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SUMMARY 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

was over-e s timate d . 



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

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

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

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

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

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

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

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

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

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

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

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

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

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

house the young stock . 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

New Z e a l and . 



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

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

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

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

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

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

Ant i biotic the rapy did not prevent abortions . 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

considered that the antigen extracts contained a low 

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

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

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

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

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

n ylon wool fractionation and confirmed by e numera ting the 

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



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

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

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

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

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

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

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

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

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

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

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

antibody soon a f ter infection . 
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1. 

INTRODUCTION 

The chapters that follow a review of the literature, 

describe firstly the serological and culture techniques 

which were used to study leptospiral infection in pigs, 

and secondly an attempt to define the epidemiology 

of leptospirosis in pigs in New Zealand. After this 

an investigation of cell mediated immunity in pigs which 

had been infected with serovar pomona is described. 

During the study a number of experiments were conducted 

with the aim of defining the optimal conditions of cell 

culture for these transformation experiments, and a 

number of these have been reported in the appendices. 



2. 

CHAPTER I 

REVIEW PORCINE LEPTOSPIROSIS 

INTRODUCTION 

Leptospires are bacteria with a characteristic helical 

morphology (Hovind-Hougen, 1976) , and with the other 

spirochaetes are incorporated in the Family Sp i r o c h a e t a ce a .  

Although this study is concerned solely with parasitic 

organisms it should be noted that most of the leptospires 

are saprophytes (Smibert, 1974; Willcox, 1976) . Two 

leptospiral complexes, b i f l exa and i n t e rr o g an s , 

incorporating the saprophytes and parasites respectively, 

have been proposed, but there are no completely 

reliable methods to distinguish leptospires on this basis, 

and therefore all leptospires are currently considered 

to be one species, L e p t o s p i r a  in t e rrogans (Turner, 1976) . 

Stable antigenic leptospiral variants have been isolated, 

and those which cross agglutinate at high titre with one 

another's antisera are regarded.as belonging to the same 

serogroup. Furthermore, two strains are considered to be 

different serovars Of serotypes, if after absorption with 

the heterologous strain at least 10% of the homologous 

titre remains present in each of the two antisera 

(W .H.O., 1967) . 

Although leptospirosis in pigs was not recorded until 

approximately 20 years after the discovery of parasitic 

leptospires (Klarenbeek and Winsser, 1937 ) , infection in 

pigs has since been frequently reported in many countries 

(Alexander, e t  a l . , 1 964) . The serovars most commonly 

isolated from pigs throughout the world are pomon a ,  

tarasso v i ,  can i c o l a  and c o p e nhage n i ,  but there are also 

reports of at least another 16 serovars being occasionally 

cultivated from pig tissues (see Table ·1) . 



3. 

GENERAL CONCEPTS OF -LEPTOSPIROSIS 

It has been observed that particular leptospiral serovars 

are frequently isolated from certain animal species; for 

example, in many countries serovar c o p e n ha g e n i  has been 

isolated from Ra t tus n o r v e g i cus� serovar b a Z Z um from Mus 

musc u l us� serovar p o m o n a  from pigs, and serovar h a r dj o  

from cattle (U.S. Dept of Health, Education and Welfare, 

1 966, 1975). Evidence indicates that these animals 

become chronically infected with the particular serovar 

and excrete organisms in their urine over a long period 

(Willcox, 1976). Where such a situation prevails it 

has been proposed that the animal should be termed a 

reservoir or maintenance host of that particular serovar 

(Roth e t  a Z . �  1963). 

This relationship between an animal and a serovar is 

considered to be the end result of a process of biological 

adaptation in which a saprophytic leptospire adopted a 

particular parasitic niche. It is suggested that during 

this process each serovar evolved its unique antigenic 

structure (van der Hoeden, 1 958, Willcox, 1976). In 

other words, serovars, as they are known today, are the 

result of host-parasite adaptation. 

It may be concluded from the high frequency with which 

particular serovars are isolated from their reservoir 

hosts as compared with their frequency of isolation from 

other animals, that serovars spread primarily among the 

members of their reservoir host population. They may 

spread to other populations, but are not maintained 

within them. Roth e t  a Z . � (1963) have proposed that 

these animal species which are only occas�onally infected 

be termed accidental or incidental hosts for the 

particular serovars in question. As no leptospires 

have been reported as being maintained in human populat­

ions, man must be considered an incidental host of all 

pathogenic serovars. 
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In order to understand the dynamics of leptospiral 

infection both within and between these animal populations, 

the host-parasite or intrinsic factors, and various 

environmental or extrinsic factors must be examined. 

The intrinsic factors will be considered first. 

' 

The course of leptospiral infections in all animals and 

with all serovars is essentially the same. In the 

chronic phase of leptospirosis, leptospires are excreted 

in the urine, and susceptible animals become infected 

either directly from this source, or indirectly via the 

environment (Turner, 1 9 6 7 ;  IIanson, 1 9 7 6 ) . Animals have 

been successfully infected experimentally by inoculating 

leptospires on to abraded skin (Michna, 1 9 6 5; Hathaway, 

197 8) , the nasal mucosa (Ferguson and Powers, 19 5 6; 

Chaudary e t  a Z . �  19 6 6  a, b ;  Golota e t  a Z . �  1 9 6 4 )  and 

oral mucosa (Chaudary e t  a Z . � 1 9 6 6  a) , and there is 

ample chance for this to occur naturally. Although 

considered to be of less significance, venereal trans­

mission has been conclusively demonstrated in cattle 

(Sleight and Williams, 1 9 6 1 )  and there is circumstantial 

evidence that this mode of transmission occurs in mice 

(Kemenes and Szeky, � 9 6 6 ) . Transmission v i a  blood 

sucking ectoparasites has been demonstrated under 

laboratory conditions (Burgdorfer, 19 5 6; Schlossberger 

and Langbein, 19 5 2 )  but this is probably of no importance 

in field infections (Turner, 1 9 6 7 ) .  One requirement 

of the host-parasite relationship between a serovar and a 

reservoir host, is that the reservoir host be highly 

susceptible to infection by the serovar, thus ensuring 

that the infection is maintained. 

Two to 1 6  days after infection a leptospiraemia occurs, 

and this period of the disease is usually termed the acute 

phase. During this period many different clinical 

manifestations have been reported, depending on the 

animal species and the serovar involved (Hanson, 1 9 7 6 )  . 

A leptospiraemia followed by kidney colonisation must 

occur if the cycle of infection within a reservoir host 
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population is to continue, and to avoid an end host 

situation it is essential that the animal does not dte as 

a result of infection. In the case of some wildlife 

species even a mild debility could result in death due to 

secondary factors, such as predation. 

The clearance of leptospires from the blood coincides with 

the rise in specific humoral antibody and this signifies 

the start of the leptospiruric or chronic phase of the 

disease (Faine, 1 9 6 2 ) . The number of viable leptospires 

shed in the urine and the duration of leptospiruria vary 

considerably not only between serovars in one species, 

but also between animals of the same species (Hanson, 1 9 7 6 ) . 

It may last a matter of days or it can continue for months 

or even years, and the number of organisms excreted and 

the period of shedding are important features in the 

epidemiology of leptospirosis (Roth e t  a l . �  1 9 6 3 ) . 

Various facets of the host-parasite relationship have 

been examined experimentally; for example Chernuka e t  a l . �  

( 19 7 4) found that there were considerable differences in 

the ability of a number of serovars not only to infect 

various feral animals, but also in the ability to colonise 

the renal tubules and produce leptospiruria. This was 

taken as confirmation that particular serovars were 

adapted to certain animal hosts. Likewise the i n  v i tr o  

susceptibility of various serovars to complement-mediated 

lysis appears related to the ability of a serovar to 

parasitise an animal (Johnson and Muschel, 1 9 6 6 ) . It was 

found that saprophytic leptospires were rapidly lysed by 

normal serum with complement, whereas parasitic leptospires 

were resistant to this nonspecific immune mechanism. It 

was concluded by these authors that these results were in 

accord with other findings among gram-negative enteric 

bacteria, which suggested an association between serum 

susceptibility and virulence (Muschel, i9 6 0 ) . It can be 

hypothesised that parasitic leptospires have evolved a 

mechanism to resist these nonspecific leptospiricidal 
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factors. There is also evidence that the presence of 

specific antibody in urine affects the number of viable 

leptospires shed (Morse e t  a l . �  1 9 5 8 ) . 

The continued maintenance of a serovar in an animal 

population depends on extrinsic or environmental factors 

as well as the intrinsic host-parasite interaction. 

In feral animals Roth e t  a l . � ( 1 9 6 3 )  suggest that 

population density has an·affect on the spread of 

infection. In domestic animals, the general livestock 

management and the design of the buildings used to house 

animals are important factors, because they may influence 

the direct or indirect contact that occurs between 

infected and susceptible animals (Buddle and Hodges, 1 9 7 7 ) . 

An environment contaminated with leptospires is considered 

to be a major source of infection (Turner, 1 9 6 7 ; Willcox, 

1 9 7 6 )  , and therefore the survival of the organism outside 

the host will markedly affect the spread of infection both 

between reservoir hosts and from reservoir hosts to 

accidental hosts. Leptospires do not form spores and 

are more susceptible to noxious, physical and chemical 

influences than man� other bacteria (van der Hoeden, 1 9 5 8 ) . 

They will not survive dessication, and they lose viability 

at extremes of pH and temperature (Okazaki and Ringen, 

1 9 5 7 ; Gorden-Smith and Turner, 1 9 6 1 ;  Ryu and Liu, 1 9 6 6 ) . 

However, these last two groups of workers reported that 

susceptibility of leptospires to these physical conditions 

varies to some degree with each serovar, and for this 

reason environmental conditions could be expected to 

influence the prevalence of serovars in particular 

geographical areas. 

In summary, therefore, the result of this host-parasite­

environment interaction is the maintenance of a serovar 

by particular animal populations. Where there is an 

abundance of animal species and conditions are favourable 

for transmission there would be expected to be the 

opportunity for leptospires to become adapted to a number 
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of animals (Cernuha and Kokovin, 1 9 6 7 ) . This situation 

occurs in many tropical areas, and it is indeed here 

that many of the 1 16 recognised serovars (Turner 1 9 7 6 ) 

have been isolated ( U . S .  Dept of Health, Education and 

Welfare, 1 9 6 6 , 1 9 7 5 ) . 

In the field, the interaction between animal populations 

and various leptospiral serovars is likely to be very 

complex (Roth et a Z . �  1 9 6 3 ) . An animal species may be 

the reservoir host for one or more serovars and the 

incidental host for yet other leptospiral serovars. 

Furthermore, more than one reservoir host for a particular 

serovar may occur in the same geographical area, and the 

prevalence of infection in each is unlikely to be the 

same. Thus, major and minor reservoir hosts may be 

identified in one area. 

In view of the fact that the course of infection in all 

animals, and with all serovars is essentially similar, 

Roth e t  a Z. ( 1 9 6 3 )  consider that evidence of present or 

past infection, as determined by cultural and serological 

methods respectively, provides a means of determining 

which animals are important reservoir hosts for 

leptospires. These authors considered that a high 

prevalence of renal infection, as determined by kidney 

culture, not exceeded by the serological evidence of 

infection with that serovar (the serological rate) 

suggests persistent infection with little or no mortality, 

features of a reservoir host. In contrast a high 

serological rate, many times greater than the kidney 

culture rate, suggests mild transitory infection as would 

occur in an incidental host. 
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SEROVAR POMONA INFECTION 

Serovar p omona was originally isolated from a dairy farmer ·­

in Queensland, Australia, in the late 1 9 3 0 's (Clayton. 

e t  a Z . , 1 9 3 7 )  and the first isolation from pigs is 

attributed to Mochtar ( 1 9 4 0 )  who was working in Batavia 

(now Jakata). Shortly after this, Gsell ( 1 9 5 2 )  

incriminated p omona as the aetiological agent of 

"Swineherd's Disease" and-described infection both in man 

and pigs. 

Of all the leptospiral infections of pigs, serovar p om o n a  

infection has been the most frequently reported (see 

Table 1 ) , and the best documented. The course of this 

infection in pigs indicates that there is a high degree of 

host-parasite adaptation and pigs are recognised all over 

the world as important reservoir hosts of p om o n a . 

{a) Infection and Pathogensis 

Pigs are very easy to infect experimentally with p omo n a . 

Successful infections have resulted from the inoculation 

of organisms into the eye, nose, mouth and vagina 

(Ferguson and Powers, 1 9 5 6 ;  Golota e t  a Z . ,  1 9 6 4 ; 

Chandhary e t  a Z . , 1 9 6 6  a, b) with as few as 1 0 0  leptospires 

in some cases being sufficient to initiate infection 

(Chaudhary e t  a Z . ,  1 9 6 6  a, b) . 

Leptospiraemia occurs between 2 and 10 days after 

infection and during this acute phase leptospires can be 

isolated not only from the blood but also from the liver, 

spleen, kidney, brain and spinal cord (Morse e t  a Z . , 1 9 5 8 ;  

Sleight and Lundberg, 1 9 6 1 ;  Ferguson and Powers, 1 9 5 6 ;  

Chaudhary e t  a Z . , 19 6 6  a, b) . 

In contrast to sheep and cattle, in which a haemolytic 

anaemia is often seen (Hanson, 1 9 7 6 ) , in the leptospiraemic 

phase of p omona infection in pigs no outstanding 

haematological changes occur (Ferguson and Powers, 1 9 5 6 ;  
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Morse e t  a Z . �  1 9 5 8 ) . Howeve r , during the se e xp e r imenta l 

s tudie s i t  was obs e rved that s ome p igs exhib i te d  a s l i gh t  

neutroph i l i a  and band ce l l s  entere d  the circulation . 

Dur ing the acute phase of the i nfection , the only 

con s i s tent c l in i c a l  mani fe s ta ti on reported i s  a mild feve r 

l a s ting 1 to 2 day s . Some an ima l s  may a l so app e ar 

depre s se d  and/or anorexi c ( Fe r guson and Powe r s , 1 9 5 6 ; 

Morse e t  a Z . �  1 9 5 8 ; Fe nne s tad and Borg-Pe ter s on , 1 9 6 6 ) . 

In mos t  c a s e s the symptoms reporte d  we re s o  benign that 

they wou l d  not no rma l ly h ave been noticed . 

Lepto sp ire s f i r s t  appear in the urine 10 to 2 0  day s a f te r  

infe c ti on ( Ryley and Simmonds , 19 5 4  b ;  Fe nne s tad and 

Borg-Pet e r s on , 1 9 6 6 ;  Hodge s , 1 9 7 3 ; Hodge s e t  a Z . �  1 9 7 6  

and max imum shedding o f  organi sms i s  observed for 1 to 

3 wee k s  a fter thi s  (Morse e t  a Z . �  1 9 5 8 ;  Hodge s , 19 7 3 ) . 

During thi s  early period very l arge numbe rs o f  v i ab le 

lepto s p i r e s  may be excre ted ( Morse e t  a l . �  1 9 5 8 ) . 

Fol lowing this pe r iod of marked leptospiruria , s ma l l  

numbe r s  o f  lepto s pires are shed in te rmi tte ntly for 1 0  to 

50 days ( Ry ley and Simmond s , 1 9 5 4  a ,  b ;  Mi t che l l  e t  a Z . �  

1 9 6 6 ; Hodge s ,  1 9 7 3 ) � but e xceptiona l case s o f  inte rmi ttent 

shedding for a s  long as 16 months have been repo r te d  

( Mi tche l l  e t  a Z . � 1 9 6 6 ) . Thi s  chronic renal infec tion 

doe s not appe ar to affect the gene r a l  he a lth of p i g s , and 

the we ight gain of young pigs is not adverse ly a f fecte d  

(Morse e t  a Z . � 1 9 5 8 ) . 

( b )  Urine Changes 

The urine of p i g s  infecte d  with serovar p o m o n a  has not 

been reported ·a s  be ing outs tandingly differe nt to tha t  of 

uninfe cted pigs ( Morse et  a Z . � 19 5 8 ) . Dur ing the a cute 

phase s ome pigs s how a pos i t ive occu l t  bloo d  te s t  

( S le ight e t  a Z . �  1 9 6 0) and Mi l ler e t  a Z .  ( 1 9 7 7 )  found 

that infe c ted pigs  cons i s te n t l y  had more di lute urine 

than non- infecte d  contro l s . It was concluded tha t  thi s  
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d i lution e f fect was not the re sult o f  rena l damage , but 

was secondary to a g re a ter water consumption by the 

i n fected animal s .  A reason f or thi s  change in water 

intake was not sugge s te d  by these workers . 

The change s in homo logous urinary microscopi c  agglutination 

( MA )  ti tre s have been s tudied in detail  by Horse e t  a l . _,  

( 1 9 5 8 ) . Although i t  appears that an irregu l ar number o f  

the infe c ted an ima l s  was · s ampled at various time s , i t  

wou l d  seem from this report that i n  mos t  c a se s  p omona 

agg lutinating antibody , at ti tres o f  1/5 to 1/ 1 0 , was f i r s t  

detected 2 t o  3 months a f ter infection , and th at the 

h i ghes t  t itres ( 1/ 1 0 0 0 )  occurred a f ter 3 to 4 month s . 

Urine MA t i tres were s t i l l  demons trab le , a l though low , 

a f ter 1 ye ar . The urine ti tre s were not corre l ated to 

the serum HA ti tre s  and on th i s  evidence i t  was concluded 

tha t  the urinary antibody was not a re s u l t  o f  leakage o f  

antibody f rom the circu l ation , but was excre ted by 

"reticu loendothe l i a l" ce l l s  within the k id ney . 

( c )  Se rum Antibody Re sponse 

The change s in serum,MA ti tre s  in experimental ly infe c ted 

p i g s  h ave been fo l lowed by Ryley · and S immonds ( 1 9 5 4  b ) , 

Ferguson and Powe r s  ( 19 5 6 ) , Mor se e t  a Z . _,  ( 1 9 5 8 ) , 

Fennes tad and Borg-Peterson ( 1 9 6 6 ) , and Hodge s ( 1 9 7 3 )  . 

