  as a maj or c au s e  o f  

ovine l ep to s p i r o s i s  i n  the Uni ted  S ta t e s . In 1 9 7 3 , ano ther 

ou tbreak in two f l ocks of l amb s wi th fatal  hemo l y t i c  anemia 

due to Le.pto-6p..i..Jta ..i..n.te.Jr..Jtogan.-6 s e rovar pomon.a. was repor t e d  by 

Smi th and Arms t rong ( 1 9 7 5 ) . In th i s  c a s e , the ewe s in b o th 

f l o cks  appeared t o  b e  c l in i c a l ly norma l , but  the l amb s had 

hemoglob inemi a and hemo g l ob inur ia . When pos tmo r t em 

examina t i ons  wer e  c arried  ou t ,  a l l  the organs o ther than the 

kidney s were norma l . The s e  were enl arged , p a l e  brown and 

fr iab l e . Numer ou s  dark b rown s t reaks and s c a t tered p in

point wh i te s po t s  were ob s e rved throughout  the rena l 

cor t i c e s . The m i c r o s c op i c  f indings were cons i s tent  w i th 

focal t o  di f fu s e  subacu t e  inter s t i t i a l  nephr i t i s . 

Two maJ o r  e p i s o d e s  o f  acute  haemo l y t i c  d i s e a s e  as s o c ia t e d  

wi th h i gh mor ta l i ty i n  l amb s oc curred i n  1 9 7 8  (Dav i d s on and 

H i r sh , 1 980) . C l ini c a l  s i gns  were s evere depre s s ion , 

dy s pnoe a  and tachycardia . The gro s s  p o s tmor tem find ings were 

hemogl ob inur i a  and i c t e ru s . Serovar pomona. wa s propo s ed as 

the c au s a t ive o r gan i sms b e c ause of the h igh t i t r e s  t o  t h i s  

s e rovar i n  t h e  l amb s and ewe s i n  t h e  f l ocks . I t  appea r s  

t h a t  l e p t o s p i ro s i s  in l amb s i n  t h e  Uni ted S ta t e s  i s  qui t e  

o f t en a c c ompan i ed b y  f a t a l hemo ly t i c  anemia . 
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A s imi lar  ob s e rva t ion wa s ma de by Bokori et al,  ( 1 9 60)  in 

Hungary , where fever, hemoglob inur ia , anemia and ic terus 

oc curred among three to four-month o l d  dying l amb s . 

LeptMp-Ut a  ..i.ttt.Vt.Jt ogaY!.-6 s erovar pomon.a. wa s i s ol ated from recovered 

anima l s . Lep t o s p i ru r ia l a s t e d  for  abou t two mon th s and the 

in fec tion i s  b e l i eved to b e  c ontrac ted  from ca t t le . 

A more r e c ent  repor t (Andreani  e t  al , 1 9 74) in I ta ly ,  r e c o rded 

a natura l ly o c c urr ing ou t b r e ak o f  infec t ion in 1 000 sheep 

a s s o c i a t e d  wi th abortion s . A f fec ted  anima l s  had  h igh 

s erologi c a l  t i t r e s  t o  Lepto..6p.-i.Jc. a  ..i.ttt.VVt ogaM serovar ha.Jtdj o .  

Bac terio l o g i c a l  t e s t s were  negat ive and leptos p ir e s  were no t 

i s ola ted from guinea p i g s  infec ted intra-per i t onea l ly wi th 

ur ine of s even t e en ewe s showing h igh s erolog i c a l  t i tre s . 

Po s i t ive s er o l o g i c a l  respon s e s  were a l s o  detec t ed among 

c a t t le , bu ffa l o e s  and dogs on the same farm .  M i c r o s cop i c  

agglu t ina t ion tes t s  per formed on 2 0 7  serum s amp l e s  showed  a 

po s i t ive r eac t ion in 1 02 ( 49 . 2  perc ent )  of  the sheep , wi th 

t i tre s r an g ing from 1 : 5 00 to 1 : 2 00 , 000 to serovar ha.Jtdj o .  I t  

wa s conc luded tha t  the ou t b r e ak wa s due to ha.Jtdj o infec t ion . 

C l in i c a l  l ep t o s p i ro s i s  in  sheep has s e l dom been d e s c r ibed  in 

Aus tral i a . However ,  there were occa s s ional repo r t s  o f  ovine 

infe c t i on wi th Lepto..6p-Ut a  ..i.ttt.VVt ogaM s erovar pomona. ( Su l l ivan , 

1 9 74) . S e ro lo g i c a l  survey s  i n  New South Wa l e s  ( Hoare and 

C l axton , 1 9 72 )  and in V i c t o r i a  ( Dur fee and P r e s idente , 1 9 7 9 )  

revealed a h i gh preva lence o f  agglu t ina t ing ant ibod i e s  t o  

s erovar �dj o in sheep . McCaughan e t  al , ( 1 9 8 0 )  repor t e d  

the i s o l a t ion o f  l e p t o s p i r e s  b e l ong ing to the H ebdornad i s  

s erogroup from two f l ocks o f  sheep in Vic tor i a  in 1 9 7 8 . 

S erum s amp l e s  from b o th f l ocks  had h igh preva l ence o f  

agglu t ina t ing an t ib od i e s  t o  s erovar ha.Jtdj o .  Unfor tuna t e ly , 

the i so l a te s  could  no t b e  s e r o typed . I t  was suspec ted tha t 

the s ourc e  o f  in fe c t ion for  the sheep was the c a t t le on the 

farms . 
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A survey in V i c t o r i a  by Cordon ( 1 9 8 0 )  recorded a h i gh 

serologi c a l  preva l en c e  of  s erogroup Hebdomad i s  i nfection in 

sheep . There  was a forty per c e n t  over a l l  reac t ion from the 

1 000  sera t e s ted and the f indings  ind i c ate  serovar h�dj o 
mi ght be endemi c in sheep in Au s tral i a . Sporad ic  and sudden 

death s  oc curred in a fl ock of 5 000 we thers  in 1 9 7 9 . A l ive 

sheep wi th micros c op ic agglut in a t ion t i tres of 1:5 1 2  to 

s erovar �dj o was au tops ied and the h i s topatho l o g i c a l  f ind

ings were c ons i s tent  wi th lep t o s p i r o s i s . The k i dneys were 

found to b e  enlarged and pale  and there  was a chron i c  

in ter s t i t i a l  nephr i t i s . Random s e rum s amples  from the f l ock 

showed h i gh micro s co p i c  agglu t in a t ion t i tre s to  s e rovar 

h�dj o .  Lep t o s p i r e s  were d e t e c t ed b y  darkfie 1 d  examinat ion 1.n 

the urine o f  three  sheep ( 1 1 . 5  p e r c en t )  and subs equen t l y , 

they were i dent i f ie d  a s  Le.pto.6pVta. .<.n.tVtJt oga.Yl-6 serovar h�dj o by 

the cros s-agglu t ina t ion ab s orp t i on t e s t s . 

Numerou s  exper imen t a l  inve s t i ga t ions (Al exander e. t  a.l,  1 9 7 1 ) , 

( Ha thaway and Mar sha l l ,  1 9 7 9 ) , L indqv i s t e.t a.l, 1 9 5 8 ) , 

(Langham e. t  a.l, 1 9 5 8 ) , (Mo r s e  e. t  a.l,  1 9 5 7 ) , ( Smi th e.t a.l,  
1 9 70 )  o f  l e p to s p ira l infe c t ions  in sheep have b een c arried  

ou t and the s e  s tu d i e s  have shown tha t  sheep are  s u s c ep t ib l e  

t o  exper i�ent a 1  in f e c t ion . I t  i s  b e l i eved by s ome workers  

( Chappe l l  e.t  a.l,  1 9 6 1 ) , ( S u l l ivan , 1 9 74 ) , (Zahar i j a  and 

Todorov i c , 1 9 64)  tha t  sheep a r e  re s i s t ant  to l e p t o s p iral  

in fec t ion . The cho i c e  of  sheep a s  exp e r imental  an ima l s  may 

b e  due to e c onomic fac tor as we l l  a s  the fac t that sheep are 

b o th easy to ma in t a in and hand l e . 

C l inical  m�ni fe s ta t ions o f  s evere i l lness  were no t evident 

in  sheep exper imen ta l ly infec t e d  wi th L e.p.t0.6p,{)l a. .<.n.tVtJt oga.M 
s e rovar pomona. by Mor s e  e.t a.l,  ( 1 9 5 7 ) . The mos t  prominent 

ind i c a t ion wa s fever of 40° to 42°C .  Lepto s p i r emia wa s 

r e ad i ly demons trated  wi thin f iv e  t o  e i gh t  days fo l lowing 

in fec t ion . Lep t o s p iruria was c ons i s tent  after the th ird 

week of infec t ion and las�for abou t 6 2  days . Dark f i e l d  

micros copy cons i s t en t ly fa i l e d  to  revea l the pre s ence o f  

l ep to s p i r e s  in urine samp l e s  wh ich wer e  later proved pos i t ive 

by anima l inocu l a t ion . The number  o f  l eptosp i r e s  pre s en t  in 

the urine mus t  have b een very few . 
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S imi l ar r e su l t s  of  sheep exp e r imenta l l y  infe c ted wi th 

s e r ovar pomona were ob tained by Lindqvi s t  �t a!, ( 1 9 5 8 ) , 

Langham �t a!, ( 1 9 5 8 )  and Doz s a  and S ahu ( 1 9 7 0 ) . The s e  

workers a l s o  n o t e d  that  the i r  exp e r imenta l l y infec ted sheep 

produ c e d  mi l d  symp toms and wi thou t very ext ens ive t i s sue 

change s . The mo s t  s i gn i f icant l e s ions were mac r o s copi c 

gra y i sh-wh i te c i rcums c r ibed foc i and s treaks  mea sur ing from 

one to four m i l l ime tres  in d i ame ter . Langham et a!, ( 1 9 5 8 )  

ob s erved wh i t e  foc i i n  the kidneys o f  a lmo s t a l l  the ir 

expe r imenta l ly infe c ted  an ima l s . Mi c r o s c op i ca l ly the s e  

areas  were charac ter i sed  b y  in f i l t r a t ions  o f  l ymphocytes , 

s ome p l a sma c e l l s  and a few mac rophage s .  

L inqvi s t  �t a!, ( 1 9 5 8 )  exper imen t a l l y  produ ced pomona 
infec t i ons  in pregnant ewe s . The anima l s  apparen t ly did  

no t show the  severe symp toms and mor ta l i ty obs e rved in 

na tura l ou t b reaks . Abo r t ion i s  a c ommon s eque l  to pomona 

in fec t i on in both c a t t l e  and p 1 gs . None o f  the exper iment a l ly 

infec ted  ewe s abor ted . Apparent ly ,  f o e t a l  inva s i on by 

l ep to s p i r e s  i s  not common in l ep to s p i r a l  infec t i on o f  

pregnant ewe s . The cond i t ions under whi ch exper imentat ion 

i s  condu c t e d  may b e  an important  fac tor accoun t ing for the 

d i f ferenc e s  in the exper imen t a l  and na t ura l infe c t ions . In 

na tura l c ond i t ions , sheep may b e  sub j e c ted to a number o f  

p r e d i s p o s ing s tre s s  fac tor s . 

Smi th �t a!, ( 1 9 70 )  produced  ov1ne foe t a l  l ep t o s p iro s i s  by  

infec t ing p regnant ewes wi th or gani sms b e l onging to  serovar 

pomona through the midd le  u te r ine ar t ery . A hyp o the s i s  was 

pre sen ted on the pa thogene s i s  o f  foe t a l  in fec t ion as 

ind i c a ted by the d i s t r ibut ion o f  lep t o s p ir e s  in the 

p l acen t a l  and foe t a l  ma ter i a l s . Foe t a l  death they bel ieved 

was  due t o  d irec t invas ion of  l ep to s p ir e s . Au t o l y t i c  changes 

preceeded the  death o f  the foe tus  and abor t ion wa s de lay e d  

unt i l  t h e  au to l y t i c  e f fe c ts extended t o  t h e  p l ac enta . The 

a u t o l yt i c  change s wou ld  inter fere w i th the demon s trat ion o f  

l ep to s p i r e s  b y  the u sual l abora tory me thod s  and a s  

p l acen t ome s are the l eas t a f fe c ted  by  au t o l y s i s  , th ey 
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sugge s ted  tha t  c l o s e  at tention s  shou l d  b e  g1ven to  the ir 

examina t ion . 

An exper imen ta  1 infe c t ion o f  sheep  wi th Le.ptMp.<Aa ..<.n-tvvwgan...6 

serovar bai.c.an..<.c.a wa s s e t  up by Dur fee and Pre s idente ( 1 9 7 9 ) . 

Al l the shee p  d eve l oped mi cro s c o p i c  agglutinat ing t i tres  to  

s er ovar haAdjo and  t rans ient  l e p t o s pirur ia  wa s s een b e tween 

days four t e en and 25 pos t- inocu l a t ion . However ,  none of the 

ewe s showed any evidence of c l in i c a l  d i seas e . 

OVI NE LEPTOSP IROS I S  IN  NEW ZEALAND. 

Lep t o s p iros i s  a s  a c l inical  d i s e a s e  wa s fir s t  recorded in 

New Zea l and by worker s  at the Wa l l ac ev i l le Labora tory (ANON 

1 9 5 1 ) . I t  wa s shown that the d i s ea s e  o f  c a lves  and sheep 

c ommonl y  r e f e r red to a s  "Redwa t e r" ,  was in fac t l e p t o s p i r a l  

i n fe c t i on due  to  Le.ptoJ.:Jp.<Aa .inte.JtJtoga.n...6 s e rovar pomona. ' 'Red

wa ter"  was a c ond i t ion we l l -known to farmers in New Zea l and 

for  many y e ar s  i t  may there fore b e  a s sumed tha t  

l e p to s p i ro s i s  i s  no t a new d i s e a s e  b u t  one wh i ch h a s  been 

in the coun tr y  for many years . 

S ince th i s  in i t i a l  report , lep t o s p iros i s  has been  reported on 

a number o f  o c ca s ions . Kir s chner and Gray ( 1 9 5 1 )  r eported 

the pre s enc e of  Le.ptoJ.:Jp.<Aa ..<.c.te.Jc.oha.e.moM.ha.g.iae. and Le.ptoJ.:Jpbz.a 

c.a.n..<.c.ofa in r a t s  and dogs in the Dunedin area . At  abou t the 

s ame t ime , s everal  ou tbreaks o f  ovine leptospiro s i s  we re 

r eported , ( Ha r t l ey , 1 9 5 2 ) , ( S a l i s bury , 1 95 4 ) , (Web s ter and 

Reyno l d s , 1 9 5 5 ) . A l l the ou tbreaks were due to Le.ptoJ.:Jpbz.a 

.inte.Jc.�ogan...6 s e rovar p o m o na. I c t erus , haemog lob inur i a , and 

h i gh mor ta l i ty were the ma in c l i n i c a l  features  reported . 

However , inapparent infec t ions were a l s o  recorde d . 

The report  b y  Har t l ey ( 1 9 5 2 )  was o f  an outbreak o f  

l e p to s p i r o s i s  i n  c a t t l e  and sheep  i n  1 9 50 . Th i s  was a 

s evere out b r e ak w i th death o f  twe lve l amb s and two ewe s . 

The a f fec te d  anima l s  showed marked genera l i s ed i c t erus . 
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Cu l ture s wer e  s e t  up bu t fa i l ed to  grow any pathogeni c 

organi sms from the l iver and kidney s. Ur ine was examined 

by dark f i e l d  m i c r o s copy , but did not  reveal any l e p t o s p ir e s . 

On the other h and , Levad i t i-s tained sec t ions  o f  l iver and 

kidneys showed var iab l e  numbers o f  typ i c a l  lep tospire s .  In 

ano ther ou tbreak inve s t i gated by Har t l ey ( 195 2 ) , Le.pt.o.6p..UC.a. 
-i.n.t.Vl..J!.Oga.M s e rvar pomona. was i s o l a ted . Numerous vi ab l e  

l e p t o s p ires  wer e  pre s ent  in the ur ine o f  a l ive lamb when 

examined by dark f i e l d  micros c opy . A h i gh micro scop i c  

agg l u t ina t ing t i tre  agains t s erovar pomona. wa s ob t a ined from 

the serum o f  a re covered sheep . 

Sal i sbury ( 1954)  repo r t ed the outbreak occurr �ng �n 195 3 o f  

ovine lepto s p i r o s i s  due to  serovar pomona. in a f lock o f  

seven ty anima l s . There  were e igh t dea ths ( 1 1.4 perc en t )  

among the l amb s . Ur ine s amp l e s  were c o l lec ted from 145 
ewe s and lamb s and thir teen (nine percen t )  were shown to  be 

po s i t ive . 

A s evere ou tbreak o f  l e p to s p i ros i s  towards the end o f  195 1 

in a large s tu d  f l ock o f  400 ewe s and the ir lamb s wa s 

inve s t iga t ed by  Web s ter  and Reyno l d s  ( 195 5 ) . There wa s a 

mor t a l ity  o f  e i gh t e en percent , wi th morb idi ty approach ing 

l OO percent in the l amb s . Symp toms were mi ld  in the o ld e r  

sheep , mo s t  o f  whi ch gave n o  c l in i c a l  evidence o f  infec t ion , 

though a few had  s l i gh t  trans ient haemog lob inu r i a . In 

ano ther ou tbreak toward s  the end of 195 3 , thirty unweaned 

lamb s ou t of 1 6 2 ( e i gh t e en percen t )  died with the charac ter

i s t i c  symp toms o f  lep t o s p i ro s i s . Aga in , ewe s showed  no 

c l in i c a l  s i gn s  o f  infec t ion ,  though s ome had l e p t o s p i rur i a . 

From the s e  two ou tbreak s , Web s te r  and Reyno lds  ( 195 5 )  wer e  

ab l e  t o  i s o l a t e  organi sms b e l onging to serovar pomona. . In 

two s epara t e  sheep exper iment s  u s ing the s e  f i e l d  i s o l a t e s , 

no c l in i c a l  symptoms exc e p t  tran s i ent fever wer e  ob s e rved 

in e i ther the inocu l a ted  ewe s or the lambs . Lep to s p i rur i a  

wa s observed from mos t  o f  the anima l s  and per s i s ted for 

abou t three  mon th s . They ob s e rved tha t the maj or i ty of  the 

na tura l l y  in f e c ted anima l s  c e a s e d  excre ting lep tosp ir e s  

a f ter two or  three mon th s , b u t  there were s ome wi th 
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per s i s tent l e p t o s pi rur i a . In one p a r t i cu l ar anima l, 

lep t o s p ires were pre sent  c on s i s t en t l y  in the ur ine for n1ne 

month s . Ano ther intere s t ing f e a ture  of  the t r i a l s  is that 

vac c inated anima l s  re s i s ted  cha l l enge three weeks a f t e r  

vacc ina t ion . 

S in c e  the se  ini t ial  repor t s, ov1ne l eptospiro s i s  has  rare ly 

been repor ted . Thi s  c ou l d  be  due to  over t  ou tbreaks  or  tha t  

there have been n o  inve s t i ga t ions 1 n  thi s  spec i e s . N o  o ther 

s erovars  other than s erovar p o m o nahave been a s s oc i a ted wi th 

sheep in New Z e a land . A recen t  report  by Ris  ( 197 5 )  showed 

evidence of i n fe c t ion 1n sheep by members  of the Hebdoma d i s  

serogroup . Of  344 sheep s era c o l l ec ted s ince 1968 from t en 

f l ocks in the s ou thern ha l f  o f  the North I s land , 6 5  p e r c en t  

had po s i t ive t i t r e s  ( 1: 1 00 o r  mor e )  to �dj o u s ing the 

mi c r o s cop i c  agg l u t ina t ion te s t . More than hal f o f  the s e  

reac tors  had t i t r e s  over 1 : 1 0 00. In e i gh t of the s e  f locks, 

the preva lence o f  pos i t ive t i tr e s  was 7 5  to 1 0 0  p e r c en t  wh i le 

in the rema in ing two f l ocks , i t  was 30 and 42 percen t . In  

ano ther fl ock o f  93 ewe s , h�dj o t i t r e s  of  1:300 or h i gher , 

were detec t ed 1 n  95 percent o f  the f lock . Severa l had 

t i t r e s  of  1:1 0 , 0 00 or h i gher and 44 percent had 1 : 1 , 0 00 or 

h i gher . One year ear l i e r  only t en perc ent of  the s e  ewe s had 

t i t r e s  of 1:300 or h i gher . No abnorma l i t i e s  tha t c ou l d  have 

been a s soc i a t ed w i th l e p t o s p i ro s i s  were seen in e i ther the 

ewe s or the l amb s . It  appear s tha t the infec t ion was wide

s p read in the s e  s amp l e s  of  sheep . In s p i t e  o f  the h i gh 

s er o logical  preva lence in the s e  sheep to members  o f  the 

Hebdomad i s  serogroup, s ymp toms wer e  e i ther ab sent  or  no t 

ob s e rved . Th i s  ind i c a t e s  tha t the pathogenic i ty for sheep 

by th i s  serovar is  l ow .  At temp t s  to i s o la t e  the organ 1 sms 

were unsuc ce s s fu l . 

T i t r e s  to Hebdomad i s  s erogroup a r e  commonly found in  c a t t l e, 

sheep and goa t s, hor s e s  and pos sums in New Zealand ( Ha thaway 

and Mar sha l l, 1 9 79) . However, the only de fin i te ma int enance 

h o s t s  for the two serovars  wi th in thi s  s erogroup whi ch have 

been identi f i e d  in New Z e a l and a r e  c a t t l e  for Lepto�p�a 
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-i..n.tvowga.n-6 s erovar haJtdjo and pos sums f or Le.pt o�p-i..Jta. -i..ltte.Moga.n-6 
se  r ova r ba..fua.rz.-i..c.a. . 

In a sma l l  survey made by B l ackmor e  e.t a.i , ( 1 97 6 )  at  an 

ar t i f i c ial  breed ing cen t r e  in the Manawa tu , s er o l o g i c a l  

examinat ion o f  sheep s e ra provided  e v i dence o f  agg l u t ina t ing 

ant ibod i e s  of fou r  ( 14 . 3 percent ) o f  the sheep . However ,  no 

men t ion was made of wh i ch s erovar the  sheep we re r eac t ing t o .  

Twenty e igh t sheep kidney homogena t e s  were examined 

c u l tur a l ly and by  direc t dark f i e l d  m i c r o s copy . No evidence 

o f  in fec t ion wa s s een d irec t ly ,  a l though five o f  the 

cu l ture s  were found to c ontain o r g an i sms . None of the 

cu l tur e s  were ab l e  to be  s erotyped due to poor growth . There 

wa s a h i gh preva l ence of  b o th ha.Jtdjo and pomona infec t ions in 

the c a t t l e  popu l a t ion 1n the c en t r e  and i t  wa s c l a imed that  

the l ow preva l en c e  o f  lep t o s p i r a l  in fec t ion in the sheep 

ind i c a ted  that the sheep were no t a s igni ficant  s ource  o f  

in fec t ion for the c a t t l e . 

Hodge s ( 1974) exper imenta l ly in fe c te d  l amb s w i th L e.pto�p-i..Jta. 

-i..ltt.e.Jz.Jtoga.n-6 serovar pomona in order t o  a s s e s s  the impor tanc e 

o f  sheep in the ep idemio l ogy o f  l ep t o s p iros i s  in farm 

an ima l s . A wide  var i a t ion in c l in i c a l  s i gns was no ted in 

the infected  l amb s . Dur ing the early s tage s of infe c t ion 

a feb r i l e  r e s ponse and s evere hemo g l ob inur ia  were no ted in 

o therw i s e  c l in i c a l ly norma l lamb s . Haemo l y t i c  anaemi a wa s 

ob s erved in four of  the s ix lamb s inoc u l a t ed with s erovar 

pomona. Agg lut inat ing ant ibod i e s  wer e  demon s trated  a f te r  

four days o f  in fec t ion , bu t l ep to s p i r e s  were  n o t  s e en in  any 

u r ine s amp l e . The fa i lure  to d e t e c t l e p to s p irur i a  in sheep 

by  dark f i e l d  m i c ros copy i s  in a g r e emen t wi th the f indings o f  

B e amer e.t a.i , ( 1 95 3 ) , Mor s e  e.t a.i , ( 1 9 5 7 )  and Lindqv i s t  e.t  
a.i , (195 8 ) . A s imilar  c l in i c a l  p i c ture was shown by Mi l l a r  

e.t a.i , ( 197 9 )  in  the i r  sheep exper imen t a l l y  infe c ted w i th 

s erovar pomona. 
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In an a t temp t t o  ga�n informa t i on on whe ther sheep c ould act 

as a ma intenace h o s t  for e i ther serovar Juvc.djo or baic.a.n.ic..a , 

a sma l l  exper imen t wa s under taken by Ba thaway and Mar sha l l  

( 1979) . Al l the animal s i n fec ted showe d a s e r o logical  

re s p on s e  and t i t r e s  to e i ther the homo logous o r  heterologous 

s erovar were s im i l ar over the three-week period  of the 

exper iment .  However , no c l in i c a l  s ymp toms of infec t i on were 

shown by the i n f e c ted anima l s . Rena l infec t i on and 

lep tos p i ru r i a  wer e  read i l y  e s tab l i sh e d  w i th s erovar h�djo 

but no t w i th ba.i.c.a.n-i.c.a. . The po s s ib i l i ty o f  s erovar h�djo 
be ing r e s pon s i b l e  for the Hebaomadi s  serogroup t i tres  wh i ch 

are found in sheep  in New Z e a l and wa s sugge s ted . The 

pre l iminary re su l t s  showed tha t sheep are un l ikely  to b e  a 

ma intenanc e hos t for s erovar baic.a.n.ic.a. . 

S imi lar  r e su l t s  were ob ta ined by Mackintosh � �  a.t , ( 198 1 )  in 

the i r  exper iment a l  in fe c t ion of sheep wi th L�p�o..6p-i.Jc.a. 

-i.�VVtoga.YI.-6 s erovar baic.a.n.<.c.a.. Even though a l l  the anima l s  had 

seroconver t e d  by the four t e enth day a f ter inocu l a t i on ,  no 

c l in i c a l  s i gn s  except for mi ld  fever we re s e en . On ly one 

anima l was l e p t o s p iruri c . The cont r o l  anima l s  whi ch had 

been running toge ther wi th the infe c ted anima l s , apparen t ly 

were n o t  infec ted  by c lo s e  contac t .  Dur fee and Pre s idente  

( 19 7 0 )  in Aus tra l ia were a l s o  ab le  t o  infe c t  sheep wi th 

serovar ba.i.c.a.n.<.c.a., bu t rena l infe c t i on wa s demons t rated in 

the i r  anima l s . 

A vac c inat i on t r i a l  in sheep by Mar sh a l l  �� a. l , ( 1979) 
showed a h i gh d e gree of  s u c c e s s, w i th 78 perc en t  of the 

an ima l s  vac c ina t e d  res i s t ing heavy cha l lenge w i th 

l e p t o s p i re s . The vac c ina t ed anima l s  showed s er o l o g i c a l  

r e s pons e a f t e r  c h a l lenge , but  thi s  d e c l ined more rap i d l y  

than in t h e  s h e e p  i n  the unvacc ina t e d  group . The t r i a l  

demon s t r a ted  tha t  vacc inat i on o f  s h e e p  e f fec t ive ly reduced  

the number of  an ima l s  l ike ly to  b e c ome infe c t e d  wi th 

s erovar �djo . 



CHAPTER TWO 

THE SEROLO G [AL PREVALENCE OF NATU RALLY OCCURRING  

INFE CTIONS OF  LEPTOSPIROSIS IN SHEEP 

INTRODUCTION 

1 2 . 

Lep t o s p i ros i s  � s  a d i s e a s e  a f fec t ing a l l  spec � e s  o f  dome sti c 

anima l s , �nc lud ing sheep and i t  h a s  b e en recogni sed  a s  an 

imp o r t a n t  wor ldwide  zoono s i s . Lep t o s p iros i s  in sheep ha s no t 

been s tu d ied ext en s ive l y  and i t  h a s  o f ten been regarded o f  

l i t t l e  impo r t anc e . Ove r s e a s  repor t s  ( Brewer � t  �f , 1960 ) , 

(Ca f fer ena � t  �f , 1 97 1 ) , ( Chul ovski i ,  197 1 ) , (Mi chna , 196 7 ) ,  

( Sh i gid i ,  1974)  h ave shown the preva l ence to range from 

zero t o  5 1  percent  in sheep examined for lep t o s p ir a l  

agglu t in a t ing an t ibod i e s  ( T a b l e  2- 1 ) . 

Worker s in Au s tr i a  ( Sebek � t  �f , 1 9 7 6 ) , Ch i l e  ( Z amora �t �f , 

197 5 ) , Ind i a  ( P a l i t  �t �l , 1 9 7 1 )  and the U . S . S . R . 

(Dragom i r  � t  �l , 1 9 7 5 ) showe d there wa s a low p reva lence of  

sheep wi th a g g l u t inat ing ant ibod i e s  to  lep t o s p i r a l  in fec t ion ,  

whi l s t  sheep from Au s t ra l ia ( Gordon , 1 980) , Turkey ( Brewer 

�t �f , 1960 ) and Yugos l a v i a  ( Z ahari j a ,  1979) h a d  ind i c a t i ons 

of a c omp ara t ive l y  high preva l enc e of l ep to s p i r a l  infe c t ion . 

S ero l o g i c a l  survey s  of  l e p t o s p i r a l  infe c t ion in sheep from 

the var i ou s coun t r ie s  repor ted the p r e s ence o f  agglu t ina t ing 

an t ibo d i e s  to a number of s e rova r s  ( T ab l e  2 - 2 ) . Perhap s , 

the thr e e  mo s t  c ommonly o c c urr ing s erovars in sheep are 

s e rovar .-<..c.tvroh��moJtJth�g-i.a.� ( Chapp e l l �t �� 7967), ( Hi chna , 

1 9 6 7 ) , ( van R i e l  and van Ri e l , 195 6 ) ;  s erovar pomon.a. 

(Dav i d s on and H i r sh , 1980 ) ,  ( Sa l i sbury , 1954) , ( Smi th and 

Arms trong , 1 97 5 )  and s erovar ha.Jtdjo ( Andreani �t �f , 1974) , 

( Gordon , 198 0 ) , Hoare and C l axton , 1 9 7 2 ) . 
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TABLE 2 - 1: WORLD SURVEYS OF THE PREVALENCE OF LEPTOSP I RAL 
INFECT I ON IN SHEEP 

Country 

Afghani stan 

Afr ica 
( Central ) 

Austra lia 

Argent ina 

Au stria 
( Tyro l )  

Banat 

Bu lgar ia 

Ch i le 

Germany 

India 

Israel 

Italy 

Mongo l i a  

Morocco 

New Z ea land 

Scot land 

No . o f  
S e r a  

Examined 

8 8  

7 2  

1 0 0 0  

5 0 5  

8 8 9  

1 8 9  

1 0 7  

1 9 0 0  

1 8 2  

1 5  

23 1 

8 1 5  

1 6 2  

5 1  

9 0  

1 0 2 

1 5 5  

3 4  

2 0 7  

1 1 5 1  

1 2 8  

6 16 

1 7 4  

3 4 4  

1 67 

Minimum 
Titres 

Used 

1: 8 0 0  

1: 3 0  

? 
1: 1 0 0  

1: 8 0 0  

1: 1 0 0  

? 

1: 1 0 0 

? 
? 

? 

1: 1 0 0  

1: 1 0 0  

1: 1 0 0  

1: 3 0  

1: 1 0  

1: 1 0  

1: 5 0 0  

1: 5 0 0  

1: 8 0 0  

? 
? 