I n  addi ti on Mitche l l  e t  a L_, ( 1 9 6 6 )  monitored the MA 

t it res o f  8 sows for 1 4  

i n fection . From these 

concentrations of serum 

months a f ter natural p o m o n a  

reports i t  would seem that low 

agglutinins ( ti tre s  o f  1 /2 0  to 

1/2 0 0 )  f i r s t  appe ar about 1 week a f ter in fection , and 

rise to maximum concentrations ( ti tre s of 1 / 1 0 0 0  to 

1/8 0  0 0 0 ) over 3 to 4 week s .  However , �m t itre s  as h igh 

as 1/10 7 and 1/1 0 8 have been recorded in thi s  period 

( Morse e t  a Z . _, 1 9 5 8 ;  S le i ght e t  a Z . _,  19 6 0 ) . T i tre s then 

gradua l l y  subs ide to between 1/1 0 0  and 1 / 1 0 0 0  and may 

remain at thi s  leve l for at least one ye ar . 
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Compl ement- f ixing antibodie s a l s o  appe ar one to two wee k s  

a f te r  infe ction but have d i s appe are d b y  6 t o  7 wee k� 

( Hodge s , 1 9 7 3 ) . I t  was the re f ore sugge s te d  by thi s  

author that the complement- f ixation te s t  migh t b e  u s e f u l  

i n  de tecting new infections . 

(d ) Patho l ogy 

I n  p igs k i l le d  during the . acute phase of p o m o n a  i n fe ction s , 

only minor l e s ions have bee n found . Petechial  and 

e cchymoti c haemorrhage s may be seen in the l ungs , and the 

l ive r s  may be s l igh tly pale and friab le ( Burnste in and 

Baker , 1 9 5 4 ) . The only consi s tently recorded h i s tological 

l e s ions are s l ight renal tubul ar damage and inf i l tration 

by a sma l l  number of lymphocyte s in the k idney ( Burns te in 

and Baker , 1 9 5 4 ; S le ight e t  a Z . �  1 9 6 0 ; Chaudhary e t  a Z . � 

19 6 6  a ) . Howeve r, a men ingoenceph a l i t i s  invo lving 

principally the cerebrum and lymphocytic in f i l tr a tion of 

the adren a l s  have also been re corded by S le ight e t  a Z . 

( 19 6 0 ) , and focal l ive r necros i s  was found by other work e r s  

( Burn s te i n  a n d  Bake r , 1 9 5 4 ) . 

I n  the chroni c  phase o f  p omona infe ction , le s ions have bee n  

found only i n  the k i dney s  and renal lymph node s . The g ro s s  

and micro s cop i c  change s that occur have been de s c r ibed in 

de tai l by Langham e t  a Z .  ( 1 9 5 8 )  and to a le s s e r  e x te nt by 

Burn s tein and Baker ( 1 9 5 4 ) . In e s sence sma l l  greyi sh wh i te 

spots 1 to 2 mm in diame ter deve lop on the surface of the 

kidney approximate ly 4 weeks a f ter infection , and the se 

gradually i ncre ase in number and s i ze to involve are a s  of 

both the cortex and medu l la . It  has been shown h i s to log­

i ca l ly that the wh i te foci cons i s t  pre dominan t ly o f  

l ymphocyte s ,  plasma ce l l s  and macrophage s ,  and the se ce l l s  

are found i nf i l trating be tween the renal tubul e s  and 

surrounding b lood ve s se l s . In addition , s e gments of the 

nephron be come atrophi c  and necrotic and in many ins tance s 

are comp l e te ly de s troye d . G l omeruli are reported a s  

e xh i biting o n l y  minor change s , b u t  i t  shoul d  b e  noted that 
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no u l trastructural s tudie s  o f  g lomeruli have bee n  

conducte d . The lesions de scr ibe d have been con s i dered 
·. 

to be thos e  o f  a mi l d  progre s s ive inte r s t i t i a l  nephr i t i s . 

The reported enl argement of the renal lymph node s has  been 

shown h i s to logical ly to be due to oedema . 

( e ) E f f e c t  on Ferti l i ty 

Serovar p om o n a  i s  cons idered to be a common cause o f  

abortions i n  pigs ( Dunne , 19 7 0 ) . Bryan e t  a l .  ( 1 9 5 3 )  

appe ars to have been the f i r s t  to have actua l ly i so l ate d 

p omona f rom abo rte d p ig le t s  and it has s ince been 

a s sociate d  wi th abortions in p i g s  by many other worke r s , 

inc luding Boh l e t  a l .  ( 1 9 5 4 ) , Ryley and Simmonds ( 1 9 5 4  a ) , 

Powers e t  a l . ( 19 5 6 ) , and Mi tche l l  e t  a l .  ( 19 6 6 ) .  I n  

New Z e a l and serovar p omona i n f e ction h a s  been freque n t ly 

reporte d a s  be ing the l ike ly cause o f  abortions in p igs 

(Anon . ,  1 9 5 7 ,  1 9 5 8 ,  1 9 6 0  b ,  19 6 1 ,  1 9 7 4 ) . Howeve r ,  in 

s ome o f  the s e  reports the leptospire s isolated f rom the 

aborted t i s s ue s  we re not f u l ly i dent i f ied . 

The case h i s torie s o f  7 p i g  he r d s  in which i t  was 

cons idered that p o m o ra infe c t ion was respon s i b le for 

abortions have been reviewe d  by Power s  e t  a l .  ( 19 5 6 ) . 

The abor tions usua l ly occurred in the last three wee k s  

o f  ge s ta t ion , typ i ca l ly whole l i tters of dead p i g l e t s  

were e xpe l le d , some time s  a f e w  o f  the foe tuse s we re 

mummi f ie d , and occasionally one or two piglets  were 

al ive at b i r th but died within 4 8  hour s . vfuere there 

were abortions the re was usua l ly a h i s tory o f  p i g s  being 

recently brought into the he rd , and " abortion s torms " 

w i th from 2 0 %  to 10 0 %  o f  s ow s  aborting over a short 

period were not uncommon . 

Exper imenta l infe ction o f  pre gnant s ows has not cons i s ­

te ntly l e d  to reproductive f a i lure . P i g s  infecte d  

early i n  the ir pregnanc ie s f arrow norma l l i tte r s  

( Ferguson and Powers , 1 9 5 6 ) , and s ows in the chronic phase 

o f  leptos pi ros i s  appe ar to be ab le to bree d  quite norma l ly 
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(Mi tche l l  e t  a Z . , 1 9 6 6 ) . Ferguson and Power s  ( 1 9 5 6 )  

a l s o  infused se rovar pomona into the uteri o f  6 g i l t s  

around the t ime that they were mate d . Thi s  re s u l te d  

i n  renal infe ction , as indicated by leptospirur i a , i n  

4 o f  the 6 anima l s , but d i d  not appe ar to have any a f fe ct 

on the ir reproductive pe rformance . 

Howeve r , abortions s imi l ar to those observed in f ie l d  

c a s e s  have b e e n  reporte d fol lowing e xpe rimental 

infection o f  s ows with p omona i n  l a te pregnancy . I n  

the se case s de ad pigle t s  we re gene r a lly expe l le d  1 t o  4 

wee k s  afte r  the termination of the leptospiraemi c phase 

( Ry ley and S irnrnonds , 1 9 5 4  a , b ;  Fe nne stad and Borg-Pe terson , 

1 9 6 6 ) . I n  s ome expe riments , expu l s ion o f  foe tuse s and 

membrane s was not observe d , but the sows suddenly c ame 

into oe s trus shortly be f ore the i r  e xpe cted farrowing 

t ime ( Ferguson and Powers , 1 9 5 6 ) . Breeding behaviour 

s imi lar to thi s  has also been ob se rved in p o mo n a  e p i demi c s  

in breeding herds (Powe rs e t  a Z . , 1 9 5 6 )  and foe t a l  de a th 

w i th re sorption has been sugge s te d  a s  an exp l anation for 

th i s  phenome non . 

The only cons i s tent �e s ions seen i n  aborted f oe tuse s 

are focal are a s  of ne cro s i s  1 to ' 4 mm diame ter i n  the 

l i ve r . I n  case s whe re foetal de ath has occurred b e f ore 

aborti on , the p iglets are autolysed and exce s s  c l e ar o r  

b lood- tinged f luid may b e  s e e n  in the pleural and 

per i tone a l  cavi tie s ( Ryley and S irnrnond s , 1 9 5 4  b; 

Fenne s tad and Borg-Peterson , 1 9 6 6 ) . Jubb and Kennedy 

( 19 7 0 )  a l s o  report that a foc a l  myo card i t i s  wi th 

coagulative ne cro s i s  and a mononuc lear ce l l  inf i l tr a te 

may occur . I n  addit ion , there may be mononuclear ce l l  

i n f i l trate s beneath the epi cardium and endocardium , and 

many minor f o c i  o f  inte r s ti ti a l  nephriti s .  

The chor i o- a l l anto i c  portion o f  the foe tal memb rane s i s  

u sual ly thic ke ned and oedematous ,  or maybe ne cro t i c  and 

brown ( Ry le y  and S irnmond s , 1 9 5 4  b ) . 
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Fol l owing a p omona abortion there i s  no imp a i rmen t  o f  

ferti l i ty even though the s ows may s t i l l  b e  she dd ing 

lep to s pires in their urine ( Mi tche l l  e t  a Z . 1 9 6 6 )  and 

f i e l d  ob serva tions sugge s t  that once a sow has aborted i t. 

wi l l  not abort again (Powe r s  e t  a Z . , 1 9 5 6 ) . 

The re s u l ts o f  an expe r imen tal infection ( Tammemagi e t  a l . , 

19 6 1 )  and fie l d  ob servations ( Burk i and Wisemann , 19 6 3 )  

sugge s t  that p omona infe c t i on doe s not affe c t  the f e rt i l i ty 

of boar s , but i t  would appe ar that they may act a s  an 

important source of infe c t i on for other pigs  (Power s  

e t  a Z . , 1 9 5 6 ) . 

( f )  The epidemiology o f  pomon a  infection i n  pigs 

Al though the pig i s  re cogn i sed as a ma j or maintenance ho s t  

f o r  p omona , o ther important re servo i r  hos t s  h ave a l s o  

been demons trate d . I n  s ome areas p omona appe ars t o  be 

mai ntained wi thin cattle populations ( Cernuh a and Kokovin , 

19 6 7 ) , wh i le in othe r s  various feral animal populations are 

e p idemiolog ically impor tan t . For examp le in North Ame r i ca 

the s kunk i s  a maj or r e s e rvoir hos t  of p o m o n a  ( Ro th e t  a Z . , 

19 6 3 ;  M i t che l l  e t  a } . , 19 6 6 ) , and in Denmark the f i e l d  

mou s e , A p o de m u s  agrar i u s , acts a s  a n  important source o f  

i n f e ction ( Borg-Pe ter son and Fenne s tad 19 5 6 )  . 

The transmi s s ion of p o m o n a  be tween var ious re servoir h o s t s  

doe s not appear t o  have b e e n  inve s tigate d i n  de tai l .  

Burnstein and Baker ( 19 5 4 ) s tudied the re l at ionship 

be tween cattle and p ig s , and they reported that p omona 

infe cted calves she d  smal l  numbers of lepto s p i re s  and 

we re unab le to transmi t i nfection to sus ceptib le swine 

w i th whi ch they were housed . In contra s t , i n fe c te d  

swine e a s i l y  pas sed p om o n a  t o  susceptible ca lve s 

i nd ic ating that pigs are more s igni f icant s ource s o f  

i n fe c tion than cattle . 
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There have bee n  few detai led i nve s tigations o f  the 

epidemio logy of pomona infe ction within pig herd s . I t  

has been ob served that infe c tion in p i g lets in the 

f i r s t  2 to 3 months of the i r  l i fe is rare , even whe n  

the ir mothe r s  are e xcre ting leptospire s . Thi s  prote ction 

i s  due to c o l o s tral-der ived antibody ( Fish et  a l . , 19 6 3 ;  

Chaudary e t  a l . , 1 9 6 6  b )  and whe n  th i s  ant ibody wane s 

piglets can then be come infe c te d  from the sow ( Fi s h  e t  a l . , 

1 9 6 3 )  . The dur ation o f  th i s  pro te c ti on i s  depende nt upon 

the amount of colos tral antibody whi ch is tran s ferre d  to 

the pigle t at birth , and the amount of antibody in 

colos trum i s  dire c t ly re l ated to the se rum antibody 

concentration o f  the sow ( Chaudary e t  a l . , 19 6 6  b ) . 

The patte rn o f  infe ction o f  po mona in young pigs  on an 

intens ive ly manage d  farm was e xamine d by Buddle and 

Hodge s ( 19 7 7 ) . They obse rved that infection was l im i ted 

to a parti cular pig house where the e f fluent drainage was 

s uch tha t newly introduced s u s ceptible s to ck we re e xposed 

to the urine o f  o lder an ima l s . By prote cting the 

i ntroduced anima l s  from thi s  e f f luent , infe ction could be 

avoide d . They concluded that infe c te d  anima l s  had been 

introduced into thi s  house a t  s ome e arlier date and that 
' 

the sys tem of e f f l uent drai nage was respons ible for the 

continuance of infection . As in the other s tudie s ,  no 

i n fe c tion was found in p i g l e t s  from birth to we aning . 

Vene re a l  transmi s s ion in p i g s  has  not ye t bee n  conclus ive ly 

demon s tr a te d . In one experiment a boar wh i ch was 

shedding pomona f a i led to infe c t  the sus ceptible g i l ts 

with whi ch he was mated ( T ammemagi e t  a l . , 19 6 1 ) . The 

f our boars tha t  were infe c te d  in th i s  pro j e ct be gan 

excre t i ng leptospires later than usual , ( 2 5 ,  2 8  and 31 

days ) , and only p a s sed sma l l numbe r s  of organ i sms , many of 

whi ch we re non-mo tile , over a period of 2 to 3 week s . 

I t  i s  not c le ar whe ther th i s  was due to a pomona s tr a i n  

o f  l ow v irulence or whe the r t h e  course o f  infe ction i n  

boars i s  d i f fe rent from that i n  o ther c l a s s e s  o f  p i g s . 
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As g i l t s  have been succe s s fu l ly infe c te d  by infus ing 

p o m o n a  into the vagina ( Fe rguson and Powers , 1 9 56 ) i t  

wou l d  seem that venere a l  transmi s s i o n  can inde e d  occur . 

SE ROVAR TARA SSO VI INFECTION 

Known at f i r s t  a s  Lep t o sp ira m i t i s  ( Johnson , 19 4 2 ) , then 

as Lep t o sp i r a  h y o s  and now as Le p t o s p ira i n t e r r o g a n s  

s erovar taras s o v i  ( Turne r; 19 6 7 ) , th i s  leptospiral s train 

has  been i s o l a te d  from anima l s  throughout the wor l d  

( U . S .  Dept o f  Health , E ducation and We l fare , 1 9 6 6 , 1 9 7 5 ) . 

L ik e  p omona , i t  has been freque ntly i s o lated from p i g s  

( se e  Table 1 ) , and appears very we l l  adap ted t o  th i s  

spe c ie s . I t  has , however , bee n i s olated from many wi l d­

l i fe specie s inc luding Ra t t u s  r a t t u s  and Ra t t u s  n o rv e g i cu s . 

S ow s  have bee n succe s s fu l ly infe c te d  expe rimenta l ly w i th 

t a r a s s o v i  ( Ry ley and S immonds , 1 954 ; Tammemagi and 

S immonds , 1 9 56 , 1 9 58 ) and it was found that the course 

o f  t aras s o v i  i n fe ction in the p i gr like p omona , i s  

e s s entially a s ymptomatic . S ome anima ls had a s l ight 

fever dur ing the leptosp iraemi c phase , but thi s  was n o t  a 

cons tant fe ature . Leptosp irur i a  began 2 to 3 wee k s  

a f te r  infe c t i on and intermi tte n t ' s he dding o f  lepto s pi re s 

for period s f rom 1 0  to 7 0  day s  were re corded . 

Agglutinins a t  titre s of approximate ly 1/10 0 u s u a l ly 

appeared one to two weeks after i n f e c tion , rose to 

1/3 0 0  to 1/ 1 0 0 0  over the next month and then de c l ine d  

t o  1/ 1 0 0 t o  1 / 3 0 0 , and remained a t  thi s  leve l for a 

l ong period . 

A lthough the c l in i c a l  symptoms a s s oci ate d  wi th s erovar 

t a ra s s o v i  i n fe c tion are benign , the re is cons ide r ab le 

e vidence f r om f ie ld s tudie s tha t  i nfe ction o f  pregnan t  

s ows can re s u l t  i n  abortions , s ti l lb i rths and h igh 

neonatal mortal i ty ( Baryshev and D ro zh zh in , 1 9 6 3 ; 

Kemene s  and S zeky , 1 9 7 0 ; Tammemag i  and Simmonds ,  1 9 5 8 ; 

Anon . ,  1 9 7 6 ) . Th i s  has not ye t been con f i rmed by the 

e xperiment a l  infe c t ion o f  pregnant s ows and g i l t s  
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( Ry ley and S immonds ,  1 9 5 4 ; Tammemag i  and S immonds ,  1 9 5 6 , , 

1 9 5 8 ) . There appe ars to be nothing pub l i shed on the 

spread of infe ction from othe r taras s o v i  hos t s  to pigs , 

o r  from pigs to o ther anima l s . S imi larly the ep idemio logy 

o f  t a ra s s o v i  infe ction within pig herds has not been 

s tudi e d  in any detai l .  

S EROVAR CA NICOLA INFECT ION 

Among the dome s t i c  anima l s  the dog i s  tradi t iona l ly 

con s idered to be the re servoir hos t o f  serovar c a n i c o l a  

( van der Hoeden , 1 9 5 8 ) . The re are , howeve r , a numbe r o f  

reports o f  cani c o l a  being maintaine d wi thin p i g  popu l a t ­

i o n s  f o r  long pe riods independent ly o f  dogs ( Se i le r  e t  a l . , 

1 9 5 6 ;  Cogh lan e t  a l . , 1 9 5 7 ;  Mi chna , 1 9 6 2 ; Shenberg 

e t  a l . , 1 9 7 7 ) . 

Can i c o l a  appe ars to be very we l l  adapte d to the p i g . 

Dur ing the acute phase o f  infect ion there may be a feb r i le 

re s ponse , and s ome an ima l s  may h ave a whi te or b lood 

tinged mucoid vaginal d i s charge (Michn a , 1 9 6 2 ) . Howeve r , 

in mo s t  ins tance s ,  as with pomona and taras s o v i , the 

course of can i c o l a  in fe ction in the p i g  is l arge ly 

asymptomatic ( Mi chna , 1 9 6 5 ; Cogh l an e t  a l . , 1 9 5 7 ) . 

Th i s  i s  in contra s t  to the severe i l lne s s , " Stuttgart ' s  

Disease , "  that u s u a l ly oc curs i n  dogs after can i c o l a  

i n fe c t ion ( van de r Hoeden , 1 9 5 8 ) . 

I t  has  bee n demons trated e xpe rimenta l ly that the p i g  i s  

very sus ceptible t o  infe ction with s e rovar c an i c o l a , and 

that they excrete organi sms for up to 9 0  days a fter 

infe ction ( Coghlan e t  a l . , 1 9 5 7 ; M ichna , 1 9 6 2 , 1 9 6 5 ) . 

As i s  seen wi th p o mo na , homologous agglutinating t i tr e s 

may rise  as h i gh a s  1/3 0 0 0  or 1/3 0  0 0 0  in the e arly 

s tage s o f  infe ction ( Mi chna , 19 6 2 , 1 9 6 5 ; Kemene s  e t  a l . , 

1 9 6 2 ) . 
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S EROVAR COPENHA GENI INFECTION 

Serovar c op e n hageni , the aetiological agent o f  We i l ' s  

Di se ase in man (Als ton and Broom , 1 9 5 8 ) , has been i s o l ated 

qui te freque n t ly from p i g s  (Tab le 1) and c op e n h ag e n i  

t i tre s have been found i n  nume rous serologi c a l  s urveys 

(Alexande r et  a Z . , 1 9 6 4 ) . I t  shoul d  be note d , howeve r , 

tha t  i n  the e arly s tage s o f  p om o n a  infe ction , paradoxi c a l  

heterologou s titre s t o  cope n h a ge n i  may occur ( Morse and 

Al l e n , 19 5 6 )  and the re fore , a s  pomona infe ction in pigs  is 

ve ry common in many countrie s ,  this sero logi c a l  data may 

not re flect the true prevale nce o f  c o p e n h age n i  i n fe ction . 

Although the re i s  s cant data concerning the course o f  

c o p e n h ag e n i  infe ction in pigs , i t  doe s appear t o  be 

d i f fe rent f rom that de s cr ibe d for p omona�  t a ra s s o v i  and 

can i c o l a . A severe i l l ne s s  has bee n  reported in the 

acute phase with infe cted pigs o fte n dy ing ( Fie l d  and 

Se l le r s , 1 9 5 1 ; Nisbe t , 1 9 5 1 ;  Gilka , 1 9 5 7 ) . There i s  

i n s u f f icient information to deduce the degree o f  

adaptation o f  c o p e n h a ge n i  to p i g s . I t  i s  p o s s i b le that 

the p i g , like man , is e s sentia l ly an accidental hos t . 

The frequent reports\ o f  c o p e n h a ge n i  i n fection i n  pigs  

may s imp ly re flect the close phy s i cal a s s o c i at i on be tween 

p i gs and Ra t t u s  n o rv e g i cu s , the ma j or mainte nance hos t  

f o r  this s erovar ( van der Hoede n ,  1 9 5 8 )  . 

INFECTION WITH OTHER SEROVARS 

S erovar gripp o typ h o s a  has been imp l i cated in abortion 

s torms in p igs in North Ame r i c a  and it has been demons trated 

that infe c t ion late in pregnancy wi l l  induce an abor ti on 

s imi l ar to that seen w i th p o mo n a  ( Hanson , · 1 9 7 1 ) . Thi s  

se rovar i s  a s sociated primari ly with var ious feral rodent 

popu lations and occa s i ona l ly with cattle ( U . S .  Dep t  o f  

He a l th , E ducation and We l f are , 1 9 6 6 ,  19 7 5 ) , and the re are 

no reports of pig popu lations maintaining gripp o ty p h o s a  

f o r  long per iods . 
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Woods e t  a Z .  ( 1 9 6 2 ) attempted to infect pigs e xp e r iment­

ally with serovar ba l Z um .  Many wi ldl i fe s pe c i e s  were 

known to be infe c ted with thi s serovar , and it was 

con s idered by Woods et  a Z .  that pigs  we re likely to be 

exposed to infe ction . Howeve r ,  in thi s  study there was 

no eviden ce that infe ction was e s tab l i shed , and it was 

concluded that the s train o f  b a Z Z um used had l o s t  i t s  

virulence . In an extens ive s urvey in C zechos lovak i a , 

Kme ty e t  a Z .  ( 1 9 5 6 )  i solat�d se rovar b a Z Z um f rom the 

kidneys o f  a he a l thy pig , ind i c ating that natura l  

infection may occur . 

Fenne s tad and Borg-Peterson ( 1 9 6 6 )  have also tried to 

i n fe c t  pre gnant s ows with se rovars s e j ro e  and s a x k o e b in g . 

Previous serolog i ca l  surveys had ind i c ated that p i g s  in 

Denmark became infected with the se s erovars . Both o f  the 

sows i n f e cted w i th serovar s e j r o e  had a fever and we re 

depre s se d  2 to 4 days a f te r  infe ction , and the ir h omo l ogous 

MA titre s rose to 1 / 3 0 0 0 . Howeve r , leptospi rur i a  was not 

observed in either an imal . One sow f arrowe d 4 s t i l lborn , 

2 we ak and 6 norma l p i gle t s , whe rea s  the other f arrowed 1 

s ti l lborn , 1 we ak and 5 norma l piglets . Although 

leptospires we re not cultured f rom any pigle t s , they were 
' 

seen h i s to logica l ly in the t i s s ue s  o f  s t i l lborn p i g le t s  

f rom both l i tter s . The sows i nocul ated with s a x k o e b i n g  

d i d  not show any c l inical s igns indicative o f  a s e p t i caemi a , 

did not e xhibit leptospirur i a , and deve lope d homo logous 

t itre s of only 1/ 3 0 0  and 1/ 1 0 0 0 . 

norma l h e a l thy l i tte rs . 

The se anima l s  f arrowe d 

LEPTOSP I ROS I S  IN NEW ZEALAND 

Kirs chne r and Grey i solate d se rovar c o p e n ha ge n i  f rom r ats 

in 1 9 5 1 ,  and a t  about the s ame t ime p omona was 

i solate d  from cattle (Anon . ,  1 9 5 1 ) . Up to the pre sent 

time four othe r serovars , h a r dj o  ( Lake , 1 9 7 3 ) , b a Z Z um 

( Anon . ,  1 9 6 7 ) , t ara s s o v i  ( Ryan and Marsha l l , 1 9 7 6 ) and 

b a Z c an i ca ( Mar s h a l l  . e t a Z . , 1 9 7 6 )  have bee n  repor te d  a s  

occurring i n  thi s  country . A s ummary of the s e rovar s  
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which h ave been i so l ated f rom man , dome s t i c  and f e r a l  

animals  i s  pre sented i n  Table 2 .  

The oc cup a t i onal group mos t  a f fe cted by lep to s piros i s  in 

New Z e a l and i s  the dairy f armer and the name " Dairy Farm 

Feve r "  h a s  be come synonymou s  w i th leptospi ros i s  i n  rural 

are as ( Ch r i s tmas e t  a l . , 1 9 7 4  a ) . On a national s cale 

the ma j or losses sus taine d in dome s ti c  live s tock product­

ion due to leptospiros i s  have been abortions i n  cows and 

de aths o f  c a lve s f rom " re d  wate r feve r "  ( Sa l i s bury, 

1 9 5 4 ;  J amie son e t  a l . , 1 9 7 0 ) . I t  is there fore unde r s tand­

ab le why the ma j or thrus t of leptospiros i s  re search in 

New Z e a land ha s been centred on cattle , with wi ldl i fe 

and porcine leptospiros i s  being virtua l ly i gnore d . On l y  

re cently have sys temati c s tudie s o f  leptosp iros i s  in 

wi ldl i fe been conducte d  ( Brock ie , 19 7 7  a ,  b ) , and 

a l though the p i g  was re cogn i s e d  very early a s  an 

importan t c arrier of p o m o na ( En sor and HcC lure , 1 9 5 3 ; 

Webster and Reyno lds , 1 9 5 5 ; S a l i sbury , 1 9 5 4 )  few 

inves tigations h ave bee n unde r take n .  

As early a s  1 9 5 1  it was re cogn i se d  that p i g s  in New 

Zealand were in f e c te� wi th p om o n a . Kirs chne r e t  a l . , 

( 1 9 5 2 ) reported that there wer e  pos itive t i tr e s  to p o mo na 

in the s e r a  o f  p i gs wh i ch had been sent to an abattoir for 

s laugh te r , and that two p i g s  i n  contact with one o f  the 

f i r s t  recorded outbre aks of " red water feve r "  in calve s  

also had positi ve p omona titre s . 

Pomon a  t itres a s  we l l  as t a r a s so v i  titre s we re found in 

anothe r s u rvey of pigs conduc te d  at a late r  date a l s o  

by K i r s chner ( Ki r s chner , 1 9 5 4 ) . 

The only regular reports o f  leptosp iros i s  i n  p i g s  up to 

the p re se nt t ime come f rom the M in i s try of Agr i cu l ture and 

Fishe r i e s  Animal Health Laboratori e s  ( Anon . ,  1 9 5 7 , 1 9 5 8 ,  

1 9 6 0  b ,  1 9 6 1 , 1 9 7 4 , 1 9 7 6 ) . S erovar p omona or s omet ime s 

mere ly " lepto s pi ra l " i n fe c t i o ns in the se reports we re 

a s s o c iated with abortions and neo natal los se s . 
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Serovar tara s s o v i  was i s o l ated for the f i r s t time in the 
early part of thi s  s tudy ( Ryan and Marshal l ,  1 9 7 6 ) and 
the re has now bee n  one report of an abortion s torm ih p i g s  
in which th i s  serovar was imp l i cated (Anon . ,  1 9 7 6 ) . 

Only one extens ive serological s urvey o f  leptospiro s i s  

in p i gs h a s  been conducte d . B l ood was co l l e cted from 

" choppe r '' ( adul t )  pigs sent for s laugh te r at 6 abattoirs 

in the North and South I s l ands and the serum from the se 

samp l e s  t e s ted for the pre sence o f  p omona and taras s o v i  

agg lutinins ( Ru s se l l  and Hansen , 1 9 5 8 ) . The conclus ion 

from the inve s tigation was that both the se serovars 

were pre sent throughout New Zeal and and that of the 

anima l s  s amp led 5 %  we re i n fe cted wi th p o m o n a  and 4 %  wi th 

t a r a s s o v i . Rus s e l l  and Hansen ' s  s urvey wi l l  be 

con s idered in gre ate r  de tail in Chapte r VI . 

CONCLUS I ONS 

There i s  l i ttle known about two fundamental aspects o f  the 

epidemiology of leptospiro s i s  in p i g s  in New Z ea l and . 

F i r s t ly only l imited s urveys o f  thi s d i sease in pigs have 

been conduc ted , and thus one c annot s tate with certa inty 

a l l  the s erovars which infect pigs in thi s country . 
. . 

S econdly the overa l l  pattern of lepto s piral infection in 

pig herd s has not been thoroughly inves tigated . I t  was 

decided that a maj or obj ec tive o f  th i s  s tudy should be to 

e luc idate the s e  points . It was envi s aged that this wou ld 

be accomp l i shed u s ing the s erum microscopic agg lutination t e s t  

( Ga l �on e t  a l . 3 1 9 6 5 )  and b y  cuituring and identi fying the 

s erovars i nvo lved ( Turner , 1 9 7 0 ) . Therefore impor tant 

prerequi s i te s  were the developmen t  of rel iable and 

e f f i c i ent s erologic a l  and c u l tural technique s .  In add ition 

a s  s tudi e s  in pig herds wou ld d epend on being able to 

pred ict the preva l ence of infec t ion by analys ing blood and/ 

or urine s amp l e s , an eva luation of thes e  d i agno s t ic tests  

was also indicated . Al l the l aboratory techniques were 

eva luated in order that the data c o l l e c ted during the 

epidemiologica l · s tudies could be properly appra i s ed . 
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I n  the l iterature on l eptospiro s i s  there i s  little 

re f erence to c e l l  med iated immuni ty ( CMI ) . There have been 

attempts to u s e  skin tests to di agnose i n f ec tion , and i n  

s ome c a s e s  respons e s  s imilar to de layed hypers en s i tivi ty 

have been obs erved ( see Chapter X) • H owever CMI in 

naturally i n fected animals  ha s not been s tudied us ing more 

rel iable in v i tr o  methods such as lymphocyte trans forma tion 

(W . H .  0 .  , 1 9 7 3 )  . As CMI i s  an important means whereby 

anima l s  overcome and res i s t  many b ac ter i a l  infections 

( B laden , 1 9 7 4 ; C ampbell , 1 9 7 6 )  i t  was dec ided that thi s 

immune mechan i sm should be i nve s t i gated . There alway s  

rema ined the pos s ib i l i ty that c e l lular immunity was an 

important f a c tor contro l ling the pattern o f  leptospiral  

infection i n  pig populations . 
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TABLE 1 

' ' 

LEPTOSP I RAL SEROVARS I SOLATED FROM P I G S  

Serovar p omona 

Country 

Argentina 

Aus tra l i a  

Bra z i l  

Bulgar i a  

C anada 

Cey lon 

Chi le 

China 

C ze chos lovakia 

E a s t  Germany 

France 

Hungary 

I ta ly 

Indone s i a  

Malay s i a  

Peru 

Portugal 

Ph i l l ip ine s 

New Zealand 

Ruman ia 

Swi tzerland 

Tha i l and 

u . s . s . R . 

U . S . A . 

Vene zue la 

Yugo s lav i a  

.... 

Re fe rence 

Myer s  e t  a l . , 1 9 7 3 . 

Ryley and S immonds , 1 9 5 4  a .  

Santa Ros a  e t  a l . , 1 9 7 3 . 

Mi tov e t  a l . , 1 9 6 1 . 

Boul ange r e t  a l . , 1 9 59 . 

N i tyananda and Harvey , 1 9 7 1 .  

Fue n s a l i da and Contre ras , 1 9 5 9 . 

Hou T sung - Ch ' ang e t  a l . , 1 9 5 7 . 

Kme ty e t  a l . , 1 9 56 . 

Hors ch e t  a l . , 1 9 6 6 . 

Ko lochine-Erber and Mai l loux , 1 9 6 0 . 

Fuz i e t  a l . , 1957 . 

Aus ton i , 1 9 6 6 . 

Co l l ie r , 1 9 4 8 .  

WHO/FAO , 1 9 6 6 . 

He rre r e t  a l . , 1 9 6 0 . 

Fraga de Azeve do and Monte i ro da 

Costa , 1 9 55 . 

Topacio e t  a l . 1 9 7 1 .  

de Jong and Fowl e r , 1 9 6 8 . 

Cornb i e s cu and S turdz a ,  1 9 5 7 . 

G se l l , 1 952 . 

WHO/FAO , 1 9 6 6  .. 

Ma l akhov e t  a l . , 1 9 7 3 . 

Burn s te in and Bake r , 1 9 54 . 

Be l la e t  a l . , 1 9 6 6 . 

Z ahar i j a  and Peric , 1 9 6 6 . 
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TABLE 1 ( cont . )  

( b )  Serovar taras s o v i  

Country 

Argentina 

Aus tr a l i a  

Bra z i l  

C zechos lovaki a 

Hungary 

I taly 

Nethe r l ands 

New Zealand 

Peru 

Rumania 

U . S . S . R . 

( c )  Serovar cani c o l a  

Country 

Argentina 

Bra z i l  

Britain 

Chi l e  

C ze cho s lovaki a  

H awaii 

I srae l 

I re land 

Peru 

Ruman ia 

S outh Af rica 

Taiwan 

Tha i l and 

U . S . A . 

U . S . S . R .  

Vene zue l a  

Re fe rence 

Mye rs e t  a l . , 1 9 7 3 . 

Ryley and S immonds ,  1 9 5 4 a . 

S anta Ros a  e t  a l . , 1 9 6 2 . 

Krne ty e t  a l . , 1 9 5 6 . 

Fuz i  e t  a l . , 1 9 5 7 . 

Farina , 19 6 2 . 

Minke nhof e t  a l . , 1 9 6 8 .  

Ryan and Marshal l , 1 9 7 6 . 

He rrer e t  a l . , 1 9 6 0 . 

Ni cole s cu e t  a l . , 1 9 7 0 . 

Mal akhov e t  a l . , 1 9 7 3 . 

Re fere nce 

Mye r s  e t  a l . , 1 9 7 3 . 

Guida , 1 9 4 8 . 

Cogh lan e t  a l . , 19 5 7 . 

Fue n s a l ida and Contreras ,  1 9 5 9 . 

Kme ty e t  a l . , 1 9 5 6 . 

U . S .  Dep t  o f  He al th , Education and 

We l f are , 1 9 6 6 . 

Shenberg e t  a l . , 1 9 7 7 . 

McEr lean , 1 9 6 4 .  

Herrer e t .  a l . , 1 9 6 0 . 

S turdz a ,  1 9 6 6 . 

Ren sberg , 1 9 7 3 . 

Tsai and Kundin , 1 9 7 1 . 

WHO/FAO , 1 9 6 6 . 

Ward e t  a l . , 1 9 5 6 . 

Matveeva e t  a l . ; 1 9 7 7 . 

Be l l a  e t  a l . , 1 9 6 6 . 
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TABLE 1 ( cont . )  

( d )  Serovar cope nhage n i  

( e )  

( 1 )  

( 2 )  

( 3 )  

( 4 )  

( 5 )  

( 6 )  

( 7 )  

( 8 )  

( 9 )  

(10) 

(11) 

( 12 )  

Country 

Be lgium 

Bra z i l  

Britain 

C z e chos lovakia 

Ne the r lands 

Phi l l ip ine s 

P o l and 

Rumania 

U . S . S . R . 