1: 1 0 0  

1: 1 0  

Percentage 
o f  

Positives 

2 . 3 

4 . 2  

4 0  

1 9 . 6  

1 2 . 7  

0 . 5  

R e f erence 

Sebek et al ( 1 9 7 8 )  

van R i e l  and van 
Riel ( 1 9 5 6 )  

Gordon ( 1 9 8 0 )  

Hoare & C l axton 
( 1 9 7 2 ) 

Cacch ione et al 
( 1 9 6 3 )  

Sebek et a l  ( 1 9 7 8 )  

1 2 . 2  z ahar i j a  and 
Todorov i c  ( 1 9 6 4 )  

1 . 7  

7 . 1  

6 . 7  

6 1  

0 . 1  

5 . 5  

5 4 . 9  

0 

1 1 . 7  

3 . 2  

4 7  

4 9 . 2  

7 . 2  

1 . 6 

2 8  

9 . 2  

6 5  

1 0 . 2  

Popov & Rashev 
( 1 9 6 2 )  

Zamora et al ( 1 9 7 5 )  

Sch l o s sberger ( 1 9 5 0 )  

Frit z s che & Roh l 
( 1 9 63 )  

Graubmann et al 
( 1 9 7 0 )  

Arora ( 1 9 7 6 )  

Ba l l  & She ikh ( 1 9 5 8 )  

P a l it & Sharma 
( 1 9 7 1 )  

Pargaonker & 
Ramakr i shna ( 1 9 63 )  

Ra j as ekhar & 
Nan j i ah ( 1 9 7 1 )  

van Hoeden ( 1 9 53 )  

Andre an i  et a l  
( 1 9 7 4 )  

Ciuch i n i  et a l  
( 1 9 8 0 )  

S ebek ( 1 9 7 4 )  

Mai l loux ( 1 9 6 9 )  

S a l i s bury ( 1 9 5 4 )  

Ris  .(1 9 7 5 )  .. 
Michna ( 1 9 6 7 )  

Cont ' d  . .  
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TABLE 2 - 1: CONTINUED 

No . o f  Minimum Percent age 
Country Sera Titres of Reference 

Examined U s ed Positives 

Spain ? ? 1 6  Vi z caino et al ( 1 97 8 )  

Sudan 2 0 0  1: 1 6  2 Shi gidi ( 1 9 7 4 )  

Turkey 4 9  1: 1 0 0  4 7 .  8 Brewer et al ( 1 9 6 0 )  

U . S . A .  5 6 1  1: 5 0  5 . 3  Chappe l l  et al ( 1 9 6 1 )  

Uruguay 2 8 9  ? 1 0 . 4 Caf farena et al 
( 1 9 7 1 ) 

u . s . s . R .  2 3 0 0  1: 1 0 0  8 . 5 1 Chu1ov s k i i  ( 1 9 7 1 )  

90 6 ? 0 . 8  D ragomir et al (1 9 7 5 )  

? ? 6 N u i kin & Tsve tkova 
(1 9 72 ) 

Yugos lavi a  
2 5 4  1: 1 0 0  3 3 . 2  Zahar i j a  (1 9 7 9 )  

( Croati a )  
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TABLE 2- 2 :  THE VAR IOUS LEPTOS P I RAL S EROVARS REPORTED TO 
HAVE INFECTED S HEEP . 

Country 

Afghan i s tan 

Afr i ca 
( Centr a l ) 

Argentina 

Aus tral i a  

Au str i a  

Chile 

Germany 

Ind i a  

Iran 

I srael 

I taly 

Mong o l i a  

Presen ce o f  Agg lutinating 
Ant i bod i e s  to Serovar s 

ballum� javanica 

icterohaemorrhagiae� 
bataviae� butembo 

autumnalis� ballum� hebdomadis� 
icterohaemorrhagiae� pomona� 
tarassovi 

hardjo 

Reference 

Sebe� et al� ( 1 9 7 8 )  

van R i e l  & van R i e l  
( 1 9 5 6 ) 

Cacchione et al� 
( 1 9 6 3 )  

Hoare & C laxton ( 1 9 7 2 )  

medanensis� kremastos� m?.-m-� Spradbrow ( 1 9 6 4 )  
icterohaemorrhagiae� esposito� 
autumnalis 

icterohaemorrhagiae� sorex 

ballum� copenhageni� javanica� 
icterohaemorrhagiae� pomona 

icterohaemorrhagiae 

autumnalis� pomona 

grippotyphosa� tarassovi� 
pomona 

grippo typhosa 

hardjo� mini� sejroe� poi� 
saxkoebing 

tarassovi� hebdomadis 

Sebek et al� ( 1 9 7 6 )  

Zamor a  et al� ( 1 9 7  5 )  

Schlos sberger ( 1 9 5 1 )  

Bal l & S he ikh ( 1 9 5 8 )  

Maghami ( 1 9 7 0 )  

Hoeden ( 1 9 5 3 )  

Ciuch in i  et al� 
( 1 9 8 0 )  

Morocco icterohaemorrhagiae� canicola� 

Sebek ( 1 9 7 4 ) 

Mai l lo ux ( 1 9 7 0 )  
ballum� pyogenes 

New Z ea land hardjo Ri s ( 1 9 7 5 )  

Sali sbury ( 1 9 5 4 )  

Sco t l and 

Turkey 

Yugo s lavia 

u . s . s .R .  

pomona 

ballum� canicola� sejroe� 
icterohaemorrhagiae 

ballum� autumnalis� sejroe� 
grippotyphosa 

Michna ( 1 9 6  7 )  

Brewer et al� ( 1 9 6 0 )  

aus tra lis� hebdomad is� poi � Z ahar i j a ( 1 9  7 9 )  
tarassovi� icterohaemorrhagiae� 
salinem� sejroe� pomona 

grippotyphosa Akhmedov et al� 
( 1 9 7 9 )  
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Agglu t ina t ing an tibod i e s  t o  s e rovar pomona 1n sheep have 

been r epor ted  on many o c c a s s ions overseas  and in New Zea land 

(Har t l ey ,  1 95 2 ) , ( Zahar i j a ,  1979) , ( Zamora �� �l , 197 5 ) , 

(Web s te r  and Reynolds , 1 95 5 ) .  Onl y  l a te ly , repor t s  o� a 
. . . . 1n sheep 

h i gh p reva lence  of agg l u t 1nat 1ng ant 1bod 1es1to 

serovar ho.Jt.djo have been repo r t e d  ( Cordon , 198 0 ) , (Andreani 

�� �l , 1 9 74) , ( R is , 197 5 ) . 

In New Z e a l and , sero logi c a l  surveys (Tab le  2 - 3 )  of  

lep t o s p i r a l  infec t ion have  been  carried  out in  mos t  o f  the 

dome s t i c anima l s  and in w i l d l i fe .  The survey s  in c a t t l e  

(Hel l s trom ,  1 97 8 ) ,  p igs  ( Ryan , 1 97 8 )  and pos s ums (Ha thaway , 

197 8 )  r ecorded  a h i gh p reva l ence  o f  l e p to s p i r a l  infect ion 

in the s e  s pe c i e s . S ixty percent  o f  the c a t t l e popu l a t ion 

were shown t o  have exper i enced ho.Jt.djo infec t ion ,  w i th e igh ty 

percen t o f  the cat t l e  h e r d s  in New Zea land h aving had 

lep t o s p i r a l  infe c t ion a t  one t ime or ano the r . Serovars 

pomona and :t.o.Jc.�-Movi_ are the two main s erova r s  a f fe c t ing pigs 

in New Z e a l and . It  has b e en shown tha t near l y  ha l f  of  the 

p i g  p opu l a t i on have exp e r ienced e i ther pomona or :t.o.Jc.M.oovi_ 

infe c t ion ( Ryan , 1 9 7 8 ) . Amongs t wi l d l i fe s p e c i e s , the 

p o s s um ( TJt.(c.hO-OuJz.U-0 vulp�c.ttfu) i s  the mo s t  imp o r t an t  as regards 

lep t o s p i r a l  infec t ion . Ha thaway ( 1 97 8 )  showed that 85 

p e r c e n t  of the pos sum popu l a t ion had agglu t inat ing ant ibod i e s  

to  s e rovar b�c.�n.i_c.� . 

The r e  i s  a l s o  evidenc e o f  l e p t o s p iral  in fe c t ion in fera l 

deer (Danie l ,  1 966 ) , f e r a l  goa t s  ( S chol lum and B l ackmore , 

198 1 ) ,  and f eral  p igs (Mac kin t o sh per . comm . ) but  the s e  

spec i e s  appear t o  b e  l e s s  impor tan t a s  carr i e r s  o f  

l e p t o s p i r e s . Because  a de t a i l e d  survey t o  e s tab l i sh the 

prev a l en c e  o f  lep to s p iia l infec t ion in sheep  in New Zealand 

had no t b e en carried ou t , i t  was dec ided to carry ou t an 

extens ive inves t i gat ion in thi s  s pe c i e s  to d e t e rmine the 

preval en c e  o f  agglu t ina t ing an t ibod i e s  for the var iou s  

lep t o s p i r a l s erovars . 



TABLE 2-3: SEROLOG ICAL PREVALENCE OF LEPTOSP IRAL INFECTION IN DOME STIC ANIMALS AND WILDLIFE IN 
NEW ZEALAND (Percentage). 
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He 1 1  s t rom ( 19 7 8 )  
He l l s trom ( 19 7 8 )  

Ryan ( 1 97 8 )  

Mackintosh e.t a1. ( 198 0 )  
Shophe t ( 19 79) 
S chol lum & B lackmore 

( 198 1 )  
Hathaway ( 1978 ) 

Brockie ( 1 9 7 7 )  

Brockie ( 1 9 7 7 )  

Brockie  ( 1 9 7 7 )  

Brockie & T i l l  ( 197 7 )  
Dan i e l  ( 196 6 )  ........ 

........, 
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AIMS 

The maln alm of  the s u rvey wa s to determine the s er o l o g i c a l  

preva l enc e o f  l e p t o s p i ra l  in fec t ion in sheep o f  the Nor th 

I s l and o f  New Zea l and . The survey had a number o f  

ob j e c t ive s , name l y : -

1 .  To d e t ermine the over a l l  serolog i ca l preva l ence  o f  

l e p t o s p iral  in fe c t ion i n  the ovine popu l a t ion . 

2 .  To a s c e r tain wh i c h  s erovars  a f fec t  sheep and the ir 

re l a t ive impor t an c e . 

3 .  To f ind ou t wh i ch age group of  sheep is  a f fe c ted mo s t  

and to deduce  when  sheep p i cked up infe c t ion .  

4 .  To examine the d i s tr ibut ion o f  the agglu t ina t ing 

an t ibod i e s  in ind ividual  f l ocks of shee p . 

MATERIALS AND METHODS 

From 2 8 th March , 19 7 9  to 1 8 th Augu s t , 1 9 7 9 , b l ood s amp l e s  

were c o l l e c ted from sheep go ing t o  two Freez ing Works in 

the Manawa tu . B o th the s e  works proc e s s  sheep from the 

s ou thern ha l f  o f  the Nor th I s l and . The fir s t  twen ty 

anima l s  were s e l e c t e d  from a l ine of at leas t 1 00 anima l s  

s ubmi t te d  for s l augh t er a t  the Freez ing Works . A l l the 

anima l s  apparen t l y  were h e a l thy when k i l led . As the 

anima l s  were b e ing b l ed , b lood s amp l e s  were imme d i a te l y  

c o l l e c ted  into c l ean univer s a l  bo t t le s . Al toge ther 9 2 8  

b lood s amp l e s from 42  f l ocks of  sheep were co l l e c ted . The 

f locks were from var iou s  par t s  o f  the North I s land ( F i gu r e  

2 - 1 ) , s ome or i g in a t ing a s  far Nor th a s  Taihape , Waipukur au 

to  the E a s t and Car t e r ton t o  the South . The f locks  wer e  

c a tegor i s ed into three  age  groups name l y ;  

a )  l amb s , anima l s  l e s s  than one year o l d  w i th n o  permanen t 

tee th , 



Taihape- a 

1 9 . 
FIGURE 2-1 : Or ig in o f  the f l ock s o f  sheep 

examined . 
(Numb e r s  ind ica te  the number o f  

f l ocks examine d ) . 

New Plymouth 

Ut•ku - 1  

Mangaweka 

Wanganui - 1  

Hunterville - 4 
Marton - 4 

Feilding - 1 0  
�--- Palm erston Nth .-4 

Linton- 1 

Pahiatua - 2 

Wellington 2 
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b )  hogge t s , anima l s  abou t one to  two year s o l d , having two 

to four permanent inc i s o r s  and 

c )  ewe s , those  anima l s  more than two year s o l d  and having 

no t l e s s  than s ix permanen t inc i s ors . 

The name and addr e s s  of  the farme r from whom the sheep 

ori gina t ed was ob tained , so tha t  a subs equen t que s t ionnaire 

cou l d  b e  s ent  to  ob tain de t a i l s  o f  the farm inc lud ing o ther 

s tock c on tac t .  

The b l ood  s amp l e s  were h e l d  overn i gh t  a t  4°C and the s era 

separa t e d  from the b lood c l o t  by c en t r i fuga t i on a t  2 , 000 rpm 

for f iv e  minu t e s . The s e  s erum s amp l e s  were then p l aced 1n 

b i j oux  b o t t l e s  and h e l d  a t  - 2 0°C unt i l tested  by the 

l e p to s p i r a l  microscopic  agglu t ina t i on t e s t  (MAT ) . Th i s  1 s  

a mod i f i c a t ion o f  the me thod de s c r ib ed b y  C o l e  et �l , ( 1 9 7 3 ) . 

The l owe s t  s erum d i l u t ion t e s ted wa s 1 : 24 .  S e r i a l  doub l ing 

d i lu t i on s  of s era af ter the  add i t ion of the an t igens 

ranged from 1 : 24 to 1 : 30 7 2 . The ant igens grown in l i qu id  

JS med i um* were four to e i gh t-day o l d  l ive c u l ture s of  

serovar s  hCV!.dj o ,  b�c.�,.Uc.� ,  pomona.. , tCVI.M-60v.i, ba..U.um and 

c.open.h�ge.,.U wi th e s t ima ted  dens i ty o f  1 08 organ i sms per ml . 

The s e  s erovars  were con s idered b e c au s e  they are known to b e  

endem i c  i n  New Zealand . S e rovar ��� wa s l a ter inc luded 

in the b a t tery a f ter Thomp son ( 1 9 8 0 )  described  a c a s e  1n 

man , the f i r s t i s o l a tion o f  th i s  s erovar in th i s  country . 

The who le procedure was p repared in p l a s t i c  m i c ro t i tre 

p l a t e s  wi th round bot tom we l l s  (Mi c r o titre ) ** u s ing a s emi

au toma t e d  min i d i luter  (Dynatech) **· Each we l l  c onta ined 

25 u l  o f  d i lu ted serum and 25 u l  o f  ant igen , re su l t ing in a 

d i l u t i on o f  1 : 24 .  The p l a te s  wer e  then incuba ted a t  3 7 °C 

for nine ty minu te s  be fore examining for agg l u t inat i on . 

* App end ix Four 

*�·� App end ix One 

.I 
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Te s t s  were read by trans ferr ing a drop from each we l l  onto 

a gl a s s  micro s c ope s l ide , u s ing a mu l t i p l e  d ipper d e s igned 

by Ryan ( 19 7 8 ) . The drop s were examined by dry dark- f i e l d  

micro s c opy a t  a magn i f i c a t ion o f  1 2 0X. A pos i t ive reac t ion 

wa s re garded a s  one in wh i ch f i f ty p ercent or mor e  o f  the 

lep t o s p ire s wer e  agglut inated The t i tre endpo in t  was taken 

as the l a s t we l l  in whi ch f i f ty p e r c ent  or more agglu t inat ion 

wa s ob s erved . 

RESULTS 

Th i r ty e i gh t  ( 3 5 1/92 8 )  percent o f  the sheep examined had 

t i tr e s  to one or more l e p t o s p i r a l  s e rovars ranging from 

1: 24  to 1: 30 7 2 . The propor t i on o f  the sheep demons tra t ing 

agg l u t ina t ing an tibod i e s  to the s even s e rovars  are 

summar i s e d  in Tab l e  2-4 and F i gure  2 - 2. 

Ou t o f  the s e  3 5 1  pos i t ive s era , 1 8 2  ( 19. 6  percen t )  s era 

gave t i tr e s  to s erovar ha.Jtdjo ,  193 ( 2 0 . 8 percen t )  sera  to 

s erovar bal.c..a.n..tc..a. ,/7 1  ( 7. 7 percen t )  s era to s erovar pomona., 

66 ( J . l  percen t )  sera to s erovar ta.Jc.a..o-6ov..t . 55 ( 5 . 9 percen t )  

s era t o  s erovar b� , 40 (4. 3 p e r c en t )  sera t o  s e rovar 

c..ope.nha.ge.n..t , and 2 3  ( 2. 5 percen t )  s e ra to serovar a.u-6Vt�. 

The s e  f i gu r e s  were ob ta ined when t i tre s at  d i l u t ion o f  1: 24 

and above wer e  cons idered a s  s i gn i f i c an t  t i tr e s . 

A l arge propor t ion o f  the pos i t ive sera rea c t e d  to  members  

o f  the Hebdoma d i s  serogroup . The t i tres  to  s erovar ha.Jtdjo 

formed a maj or por t ion o f  the p o s i t ives  and i t  i s  c l ear tha t  

s erovar MAdjo i s  the mo s t  impor tant  s erovar a f fe c t ing sheep 

1n New Z e a l an d . The preva len c e  o f  MAT t i t r e s  ( � 1 :  24) 

to s erovar h�djo among the f locks  var i ed from zero  to  94. 1 

percen t  ( Tab l e  2-5 ) .  O f  the var i ou s  f locks o f  sheep 

examined ,  o n l y  two of  the f l ocks  c ame from farms wi thou t 

any c a t t l e  on the ir proper t i e s . I t  i s  s u s p e c ted  tha t  the 

sheep con t r a c t ed the ir ha.Jtdjo i n f e c t ions  from c a t t l e , bu t 



TABLE 2-4 : D I STRIBUTION OF T ITRE S TO LEPTOSPIRAL ANTIGENS IN A SEROLOGICAL SURVEY OF SHEEP FROM 
THE NORTH I S LAND OF NEW ZEALAND 

8 8 

NUMBER OF SERA POS IT IVE li-1 �  li-1 �  
Cl) � � Cl) � � � li-1 � �  z 8 > 

li-1 H 2 4  4 8  9 6  1 9 2  3 8 4  7 6 8  1 5 3 6  3 0 7 2  H Z H Z H 
� 8 8 li-1 8  li-1 8 li-1 H ..X: H () H ""  () H CO  Cl 8 Cl Cl) P:: Ul N  P:: Ul �  E-t z z li-1 ( REC IPROCAL OF TITRES ) 0 li-1 0 . .  li-1 0 .. .� � � z 0.. 0.. 0.. .--l 0.. 0.. .--l 0 

haJc.djo 7 4 7  9 2 6  5 0  5 4  2 5  10 5 2 18 1 19 . 5  18 . 5  1 : 26 4  1 : 24 - 1 : 3 0 7 2  

b a£c.an.-<.c.a 7 3 6  2 8 3 1  5 6  5 9  2 2  9 5 1 9 2  20 . 7  20 . 5  1 : 4 3 2  1 : 24 - 1 : 3 0 7 2  

pomon.a. 8 56 3 7  2 5  5 2 2 - - 1 7 2  7 . 8  3 . 8  1 :  9 4  1 : 2 4 - 1 : 3 0 7 2  

taJc.Mf.JOV.i 8 6 2  4 2  17 3 2 2 - - - 6 6  7 . 1  2 . 6  1 :  4 9  1 : 2 4 - 1 :  3 8 4  

c. ope.n.hage.f'U 8 8 8  1 9  1 5  2 1 - 2 1 - 4 0  4 . 3  2 . 3  1 : 111  1 : 24 - 1 : 1 5 3 6  

b a.Uum - 8 7 2  3 1  1 5  4 4 - 1 1 - 5 5  5 . 9  2 . 7  1 :  8 9  1 : 24 - 1 : 1536  

a. MU� 9 0 5  2 3  - - - - - - - 23  2 . 5  0 1 :  2 4  1 : 24 

(Total seca examined = 9 2 8 )  

N 
N . 
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th i s  may not  be  the onl y  mode o f  infe c t i on as  the s e  two 

f l ocks  of sheep s t i l l  demons t r a t e d  haltdjo ti tres  in the i r  

s era i n  the ab s ence o f  c a t t l e  c on ta c t .  

Pos i t ive t i tr e s  to s e rovar s  pomona. and ta.Jz.M..6ov-i. we re next 

in nume r i c a l  imp or tance . The s e  two s erovars have p �gs  as 

the i r  maintenance  ho s t  and a s  s u ch , we can exp e c t t i tr e s  

t o  the s e  two s er ovars  to  b e  near l y  the s ame � n  preva l enc e 

( 7 . 7  percent for  s erovar pomona. and 7 . 1  percen t  in c a s e  o f  

serovar ta.Jz.a..6..6ov-i. ) . There was a general  dis t r ibu t ion o f  

aggl u t inat ing a n t ibod i e s  t o  s erovar pomona. in the sheep 

surveyed regard l e s s  of the pre s en c e  or not of  p i g s  on the 

farms . The preva l enc e o f  infec t i on for serovar pomona. � s  

from zero to  2 2 . 7  percent among the f l ocks o f  sheep , wh i l s t  

i t  i s  from z e r o  to 39 . 1 percen t  t o  s erovar ta.Jz.a..6..6ov-i.. 

The o ther three  serovars  make up the rema�n�ng sma l l 

por t ion o f  p o s i t ive s e r a . Two f l ocks  o f  sheep had h i gh 

number o f  t i t r e s  to s erovar c.ope.n.ha..ge.rvi. . Near ly  hal f o f  the 

t i tres  ( � 1 :  2 4 )  to s erovar c.ope.n.ha..ge.rvi. were s ing l e  reac t ions . 

Cro s s-reac t ion s , where they occurred , were ma inly  w i th 

s erovar hevtdjo and the s e  cros s-rea c t ions  were found to  be 

s i gn i f icant  (p = 0 . 00 1) . 

Al l the austraZis titres obtained i n  thi s  survey were at 

d i lu t ion of 1 : 2 4 .  Thi s  s ugge s ts that they were e i ther cro s s 

reac ti ons o r  non-spe c i f ic titr e s . I f  natural infec tion had 

occurr ed , a d i s tr ibu tion of titr e s  of d i fferent leve l s , 

s im i lar to t ho s e a s soci ated w i th hardjo and the o ther 

s erovars wou ld have been expec te d . 

The s ixteen f lo c k s of l ambs from the var iou s part s  of the 

sou thern half o f  the North I s land s howed a preva lence of 

leptospiral inf ection ranging from zero to 5 2 .4 percent 

( Table 2 - 5 ) . T hree of thes e  f lo c k s  were negative to a l l  

the s even serovars tes ted . The highe s �  prevalenpe o f  

leptospiral i n fections among the f locks o f  lambs was to 
.... 

s er ovar wrassovi .  I n  g eneral , the prevalence of infection 

was low among the f locks of lamb s . 
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TABLE 2 - 5 : PREVALENCE OF AGGLUT INAT ING ANTIBODIES ( 1 : 24 
OR MORE ) TO LEPTOSPIRAL I NFECT ION IN  INDIVIDUAL 
FLOCKS 

Cl) � .  w � -:� 
� Cl)  ..-:l 0 0 ..--:l �P.. P-1 w �  � a.. � � w  � :;:; �  ::::> w CI) W  � :::J W Cf.l >  � ?. >  H O W  z z 0 z  H Z H H  P-1 z o:: ::r: � H  W o:: H � �  � z �  ::::> � O CI)  0� � (!)� O H  U � H  0 . Cl) p::: Cl) 

0:: � o z � o :x:: w � :x:: 0 0  � � 0  O H  Z H Q � w  Q,j Q �  Z P-1  c.. a c.. 
• '  ' ·  

AGE GROUP - LAMBS 

1 1 1 5 2 0  1 7 . 4  0 

2 80  2 0  2 5 . 0  0 

3 2 3 0  2 1  9 .  1 0 

4 442 2 0  4 . 5  1 5 

6 5 0 1  2 0  4 . 0  3 1 5  

1 2  90  2 1  2 3 . 3  6 2 8 . 6  

1 3  1 4 6  2 1  1 4 . 4  2 9 . 5  

1 4  1 8 6  2 1  1 1 . 3  1 1  5 2 . 4  

1 5  204 2 1  1 0 . 3  5 23 . 8  

1 6  6 1  1 6  2 6 . 2  1 6 . 3  

1 7  7 0  2 0  2 8 . 6  5 25  

1 8  500 2 0  4 . 0  2 1 0  

2 8  1 4 7  2 2  1 5 . 0  1 0  45 . 5  

3 8  9 2  2 0  2 1 . 7  5 2 5  

4 4  60  1 9  3 1 . 7  7 3 6 . 8  

4 5  . 6 7  2 0  2 9 . 9  3 1 5  

AGE GROUP - HOGGETS 

5 1 0 5  2 0  1 9 . 0  7 35  

1 9  5 6  2 2  3 9 . 3  1 0  45 . 5  

2 0  8 0  2 2  2 7 .  5 8 3 6 . 4  

2 3  1 4 0  2 3  1 6 . 4  5 2 1 . 7  

2 6  3 0  2 2  7 3 . 3  1 5  68 . 2  

2 7  1 85 2 2  1 1 . 9  1 8  8 1 . 8  

2 9  1 30 2 0  1 5 . 4  5 2 5  

3 2  2 1  2 0  9 5 . 2  1 2  60 

33 33 2 1  6 3 . 6  5 2 3 . 8  

3 5  4 5  2 2  48 . 9  0 

3 6  5 5  2 2  40 1 3  5 9 . 1  

Cont ' d  . .  



TABLE 2-5 : CONTINUED 

AGE 

39  

40  

4 1  

GROUP 

7 

8 

9 

1 0  

1 1  

2 1  

2 2  

2 4  

2 5  

30  

3 1  

34 

3 7  

4 2  

43  

9 1  

30  

9 5  

- EWES 

3 6  

4 7  

6 0  

3 9  

1 1 44 

1 7  

4 5  

4 4  

30  

2 0  

3 2  

2 0  

1 6  

8 0  

2 9  

2 3  

1 9  

2 0  

2 3  

2 0  

2 1  

22  

20  

1 7  

24  

22  

22  

1 8  

2 3  

20  

1 6  

20 

20 

2 5 . 3  

6 3 . 3  

2 1 . 1  

6 3 . 9  

42 . 6  

35  

5 6 . 4  

1 . 7  

1 00 

5 3 . 3  

5 0  

7 3 . 3  

90  

7 1 . 9  

1 00 

1 00 

2 5  

6 9  

7 

3 

1 4  

1 6  

9 

6 

1 1  

1 4  

1 6  

1 4  

1 7  

7 

1 0  

9 

8 

4 

1 3  

1 4  

2 6 .  

3 0 . 4  

1 5 . 8  

7 0  

6 9 . 6  

4 5  

2 8 . 6  

so 
7 0  

9 4 . 1 

5 8 . 3  

7 7 . 3  

3 1 . 8  

5 5 . 6  

3 9 . 1  

40  

2 5  

6 5  

7 0  

* P o s i t ive t i tres  to  any o f  t h e  seven an t igens . 
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In the hogget age grou p , only one f lock was f ou nd to be 

negative to all the s even s erovars . A l l  the other thirteen 

flocks ha� agg l u t i na t i ng ant ibod i e s  to one or mor e serovar s . 

The hig h e s t  prevalence of i n fection was 8 1 . 8  percent , with 

ti tres to the Hebdomad i s  s e rogroup making up nearly a l l  of 

the po s i tive s . 

All the f locks i n  the ewe age gr oup were po s i t ive to 

lepto s p ir a l  inf e c t ion . The pr eva lence of inf e c t ion in the 

flocks o f  ewe s  rang ed from 2 5  to 9 4 . 1  per cent . 

Near ly two-thir d s  ( s i x ty p e rcent ) of the flocks te s ted had 

serolo g i c a l  evi dence of l eptospiral infection in over f i fty 

per cent of the i r  member s .  The ma j or i ty of the po s i t ive sera 

reacted to se rovar s hardjo and balcanica antigens . 

Mul tip l e  reactions wer e obtained from 8 2  sera and they were 

mainly of t i tr e s  of l e s s  than 1 : 4 8 ( Tab le 2 - 6 ) . Some o f  

the low t i tres wer e cons i d e red t o  b e  cro s s-reactions . A 

certai n  d egree of cro s s - r e activity c an be expected and i n  

most i n s tance s , t h e  s erovar giving the highe s t  reaction was 

accepted as the one cau s i n g  the inf ection in the anima l , in 

order to a l low a diagno s i s  to be made . However , a few had 

ti tre s to two or more s erovars of approximately the s ame 

ti tre , i n  the s e  i nstanc e s , the serovar involved cou l d  not 

be determi ned except by c r o s s -absorption te s t s  and the s e  

were n o t  carri e d  out . 

D I S C USS I ON 

In thi s s urvey , the lowe s t  s erum d i lution u s ed was 1 : 2 4 a�d 

any agg lutina t ion in s er um di lutions of 1 : 2 4  or more was 

accepted a s  eviden ce that the sheep was ei ther cu rrently 

or had prev ious ly been i n fe cted with leptospiro s i s . Broom 

and Mc i ntyre ( 1 9 4 8 )  s tated that spe c i f i c  agglutinat ion of 

lepto s p ires by s e rum does not occur i n  the absence of 

infec t i on ( pr e s ent or pas t )  and that agg lutina t ion , even i f  

pr e s ent i n  low d i lution i s  proof o f  such infec t ion . Thi s  i s  



2 8 . 

TABLE 2 - 6 : DI STRIBUT ION OF T I TRES ( � 1 : 2 4) TO ONE OR MORE 
SEROVARS IN A RANDOM SAMPLE OF NORTH ISLAND 
OVINE SERA . 

1 .  T i t r e s  to one serovar Preva l en c e  

haJi. d j 0 l ba.fc.a.nic.a. J 1 3 2 1 4 . 2  percent 

pomona. 40 4 . 3  

:ta.Jta.J.>-60VJ... 42 5 . 4  

ba.Uwn 2 6  2 . 8  

c.ope.n.ha.ge.ni 1 8  1 . 9 

£l.lWVr.a.£)..}., 1 1  1 . 2  - --
T o t a l  2 69 2 9  percent 

2 . T i t r e s  t o  two t i tres  

haJtdjo x pomona. 1 6  1 . 7  

haJtdjo X taJi.M-60VJ... 12  1 . 3  

haJtdjo x ba.Le.um 1 2  1 . 3  

haJtdj 0 x c.ope.n.ha.ge.ni 1 2  1 . 3  

haJtdjo X £l.lWVta.£)..}., 4 0 . 4  

pomona. x t.aJi.M-6ovJ... 3 0 . 3  

pomona. x c.ope.n.ha.ge.n.J... 2 0 . 2  

p o mo na. x £l.lWVr.a.£)..}., 1 0 . 1 

:ta.Jta.J.>-60VJ... X baifum 2 0 . 2  

t.aJi.M-6ovJ... x c.ope.n.ha.ge.n.J... 2 0 . 2  

ba.llum x c.ope.n.ha.ge.n.J... 2 0 . 2  

baifum X a.u/.>Vta.li...-6 1 0 . 1  - --
To t a l  69 7 . 4 percent 

3 .  T i t r e s  t o  three serovar s  

haJtdjo x pomo na. x bali.um 1 0 .  1 
haJtdjo X pomona. X t.aJi.a.J.>J.:,OVJ... 1 0 . 1  
haJtdjo X t.aJi.M-60VJ... X ba1i..um 1 0 . 1  
ho.Ji.djo X t.aJi.a.J.>J.:,OVJ... X C.Ope.n.ha.ge.n.J... 1 0 . 1 
haJtdj 0 x ba.ltum x c.ope.n.ha.ge.n.J... 2 0 . 2  
haJtdjo X baifum X a.uJ.:,Vta.£)..}., 1 0 . 1  
pomona. X :ta.Jta.J.>J.:,OVJ... X ba1i..um 2 0 . 2  
pomona. x ba.ltum x c.ope.n.ha.ge.n.J... 1 0 .  1 

To t a l  10  1 . 1  percen t  

Cont ' d  . .  

' I 
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4 .  T i tre s t o  fou r serovar s 

ha.Jtdjo x pomo na. x ba.Lfum x ru.v.dAa.i..-.W 

ha.Jtdjo x pomona. x baltum x eopenhageni 

ha.Jtdjo x �tk� x bailum x eopenh�geni 

Tot a l 

5 .  T i t r e s  to  two or more s erovar s  

2 9 . 

Preva l ence 

1 0 . 1 percent  

1 0 . 1  

1 0 . 1  

3 0 . 3  percent  

8 2  8 . 8  p ercen t 

suppor ted by B ernkopf ( 1 9 4 6 )  in I sr ae l  who maintained that 

in MAT ti tres to leptospiral s erovar s does not exceed 1 : 2 0 .  
' 

B lackmo re et a l >  (1 9 7 6 )  cons idered a l l  s era wi th a pos i t ive 

reaction however s l ight , to the antigen s  in the te s t  as 

s i gni ficant . They mentioned that the adopt ion o f  a h igher 

ti tre a s  a cut-off point could g ive a f a l se impre s s i on o f  

the true preva lence o f  the d i se a s e  in f locks . T i tr e s  

cons idered a s  s igni f i cant and quoted b y  other worker s 

( Chappe l l  et al > 1 9 6 1 ) , ( Michna , 1 9 6 7 ) , ( Sebek et al > 1 9 7 6 ) , 

( Z ahar i j a ,  1 97 9 )  have var ied f rom 1: 1 0  to 1: 8 0 0  and o ften 

appeared to have been s e le c ted arbitrari ly without any 

add i tional suppor t .  