Mi s ce l laneous 

Serovar 

au s tra Z i s  

b a t a v i a e  

b a Z Z um 

b a Z canica 

a u t umna Z i s  

g u i dae 
11 

grippo typ h o s a  

j av a n i ca 

m o Z da v i a e  

monjakov 
11 

s ej r o e  
11  

11 

v i e tnam 

Re ference 

Van Rie l e t  a Z . , 1 9 5 7 . 

S anta Ro sa e t  a Z . , 1 9 6 2 . 

N i sbe t ,  1 9  5 1 .  

H a la s a , 1 9 5 8 .  

K l arenbeck and Winsse r , 1 9 3 7 . 

Carlos e t  a Z . , 1 9 7 0 . 

Wachni k , 19 5 8 . 

Combie s cu and S turd z a ,  1 9 5 7 . 

Ma lakhov e t  a Z . , 1 9 7 3 . 

Se rovars 

Country Re fere nce 

Taiwan Tsai and Kundin , 

China Anon . , 1 9 6 0 a . 

1 9 7 1 .  

C z e chos lovakia Kme ty e t  a Z . , 1 9 5 6 . 

u . s . s . � . t1atveeva e t  a Z .  , 1 9 7 7 . 

Ph i l l ip i ne s  u . s .  Dept o f  Health , 

Education and We l fare , 

1 9 6 6 . 

Bra z i l  Guida , 1 9 4 8 .  

Ruman i a  N i cole s cu e t  a Z .  , 1 9 7 0 . 

U . S . A .  Hanson e t  a Z . , 1 9 7 1 .  

Taiwan Tsai and Kundin , 1 9 7 1 .  

U . S . S . R . Matveeva e t  a Z .  , 1 9 5 6 . 

U . S . S . R . Matveeva e t  a Z .  ' 1 9 5 6 . 

Cey lon Nityananda and Harve y , 

1 9 7 1 .  

C z echos lovaki a  Kme ty e t  a Z .  , 1 9 5 6 . 

Hungary Fuz i  e t  a Z . , 1 9 5 7 . 

Ruman i a  Comb i e s c u , 1 9 5 8 .  

Vietnam Chernuka e t  a Z .  , 1 9 6 9 .  
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TABLE - 2 

I S OLATI ONS OF LEPTOSPIRAL SE ROVARS IN NEVJ ZEALAND 

S e rovar 

p o mona 

h a r dj o  

b a Z Z um 

p omona 

tara s s o v i  

hardj o  

pomona 

b a Z Zum 

c o p e n hag e n i  

c o p e n hag e n i  

b a Z Zum 

b a Z Zum 

b a Z Z um 

p omona 

b a Z ca n i ca 

hardj o *  

hardj o *  

p omona 

p om o n a  

Animal 

man 
11  

If 

p i g s  
1 1  

cattle 
11 

11 

cattle 

rats 
11 

mice 

hedgehogs 

sheep 

opos s um 
1 1  

11 

cat 

dog 

Re fere nce 

Chr i s tmas e t  a Z . ,  1 9 7 6b .  
1 1  1 1  11  

Anon . , 1 9 6 7 . 

11 

de Jong and Fowle r ,  1 9 6 8 .  

Ryan and Mar sha l l , 1 9 7 6 . 

Lake , 1 9 7  3 .  

Anon . ,  1 9 5 1 .  

Ri s e t a Z • , 1 9  7 3 . 

Dodd and Brakenridge , 1 9 6 6 . 

Brockie , 1 9 7 7 . 
1 1  11  

11  1 1  

Brock ie and Ti l l , 1 9 7 7 . 

Hartley , 1 9 5 2 . 

Marsha l l  e t  a Z . , 1 9 7 6 . 

Brockie , 1 9 7 5 . 

De L i s le e t  a Z . , 1 9 7 5 . 

Harkne s s  e t  a Z . , 1 9 7 0 . 

Te Ppnga and B i shop , 1 9 5 3 . 

*Not serotyped by agglutination/absorption . 
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CHAPTER 1 1  

SEROLOGICAL METHODS A DESCRIPTION AND AN EVALUATION 

INTRODUCTION 

I n  th i s  s tudy se rologi ca l  procedure s we re u s e d  to 

d i agno s e  leptospiral i n fe ction in anima l s , and to identi fy 

the leptospires whi ch were cul tured f rom both anima l  

t i s s ue s  and the e nvi ronment . The s e r o l o g i c a l  te chnique s 

used are de s cribe d in th i s  chapte r . 

The mi cros copic agglutination te s t  ( ��T ) was origina l ly 

deve loped by Schuffne r  and Hochtar in 1 9 2 6 , and w i th s ome 

modi f i cations thi s  i s  s ti l l  the mos t  commonly used serolog­

ical te s t  used in l e p tospiros i s  re se arch and di agnos i s . 

The te s t  i s  carried out wi th s uspens ions o f  l iving 

cul ture s o f  lepto s p i re s , or wi th cul ture s k i l le d  by the 

addition o f  forma l i n  and the de gree of agg lutination o f  

the organi sms in seque nti a l ly di luted s erum i s  e s timated 

us ing dark- ground mi c roscopy . The accepted e nd- poi nt o f  

an agglutination re action i s  the f i na l  di lution o f  se rum 

i n  whi ch 5 0 %  o f  the leptospire s  are aggluti nated ( Turne r , 

1 9 6 8 ) . � t  has bee n demons trated tha t  the HAT de te c t s  

antibody o f  both the I gM and I gG c l a s s e s  ( Tong e t  a l . , 

1 9 7 1 ;  Morris and H u s s a i n i  , 1 9 7 4 ) , and that the 

agglutinating antibodies are p roduced in re sponse to 

ant i ge ns locate d  i n  seve ra l  s tructure s o f  the leptosp ire , 

i n cluding the oute r  e nve lope ( Auran e t  a l . , 1 9 7 2 )  and ce l l  

wal l ( Faine e t  a l . , 19 7 4 ) . 

In  the e ar ly s tage s o f  s ome lepto s p i ra l  infections , 

mi c ro s copic agg l u t i nating ( �ffi)  t i tre s are e ncounte red for 

one o r  more he te ro logous se rovar s  whi ch are as h i gh or 

h i gher than the h omo logous ti tre ( van der Hoeden , 1 9 5 8 ) . 

The se paradoxi ca l  hete ro logous ti tre s s ub s i de a fter the 

acute phase of i n fe ction . I n  addi tion , s t ab le 

characte r i s ti c  c ro s s - reactions o r  eo-agglutination t i tre s 

h ave been demons trated be twee n  cer tain s e rovar s  o f  
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d i f fe re n t  se rogroups . The eo- agglutination patte rn o f  

various se rovars h a s  bee n  i nve s tigate d , and l i s ts giving 

the degree o f  cro s s - re a c tivi ty that o ccurs have been 

p ub l i shed ( Al s ton and Broom , 19 5 8 ) . 

Many othe r serologi c a l  te s ts have been deve loped for 

the purpo se of di agno s i ng leptospiral infection i n  man and 

anima l s , and the se have been reviewe d by Turner ( 1 9 6 8 ) . 

As the s e  o ther proce dure s ·we re not used i n  th i s  s tudy they 

wi l l  not be cons idered he re . 

I t  was recognised , eve n  by the earlie s t  i nve s tigator s of 

lep tospirosis  in man and anima l s , that i nfe c tion with 

d i f fe rent antige nic variants occurre d , and s tandardised 

s e ro log ical  procedure s h ave been deve loped to di f fe renti ate 

be twee n  the se leptospiral s trains ( Turne r ,  1 9 6 8 ;  Kme ty 

e t  a l . , 1 9 7 0 ) . C ro s s- agg lutination te s ts are used to 

d i s tinguish be twee n  thos e  s trains be longing to di ffe re n t  

s erogroups , whe re a s  agglutination- absorption te s t s  are u s e d  

t o  i de n ti fy di f ferent se rovars o r  serotype s .  A s  has bee n 

d i s cu s sed in Chapter I ,  the i solation and ide nti f i c ation o f  

lepto s p i re s  i s  a n  e s senti a l  e lement o f  an inve s ti gation o f  

the epidemio logy o f  �eptospi ros i s . 

MATE RIALS AND METHODS 

The Mi cros copi c Aggluti nation Te s t  

The leptospiral micros cop ic agglutina tion te s t  ( MAT ) , a s  

mod i f ie d  to u s e  s tandard microtitre e qu ipme nt ( Ga l ton 

e t  a l . , 1 9 6 5 ; Cole e t  a l . , 1 9 7 3 ) , was used for a l l  the 

sero logical i nve s t igations in th i s  s tudy . Serum was 

i n i t ia l ly di luted wi th phys iolog i c a l  s a l i ne 1 : 3  in a 

mi croti tre p l a te . Th i s  p late , wh ich was k nown as the 

Serum R·e fere nce Plat e ( SRP ) , was e i the r used on the s ame 

day , or was s e a l e d  with ce l lophane and s tored at - 2 0 C  

unt i l  require d . O n  the day that the agglutination te s t s  

we re to be per fo rme d , a series o f  mi croti tre p late s , the 
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Te s t  Pl ate s ( TP )  , were p repared by pipe tting 2 5  � 1  o f  

phy s iological sal ine into e ach we l l , u s ing a semi - au toma t i c  

d i spensing machine (Minipipetter * ) . The SRP was p laced _ 

on the tray o f  a Minidi luto r *  and 25 � 1  of the d i l uted · te s t  

serum p i cked up wi th the d i luter heads . The S RP was 

removed f rom the Minidi lutor tray , a te s t  p l ate rep lace d , 

and a sequential doubl ing d i l u tion acro s s  or down the 

p l ate per formed . Afte r the d i l ution had bee n  comp le te d , 

2 5  � 1  of antigen ( see be low )  was di spensed into e ach we l l , 

u s ing a modified cornwal l  syringe * *  to whi ch a Min i ­

p ipe tte r di spens ing head h a d  been attached ( F i g . 2 . 1 ) . 

Te s t  p l a te s  were incubated a t  3 7C f or 1� hour s , before 

examining the contents of the we l l s  unde r  the dark f i e l d  

mi cros cope . 

Th i s  procedure re s u l te d  in the lowe s t  serum d i lution ( af ter 

antige n had been dispensed ) be ing 1 / 1 2 . Doub l ing d i l ut­

ions e i ther to 1/1536 coul d  be produced acro s s  the te s t  

p late , or to 1/2 4 57 6  by moving down the p l ate . The f in a l  

s erum d i l utions in the we l l s  we re : 1/ 1 2  ( we l l  1 ) , 1/2 4 

( we l l  2 ) , 1/4 8 ( we l l  3 ) , 1/9 6 (we l l  4 ) , 1/ 1 9 2  (we l l  5 ) , 

1/3 8 4  ( we l l  6 ) , 1/7 6 8  (we l l  7 ) , 1/1536 (we l l  8 ) , 1/3 0 7 2  

( we l l  9 ) , 1/6 1 4 4  (we�l 1 0 ) , 1/12 2 8 8  (we l l  1 1 ) , 1/ 2 4 57 6 

(we l l  1 2 )  . 

The MA titre of a s erum was taken a s  that d i lution in which 

50 % of leptospire s had been agglutinated ( Turner , 1 9 5 8 ) . 

I n  the e ar ly e xper ime nts a s ample from e ach serum di lution 

was removed from the we l l s  in the te s t  p l ate by means o f  a 

cap i l l ary tube . As th i s  was a very time consuming proce s s , 

an ins trument was deve lope d (Fig . 2 . 2 )  s o  that s amp l e s  from 

8 we l l s  could be p i cked up s imul taneous ly and depo s i te d  

o n  a micros cope s l i de . Thi s  ins trument , which was used i n  

mos t  o f  the s e ro logica l s u rvey s , was made of stainle s s  s te e l 

and cons i s ted o f  8 rods whi ch were inserted in a b lock , s uch 

that a s amp le o f  the contents f rom the - 8  we l l s  could be 

p i cked up on the e nd of e ach rod . 

* Cook Engineering Co . ,  Alexandria , Virgin ia , U . S . A .  

* *  Bec ton and Dick in s on & eo . ,  Rutherford , New Jersey , U . S . A .  
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Al l the antigens used in th i s  s tudy we re grown in l iquid 

P 80 medium ( E l l inghausen and HcCul lough , l 9 6 5b ; Johnson 

and Harri s ,  19 6 7 )  and only used whe n  the de n s ity was 1 to 

X 1 08 ce l l s /ml . The den s i ty of the anti ge n  was a s s e s s e d  

by dark-ground mi cro s copy . 

S amp l e s  of h igh titre r abb i t  ant i se r a  produced agains t  

the se rovars p omona ( Pomon a )  , tara s s o v i  ( mi t i s - John s o n )  , 

b a Z Z um (Ml 2 7 ) , hardj o  ( Ha rd j opra j i tno ) , c o p e n hage n i  ( H2 0) , 

a u s tra l i s  ( Ba l l i co ) , au t umna Z i s  (AkiA) 1 b a t a v i a e  ( Swar t ) 1 

c a n i c o l a  ( Hond Utre cht ) 1 p y r o g e n e s  ( s al inem) 1 and 

g ripp o t yp h o s a  (HosV) we re a l s o  incorporate d in the SRP 

a s  antigen control s .  

F i g . 2 . 1  The cornwa l l  syringe as  mod i f ied for 

di spens ing an tige n  into mi crotitre p l ate s . 
' 

s -
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F i g . 2 . 2  The ins trument deve lope d to wi thdraw 

s amp l e s  f rom mi croti tre p late s  for dark f i e l d  

examination . 
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I n  a l l  s tatis tical ana l y se s , and to calculate the 

geome tri c me an titre s o f  group s of an ima l s , a s y s tem of 
coded titres was u se d , i n s te ad of the log1 0 trans formed 

d ata ( Paul and Wh i te , 1 9 7 3 ) . A titre of 1 / 1 2  was coded 
a s  1 ,  1/2 4 as 2 ,  1/4 8 a s  3 ,  1/9 6 as 4 e tc . Thi s  code 

i s  d ire ctly proportiona l to the log trans format i ons of the 

r e c ip roca l s  of titre s , and the refore can be used in a l l  

analyse s . The actual geome t r i c  me an ti tre s we re c a l cu l at­

ed f rom the coded geome tric me an t i tre s with the formula 

whi ch re l a te s  the s e  parame te r s , 1/t = anti log ( 0 . 3 0 x  + 0 . 7 8 ) , 

whe re 1/t i s  the t i tre , and x the coded t i tre . 

I de n t i f i cat ion of Lep tospire s i so l ate d 

The medium used to i s o la te lepto s p i re s  from anima l t i s sue s 

and the e nv i rorurent was a semi - s o l i d  medium containing 
agar 

O . l 5 % 6 ( Chapte r I l l ) , and it was the re fore ne ce s s a ry to 

p a s s age the i so late s into a l iquid me dium be fore attempting 

the i r  identi f i cation . The i so late s we re s ub - cu l tured 

f requent ly unt i l  a h i gh growth rate was achieve d , such 

that a den s i ty of be twee n  1 and 5 x 1 0 8 organi sms per ml 

o c cu rred a fte r 5 to 10 days incubation at 3 0 C . The 

s tr a in was then se rogrouped by de te rmining the c ro s s ­

agglutination patte r n  u s ing the high t i tre rabb i t  ant i se ra 

n oted above . Te s t  p l a te s  containing ant i sera we re 

prepared as has bee n  de s cribe d , and 2 5  �1 of a c u lture 

o f  the unknown s train was di spensed into the we l l s . The 

MA t i tre against e ach o f  the sera was e s timated by dark­

g round mi c r�s copy . 

During the s tudy a numb e r  of i s o l ate s we re s e l e c te d  and 

s e n t  to the Lepto s piros i s  Re ference Laboratory , Centre for 

D i se ase Contro l , Atlanta , Ga . ,  U . S . A . , whe re they were 

s e ro type d  by agg lutination- ab sorption ( Kme ty e t  a l . , 1 9 7 0 ) . 
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P r e c i sion o f  the Serological Me thod 

The pre c i s ion of the serolog i c a l  te chnique used in th i s  

s tudy was measure d . A s e r i e s  of 7 2  pig s e r a  were 

s e lected f rom the - 2 0 C  s torage bank , and the pomona MA 

t i tre was de termined twice u s ing the method de s cr ibed above . 

A compar i son of the me thods used to remove s amp l e s  from 

the te st p l ate s for dark f ie l d  e xaminat ion . 

A trial was conducted in orde r to ensure tha t  the me thod 

u s e d  to remove a s amp le f rom a te s t  plate we l l  did not 

h ave any a f fect on the e s timate of the MA t i tre . 

E i ghteen sera were proce s sed as de s cribed above , and the 

pomona ti tre e s timated u s ing cap i l lary tube s to remove a 

s amp le from e ach we l l .  The se re s u l t s  we re compared with 

those obtained when a s amp le wa s removed w i th the 

i n s trument shown in F i g . 2 . 2 .  

A compar i s on of the he art clot se rum MA titre s and the 

conve ntiona l se rum MA titre s . 

I n  a number of surve�s where s amples we re c o l le cted a t  an 

abattoir , i t  was not practicab le to col lect b lood at the 

t ime of s laughter . I n s te ad , the MA ti tre was e s timate d  

u s ing the s e rum wh ich e xuded from c lots o f  b lood wh ich had 

b e e n  col l e c ted from the hear t . To conf irm that the �1A 
t i tre of the heart c l ot s e rum , and serum from conve ntion­

a l ly colle c ted blood we re the s ame , paired s amp l e s  were 

co l le cted f rom 1 9  p i g s  and the titre s again s t  se rovar 

pomona e s timated . 

The remov a l  of fat from serum 

The presence of nume rous fat g lobu l e s  in the sera of s ome 

p i g s  made i t  impo s s ible to accurate ly e s timate the degree 

o f  agglutination whi ch had occurre d . I n  the se c ase s it 

w a s  nece s s ary to de f a t  the serum s amp le s  be fore te s ting . 
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An e xpe r iment was , the re fore , conducted to a s se s s  the 

e f f i cacy of various de f atting procedure s ,  and the e f fect 

the procedure s had on the HA t i tre s . 

Ten f atty s era we re se l e c ted from the s torage bank , and 

a l i quots of each we re de fatted by ul tracentr i fugation 

( 1 2 0 0 0  xg for 30 minutes ) ,  membrane f i l tr ation* ( pore 

s i z e  0 . 4 5 �m) , and tre a tme nt with chloroform . The 

chloroform treatme nt con s i s te d  of mixing e ach s erum with 

an equal vo lume of chloroform , shaking the mi xture 

v i gorous ly , and the n  a l lowing it to settle ove rni gh t . 

The de fatte d  se rum rose to the top of the mix ture , and 

c ou l d  be e a s i ly remove d . 

I n  addi tion , the pomona �� t itre s of 1 2  sera be fore and 

a fter the de fatting procedure s were de termine d . 

RESULTS 

P re c i s ion o f  the Sero log ical Me thod 

The MA t i tre s of the s e ra te sted varie d from 1/2 4 to 

1/3 0 7 2 . I n  3 5  ins t�nce s ( 4 9 % ) , the t itre of e ach serum 

was found to be the s ame on bo th occas ions . I n  3 2  c a s e s  

( 4 4 % )  a d i f ference in one dilution had occurre d , and in 

5 ( 7 % )  there was a d i f fe rence of 2 di lutions ( Tab le 2 . 1 ) . 

A s ta t i s t i c a l  analys i s  o f  the coded t i tre s indicate d  that 

there was no sign i f i cant d i f ference betwee n  the mean 

coded titre s  ( t= 1 . 6 9 �  ? 1  d . f . ) . The 9 5 %  con f i de nce l imits  

of  the d i f f e re nce be twe e n  the coded mean t i tre s was  - 0 . 4 0 

t o  + 0 . 0 6 . 

* Mi l l ipore Corporation , Bedford , Mas s achus e t t s , U . S . A .  
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Var i a t ion in ti tre due to the me thod used to remove a 

s amp le from the te s t  plate s  for DGE . 

The MA titre s o f  the sera varied from 1/ 1 2  to 1 / 1 5 3 6 . 

The d i f fe ren ce in paired s ample s i s  summari s e d  in Tab le 2 . 2 .  

The variation in e ach se rum was s imi lar to that observed 

above , and the re was no s i gnifi cant differe nce be twee n  the 

coded mean t i tre s ( t= 1 . 2 9 �  1 7  d . f. ) . 

C ompa r i son o f  he art clot and conve ntional s erum MA t i tre s . 

The se rum s amp les obtained from he art c l ots were haemolysed 

but th i s  did not affe ct the re ading of the te s t . 

The t i tre s ranged from 1/4 8 to 1/ 3 0 7 2 . The vari ation 

b e twee n  s amp les was within the norma l range ( Tab le 2 . 3 ) , and 

there was no signi f i cant d i f fere nce between the code d  means 

of the he art clot s amp l e s  and those co l lected in the 

conventional manner ( t= 0 . 4 4 �  1 8  d . f . J .  

The remova l  of fat f rom s e rum 

A l l the me thods re s u l te d  i n  the succe s s ful remova l o f  fat 

f r om the sera . 

A l though 1 0  o f  the 1 2  ( 8 3 % )  o f  the sera tre ated e i ther with 

chloro form or by centr i f ugation var ied only � 1 di lution 

f rom the pre- tre atment ti tre , there was a tende n cy for a 

reduction o f  1 di lution ( Tab le 2 . 4 ) . The d i f f e rence in 

geometric me an after the ch loro form tre atmen t  was s ign i f i cant 

( t= 2 . 9 7 � 1 1  d . f . � P= 0 . 0 1 ) . Simi l arly a fter centri fugation 

there was a sign i f i cant d i f ference ( t =2 . 1 7 � 1 1  d . f �  P= 0 . 0 5 ) . 

The 9 5 %  conf idence l imit a f te r  chloro form tre atme nt was 

- 0 . 7 8 to - 0 . 5 6 ,  and a f te r  centri fugation � . 7 3 to - 0 . 4 3 .  
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The re was no s igni f i cant di f fe rence in the geome tric mean 

t i tre s afte r  fi ltration ( t= 1 . 3 0 �  1 1  d . f . ) ,  and the 

var i ation in titre be twe e n  s amp l e s  was wi thin the norma l 

range (Tab le 2 . 4 ) . 

D I SCUS S I ON 

Large numbe r s  of sera cou ld be handled very e f f i c iently 

with the serologi cal s y s t�m used throughout th i s  s tudy . 

I n  a norma l working day a s  many as 1 5 0  sera cou l d  be 

t i t rated against an antigen by one pe r son . I t  was a 

convenient s y s tem , and the use of microti tre p l ate s both 

f o r  the s torage of the d i lute d serum and for te s ting , 

enabled e a s y  identi f i ca tion of individual sera . 

A t  the outse t it was de cided that in the intere s ts of 

e f f i c iency all d i l utions of se rum should be made in the 

m i crotitre we l l s , and only the semi -au tomatic machine s 

(Min ipipette r and Minid i l utor ) should be used to di spense 

s a l ine and di lute se rum . �� initial tube di l ut ion of 

s erum would have bee n  ne ces sary in orde r to ach ieve the 

more u sual doub ling di lution sequence of 1/ 2 5 , 1/ 5 0 , 1/ 1 0 0 

e t c . The d i lution serie s chosen is  the c l o s e s t  to the 
' 

more commonly used one that could be prepare d with only 

2 5  � 1  a l iquots , and with the l imited capacity of the 

m i crotitre we l l s . 

The coded s y s tem of t i tre s used in th i s  s tudy was 

i ntroduced be cause o f  the ease wi th wh i ch geome tric 

mea n  titre s could be c a l cu late d , and s tati s t i c a l  te s ts 

a ccomp l i she d . I t  shoul d  be noted that thi s  code i s  

s tandard i s e d  agains t  the dilution serie s u s e d  throughout 

thi s  s tudy . Other worke rs in th i s  laboratory a l so used 

a s imi lar s y s tem o f  coded titre s ( Hathaway , 1 9 7 8 ;  

H e l l s trom , 1 9 7 8 ) , but the serum di lution s e r ie s  they 

adopted was di f fe re nt . The code d titre s in thos e  s tudie s 

c anno t , there fore , be c ompared dire ctly with the coded 

t i tre s in th i s  study . 
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I n  the tri a l  conducte d  to me a sure the pre c i s ion o f  the 

s e r o logical technique 9 3 %  of the paired sera varied �y 

only � 1 doub l ing di lution . Thi s  leve l of p re c i s io� was 

cons i dered to be acceptab le . The s i ze of the 9 5 %  

con fidence l imit ( 0 . 4 6 )  would sugge s t  that a d i f f e re nce 

of up to 0 . 5  could occur by chance alone be twee n  the mean 

coded ti tre s of two ide n t i ca l  popul at ions . 

The re sul ts of the other tr i a l s  showed that the t itre s 

de termined u s ing the new i n s trument for tak ing s amp le s  

f rom the te s t  p late we l l s  we re n o  dif fere nt from those 

u s ing cap i l l ary tube s , and that the MA ti tre s o f  s e r a  

f rom conve n tionally colle cted blood s amp l e s  a r e  the same 

a s  those e s t imated on sera col le c te d  f rom heart b lood c lots . 

Although a l l  the tre atme nts succe s s fu l ly removed the f a t  

f r om the s e rum ,  the chloroform tre atment was the mos t  

conve nient me thod . The membrane f i l ters b locked ve ry 

q u i ck ly , a l lowing only a sma l l  vo l ume of se r um to be 

c o l lected . After ce ntr i fugation the layer of f a t , whi ch 

h a d  formed on the top of the s ample , often broke up , and 

whe n thi s  h appened the s e rum had to be proce s se d  again . 

Ch loro form tre atment \ wa s  there fore the method o f  cho i ce , 

b u t  i t  should be noted that th i s  treatment re s u l te d  in a 

reduction o f  approximate ly 1 d i lution in the MA t i tre . 
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SU�ffiRY AND CONCLUS IONS 

1 .  The sero logic al te chni que s used in th i s  s tudy o f  

leptospiro s i s  are de s cribe d . 

2 .  I n  a tr i a l  to me a sure the p re c i s ion of the serolog i c a l  

method , i t  was found that 9 3 % of the sera te s te d  

varied b y  ± 1 doub l ing d i l u tion . 

3 .  The titres de te rmined us ing the new ins t rument for 

removing sample s from the te s t-plate s  we re no 

d i f fe rent from tho se us ing the trad i tional capi l l ary 

tube me thod . 

4 .  The MA titre s of s e r a  from conventiona l ly col lecte d  

b lood s amp le s we re t he s ame a s  those e s t imate d on 

s era co l lected from heart c lots . 

5 .  Chloro f orm tre a tmen t  was the mos t  conve nie nt me thod 

to use for de f atting sera . Th i s  tre atment re s u l te d  

in a reduction o f  t h e  MA t i tre b y  one doub l ing di lution . 

\ 
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The pre c i s i o n  of the serological me thod . 

The di f ference between the coded MA t i tre s 

o f  each o f  7 2  sera whi ch we re te s te d  twi ce 

u s ing the me thod de s cribed in Chapter I I . 

D i f fe rence be tween coded titre s 

Numbe r o f  Sera 

-2 -1 0 +1 + 2  

2 2 3  3 5  9 3 

Table 2 . 2  The d i f feren�e s be twee n  the coded MA titre s  

o f  each of 1 8  sera af ter removing a s amp le 

for dark f ie l d  examination from the te s t  

p l ate s with capi l l ary tube s and the new 

ins trument ( Fig . 2 . 2 ) . 

D i f fere nce be tween code d ti tre s 

N umbe r o f  Sera 

- 2  -1 0 +1 +2 

1 4 11 2 0 

Table 2 . 3  The use o f  he art c lot serum to de te rmine the 

se rum MA t i tre . A compari s on in 1 9  anima l s  

o f  the coded MA t i tre s of the se rum col lected 

from he art blood c lots and of the serum 

take n o f f  a conve ntional b lood s amp le . 

D i f fere nce be tween code d titre s 

Number o f  Animal s  

- 2  - 1  

1 4 

0 + 1  +2  

8 4 2 

Table 2 . 4  The change in coded MA t i tre s obse rve d in 

sera a f te r  centri fugation , f i l trati on or 

tre atme n t  with ch loroform . 

Change in coded titre - 2  - 1  0 + 1  + 2  

Ce ntri fugation 2 4 5 1 0 

F i l tration 1 3 5 3 0 

Ch loroform 2 4 6 0 0 
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CHAPTER I l l 

CULTURAL METHODS A D E SCRIPTION AND AN E VALUATION 

I NTRODUCTI ON 

The prob lem of cro s s- reactions betwee n  lepto s p ir a l  s erovars 

wi thin the s ame serogroup p l ace s severe limi tations on the 

e p i demiolog i cal usefulne s s. of s e rological s urve y s . 

C u l tural i s o lation and ident i f i c ation of the s e r ovars 

occurr ing wi thin the populations unde r s tudy are , the re fore , 

ne ce s s ary . Cultural me thods should a l s o  be a s  e f f i c ient 

a s  pos sib le , and the i r  s e n s i tivity de fined . 

Th i s  chapte r de s cribe s the cu l tural me thods u s e d  in this 

s tudy of leptospiros i s , and the e f fect that various f actors 

had on the i n  v i tro growth of leptospire s . 

Tradi tiona l ly the paras i tic leptospire s have bee n cul tivate d 

i n  s e rum-enri ched media such as  those of F le tcher ( 1 9 2 8 )  

and S tuart ( 1 9 4 6 ) . Ana lys e s  of the key compone nts i n  

rabbit s e rum that a r e  ne ce s s ary for the s t imul ati on o f  the 

g r owth of the para s i �i c  leptospire s in v i t r o , led to the 

d e ve lopme nt of a me dium containing an ole i c - a lbumin 

c omp lex , v itamin B 1 2 ,  thiamine , and ammonium ch loride 

wh i ch did not require a serum supp lement ( E l l inghausen 

and McCu l l ough , 1 9 6 5 a ) . It was later found tha t  bovine 

a lbumin and polysorbate 8 0  ( Twee n  8 0 ) toge the r cou ld 

r e p lace the o le i c - a lbumin comp lex ( E l l inghausen and 

McCul lough , 1 9 6 5b ) , and a furthe r mod i fi cation o f  this 

me dium ,  " EMJH " ( Johnson and Harri s ,  1 9 6 7 )  h a s  s upersede d  

t h e  serum containing media in many l aboratorie s .  

E l l inghausen ( 1 9 7 6 )  has sugge s te d  tha t  th i s  c l a s s o f  

medium should be c a l le d  polysorbate 8 0  med i um ( P 8 0  medium )  , 

and thi s term has bee n  used throughout thi s  the s i s . 

There have been a number of a ttemp t s  to produce a 

c omplete ly s ynthe t i c  medium (Voge l and Hutne r , 1 9 6 1 ;  

S ta lhe im and Wi l son , 1 9 6 4 ;  Baseman e t  a l . , 1 9 6 6 ;  
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Shenbe rg , 1 9 6 7 )  but none have been shown to s upport the 

growth of a l l  leptosp i re s  cons i s te ntly ( E l l i n ghaus e n , 

1 9 7 6 ) . 

Lepto s p i re s grow s lowly i n  cul ture and are ve ry sens i t ive 

to change s in medium compos i tion . I t  has been found 

tha t  growth is s timulate d  and ma int aine d , e spe c i a l ly in 

p rimary culture s , whe n  agar is incorporated in the 

med i um ( E l l inghau se n ,  1 9 7 6 )  . It is not known why agar 

e nh an ce s the growth o f  leptosp i re s , but it h a s  been 

s ugge s te d  that i t  may abs orb tox i c  me tabo l i te s  or 

i nh i b i tory sub s tance s in the inoculum ( Ce rva , 1 9 6 7 ) . 

The contamination o f  cul tures by other bacte r i a  o f te n  

pre s ents a prob lem . F o r  thi s  re ason , there have been 

a t tempts to p roduce an addi tive wh i ch wou l d  se le c t ively 

i nh i b i t  bacte r i al contaminants . For e xamp le , 

5 - f l uorourac i l  ( 5- FU )  ( John son and Roge r s , 1 9 6 4 ) , and a 

c omb ination of su lphath i a z ole , neomycin and actidione 

( Co u s ineau and McKie l ,  1 9 6 1 ) have both bee n  sugge ste d  

a s  u s e f u l  addi t ive s to lepto s p i r a l  cu l ture me di a . 

��TERIALS AND METHODS 

GENERAL DE SCRIPT I ON 

Cu l ture from organs 

The organ , or por tion of an organ to be cultu re d , was 

removed asepti ca l ly f rom the animal carc a s e  and homogen­

i sed ( 2 0 %  wt . /vo l . )  in s te r i le S tuart ' s  b a s a l  medium 

( SBM) ( Stuart , 1 9 4 6 ) . One ml o f  the homogenate was 

remove d , and 2 or 3 s e r i a l  1 0 - fold d i lutions made a l s o  in 

SBM . From e ach of these di lutions 0 . 2 5  to 0 . 30 ml was 

the n i noculated into 5 ml of a semi - s o l i d  ( 0 . 1 5 %  aga r )  

lepto s p i r a l  cultura l  medium . The c ulture s we re 

i ncubated at 3 0 C , and examined for leptos p i re s at 

various time s by dark- ground micros copy over a period 

of 3 month s . 
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The l arge r t i s s ue s amp l e s  we re homogen i se d  u s ing a 

s tomache r * . The s amp le was p lace d  into a he avy grade 

p l a s t i c  bag , whi ch had been s te r i li zed by y - i rr adi ation . 

Stuar t ' s  b a s a l  medium was poure d in ( 2 0 %  wt . /vol . ) , and 

the t i s sue was then homogenised with the stomache r . P ig 

k idney s amp l e s  ( 2 0  to 2 5  g ) , whole p i g l e t  k i dneys , and 

portions of p igle t l ive r s  ( 1 0  to 12 g) were prepared i n  

thi s manne r .  

The sma l l e r  t i s sue s amp l e s we re p l aced ins i de a s te r i le 

5 o r  10 ml di sposab le syringe , and ma s cerated by forcing 

i t  out through the no z z le into a volume o f  S tuart ' s  

bas a l  me d i um .  The suspe n s i on was then shaken v i gorou s ly . 

Thi s  me thod was used w i th hams te r k idneys and l ive rs 

( 2  to 3 g ) , and w i th p i g le t  brain samp l e s  (3  to 5 g ) . 

C u l ture f rom body f lu i ds 

( i )  B lood cul ture 

P i g s  we re b le d  f rom e i ther an e ar ve in or the ante r i or 

ven a  cava into oxa lated vacuum tube s * *  and one or two drop s 

o f  thi s  s amp le we re � s e d  to i nocu late semi - s o l id medium . 

( i i )  P e r i cardi a l , p leural and peri toneal f luid c u lture 

The pe r i card i al , p leural and pe r i tone a l  f luids f rom 

aborte d p iglets we re routine ly cul tured for lepto s p i re s . 

S amp le s o f  the se f lu i d s  were co l le cte d f rom the foe tus 

wi th a P a s teur pipette and 1 or 2 drops were inoculate d  

i nto s em i- so l i d  me d i um . 

* 

* *  

Colworth 4 0 0 , A . J . Seward , V . A . C .  Hquse , London , Eng land . 

Vacutainer , Bec to n  and D i ck inson , Ruthe r ford , New 

Jer sey , U . S . A .  
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( i i i )  Vi t re ou s  humor c u l ture 

The v i treous humor of aborted p iglets  was examined by dar� ­

ground micros copy a s  we l l  as be ing cul tured for leptospi re s . 

The e ye li d s  o f  the p ig l e t were remove d , the eye swabbed 

w i th alcoho l  and the1 f l ame d w i th a bunsen burne r for 

5 to 10 se conds . A s te r i le 1 6  or 1 8  gauge nee dl e  wa s 

pushed through the corne a and i nto the po ste r i or chambe r .  

A s ample o f  vi treous humor was sucked out , d i luted i n  1 0  ml 

of S BM ,  and 3 or 4 drops o f  the di luted mater i a l  we re 

u s e d  to i noculate s emi - s ol i d  medium . 