In the maj or i ty o f  the serolog i c al s urveys o f  s he ep in 

variou s  countrie s ,  the sero lo g i c a l  preva lence o f  agg luti� 

. n� t ing ant ibodies to l epto s p i r a l  infection was s hown to be 

in the region of z ero to f i fteen per c en t  ( Chappe l l  e t  a l >  

1 9 6 1 ) , ( Ca f farena et a l >  1 97 1 ) , ( Mi chna , 1 9 67 ) , ( Z amor a  

e t  a l > 1 97 5 ) . In New Zealand , R is ( 1 97 5 )  showed a high 
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preval e n c e  of l eptospiral i n f ection i n  sheep w i t h  the 

preva l e n c e  ranging from th i r ty to 1 0 0  per cent in f locks of 

sheep ex am ined . Severa l  of the sera that R i s  ( 1 9 7 5 )  

examined had titres as high a s  1 : 1 0 , 0 0 0 . Thi s  present
' 

survey found that 3 7 . 8  per ce n t  of the sheep exam i ned showed 

evidence o f  lepto spiral i n f e c tion . Thi s  is much higher than 

mos t  repor ted ove rseas . One of the reasons i s  p robably 

due to the choice of titr e s  of 1 : 2 4 as po si tive evidence of 

pr ev ious l epto spiral infec t i o n , whereas mo s t  over seas 

workers h ave cho s en much h igher ti tr e s  a s  i nd i c at ive of 

infecti o n . S ebek ( 1 9 7 4 ) , S ebek et a l � ( 1 9 7 6 ) , ( 1 9 7 8 )  had 

on ly t i t r e s  of 1 : 8 0 0  and above to be of signi f i c ance . 

Chappe l l  et a l � ( 1 9 6 1 ) a nd Morse et a l � ( 1 9 5 7 ) s uggest that 

the me thods of husbandry u s e d  in s heep farming in New 

Zea land are r e spon s ible for the high prevalence of 

lepto s p i r a l  infection in s h e ep . They pointed out that in 

New Z e a la nd becau s e  of the l ush wet pasture s ,  more sheep 

are gra z ed per hectare and that cattle , the ma i n tenance 

hos t  for s e rovar Mr�o in New Zealand , are o f te n  pastured 

wi th the sh eep . This faci l i tates easy inter s p e c i e s  

transmi s s i on of leptospir a l  organi sms . 

A r ev i ew of the avai lable l i teratur e r e lat i ng to s erological 

surveys f or leptospiral i n fe ction c lear ly i nd i cates  that 

ovine l ep to spiro s i s  i s  a sub j ect often ove r looked in many 

parts o f  the world . The f i nd ings i n  thi s  pre s en t  survey , 

denote a reasonably high propor t ion o f  sheep i n  New Zea land 

to have exper i e nced infe c t i o n . The s igni f i c an c e  o f  the 

find ing s hav e  not been cons i d ered in re lation to the 

epidem i o logy of l eptospiral infection in man and other 

anima l s  a nd it warrants further r e search . 

In a l l , antibodi e s  to twenty lepto spiral s erovars have been 

d etecte d  in sheep sera over seas . In thi s  survey , the 

s erovar o f  grea t e s t sign i f i c ance be longed to the Hebdornadi s  

serogroup and with the i so l ation o f  serovar hardjo organi sms 

( Baharnan et a l � 1 9 8 0 ) , s er ovar har�o was proven to be the 
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causa l organi sms . S erovars pomona� tarassovi� ba l lum� 

copenhageni and austra l-is fol low i n  decreas ing order o f  

impor tance . Cattle are consid e r ed the ma intenance host 

for serovar hardjo i n  New Zealand ( B l ackrnore , 1 97 9 ) , 

( Hathaway a nd Mar shal l ,  1 97 9 ) , ( He l l s trom , 1 97 9 )  and i t  has 

been sugg e s t ed tha t  s heep contracted leptospiral i n f ection 

from cattle ( Beamer et al� 1 9 5 3 ) , ( Hodges , 1 97 4 ) , 

( McCaughan et a l � 1 9 8 0 ) . However , Morter and Mor s e  ( 1 9 5 6 )  

working i n  the Uni t ed S tates wer e not ab le to s how that 

thi s  inter - spe c i e s  i n fection o c curred . I n  the i r  trans

mis sion exper iment , c a lves wer e unable to transmit the 

infect ion to sheep a lthough other anima l s  ( ca lve s , pigs , 

goat s )  bec am e  infecte d . No c lear cut answers a s  to the 

source of i nf e ction for sheep , c ame from thi s  pre sent survey . 

A l l  the f arms from wher e the s he ep originated had cattle 

on the ir proper tie s ,  except for two . It was not po s s ible 

therefor e  to make a c orr elatio n  between the pr eva l ence o f  

lepto spira l i nf e c t i on in the s he ep and the pre s cence o f  

cattle . The sheep i n  the two farms wi thout c a t t l e  on the ir 

proper t i e s  s t i l l  s howed agglutinating antibod i e s  to serovar 

hardjo. A c ohort s tudy of sheep from farms w i th cattle and 

farms wi thout catt l e  on the i r  proper t i e s  would g ive a better 

ind ication to thi s s i tuation . 

Surveys ( Gordon , 1 9 8 0 ) , ( Durfee and P r e s idente , 1 97 9 ) , 

( Hoare and C l axton , 1 97 2 ) , ( Ri s , 1 97 5 )  have shown that sheep 

are freque n t ly i n f e c ted wi th l eptospi res from the H ebdomad i s  

s erogroup and the p os s ibi l i ty that s erovar hardjo i n fection 

may be endem i c  in s h eep has been sugge s ted ( Gordon , 1 9 8 0 ) , 

( Marsha l l  e t  a l �  1 97 9 a ) . Exper imental ly ,  Hathaway and 

Mar sha l l  ( 1 97 9 )  have shown that inapparent serovar hardjo 

infection i s  qu i te r e ad i ly e s tab l i s hed in s heep . When only 

the ewe s  are cons idered , 1 0 0  per cent of the f lo c k s  examined 

i n  thi s s ur vey wer e found to be pos i tive , w i th a preva lence 

r anging from four teen to 6 8  per cent . I n  the f lo c k s  examined 

by Ris ( 1 97 5 )  the prevalence w a s  much higher and many of the 

s heep in h i s  s urvey had very h i gh t i tre s . Thi s  pre sent 
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survey s upports the s ugg e s ti on by Mar shal! et a l 3  ( 1 9 7 9 a )  

that s e rovar hardjo might b e  endemi c i n  sheep . The high 

prevalence of serological reactions to s erovar hardJo 

coupled wi th the l arge per centage of farms w i th reactor s 

indicated that ther e  i s  a wide spread exposure of the s heep 

population in the Nor th I s l and to serovar hardJo.  

From the r esults obtained , many of the balcanica titres 

appeared h i gher than the hardJo titres by one or two 

d i lut i on . It i s  not pos s ib le to d i f f erentiate s erolog i c a l l y  

betwee n  s e r ovar s hardjo and balcanica infection ( He l l strom , 

1 9 7 8 ) . We believed the t i t r e s  to the Hebdoma d i s  s erogroup 

were caused by organi sms be longing to serovar hardjo. 

Hathaway and Mar s h a l !  ( 1 9 7 9 )  h ave experimental ly infected 

sheep w i th serovar s hardJo and balcanica and s howed that 

hardJo t i tr e s  wer e l ower than the balcanica titre s .  Thi s  i s  

s imi l ar l y  s hown by Mackintosh e t  a Z � (1 9 8 1 ) . The hardJo 

anti gen u sed in the s erolog i c a l  te s ts was a laboratory 

adapted s tr a in of hardjoprajitno whi ch g ives comparative ly 

lower agg l u tinati ng titre s .  In the f i e ld , s erovar hardjo 

organi sms are suspected to be s lightly different from thi s 

laboratory strain o f  s erovar hardjoprajitno and m ay there fore , 

g ive a h i g her titr e  espe c i a l ly i f  i solates of s erovar 

hardjo wer e u sed as the antigen . In a s urvey o f  cattle i n  

Taranak i , B ahaman and Mar s ha l ! ( unpubl i shed d at a )  us ing 

laboratory ad apted s trai n hardjoprajitno and f i e ld i so lates 

of ser ovar hardjo ( 0 8/l cattle i solate s )  in par a l l e l , found 

the f i e ld i solates gave t i tr e s  one to two d i l u t i on s  higher 

in comp a r i son to the laboratory s train of hardjoprajitno. 

These f a c tors and a l so the i s olation of organi sm s  be longing 

to s erovar hardjo f rom thi s  s urvey con f i rm that the Hebdoma d i s  

s erogroup titres o c cu rr ing i n  sheep were actu a l l y  due t o  

s erovar hardJo. 

There was a general d i s t r i bu tion of agglutina t i ng antibodi e s  

t o  s erovar pomona among the f locks of sheep s urveyed regard l e s s  

to the p r e s ence o f  pig s  o r  n o t  o n  the f arms . The preval ence 

o f  the agg lutinat ing antibodi e s  to serovar pomona varies 

from z er o  to 2 7 . 3  percent amo ng the f locks . The highe s t  
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prevalence o f  i nfection to serovar pomona was 2 7 . 3  percent 

and incidenta l l y  thi s par ticular farm did have a probl em 

w i th feral p i g s . Whether the h i g h  preva lence o f  pomona 

infection i s  a s socia ted with the presence of the feral  p i g s  

i s  a s  yet unknown . A l l  the sheep f a rms with pigs except 

for one , had only a sma l l  number o f  pigs . The one f a rm 

whi ch had over 2 , 0 0 0  head s  of p i g s  o f  varying age had a ten 

percent preva l e nce o f  pomona i n f e c t ion . The practice o f  

spray i ng pig e f f luent o n  to pa s tu r e s  was carr ied out on thi s  

parti cular farm and yet the f lo ck of sheep from thi s  farm 

had indications of a low preval e n c e  of i nfection wi th 

serovar pomona. 

The prevalence (7 . 1  percent ) o f  l eptospiral infection in the 

sheep due to s e rovar tarassovi i s  a lmo st the s ame percentage 

as that due to serovar pomona. Both serovars have p i g s  as 

the i r  maintenance ho s t s  ( B l ackmor e ,  1 9 7 9 ) . Serovar pomona 

i n fec tion in s heep i n  New Zea land has been repor ted 

spor adically ( Chri s tiansen , per . c omm . ) and i s  perhap s on 

the d ecl ine . This i s  perhaps d i r e c t ly due to l e s s e r  number 

of farms hav i ng pigs . This i nd i c ates that serovar tarassovi 

might be mor e  impor tant than s erovar pomona in t he future . 

Thi s is  suppor ted by the fact that ther e was a h i gher number 

of reactors to s erovar tarassovi than expected , as d i s c losed 

in thi s survey . However , s e rovar tarassovi has not yet been 

i so l ated from s heep in New Z ea l and . 

I n  Chi le , s erovar copenhageni has been shown to be the ma j or 

organ i sm affecting sheep ( Z amora et a l �  1 9 7 5 ) . I n  t h i s  

present s urvey , w e  found two f lo ck s  had high titres to 

s erovar copenhageni. Thi s i s  i nter e s ting as serovar 

copenhageni has not yet been s hown to be e stabli shed in the 

southern ha l f  of the Nor th I s l a nd . Near ly hal f of the 

aggl utinating antibod i e s  to s e r ovar copenhageni wer e s i ng l e  

r e ac tors and the maj o r i ty of t h e  cros s -reactions were w i th 

member s o f  the Hebdomad i s  serogroup . ( Table 2 -7 )  ( Tabl e  2 - 8 ) . 

The concurrent occurrence o f  t i t r e s  to s erovars copenhageni 

and hardjo i s  found to be s i gni f i c ant ( p  < 0 .  0 0 1 ) . 
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TABLE 2 - 7 : D I STRIBUT ION OF S I NGLE AND DUAL T I TRE S TO THE 
SEVEN SEROVARS AT D I LUTION OF 1 : 24 

A B c D E F TOTAL G 

haJtdjo (A ) 1 32 1 6�': 1 2 �·, 1 2 ·k 1 2 �': 4 ·'· " 1 88 2 9 . 8  

pomona. ( B ) 1 6  40 3 2 1 62  3 5 . 5  

to.Jc.a .. Mov.<. ( C )  1 2  3 4 2  2 2 6 1  3 1 . 1  

c.ope.nha.ge...U ( D ) 1 8  2 2 1 8  2 38 5 2 . 6  
bai.lwn (E ) 1 2  2 2 2 6  1 43 3 9 . 5  

a.u..6VtaLW ( F ) 4 1 1 1 1  1 7  3 5 . 3  

H 70 . 2  64 . 5  68 . 9  47 .4  60 . 5  64 . 7  

TABLE 2 - 8 : DI STRIBUTION OF S INGLE AND DUAL T ITRES TO THE 
SEVEN SEROVARS AT DILUTI ON OF 1 : 48 

A B c D E F 

haJtdjo (A ) 1 66 3•·k�< 4 ... .. _ "� , .. 4 ..... _ , .. , .. 4·'--'· , .. , .. 

pomona. ( B ) 3 35 1 

ta.Jr.M-60V.t ( C )  4 2 0  1 1 

c.ope.nha.ge...U ( D ) 4 1 1 1 1  2 

ba.U.u.m ( E ) 4 1 2 1 6  

a.u..6VtaLW ( F ) 

H 91 . 7  89 . 7  76 . 9  57 . 9  69 . 6  0 

G 
H -
;'( 

Percen tage o f  s era wi th dua l  t i tre s 
Percentage o f  s era wi th s in g l e  t i tre  
P = s ign i f icant ? = ins i gn i f i c an t  

TOTAL G 

1 8 1  8 . 3  

39  1 0 . 3 

2 6  2 3 . 1  

1 9  4 2 . 1  

2 2  3 0 . 4  

0 
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The low prevalence o f  the other three serovar s showed that 

they were s porad i c  i n fections . Ti tre s to the s e  serovar s at 

d i lu tion of 1 : 2 4 wer e  probably non-spe c i f i c  ti tres or cro s s 

reactions . Evidence was pre s ented ( Tabl e s  2 - 7  and 2 - 8 )  that 

ovi ne sera at di lution of 1 : 2 4 were not spec i f i c  and those 

at 1 : 4 8  wer e s hown to be s i gni f i cant . Again there is always 

the pos s ib i l i ty that the low titres might be f rom anima ls 

tha t have b een infe c t e d  for s ome t ime and the l ow t i tres 

wer e  r e s idu a l  t i t r e s . 

Al l the �tA� t i t r e s  ob ta ined in th i s  survey were at  

d i lu t i on of  1 : 24 or l e s s  sugge s t ing tha t  the t i tres  we re 

e i ther c ro s s -reac t ions due to the o ther s e rovar s or j u s t  

non- spe c i f i c  t i tres . O therwi s e , there wou ld bound t o  be 

a few t i t r e s  grea ter than 1 : 24 .  S ince  there we re no ruwtA� 
t i tr e s  h i gh e r  than 1 : 24 ,  we c an take tha t  the �tAaLW ti tres  

were  non- s p e c i f i c  t i tr e s . 

I f  we c on s ider  t i tr e s  a t  d i lu t ion o f  1 : 24 as non- s pec i f i c  

t i t r e s  a s  i n  the c a s e  o f  serovar ruwtA�, then w e  have t o  

c on s ider the t i tr e s  o f  1 : 24 to the o ther ant i gens a s  non

s pe c i f i c  too . Taking s erovar b�m for examp l e , on omi t t ing 

t i tres  of 1 : 2 4 ,  the p r eva l ence to  thi s  s e rovar wi l l  be 2 . 7  

per cent ins tead o f  5 . 9  percen t . The prevalence o f  serovar 

baLium in fe c t ion in c a t t l e  in New Zea l and is four percent 

(He l l s trom , 1 9 7 8 )  and c ons ider ing the chances  of c a t t l e  

c on tra c t ing b�um in f e c t ion the same o r  h i gher than sheep , 

we wou l d  exp e c t  the p r eva lence to serovar b�um 1n sheep to 

b e  the s ame or  l ower than tha t  of c a t t l e . Th i s  1s  true 

con s i s tent wi th the s e  pre s en t  findings i f  one omi t s  t i tres  

to  s erovar ballum at  d i lu t ion of  1 : 24 ,  o therwi s e , the 

preva lence  o f  s erovar b�um in sheep i s  much h i gher than 

tha t  o f  c a t t l e . 

The d i s t r ibu t ion o f  t i tres  1n the d i f fe rent age groups 

( lambs , h ogge t s  and ewe s )  and the geome t r i c  mean t i tre ( GMT ) , 

( Tab l e s  2 - 9  and 2 - 1 0 ) , ind ic a t e s  tha t infec t ions were p i cked 
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TABLE 2 - 9 : THE P RE VALENCE OF LEPTOSP IRAL INFECTION IN  THE 
THREE AGE GROUPS OF SHEEP ( Percent age o f  the 
anima l s  s ero-po s i t ive ) 

Lamb s Hogge t s  Ewe s Ove r a l l  

haJc.dj 0 . 3 .  1 2 3 . 6  32 . 1  1 9 . 6  

bal.c.a.n.-<.c.a. 2 . 9  2 3 . 2  3 6 . 4  2 0 . 8  

pomon.a. 4 . 0  9 . 1  9 . 7  7 . 7  

:t.a.Jr..MJ.Jov-<. 6 . 2  3 . 7  1 1 . 4  7 .  1 

c.ope.n.ha.ge.n.-t 3 . 7  4 . 0  5 . 2  4 . 3  

billum 3 . 4  1 0 . 1 4 . 5  5 . 9  
cu.wbta1.-W 1 . 6  4 . 4  1 . 3  2 . 5  

Overal l 3 7 . 8  

TABLE 2 - 1 0 : THE GEOMETRIC MEAN TITRE (GMT ) OF LEPTOSP I RAL 
INFEC T ION IN THE THREE AGE GROUPS OF SHEEP 

Lamb s Hogge t s  Ewe s 

hCvutja: 3 1 2"k 200-;t, 1 1 5 -;'' 

bal.c.a.n.-<.c.a. 5 6 6  3 1 2  2 3 0  

pomon.a. 5 3  3 7  4 3  

:t.a.Jr..MJ.Jov-<. 3 2  48 3 4  

c.ope.n.ha.ge.n.-t 5 7  5 7  2 4  

ba1.£.um 80 35 4 2  

cu.wbtal.-W 24 24  24  

* Reciprocal of titres 
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up ma inly  in the hogge t age group , tha t  i s , in tho s e  

anima l s  around e igh t mon ths t o  two years  o f  age . A l arge 

proport ion o f  the l amb s in general  were found to be nega t ive . 

A s im i l ar ob serva t i on wa s mad e  by Zahar i j a  ( 1 9 7 9 )  and in h i s  

survey , a l l  the l amb s examined were negat ive to  l ep t o s p i r a l  

infe c tion . I t  i s  hyp o th e s i s e d  tha t when ma terna l an t ibod i e s  

t o  l ep t o s p i r e s  were pre s ent i n  the c o l o s trum , the l amb s wer e  

ab l e  t o  res i s t  leptos p i r a l  infe c t i on bu t when the s e  ma terna l 

an t ib od i e s  dec l ined and the l amb s were weaned , the l amb s we re 

then suscep t ib l e  to in fec t ion . Thus , we  expec t low number o f  

infec ted l amb s . Th i s  i s  suppor t e d  by the fac t that  there i s  

a h i gh GMT in lamb s and i t  d e c r e a s e s  progre s s ive ly through 

the hogge t and ewe age group s r e s pec t ive ly .  H i gh t i tre 

o c c u rred in the young anima l s  s oon a f ter they b e c ame infe c t e d  

(He l l s trom and B l ackmore , 1 9 8 0 ) . Conver s e ly ,  there i s  a 

r i s e  in the s ero logi c a l  preva l ence  from the lamb age group 

to the hogge t and ewe age group s . Th i s  i s  very obvious in 

the case o f  serovar haJtdjo infe c t  ion , from 3 .  1 percent  

sero logical  preva lence  in the  l amb s to  2 3 . 6  percen t in  the 

hogge ts  and on to 3 2 . 1  per c en t  1n the ewe s ( F i gure 2 - 3 ) . 

However ,  there are s everal  repo r t s  ( Har t l ey ,  1 9 5 2 ) , 

( Davidson and Hirsh , 1 9 8 0 )  o f  ou tbreaks  o f  leptosp iral  

infec t ion in lamb s but  in near l y  all  the c a s e s , the s erovar 

a f fe c t ing the anima l s  was s erovar pomona. Th i s  s e rovar is no t 

endemic in sheep and a s  such , ewe s are no t natura l ly 

immunized and hence the lamb s do  not ge t the bene f i t  o f  

p r o t e c t ion through the c o l o s t rum . On the other hand , 

s e r ovar haJtdjo i s  c ommonly found in c a t t l e  and sheep in New 

Z e a l and and there fore the l amb s are protec ted through 

mat e rn a l  ant ibod i e s  1n the c o l o s t rum . Unweaned l ambs are 

the r e fore p rotec t e d  to some exten t  from infec t ion by thi s  

p a s s ive immun i z a t ion . 

The preva l ence o f  l e p t o s p i r a l  ant ibod i e s  in sheep a s  

ind i c a ted by  the s e  s e r o l o g ic a l  s tudi e s  sugge s t s  tha t  the 

in fec t ion i s  qu i te s i gn i f i c an t  but  o f  c ompara t ive l y  l e s s er 

impor tance than tha t  o f  c a t t le and swine . Th i s  d i f ference 

among c l a s s e s  of l ive s tock i s  d i f fi cu l t  to  exp l a in . One 
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po s s ib i l i t y  i s  tha t sheep migh t be  more re s i s tant than the 

o ther s p e c i e s  o f  farm anima l s . Howeve r ,  evidence avai l ab le 

s eems t o  b e  c ontradic tory . I t  appear s s ome th ing o ther than 

natural r e s i s tan c e  i s  invo lved a s  to why sheep s eems to be 

a f fec ted  l e s s  o f t en than ca t t l e and p ig s . 

S UMMARY 

A sero l o g i c a l  survey emp l oy ing  the microscopic  a gglut ina t ion 

tes t for l ep to s p ir a l  in fe c t ion was c onduc ted on 9 2 8  sheep 

s era from 42 randomly cho s en f locks of the sou thern hal f of 

the Nor th I s l and o f  New Zea l and . The fo l l owing in forma t i on 

was gained from th i s  survey : 

1 .  An overa l l  reac tor r a t e  of  3 7 . 8  percent wa s demons tra ted 

amon g  the s e ra . The preva l ence  of lepto s p i ral  

in fe c t ion among the f l ocks ranged from zero  to 94 . 1  

' perc en t  and ind icated  that sheep i s  qu i t e  c ommon ly 

a f f e c ted . 

2 .  At d i lu t ion o f  1 : 2 4 ,  r e a c t ions were obta ined wi th a l l  

the s even s erovars emp l oyed a s  ant igens b u t  a t  1 : 48 ,  no 

t i t r e s  we re ob tained wi th serovar ruw�a£L6 . 

3 .  The mo s t  common rea c t ion ob t a ined was to s erovar h�djo . 
Rea c t ions to  the o ther s erova r s  were ob s e rved in sera 

o f  l e s s  than 1 8 . 2  percent  o f  the sheep t e s ted . S ixty

two percent  of the shee p  d id no t reac t to any ant i gens 

The h i gh preva lence o f  sero l o g i c a l  reac t ions to 

s er ovar h�djo coup l ed w i th the l arge percentage of the 

f l oc k s  w i th a t  leas t s ome reac tors  ind i c a te tha t  there 

is w i d e spread expo sure of the sheep popu l a t ion to 

s er ovar h�djo . The s i gn i f icance of the r e a c t ions to 

the rema ining serovar s is unc l ear . Exc e p t  for s erovar 

pomona ,  the o ther s erovars  have not  ye t b e en i s o la ted 

from sheep in New Zea l and and do  not appear to  be 

a s s o c i a ted  w i th c l in i c a l  d i s eas e . 
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4 .  Evidence was p r e s ented that ov�ne s era a t  d i lu t ion o f  

1 : 24 were no t s pec i f i c  and tho s e  a t  1 : 48 we re shown t o  

b e  s i gn i f i c an t . 

5 .  Low preva l en c e  o f  infe c t ion in the lamb s b u t  wi th a 

h i gh geome t r i c  mean t i tre  sugge s t  that in f e c t ion � s  

p i cked up ma inly by hogge t s . The percen t a ge o f  

infe c ted anima l s  i s  con s idered t o  depend o n  the i r  

s u s c ep t ib i l i ty ( age) , the i r  behaviour and husbandry 

and to a gre a t  extent , on the intens ity of natur a l  

foc i in the r e g � on . 

6 .  Pra c t ica l ly a l l  the f locks had evidence o f  infec t ion 

and there for e , i t  i s  u n founded t o  cons ider  tha t sheep 

a s  a spec � e s  are re l a t ively  res i s tant to  l e p to s p i r a l  

in fe c t i on . 
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Six  se rovar s have been succ e s s fu l ly i s o lated from sheep from 

var iou s  coun t r i e s  (Tab le  3- 1 ) . Andreani et af , ( 1 9 74 )  in 

I ta l y  were unab l e  to demons tra te  any leptosp i r a l  organ i sms 

from sheep w i th apparen t l y  h i gh t i t r e s  to serovar haJtdjo , �n 

an ou tbreak o f  l e p to s p iros i s . S imi l arly , Beamer e t  af , 

( 1 9 5 3 )  and Dav i d s on and H i r sh ( 1 9 8 0 )  were no t ab l e  to 

i s o l a te or demons trate any l ep to s p i r e s  from sheep in the 

ou tb reaks occurr ing in the Uni t e d  S t a t e s . In I s rael , van 

der Hoeden ( 1 9 5 3 )  showed grey i sh s p o t s  in the k idney s o f  

sheep w i th h i gh l e p t o s p i r a l  t i t r e s . Inters t i t ial  nephr i t i s  

and per i cho l ang i t i s  we re ev ident h i s tologica l ly bu t no 

l e p t o s p ire s wer e  s een . Cu l ture s s e t  up rema ined s te r i l e . 

Hedges  ( 1 9 7 4 )  was no t ab l e  to ob s erve any lep t o s p i r e s  in 

urine s amp l e s  in h i s  exper imen t a l l y  in fec ted sheep wi th 

s e rovar pomona. Th i s  fai lure to  d e t e c t  lep t o s p irur ia in 

sheep by dark f i e l d  micro s c opy wa s shared by Beamer et af , 

( 1 9 5 3 ) , Mor s e  e t  af , ( 1 9 5 7 )  and L indqvi s t  et a f , ( 1 9 5 8 )  

bu t c on tras t s  wi th the exp e r i enc e s  o f  Har tley  ( 1 9 5 2 )  and 

Web s ter and Reyno l d s  ( 1 9 5 5 ) . Do z s a  and Sahu ( 1 9 7 0 )  
demon s tra ted only  sma l l  numbers  o f  leptospires  in the 

k i dneys o f  exp e r imen t a l l y  infec t e d  sheep , u s ing the Levadi t i  

s ta in o r  War th in-S tarry s ta in .  There have been many 

ins t an c e s  tha t l e p to s p i r e s  c ou l d  be demons trated  from 
• 

t i s su e s  o f  known infec ted  sheep ( Sm i th et af , 1 9 7 0 ) . 

On the other h and , Hak i o g l u  ( 1 9 5 6 )  in Turkey was ab le  to 

iden t i fy l ep t o s p i r e s  in s e c t ions o f  kidneys from sheep w i th 

j aund i c e  and h a emoglob inur ia . The i so l a t ion o f  l e p t o s p ire s 

from the te s t i s  and e p i d i dymi s o f  r ams by Smi th e t  af , ( 1 9 6 0 )  

sugge s ted tha t  venereal  t r ansmi s s i on o f  lep tosp i r a l  

organ � sms may o ccur in sheep . 
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TABLE 3-1 : LEPTOSP I RAL SEROVARS THAT HAVE BEEN  I S OLATED 
FROM SHEEP OVERSEAS 

SEROGROUP SEROVAR COUNTRY 

Ba.lfum ba..U.u.m Ar gen t ina 

Javanic.a ? Ph i l l ipp ine s 

GJtippotyph0-6a gJtippotyphoJ.>a Iran 

11 Kenya 

Pomona pomona. Au s tr a l ia 

11 Bu l garia  

" Hungary 

TMMJ.>ovi ta.ltaJ.>J.>ovi U . S . S . R .  

Hebdomadil.l ha.�r.djo Aus t ra l ia 

YEAR 
I SOLATED 

1 9 63 

1 9 66 

1 9 5 7  

1 958  

1 9 5 3  

1 9 5 9  

1 9 60 

1 9 6 5 

1 9 8 0  

REFERENCE 

C a c ch ione et a£ , 
( 1 9 6 3 )  

ANON ( 1 9 6 6 )  

Ra fyi  & 
Ma ghami ( 1 9 5 7 )  

Bur d in e t  a£ , 
( 1 9 5 8 )  

S e d don ( 1 9 5 3 )  

Mi t ov & 
Yankov ( 1 9 5 9 )  

B oko r i  e t  a£ , 
( 1 9 6 0 )  

S emenova & 
S o l os enko 
( 1 9 6 5 )  

G o rdon ( 1 9 8 0 )  
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A recent report  (Cordon , 1 9 8 0 )  re corded the de tec t ion o f  

l e p t o s p i r e s  by  dark f i e l d  micro s c opy i n  the urine o f  sheep �n 

Au s tral ia . I so l a t ion o f  l e p to s p i re s  were made from the 

kidney s o f  sheep , bu t cu l tures  o f  l iver were nega t ive . The 

i s o l a t e s  were la ter identi fied  a s  se rovar h�djo . 

In New Zea l and , outbreaks o f  l e p t o s p i ro s i s  in sheep have 

been repo r t ed on a number o f  o c c a s s ions  (Har t l ey , 1 9 5 2 ) , 

( Sa l i sbury , 1 9 54) , (Web s te r  and Reyno l d s , 1 9 5 5 ) and in a l l  

the s e  ou tbreaks , s erover pomona. wa s incr imina ted a s  the 
c au s a l  organ� sms . S a l i sbury ( 1 9 5 4 )  and Web s te r  and Reyno l d s  

( 1 9 5 5 )  managed t o  i s o l a te the l ep to s p ira l organi sms belonging 

to  s erovar pomona. from tho s e  infec ted sheep . No o ther 

s erovar has  b een i s o l a ted from sheep in New Z e a l and . At temp t s  

to i s o l a te l e p tospiral  organi sms from sheep have been made 

by Blackmore et ai,  ( 1 9 7 6 )  and R i s  ( 1 9 7 5 ) , but none were 

s u c c e s s fu l . 

Up to the p r e s ent t ime seven l ep to s p i r a l  serovars  have been 

i s o l a t e d  in New Zea land (Tab l e  3 - 2 ) . I t  i s  on ly  recently  

tha t  serovar o..t..l4Vr.ai..W has b e en i s o l a ted and th i s  was  from a human 
p a t ien t  ( Thomp s on ,  1 980) . In s p i te o f  e f for t s  to f ind a 

probab l y  s ource  o f  infec t ion ,  there ha s not been any 

s erolog i c a l  or cul tura l repor t s  o f  i t s presenc e in New 

Z e a l and in e i ther man or anima l s . Ou t o f  the s even serovars  

repor ted  t o  have been i s o l a t ed in New Zealand , on ly  s ix are 

known to b e  endemic in e i ther dome s t ic anima l s  or w i l d l i fe . 

I t  i s  in t er e s t ing to note that only s erovars  baica�ca, 

copen.hage� and ba..U.um have a s  the i r  ma intenance ho s t s  spec ie s 

o f  wi l d l i fe (Tab le  3-3 ) . 

Three s er ovars are endemic �n dome s t i c anima l s  in New 

Z e a l and . The s e  are s erovar s  haJtdjo , pomona. and taJc.M.6ovJ... . 

S erovar haJtdjo i s  ma intained by c a t t l e  whi l s t  s e rovar s  pomona. 
and taJc.M.6ovJ... are ma inta ined by p i gs ( B l ackmore , 1 9 7 9 ) , 

(He l l s trom ,  �9 80) . Sheep have been inc r imina ted  a s  secondary 

ho s t s for s e rovars  pomona. and haJtdjo ( He 1 1  s trom ,  1 98 0 ) . As 
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. TABLE 3-2 : LEPTO S P IRAL SEROVARS THAT HAVE BEEN I SOLATED I N  
NEW ZEALAND 

SE ROGROUP S  S EROVARS 

Pomona.. pomona.. 