( iv )  U r i ne culture 

A mid- s tream samp le of uri ne was co l le cted f rom p ig s  i n  

f ie l d  s tudie s .  I n  abattoir s urveys 1 0  m l  o f  u r i ne was 

c o l lecte d  at evi s c e rat i on dire ctly f rom the b l adder with a 

s t e r i le d i sposab le syr i nge . 

One drop o f  undi luted urine was tran s fe rre d to 1 0  m l  o f  

s te ri le SBM , a n  approximate 1 : 5 0 0  d i lution . One o r  2 

drops o f  the undi lute d  and d i l uted ur i ne we re i nocu late d  

i nto semi - s o l id medipm . F ive mi l l i l i tre s o f  the 

undi luted urine was the n  centr i fuge d at 4 0 0  g for 3 

m i nute s i n  order to s e diment gro s s  particulate matte r . 

The supe r na tant was then taken up i n  a s te r i le d i sposable 

syringe , and the syr inge a ttached to a swinnex f i l te r *  

wh i ch had been loaded with a membrane f i l te r *  ( pore s i ze 

0 . 4 5 �m) . One to 2 ml o f  the urine was ini t i a l ly 

e xpre s se d  and d i sc arde d , and the n  3 o r  4 drops o f  the 

s ubsequent f i ltrate i noculate d  d i re ct ly i n to semi -s o l i d  

me dium . 

* Mi l l ipore Corporation , Bedford , Mas sachuse t t s , U . S . A .  
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When hams ter s  were ava i l ab le , they we re used to aid the 

i s o l ation o f  leptospires f rom ur ine s ample s .  One h a l f  

o f  a mi l l i l itre of undi l uted pig urine was i n j e cted 

intrape r i toneally ( IP )  into a hams ter , and k i dney and 

l iver s amp l e s  from any of the s e  hamste r s  whi ch died 

we r e  cultured for leptospire s . Al l surviving hamste r s  

we r e  k i l le d  a t  2 1  days and a kidney from each was a l so 

c u l ture d . 

C u l ture f rom contaminate d  s ources 

O c c a s iona l ly it was ne ce s sary to attempt the i s ol at ion o f  

l e p tospi re s  from h ighly contaminated mate r i a l s , such a s  

s o i l  and e f f luent . Dry mate r i a l s  were f i r s t  s uspe nded 

i n  S tuart ' s  basal medium , and the mixture s haken 

v igorou s ly . All s amp l e s  were centri fuged at 4 0 0  g for 

4 to 5 minute s to se diment the particulate matter; 0.5  ml 

of the s upe rnatants was then e i ther inocul ated I /P into 

hamsters ,  or fi ltered u s ing the 11 f loating memb rane 11 

technique ( Fowle r , 1 9 7 0 ) , and then cu lture d in semi - s o l i d  

medium . The kidney and l ive r from any hamsters dying 

we re cultured as de s cr ibed above . All surviving 

h amste r s  were k i l le d  a fter 2 1  days and a k idney from 

e ach of the se anima l s  was a l s o  culture d . 

P RELIMINARY SURVEY S  

After the f i r s t  two cultural surveys o f  leptosp iros i s  in 

p igs had been comp le te d , the re sults we re analysed i n  

o r de r  that the min imum cul ture requ irements could be 

de f i ne d . The s u rvey s  are brie f ly de s cr i be d  here , and 

re s u l t s  are pre sented in the following s e ction . 

I n  the f i r s t  survey 7 3  kidneys from porke r and bacon 

we ight pigs were s amp le d , and cultured in F le tcher ' s , 

S tuart ' s  and P 8 0  med i a  us ing kidney homoge nate di lutions 

of 1/ 1 0 , 1/ 1 0 0  and 1/ 1 0 0 0 . Cul ture s we re e xamined e ach 

week for 3 month s , and the den s i ty o f  leptospi r e s  note d . 

The r e s u l t s  were ana lysed to de termine whe ther the d i l ut i o n  
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o f  the kidney homogenate had an e f fect on e i ther the 

number of i solate s obta ine d , o r  the contamination rate of 

the cu l ture s .  I n  addi tion , the numbers o f  i solate s  

obtained with each medium we re compared . 

I n  the se cond survey , k idney and urine s amp l e s  from 5 6  

p i g s  we re cul ture d . The 1 / 1 0  di lution of the k i dney 

homogenate wa s inoculated into P 8 0  medium and into P 8 0  

med ium containing 2 0 0  � g  5 - FU/ml * * . The urine s amp l e s  

were cu l tured as de scr i bed above , us ing semi - s o l i d  P 8 0  

medium , and P 8 0  medium containing both 2 0 0  � g  5 -FU/ml 

and 4 0 0  � g  5 -FU/ml . 

EXPERIMENTS WITH A SEROVAR SELE CTIVE MEDIUM 

The pre l iminary r e s u l t s  of the f i r s t  surveys indi cated 

that serovar pomona i n fe ct i on had a h i gh prevalence in 

the pig population . The que s tion arose a s  to whether 

o the r se rovars we re a l s o  infe cting the se animal s ,  but 

wer e  not be ing i s o lated be cause the i r  growth was being 

ove rwhe lmed by pomona . I n  orde r  to inve s t i gate whe ther 

a medium could be produce d  that would e l iminate pomona , 

but s t i l l  allow othef se rovars to grow , the g rowth 
'i nh ibiting e f fe ct o f  h i gh t i tre rabb i t  p o m o n a  anti- serum 

(MA titre 1/ 2 4 5 7 6 ) was te s te d  against serovar s  p omona , 

b a l l um , hardj o  and c o p e nhag e n i . 

Culture tube � containing 5 m l  o f  l iquid P 8 0  medium we re 

p re pared , and 1/ 2 ml a l iquots of s e r i a l ly d i lute d  r abbit 

p omona antiserum we re adde d . The rabbit ant i s e rum had 

been membrane f i l te re d , and the f inal di lutions in the 

med ium we re 1/10 , 1/5 0 , 1/5 0 0  and 1/5 00 0 . Dense l iquid 

* Kimax , Owens , I l l inois, U . S . A .  

* *  S igma , S t . Louis , Hi s sour i , U . S . A .  
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c u lture s o f  serovars p o mona�  b a Z Z um �  h ardj o and c op e n ha ge n i  

we re prepared . 1/4  m l  o f  the cul ture containing s�rovar 

p omona was inoculate d  i n to medium conta ining the rabbi t  

anti serum . Likewi se , cu lture s o f  e ach o f  the o the r . .  

s erovars we re inoculate d into the medium containing the 

rabbit pomona ant i se rum . Control cul ture s o f  normal P 8 0  

med i um were also e s tab l i shed . The number o f  organi sms 

in a l l  the prepared cu l ture s ( incubate d  at 3 0 C )  was 

e s t imated at wee kly interval s  over 2 month s . 

RE SULTS 

The e f f e c t  of di lut ion o f  kidney homogenate on the number 

o f  i solate s obtaine d . 

I s o l ates were obta ined i n  P 8 0  med ium from 3 0 . o f  the 

k i dneys s ampled . I n  2 9  cases  l ep tospires were c u l tured 

in the med ium inoculated with the 1/1 0  d i lution of homogenate . 

I n  2 6  c a s e s  they were c u l tured in the medium inocula ted 

with the 1 / 1 0 0 d i lution , and in 1 8  c a s e s  in the med i um 

inoculated with the 1/1 0 0 0  d i lution o f  homogenate . 

When the number s  o f  i so late s whi ch were obtained f rom each 

of the homoge nate d hl utions we re compared ,  they were 

f ound to be s ign i f ican tly d i f fe rent ( x 2 = 1 4 . 0 ? � 2 d . f .  

P < 0 . 0 0 5 ) . 

I n  S tuart ' s  and F le tcher ' s  media a s imilar pattern was 

observed . 

The e f fe ct o f  d i l u t i on of k i dney homogenate on the 

c ontamination rate o f  cul ture s . 

A total o f  6 5 7  c u l ture s was prepare d , and of the s e  2 3 

( 3 . 5 % )  we re obse rved to be contaminated when they were 

e x amined after 1 wee k of incubation . Nine ( 4 . 1 % )  o f  the 

cu lture s whi ch we re inocu late d  f rom the 1 / 1 0  d i lution o f  

k i dney homogenate we r e  contaminated ,  and 7 ( 3 . 2 % )  from 

b oth the 1/ 1 0 0  and 1 / 1 0 0 0  d i lutions o f  h omogenate . 
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The re was no systemat i c  pattern o f  contamination , with 

the 2 3  contaminate d c u lture s coming f rom 1 6  d i f fe rent 

k idneys . 

Whe n  the number o f  contaminate d culture s in e ach o f  the s e  

3 c la s se s ( i . e . the c la s s e s  inoculate d  f rom the 1/ 1 0 , 

1 / 1 0 0 , and 1/10 0 0  d i lutions o f  kidney homoge nate ) was 

c ompared ,  they we re found to be not s igni f i cantly 

d i f ferent ( x 2 = 0 . 3 6 �  2 d . f : ) . 

The e f fe ct o f  medium o n  the numbe r o f  i s o l ate s obtained . 

O f  the 3 2  leptospiral s trains i so lated f rom the s amp le 

o f  p ig k i dneys used in th i s  e xperiment , 3 1  we re shown to 

be serovar p omona and 1 serovar taras s o v i . 

Th irty ( 9 4 % )  grew in the P 8 0  me dium , 2 5  ( 7 8 % )  in the 

S tuart ' s  and 20 ( 6 3 % ) in F le tcher ' s .  The 2 s trains wh ich 

were not obtained in the P 8 0  medium grew i n  S tuart ' s  

medium . 

''lhen the nurnbeiS o f  i s o late s  wh ich were obtained with each 

medium were compare� they we re found to be s igni f i cantly 

d i f fe re n t  ( x 2 =9 . 1 4 �  2 d . f . � P= O . O l ) . Howeve r ,  the number 

of s trains isol ate d  with the P 8 0  medium was not s igni f i c ­

antly d i f ferent t o  that i s o l ated wi th the Stuart ' s  medium 

< x 2 = 2 . o ? �  1 d . f . ) . 

The e f fe c t  of 5 - f luorourac i l  on the numbe r o f  i s o late s 

obtaine d . 

I n  thi s  survey 5 6  k i dney s  were culture d , and a total o f  1 5  

s trains o f  serovar p omona i solated . Ali 1 5  grew in the 

P 8 0  med i um wi thout 5 FU , and 12  we re i so lated in the medium 

containing 5FU . 

S i x  o f  the cul ture s without 5 FU we re contaminated , and 

only 1 in the med i um wi th 5FU . 
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The re was no s ign i f i cant d i f fe rence be tween the number o f  

s tr a ins i so lated i n  each med i um ( x 2 = 0 . 2 0 �  l . d . f . ) .  

The contamination rate s  we re too low f or a s tat i s ti c a l  

analys i s  to b e  conducted .  

The growth pattern o f  lepto sp i re s  in pr imary cul ture . 

I n  s ome culture s leptospires  were ob served afte r only 4 

days of i ncubation . The · longe s t  per i od be f ore organ i sms 

wer e  ob se rved in the cu ltures wh i ch had bee n  inocul ate d 

from the 1/10  di lution o f  the k i dney homoge nate was 2 7  

days . I n  contras t some o f  the cul ture s inocul a te d  f rom 

the 1/1 0 0  and 1/ 1 0 0 0  d i lutions of the homogenate s 

took 4 8  day s . Lepto spires were see n  in mos t  o f  the 

c u l ture s of the 1/ 1 0  and 1/ 1 0 0  homoge nate di lutions 

within 2 1  days . 

Leptosp ire s did not appe ar for me re ly brie f pe r i od s  i n  

c u l ture . After 3 mon ths , organi sms could s t i l l  b e  found 

i n  a l l  pos i t ive c u l ture s , regardle s s  o f  when they we re 

f ir s t  see n . 

The cul ture o f  leptoB p ire s f rom urine . 

S e r ovar pomona was i s ol ated f rom 6 o f  the 5 6  s pe c imen s  

o f  urine whi ch we re c o l le cted in th i s  survey . The 

number of s trains of serovar pomona whi ch were i s o l ated 

f r om the und i luted and di luted urine , in med i a  contain i ng 

no 5-FU , 2 0 0  �g 5 -FU/ml and 4 0 0  �g 5 -FU/ml i s  s ummari se d  

i n  Tab le 3 . 1 .  Five o f  the leptosp i r a l  s tr a i n s  we re 

i so l ated from und i luted uri ne , and 6 f rom di lute d ; 

wh i le 4 s trains grew i n  the med i a  contai n ing no 5 - FU , and 

6 with 5 -FU . The re was no s i gn i f i c an t  d i f fe re nce 

be twee n  the number of i s olate s obtai ned in each of the 6 

c l a s s e s  ( x 2 = 2 . 9 0 �  5 d . f . ) ;  nor was there any s ig n i f i cant 

d i f fe re nce be twe e n  the numbe r o f  i s o l ate s ob taine d  in 

med i a  w i th no 5 -FU and the numbe r ob ta ined w i th med i a  

s upp lemented with 5 - FU ( x 2 = 1 . 4 3 3 1 d . f . ) . 
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Al l o f  the culture s wh i ch had bee n inoculated wi th s amp l e s  

f r om the se 6 spe c imens o f  u rine were free from c ontaminat­

i ng bacte r i a . 

The e f fect o f  the d i lution o f  urine , and o f  the add i t ion 

o f  5 -FU to media o n  the contamination o f  cul ture s i s  

s ummar i se d  in Tab le 3 . 2 .  Of the 3 3 6  cul ture s o f  urine 

put up in th i s  survey , 6 ( 2 % )  were found to be contaminated 

whe n  they we re examined for the f i r s t  time a f te r  3 wee k s  

i ncubati o n . F ive o f  the se contaminated cu l tu re s were in 

me d i a  which had been i noculated with undi luted ur ine , and 

on ly 1 in media wh i ch had been inoculated wi th the d i luted 

u r i ne . Four we re i n  media whi ch contained no 5 -FU , and 2 

i n  med i a  wi th 2 0 0  � g  5 - FU/ml . 

Leptospire s we re not i solate d  from any o f  the uri ne 

s amples whi ch had been f i lte red , and none o f  the cu l ture s 

wh i ch had bee n inoculated wi th the f i l te red urine s amp l e s 

we re contaminated . 

The e f f e c t  o f  pom o n a  ant i serum o n  the growth of serovars 

h a r dj o �  b a Z Zum�  c ope n hage n i  and pomona.  

\ 

The growth o f  se rovars hardj o �  b a Z Z um and c op e nh a g e n i  

f o l lowed the same pattern as that seen in the med i a  

w i thout any pomo na ant i s erum . A marked i nc re ase in the 

number o f  organi sms over the f i r s t  1 to 2 wee k s  o f  

i n cubation occurre d , and then the number gradual ly 

de cre ased .  

The growth o f  se rovar pomona in med i a  containing the 

h i ghe s t  concentration of the anti -p om o n a  r abb i t  se rum 

( 1/ 1 0 , 1/5 0 and 1/5 0 0  d i lutions ) was ini t i a l ly s uppre s s e d . 

I n s te ad o f  a marked increase in the den s i ty o f  organ i sms , 

f o l lowed by a gradual de c l ine , the numbe r o f  lepto s p i re s 

s tead i ly decreased over the f i r s t  1 month o f  incubation . 

Howeve r ,  a fter th i s  period the numb e r  o f  organ i sms 

gradu a l l y  incre as e d , such that a f te r  approximate ly 

1� m6nths o f  incubation the den s i ty o f  organi sms i n  the 
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cu l tures containing p om o n a ,  hardj o ,  b a l l um and c op en h a ge n i  

was about the s ame . 

The growth of serovar p omona in the media containing the 

l owe s t  concentration of ant i se rum ( 1/5 00 0 )  was the s ame 

a s  that i n  media without ant i se rum . 

DI SCUSS ION 

I t  has been s ugge s te d  that kidney t i s sue contains lipids 

wh i ch may inhibit the growth i n  v i tro of leptosp i re s , and 

that a high di lution of the kidney homogenate may be 

ne ce s s ary to ove rcome this prob lem ( Turner , 1 9 7 0 ) . In 

the se cul tural s urveys , the re was no evidence of such an 

e f fe c t . I n  fact , the s igni f i cantly increased number of 

i s ol ate s obtained w i th the more concentrate d k idney 

homoge na te , sugge s t s  that a greater numbe r of i so l ate s 

migh t  be obtained f rom a more concentrated homogenate . 

Howeve r ,  there was a d i s t inct d i s advantage us ing undi luted 

homogenate to inoculate the cul ture media . The high 

dens i ty of the t i s s ue suspe ns ion in the medium made i t  

e xtreme ly d i f f i cu l t  t o  see the lepto s pire s b y  dark- ground 

mi cros copy . For th�s reason , the me thod adopted for the 

rema inder of the s tudy was to inocul ate c ulture medium 

from the 1/ 1 0  and 1 / 1 0 0 di lutions of the k i dney homogenate . 

An important feature o f  th i s  technique of k i dney cul ture 

was that the isol ation of leptospire s was not l imi ted by 

the contamination of culture s .  I t  has been s ugge s te d  that 

such contamination can be a prob lem , and that sub s tantial 

d i lution o f  the k i dney homogenate may be nece s s ary to avoi d  

th i s  h a z ard . However ,  the re sults  ob tained in thi s  

s u rvey indicate tha t  the contamination rate o f  cu l ture s was 

una f f e c te d  by d i lut ion o f  the homoge nate . Thi s  f inding , 

toge ther with the s poradi c  occurrence of the contamination 

s ugge s t s  that a i rborne organi sms , or other occas i onal 

bre akdowns in the aseptic technique were re spons ible for 

the se c a se s . 
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-
A l though the numbe r o f  i solate s  obtained with P 8 0  medium 

was not s i gn i f i cantly ( P < O . O S )  gre ate r than the numbe r 

obtained with S tuar t • s  medium , the re s u l t s  are in accord 

w i th the observation of others ( Turne r , 1 9 7 0 ) , that P 8 0  

med i um i s  superior to the serum contain ing media . For 

thi s reas on , it was de c ide d  to use P 8 0  a s  the primary 

i s o l ation medium for the rema inde r of thi s  s tudy . 

F le tcher • s  and S tuart • s  medium were used , howeve r , to grow 

organi sms for inocu lat ing . into rabbi t s  to produce 

ant i s e rum ;  also , i f  a pr imary i s olate could not be readi ly 

adapted to liquid P 8 0  medium , it was inoculated into 

both Fle tcher • s  and S tuart • s  in an attempt to adapt it to 

one o f  the serum containing media i n s te ad . 

' 
The re s u l t s  obtained in the second s urvey indi cate that 

2 0 0  �g 5 -FU/ml may in fact s uppre s s  the growth o f  

leptospi r e s  in v i t r o . I n  addi tion , i t  would appear that 

this concentration e f fe c tive ly inhibits the growth of 

c ontaminating bacter i a . Thu s , a l though the addi tion o f  

5 - FU may aid the p r imary i s o l ation o f  lepto s p i re s  by 

reducing contamination , any advantage could be o f f s e t  by 

the s uppre s s ion o f  leptos p i r a l  growth . As the i so lation 

o f  leptospires was s�ch an important part of thi s  

i nve s ti gation , i t  was de c i ded that both P 8 0  medium , and 

P 8 0  me dium with 2 0 0  �g 5 -FU/ml wou l d  be used in future 

cul tural surveys . Thi s  i s  in line with the recommend­

ation o f  Turner ( 1 9 7 0) . 

Turner ( 1 9 7 0) a l s o  r e commends that primary culture s 

shou l d  be examine d for leptospire s by dark f i e l d  mi c ro s copy 

a t  least weekly . However ,  the s te ady growth of 

lepto s p i re s  ob s erved in the semi- s o l i d  medium indicate s 

that thi s i s  not ne c e s s ary . There fore , in subsequent 

s tudie s ,  primary c u l ture s we re routine ly e xamined after 

3 week s ,  7 wee k s  and 1 0  or 1 1  wee k s  incubation . 
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W i th leptospires being i solate d f rom only 6 urine s i t  i s  

n o t  pos s ib le to draw any de f in i te conc lus ions regarding 

thi s  aspe c t  of urine cul ture . Howeve r ,  it was s urpr i s in g ­

to f ind such a vari able succe s s  rate within each category . 

A s  c ontamination was n o t  a l imiting factor , a pos s ible 

explanation for th i s  is  that the leptos p i re s , whi ch we re 

few in numbe r in the se s amp l e s , we re c l umped ,  and that 

i so l ation was depe ndent on the chance event that the 

i noculum contained a s u f f i cient number o f  organi sms to 

be come e s tab l i shed in p r imary culture . 

The number o f  urine culture s which were contaminated was 

too low for a s tati s t i cal ana lys i s . Howeve r ,  the re s u l t s  

d o  sugge s t  that the c ontamination rate may be reduced by 

d i lut ing the urine , and by u s i ng med i um cont a i n i ng 5 - FU . 

I n  th i s  survey , r�embr ane f i l tration o f  urine yie lded no 

lepto s p i r a l  i solates  and it wou ld seem that the re ason for 

thi s  f a i lure was low numbers of organi sms i n  the urine . 

Th i s  conclus ion i s  s upported by the report o f  Nervig and 

E l lingh ausen ( 1 9 7 8 )  who f ound that the minimum number o f  

leptospires  requi re d  be fore f i ltration (pore s i ze 0 . 4 5 �m)  

wou l d  pe rmi t re cove r¥ was 1 0 3 to 1 0 4 organi sms/ml . I t  
shoul d  be noted here , howeve r , that a l though n o  i solate s  

were obtained in thi s  survey , membr ane f i l tration o f  dense 

leptospiral cul ture s in  l iquid med i a  was a use fu l  me thod 

of e l iminating any c ontaminating b ac te r i a . 

I n  s ummary , the re fore , the re sults o f  thi s  urine culture 

eva luation study s ugge s te d  that urine shoul d  be 

i nocul ated into a n umber of culture s ,  and that contamination 

.might be reduced by di luting urine and us ing med i a  

contai ning 5-FU . I t  was , there fore , dec ided to adopt the 

s ame technique u s e d  in this survey for the subsequent 

fie ld inve s tigation s . Howeve r ,  a s  membrane fi l tration 

yie lded no i s o late s  th i s  te chnique was not used when 

attempting to i s o l a te leptospire s from ur ine spe c ime n s . 
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I t  was hoped tha t  the h i gh concentrat i o n  of hype r irnmune 

homo l ogou s  anti se rum in v i tro would comp le te ly e l iminate 

p omo na organi sms but s t i l l  a l l ow the other serovars to 

grow . I f  thi s had occurred a pr imary i solation medium 

containing anti - p om o na serum coul d  have been prepare d , 

and used in para l le l  wi th normal pr imary i solation medi a  

to i nve s tigate whe ther dua l  infe ct i on w i th p o m o na and 

othe r serovars occurred in pigs . However , as the growth 

of p o m o na was only suppre s se d  for a short per i od in 

medi um conta i n i ng anti serum ,  it i s  to be expe cted tha t  

pomona would s urvive in primary cul ture s , and a fter 

inoculation into s e condary culture s u ninh ib i ted growth 

of p omona wou l d  occur . I t  would be unl ike ly that a 

cul tural me thod s u ch a s  thi s  wou ld a l l ow the s e l e ctive 

i s o lation o f  o ther serovars in c a s e s  of dua l infection . 

For thi s  reason i t  was de cided not to pur sue thi s  l in e  o f  

i nve s t i gation any furthe r .  

S UMMARY AND CONCLUS IONS 

1 .  The cul tura l  te chnique s used i n  this s tudy o f  lepto s ­

p i ros i s  are de scribe d . 

2 .  Mos t  leptos p i ra l  i s o late s we re obtained f rom cul ture s 

whi ch had been inocu lated wi th the mo st conce ntrated 

k i dney homogenate used in th i s  e xperiment .  

3 .  The rate o f  contamination o f  cu l ture s was very l ow . 

4. Mos t  l ep t o s p i r a l  i s o late s were obtained in P 8 0  medi um ,  

and i t  was de c ided to use thi s  medium for the 

remainder o f  the s tudy . 

5 .  I t  was c on s i de red adequate to r outine ly e xamine 

cu lture s a f ter 3 week s ,  7 week s , and 1 0  or 1 1  week s  

incubati o n . 



Table 3 . 1  

Spe c imen 
No . 

3 4 5  

3 5 2  

3 5 4  

3 5 9  

3 7 2  

3 7 3  

Tot a l  

T ab le 3 . 2  

N umber 

5 0 . 

The re cove ry o f  leptosp ire s ( serovar p omo n a ) 

f rom undi luted and di lute d  urine i n  med i a  

conta i n ing no 5 -FU , 2 0 0  ].l g  5-FU/ml and· 4 0 0  

].lg 5 -FU/ml . 

Undi luted Urine D i luted Uri ne 
0 5FU 

+ 

+ 

-

-

-

+ 

3 

2 0 0  5FU 4 0 0  5FU 0 5FU 2 0 0  5FU 4 0 0  5 FU 

+ + - - + 
- - - - -

- - - + + 

+ + - + + 

+ + + + + 

+ + - + + 

4 4 1 4 5 

The numbe r of contaminated cul ture s i n  med i a  

containing n o  5 - FU , 2 0 0  ].lg 5 - FU/ml , 

4 0 0  ].lg 5 - FU/ml wh i ch had been inocu l ated 

wi th uhd i luted and d i luted urine . 

Undi luted Urine D i luted Urine 
O S FU 2 0 0  S FU 4 0 0  5 FU 0 5FU 2 0 0  SFU 4 0 0  S F U  

3 2 0 1 0 0 
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CHAPTER IV 

AN ABATTOIR SURVEY OF LEPTOSPIROSIS IN THE PIG 

INTRODUCTION 

Sero l o g i c a l  surveys for leptosp i ro s i s  in p i g s  h ave 

previous ly bee n  conducte d  in New Z e aland by K i r s chne r  

· ( 1 9 5 2 , 1 9 5 4 )  and Rus � e l l  and Hansen ( 1 9 5 8 ) , but only 

two ant i gens , p omona and tara s s o v i , we re used in the se 

studie s .  Many o f  the s amp les te s ted re acte d  with 

the s e  an tigen s ,  and i t  was conc luded that p i g s  common ly 

became infecte d  with both the se serovar s . The only 

leptosp i ra l  serovar wh ich has been i so lated f r om p ig s  

in thi s country i s  pomona ( de Jong and Fowle r ,  1 9 5 8 ) , 

but no extens ive cultura l  s urveys have been unde r taken . 

Thi s  chapter de s cribes a serolog i c a l  and cultural survey 

of leptosp i ros i s  in p i g s  at an abatto i r . The ob j e ctive 

o f  the study was to dete rmine whe ther or not p i g s  be came 

infe cted with any of the o ther s erovars whi ch are known 

to infect dome s t i c  and f e r a l  an ima l s  in New Z e a l and or i n  

o t h e r  count r ie s , an� to e s tab l i sh whe ther or n o t  p i g s  are 

" re s e rvoir o r  inc idental host fo� any o f  the s e  serovar s . 

The s urvey te chnique u s e d  in th i s  s tudy was that wh ich has 

been s ucce s s fu l ly used in wi ldl i fe s tudie s by Roth e t .  a l .  

( 1 9 6 3 ) . 

Duri ng th i s  s tudy two other aspects of lepto s p i r a l  

·i n f e c tion i n  p igs we re a l so i nve s ti gated . F i r s t ly , the MA 

t i tre s to se rovar b i f l e xa in the infected and non- i n fe c te d  

p ig s  were compared with t itre s obtained when us ing 

s pe c i f i c  antigens with a view to determining whe the r o r  

n o t  thi s serological te s t  cou l d  b e  u s e d  a s  a " Ge nu s " 

s pe c i f i c  s c reening te s t  (Turne r , 1 9 6 8 ) . Serological  

te s ts us i ng antigens prepared f rom saphrophy te s s uch a s  

b if l e xa ( CD C )  have bee n  found t o  b e  useful i n  man f o r  

d e te cting infection wi th the paras i t i c  leptosp i r e s  

( Cox e t  a l . , 1 9 5 8 ;  Mai l loux , 1 9 6 7 ;  Sul z e r  and J one s , 
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1 9 7 3 ) . Se cond ly , i n  orde r to conf i rm that the c r i te r i a  

used at me at inspe c tion f o r  the de te c tion of lepto s p i r a l  

infected k idneys were val id , the gro s s  renal l e s ions ' 

i n  cul ture -pos i t ive and cul ture-negative kidneys we re 

compare d . 

MATERIALS AND METHODS 

T i s s ue s for th i s  s tudy we re co l le cted f r om both young and 

adult p igs at an abatto i r . The young p igs we re betwee n  

5 and 1 0  month s o ld . The adul t  an ima l s  were mai nly cul l  

s ows . Inc luded i n  thi s  survey were p i g s  f rom many 

d i f fe rent farms located in the southern hal f of the North 

I s land . 

BLOOD SAMPLE S 

Co l le ction 

( i )  Young P i g s : Blood s amp l e s  we re collected f rom the 

young pigs imme d i ate ly af ter e ach an ima l had been s tunned . 

Gene r a l ly , 3 0  to 3 5  anima l s  f rom a number o f  dif fere nt 

farms we re samp l e d  d�ring each vis i t  to the abattoi r . 

A me tal tag was p la ced in the ear o f  approximate l y  h a l f  

o f  the anima l s  s amp led ; s o  that the s e  c arcases could be 

sub sequently identi fied a t  the time of remova l  of the 

kidney s . More b l oods than kidneys were taken , as a 

greater numbe r o f  serum s ample s cou l d  be proce s s e d  in the 

laboratory than could k idney s amp le s . 

( i i )  Adult P i g s : Only a l imited number o f  adul t  p i g s  

we re s laughter e d  a t  thi s abatto i r , a n d  it w a s  n o t  

practi cab le to wait in the s tunn i ng area t o  c o l l e c t  b lood 

s amp l e s  from the s e . I n s tead , the serum �� titres  were 

e s timated f rom the se rum derived f rom he art b lood c lo t s  

( see Chapter I I ) . After the he art h ad b e e n  remove d , i t  

was ope ned a n d  a n y  c lots o f  b lood in the vent r i c le s o r  

auri c le s remove d . 
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Serology 

The serum MA titres we re determined by the method 

de scribed in Chapter I I , emp loy ing the fo l low i ng 

serovars : pomona ( Pomona ) , t ara s s o v i  (mi t i s - John s on ) � 

ba Z Z um ( M l 2 7 ) , h ardj o  ( Hard j opraj itno ) , c op e n ha g e n i  

(M2 0 )  , a u s tra l is ( Ba l l i co)  , a u tumna l i s  (Ak iyama A )  , 

b a t a v i a e  ( Swar t )  , can i c o l a  ( Hond Utre cht ) , p y r o g e n e s  

( Sal inem) , gripp o ty p ho s a  ( Moskva V ) , and b i f l exa ( CDC ) . 

As ha s been de s cribed in Chap te r I I , the ti tre o f  a se rum 

was taken as that d i lution where 5 0 %  of the leptospire s 

we re agg lutinate d . In the pre sentation of r e s u l t s  the 

terms p o s i tive and negative were used in re l at i on to e ach 

serova r , pos i t ive be ing the de s c r ip tion app l ie d  to a s erum 

showing 5 0 %  or greater agglutination at a parti cu l ar 

di luti on and negat ive the d e s cription app l i e d  to a serum 

showing l e s s  than 5 0 %  agglutination at a par t i cu lar 

di lution . 

Geomet r i c  me an titre s ( gmt ) for both group s of an ima l s  

were de termined by decod i ng the arithmetic me an o f  the 

coded t i tre s . 

The coded ti tre s to b i f l exa of the serum from cu l ture­

pos i t ive and culture - negative animal s  were comp ared u s ing 

the 11 t" te s t . S imilarly the coded b i fl e xa t i t re s  o f  the 

sera whi ch were te st-pos it ive at 1 / 1 2  to p o m o n a  were a l s o  

compared with the coded b i f l exa t i tr e s  o f  the s e r a  wh i ch 

we re te s t- ne ga tive at 1 / 1 2  to p om o n a . 

K I DNEY SAMPLE S 

Col l e c t ion 

( i )  Young anima l s : A k i dney , w i th t�e c ap sule s ti l l  

intact , was r emoved from e a ch tagged carca s e , and p l ac e d  

in a p l a s t i c  bag . The e ar t a g  w a s  removed a n d  p laced i n  

the b a g  with each k i dney for l ater ident i f i cat ion . 
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( i i )  Adu l t  Anima l s : A k i dney from e a ch of the adu l t  

anima l s  wa s removed and p l ace d  i n  a plastic  bag w i th the 

bottl e  containing the clots o f  b lood wh ich had been 

colle cted from the heart . Ma tche d numbers were a s s igned 

to e ach of the s e  s amp le s be f ore the t i s sue s we re proce s sed . 

Culture 

The k idne y s  wer e  culture d a s  de s c r ibed in Chapte r I I , and 

any leptospiral i solate s obtaine d  we re iden t i f i e d  by cros s ­

agg lutination u s ing hype r immune rabbi t  sera . The se r abbi t  

ant i se r a  had been prepared agains t known laboratory s trains 

( Chapter I I ) . A s e le c tion o f  the i s o lated lepto sp i re s 

was a l s o  sent to the Lepto s p i ros i s  Re ference Laborator y , 

Centre for D i sease Control At l anta , Ga . , U . S . A .  f o r  

con f i rmatory i dent i f i cation . 

Pathology 

Be fore a samp le from each k i dney was cultured , the cap sule 

was s tr i pped and the cortex s cruti n i sed for le s ions  

sugge s t ive o f  a leptospi r a l  infection . The le s ions  

con s i dered mo s t  l ikely to  be due to leptos p i ro s i s  are 

gray i sh whi te f o c i  ranging in s i ze from the l i m i t  o f  

vi s ib i l i ty u p  t o  1 cm i n  d i ame ter ( Langham e t  a Z . , 1 9 5 8 ;  

S le i ght e t  a Z . , 1 9 6 0 ) . In  addi t i on to recording gro s s  

l e s i on s , se c t i ons o f  each k i dney we re take n f o r  h i s topath­

ological  examination . 

RE SULTS 

SEROLOGY 

Mos t  of the sera c o l le cted f rom both the young and adu l t  

p i g s  reacted to more than one serovar . A t  a d i lution o f  

1/1 2  le s s  than 1 2 %  o f  the s e r a  were posit ive to b a Z Z um �  

hardj o �  and c an i co Z a, be twee n  2 2 %  and 3 7 %  were pos i t ive to 

tara s s o v i � c op e n ha ge n i �  a u s tra Z is � b a tav i a e �  py ro g e n e s 

and gripp o typ h o s a� 6 8 %  pos i tive to a u t umn a Z i s  and 8 7 %  
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pos i t ive to p o m o n a . I n  regard to a l l  the se serovar s , 

many o f  the t i tre s did not exceed 1/ 1 2  or 1/ 2 4 , with the 

re s u l t  that the p roport i on pos i t ive at 1/4 8 was sub s tant­

i a l l y  below that at 1/ 1 2 . In parti cular , mos t  o f  the 

t i tr e s  to gripp o t yp h o s a �  b a t av i ae � au s tra l i s �  b a l l um and 

c op e n hageni we re 1/2 4 or le s s  ( Table 4 . 1 ) . 

The range o f  the MA t i tre s to e a ch o f  the serovars v ar i e d  

cons iderably , e spe c i a l l y  wi th the s e r a  from the young p i g s . 

In th i s  group se rovar p omona t i tre s ranged from 1 / 1 2  to 

1/9 8 3 0 4 , and the au tumn a l i s  t i tre s f rom 1/12 to 1/2 4  5 7 6 .  

I n  the adults the highe s t  pomona and a u t umn a l i s  t i tre s 

we re 1/15 3 6  and 1/ 1 9 2  re spect ive l y . Al though an 

o c c a s ional young pig had a high t i tre aga inst one o f  the 

other serova r s , t itre s to the se we re low in the
.
ma j or i ty 

o f  both young and adu l t  anima l s . The geometr i c  mean 

t i tre s ( gmt ) shown in Tab le 4 . 2  re f le c t  th i s  f inding . 