Baffum ballum 

I�teko- �openhagen� 
haemoJtJthag�e 

AN IMAL HOSTS REFERE NCE 

c a t t l e  a .  ANON ( 1 9 5 1 )  

d o g s  

s h e e p  

p � g s  

c a t s  

man 

c a t t l e  

c a t t l e 

b .  S a l i s bury ( 1 9 5 4 )  

a .  Te Pun ga & B i s h o p  
( 1 9 5 3 )  

b .  Ma ck i n t o sh e t  af , 
( 1 9 8 0 )  

a . ANON ( 1 9 5 1  ) 
b .  Webs t e r  & Reyno l d s  

( 1 9 5 5 )  

c .  Sa l i s bury ( 1 9 5 4 )  

a .  deJong & F ow l e r  
( 1 9 6 8 )  

a .  Harkne s s  e t  af , 
( 1 9 7 0 )  

a .  Kirs chner e t  af , 
( 1 9 5 2 )  

b .  T i l l  ( 1 9 6 8 )  

a .  R i s  e t  af , ( 1 9 7 3 )  

a .  de Jong & F ow l e r  
( 1 9 6 8 )  

b .  R i s  e t  af , ( 1 9 7 3 )  

��teko- c a t t l e ha.emOJtJthag�e l ? ) a .  Dodd & B r akenr i d ge 
( 1 9 60 )  

B-i.6fexa m-i.Jtanda 

man a .  K i r s chner ( 1 9 6 6 )  

l ��y r a t s a .  Ki r s c hne r  & G r ay 
nOJtveg��u.-6 ) ( 1 9  5 1 )  

s t a gnant 
wa t e r  

p l. g s  

man 
d o g s  

a .  R i s  & F ow l e r  ( 1 9 6 8 )  

a .  Ryan & Ma r sh a l l  
( 1 9 7 6 )  

a .  T i l l  ( 1 9 7 7 )  

a .  Ma ck i n t o sh e t  a f , 
( 1 9 8 0 )  

C o n t  • d . .  



TABLE 3-2 : CONT I NUED 

SEROGROUP S SEROVARS 

Au.J.>:tJr. a.LL6 a.uJ.>:tJr.a.LU. 

He.bdomad-i.-6 haJtdjo 

? 

ba..f.c.a.n..-i.c.a. 

AN IMAL HOS T S  

man a .  

man a .  

c a t t l e  a .  
s h e e p  a .  

g o a t s  a .  

fo s sums a .  
T Jt-i.c.hO!.>Wtu.J.> 

vu.f.pe.c.u..f.a.. ) 

p o s s ums a .  
( TJt-i.c.ho.oWtu.J.> 
vu.f.pe.c.u.f.a. ) 

g o a t s  a .  

c a t t l e a .  

4 5 . 

REFERE NCE 

Thomp s on ( 1 9 8 0 )  

Chr i s tma s e.t a..e. ,  
( 1 9 7 4 )  

Lake ( 1 9 7 3 )  
Bahaman e.t a..f. , 

( 1 9 8 0 )  

Scho l l um & B l a ckmo re 
( 1 9 8 1 )  

Brock i e  ( 1 9 7 5 )  

Ma r s ha l l  e. t  a..e. , 
( 1 9 7 6 )  

S ch o l l um & B l a c kmo re 
( 1 9 8 1 )  

Ma ckin t o s h  e.t a..e. 
( 1 9 8 0 )  
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- TABLE 3-3 : MAINTENANCE AND SECONDARY HOS T S  FOR LEPTO S P I RE S  
IN NEW ZEALAND 

SEROVARS MAINTENANCE HOS T S  SECONDARY HOSTS 

haJr.djo c a t t l e  s h e e p , go a t s , ho r s e s , 
man . 

ba.i.c.a.n...i.c.a. po s s ums c a t t l e , goa t s  
( TJt..i.c.ho.6Wtu..6 
vu.lpe.c.ui.a. ) 

pomon.a. p � gs c a t t l e , s h e e p , c a t s , 
d o g s , h o r s e s , man 

taJc.M.60V..i. p � g s c a t t l e , d o g s , man 

ba.lium m� c e  c a t t l e , c a t s , b rown 
( MM mMc.u.fu...6 ) r a t s , man 

b l a ck r a t s  
( Ra.ttu.-6 Jta.ttu..-6 ) 

hedgeh o g s  
( EJta.n.a.c.e.M eu.Jtope.M I 

c.ope.n.ha.ge.n...i. brown r a t s  c a t t l e , p � g s , d o g s , 
( Ra.ttu..-6 n.oJtve.g..i.c.M ) man 
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men t i oned e a r fi e r , s e r ovar pomona. 1 s  th e on ly one s o  f a r  th a t  
h a s  b e e n  i s o l a t e d  f rom sheep . P r i o r  t o  th i s  s tu dy , s e r ova r 
�djo had no t b e en i s o l a t e d  f r om s h e e p , b u t  th e r e  wa s s e ro
l o g i c a l  e v i d en c e  t o  s u g g e s t  th a t  ha.Jtdjo i n f e c t i on i n  sheep wa s 
qu i t e common i n  s ome a r e a s  o f  New Z e a l and ( Ha thaway and 
Ma r sh a l l ,  1 9 7 9 ) , ( Ma r s h a l l  e.:t a.i. , 1 9 7 9 ) , ( R i s , 1 9 7 5 ) . 

AIMS 

Th e ma 1n a 1m o f  th i s  s u rvey i s  t o  d e t e rmine the c u l t u r a l  
p r eva l enc e o f  s h e ep t o  na tu ra l l y o c c u r r i n g  l ep t o s p i ra l  
in fe c t ion . Th e survey h a s  s eve r a l  obj e c t ives , name l y : 

1 .  To f ind ou t t h e  ove r a l l  c u l t u r a l  p r eva len c e  o f  s h e ep 
l e p t o s p i r a l  i n f e c t i on . 

2 .  To f ind o u t wh i ch age grou p s  o f  s h e e p  a r e  s h e d d ing 
l ep t o s p i r a l  o r gan 1 sms 1n t h e i r  u r ine . 

t o  

3 .  To d e t e rm i n e  the d i s tr ibu t i on o f  l e p t o s p i r a l o r gan1 sms 
1n the v a r i o u s  f l o c k s  o f  s h e e p  s u rveyed . 

4 .  To c o r r e l a t e  the c u l tur a l  and the s e r o l o g i c a l  p r eva l en c e  
o f  s h e e p  t o  l ep t o s p i r a l  i n f e c t i on . 

acqu i red 
5 .  To f ind o u t wh en t h e  an ima l s ; thei r lep to s p i r a l  

inf e c t i o n . 

6 .  To d e t e rm i n e  the p o s s ib i l i ty o f  s h e e p  as a ma i n t enan c e  
ho s t  f o r  l e p t o s p i r a l  o r gan i sms . 

MET HODS AND MAT E RIALS 

C o l l ec t i on o f  s ampl e s  

B l ood s amp l e s  we r e  c o l l e c t e d  f r om the f i r s t  twe n t y  s h e ep i n  
e a ch l ine o f  a t  l e a s t 1 00 an ima l s  a t  the Free z in g  W o rk s , the 
i d en t i ty o f  the " s l au gh t e r in g  c h a in" and th e " l in e "  or f l o c k  
o f  anima l s  we r e  n o t e d . Th e numb e r s  we r e  lab e l l e d  on t a g s  
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p l a c e d  on the f i r s t  two an ima l s  in the l ine and th i s 
fac i l i t a t e d  the i d e n t i f i c a t i on o f  th e c a r c a s e s  for the 
recov e ry of the k i dn e y s . Th e c a r c a s e s  from wh i ch the b l o od 
s amp l e s  were t aken we r e  then t r a c e d  a t  the end of the 
s l augh t e r ing cha in and 1 8 0  k i dney s from twe lve f l o c k s  were 
ob t a in e d  from the sheep s en t  to the two F r e e z in g  Wo rks . 
The s e  twe lve f l o ck s , a s  ment i oned in Chap t e r  Two , we r e  
randomly s e l e c t e d  a n d  o r i g in a t e d  from var i ou s p l a c e s  in t h e  
s ou th e rn ha l f  o f  the Nor t h  I s l and . 

Cu l t u r a l  pr o c edure 

Wi th in four hours of t h e  an ima l s  be ing s l augh t e r e d , the 
k i dney s amp l e s  we r e  p r o c e s s e d . An approx ima t e l y th r e e  cub i c 
c e n t ime t r e  o f  e a ch k i d n e y  we r e  cu t up a s e p t i c a l l � r in s e d  w i th 
a l c o h o l  in a funne l and then p l a c e d  in a gamma- s t e r i l i s e d 
p o l y thene b a g  c on t a in in g  40 ml o f  s t e r i l e  S tuar t ' s  B a s a l  
Me d ium ( B BM) ** · 

A p o r t i on o f  k i dney wa s t aken from the c o r t e x  a s  th e u s u a l  
s i t e  o f  l ep t o s p i r e s  i s t h e  prox ima l c onvo l u t e d  tub u l e s  o f  
th e k i dney . I t  wa s th e n  homo gen i s e d  wi th the a i d o f  a 
s t oma c h e r  ( C o lwor th 4 0 0 ) * ,  unt i l i t wa s comp l e t e l y ma s c e r a t e d . 
A 0 . 2  ml a l i quou t o f  th e homo gena te was c u l tured in 5 ml o f  
s emi - s o l i d J S  (D i f c o )  Me d ium** · Ano th e r  0 . 2 ml a l i quo t  w a s  
c u l tured in the s ame me d ium b u t  w i th t h e  add i t i on o f  2 0 0  u g /  
m l  o f  5 - f l u r ourac i l ( 5 F U ) ** ·  A ten- f o l d  d i l u t i on o f  the 
homo gena t e  wa s ma d e  in 1 0  ml b i j oux bo t t l e s  c o n t a in ing 
s t e r i l e  S tua r t ' s  B a s a l  Med ium . Further 0 . 2  ml a l i quo t s  o f  
th e mix t u r e  were sub- c u l tured in t o J S  me d i a wi th and w i thou t 
5FU ( F i gur e 3 - 1 ) . Th i s ma d e  a t o t a l  o f  four c u l tur e s  for 
every k i dney s amp l e d . 

The b o t t l e s  o f  k i dney c u l tur e s  we re then incuba t e d  a t  3 0°C 
for twe l ve weeks . Th e e f fe c t  o f  t emp e r a tu r e  upon l ep t o 
s p i r a l  grow th in v i t r o  i s poor l y  unde r s tood . Re p l i c a t i o n  
o f  l e p t o s p i r e s  in mo s t  h o s t s  t ak e s  p l a c e  a t  3 7 °C or h i gh e r  

* 
** 

Append i x I 
App end ix I I  
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F I GURE 3- 1 : THE PROCEDURE I NVOLVED IN THE CULTUR ING OF 
K IDNEY SAMPLE S 

0 . 2  

5 ml 

K i dneyls amp l e  

Homoge n i s e d 1n 4 0  ml o f  S tu a r t ' s  Bas a l  Me d i um 

m l  a l iquo t 

1 

s emi- s o l i d  
J S  

0 . 2 ml a l i quot 

1 

5 ml s emi - s o l i d  
J S  + 2 0 0  u g /ml 

5 f U  

0 . 2  ml r i quot  

5 ml s emi - s o l i d 
J S  

1 . 0  ml a l i quot 

1 

9 ml S tu a r t ' s  Ba s a l  
Med ium 

0 . 2  ml a l i quot  

l 
5 ml s emi - s o l i d 
J S  + 2 0 0  u g /ml 

5FU 
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and y e t for e f f i c i en t  l ab o r a t o ry p r o p a ga t i on ,  they p r e f e r  
incub a t ion a t  3 0

°
C .  Th e c u l tu r e s we r e  examined b y  d a rk f i e l d  

m i c ro s copy we ekly from the s e c ond t o  t h e  four th week and th en 
for tn i gh t l y  un t i l  the twe l f th week . I f  n o  l e p t o s p i r a l  
o r g an i sms we r e  ob s e rved b y  the twe l f th we ek , then tha t  c u l t u r e  
wa s c on s i d e r e d  t o  b e  nega t i ve a n d  d i s c a r d e d . Any i s o l a t e s  
ob t a in e d  were subcu l t u r e d  i n t o  a l i qu i d  J S  me d ium and 
p a s s a ged week l y  in t o  f r e sh b o t t l e s  o f  l i quid J S  un t i l  pu r e  
and d e n s e  ( ge n e r a l l y i n  the o r d e r  o f  1 x 1 08 l e p t o s p i r a l  
o r gan i sms p e r  ml ) c u l t u r e s  we r e  o b t a in e d . 

I s o l a t e s  ob t a i ned �n th i s  s tudy w e r e  i d en t i f i e d  a s  t o  the i r  
s e r o group u s ing the mi c r o s c op i c  a g g l u t ina t i on t e s t  (MAT )  
and a b a t t e r y  o f  twe lve hyp e r immun e  s e r a : hM.djo ,  ba.Le.um , 
ca.rU.co.ta., to.Jc.M-6ovi, cope.nha.ge.rU. , a..u.6tfta.ii-6 , pomona, ba.t:a.via.e. , 
a.utumna.iM , py.tc.oge.n.e.-6 , g.tc.ippo:t.yphMa. a n d  baica.ni.ca (Tab l e  3 - 4 ) . 

Th e s e  an t i s e r a  we r e  ob t a ined f r om the C e n t e r  for D i s e a s e  
Con t r o l , At l an t a , G e o r g i a , U . S . A .  

Th e i s o l a t e s  were ino c0 l a t e d  in t o  l ab o r a tory rabb i t s  t o  
ob t a in r abb i t  an t i - i s o l a t e  hy p e r immune s e ra u s ing the me thod 
of Tan ( 1 9 7 0 ) , (App end i x  V ) . Th e i s o l a t e s  toge th er w i th 
th e i r  rabb i t  d e r ived h y p e r immune s e r a  we re s en t  t o  the WHO 

Lep t o s p i r a  Re f e renc e Labo r a tory , C e n t e r  for D i s e a s e  C on t r o l  
f o r  se r ovar i d en t i fi c a t i on b y  c r o s s  a g g l u t in in-ab s o r p t ion 
t e s t s . Th e i s o l a t e s  w e r e  a l s o  t y p e d  b y  re s t r i c t i on 
endonu c l e a s e  ana l y s i s , a me thod d ev e l o p e d  by Ma r sh a l l  
e. .t  a.-f. , ( 1 9 8 1 ) . 

RESULTS 

In th i s  p r e s en t  surv e y , ou t o f  the 1 80 k i dne y s  c u l t u r e d , 
o n l y  t h r e e  h a d  l e p t o s p i r a l  o r gan i sm s . Th i s  g ive s a 
c u l tur a l  p r e v a l en c e  o f  l e s s  than two p e r c e n t  o f  the s h e e p . 
A l t o g e th e r  twe lve f l oc k s  o f  s h e e p  we r e  examined , four o f  
t h e  s amples w e r e  mad e  u p  o f  l amb s , ano th e r  fou r  were h o g g e t s  
and the o th e r s  we r e  ewe s . Al l t h r e e  i s o l a t e s  we r e  f r om one 



TABLE 3-4 : SEROTYP ING OF THE I S OLATE S US ING RABB IT 
HYPERIMMUNE SERA 

HYPERIMMUNE SERA I S OLATE S 

S S - 7  S S - 9  

haJtdj 0 3 0 7 2 'k  1 5 3 6  
ba.Lfum 4 8  
c.anA.c.ota. 2 4  
:to.Jr..a..M 0 V .i.. 
c.ope.nha.ge.nA. 

cuv.:.bta£-W 
pomona. 

ba.ta.v.i..a.e. 

a.utumna£-W 
pyJr.oge.nu 2 4  4 8  
gJr.-i.ppotypho.oa. 9 6  4 8  
ba.ic.a.n.-i.c.a. 3 0 7 2  1 5 3 6  

* Re c i p r o c a l  o f  t i t r e  

5 1 . 

S S - 1 0  

3 0 7 2  

1 5 3 6  
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o f  th e h o gge t f l o ck s . Th i s  g ive s a c u l ture-po s i t ive 
preva l en c e  o f  f i v e  p e r c en t  for an ima l s  of th i s  age group 
(Tab l e  3-5 ) . 

Th r e e  o f  the f i f t e en ( twen ty perc en t )  k i dneys f r om th i s  
pa r t i cu l a r f l o c k  o f  s h e e p  h ad l e p t o s p i r a l  organ i sms . The 
th r e e  i s o l a t e s  w e r e  i n i t i a l l y s e ro t y p e d  u s ing hyp e r immune 
s e ra wh i ch we r e  s u p p l i e d  by Cen t e r  f o r  D i s e a s e  C on t r o l , 
Un i t e d  S t a t e s  ( Tab l e  3-4) . They ind i c a ted th a t  a l l  thr e e  
i s o l a t e s  b e l on g e d  t o  the Hebdomad i s  s e r o group . Du r in g  
s e r o typ ing u s i n g  t h e  hyp e r immune s e r a , t i t r e s  w e r e  a l s o  
ob ta ined to a few o f  the o th e r  s e r a , b u t  the s e  w e r e  l ow and 
we r e  th e r e fo r e  c on s i d e r e d  as cr o s s - r e a c t i ons . 

TABLE 3 -5 : PERCE NTAGE OF THE KIDNEYS EXAMINED CULTURALLY 
POS I T I VE TO LE PTOSPIRAL I NFE CTION . 

S OURCE NO . OF KIDNEYS POS ITIVES PE RCE NTAGE 
EXAMINED P O S I T IVE 

Lamb s ( 4  f l o c k s ) 60 k i dneys 0 0 

Hogge t s  ( 4  f l o ck s )  60 k i dneys 3 5 

Ewe s ( 4  f l ocks ) 60 k i dneys 0 0 

T o t a l  ( 1 2  f l o c k s ) 1 80 k i dneys 3 1 . 7  

Rabb i t  hype r immun e  s e r a  we r e  p r e p a r e d  again s t  e a c h  i s o l a t e  
(Ap p end i x  V )  and the s e  hyper immune s e r a toge the r  w i th 
cu l tu r e s of the s t r a ins i s o l a t e d , w e r e  s en t  to the WHO 
Le p t o s p i r a  Re f e r e n c e  Lab o r a tory , C e n t e r  for D i s e a s e  C on t ro l , 
U . S . A .  for s e r ov a r  i d en t i f i c a t i on u s �ng the c r o s s  
a g g l u t i n in-ab s o r p t ion t e s t s . Th e t e s t s we �e p e r fo rmed b y  
M s  K .  S u l z e r  and the i s o l a t e s  were sh own t o  b e  Lepto�p�a I 
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�� oga� s e r ovar �djo . Th e s e  a r e  b e l i eved t o  b e  th e f i r s t 
i s o l a t ions o f  s e rovar h�djo f r om natu r a l l y  in fe c t e d  s h e e p  
i n  New Z e a l and . 

As a ma t t e r  o f  i n t e r e s t , the i s o l a t e s  were a l s o  s e r o t y p e d  by 
th e r e s t r i c t i on endonu c l e a s e  ana l y s i s , a me thod deve l o p e d  
by Mar sha l l  � t al , ( 1 9 8 1 ) . E s s en t i a l l y ,  t h e  me tho d  
c o n s i s t s  o f  e x t r a c t ion o f  DNA f r om a homo genou s popu l a t i on 
o f  l ep t o s p i r e s ,  d i ge s t i on o f  t h e  DNA .wi th a r e s t r i c t i on 
endonu c l e a s e  and e l e c t r opho r e s i s  of the d i ge s t e d  DNA in an 
a ga r o s e  ge l .  By th i s  m e t h o d , i t  wa s shown th a t  a l l  th r e e  
i s o l a t e s  w e r e  L�pt0-6pVut �l'tt.VU!.oga� s e r ovar ha.Jtdjo (Figures 

3 - 2  and 3 - 3 ) . 

O f  the thr e e  i s o l a t e s , on l y  one o f  them ( 5 - 7 ) o r i g in a t e d  
f r om an an ima l w i th a t i t r e  t o  t h e  h�djo an t i gen . Th i s  
an ima l had a t i t r e  o f  1 : 1 5 3 6  t o  s er ovar ha.Jtdjo and 1 : 3 0 7 2  t o  
s e r ovar balcan�c� Th i s  i s  ind i c a t ive o f  current o r  r e c e n t  
l e p t o s p i ra l i n fe c t i on .  The s e rum c r o s s - reac t e d  w i th 
s e r ovar pomona. an t i gen ( 1 : 2 4 )  a nd s e rova r bali.um an t i gen 
( 1 : 48 )  (Tab l e  3 - 6 ) . Th e o th e r  two i s o l a t e s  o r i g ina t e d  
f r om an ima l s  w i th n o  t i t r e s  t o  s e rovar ha.Jtdjo . Th e two 
i s o l a t e s  e i th e r  c ame f r om an ima l s  i n f e c t ed mu ch e a r l i e r  
bu t hav ing p e r s i s t e n t  r e n a l  i n fe c t ion o r  from an ima l s  w i th 

very r e c en t  i n f e c t ion i n  wh i ch t i t r e s  had no t y e t  b e en 
e s t ab l i she d . I t  i s  mo r e  l ike l y  tha t the two anima l s  we r e  
r e c en t ly in f e c t e d  and th a t  t h e i r  t i t r e s  were no t e s t ab l i s h e d  
y e t . A s  d i s cu s se d  i n  Ch a t e r  Two , i n fe c t ion genera l l y 
o c c u r r e d  w i th in th e h o gge t s  and i t  i s  exp e c t e d  th a t  i f  th e r e  
a r e  any i s o l a t e s , they wou 1. d b e  from the hogge t s  a s  1 n  th e s e  
c a s e s . 

The i s o l a t e s  we r e  av i ru l en t  t o  h ams t e r s  a s  they d i d . no t k i l l  
w e an l ing h ams t e r s  w i t h i n  t h re e  weeks . Th e s e ra ob t a i n e d  
f r om 

'
th e s e  h ams t e r s  gave t i t r e s  o f  1 : 1 9 2  t o  1 : 7 6 8  t o  s e r ov a r  

�djo ( Tab l e  3-7 ) . A l l k i dne y s  f r om the hams t e r s  w e r e  
c u l tur a l l y  p o s i t ive f o r  l e p t o s p i r a l  o r gani sms . 



FIGURE 3-2 : Res t r i c t ion endonuc lea� ana l y s i s  o f  one 
( S S - 7 ) o f  the i s o lates  and the seven 
serovars  that have been i s ol ated in New 
Zea l and . From l e f t to r i gh t : .ea.mbda., 
ba-Uum , sheep ha.Jtdjo i s o l a te ( S S - 7 )  
ha.Jtdjop�a.j�tno , balQa.n�Qa. , Qopenha.ge� , 
CUL-6Vz.a..t.-i..-6 , :t.o.Jro..-6.6ov� and pomo n.a. .  
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TABLE 3 - 6 : THE SE ROLOG I CAL AND C ULTURAL PREVALENCE OF SHEEP 
IN FLOCK NUMBER F I VE 

AN IMAL ID SEROLOGY CULTURE S 

•-.( � 
� • -.(  � -� C) :::> CYl 

• -.(  0 � � 0 � � -q E � . ...... � � � 
� .t$ "1j C) 0 � 

� � E � Q.. � 0 0 
� -0 Q.. -0 C) 

S 5 - 1  
S 5 - 2  
S 5 - 3  
S 5 - 4  
S 5 - 5  
S 5 - 6  
S 5 - 7  1 5 3 6 ;'; 3 0 7 2  2 4  4 8  2 4  + 

S 5 - 8  4 8  
S 5 - 9  + 

S 5 - 1 0  1 9 2  2 4  + 

S 5 - 1 1  4 8  4 8  
S 5 - 1 2  
S 5 - 1 3  1 9 2  
S 5 - 1 4  
S 5 - 1 5  
S 5 - 1 6  ND 
S 5 - 1 7  ND 
S 5 - 1 8  ND 
S 5 - 1 9 ND 
S 5 - 2 0  ND 

-:� Re c i p r o c a l  o f  t i t r e  
ND No t done 



F IGURE 3 - 3 : Re s t r i c t i on endonu c l e a �  ana l y s i s  o f  the 
three sheep  haAdjo i s o l a t e s  and f ive 
d i f fe r en t  s e rovars of t h e  Hebdomad i s  
s e rogroup . F r om l e f t  t o  r i gh t : .tambda , 
hae.mofytic.a , me.dan.e.M-0.. , ).)zwaj-<.zak. , he.bdomad-0.. , 
fvte.mM.to).) , s h e e p  haAdjo i s o l a t e s  S5 - 7 ,  
S5 - 9  and S5 - 7 0 .  
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TiillLE 3 - 7 : THE SEROLOG ICAL AND C ULTURAL STUD I E S  OF HAMSTERS 
B E I NG INFECTED W I TH THE OV INE HARDJO I S OLATES 

SEROLOGY 

HAMS TER ANT I 
I S OLATE S E RA 

S 5 - 7  

S 5 - 9  

S 5 - 1 0  

CULTURE S 

a .  
b .  

a .  
b .  

a .  
b .  

�·, 

ANT IGENS 

3 844"'' 3 8 4  9 6  
1 9 2  1 9 2  

7 6 8 7 6 8  
1 9 2 1 9 2  

3 8 4  3 8 4  
3 8 4 4 8  

Re c i p r o c a l  o f  t i t r e  

(Hams t e r  k i dneys �n J S  med i a ) . 

WEEK OF INCUBAT I ON 
1 s t  2nd 3 r d  4 th 5 th 

S 5 - 7  a .  + + + + 

b .  + + + + 

S 5 - 9  a .  + + 

b .  + + + 

S 5 - 1 0  a .  + + + + 

b .  + + + 

+ Po s i t ive f o r  l e p t o s p i ra l organ� sms 
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The numb er o f  c u l ture-po s i t ive s 1 s  t o o  sma l l  t o  d e d u c e  a 
corre l a t ion b e twe e n  s e r o l o g i c a l  and c u l tural p r e va l en c e  o f  
sheep t o  l e p to s p i r a l  i n fe c t i on .  I n  t h e  f l ock ( S S )  from wh ere 
the i s o l a t e s  o r i g i n a t e d , the s e r o l o g i c a l  preva l enc e of s h e ep 
to h�djo inf e c t i o n  i s  t en p e r c en t wh i l s t  the cu l tu r a l  
preva l an c e  o f  th e s ame an ima l s  t o  s e r ovar h�djo i s  twen t y  
p e r c en t . 

DIS CUSSION 

Lep t o s p i r e s  a r e  s l ow- growing organ i sm s  hav ing a gen e r a t i on 
t ime of approx ima t e l y 24 hours at 3 0°C ( J ohn s on and Roge r s , 
1 9 64) . The c omb in a t ion o f  th i s  s l ow g rowth and the 
requ i r emen t for a r i ch me d ium at a n e u t ra l  pH , p r e d i s p o s e s  
the cu l t iva t i o n  o f  l e p t o s p i r e s  t o  p r o b l ems o f  c on t amina t i on .  
Th i s  i s  pa r t i cu l a r l y  true wh en a t t emp t ing to i s o l a t e  
l e p t o s p i r e s  f r om n a tura l s ou r c e s . Va r ious me th o d s  have b e en 
deve l op e d  to d e t e c t l e p t o s p i r a l  i n f e c t ion bu t c u l tu r a l  
propaga t i on i s  s t i l l  the mo s t  re l i ab l e  me thod ava i l ab l e . 
Th e r e  a r e  howev e r ,  fac t o r s  wh i ch may a f f e c t  the s u c c e s s r a t e 
o f  the c u l tur e p r o c edure . S ome o f  t h e s e  are l i s t e d  b e l ow :  

a )  f a s t i d i ou s  r e qu ir emen t s  o f  the l ep t o s p i r a l  o r gan1 sms , 

b )  the sma l l  numb e r s  o f  o r gani sms i n  the t i s s u e  or u r ine 
s amp l e s , 

c )  t h e  t ox i c  e f f e c t s  o f  t i s s ue o r  u r 1ne c ompone n t s  on t h e  
l ep t o s p i r e s ,  and 

d) c u l tura l c o n t amina t i on from o th e r  organ 1 sms 1n t h e  
s amp l e s . 

In th i s  s urve y , 3 . 8  ( 2 7 / 7 2 0 )  p e r c e n t  o f  the cu l t ur e s  we r e  
con t amina ted , b u t none o f  the k i dne y s  were d i s c oun t e d  f r om 
the s u rvey . I f  mo r e  than two o f  the f our cu l tu r e s  o f  any 
k i dney s amp l e  a r e  c o n t amin a t e d  then t h a t  k i dney i s  d i s c oun t e d  
from the surv e y . 
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Th e r e su l t s  f r om th i s  c u l tura l e xamina t i on showed th a t  
s e r o l o g i c a l  t e s t s , s u c h  a s  the MAT , are by thems e lve s n o t  
su f f i c ient t o  c o n f i rm a l e p t o s p i r a l  inf e c t i on . A s  i n  the s e  
c a s e s , two o f  the anima l s  were hav i ng ha.Jtdjo or gan i sm s  �n the i r  
k i dn eys h a d  no d e t e c t ab l e  t i t r e s t o  s e rovar ha.Jtdjo· Th i s  
a l s o  ind i c a t e s  t h e  n e e d  wh en carry ing ou t s e ro l o g i c a l  
surveys t o  u s e  a s u f f i c i e n t l y  l ow s e rum d i lu t i on a s  p o s i t iv e  
t o  d e t e c t any l eve l o f  an t ibody wh i ch m i gh t ind i c a t e  i n f e c t i on . 
O th e rwi s e , in f e c t ion r e su l t ing in l ow t i t r e s  w i th o r  w i th o u t  
r en a l  in fe c t i on c an b e  mi s s e d  and thereby g �ve a f a l s e  
impr e s s ion o f  t h e  d i s e a s e  in the f l ocks . 

S ome o f  the b a c t e r i a l  c o n t aminan t s  and a r t i fa c t s  a pp e ar e d  
ve ry mu ch l ik e  l e p t o s p i r e s  and c an b e  e s p e c i a l l y c on fu s ing 
i f  they are mo t i l e  o r  b e ing move d  by brown i an movemen t .  
Lep t o s p i r e s  a r e  s l en d e r  ( 0 . 1  x 6 . 0  urn) or gan i sms and a r e  
char a c t e r i s ed b y  v e ry a c t ive " s p inning" f l exuous mo t i l i ty 
and u sua l l y h a v e  a hooked end . ( J ohn s on and S i e t e r , 1 9 7 7 ) . 

Ini t i a l l y , i t  i s  qu i t e d i f f i c u l t  t o  d i f f e r en t i a t e  b e twe en 
the con t aminan t s  and t h e  l e p t o s p i r e s  bu t a f t e r  g a i n i n g  
e xp e r ienc e , t h e  l e p t o s p i r a l  organi sms c an qu i t e r e ad i l y b e  
i d en t i f i e d  by the c h ar a c t e r s  d e s c r ibed ab ove in dark f i e l d  
rn� c ro s copy . 

B l a ckrnore e �  a l , ( 1 9 7 6 )  c u l t ur e d  and e xamine d by dark f i e l d  
rni c r o s copy 2 8  s h e e p  k i dn e y  horno gen a t e s . No ev i d en c e  o f  
i n fe c t ion wa s s e en d i r e c t ly a l though f iv e  o f  th e i r c u l tur e s  
we r e  found t o  c on t a in organi sms . Un for tuna t e l y , none o f  
the s e  cu l tu r e s we r e  s e r o typ e d  b e c au s e  o f  the i r  p o o r  growth . 

P r ev iou s s tud i e s  f a i l e d  t o  i s o l a t e  s er ovar h�djo f r om s h e e p  
and th i s  may b e  d u e  i n  p a r t t o  d i f f i c u l t y  o f  i s o l a t i on w i t h  
t h e  then ava i l ab l e  c u l t u r e  med i a  a n d  me thodo l o gy , r a th e r  
than a c tua l a b s en c e  o f  i n fe c t i on in t h e  s h e e p  p o pu l a t i on . 
I t  i s  no t e d  t h a t  s e rovar h�djo i s  d i f f i c u l t  t o  g r ow i n  
c u l ture , e s p e c i a l l y  dur ing the in i t i a l  adap t a t i on f r om the i r 
na tural env i ro nmen t t o  c u l ture . On s ev e r a l  o c c a s s i on s  �n 
th i s  survey , t h e  i s o l a t e s  dwind l e d  from a den s e  c u l t u r e  to a 
few organ i sm s  for no apparen t r e a s on .  

. I 
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Th e i s o l a t i on o f  l e p t o s p i r e s f r om k i dney s th e r e fore 
demand s  a med ium in wh i ch g r ow t h  f r om sma l l  i n o c u l a  can b e  
e f fe c t iv e l y  i n i t i a t e d . As a r e s u l t  o f  exten s i v e  nu tr i t iona l 
s tu d i e s  on the l e p t o s p i r e s , med i a  have b e en f o rmu l a t e d  tha t 
me e t  t h e  above r e qu i remen t s . 
( App end ix IV ) h a s  b e e n  found 
i s o l a t i on of l e p t o s p i r e s  f r om 
Good r e su l t s  w e r e  ob t a ined by 
ana l o q u e  5 - f lu o r our a c i l  ( 5 F U )  

I n  our l abor a t o ry , J S  me d ium 
t o  b e  very sui t ab l e  for th e 

n a t u r a l l y inf e c t e d an ima l s . 
a d d i n g  the pyr imid ine 
t o  t h e  me d i a . Th i s  s e rve s  

t o  c on t ro l  th e ove r g r owth o f  many b a c t e r i a l  c on t aminan t s , 
thu s enhan c ing the e s t ab l i s hmen t o f  the l ep t o s p i r e s  in the 
c u l ture me d ium . 

As hyp o th e s i s e d  i n  Chap t e r  Two , i n fe c t i on i s  p i cked up by 
the anima l s  genera l l y a f t e r  the a ge o f  s i x mon th s , that � s , 
a f t e r  the an ima l s  a r e  we ane d  and d e p r i ved o f  p a s s ive 
p ro t e c t i on through inge s t i on of c o l o s t rum .  C a r t e r  and 
C o r d e s ( 1 9 80) r e p o r t e d  a s im i l a r f in d in g  in wh i ch i n fe c t ed 
fema l e  r a t s  we r e  unab l e  to in f e c t th e i r youn g and one 
r e a s on g�ven wa s b e c au s e o f  c o l o s t r a l  ant ibod i e s  c on f e r r in g  
p a s s ive p r o t e c t ion o f  l on g  dura t i on . In th i s  c u l t u r a l  
surve y , a s  e xp e c t e d , t h e  t h r e e  i s o l a t e s  w e r e  i s o l a t e d  from 
hogge t s . The p a thogene s i s  o f  l e p t o s p i r a l  inf e c t i on appears 
t o  b e  tha t in f e c t e d an ima l s  f i r s t  b e c ome l e p t o s p i r a emi c , 
then d eve l o p e d  t i t r e s  t o  t h e  o r ga n i sms , the o r gani sms 
b e c ome e s t ab l i shed i n  the k i dn e y s  and c on s e q u en t l y , the 
i n f e c t e d  an ima l s  b e c ome l e p t o s p i ru r i a . 

I t  h a s  been s h own by Web s t e r  and Reyno l d s  ( 1 9 5 5 ) and Mo r s e  
( 1 9 5 7 )  th a t  l e p t o s p i ru r i a  in s h e e p  due t o  s e r ovar pomorut 

l a s t s  approxima t e l y two mon th s . S e rovar �djo i s  l e s s  
v i r u l e n t  t o  sheep than s e rovar pomo� .  i t  i s  t h e r e f o r e  
p o s t u l a t e d  th a t  s e r ovar ha4djo i s  b e t t e r  adap t e d  t o  s h e e p  
than s e rovar pomorut a n d  c o n s e q u en t l y ,  t h e  l e p t o s p i rur i a  
wou l d  be mu ch l onge r . Th e ab i l i ty t o  d eve l op t h e  rena l 
c a r r i e r  s ta t e i s  c on s i d e r e d  t o  r e p re s en t  a h i gh d e gr e e  o f  
adap t a t i on o f  ho s t  and p a r a s i t e t o  one ano th e r . The l ength 
and i n tens i ty o f  l e p t o s p i ru r i a  i n  s h e e p  ha s t o  b e  e s t ab l i sh e d  
and un t i l  then , t h e  ro l e  o f  s h e e p  i n  t h e  e p i d em i o l o gy o f  
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l ep t o s p i r o s i s  c anno t b e  d e f ined . 

K i dn e y  in f e c t ion and l e p t o s p i rur i a  1n exper imen t a l l y 
inf e c t e d  sheep due to s e r ovar ha.Jtdjo h ave been shown by 
Ha thaway and Ma r sha l l  ( 1 9 7 9) to be r e a d i l y e s t ab l i shed . How
eve r , S u l l ivan ( 1 9 5 2 ) in Au s t ra l i a  showe d on l y  a tran s i e n t  
l e p t o s p i rur i a  i n  h i s  e xp e r imen t a l l y in fe c t ed sheep wi th 
s e r ova r h.a.Jtdjo . I t  h a s  b e en no t e d  t h a t  s erova r ha.Jtdjo h a s  a 
surp r i s i n g l y  r e s t r i c t e d  h o s t  range and i n fe c t i on i s  
v i r tu a l l y l imi t ed t o  c a t t l e  wi th o c c a s s i ona l a c c iden t a l  
transm i s s i on t o  man . Cu r r en t l y , t h e  on l y  evi dence o f  ha.Jtdjo 
i n fe c t i on o f  f e r a l  an ima l s  i s  a s p orad i c  inc i d ence in f e r a l  
goa t s  ( S cho l l um and B l a c kmo re , 1 9 8 1 ) . 

S e r o v a r  ha.Jtdjo h a s  been f r e quen t l y r e p o r t e d  in c a t t l e  from many 
. I par t s  o f  the wo r l d  (Mi l n e r e t  �t , 1 9 8 0 ) , (Mi t ch e l l  e t  �t , 

1 9 60 ) , ( Gordon 1 9 7 9 ) , ( Hu s s a in e t  �t , 1 9 7 8 )  and r e c en t l y , 
the i s o l a t i on o f  s e rovar ha.Jtdjo o r g an i sms from sheep wa s 
repo r t e d in Au s t ra l i a ( G o r d on , 1 9 80 ) . In New Z e a l and , the 
i s o l a t i on of s e r ovar h a.Jtdjo has on l y  been repo r t e d from c a t t l e  
( Lake , 1 9 7 3 ) , man ( Ch r i s tma s e t  � i  1 9 74 )  and f e r a l  goa t s  
( S ch o l l um and B l a ckmo r e ,  1 9 8 1 ) . A l though s e r o l o g i c a l  
ev i d e n c e  o f  i n f e c t i on h a s  b e en r e c o r d e d  i n  sh e ep ( Ri s , 1 9 7 5 ) , 

i t  i s  o n l y  in th i s  p r e s en t  surv e y  th a t  s e r ovar ha.Jtdjo 
or gan i sms have b e en c onc l u s ive l y  d emon s t r a t e d  from sheep in 
New Z e a l and . 

Th i s  c u l tu r a l  survey c on f i rmed t h e  p r e s ence o f  s e rovar h.a.Jtdjo 
infe c t i on in sheep in New Z e a l and and h a s  drawn a t t en t i on t o  the 
p o s s ib i l i ty of sheep a s  a ma i n t en an c e  h o s t  for s e r ovar ha.Jtdjo 
and to the p o s s ib l e  ro l e  o f  s h e e p  i n  the e p i d emi o l o gy o f  
the i n f e c t ion . 

Th e i s o l a t ion o f  s e r ovar haltdjo f r om s h e e p  and the 
demon s t r a t i on o f  a h i gh p reva l en c e  of sheep w i th l e p t o s p i r a l  
t i t r e s  s u g g e s t  th a t  l e p t o s p i ra l i n f e c t ion may b e  mor e  c ommon 
in s h e e p  in New Z e a l and than ha s b e en s u s pe c t e d . I t  
ind i c a t e s  tha t  sheep may c on s t i tu t e a p o t en t i a l  s ou r c e  o f  
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inf e c t ion f o r  o th e r  an ima l s  and man . Th e r e l a t iv e  
impor t an c e  o f  sheep a s  a ma in t e n anc e ho s t  or s h o r t  t e rm 
c a r r i e r  o f  l e p t o s p i r e s  has y e t  t o  be inve s t i g a t e d . 

Th e sma l l  numb er o f  i s o l a t e s  ob t a ined ind i c a t e s  tha t there / 

wa s a p o o r  c o r r e l a t i on b e tween i n fe c t i on and MAT t i t r e s . 
The ra t i o b e tween c u l ture-po s i t iv e  and s e ropo s i t ive anima l s  
i s  approx ima t e l y 1 : 1 0 .  The c u l t u r a l  preva l en c e  o f  sheep 
to h�djo i n f e c t ion wa s 1 . 7  p e r c e n t  wh i l s t  th e s e r o l o g i c a l  
p r eva l e n c e  wa s 1 9 . 6  p e r c en t . I n  th i s  p r e s e n t  s u rv e y , i t  
i s  sus p e c t e d  tha t the two s h e e p  w i th rena l i n f e c t i on but 
wh i c h  had n o  s e r o l o g i c a l  t i t r e s  h ad j u s t  b e c ome i n fe c ted 
and th a t  a me a surab l e  an t ibody l eve l had no t y e t  b e c ome 
e s t ab l i she d . 

Th e ove r a l l  l ow c u l tura l pr eva l en c e  o f  l e s s  than two p e r c e n t  
o f  t h e  s h e e p  in th i s  survey t o  l e p t o s p i r a l  i n f e c t i on may 
be t aken a s  a n  ind i c a t i on tha t s h e e p  a r e  no t a ma i n t enan c e  
ho s t  f o r  s e r ovar h�djo i n  New Z e a l and . A ma i n t e n an c e  h o s t 
i s  d e f in e d  a s  an an ima l wh i ch i s  c apab l e  o f  a c t in g  a s  a 
na tura l s ou r c e  o f  i n f e c t ion for i t s own s p e c i e s  ( B l a ckmo r e  
and Ha th away , 1 98 0 ) . T o  b e  a ma i n t enan c e  ho s t , the an ima l s  
have t o  d emon s t r a t e  the f o l l ow i n g  charac t e r s : 

a )  H i gh s u s c ep t ib i l i t y t o  i n f e c t i on , th a t  l s , l ow in fe c t ive 
do s e , 

b )  Low p a th o geni c i ty o f  the s e r ovar for the h o s t ,  

c )  Long t e rm k i dney i n f e c t i on a n d  sub s e quen t l y , l on g  
per i o d  o f  l e p t o s p irur i a , and 

d) Natur a l  t r ansmi s s i on w i th in the h o s t  s p e c l e s . 

From th i s  s ur v ey , the r e fo r e  i t  i s  no t p o s s ib l e  t o  d e t e rmine 
whe ther or n o t  sheep are a ma i n t e nan c e  h o s t  for s e r ovar 
h�djo . Th e o n ly fea ture wh i c h  s e ems to b e  d i s c l o s e d from 
th i s  survey i s  tha t s e rovar �djo app e a r s  t o  b e  o f  l ow 
p a thogen i c i ty for sheep . The t h r e e  i s o l a t e s  a r e  a l l  der ived 
from app a r en t l y h e a l thy an ima l s . 
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Mor s e  et a� ( 1 9 5 7 ) hou s e d  in f e c t e d  s h e e p  in t h e  s ame p e n s  
a s  h e a l thy sh e e p , th i s  d i d  no t r e su l t 1n transmi s s i o n  o f  
inf e c t ion t o  the i n - c on t a c t an ima l s . I t  app e a r s  tha t s h e e p  
gene ra l l y s h e d  f ew e r l e p t o s p i r e s  in th e ir ur ine and o f t en 
s p ora d i c a l l y . Th i s  th ere fore wou l d  l e s s en th e r i s k o f  
t r an smi s s i on f r om s h e e p  t o  s h e e p  ( in t r a - s p e c i e s  t r ansmi s s ion) . 
I t  h a s  b e e n  shown i n  one inve s t i ga t i on b y  B l a ckmo r e  et a� 

( 1 9 7 6 )  tha t s h e e p  d i d no t c on t r ibu t e  t o  bovine o u t b r e ak s . 
Even i f  s h e ep t o  s h e e p  t ransmi s s i on d o e s  occur th e y  a r e  
unl ike l y  t o  b e  imp o r tant r e s e rvo i r s b e c au s e  o f  th e i n t e r
mi t t ent na ture and shor t dura t ion o f  l e p to s p i ru r i a  ( s ma l l  numbers 
of o r gani sms shed and sma l l v o l ume of u r ine ) . C a t t l e  mu s t  
s t i l l  b e  c on s i d e r e d  the ma j o r s ou r c e o f  hMdjo i n f e c t ion 
b e c au s e  of the v o l ume of th e i r  ur ine and the e x t e n t  and 
dura t i on o f  l ep t o s p i ru r i a . 

I f  sheep a r e  no t a ma int enan c e  ho s t  f o r  s e rovar haAdjo, t h e n  
t h e  in f e c t ion i n  s h e e p  i s  b ound t o  b e  f r om c a t t l e  wh i ch h ave 
b e en p r ov e n  t o  be a ma in t enance h o s t for s e rova r haAdjo . 
Fur th e rmo r e , s h e e p  and c a t t l e  o f t en g r a z e  th e s ame p a s t u r e s  
and th e p o s s ib i l i ty o f  i n t e r - s p e c i e s  t r ansmi s s i on i s  e a s i ly 
unde r s t o o d . 

Becau s e  o f  the l ow c u l tu r a l  p r eva l e n c e  o f  l e p t o s p i r e s  1 n  
sheep i t  c an b e  in t e rpre t e d  t h a t  t h e y  a r e  un l ik e l y  t o  b e  a 
ma int enan c e  ho s t  f o r  s e r ov a r  haAdjo i n  New Z e a l an d . Howe v e r , 
the one f l o ck f r om wh i c h  s h e d d ing an ima l s  we r e  found h a d  a 
twenty p e r c en t  c u l t u r a l  p r eva l en c e  o f  sheep t o  l e p to s p i r a l  
infe c t i on . Th i s  s hows th a t  under c e r t a in c i r c um s t an c e s  i t  
i s  p o s s ib l e  for a h i gh p r op o r t ion o f  s h e ep w i th in a f l o ck 
t o  b e  s h e d d e r s . The r e fo r e , g iven t h e  r i gh t  c o n d i t i on s , 
sheep cou l d  h e l p  t o  main t a i n  hMdjo i n fe c t ion . 

C O N CL USI O N  

1 .  Th i s  i s  b e l i ev e d  t o  b e  the f i r s t  r e p o r t  o f  n a t ura l l y
o c cu r r 1 n g  haAdjo i n fe c t ion i n  s h e e p  i n  New Z e a l an d . I t  
c on f i rmed the b e l i e f  ( Ch ap t e r  Two ) that s e rovar haAdjo 

i s  the ma j o r s e r ovar a f fe c t ing s h e e p . 
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2 .  The cu l tura l preva l enc e o f  shee p  to l e p to s p i r a l  

infec t ion 1 s  l e s s  than two ( 3 / 1 80)  percent . Th i s  

indica t e s  tha t  sheep are  not  a s igni fi can t sourc e o f  

infec t i on and thereby , no t a na tural  ma in t enance ho s t  

for serovar haAdjo or any o ther  s e rovar s .  

2 .  Al l the f l ocks  o f  sheep , w i th one exc ept ion , wer e  

c u l tura l ly negat ive t o  l e p t o s p i r a l  infect ion . The one 

f lock wi th p o s i t ive c u l ture s to l ep to s p iral infe c t ion 

demons tra t e d  tha t  i t  i s  p o s s ib l e  to ge t a h i gh number  

of  sheep wi th in a f lock shedd ing lep tospiral  organ1 sms . 

4 .  I t  wa s shown tha t  hogge t s  were  the important age  group 

of anima l s  shedd ing l ep to s p i r e s  and i t  is suspe c te d  

that infec t ion i s  ma inly p icked  u p  by anima l s  i n  th i s  

age group . 

5 .  There was a poor c o r r e l a t i on b e tween the cul tur a l  ( two 

percen t )  and the s er o l og i c a l  ( 1 9 . 7  percen t )  preva l ence 

o f  sheep to  l e p t o s p i r a l  i n fe c t i on on compar ing the 

two survey s .  
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CHAPTER FOUR  

AN EPIDEMIOLOGICAL STUDY OF LEPTOSP I ROS I S  DUE TO 

LEPTOSPIRA INTERROGANS SEROVAR HARDJQ I N  A PARTICULAR 

FLOCK OF SHEEP 

S inc e the ou tbreaks o f  l e p t o s p i ro s i s  in sheep rec orded by 

Har t l ey ( 1 9 5 2 )  and Web s t e r  and Reyno lds  ( 1 9 5 5 ) in the 1 9 5 0 ' s ,  

the re  were  no repor ts  o f  maj or c l inical  l ep to s p i ro s i s in 

sheep in  New Z e a l and . F r om 1 9 74 to 1 9 7 9 , on l y  5 3  c a s e s  o f  

l ep t o s p i r o s i s  were recorded  by  the Anima l Hea l th D iv i s i on ' s 

s ix d ia gno s t i c labora tor i e s  ( Chr i s t iansen , p e r . c ornm . ) .  

Twen ty two o f  the s e  c a s e s  were  d iagno sed  on c l in i c a l ly norma l 

sheep wh i l s t  the re s t  wer e  a s s o c ia ted wi th var iou s c l in i c a l  

s 1 gns . Mo s t  o f  the c a s e s  were  d iagno s e d  by  the  mere  

presence  of  s e rum ti tre s t o  l ep t o s p i res . Thr e e  s erovars 

we re s er o l o g i c a l ly iden t i f ied and they were s erovars pomona, 
hakdjo and QOpenh�gen{ , 

S e rovar pomona has  been r e cogn i s e d  as  the ma j or s erovar 

a f fec t ing sheep in New Z e a l and . R i s  ( 1 9 7 5 )  showed tha t  the 

maj o r i ty o f  sheep he exam ined had agglut ina t ing ant ibod ies  

to s er ovar haAdjo . In  Cha p t e r  Two , i t  was s imi l ar ly shown 

tha t the maj o r i ty o f  the s eropo s i t ive sheep had  p o s i t ive 

t i tr e s  to s erovar haAdjo . I t  cou l d  have been tha t  serovar 

haAdjo  has  been a f fe c t ing sheep for  some t ime in New Zealand , 

but  b e c au s e  o f  the occu l t  or inapparent infe c t ion by serovar 

haAdjo , i t  was probab ly no t d ia gno sed  or repo r ted . 

In the  preceed ing chap t er s , i t  h a s  been shown s ero logic a l ly 

and b y  c u l tur a l  i s o l a t ion tha t s erovar haAdjo i s  the s erovar 

r e spons ib l e  for  mo s t  o f  the l e p t o s p iral  infe c t ion in sheep . 

Near l y  twen ty percent o f  the sheep examined had  agglu t ina t ing 

an t ib o d i e s  to s erovar hakdjo . Aggl u t inat ing ant ib o d i e s  to the 

o th e r  s ix s erovars  made up on l y  a sma l l  por t i on o f  the 

pos i t ive t i t r e s . 
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Dur ing inve s t i ga t i on s  in to the s e r o l o g i c a l  and c u l tural 

preva l ence of  sheep to  l ep t o s p i r a l  infe c t ion ,  thre e i s o l a te s  

o f  serovar ha.Jtdjo were  ob ta ined from a f l ock o f  h o g ge t s  making 

the cul tura l  preva l ence o f  sheep  in th i s  f lock t o  s erovar 

ha.Jtdjo i n fe c t i on , twen ty percen t . Thi s  f l ock o r i g inated from 

a farm in Wa i tuna We s t  in the Manawa tu . Th i s  wa s the only 

farm having an ima l s  w i th po s i t ive rena l infec t ion to 

leptos p i re s . 

The i s o l a t i on o f  s er ovar ha.Jtdjo organ1 sms from th i s  f l o ck o f  

hogge t s  promp te d  t h e  present  inve s t iga t ion and i t  wa s dec ided 

to  examine the farm and i t s  sheep fl ock in gre a t er d e ta i l s . 

AIMS 

The ma 1n a 1m o f  th i s  pre s en t  inve s t iga t ion wa s t o  exam1ne 

the epidem i o l ogy o f  l ep tos p i r a l  infe c t ion in a f a rm where a 

few o f  the sheep have been proven to have renal  i n fec t ion 

due to s e rovar ha.Jtdjo Some o f  the ob j ec t ive s o f  the 

inves t i ga t i on we re : 

1 .  To exam1ne the d i s t r ibu t i on o f  agglu t ina t ing ant ibod i e s  

among the thr e e  a g e  group s o f  sheep on t h e  f a rm and 

whe th e r  they  c on formed to the s e r o logica l p a t t ern 

ob s e rved  in Chap ter Two . 

2 .  To s tudy the dynami c s  o f  the infe c t ion 1n th i s  popu l a t ion 

o f  sheep . 

3 .  To a s s e s s  the infec t i on ,  whe ther i t  was a s po r a d i c  or an 

endem i c  one . 

4 .  To c ompare the s ero log i c a l  and c u l tural f ind ings . 

5 .  To f ind  out  whe ther there we re any animal s  s hedd ing 

lep t o s p ir a l  organi sms in the i r  ur ine ( l ep t o s p i rur i c ) . 



6 7 ,  

MAT ERIALS A N D  M ET H O D S  

The fir s t  s amp l ing o f  she ep from th i s  par t icu l ar farm 

( Farm No S S )  was done on 5 Apr i l , 1 9 7 9 a t  the Fre e z ing Works 

in F e i l d ing . Twenty b lood s amp l e s  were c o l l e c te d  �n 

unive r s a l  b o t t l e s  from a l ine of 1 05 hogge ts  s en t  for 

s l augh t er at the Fre e z ing Work s . F i f t een kidneys  were ob t a ined 

from the carca s e s  of  the an ima l s  whose  b lood were s amp l e d . 

Arrangemen t was made to c o l l e c t  an iden t i fied s e rum s amp l e  

and a k idney from the s ame anima l s . The b lood and kidney 

s amp l e s  were  imme d i a te l y  proc e s s ed on arriva l at  the 

l abora tory . 

Twenty two b lood s amp l e s  were c o l l ec ted from ano ther l ine o f  

th irty hogge t s  a t  the Fre e z ing Works in the s e c ond s amp l ing 

on 23 Ju l y , 1 9 7 9 . Th i s  s ec ond l ine was made up o f  cu l l e d  

anima l s  o r i g ina t ing f rom the s ame farm . 

On 25 November , 1 980  b l ood were  randomly samp l e d  from l ive 

sheep on the farm . U r ine s amp l e s  were ob tained from the 

anima l s  by encouraging them to  ur ina te  by ho l d in g  the mou th 

and no s tr i l s  f i rmly c l osed  w i th the hand s .  Th i s  is the 

me thod advoca ted by Webs ter  and Reynolds  ( 1 95 5 ) . 

The s tudy farm i s  s i tuated  in Wai tuna We s t  in the Manawa tu . 

The farm � s  l o c a te d  in  a predominan t l y  h i l ly area . The 

drainage on the farm var i e d  from we l l-drained areas  to p oor l y

drained areas  in c e r t a in par t s . Var i ed s ourc e s  o f  wa t e r  

s upp ly were ava i l ab l e  on t h e  farm ,  from t rough s and dams to  

s treams and mar she s .  

There were  approxima t e ly 1 1 , 000  heads o f  sheep on the f a rm in 

June , 1 9 7 9 . There  wa s no o th er s tock except for 8 8 0  head  o f  

b e e f  ca t t le . The s e  were ma ture s teers  wh ich u sua l ly run 

t oge ther w i th the s h e ep . 



Al toge ther 249  b l ood s amp l e s  and 9 5  ur1ne samp l e s  were 

ob ta ined from the sheep on the farm . 

6 1  b l ood s amp l e s and 1 6  ur 1ne s amp l e s  from l amb s , 

48 1 1  1 1  1 1  2 5  1 1  1 1  1 1  hog get!> ,  
1 40 1 1  1 1  1 1  54 " 1 1  1 1  ewes 

6 8 . 

Al l s e ra were s tored frozen un t i l  t e s ted by the micro s c o p i c  

agglu t ina t ion te s t  (MAT ) . Approp r i a te a l iquo t s  ( two drop s )  

o f  the ur ine s amp l e s  wer e  inoc u l a t e d  into semi-s o l id J S  med ia . 

Two c oncentra t i on s  o f  5 - f l uorourac i l  ( 200 mg /ml and 400 mg /ml ) 

were incorpora t e d  in the JS  med i a  t o  combat  bac t e r i a l  

con t aminat ion . Pre l iminary s tudy showed that med i a  wi thou t 

SFU were unsu i tab le  for c u l tur ing u r ine for l e p to s p i r a l  

organ i sms due to  contamina t ion ra t e s  tha t  re sul ted from 

the i r  use . 

The ur 1ne samp l e s  we re a l s o  examined by direc t dark f i e l d  

mi cro s copy for the pre s ence  o f  l e p t o s p iral organi sms . 

RESULTS 

Serum samp l e s  from the three age group s o f  sheep on the farm 

were tes ted for the pre s ence o f  a g g l u t ina t ing an t ibod i e s  to 

l ep to s p ire s . P o s i t ive t i tres  ( � 1 : 48 )  were ob ta ined from 

1 4 2  ( 5 7 . 0  percen t )  anima l s . O f  the s e  1 42 anima l s , 1 0 9  

( 43 . 8  percen t )  had pos i t ive t i tr e s  t o  s erovar hCVtdjo . . Only 

a sma l l  number of  anima l s  had agglu t inat ing an t ibod i e s t o  the 

o ther serovars  ( Tab l e  4- 1 ,  F i gure 4- 1 ) . 

There  were gre a t  d i f ferences  in  p r eva lence among the anima l s  

in the three age group s t o  lep t o s p i ra l  in fec t i on .  E xc e p t  

for a few rea c tors  to  s e rovar s ba..U.um and a..u.6Vta..Li.-6, a 1 1  the 

lamb s were nega t ive to l e p t o s p i r a l  infec t ion . Th i s  i s  in 

con tr a s t  to the preva l ence  in the hogge t s  and ewe s ( Tab le  

4-2 ) . S i gni f i c ant  increase  in p r ev a l ence among the  anima l s  

t o  Hebdomad i s  s erogroup infec t ion f rom the hogge t age group 

to the ewe age group was shown ( F i gure 4-2 ) . 



TABLE 4- ·J :  D I STRIBUT ION OF T ITRE S TO LEPTOSPIRAL ANT IGENS IN  A SEROLOGICAL SURVEY OF SHEEP FROM 
A STUDY FARM 

E-t E-t 
� .:X:  � .:X:  

en en � � 
en � � ES �  ES �  z > 
� H H Z H Z H 
� E-t E-t � E-t  � E-t  � 
H .:X: H U H '<I' U H CO  � 
E-t � 2 4  4 8  9 6  1 9 2  3 8 4  7 6 8  1 5 3 6  3 0 7 2  en O:: en N  O:: en '<�'  E-t z 
z � 0 � 0 . .  � 0 . .  ::<: � .:X: z 0.. 0.. 0.. ...-l 0.. 0.. ...-l � 

hcvtdj 0 1 0 7  3 3  5 2  4 1  1 3  2 1 - - 1 4 2  5 7 . 0  4 3 . 8  1 .  79  1 : 24 - 1 : 76 8  

ba..e.c.aM.c.a 9 7  1 4  4 6  5 0  3 1  7 3 1 1 1 5 2  6 1 . 0  5 4 . 4  1 . 13 0  1 : 2 4- 1 : 1 5 3 6  

Pomon.a. 2 3 2  1 2  3 2 - - - - - 1 7  6 . 8  2 . 0  l .  3 7  1 : 24 - 1 : 9 6 

:ta.Jc.M� 0 Vi 2 3 8  8 3 - - - - - - 11  4 . 4  1 . 2  1 .  3 1  1 : 24 - 1 : 2 8 

c.ope.n.hage.M. 2 4 5  1 2 - 1 - - - - 4 1 . 6  1 . 2  1 .  7 8  1 : 24 - 1 : 19 2  

ba.Uum 2 3 9  7 1 1 - 1 - - - 10 4 . 0  1 . 2  1 .  7 0  1 : 3 4 - 1 : 38 

ai.LJ.l:tJc.� 2 4 0  9 - - - - - - - 9 3 . 6  0 1 .  24  1 : 2 4 

(To t a l  sera  examined = 249 ) 

Q\ 
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TABLE 4-2 : THE PREVALENCE OF LEPTOSP IRAL INFECTION AND THE GEOMETRIC MEAN T ITRES  IN THE THREE 
AGE GROUPS OF SHEEP FROM A STUDY FARM ( TITRE S � 1 : 48 )  

hcvc.djo balc..a.VU.c..a. pomon.a. :taJr.M-6 0 V,(_ c..ope.n.ha.ge.n.-<. ba.llum a.MtJc.a£,{_).;, . 

LAMBS Preva lence - - - - - 3 . 3  

GMT - - - - - 1 : 7 2 

HOGGETS Preva l ence 3 5 . 4  43 . 8  4 . 2  - - 2 .  1 

GMT 1 : 1 64 1 : 2 9 3  1 : 7 2 - - 1 : 384 

EWE S Preva l ence 6 5 . 7  8 3 . 6  2 .  1 2 . 1  2 . 1  

GMT 1 : 8 3 1 : 1 04 1 : 64 1 : 48 1 : 9 6 

-....J 
'"""" 



F IGURE 4-2 : THE DYNAMICS OF THE HARVJO INFECTION IN THE STUDY FARM . 

, . sTUD
-
Y FARMU I 

1st Sampl ing 

( 5 . 4 . 79 )  

Hoggets 

Prevalence = 10% 

(ucENEllisuRVEYJ 
( 1 9 7 9 )  

S ign i f icant � 
( p= O . 0 1 )  

2nd Sampl ing 

( 23 . 7 . 79 )  

Hoggets 

Prevalence = 5 4 . 5% 

3rd  Sampl ing 

( 2 5 . 11 . 8 0 )  

.... Ewes 

Prevalence = 6 5 . 7 % 

s igni f icant 

( p=O . O O l )  

Ewes 

Prevalence 3 2 . 1% 

4 s ign i f icant 
( p=O . 0 0 1 )  

.. Sign i f icant 
(p=0 . 0 5 )  

Hoggets 

Prevalence = 3 5 . 4 % 

S ig n i f icant 

(p=0 . 0 5 )  

Hoggets  

Prevalence = 2 3 . 6 % 

-....J 
N 



7 3 . 

The overa l l  s erological  p r eva l en c e  o f  sheep  from Farm No. S S  

to  s erovar ha.Jr.djo wa s a s  f o l l ows : -

5 Apr i l , 1 9 7 9  Hogge t s  1 0  ( 2 / 20 )  percent s e ropo s i t ive 

2 3  Ju l y , 1 9 7 9  Hogg e t s  5 4 . 5  ( 1 2 / 2 2 )  percent seropo s i t ive 

2 5  November , 1 9 80 Lamb s 0 ( 0 / 6 1 )  percent s eropo s i t ive 

Hogge t s  3 5 . 4  ( 1 7 / 4 8 )  percent  s e ropo s i t ive 

Ewe s 6 5 . 7  ( 9 2 / 1 4 0 ) percent  s e ropo s i t ive 

None of the ur �ne s amp l e s  were p o s i t ive for l e p t o s p iral  organ

� sms when examined by d ir e c t  dark f ie l d  m i c r o s c opy or cul ture 

propagat ion . Thi s  ind i c a ted  tha t  e i ther  the anima l s  we re no t 

l e p t o s p i rur i c  or tha t  the number  o f  l ep t o s p i r a l  organ i sms �n 

the u r ine wa s too l ow to be de t e c t ed by e i ther proc edure . 

DISCUSSION 

The r e  were  on ly sporad i c  records  o f  sheep  wi th l e p t o s p iral  

infec t ion in  New Zea l and (Chr i s t ians en ,  per  c omm . ) and none 

whe r e  a l e p t o s p ira o f  the Hebdomad i s  s erogroup was i s o l a ted . 

S e r o l o g i c a l  surveys ( Ri s , 1 9 7 5 ) , ( Chap ter  Two ) have revea l ed 

a r e l a t ively h i gh number  o f  sheep in New Z e a l and had 

agg l u t ina t ing antibod i e s  to s e rovar haJtdjo . 

Res u l t s  from the s e r o l o g i c a l  examina t ion r eve a l e d  a h i gh 

preva l ence o f  agglu t inat i ng ant ibodie s  to the Hebdomad i s  

s e r ogroup i n  the sheep s amp l e d , wi th 1 09 ou t o f  the 249  

s e r a  (44 percen t )  p o s i t ive  to  s erovar haJtdjo ant i gen and 1 38 

ou t o f  the 249  s era ( 5 5  percent )  p o s i t ive to  s erovar 

bafQanic� an t igen ( Tab l e  4- 1 ) . The h i gh p reval ence o f  sheep 

to l ep to s p iral  infe c t ion para l l e l e d  the l ep t o s p i ra l  in fe c t ion 

in c a t t l e  in New Zea l and . Th i s  pre s en t  inve s t i ga t ion 

suppor ted  the f indings in Chap t e r  Two tha t s e rovar
_ 

haJtdjo 

infec t ion occurred frequently  in sheep  in New Z e a l and . The 

h i gh preva lence (44 p e r c e n t )  o f  sheep  in th i s  survey farm 
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and i n  the ge.neral survey to s er ovar haJL.djo and a l s o  the 

high per c e n tage ( 64 . 4  percen t )  o f  the f locks wi th a t  l e a s t  

some rea c tor s , ind icated  tha t  there  was wide s pr e ad infec t i on 

of  sheep  1n New Zea land to  s erovar hMdjo . 

Th i s  p r e s e n t  inve s t i ga t i on showed tha t near l y  a l l  the lamb s 

samp l ed from the survey farm wer e  nega t ive t o  leptosp iral 

in fe c t ion . A s  exp la ined in Chap ter  Two , lamb s p robab ly had 

pas s ive immuni ty wh i ch was d e r ived by inge s t ion of c o l o s t rum 

and they b e c ame infec ted on b e ing weaned . I t  was therefore 

exp e c ted that mos t  of  the anima l s  infec ted  woul d  be  from 

the hogge t and the ewe a ge group s . Nea r l y  thi r ty- f ive 

per c e n t  o f  the hogge t s  and s ixty- s ix per c en t  o f  the ewe s 

from th i s  survey farm had  a gg l u t ina t ing ant ib od i e s  to 

serovar MAdjo ( Tab le  4-2 ) . The d i s tr ib u t ion of t i tres  to 

lep t o s p ir a l  infec t ion from thi s  survey farm , on the who le , 

i s  s imi l ar t o  tha t  o f  the gener a l  survey ( F i gure  4-3 ) . 

A h i gh GMT 1 S  ind i c a t ive o f  recent  infe c t ion a s  t i tres  o f  

agg l u t ina t ing an t ibod i e s  to  l ep t o s p iral infe c t i on fa l l  

s igni fi c an t ly over a p er iod o f  t ime . Compar in g  the 

d i s t r ibu t i on o f  the preval enc e and GMT o f  the anima l s  1n the 

three  age group s in the survey f a rm wi th the general  survey , 

i t  wa s shown tha t  an ima l s  in the survey farm were infec ted 

at  ho gge t age . Th i s  is s imi l a r l y  shown in the general 

survey excep t for a few l amb s wh i ch cou l d  be j u s t  near ing 

hogge t age ( F i gure 4-4 ) . I t  c ou l d  be  gener a l i s ed that 

l e p t o s p i r a l  infec t ion in sheep i s  p icked up ma inly  by 

anima l s  in the hogge t age group . 

The s ero l o g i c a l  resul t s  ob t ained from thi s  survey farm 

ind i c a te d  tha t  mos t  o f  the anima l s  had aggl u t ina t ing ant i

bod i e s  t o  s e r ovar MAdjo . I f  c ons ider ing the ewe s only , 

a l l  the f lo c k s  from the gener a l  survey had reac tors  to 

s erovar MAdjo ( Tab le  4-3 ) . R i s  ( 1 9 7 5 )  in h i s  survey a l s o . 

showed tha t  a l l  the f locks  he  examined had s eropos i t ive 

animal s  and o ft en w i th h igh t i tr e s . B a s ing on the s e  

f ind ings , i t  appears s e r ovar MAdjo infe c t ion in sheep 1n 
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TABLE 4-3 : THE PROPORTION OF FARMS HAVING SHEEP WITH T ITRES  ( � 1 : 48 )  TO THE DIFFERENT SEROVARS 

No . of Farms 
Pe rcentage of No . of G roups of Sheep of D i f ferent 

Range i n  Sero 
Farms w i th Ages Seropos i ti ve 

Serovar  w i th Se ropo s i t ive Seroposi tive 
Prevalence of 

Sheep (n = 4 5 )  
Sheep Lambs ( n=16 ) Hoggets (n=14 ) Ewes ( n= 1 5 )  

Infected G roups 

hcvc.djo 2 9  6 4 . 4  3 ( 18 .  8 )  1 1  ( 78 . 6 ) 1 5  ( 10 0 )  4 . 8  - 7 7 . 3  

pomona. 2 3  5 1 . 1  5 ( 3 1 . 3 )  . 8 ( 5 7 . 1 ) 10  ( 6 6 .  7 )  4 . 3  - 2 2 . 2  

Wa..-6.60VJ. 13  28 . 9  2 ( 12 .  5 )  6 ( 4 2 .  9 )  5 ( 3 3 . 4 )  4 . 5 - 2 1 . 7 

c. ope.n.ha.ge.rU. 10  2 2 . 2  2 ( 12 .  5 )  3 ( 2 1 . 4 )  5 ( 3 3 . 4 ) 4 . 2  - 2 3 . 8  

ba.U.u.m 19 4 2 . 2  7 ( 4 3 . 8 ) 8 ( 57 . 1 ) 4 ( 26 . 7 )  4 . 3  - 12 . 5  

-....) 
(j'\ 
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, New Z e a l and 1 s  wid e s p re a d . The s igni f i c ance o f  the 

in fe c t i on to the sheep indu s try i s  at pre s ent  no t known . 

The d i s tr ib u t ion of  t i t r e s  ob ta ined from the 2 4 9  sheep on 

the s tudy farm was shown in Tab l e  4- 1 , wh i l s t  Tab le  4-2 

showed the s erologi c a l  p reva l ence  in the d i f fe rent age 

group s .  I t  was shown in F i gure 4-2 tha t s igni f i cant ly 

h i gh e r  preva l ence r a t e s  oc curred in the hogge t s  ( p  = < 0 . 05 )  

and the ewe s ( p  = < 0 . 00 1 )  on the s tudy farm a s  c ompared 

wi th tho s e  in the gener a l s urvey . 

De s p i te the h i gh preva l enc e o f  anima l s  from the survey 

farm wi th t i t r e s  to s erovar MAdjo, ther e  wa s no bac ter io

log i c a l  evidence in a l l  the ur ine s amp l e s  examined . 

Be cau se  o f  the pos s ib i l i ty o f  int ermi t tent  ur inary shedd ing 

o f  l ep t o s p i r e s  in sheep , i t  shou l d  be apprec i a t ed that a 

nega t ive r e su l t  as  in th i s  c a s e , does  no t e l imina te  the 

po s s ib i l i ty that the an ima l s  wer e  in fe c t e d . Al toge ther 

95 u r ine  s amp l e s  were ob tained from the three  a ge group s 

o f  sheep and were cul tured imme d i a t e l y  on arr iva l a t  the 

laboratory . There were a few c ontaminat e d  s amp l e s . The 

low numbe r  o f  contamina ted  s amp l e s  wa s p robab l y  be cause  

5- f lu oroura c i l  ( 5FU) was incorporated in  a l l  the  cul ture s . 

Two concent r a t ions o f  5FU were app l i e d . Even then , some 

bac t e r i a l  contaminant s  managed to  survive the s e  h i gh 

conc entr a t i ons  of 5FU . 

� Two o f  the c u l tures  from the ewe age group had bac terial  

con t aminan t s  wh ich wer e  s imi l ar in appearance t o  l ep tospire s . 

The c on tamina t ing organi sms wer e  s l ende r , near l y  the same 

l ength a s  the average l e p to s p i r e s  and wer e  mo t i l e . For 

con f i rma t ion , 0 . 5  ml of each c u l ture was ind ividua l ly 

inocu l a t e d  into  weanl ing hams te r s . None o f  the hams ters 

showed any s ymp toms of l ep to s p i ra l  in fec t ion and they were 

eu than i s ed a fter three weeks pos e inocu la t ion .  The kidneys 

were  cul tured  and were negat ive for l ep to s p i r a l  organi sms . 

Sera  from the hams t e r s  were nega t ive t o  l e p t o s p i ral  

infe c t ion when t e s ted  by  the MAT . 
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No s ymp toms o f  l e p t o s p i ra l  in fe c t i on were no ted among a l l  

the anima l s  1 n  the s tudy farm . The cu l tures  o f  k idney 

s amp l e s  from th i s  survey farm ( Chap ter Three ) reve a l e d  tha t 

a h i gh ( three  out  o f  f i f teen) propor t i on o f  the anima l s  had 

renal infe c t i on wi th lep tospires . As such , i t  wa s expec ted 

tha t some o f  the anima l s  wou ld  be  l e p t o s p i rur i c . Re s u l t s  
from the ur ine cul ture s indica ted tha t  none o f  the anima l s  

were shedding l ep to s pi r a l  organ i sms i n  the ir u r ine . I t  

wa s suspec ted  tha t i f  the anima l s  were l e p to s p i rur i c , they 

mu s t  be shedd ing l ow numbers of organi sms and there fore were 

no t be ing d e t e c ted by d i r ec t  dark f ie l d  mic ro s c opy or  cul ture 

propaga t ion . Leng th and inten s i ty of  lep t o s p i rur i a  in sheep 

is one a s p e c t whi ch has rece ived insu f f i c ient inve s t i ga t i on . 

Al exander e t  a!, ( 1 9 7 1 )  had b r i e f l y  exper iment a l l y  in fec ted 

sheep w i th s e r ovar ha/tdjo. They showed tha t l e p t o s p ires  

cou ld not b e  i s ola ted from the b l ood or u r ine o f  the se 

anima l s . A l l the anima l s , however ,  had eviden c e  o f  infec t ion 

as demons t r a t e d  by serological  t e s t s . Th i s  i s  th e c onverse  

to the exper iment a l  inve s t igat i on by Ha thaway and Mar sha l !  

( 1 9 7 9 ) . Ha thaway and Marsha l l  ( 1 9 7 9 )  showed sheep  were 

eas i ly infe c t e d  wi th s erovar haJtdjo and  bal.c..a.VU.c..a. and 

lep tospiru r i a  wa s ob served ( three weeks pos t- inocu l a t ion) 

in mos t  of the anima l s  infec ted w i th s erovar haJtdjo .  

Variab i l i ty i n  dur a t ion and p e r s i s te nce o f  l e p t o s p i ruria 

was a fea ture o f  haJtdjo infe c t ion and there was a t endency 

for an interm i t tent excre t ion p a t tern . Exper imen t a l ly 

infe c ted sheep  exp e r i enced only a trans ient l e p t o spiruria 

ind i c a t ing tha t  ovine infec t ion i s  unl ikely  t o  b e  impor tan t  

i n  the spread o f  the d i s ea s e  ( Su l l ivan , 1 9 7 6 ) . 

There i s  a uni que fea ture re l a t ed to  lep t o s p i r a l  in fec t ion 

in sheep . A l though there c an b e  a h i gh sero l o g i c a l  

prevalence o f  sheep wi th l ep t o s p i r a l  infec t i on ,  the c u l tura l ' 

prevalence 1 s  o f ten nega t ive o r  l ow (Al exande r  e t  ai , 1 9 7 1 ) , 

( Ri s , 1 9 7 5 ) , (Andreani e t  a.! , 1 9 7 0 ) . Th i s  sugge s t s  tha t  
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e i ther ; 

a )  sheep re c over ear l y  from the rena l in fe c t ion , 

b )  they are intermi t ten t shedders  of  lep t o s p i r a l  organ1 sms 

or , 

c )  there are very l ow numb e r s  o f  the l e p t o s p i r e s  in the 

ur 1ne . 

The low preva l ence o f  a gglu t inat ing an t ib od i e s  t o  the o ther 

serovars  among the anima l s  on the s tudy farm and tho s e  from 

the general  s urvey ind i c a ted tha t  infec t ion in  sheep by the 

o ther s e rovar s  is ins i g n i f i c an t . It is b e l i eved tha t  s ome 

o f  the t i tre s were prob ab l y  non-spec i f i c  t i t r e s  or c ros s 

rea c t ion t i t r e s . 

The pre s ence o f  agg l u t ina t ing an t ibod i e s  to  the o ther 

s erovar s cou ld  be  a s s o c ia ted wi th : 

a )  subc l in i c a l  or inapparent spec i f i c  infec t i on p a s t or 

pre s ent , 

b )  cros s-rea c t ion due t o  the o ther s erovar s ,  tha t  1 s , 

ant i gens shared by  two or  more serovar s ,  

c )  non- s pec i f i c  agg l u t inins  wh i ch resu l ted  in f a l s e  

po s i t ive reac t ions . 

Hel l s trom ( 1 9 7 8 )  has  c l ear ly e s tab l i shed tha t  the ma intenance  

ho s t  for  serovar MAdjo in New Zealand is  c a t t l e . No  o ther  

animal hos t  has  been  imp l i ca t e d  as  a carrier  ab l e  to  

transmi t the s e  or gan i sms to  o ther anima l s  or man . I t  1 s  n o t  

known wha t  i s  the s ou r c e  o f  inf e c t ion f o r  the s h e e p  i n  thi s  

s tudy farm . Ca t t l e  p r e s en t  on the survey farm i f  they were 

infec ted w i th serovar �djo are the mos t  l ike l y  s ource o f  

infec t i on for  the sheep . I t  h a s  already been shown tha t  

c a t t l e  were ab l e  t o  excre t e  lep tosp ires  for mor e  than 

twe lve months and in much b igger number s 0 f  l e p t o s p i r e s  

(He l l s t rom , 1 9 7 8 ) , (Ma ckintosh , 1 9 8 1 ) . I t  wa s no t i c ed tha t 

the c a t t l e  on the s u rvey  farm ran free l y  w i th the sheep 

popu l a t i on and hence t ransmi s s ion o f  lep to s p i r a l  in fec t ion 



8 1 . 

from c a t t l e  to  the sheep wa s l ikely . Cat t l e  have been 

suspec t ed a s  the s ource o f  l e p t o s p iral  infe c t i on for sheep 

over seas  ( Boko r i  et al , 1 9 6 0 ) , ( Davidson and H i r sh , 1 9 8 0 ) . 

I t  i s  hyp o the s i sed tha t when  s ome of  the she e p  b e c ame 

infec ted on c on ta c t  wi th the c a t t l e , the sheep in turn 

propaga t e d  the in fe c t ion t o  the  o ther sheep . Hence  the 

infe c t ion now b e c ame s e l f p r o paga ted wi thin the sheep 

popu l a t i on ( F i gure 4-5 ) . 

ENDEMI C  

CATTLE 

( primary s ource 
of  in fe c t  ion) 

.... 0 o a 0 0 0 0 0 0 0 0 B •  

1 ENVIRONMENT 

SPORAD I C  

...A.. o 0 0 0 0 0 0 0 0 0 0 0 ..... 

FIGURE 4 - 5 : A HYPOTHETICAL DYNAMIC OF LEPTO S P IRAL 
INFECTION IN A S TUDY FARH 
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The sheep to sheep t ransmi s s ion was probab ly re spon s ib l e  

for the wides p read o c currence o f  agglu t inat ing ant ibod i e s  

i n  thi s  sheep popu l a t ion . I t  appeared however tha t the 

infe c t ion wa s a s e l f  l imi t ing ep idemic . 

Ro th �� a£ , ( 1 9 6 3 )  s ta ted  tha t  a s e rological  rate  many t ime s 

grea t e r  than the kidney c u l ture r a t e , sugge s ted mi ld  

trans i tory infe c t ion o f  the type s e en in an inc ident a l  ho s t . 

The r e su l t s  ob ta ined from thi s  p r e s ent inve s t i ga t i on s e ems 

to f i t  into th e catego ry . The s e ro logical  p reva lence o f  

l e p t o s p iral  infec t ion in  she ep o n  the s tudy farm a s  we l l  

a s  tho s e  in the gener a l  s u rvey were  shown t o  b e  h i gh .  In 

contra s t ,  the l ep t o s p i r a l  cu l tural  preva lence in the 

anima l s , in b o th surveys  were very low .  He l l s trom ( 1 98 0 )  

h a s  ind ica ted tha t  sheep i n  New Z e a l and are s e condary hos t  

- for s erovars  haJtdjo and pomona. .  I t  i s  d i f f icu l t  to d e s c r ibe 

the i n fe c tion in th i s  s u rvey farm . Whe ther the infe c t ion 

wa s a s porad i c , endemic  or even ep i demic one was d i f fi cu l t  

t o  a s s e s s . Al l eviden c e  s e ems t o  r e l a te the l ep to s p iral  

infe c t ion in the  survey farm t o  a s poradic one . 

F i gure  4-2 showed tha t  there wa s a s igni fi cant increase  in 

the preva lence o f  anima l s  having exper ienced l e p t o s p i r a l  

infe c t ion dur ing sub s equent s amp l ings . There wa s a very 

s i gni f i c ant  inc rease  in preval en c e  of  anima l s  from the 

hogge t s  to the ewe s in the survey farm . There  wa s a l s o  

a very s igni f i c ant inc r e a s e  i n  preva l ence o f  agglu t ina t ing 

ant ib o d i e s  in ewe s in the survey farm to tha t o f  the ewe s 

in the genera l  survey . Thi s showe d tha t the infec t i on was 

an e p idemi c , tha t  i s , unu sua l ly f re quen t occurrence  o f  

infe c t ion . 

The preva l ence o f  sheep from b o th surveys to  haJtdjo having 

s e r o l o g i c a l  evidence o f  infe c t ion and the ir GMT i s  shown 

in F i gure 4-4 . The p a t terns from the survey farm and the 

general  survey were a lmo s t  the s ame . In the survey farm , 

the preva l ence o f  anima l s  wi th haJtdjo infe c t i on were much 
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higher compared t o  tha t o f  the general  survey bu t the GMT 

of  the s urvey farm were l ower than that  o f  the general 

survey . One wou ld  expec t that w i th h i gher preva l ence , the 

GMT woul d  be h i gher too . Th i s  was not  so , and thi s  wa s 

becau s e  mo s t  o f  the anima l s  1n the survey farm had low 

t i tre s . The l ow t i tre s may ind i c a t e  that  the anima l s  have 

had the infec t ion for some t ime . I t  cou l d  be p o s tula ted 

that i t  was the end o f  the epidemic and tha t mo s t  of the 

anima l s  had dec l ining t i tre s . 

S U MMARY 

In a s er o l ogi c a l  and cul tural  survey of  249 sheep  from a 

s tudy f arm , 1 4 2  ( 5 7 . 0  p e r c e n t )  o f  the anima l s  s amp l ed were 

pos i t iv e  for agglu t inat ing an t ibod i e s  by the m i c ro s cop ic  

agglu t in a t ion t e s t . Of  the s e  142  anima l s , 1 09 (44  percent)  

had agg lu t ina t ing antibod i e s  to the serovar haJtdjo . A sma l l  

number o f  t i tr e s  were ob ta ined t o  the other s erovars . An 

a t temp t was made to i s o l a t e  lep t o s p i ral  organi sms from s ome 

o f  the anima l s  by ur ine c u l ture s . However ,  none o f  the 

95 u r in e  s amp l e s  taken from tho s e  anima l s  wer e  p o s i t ive . 

I t  appe a r s  tha t  e i ther the anima l s  were not l e p to s p irur i c  

o r  the number  o f  lepto s p i r e s  i n  t h e  urine were t oo sma l l  t o  

be d e t e c ted  by cul ture propaga t ion . 

l .  The re was a s igni f i c an t  d i f ference in preva l ence among 

the three  age group s o f  sheep . Near ly a l l  the l ambs 

wer e  nega t ive and i t  wa s the converse  wi th the ewe s . 

2 .  I t  wa s shown that  animal s  w i th aggl u t ina t in g  ant ibodies  

t o  s e rovar haJtdjo were w i d e spread on the f arm . Th i s  

suppor ted  the b e l i e f  tha t serovar haJtdjo i s  the maJ or 

s e r ovar a f fec t ing sheep in New Zealand . No de f in i t e  

c on c lus i on was reached a s  to  the s ta tus  o f  the 

i n f e c t ion . The infe c t ion s e ems to be a sporadic  

ep i d emic  infec t ion . 
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3 .  The b a c ter i o l og i c a l  and s ero logi c a l  preva l en c e  o f  

sheep from a farm tha t  ha s been shown to h ave anima l s  

wi th p o s i t ive rena l in fe c t ion were compared . The 

s e r o l o g i c a l  s tudy showed  a h i gh preva lence o f  the 

anima l s  to  haAdjo in fec t ion wh i l s t  no evi dence  o f  

infe c t ion wa s ob ta ined from ur ine cu l ture s . 

4 .  The h i gh numbe r  o f  anima l s  wi th t i tres  to s erovar h�djo 
sugge s ted tha t  sheep are h i gh l y  s u s ceptib l e  to  �djo 

infe c t ion .  However ,  i t  i s  doub t fu l  whe the r  sheep c ou l d  

maint a in the infec t ion .  

5 .  In th i s  cro s s -s e c t ional  s tudy , a t temp t s  were made  to 

de f ine  the e p i demio logy of l ep t o s p iral i n fe c t ion in 

sheep . The s e ro l o g i c a l  and cul tural s tud i e s  showed tha t 

shee p  were n o t  su i tab l e  as  a maintenance h o s t  for 

lep to s p ir e s . The dynami c s  o f  the infec t ion in th i s  

survey farm was pre s en te d . 



CHAPTER FIVE 

DIAGNOSIS OF LEPTOSPIRAL INFECTION 

INTRODUCT I ON 

Bac ter i o l ogical  d i a gno s i s  i s  to a gre a t  extent based on 

serology and the s ame app l ie s  to the d i agno s i s  o f  
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leptosp iral  infec t ion . I t  re l ie s  a g r e a t  deal on sero l o g i c a l  

te s t s , l ike the mic ros cop i c  agglu t ina t ion te s t  (MAT) for 

examp l e . The MAT i s  the mo s t  common l y  emp loyed labora tory 

diagno s t ic technique  u s ed in the s tu d i e s  of  lep tospiral  

infec t i on .  I t  i s  a re l a t ive ly s ens i t ive t e s t but  ra ther 

laborious  and t ime c onsuming . On the  who le , d iagno s t ic 

techn i que s based on the det e c t ion o f  ant ibod i e s  have two 

d i s advan tage s , name ly : 

a)  de l ay be fore d e te c tab l e  l eve l s  o f  ant ibody are 

produced , and 

b )  prob l ems of in t erpr e t a t ion due t o  the per s i s tenc e 

o f  an t ibod i e s  f rom previous infe c t ion . 

D iagno s t i c  procedu r e s  u s e d  in l e p to s p i r a l  s tu d i e s  are 

s imi l ar to thos e  u s ed in o ther bac t e r i a l  infe c t ions and 

are b a s e d  upon : 

a)  c u l ture and / or anima l inocul a t i on for i s o l a t ion o f  

the e t iol ogic a gent , 

b )  vi s u a l i z a t ion o f  the organ� sms �n t i s sue s or body 

f l u i d s  or 

c )  s e r o logical  t e s t s  to demon s t r a t e  ant ibody produc t ion .  

A var i e ty of  techn iques  are _ ava i lab l e . Each t e chnique h a s  

i t s  advantage and d i sadvantages and n o  s ing l e  t e s t  i s  

s u f f i c iently  s ens i t ive to  b e  used  o n  i t s own . Br i e f ly , s ome 

o f  the techniqu e s  commonl y  used  in l ep to s p i r a l  s tud i e s  are : 
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1 .  Dark f i e l d  m 1 c r o s c opy 

Th i s  i s  d i r e c t visua l i z a t ion o f  the l e p t os p ire s . The 

number o f  l e p t ospire s found in body f l u i d s  are usua l l y  

very sma l l  and i f  sma l l  numbers  are  pre s e n t  the chance  

of  s e e ing an organi sm may be  remo t e . Th i s  probab i l i ty 

however , may b e  enhanced  by the u s e  o f  appropr iate  

conc ent ra t i on techniqu e s . B lood and urine are  perhap s 

mos t  commonl y  viewed by  direc t m1 c r o s c opy . 

2 .  H i s t opa tho l ogi c a l  and d irec t  s ta in ing me thods 

The s ta in ing of t i s su e s  to demon s trate  l ep to s p i r e s  

depends upon t echnique s which u t i l ize  s i lver impregna t i on 

or s i lver depo s i t ion on t i s sue s e c t ions . Demon s trat ion 

of l ep to s p i r e s  in t i s sue is extreme ly impor tan t  where  

c u l tura l or  s e rol ogi c a l  procedu r e s  have n o t  been 

e f fe c t ive o r  are  no t po s s ib l e . 

3 .  F luore s cent  an t ibody t e chnique 

I t s  mo s t  c ommon use  has  been in the demons t ra t ion o f  

l ep to s p i r e s  i n  ur ine u s ing the me thod deve l oped by 

Whi te and Ri s t i c  ( 1 9 5 9 ) . Th i s  me thod i s  p a r t i c u l a r ly 

u s e fu l  s in c e  i t  permi t s  forma l in tre a tmen t  o f  the ur ine 

or t i s sue p r i or to examina t ion . 

4 .  Direc t c u l ture  

A var i e ty of  media  1s  ava i l ab l e  for the  c u l ture o f  

l ep to s p i re s . Re covery of  l e p to s p ir e s  i s  o f ten p l agued 

by c ontaminan t s  which may overgrow the l e p to s p i re s . 

The u s e  o f  5 - f luorourac i l  ( 5FU)  or neomyc in h a s  grea t l y  

enhanced  r e c overy ra t e s  o f  l ep t o sp ires  when  added t o  

i s o l a t ion med ia . 
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5 .  Anima l inocu l a t ion 

The u s e  o f  an ima l s  for the i s o l a t ion of  l ep t o s p i r e s  

shou ld  b e  r e s t r i c ted t o  recove ry a t temp t s  from t i s su e s  

o r  f l u i d s  whi ch are  gro s s ly c ontamina ted w i th bac t e r i a . 

The u s e  o f  anima l s  for i s o l a t ion o f  lepto s p i r a l  

organi sms i s  r a the r t ime c on s uming . 

6 .  Macros cop i c  aggl u t inat ion te s t  

Macroscop i c  aggl u t ina t ion t e s t s  have been deve l oped 

pr imar i ly for the s creening o f  l arge number s o f  

diagno s t ic sera . E s s ent i a l l y  the s e  are forma l in f ixed 

and washed l e p t o s p i r a l  ce l l s  wh i ch have been 

resuspende d  to a prede termine d  dens i ty in a su i tab le  

bu f fered c ar r � e r . Af ter mixing o f  the serum and  the 

ant igen , the mixture is  shaken and then v i ewed for 

agglut ina t ion . 

7 .  Mic ro s c opi c aggl u t ina t ion t e s t 

I t  i s  the s tandard s erologic a l  t e s t for the d e t e c t ion 

of l e p to s p i r a l  an t ibodies  in sera . The t e s t i s  

per formed b y  d i lu t ing the s erum t o  b e  examined u sua l ly 

in two - fo l d  d i lu t ions fo l l owed by add i t ion o f  a s tandard 

amount o f  ac t iv e l y  growing l ep t o s p iral cul ture . Th i s  

mixture i s  a l l owed t o  incuba te and then examined for 

agglut ina t ion . 

The onl y  conc l u s ive evidence o f  infe c t ion i s , however ,  the 

i so l a t ion o f  the l e p t o s p ira l organi sms from the s amp l e s , 

whe ther they b e  organ s , t i s sue s , b l ood or urine . A s  

in fec ted anima l s  are  known to  e x c r e t e  lepto s p i r e s  in the i r  

ur ine f o r  c on s iderab l e  periods  dur ing the cour s e  o f  the 

infec t i on ( He l l s t r om ,  1 9 7 8 ) , ( Ryan , 1 9 78 ) , (Web s te r  and 

Reynol d s , 1 9 5 5 ) , u r ine i s  probab l y  the mos t  ac c e s s ib l e  

s ource for the ir i s o l a t ion o r  de tec t ion . 
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Var iou s  me thods  h ave been u s e d  to d e t e c t lep t o s p irur ia  

and cul tural propaga t ion is  c ons idered the mo s t  r e l iab l e  

me thod y e t  ava i l ab l e . Th i s ,  as  men t i oned i n  Chapter Three , 

i s  fraugh t w i th prob l ems c rea ted by the requiremen ts  o f  the 

organ� sms . Cu l ture s o f ten take seve r a l  weeks to  accomp l i sh 

and suc c e s s  to  a l ar ge extent  depends on the r e l a t ive 

freedom of the ur ine s amp l e s  from gro s s  bac ter i a l  

contamina tion . 

Darkfie l d  m�c r o s copy � s  the a l ternat ive me thod to  d e t e c t 

lep t o s p i r e s  in u r ine . A l im i t a t i on o f  thi s  procedure i s  

tha t on mo s t  occa s s ions  i t  i s  nec e s s ary to examine many 

micros c o p i c  f i e l d s  b e fore d e t e c t ing a s ingle lep tospira . 

Th i s  i s  t rue when there are  l e s s  than 1 04 lep t o s p iral 

organ� sms per ml of  ur ine . Centr i fu ga t ion o f  the urine 

may as s i s t  in de t ec t ion o f  the sma l l  number of l ep t o s p i re s . 

One of  the gre a te s t  hand i c a p s  �n the c ontrol o f  lepto s p i ra l  

infec t i on in dome s t ic anima l s  � s  the l ack o f  a prac t i c a l  

diagno s t ic t e s t wh i ch wi l l  recogn i s e  those anima l s  tha t  

are re s pons ib l e  for  spreading the infe c t ion .  Th i s  r e fe r s  

t o  the anima l s  having rena l infe c t ion and shedd ing lep to

spiral  organ i sms in the ir  u r ine . Th i s  a l so h o l d s  true for 

sheep . Many work e r s  ( Beamer e t  ai , 1 9 5 3 ) , (Hodge s , 1 9 7 4 ) , 

(Mor s e  e t  ai , 1 9 5 7 )  have f a i l ed to d e t e c t  l e p t o sp i r e s  in 

natura l ly as  we l l  a s  exper imental ly in fec ted sheep wi th 

leptos p iral  infe c t i on . The main rea s on for th i s  i s  

probab l y  due to t h e  fac t tha t  sheep shed low numbers o f  

lep to s p ires  and there fore de tec t i on by  dark f i e l d  m�c r o s copy 

and even cu l tural  p ropaga t i on i s  d i f f i cul t .  

The d iagnos i s  o f  l ep to s p i r a l  infec t ion with e a r l y  l abora tory 

con f i rma t ion is h i ghly  d e s i r ab le . The search for a qu i c k , 

spec i f i c  and sens i t ive me thod of  d iagno s i s  o f  l epto s p i r a l  

infec t ion i s  the r e fore e s s en t i a l . Rad ioimmunoa s say s eems 

a promi s ing me thod . I t  i s  not  a sui t ab l e  me thod to be u s ed 

by an ord inary d ia gno s t i c  l abora tory , bu t i t  could  b e  very 

u s e fu l  for s creen ing anima l s  in surveys or s imi lar proj e c t s . 
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Sol id-ph a s e  rad io immunoa s s ay h a s  b e en succes s fu l l y  deve l oped 

to detec t ant i gens o f  BJtuc.e.ila. a.bOJt.tt.w (Wi l s on e.t a. f ,  1 9 7 7 )  
and gonoc occal  ant igens ( Thorn l ey e.t a. f ,  1 9 7 9 ) . I t  has  b e en 

shown to  b e  a s en s i t ive me thod o f  d e t e c t ing bac t e r i a l  

ant i gen s . 

Radioimmunoas s ays  emp l oy ing irnrnuno s orben t s  (an t i gens or 

ant ibod i e s  coup led  to  an i s o l a te p o l ymer)  were introduc e d  

b y  Ca t t  e.t a.f , ( 1 9 6 6 )  and by W i d e  and Porath ( 1 9 6 6 ) . The 

c l a s s i c a l  rad io irnrnunolog i c a l  sy s t em o r i g inal ly d e s c r ibed  by 

Ya l low and Ber s on ( 1 9 60)  is b a s e d  upon the ab i l i ty of an 

ant ibody to b ind i t s  ant i gen l ab e l l ed  wi th a rad ioac t ive 

i s o tope and the c ompe t i t ive inh ib i t i on of  the rea c t ion b y  

the unl ab e l led an t i gen . The ant ibody-bound l ab e l l e d  ant igen 

is s epara ted from the unbound and the rad ioac t iv i ty �n one 

or b o th o f  the s e  two frac t ions i s  mea s ured . By the u s e  o f  

ant ibod i e s  coup l ed t o  an ins o lub l e  p o l ymer th i s  s epara t i on 

procedure was s imp l i fied and c an b e  made for ins tance  by  

s imp l e  c entr i fuga t ion .  

The form o f  the s o l id pha s e  can b e  var ied with subs equen t 

change o f  the t echn i c a l  proc edure for  the separa t i on o f  

the ant ibody-bound and free ant i gen . In the early  techn ique s 

reported  the ins o lub l e  immunos orben t s  cons i s ted  o f  sma l l  

par t i c l e s  whi ch were added t o  each tube in the form o f  a 

suspen s i on .  Rad i o immunoa s say  s y s tems u s ing ant ibod i e s  

coup l e d  to  thin d i s c s  o r  ab s orbed  t o  p las t i c  tube s  have a l s o  

been deve loped ( C a t t  and Tregear , 1 9 6 7 ) , ( C a t t  e.t a.f , 1 9 6 7 ) . 

Thi s  p r e sent inve s tigat ion fo l l ows the me thod o f  rad io immuno

a s s ay by Thorn l ey e.t a.f , ( 1 9 7 9 ) , W i d e  ( 1 9 69 ) and W i l s on e.t a. f , 

( 1 9 7 7 ) . Br ie f l y , the as s ay sys t em in th is  inve s t i ga t i on i s  

i l lu s t r a ted as  i n  F i gure S - 1 . Th i s  i s  the "doub l e  ant ibody 

s andwic h  technique"  u s ing p olyme r - c oup led an t ib ody to whi ch 

ant i gens in the u r ine or s imu l a te d  s amp l e s  are bound and 

a f ter subsequent washing , the l ab e l l ed ant ibod i e s  are added . 
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The amount o f  l ab e l l ed an tibod i e s  bound to the p o l ymer

ant ibody c omp lex  is r e l a ted to the amoun t of  s p e c i f i c  

ant igen pre s en t  i n  the u r ine . 

The inve s t ig a t ion d e s c r ibed here � s  d e s i gned t o  d e t e rmine 

whe ther i t  i s  p o s s ib l e  to d e t e c t lep tospiral  organi sms or 

the i r  ant i gen i c  c omponen t s  in ur ine by radio immuno a s s ay . 

AIMS 

The a im o f  th i s  inve s t i ga t i on i s  to determine whe ther i t  

i s  po s s ib l e  t o  de tec t l ep to s p i r a l  organi sms o r  the i r 

an t igen i c  c omponents  in ur ine o r  s imu l a t ed s amp l es by the 

s o l id-ph a s e  r a d i o immuno a s s ay . The s pec i f ic ob j e c t ives are 

as  fol lows : -

a ) To d e t e rmine whe ther  the procedure i s  ab le  t o  de tec t 

who l e  ( un ly s e d )  and / or s on i c a ted l e p tosp ir a l  o rgani sms 

�n urine and henc e de t e c t  the c arrier  anima l s . 

b )  To f ind ou t the s en s i t iv i ty o f  the procedure , tha t � s , 

to f ind ou t the l owe s t  numbe r  o f  organi sms tha t  i t  

can s pe c i f i c a l ly d e t ec t . 

c )  To d e t e rmine the minima l t ime to run the procedure so  

as to ob t a in r e s u l t s  qui c k l y  whi ch is  e s s en t i a l  in 

diagno s i s  and c on t r o l  programme s . 

d )  To eva l u a t e  the u s e fu lne s s  o f  the proc edure for 

diagno s t ic work and surveys .  

MET HODS A N D  MATERIALS 

The fo l lowing ma t e r i a l s were p repared for the a s s ay :  -
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a)  An t igen for the a s s ay 

Th i s  cons i s ted  of  a cu l ture o f  Le.p:to).)pVta .<.n.:t:vur.ogan.-6 

serovar �djo . I t  wa s a l aboratory s tra in whi ch wa s 

ob ta ined from the Cen t e r  for D i s ea s e  Contro l ,  Georgia , 

U . S . A .  and wh i ch i s  b e in g  ma inta ined for d i agno s t ic 

work in the Lep t o s p iro s i s  Labora tory , Depar tmen t o f  

Ve t e r inary P a thology and Pub l i c  Hea l th ,  Ma s s ey Unive r s i ty . 

I t  was grown in l iqu i d  J S  med ia . 

b )  Ant igen for the produc t i on o f  rabb i t  hype r immune s e rum 

Th i s  rabb i t  hyper immune serum wa s ob tained from 

labora tory rabb i t s  inocu lated wi th serovar h�djo 
i s o l a te ( sheep  5 3 5 )  by the me thod of Tan ( 1 9 7 0 )  

(Appendix V ) . The hype r immune serum had m i c ro s c op ic 

agglu t inat ing t i tr e  o f  1 : 24 , 000 to serovar h�djo . 

c )  Immunogl obu l in frac t ions  

Immunogl obu l in fra c t ions  extrac ted from the rabb i t  

hyp e r immune s erum wer e  obta ined by the me thod o f  

Ion Exchange Chroma tography b y  means of a s y s tem o f  

grad ient  e l u t ion ( Append ix V I ) . The fir s t frac t ion 

e lu ted i s  I gG and i t  is poo led  and concen t ra ted u s ing 

polye thy l ene glyco l . The concen trat ion o f  the poo l ed 

I gG was d e t e rmined by s p e c t rophotome try ( UNICAM S P 5 00 ) *  

and adj u s ted  t o  a pro te in c oncen trat ion o f  1 0  mg per  ml 

and then s tored at - 2 0°C unt i l  needed . The I gG 

fra c t ion was  checked f o r  the ab s ence of  o ther  s erum 

pro t e ins by immunoe l e c t rophor e s i s  agains t goat an t i

who l e-rabb i t  s e rum ( Ap p endix V I ) . 

d )  Ce l l u l o s e- �djo ant ib o dy c ompl exes for u s e  a s  a s o l id 

pha s e  reagen t  

Ini t ial l y , the me thod o f  Wide ( 1 9 6 9 )  was f o l l owed . 

* Appendix I 
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The mi c rocry s t a l l ine c e l l u l o s e  (Wha tman) id( wa s ac t ivated 

wi th cyanogen b romide ( CNB r ) ** and then l inked wi th the 

ha.Jtdjo an t ibody . The mix ture wa s then dr i e d  wi th the 

a i d  o f  ace tone and s to r e d  as dry powder at - 2 0°C 

(Append ix V I I ) . La ter , CNBr-a c t iva ted sepharo s e  

(Pharma c i a ) ** was u t i l i s e d  a s  the s o l id pha s e  reagen t . 

e )  Rad io- labe l l ed  gammagl obu l in ( IgG) 

The gammag lob u l in wa s l ab e l l ed  wi th radioa c t i ve s o d ium 

iodide ( � 25 I )  (Amersham) ** by a mod i fied me thod o f  

MacConhey and Dixon ( 1 9 6 6 )  ( Appendix VIII ) . 

As say Proc edure 

The procedure fo l l owed �s tha t  of W i l s on ( 1 9 7 7 )  and 

Thornley et al , ( 1 9 7 9 )  and i s  i l l u s tra ted as in F igure one . 

A p i p e t t e  wa s u s e d  to d i s p en s e  one mi l l i l i tre p o r t ions from 

a vigorou s ly s t irred suspen s i on o f  the cellu l o s e  ant ibody 

comp l ex ( the s tock solut i on was  d i lu ted 1 in 400 wi th the 

assay bu f fer)  into sma l l  p l a s t i c  tub e s  (Conso l ida ted 

Pl a s t ic s ) * .  As say  buffer i s  tha t  of  Thornley e t  a l , ( 1 9 7 9 )  

(Append ix I I I ) . Each tube re c e ived the equiva l en t  o f  

0 . 1 2 5  mg ( dry we i gh t )  o f  the c omp l ex .  Norma l r abb i t  s e rum 

( 20 u l )  p r epared in the l ab o r a tory was added and the tub es  

were incubated  at  room termp e ra ture and at the s ame t ime 

ro ta ted end-over-end us ing a b l ood c e l l  suspen s i on mixer 

(Ma tburn) *  for at l eas t 30  m inu t e s .  The samp l e  ( 1 00 u l )  or 

a s imu l a t e d  s o l u t i on of  an t igen in PBS to be a s s ayed wa s 

then added and incuba t i on w i t h  r o t a t i on was c on t inued over

nigh t  ( 1 7 hours ) .  

�·: Appen d ix I 

�·:* Appendix I I  
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The tube s  were centr i fu ged for three minu tes  a t  4 , 000 rpm 

in a cen t r i fuge ( Sorva l l ) *  and the s u p e rnates  were 

d i s c arded by means o f  a suc t ion dev i c e  s o  that  approxima t e ly 

0 . 2 5 ml o f  the mix ture rema ined in e a ch tube . The pe l l e t s  

we r e  washed three t ime s with the a s s ay bu f fer ( 1 . 5 ml each 

wash ) . A f t e r  removing the th ird wa sh superna te , labe l l ed 

ant ibody ( 1 00 u l )  wa s added toge ther wi th more a s s ay bu f fer 

( 40 0  u l ) and norma l rab b i t  s erum (20  u l ) . The tub e s  were 

incub a t e d  wi th ro t a t ion for a fur ther  three hour s . 

The c e l l u l o s e-ant ibody comp l ex wa s c en t r i fuged and wa shed 

three  t ime s w i th a s s ay bu ffer a s  be fore  and then any bound 

rad ioac t iv i ty was c oun ted in the au toma t i c  gamma-c oun ter 

(Nu c l e a r  En terpr i s e s ) * .  Tub e s  c on t a in ing cel l u l o s e-an t ibody 

c omp l ex bu t no an t i gen were inc luded as re ference con t r o l  

to  wh i ch the coun t s  i n  other tube s  c ou l d  b e  r e l a t ed . 

The r e s u l t s  are expre s sed a s  radioac t iv i ty bound (percen t a ge ) 

given b y : 
s 
B X 1 00 ,  

where S i s  the rad i o a c t iv i ty r e ta ined b y  the tube c ontaining 

the s amp l e  and B is the rad ioac t iv i ty r e tained by tl 1 e  tube 
containing no an t i gen . 

RES ULTS 

A s s ay No 1 

S imu la ted  s amp l e s  o f  l e p t o s p i r a l  an t i gen to be  a s s ayed were 

made up o f  five day old s e rovar hakdjo o rgani sms . The 

o r gan i sms were p l a c e d  in ur ine , wa t e r  and JS  med ium to g ive 

an t i gen c oncentra t i on varying from 1 0 1 to 1 09 l e p t o s p i r a l  

c e l l s  p e r  ml . The r e sul t s  o f  the a s s ay did  not  show any 

r e la t ionship  . 

.. _._ Append ix I 
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As s ay No 2 

The a s s ay wa s repeated w i th the anti gens s u s p ended in ur �ne 

on l y . S amp l e s  were as s ayed in tr i p l i c a te s , ranging from 

1 0 1 to  1 08 l e p tosp iral  c e l l s  per  ml . No s ign i f icance finding 

wa s ob t a ined from th i s  a s say . 

As s ay No 3 

The ant i gens were suspended �n a s s ay bu f fer ins tead of 

ur�ne . Th i s  i s  to f ind ou t whe ther urine had any inhibi tory 

e f f e c t s  on the a s say .  The a s s ay wa s run in e i gh t  s amp l e s  

for each concentra t i on o f  an t i gen . Th i s  wou l d  show 

whe ther ther e  wa s any spe c i f ic i ty in the a s s ay . Re sul t s  

showed tha t  the a s say i s  sens i t ive when the an t i gen 

concen t r a t ion is 1 0 6 or more l e p t o s p ir a l  ce l l s  per ml . On 

the who l e , the procedur e wa s no t spec i f i c . 

As s ay No 4 

No s igni f i c ance  resu l t s  were ob ta ined when the ant i gens 

wer e  s u s p ended in JS  med ium .  

As s ay No 5 

An t i gens �n the form o f  son i c a t ed l e p t o s p ir a l  c e l l s  did  no t 

g�ve any s i gn i f i cance r e su l t s  but  h i gher spec i f i c i ty wa s 

ob t a ined from the as say . 

As s ay No 6 

S on ic a t e d  and lyoph i l i s e d  l e p t o s p iral  c e l l s  were used  as  

an t i gens . No s i gn i fi c ance r e su l t s  were ob s erved . 

As s ay No 7 

P r o cedure for As s ay No 6 was repeated  bu t the amoun t of  

norma l rabb i t  s erum wa s inc rea s e d  from 2 0  ul  to  1 00 ul . 

Wi th th i s  increase ,  i t  wa s expec ted tha t  the background 

r e a d ings wou l d  be lowe r ed . No s i gn i f i cant r e s u l t s  were 

ob t a ined . 
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F I GURE 5 - 7 : As s ay No . 6 .  
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F IGURE S - 8 : As s ay No 7 
Rad i o immuno a s s ay o f  s on i c a t e d  and l y o ph i l i s e d l e p t o s p ir a l  c e l l s  s u s p e n d e d  i n  bu f f e r e d  s a l ine ( l O O  u l  o f  no rma l r abb i t  s e rum 
i n s t e a d  o f  2 0  u l ) . 
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F IGURE S -9 :  As s ay No 8 
Ra d i o immun o a s s ay o f  s on i c a t e d  and lyoph i l i s e d l e p t o s p i r a l  c e l l s  
s u s pended in u r in e . ( l OOu l o f  norma l rabb i t  s e rum i n s t e ad o f  20u l ) . 
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As s ay No 8 

The s ame procedure was app l ied a s  for as say 6 and 7 howeve r 

the an t i gen c onc entrat ion was increa sed . The r e su l t s  

showed that  the a s say i s  s ens i t ive a t  an ti gen c oncentrat ion 

o f  1 0 7 p i c ograms o f  l e p to s p iral  pro tein or mor e . Apparen t ly 

at  ant i gen c onc entrat ion o f  1 06 p icograms o f  l ep t o s p iral 

pro t e in or l e s s , the a s s ay wa s insens i t ive and the rad io

ac t iv i t y  coun t s  were the s ame a s  the backgr ound readings . 

Re s u l t s  showed h i gher spec i f icy o f  the a s s ay . 

As s ay No 9 

The a s s ay wa s r epeated a s  A s say No 8 .  The ant i gens were 1n 

five c o p i e s  s o  a s  to determine the spec i f i c i ty o f  the a s s ay .  

Re su l t s  showed h i gh spec i f i c i ty o f  the proc e du re . 

As s ay No 1 0  

In th i s  a s say , the t ime o f  incuba t i on was a l t e red . Ins tead 

o f  over n i gh t  incuba t ion , th i r ty minu tes were g iven for the 

ant i gens to rea c t with the ce l lu l o s e-ant ibody c omp l ex .  The 

t ime o f  the s e c ond incub a t i on was a l s o l owe r e d . Th irty 

minu t e s  wer e  a l l owed for the l ab e l l ed an t ib ody c 1 2 5 I-Ab ) 

to reac t wi th the ce l lu l o s e-ant ibody-antigen c omp l exe s . 

The r e su l t s  showed that the short  periods o f  i ncub a t ion did  

no t a f fe c t  the a s s ay .  High spec i f i c i ty was r e c orded but 

the a s s ay i s  s t i l l  only  sen s i t ive when the an t i gen 

concen t r a t i on i s  above 1 0 7 p i cograms of l ep t o s p ir a l  pro t e in 

per mi l l i l i tr e . 

As ay No 1 1  

S imi l ar r e su l t s  were ob ta ined when a l iquo t s  o f  the c omp l e te 

comp l ex e s  were a s sayed . 

As s ay No 1 2  

The l ab e l l e d  ant ibody were d i l u t ed four time s . S imi l ar 

re s u l t s  wer e  ob ta ined . The a s s ays  wa s j u s t  a s  spec i f i c  

as  i n  p r ev ious a s s ays . The s ens i t iv i ty s t i l l  l ie s  1n 

an t i gen c onc e n t r a t ion of 1 0 7 p i cograms or mor e  o f  

l e p to s p i r a l  pro t e in per mi l l i l i tre . 
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Rad i o immun oa s s ay o f  s on i c a t e d  and l y o ph i l i s ed l e p t o s p i r a l  
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As s ay N o  1 2  
Rad i o immuno s s ay o f  s on i c a t e d  and lyoph i l i s e d  l e p t o s p i r a l  c e l l s  
s u s p en d e d  i n  bu f f e r e d  s a l ine . (Lab e l l e d  an t i b o dy c omp l ex d i lu t e d  
f o u r  t ime s ) . 
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1 09 . 

DIS C USSION 

Lep t os p i ro s i s  in dome s t i c  anima l s  i s  o f  gre a t  e c onom1 c 

concern l arge ly b ecause o f  the abor t i ons  wh i c h  f requen t l y  

fo l l ow i n f e c t ion o f  pregnan t anima l s . In many i n s tance s  

abort ions occur wi thou t any d e tec tab l e  s i gns  o f  i l lne s s . 

D iagno s i s  in such c a s e s  depend s upon the ab i l i ty to  

demons t ra t e  l ep to s p i res  1n the foe t a l  and p l a c en t a l  

ma teri a l s . Otherw i s e , the in fec t ion mu s t  b e  d ia gno sed  

pre sump t iv e l y  from c l in i c a l  h i s tory and the r e s u l t s  of  

serologi c a l  t e s t s . 

The genera l appearance o f  norma l hea l th in in fe c t e d  non

pregnant anima l s  may make i t  d i f f i cu l t to d e t e c t 

infec t ion . Infe c t ed an ima l s  may onl y  have a b r i e f  febr i l e  

re spons e ,  and the pos s ib i l i ty o f  not  ob s erv ing th i s  under  

na tura l cond i t i on s  i s  very obvious . 

The inc i dence  o f  infec t i on 1n any geograph i c  a r e a  may 

depend on s everal fac tors and one o f  these , i s  the 

propor t i on o f  the animal  popu l a t ion exc ret ing l ep t o s p i r e s  

at  any one t ime . The spread or  transmi s s ion o f  l ep to s p i re s  

among anima l s  i s  a lmo s t  exc l u s ive ly through t h e  med ium o f  

in fec t e d  u r ine , e i ther d irec t ly t o  in-conta c t  an ima l s  o r  

ind irec t l y  to o ther  anima l s  v ia the env i ronment . 

The fa i lure  to c on trol  lep t o s p i r a l  infe c t ion over sea s , 1 s  

par t ly due to p re s ence o f  a l arge number  o f  s e r ovar s and 

the i r  anima l ho s t s . New Zea l and i s  for tuna t e  t o  have only 

three of the s ix endemi c s erovars  a f fe c t ing i t s  l ive s tock . 

Th i s  make s con t r o l  o f  infec t i on a l o t  eas ier . Vacc ina t i on 

i s  one o f  the imp o r t ant means o f  c on t ro l l ing l ep t o s p ira l 

infe c t ion . The p r e s en t ly ava i lab l e  vac c ine s wer e  e f fec t ive 

in e s tab l i shing immunity  to c l in i c a l  d i sease b u t  apparen t ly 

d i d  no t p r ovide c omp l e te pro t ec t ion agains t the d eve l opment 

of the renal  carr i e r s  ( Johns on and S i e ter , 1 9 7 7 ) . 

Introdu c t i on o f  a carrier may there fore render c u r rent 

measure s u s e l es s . Inab i l i ty to  de t e c t  the s e  c a r r ie r s  i s  

probab l y  a fac tor  for the f a i lure t o  c ontrol l e p t o s p iral  

infec t i on . 



1 1 0 .  

Numerou s r epor t s  h ave b e e n  pub l i shed de scrib ing the 

leptosp i r a l  carr i e r  s ta t e  in  anima l s . Becau s e  in fec ted 

an imal s are known t o  exc r e t e  l ep t o s p i r e s  in the ir urine for 

cons iderab l e  p e r i o d s  (He l l s t rom , 1 9 7 8 ) , (Ryan , 1 9 7 8 ) . 

(Webs t e r  and Reyno l d s , 1 9 5 5 )  dur ing the cours e o f  the 

d i seas e , the ur ine i s  prob ab l y  the mo s t  ac c e s s ib l e  anima l 

ma ter i a l f or the i so l a t i on o f  l e p t o s p ires  and d e t ec t ion o f  

infec t i on . The u s u a l  me thod for i s o l a t ing l e p t o s p ires  from 

u r �ne o r  any o th e r  s amp l e  i s  however too  long and labor i ou s  

to  und e r t ake in l arge survey s . As a resul t , mo s t  s tu d i e s  

conc ern ing the preva l en c e  o f  l ep t o s p ir a l  infe c t i on have been 

serolog i c a l  surve y s  wi th r e l a t ive ly few at t emp t s  t o  d e t e rmine 

the ex t en t  o f  l e p t o s p irur i a  or to compare ac tu a l  shedding 

wi th the p re s ence  o f  lep t o s p i ral  agglut ina t ing an t ibodi e s . 

Ur ine the r e fore b e c ome s the  b o dy f lu id o f  cho i c e  for the 

i s o l a t ion of l e p t o s p ire s  and d e t e c t ion of infe c t i on and 

carr�er  an ima l s .  Shedd ing o f  organi sms may b e  i n t e rmi t ten t 

and the c oncentra t ion o f  l e p t o s p ir e s  may be l ow .  Th i s  � s  

true i n  the c a s e  o f  shee p . Th i s  make s i t  d i f f i cu l t  t o  p i ck 

ou t the a n ima l s  shedd ing the  o rgani sms . O f t en d ir e c t  

dark f i e l d  mic ro s copy and c u l ture fa i l s  to de t e c t  the s e  

carrier an ima l s . 

The con f i rma t ory d iagno s i s  o f  l e p tosp iral  in fe c t ion has  

proved d i f f i cu l t  and lar g e l y  d epends on at t emp t s  t o  i s o l a t e  

the p a th o g en or t o  d emon s t r a t e  l e p t o s p ires  in t i s su e s  by  

s i lver imp r e gna t i on , fluorec en t  ant ibody techn i qu e s  or by 

d i re c t  d a rk f ie l d  m i c r o s c opy . The MAT is the u su a l  

proc edur e  for de t e c t ing l e p t o s p i ral  agglut ina t ing ant ibo d i e s , 
measur �ng a n t ibody t i tre and iden t i fying unknown l ep to s p iral  
i s o l a te s . As  ment i oned e ar l ie r , the procedure i s  t e d i ou s , 
t ime c on s uming and requ i r e s  l arge quan t i t ie s  o f  antigen . 
There i s  there fore a nee d  t o  f ind a much more  c onveni en t  

me thod o f  d iagno s i s . 
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Me thods  b a s ed on the immuno l og i c a l  ident ificat ion o f  the 

microb i a l  an t i gen have po t en t i a l  advan tages in speed  and 

s p ec i f i c i ty .  Rad i o immunoa s s ay i s  a me thod o f  grea t 

s ens i t iv i ty tha t has  been a p p l ied  s uc c e s s fu l l y  in the 

s c reening of b l ood donors  in  Aus tra l ia for Hepa t i t i s  B 

ant i gen ( P r ince e t �£ , 1 9 7 3 ) , (Al t e r  et �l , 1 9 7 3 ) . I t  may 

be u s ed t o  de tec t ant igen in a gre a t  variety o f  s p e c imens 

l ike serum ,  s a l iva , fae c e s  and ur �ne ( Irwin e t � £ , 1 9 7 5 ) . 

Thornley e t  �£ , ( 1 9 7 9 )  and W i l s on e t- · � l , ( 1 9 7 7 )  have shown 

tha t  rad i o immunoa s s ay i s  a v e r y  u s e fu l  technique to  de t e c t  

sma l l  numb er  o f  organisms . I t  cou l d  pos sib l y  b e  j u s t  a s  

s ens i t ive and spe c i f i c  a t e chn i que  f o r  the de t e c t ion o f  

l ep to s p i r a l organi sms i n  ur ine s amp l e s . I t  i s  for s e en tha t  

such a t e chnique wou ld b e  v e ry u s e fu l  i n  survey s  where l arge 

number o f  u r ine s amp l e s  hav e  t o  be s c reen for l ep t o spiral  

organ � sms . In  th i s  s i tu a t ion , the ur ine samp l e s  c ou l d  b e  

poo led  and concen trated  by c en tr i fuga t ion and f ina l ly 

a s s ayed by  rad io immunoa s s ay . Speed  in proce s s ing the 

s amp l e s  fo l l owing the ir c o l l ec t ion i s  no t par t i c u l a r ly 

importan t  a s  rad i o immunoa s s ay shou l d  be  equa l ly s ens i t ive 

and spec i f i c at p i cking dead or l y s ed organi sms . 

Convent iona l rad i o immunoa s s ay proce dures  wh ich e mp l oy 

l ab e l led  an t i gen r equ ire pr i o r  know l edge of the chemi cal  

na ture of  the  sub s tance t o  be  de t ec ted  and are mo s t  

s a t i s fac t o ry for homogeneou s s ub s tanc e s  of a s in g l e  

mo l e c u l a r  s p e c ie s . B y  means o f  l ab e l l ed ant ibod i e s , the s e  

d i f f icul t i e s are l arge ly avo i d e d . De t a i led knowl edge o f  

the l ike l y  ant i gen i s  no t e s s en t i a l  provided tha t 

ant i s erum c on t a in ing spec i f i c  ant ib od i e s  can b e  produced . 

Ano ther advan t age i s  tha t t h e  radiochemical manipu l a t ions 

are carr i e d  out on eas i l y  pur i f i e d  and charac t e r i s ed 

immunoglobu l in .  
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The c onc e p t of  s o l i d  pha s e  rad i o immunoas say depends on 

the u s e  o f  an insolub l e  po l ymer to  wh i ch spec i f i c  an t i 

body may b e  at tached . By th i s  means t h e  rad io immunoa s s ay 

proc edure has  been cons iderab l y  s imp l i f ied , a s  the 

s epara t ion of bound and free tracer  an t i gen c an be 

e ffe c te d  by  washing the s o l id phase  at the comp l e t ion o f  

the immune reac t ion . The was h e d  s o l id  phase  an t ibody

lab e l l e d  an t igen comp l ex may then b e  c ounted t o  d e t e rmine 

the b ound t racer . 

Re su l t s  from thi s  pre s en t  a s s ay were  cons i s tent  1n  showing 

tha t the a s s ay is not a s ens i t ive procedure . The a s s ay 

wa s app l i e d  to s imu l a ted s amp le s  o f  l e p t o s p i r a l  protein 

· f o 1 9 · 1 h vary1ng r om 1 to  1 0  p 1c ograms per  m . I t  was s own 

tha t the a s s ay i s  on ly ab l e  t o  de t e c t l e p t o s p i r a l  pro t e in 

o f  no t l e s s  than 1 0 6 p ic ograms per ml . Thi s  corre sponds  

to approx ima tely  9 x 1 0 6 l e p t o s p i r a l  organi sms per  ml . 

Compar ing th is  wi th d irec t dark f i e l d  micro s c opy , this  i s  

no t a s en s i t ive procedure . Dark f i e l d  micro s c opy i s  ab l e  

t o  d e t e c t  a s  low as  1 04 l e p t o s p ir a l  organi sms p e r  ml o f  

samp l e  (Mackintosh , per . comm . ) .  

On the who l e , the as say i s  found to  b e  qu i te s p e c i fic . 

Resu l t s  ob t a ined al though n o t  s ens i t ive , showed c ons i s ten t 

rad ioac t iv i ty c oun t s  a t  the var ious c oncent ra t i on o f  

l e p t o s p i r a l  pro t e in . The e f f e c t ivene s s  o f  the a s s ay i s  

dependen t on the qua l i ty o f  the  reagen t s  tha t are  u sed . 

Provided that  the ant ibody frac t ion has  adequ a t e  

spe c i f i c i ty and the i r  rad io l ab e l l ing doe s no t reduce  the 

b ind ing p roper t ies , i t  shou l d  be  p o s s ib l e  to u s e  the a s s ay 

for mea s u r emen t s  in the p 1 cograrn range . 

The rabb i t  hyper imrnune s erum when t e s ted  with s erovar �djo 

an t igen h a d  a microscop i c  aggl u t ina t ing t i t r e  o f  1 : 24 , 000 , 

bu t the I gG frac t i on when t e s ted  had only an agglu t inat ing 

t i t r e  of 1 : 1 5 3 6  to s erovar MAdjo . A gammagl obu l in frac t i on 

wi th a much  higher spec i f i c  a c t i v i ty  i s  e s s en t ia l  to 

incr e a s e  the s ens i t iv i ty of the a s s ay .  Th i s  i s  one 

componen t of the as say d e s c r ibed in th i s  chap t e r  which 

was s u s p e c t ed o f  b e ing the c a u s e  o f  the low s en s i t ivity . 



I t  shou l d  b e ' po s s ib l e  to 1nc re a s e  the s ens i t iv i ty 1n 

s ever a l  ways : 

1 )  l ab e l l e d  ant ib ody of  h ighe r  spec i f i c  ac t iv i ty 

wou l d  g ive s ome improvement , 

2 )  a f f in i ty  pur i f i ca t ion o f  the labe l l ed an t ib o dy 

cou l d  l ower the background leve l , 

3 )  an t ib o dy o f  greater a f f in i ty cou l d  resu l t  in 

inc r e a s ed rad i oac t ivi ty s u rviving the mu l t i p l e  

wa she s and b e ing retained in the final p e l l e t s . 

1 1 3 .  

I t  1 s  no t known how much o f  the l e p t o s p iral ma t e r i a l  1 s  

b e ing mea s ured . The ant i gen i s  made up o f  s on i c a ted and 

l yoph i l i s e d  l ep t o sp iral c e l l s . I t  i s  pos s ib l e  tha t only a 

frac t i on o f  the ma terial  was avai lab l e  a s  an t i gen and i f  

tha t i s  t ru e  then the sens i t iv i ty o f  the a s s ay wou ld  

p robab l y  be  much h i gher wi th a pure an t i gen . From the 

various t r i a l s  of the a s s ay , a s say curves  ( F i gu r e  5 - l  t o  

5 - 1 2 )  ob t a ined wer e  almo s t  i d en t i ca l . The t r i a l s showed 

tha t the s h ape o f  the a s s ay curves  i s  de termine d  by the 

l eve l o f  a n t igen in the s amp l e s . The as say c u rv e s were 

iden t i c a l  even when the fo l l owing change s were  made in 

the proc edure : 

a )  ins t e a d  o f  2 0  u l , 100  u l  o f  norma l rabb i t  s e rum were  

u s ed i n  the a s s ay , 

b )  a l iquo t s  o f  300  u l  o f  the f inal c omp lex wer e  measured 

for r a d ioac t iv i ty ins tead  of cen t r i fug ing and 

meaa s u r ing the pe l l e t s  for rad i oac t iv i ty , 

c )  t he  1 2 5 I-ant ib ody comp l ex  was d i lu t e d  four t ime s . 

Even w i th a l l  thes e  change s ,  the r e s u l t s  o f  t h e  a s s ay were 

apparen t l y  l i t t l e  a f fec ted . Good a s s ay curve s were 

ob taine d , but the s ens i t iv i t y  of the a s s ay was s t i l l  l ow ,  

that i s , i t  cou l d  de t e c t  on l y  1 06 p i cograms o f  l ep t o spiral  

prote in or  h i gher  amount .  
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I t  was shown · tha t the t ime requ ired for the incuba t ion 

of the comp l exe s in the proc edure c an be cu t down to a 

t ime o f  th i r ty minu t e s  wi th a s econd incuba t ion o f  th i r ty 

minu t e s  in s tead o f  the overni gh t incuba t ion fo l l owed uy a 

three hour per iod . There was no change in the r e s u l t s  

wi th the shor t ened incub a t ion periods . Th i s  i s  s ign i f i c ant 

as  resu l t s  o f  the a s s ay cou l d  b e  ob ta ined ear l i e r  and th i s  

would have advant a g e s  in con trol  and surve i ll an c e  programme s .  

Wi th improved s en s i t iv i t y , r a d i o immunoas say wou l d  have great  

advan tage over c u l ture  me thod s . Rad io immunoa s s ay wou ld  not  

be a f fe c t e d  even when the l e p to sp ir e s  •ve re d e a d  or  l y s e d . 

Th is  norma l ly happened when there was de lay o f  s ubmi s s i on 

o f  the s amp l es . I t  wou l d  a l s o be una f fec ted by con tamina ted 

s amp l e s . 

Three a r e a s  o f  the a s s ay wh i ch need to be inve s t igated  

further a r e  as  fol l ows : -

a )  the u s e  o f  pure and mor e  s p e c i f ic ant i gen ins t ead 

of  son i c a t e d  and lyoph i l i s ed l e p t o s p iral c e l l s , 

b )  way s o f  lowe r ing the b ackground readings , p r e s en t  

background read ings w e r e  q u i t e  h i gh ,  

c )  IgG f r a c t ion o f  h igher  s p e c i f ic i ty shou l d  b e  u s ed . 

SUMMARY 

A rap i d  and reprodu c ib l e  me thod o f  de t e c t ing l e p t o s p ira l 

ant igens by  so l id phas e  r ad i o immunoas s ay i s  d e s c r ib e d : 

1 )  I t  i s  shown tha t the pro c e dure i s  r e l a t ive l y  s imp l e  

t o  p e r form .  However ,  a t  t h i s  s tage , i t  i s  no t 

su f f i c i en t l y  s en s i t ive for the pre c i se mea s ur ement o f  

l e p t o s p i r a l  an t igens b e l ow 1 06 p i cograms p e r  ml . The 

procedure wou l d  be u s e fu l  as a d iagno s toc· p r o c edure 

if i t s s ens i t iv i ty and s pe c i fic i ty could  be fur ther 

inc re a s ed . 
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2 )  The a s s ay for l e p t o s p i r a l  an t igens appeared to  be  

re l a t ive l y  insens i t ive c ompared wi th o ther bac t e r i a l  

an t i gens ( Thornley e t  a{  1 9 7 9 ) , (Wi l son e t  a£ , 1 9 7 7 )  

and one p o s s ib i l i ty i s  tha t the an t igen b e ing a s s ayed 

was der ived from who l e  l e p t o s p i ral ce l l s  and probab ly 

only a sma l l  frac t ion is b e ing measured �n the a s say . 

3 )  A fur th e r  improvemen t  o f  the procedure was p re s en ted . 

The t ime o f  a s say was c u t  down from twen ty hour s 

( overni gh t and thr e e  hou r s ) t o  j us t  one hour ( th i r ty 

minu t e s  and th i r ty minu te s ) . 
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CHAPTER SIX 

GENE RAL D I SCUSSION 

The random survey o f  sera from sheep o f  the Nor th I s land in 

th i s  s tudy repre s e n t s  the fi r s t  rep o r t ed at t emp t to a s s e s s  

in sheep the preva l ence o f  the s ix l e p tospiral  s e rovars  

known t o  be endemic  in New Zealand . 

A s erol ogical  preva lence o f  t i tr e s  t o  s e rovar hakdjo o f  

nine teen percent i n  sheep o f  a l l  age s and evidence o f  

infe c t ion on twenty - s even ou t o f  for ty-two d i f ferent farms 

ind i c a t e d  that  infe c t ion by s erovar hakdjo is no t uncotrumon . 

I t  was there fore shown tha t  s e rovar hakdjo i s  the mo s t  

prevalent  serovar a f fect ing sheep in New Zea land . The o ther  

serovar s were ins i gni f i c ant  and oc curred  sporad ical ly when 

shee p  happened to c ome in contac t w i th the ma intenanc e  ho s t s . 

In c ompar i s on wi th overseas  surveys , the preva l ence o f  

pos i t ive t i tres  i n  sheep from thi s  survey wa s r e l a t ively 

high . The s igni f i c ance of  th i s  h i gh preva l enc e o f  sheep t o  

l e p t o s p i r a l  infe c t i on i s  no t y e t  known . However , i t  was 

e s tab l i shed in th i s  pre s ent inve s t ig a t i on that  the hakdjo 

infe c t i on was no t endemi c in the sheep  popu l a t ion .  

In the c ourse  o f  th i s  inve s t igat ion , i t  was shown tha t sheep 

were unl ike ly the maintenance ho s t  for  serovar hakdjo in New 

Zeal and . One cond i t ion in the ma intenance o f  a part icu l ar 

serovar in a par t i cular  ho s t  popu l a t ion i s  tha t  a s i gni f i c ant 

propor t i on of the infe c t ed anima l s  r ema in carr i e r s  

su f f i c i en t ly l ong t o  infe c t  e ach new generat ion . I n  th i s  

cros s s e c t iona l s tudy , i t  was shown tha t shee p  c ou l d  no t 

ma in t a in the in fe c t ion for a l ong dur a t ion and there fore they 

were un l ikely  to  be a ma in tenance ho s t . Thu s , the r o l e  o f  

sheep in the cont inu ing surviva l o f  l e p t o s p i r e s  1n the New 

Zea l and environmen t ,  appears  t o  be un important . 
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The h�djo t i tr e s  obs erved 1n the sheep were probab ly 

a t tr ibu t a b l e  to  short term in fec t ions accompan i ed by 

trans ient  l ep t o s p i rur ic pha s e . I t  i s  no t known how l ong 

sheep are  ab le  to excrete  lep t o s p i r a l  organi sms in the i r  

ur 1ne . Th i s  has  t o  be re s o lved by  fur ther inve s t iga t i on . 

Evidenc e ob t a ined in thi s  s tudy , however ,  ind i c a ted tha t the 

lep t o s p i ruria  wa s o f  shor t dura t ion . In th i s  survey , h i gh 

propor t i on o f  the sheep popu l a t ion had con tac t wi th c a t t l e  

and i t  appears tha t infec t ion i n  sheep resu l t e d  from c lo s e  

contac t wi th c a t t l e . I t  i s  a s sumed that ca t t le were the 

pr 1mary s ource o f  infe c t ion for the sheep . I t  i s  there fore 

sugge s t ed tha t  a l though sheep are obv i ou s ly natura l ly 

suscep t ib l e  to  s p o rad ic infec t ion wi th haAdjo , they are 

unl ik e l y  to b e  a s i gn i f i c an t  source o f  re in f e c t i on for 

c a t t l e  in a herd in wh ich the infec t ion is be ing c ontro l led  

by  vac c inat ion or  o ther con t r o l  me tho d s . 

In re l a t ion to  o ther s tock , sheep probab ly p l ay an 

ins ign i f i c an t  r o l e  in the t ransmi s s ion of  l e p t o s p ira l 

infe c t i on . I t  i s  suspec ted  tha t  in fe c t ion in sheep i s  a 

dead end . 

In re l a t ion t o  pub l ic hea l th ,  l e p t o s p iral  infe c t ion in sheep 

probab l y  po s e  l i t t l e prob l em .  Th i s  c onc lus ion i s  based  on 

the low cu l tu r a l  p reva lence  o f  sheep in the general  survey 

to l ep t o sp i r a l  infec t ion and the fac t tha t  a l l the sheep 

examined in the s tudy farm were no t l eptosp irur i c . Thus , 

peop l e  dea l ing w i th sheep par t i c u l ar l y  thos e  working 1n the 

freez ing works and shear ing sheds  h ave l i t t l e  ch�nce o f  

picking l e p t o s p i r a l  infe c t ion from sheep . 

I t  i s  d i f fi cu l t  t o  a s s e s s the e f fe c t  o f  l ep to s p i r a l  

infec t i on on t h e  e conomy o f  t h e  s h e e p  indus try . F ir s t ly ,  i t  

i s  no t known wha t  are the e f fec t s  o f  haAdjo i n fe c t ion on sheep 

under n a tural c ond i t ions . There wer e  no repo r t s  o f  abor t i ons 

in sheep due t o  h�djo in fe c t ion exce p t  for one reported by 

Andrean i et al ,, ( 1 9 74) . The abo r t ions  ment i oned by 

Andrean i  et al , ( 1 9 74)  wer e  s u s p e c t e d  to  be due to s e rovar 

haAdjo . Infe c t ions due to  s e rovar �djo were o f t en 

inapparen t and p robably had l i t t le e f fec t on the  anima l s . 



1 1 8 .  

Leptosp i r a l  infe c t ion �n sheep  wi l l  probably have  l i t t le  

e f fec t  on the  c on t r o l  or erad i c a t i on programme s o f  

l eptos p i r a l  infec t i on �n o th e r  s tock . The c on t r o l  o f  haAdjo 

infe c t i on �n ca t t l e  wi l l  h e l p  to e l iminate the haAdjo 

infec t ion �n sheep  a s sum�ng the sour c e  o f  infe c t ion in sheep 

came from c a t t l e . 

The nee d  t o  di agno s e  l e p t o s p i ral infe c t ions a s  s o on a s  

pos s ib l e  a f t e r  t h e  infe c t ion h a s  oc curred , i s  e s s ent ial . 

In the l a t e r  par t o f  th i s  the s i s , s ome work on the  u s e  o f  

radioimmunoa s s ay to  de t e c t  l e p to s p i r e s  or the i r  an t i gens 

in urine s amp l e s , is  inc luded . There  are good ind i c a t ions 

tha t the procedure ,  w i th fur ther improvement ,  m i gh t  be 

u s e ful in surveys and con t r o l  programme s in d e te c t ing 

l epto s p i ru r i a  in anima l s . 
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APPEND I X  I 

LIST OF EQU I PMENT AND APPARATUS 

EQU I PMENT AND APPARATUS 

1 .  B lood c e l l  suspens ion 

mixer (Matburn) . 

2 .  Colwor th 400 

3 .  ISC O  Mod e l  1 7 0 

Go l den Re t r i ever Mode l  

4 .  G i l s on "p ipe tman " 

5 .  P l as t i c  micro t i t r e  

p l a t e s  (Micro t i tr e )  

6 .  Petro f f-Hauser  

7 .  Nuc l e ar Enterpr i s e s  

NE 1 600  (Gamma c oun t e r )  

8 .  Semi-au t omated  min i d i lu ter  

( Dyna t e ch)  

9 .  Soniprobe Type 1 1 30A/ l  

MAKER OR SUPPLIER 

Ma tburn L t d . , 

Emibold  S t . , London , 

Eng land . 

A . J .  Seward and Co Ltd . , 

6 S t amford S t . , 

London SE l 9UE , Eng land . 

Ins trumen t a t ion Spec ia l t i e s  

Co . ,  P . O .  Box 5347 , 

Lincoln , Nembra ska 68505 , 

U . S . A .  

G i l son France S . A .  

72 , Nue Gambe t ta 95400 

V i l l iers- l e  B a l , France . 

Dynatech S ingapore L td . , 

2 1B Go ldh i l l  P laza , 

Singapore 1 1 . 

C . A .  Hau s e r  and Son , 

Ph i lade lph i a , U . S . A .  

B . R .  Homer sham L td . , 

Elec t r i c a l  and Me chan i c a l  

Engineers , Auckland , N . Z .  

Cook Labora tory Produc t s , 

900 S l a t e r s  Lane , 

Al exand r i a , V i r g inia 2 2 3 1 4 , 

U . S . A .  

Dawe Ins trumen t s  L td . , 

Wes tern Avenu e , Ascorn , 

London W3 , Eng l and . 
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EQUIPMENT AND APPARATUS 

1 0 . Sorva l l  GLC- 1 

(General  Lab o r a tory 

Centrifuge ) 

1 1 .  Super m1xer 

1 2 . Te s t  tub e s  ( p o l y s tyren e )  

( for RIA) 

1 3 .  Turner Fluorome ter 

Mode l No 1 1 1  

1 4 .  UNICAM SP500 S e r i e s  2 

MAKER OR SUPPLIER 

Dupont Ins trument s  

Sorva l l ,  Peck ' s  Lane , 

New t own , Connec ticut  

0 64 7 0 , U . S . A .  

1 20 .  

Lab-L ine Ins trument s  Inc . ,  

Me l r o s e  Park , I l l inoi s ,  

U . S . A .  

C on s o l ida t e d  P l a s t i c s , 

Upp e r  Hu t t , N . Z .  

G . K .  Turner As soc iate s L t d , 

P a l o  Alto , Ca l i fornia , USA . 

Pye Unicam L td . , 

York S tree t , Cambridge , 

Engl and . 
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APPEN D I X  1 1  
L I ST OF MATE R I ALS  

C HEMICALS 

1 .  Aga r  ( D i f c o )  

2 .  B . D . H .  

3 .  Ch l oramine-T ( B . D . H . ) 

4 .  CNBr-ac t iva ted Sepharo s e  

5 .  Cyanogen bromide ( CNBr ) 

6 .  5 -F luroura c i l  ( 5FU) 

7 .  G o a t ant i -rabb i t  who l e  

s erum 

8 .  I o d ine 1 25 ( 1 2 5 I )  

9 .  J S  Med ium ( D i fc o )  

1 0 . M .  & B .  

SOURCE 

D i fco , De t ro i t , 

Mich i gan , U . S . A .  

Br i t i sh Drug Hou se Chemica l s  

L td . , Poo l e , England . 

B r i t i sh Drug Hou s e s  L td . , 

BDH Labora t o ry Chemi ca l s , 

Poo l e , England . 

Pharmac i a  F ine Chemi c a l s ,  

Upp s a l a , Sweden . 

ICN Pharma c e u t i c a l s  Inc . , 

L i fe Sc ienc e s  Group , 

P l a i nview , New York , U . S . A .  

S i gma Chem i ca l  Co . ,  

P . O .  Box 1 4 5 0 8 , S t . Lou i s , 

Mi s s ouri  6 3 1 7 8 ,  U . S . A .  

Mi l e s  Yeda , 

Mi l e s  Labor a t or i e s  L td . , 

P . O .  Box 3 7 , S toke s Page s , 

S l ough , Eng l and SL2 4KY 

New England Nuc l ear 

5 4 9  Albany S t . , 

Ma s s achu s e t t s  02 1 1 8 ,  U . S . A .  

D i f co Labor a t or ie s , 

D e t ro i t , Mi c h i gan , U . S . A .  

May and Baker L td . , 

Dagenham , Eng l and . 
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CHEMICALS 

1 1 . P en t ex-Mi l e s  

1 2 . S o d ium me t a b i s u l ph i te 

( B . D . H . ) 

1 3 . S tuar t ' s  B a s a l  Med i um 

B a c t o . Lep t o sp i ra Med ium , 

( B . B . M . ) 

1 4 . Wha tman DE5 2  

( D i e th y l aminoe thyl 

c e l lu l o s e )  

1 5 . S i gma 

1 2 2 . 

SOURCE 

M i l e s  Lab o r a tor i e s  Inc . , 

Bed ford , Ma s s .  0 1 7 3 9 , U . S . A .  

Br i t i sh Drug Hous e s  L td . , 

BDH Labora t o ry Chemica l s , 

Poo l e , England . 

D i fco Labor a t o r i e s , 

De tro i t ,  Michi gan , U . S . A .  

Whatman L td . , 

Spring fi e l d  Mi l l , 

Ma ids tone , Ken t , Engl and . 

S i gma Chemi c a l  Co . , 

P . O .  Box 1 4 5 08 , 

S t . Lou i s , Mi s souri  6 3 1 7 8 , 

U . S . A .  
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PREPARAT I ON OF BUFFER < FORMULA ) 

1 .  Pho sphate  Bu f fer : 

1 2 3 . 

S tock s o l u t ions  wer e  prepared as  fo l l ows : -

S o l u t ion A :  D i s s o lve 3 1 2 . 02g  NaH2Po4 . 2H2 0 (M & B )  1n 

2000 ml o f  d i s t i l led wa ter . 

S o l u t i on B ;  Di s s o lve 7 1 6 . 40g Na2HP04 . 1 2 H2 0 (M & B )  1n 

2000 ml o f  d i s t i l led wa ter . 

l . OM Pho s phate  b u f f e r  c an be prepared by comb ining x ml 

o f  s o lu t i on A and y ml o f  s o lu t i on B .  

X y pH 

45 . 0  5 5 . 0  6 . 9  

39 . 0  6 1 . 0  7 . 0 

33 . 0  6 7 . 0  7 . 1  

28 . 0  7 2 . 0  7 . 2  

23 . 0  7 7 . 0  7 . 3  

1 9 . 0  8 1 . 0  7 . 4 

1 6 . 0  84 . 0  7 . 5  

1 3 . 0  8 7 . 0  7 . 6  

1 0 . 5  9 0 . 5  7 . 7 

8 . 5  9 1 . 5  7 . 8  

7 . 0  93 . 0  7 . 9  

5 . 3  94 . 7  8 . 0  

0 . 6M ,  O . lM and O . O lM pho s pha t e  bu f fers were prepared by  

d i lu t ing l . OM bu f fe r  wi th d i s t i l led wa t e r . 

2 .  Pho �pha t e  Bu ffered S a l ine (P . B . S . )  

0 . lM NaC l 

0 . 005M P o t a s s ium pho s phate  

pH 7 . 2  
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3 .  PBS / BSA 

4 .  

O . lM NaC l 

0 . 005M Pota s s ium pho s ph a t e  

1 %  B ovine s e rum a lbumin 

pH 7 . 2  

As s ay Bu f fer  (RIA) 

500  ml o f  0 . 9% (w/v) NaC l aqueou s solut ion 

500 ml  o f  O . lM Sodium pho s ph a t e  p H  7 . 5  

5 ml o f  1 0% (w/v) S o d i um a z ide aqueou s s o lu t ion 

2 gm o f  bovine s e rum a lbumin 

1 1  gm o f  Tween 2 0  

1 24 .  
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PREPARAT I ON OF JS MED I UM ACCORD I N G TO THE METHOD 

OF JOHNSON AND SE l lE R  ( 1977 )  

1 2 5 . 

Ana l y t i c a l  grade reagen t s  and doub l e-d i s t i l l e d  de i on i s ed 

wa ter w e r e  us ed in the preparat i on o f  this  med ium . G l a s s 

ware wa s thorough ly wa shed in  an au t oma t ic l ab ora tory 

washing mach ine and rinsed w i th d i s t i l l ed wa t e r  be fore b e ing 

au toc l aved  at 1 2 1 °C for 20 minu te s . 

STOCK S OLUTIONS : Fresh s to ck so l u t ions o f  chemi ca l s  were 

prepare d  for each b a t ch o f  medium a s  fo l lows : -

NH4 C l  

Znso4 . 7H20 

HgC 1 2 . 6H2 0 

CaC 1 2 . 2H20 

Feso4 . 7H20 

Cuso4 . SH20 

Sod i um pyruva te 

G ly c e r o l  

Twe e n  8 0  

Th i amine . HC l  

Cyan o c oba l amin 

grams p e r  100  ml  d e ion i s e d  
wa t e r  

( B . D . H . ) �' 25 . 0  

(M  & B )  * 0 . 4  

( B . D . H . ) 1 . 5  

( B . D . H . ) 1 . 5 

( B . D . H . ) 0 . 5  

( B . D . H . ) 0 . 3  

( B . D . H . ) 1 0 . 0  

(B . D . H . ) 1 0 . 0  

( S i gma ) ''< 1 0 . 0  

( S i gma ) 0 . 5  

( S i gma ) 0 . 0 2 

ALBUMIN  S UPPLEMENT : The a lbumin supp l ement  wa s prepared by 

d i s so l v i n g  20g bovine a lbumin frac t i on V p owd e r  (Pentex

Mi l e s ) *  in 100  ml deion i s e d  d i s t i l l ed wate r . Wh i l e  thi s  

was s t i r r ed the fo l lowing s tock s o l u t i ons were  s lowly 

added : -

MgC 1 2 2 . 0  ml 

CaC 1 2 2 . 0  m l  

Znso4 2 . 0  m l  

Cus o4 0 . 2  m l  

Feso4 2 0 . 0  ml 

Cyanocobal amin 2 . 0  m l  

Twee n  80  2 5 . 0  m l  

* App end ix I I  
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APPENDIX IV CONTINUED 

When th e powder wa s comp l e t e l y  d i s solved th e pH wa s adj us ted 

to 7 . 4 and the s o lu t i on brough t to a final vo l ume o f  200 ml 

by the add i t ion o f  deion i sed  d i s t i l led wa ter . The s o lu t ion 

wa s then s te r i l i s ed by f i l t r a t ion us ing a 0 . 2 2um f i l ter 

(Mi l l ipore ) and s tored in 30  ml batches  in s te r i l e  g l a s s  

bo t t l e s . T h e  s teri l i ty o f  the s o lu t ion wa s checked b y  the 

add i t ion o f  1 ml albumin supp lement to 1 0  ml nu tr ient broth 

and incub a t i on at  3 7°C for 24  hours , a f ter wh ich  t ime it  was 

examined for bac t e r i a l  c ontamina t ion . 

BASAL MED I UM : To 9 9 6  ml o f  de ionised  d i s t i l l e d  wa ter the 

fo l l owing were added : 

Na2HP04 ( anhydrous )  

KH2Po4 ( anhydrous )  

NaC l 

B . D . H .  

B . D . H .  

B . D . H .  

p lu s  the fo l l owing s tock s o l u t i on s : 

NH4C l  1 ml 

th iamine 1 ml 

sod ium pyruva te  1 ml 

glyc e r o l  1 ml 

1 . 0  g 

0 . 3  g 

1 . 0  g 

The pH o f  the  re sul t ing s o l u t ion wa s adj u s t e d  to 7 . 4 ,  and 

the s o l u t ion was decant ed  into 2 7 0 ml s c rew c apped bot t l e s  

wh i ch were au toc laved a t  1 2 1 °C for 2 0  minu t e s  and s t ored 

unt i l  u s e d . 

LIQU ID MED I UM : Liquid med ium wa s prepared by adding 30 ml 

of a lbumin s upplemen t to 2 7 0  ml  o f  b a s a l  med i um .  

SEMISOLID MED IUM : S emi so l id medium was prepared by add ing 

0 . 5  g o f  agar  (Di fco , Bac to-Agar)  to 2 70 ml o f  b a s a l  med ium . 

Thi s  was au toc l aved a t  1 2 1 °C for 20 minu te s , then cooled to 

5 6°C be fore the add i t ion of 3 0  ml o f  a l bumin supplement . 
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Med ium was d i s pen sed  1n 5 ml al iquo t s  into s c rew-c apped 

Mc Car tney b o t t l e s . 

1 2 7 . 

Al l ba tches o f  med ium were checked for bac t e r i a l  

con t amina t ion b y  incuba t i on a t  3 7°C for three  days and 2 7°C 

for three day s and the n  examined . 

Al l new ba t ches  o f  b a s a l  medium and albumin supp lemen t we re 

tes ted  to s e e  that they suppor ted the growth o f  a recent  

i s o l a t e  o f  haAdjo . 

SELECTIVE MEDIUM : S e l e c t ive media  we re prepared by the 

add i t ion of 200 or 400 ug SFU /ml to l i qu id or  s emi s o l id 

medium . A s tock s o lu t i on o f  SFU ( S i gma ) was prepared by 

the add i t ion o f  1 . 0  g o f  SFU to 50  ml of d i s t i l l ed wa ter . 

Th i s  wa s p l ac ed in a 5 6°C wa ter bath to  d i s s o lve the SFU , 

and the pH wa s then adj u s ted to 7 . 4 - 7 . 6  by  the add i t ion 

o f  1M  HC l .  The s o lu t ion wa s then made up t o  1 00 ml by the 

add i t ion o f  de ioni sed  d i s t i l led wa ter and s ter i l i sed  by 

f i l t r a t ion through a 0 . 2 2 urn f i l ter (Mi l l ipore ) . Twen ty 

ml a l i quo t s  of SFU s o l u t ion were held  at 4°C un t i l  required , 

when they were d i s s o lved by pl ac ing in a 5 6°C wa ter  b a th 

prior  to  the ir  addi t ion to  prepared med ium . To  prepare 

med ium w i th 200  ug SFU/rnl 6 . 0  ml of SFU s t ock s o l u t i on were 

adde d to 300  ml of med i um ;  and 1 2 . 0  ml SFU were added to 

300 ml med ium to  produ c e  a fina l concentra t ion of 400 ug /ml . 
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PRODUCT I ON OF RABB I T  HYPE R I MMUNE SERUM 

The rabb i t  hyper immune s e rum was produced in adult 

laboratory rabb its accord ing to the method of Tan (1 9 7 0 ) . 

D ay 1 - A s even day cul tu r e  grown in liqu id JS was 

heat - f ixed for thirty minutes at 5 6
°

C .  The 

cul ture should c ontain not l e s s  than 1 0
8 

leptospires per m l  and four ml of the culture 

were ino culated into the rabb it through the 

ear vein . 

D ay 6 - The above procedure was r epeated . 

Day 1 2  - The rabb its were inoculated with a s even -day 

o l d , l ive culture o f  not l e s s  than 1 0
8 

lepto s pi r e s  per m l  through the ear ve in . 

Day 18  - The rabb i ts were anae s theti s ed with e ther and 

then b led by cardi ac punc ture . The blood was 

let to c lot and the serum s e parated by 

centri fugat ion . The s erum was then s tored in 

appropr i ate container s at - 2 0
°C .  
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PRODUCT I ON O F  THE I MMU NOGLOBU L I N  FRACT I ONS 

The ant ibody a c t iv i ty �n ant i sera  � s  predominan t ly con t a ined 

in the gammagl obu l in ( IgG) frac t ion and for thi s  rea s on , the 

I gG fract ion wa s s e l ec t e d  to  be  u s ed as  the ant ibody 

component of the rad io immunoa s s ay . The me thod of extrac t ing 

the fract ions i s  by Wha tmans Advanc e d  I on Exchange 

Ce l lu l o ses  ( d i e thy l aminoe thyl-5 2 ) . *  

a )  Preparat ion o f  the DE-5 2  c o l umn 

Whatrnans pre - swo l len d iethylam inoe thy l c e l lulose ( D E - 5 2 )  

i s  chosen for the column . E i gh t y  grams of DE- 5 2  

c e l lulose and 5 0 0  m l  o f  0 . 0 2M phosphate buf fer of p H  8 

were mixed . Th i s  mixture has a pH of 1 0  and it i s  

lowered to p H  8 by add ing 0 . 2M NaH
2

Po
4 

solution . I t  i s  

s t irred s lowly for f i f teen minute s .  The c e l lulo s e  i s  

s lowly poured i nto the column and then degas sed w i t h  the 

a i d  of a vacuum devi c e . The c o l umn is run overnight 

w i th 0 . 0 2M phosphate buffer s o l ut ion . * *  

b )  E l u tion of the Fractions 

* 

The co lumn i s  f ir s t ly s tandard i s ed by running 0 . 0 2M 

pho sphate bu f fer so lution ( pH 8 )  through the column . 

The sample ( 2  ml ) o f  rabb i t  hyper immune s erum to 

s erovar hardjo was centrifuged t o  c lear any debr i s  a nd 

d i a lysed i n  0 . 0 2M pho sphate bu f fer solution overnight 

be fore being run through the c o l umn . The first 

fraction e lu ted wi th 0 .0 2M phosphate buffer solution 

i s  IgG . The other fractions wer e  obtained by elution 

with 0 .0 3M ,  0 . 0 5M and O .lM pho sphate buf fer solutions . * * 

The fracti o n s  were pooled and c oncentrated with the aid 

o f  polyethyl ene glyco l . O n  c omp l e tion , the column was 

washed with IM NaC l and f i nal l y  wi th 0 . 0 2 M  phosphate 

buf fer solution . 
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c )  Conc entrating the F r a c t i on s  

I nd iv i dual fractions wer e  poo l ed into d i a ly s ing tubes 

and p l ac ed in a tray . They were then covered with 

po l y e t hylene g lycol for about two hour s . The amount of 

each f rac tion requ ired was approximate ly two to three ml . 

d )  Exam i n ation �f the Fra c t i ons for Purity 

Immunoe l ectrophores i s  on agar ge l s  was employed to 

exam i n e  the immunog lobu l i n  fractions for any contamin

atin g  o r  exce s s  prote i n . Each frac tion was p laced 

separate ly in we l l s  i n  the gel , whi l st goat anti -rabb it 

s er um (Miles  Yeda) * *  was p laced i n  the troug h s . The 

goat anti -rabb i t  serum ac ted as the ant ibody to the 

fra c t i ons . On electrophore s i s , the frac t i on s  and the 

ant i bo dy d i f fused into the gel forming pre c i p i tin l i nes 

whe r e  the two met . The I gG fraction produced only one 

di s ti n c t  li ne of prec ipi tat ion which ind i c ated that 

the frac tion was pure IgG and there fore cons idered 

sui table for u se as the antibody component of the 

rad i oimmunos say . 

e )  Prote i n  Concentration o f  the Fracti ons 

* *  

* * * 

The protein con centration o f  the gammag lobu l i n  fraction 

was m e a sured u s ing a spe ctrophotometer ( UN I CAM ) . * * *  

The g ammag lobu lin fraction was found to contain 1 0  mg 

of protein per ml . 
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PREPARAT I ON OF  CELLU LOSE - HARDJO ANT I BODY COMPLEXES 
FOR USE AS A SO L I D  PHASE REAGENT 

1 3 1 . 

The pro c edure fol lowed the method o f  Wide ( 1 9 6 9 ) . 

a )  Cyanogen bromide ( CNBr ) * activation of the i n soluble 

polys acchar id e s . 

The c yanogen bromide a c t ivation i s  carr ied out in a 

fum e  cupboar d . Five grams of cyanogen brom i de i s  

tra n s ferred to a fl ask and di sti l led wat e r  i s  added 

unt i l  a f ina l concentra tion of 2 . 5  percent ( w/v ) i s  

ach i eved . The cyanogen bromide so lution ( 4 0  ml for 

each gram of po lymer ) and the ce l l ulose are mixed and 

the pH of thi s  mixture i s  raised by addi n g  lM NaOH 

solut ion unt i l  pH 1 0 . 5  i s  ach ieved . The mix ture i s  

then fi ltered with a g l ass fi lter having a pore s i z e  

o f  o ne mi cron . About 5 0 0  ml of i c e  cold d i s ti l led 

wat e r  i s  added to wash the cellulose suspens ion . The 

ce l lu lo s e  par ti c les are dried on the g l a s s  f i l ter by 

washing wi th acetone . A conc entrat ion of approximately 

f i f ty perce n t  is first used and the concentration i s  

gradually i n crea sed unti l  pure ace tone i s  f ina l ly 

used . The acetone i s  a l lowed to evaporate a t  room 

temperature ,  thu s  leaving the ce l lulose d r y . The dry 

powde r  is wei ghed and then stored at - 2 0
°C .  

b )  Coup l ing o f  t h e  hardjo antibody to the a c t ivated polymer . 

* 

For eve ry l O O  mg of activated ce l lulose , 0 . 1  ml of the 

hardjo antibody and 0 . 4  ml of 0 . 1  M NaHco
3 

s o lution were 

adde d . The mixture i s  mixed by rotating s l owly for one 
0 

to three d ay s  a t  +4  c or for 2 4  hours a t  r o om temperature . 

Thi s  irnrnuno s orbent material i s  f ir s t  washed by adding 

two ml of 0 . 5M NaHco
3

, mixed by rotation a nd poured into 

a centri fuge tube . Thi s washing procedure i s  r epeated 

Append ix I I  
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* 

twi c e  and then i t  i s  mad e up to ten ml with O . SM 

NaHC0
3 

solut ion and mixed by rotation for twenty minu te s . 

It i s  then c e n tr i fug ed , the superna tant d i s carded and 

ten ml of O . SM NaHco3 s o lu t ion added . The washing 

procedure i s  r epeated a s  be fore . The par t i c l e s  are now 

was hed with ten ml o f  a n  O . lM acetate buffer of pH 4 for 

one hou r . Duri ng a s econd wash with thi s  buf fer and 

before the soluti on i s  rotated , it is homogeni sed for 

ten s e c ond s i n  an u ltrasonic dis integrator ( Soniprobe ) . *  

Finally , i t  i s  rotated for 1 8  to 2 0  hour s .  The part i c l e s  

are now washed twice i n  t e n  m l  of the a s say buffer . A 
f inal c entri fugation and d ecantation of the supernatant 

i s  f o l l owed by the add i t ion of ten ml o f  a s s ay buffer . 

Thi s  concentrated s tock so lution i s  ready for use . I t  

may be kept a t  4°C i f  i t  i s  going to be u s ed immedi ate ly 

or s tor ed at - 2 0°C .  
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RAD I 0 - LABELLI  NG OF THE GAM�,1AG LOBULI  N CANT ! 

H8RDJO lgG ) W I TH SOD I UM I OD I DE c l25 1 ) 

1 3 3 . 

A quantity ( 2  mg ) of garnrnag lobul i n  in 0 . 2  ml o f  O . O SM 

phosphate buf f e r  solution ( pH 7 )  was label led wi th one mCi 

of 
1 2 5 r ( IMS - 3 0 ) * by the method o f  McConahey and D ixon ( 1 9 6 6 ) . 

The r eaction took p l ace i n  the microvi al supp l i ed by 

Amer sham and in a fumehood . Thi s method invo lved the 

oxidation of the mixture of I g G  a nd 1 2 5 r wi th Chloramine-T 

( BDH ) * .  After the add i t ion of Chloramine-T , an equal amount 

of Sodium metabi sulphite ( BDH ) * was added to neutra l i se any 

remaining ox i d i s ing agent and s top the reaction . Non-protein 

bound iodide was removed by d i a ly i s  in the cold against 

phosphate bu f fe r ed s a l i ne . The f i nal product was d i luted to 

ten ml wi th PBSIBSA in p l a s t i c  tube s and kept at 4
°

C un til 

be ing used . 

Procedure : -

Rabbit g amrnag lobu l in 

1 2 5
r (Arnersham) 

Chlorarnine-T ( pH 7 . 5 )  

2 mg in bu ffer 

l mC i 

5 0  ug in 0 . 1  ml buf fer 

Wai t 2 minu t e s  

Sodium me t abisulph i te ( pH 7 . 5 ) 5 0  ug in 0 . 1  ml bu ffer 

Dialyse three t imes again s t  PBS 

( 0 .  H1 NaC l and 0 .  O O SM Potas s ium 

phosphate , pH 7 . 2 ) 

D i lute to 1 0  m 1  w i th PBSIBSA ( 1 % }  

Chlorarni n e -T and Sodium metab i su 1phite so lution s . 

5 0ug o f  above reagent I 0 . 1  m 1  o f  bu f f e r  

5 0 0  u g  I 1 m l  

5 mg 1 1 0  m 1  

1 0  mg 1 2 0  ml o f  buf fer ( make fresh)  
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