I t  can be seen that wi th the excep t i on o f  the p om o n a  and 

a u t umna l i s  gmt ' s ,  the range o f  geome tr i c  me an titre s was 

from 1/12 to 1/ 3 5 . The pomona and au tumna l i s  gmt ' s  

wer e  1/5 3 3  and 1/10 8 ,  and 1/ 5 1  and 1/ 1 8  in the young and 

adu lt sample s r e spe c tive ly . None o f  the adu l t  p ig s  we re 

pos i t ive at 1 / 1 2  to serovar can i c o l a . 

There was a tendency for a par t i cular se rum s amp l e  to 

react with many serovar s ,  or w i th none at a l l . Thi s  was 

particu lar ly e v i dent i n  the sera wh i ch had been obtained 

f rom the young p igs . Howeve r ,  5 o f  these anima l s , whi ch 

we re negative a t  1/12 to pomona , had titre s o f  e i ther 1 / 4 8 

or 1/9 6 aga i n s t  other serovar s .  Two o f  the se we re 

t a ra s s o vi t i tre s , two c o p e n hage n i  t i tre s and one a 

p y r o g e n e s  t itre . O f  a l l  the adult sera wh i ch we re 

negative at 1/ 1 2 , only one reacte d  with another s erovar , 

and thi s  animal had a taras s o v i  t i t re o f  1/4 8 .  

The regre s s i o n  ana l y s e s  on data obtained from the young pigs 

indicates that there i s  a s i gn i f i cant associ a tion (P<O . 001 ) 

beTheen the p om o na t itres and those to aus t ra l i s , 
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a u t umna l i s �  b a t a v i a e and gripp o ty p h o s a .  In the adu l t  p i g s  

the re are s ign i f i cant associat i on s  b e tween t itre s to p om o na 

and those to a u s tra l i s  ( P< O . O O l ) , a u t umn a l i s  ( p < O . O O l ) , 

p y r o g e n e s  ( P< O . U O l ) , and gripp o t yp h o s a  ( P< O . O O l ) . I n  the 

young p i gs the re wa s no s i gn i f i cant a s sociation be twee n  

p y r o gen �  t i tr e s  and p omona titre s  ( P= 0 . 5 0 ) , and in the adu l t  

g roup the re w a s  no s i gn i f i cant a s s o c i ation betwee n  b a t a v i ae 

t i tre s  and p om o n a  t itre s ( P= O . l O ) . The regre s s ion l ine 

c a l culated f rom the se analyse s ( F i gs 4 . 1  and 4 . 2 )  

i ndi cate s that i n  a l l  the case s i n  whi ch there i s  a 

s ign i f i cant regre s s i on ,  the a s s o c i a t ion i s  such tha t  l ow 

t it re s  aga i n s t  the se serovars are re l ated to very h i gh 

p omona titre s . The vari ation i n  the t i tres whi ch c an be 

attr ibuted to the regre s s i on on the p omona t i tr e s  ( r 2 ) i s  

be tween 5 %  and 3 0 %  i n  a l l  but one c a se ( Tabl e s  4 . 3  and 4 . 4 . )  

K I DNEY CULTURE 

Kidneys we re col lected from 8 4  young pigs , and 6 5  adul t s , 

a tota l o f  1 4 9 . S e rovar pomona w a s  i s o lated f rom 3 8  ( 4 5 % ) 

o f  the kidneys f rom the young p i g s  and from one ( 2 % )  o f  

the adu lt s amp le s .  In contra s t , s erovar tara s s o v i  was 

cultured f rom o n ly l ( 1 % )  o f  the j uven i le group and from 

3 ( 5 % )  of the adul t  k i dneys . The comb ined culture 

p o s i t ive rate s f or all pigs were there fore 3 9 / 1 4 9  ( 2 6 % ) for 

se rovar pomona and 4/ 1 4 9  ( 3 % )  for s erovar t aras s o v i . 

The serovar b i[Z exa t i tre s o f  the cul ture-negat ive and 

culture-po s i t ive an ima ls .  

The coded me an t i t re o f  the young p igs wh i ch we re c u l ture­

pos it ive was 1 . 6 6 ,  and that o f  the cul ture- negative one s 

was 2 . 0 9 .  There was no s i gn i f i c ant d i f fe re nce be tween 

the se coded mean t i tre s ( t= 1 . 6 2 �  82  d . [ . ) . 
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F ig . 4 . 1  The a s so c iat ion be tween the coded pomona 
MA ti tre s and the coded he terologous MA 
titre s in young p i g s . 
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CODED POMONA TITRE 

S E R O LOGY CODE 
1 =1 /12,  2=1 /24, 3=1 /48, 4=1 /96, 5= 1 /1 92, 

6=1 /384, 7=1 /768, 8=1 / 1 536, 9=1 /3072, 

1 0= 1 /6144, 1 1  = 1 / 1 2288, 1 2 = 1 /24576. 
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F i g . 4 . 2 The a s sociation be tween the coded pomona 

MA t itre s and the coded hetero logo u s  MA 

t i tres in adu l t  p igs . 
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CODED POMONA TITRE 

SE R O LO G Y  CODE 
1 =1 / 1 2, 2 = 1 /24, 3=1 /48, 4 = 1 /96, 5= 1/192,  

6=1 /384, 7=1 /768, 8 = 1 / 1 536, 9 = 1 /3072, 

1 0= 1 /6 1 44, 1 1 = 1 / 1 2288, 1 2= 1 /24576. 
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The se rovar bifl e xa t i tres of the anima l s  wh i ch we re 

e i ther pos i tive or negative at 1/12 to p omona . 

The coded mean bifl e xa t i tre o f  the young p i g s  wh i ch we re 

p o s i t ive at 1/12 to p om o n a  was 2 . 0 8  and tha t of the 

negative o ne s  2 . 1 1 .  The se we re not s i gn i f icantly 

d i f ferent (t  = 0 . 0 ? � 1 3 9 d . f . } .  

RENAL PATHOLOGY 

Gro s s  l e s i on s  cons i dered to be due to leptosp i ro s i s  we re 

r ecorded in 12  of the young and adu l t  k idneys ( Tab le 4 . 5 } . 

No g ro s s  l e s ions we re de te cte d in 2 0  out o f  2 8  ( 7 1 % } from 

whi ch lepto spire s  we re i solate d . Very minor le s ions 

whi ch migh t  have remained unde te cted by rout ine me at 

i n s pection we re f ound in a furthe r 5 o f  the 2 8  ( 1 8 % ) . 

H i s topatho logical examination o f  the k i dney s with gro s s ly 

v i s ible whi te focal le s i ons s howe d that the le s i on s  

con s i s ted o f  inte r s t i t i a l  i n f i l trations o f  mononuc le ar 

ce l l s , inc luding lympho cyte s ,  hlacrophage s and p l a sma ce l l s . 

I n  add i t ion there was s ome evide nce o f  ne cros i s  and 

atrophy of renal tubule s .  S imilar micro s c op i c  l e s ions 

we re found in some s e c t i ons from the infe cted k i dneys 

s howing no gros s  l e s ions . 

D I SCUS S I ON 

Concurrent serological and cultural surve y s  for 

leptospi ro s i s  have been shown in a s tudy o f  feral anima l s  

b y  Roth e t  a l .  ( 1 9 6 3 }  t o  b e  a n  e f fe c t ive means o f  

d i s tingu i s h ing be tween an ima l s  wh ich are re servoi r  hosts  

f o r  various serovar s ,  and thos e  whi ch become infe cted 

f rom other reservo i r  h o s t s . �ccording to the se worke r s , 

i f  an important re s ervo ir o f  infection occurs in an 

animal population , the prevalence o f  rena l i n fe c t ion wi l l  

b e  approximate ly the s ame a s  the propor t i on o f  an ima l s  

wh i ch are sero log i c a l l y  pos i t ive for that s e r ovar . Conversely 

a h i gh p revalence o f  serolog ic a l ly pos i t ive anima l s  
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wh i ch i s  many time s gre ate r than the prevale nce o f  rena l 

i nfe ction i s  cons i dered to i nd i cate a mi l d  tran s i tory 

i n fe ction . Howeve r ,  the re s u l t s  of th i s  abatto i r  s tudy 

s ugge s t  that thi s  i nte rpre tation cannot be app l ie d  to the 

dome s t i c  p i g . 

I n  thi s s urvey , s e r ovar p omona was i so l ated from 2 6 %  o f  the 

animals  s amp led , whe reas 8 6 %  of the p i g s  were sero logi c a l ly 

p o s iti ve at 1/12 to p omona . S im i l ar ly tara s s o v i  was 

i so l ated from 3% of the anima l s  s amp le d  and 2 2 %  we re 

serolog i cal ly po s i t ive . S tr i ctly app ly i ng the cri te r i a  

s e t  down b y  Roth e t  a l . , i t  could b e  conc luded from the se 

re sults that the dome s ti c  p i g  i s  not a re servo i r  h o s t  for 

serovar p o m o na or s e r ovar tara s s o v i . Howeve r tak i ng i nto 

consideration the f re quency with wh i ch the se organi sms 

h ave been i s olated f rom p igs in both th i s  s tudy and other 

s urveys ( T ab le 1 . 1 ) , and the re s u l t s  o f  both f i e l d  

i nve s tigations ( Burns te i n  and Bake r , 1 9 5 4 ;  Boulanger 

e t  a l . , 1 9 5 9 ; Budd le and Hedge s , 19 7 7 )  and e xpe r ime ntal 

i nfections (Tammemagi and S immonds , 1 9 5 6 , 1 9 5 8 ;  r1orse 

e t  a l . , 1 9 5 8 ;  Hodge s , 1 9 7 3 )  i t  is  unl ike ly that th i s  i s  

the case . In mos t  count r i e s  p igs are re garde d a s  a 

ma j or r e s e rvoi r  hos t  of both pomona and taras s o v i . 

I t  would seem th at th i s  me thod o f  de f ining a re servo i r  

host cannot be s a t i s f acto r i ly app l i e d  to p i g s  wi th pomona 

i n fe c tion becau s e  i n  thi s  population the infection i s  

much more prevalent i n  a parti cular age group . P igs do 

not become l i fe - long car r i e r s  of p omona , but the homo logous 

MA t i tr e s  appe ar to pe r s i s t  long a f te r  infection has bee n 

e l iminate d . As a r e s u l t  o f  the s e  two factors the 

p revale nce of s e r o logical ly pos i t ive anima l s  i s  very 

much greater than the prevale nce o f  infection . 

Furthermore , the p i g  population s amp led i n  thi s  s urvey 

migh t  be regarded as an aggregation of a number o f  sub­

popu l at ions s ince a number of farms we re inc luded in the 

s urvey . Crite r i a  s uch as tho s e  of Roth e t  a l . , wh i ch 

are app l icab le to more homogenous popul at ions o f  wi ld 
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anima l s  migh t therefore not be s trictly app l i cab l e  to 

the curren t  s urvey . �no th e r  cons ide ration i s  tha t  i n  

wi l d l i fe spe cie s ,  the duration of renal infe c tion in a 

re s e rvoir ho s t  may we l l  approach the natural l i fe span 

of the anima l , and in thi s  s i tuation Roth e t  a Z ' s . 

c r i te r i a  are more l i k e l y  to be v a l i d . 

The serologi cal and cul tural re s u l t s  for tara s s o v i  are 

more d i f f i cu lt to interpre t .  I f  taras s o v i  had not bee n  

i s o l ated from the se p igs , i t  may we l l  have been concluded 

tha t  the t a r a s s o v i  titre s we re cro s s-re actions to p o mo n a . 

Unl ike the p omona ti tre s wh ich dominated the aggl utination 

pattern of virtually eve ry s erum , none of the tara s s o v i  

t i tre s were particularly high . Howeve r ,  i n  the ab sence o f  

any other r e servoir h o s t  for taras s o v i  havi ng been 

demonstrate d  in New Z e a l and , i t  may be a s s umed th at the pig 

is the re s e rvo i r  hos t  for th i s  s erovar . I n  contras t to 

p o m o n a �  tara s s o v i  infect ion in pigs  appe ar s to be sporadi c .  

Roth ' s  me thod of identi fy ing re s e rvoir ho s t s  i s  depe nde nt 

on the e f f i c iency wi th wh ich leptos pire s may be i s o lated 

from renal t i s sue , and it can be argued tha t  a d i spar i ty 

b e twee n  p om o na and tara s s o v i  culture-po s i tive an imal s ,  and 

the p roportion of animal s  wh i ch are serolog i c a l ly pos i t ive 

i s  due to th i s  factor . Howeve r ,  as has been d i s cu s se d  in 

Ch apter I I I , the re would appear to be few factors wh i ch 

might have l imited the i s olation of leptosp ires a s  

profoundly a s  the s e  figures s ugge s t . 

At pre sent i n  New Z e a l and , in addition to s erovars p o m o na 

and t aras s o v i �  only ba Z Z u m  ( Brock i e , 1 9 7 7 ) , hardj o ( Lake , 

1 9 7 3 ) , ba Z ca n i c a  ( Marsha l l  e t . a l . , 1 9 7 6 )  and c o p e n h a g e n i  

( K i r s chne r and Gray , 1 9 5 1 )  have been i so lated from dome s t i c  

or f e r a l  an ima l s .  Exte n s ive sero logi cal s urveys i n  f e r a l  

an ima l s  ( Ha thaway , 1 9 7 8 ) , c a t t l e  ( He l l s trom , 1 9 7 8 )  sheep 

( Ma rshal l ,  R . B . , unpub l i shed ) ,  dogs ( Baluya t , C . , 

unpub li she d ) , and cats ( Shophe t ,  R . , unpub l i she d )  have 

bee n undertake n ,  and the r e  is no indication that any o f  
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the se anima l spe c i e s  a re rese rvoi r  hosts  for othe r se rovar s . 

I t  would , the re f ore , appear to be h i gh ly unl i ke ly tha t the 

t i tre s to a u t umn a l i s >  a u s tra l i s >  b a tav i ae > can i c o l a >  

p r y o g e ne s  and gripp o t yp h o s a  obse rve d i n  thi s survey o f  

p i g s  were due t o  i nfe ction wi th the homologous se rovar . 

The re wa s l i ttle evide nce that the pigs  s ampled a t  th i s  

abattoir had bee n infe cted wi th b a Z Zum>  ha rdj o o r  b a l c an i ca . 

Virtua lly a l l .  o f  the t itre s to b a Z Z um and hardj o  we re 

1/12 or 1/2 4 , and the se we re a lway s assoc iated w i th h i gh 

p o mona titre s . I f  i n fec tion with e i the r o f  the se 

organ i sms was a common occurrence i n  p igs , a gre a te r  r ange 

of titre s would have been ob s e rve d . In add i t io n , s ome 

t i tres to b a Z Z um and hardj o  in the serum samp les wh i ch 

were negative to pomona would a l s o  have been expe cted . 

I t  i s  the re fore re asonab le to con c l ude that the b a Z Z um and 

h a rdj o t i tr e s  were due to cros s -re actions . As b a l ca n i ca 

cross -reacts w i th hardj o  to a very high titre in o ther 

anima l s  ( Ha thaway , 1 9 7 8 ) , i t  may be a s s umed that a 

b a l ca n i ca antigen wou l d  have reacted as did the hardjo  

( Hard j opraj i tno ) antigen , and there fore , for  the s ame 

r e asons i t  wou l d  appe ar that the se p i g s  had not bee n  

i nfected w i th b a l ca n i ca . 

By way o f  a contras t ,  some high t i tre s to c o p e n h a g e n i  

were recorde d ,  and i n  2 case s p i g s  without pomona t i tre s 

h ad c op e n h a g e n i  t i tr e s  o f  1/ 4 8  and 1/9 6 . In add i t i o n , 

the c op e n h a g e n i  t i tr e s  did not f o l low a cons i s te n t  patte r n  

w i th respe c t  to the p omona titre s . Ra t tus n o r v e g i c u s  

i s  the r e s e rvoi r  hos t for thi s  s e r ovar in New Z e a la nd 

( Brockie , 1 9 7 7 a )  and there woul d  be ample oppor tuni ty 

for pigs to become infected . Al l o f  thi s  migh t  sugge s t  

that the c o p e n ha g e n i  t i tres we re due t o  infection w i th 

thi s  serova r . On the other h and , i t  i s  we l l  documented 

that certain s trains of serovar p omona induce the 

s e cre tion o f agglutinins that r e a c t  wi th copenhag e n i  a t  

h i gh ti tre ( Morse and Al len , 1 9 5 6 ; A l s ton and B r oom , 

1 9 5 8 ) . I n  a later inve s tigation of a pomona i nf e cted 

pig herd d e f in i te paradoxical he tero logous t i tr e s  to 



6 3 . 

cope n ha g e n i  we re obse rved i n  those an imals wh i ch had bee n 

re cently i n f e cted with se rovar pomona ( see Chapter VI ) . 

I t  i s  the re f ore not po s s ible to interpret with c e r ta inty the 

s i gn i f i c ance of the cop e n h ag e n i t i tre s found i n  th i s  

survey . 

The h i gh l y  s i gn i f i cant regre s s ions ( T ab le s  4 . 3  and 4 . 4 ) , 

and the nature o f  the a s s o c ia t ion ( F igs  4 . 1  and 4 . 2 ) 

be tween the pomona t i tres and tho se to a u s t ra l i s �  

a u t umna l i s �  b a ta v i a e �  gripp o t y p h o s a  and pyroge n e s  a l s o  

indic ate s a cro s s -reaction phe nomenon . In some cas e s  

the amount of the variation a ttribute d  to the regre s s ion 

on the p om o n a  t i tres was not h igh . Neverthele s s  th i s  

i s  to b e  e xpe cte d  a s  the degree o f  cro s s - reaction depe nds 

on the re l a tive amounts of var ious c la s s e s  of ant ibody 

pre s e nt in the sera ( He l l s trom , 1 9 7 8 )  , and thi s  change s 

marke dly dur ing the course o f  the infect ion ( Tong e t  a l . , 

1 9 7 1 ;  IIathaway , 1 9 7 8 ;  IIe l l s trom , 1 9 7 8 ) . Th i s  

phenome non may a l s o  exp l a i n  why d i f ferences be tween the 

young and adu l t  pigs occurre d . 

The serological re su lts ari s i ng from the use o f  the b i f l e xa 

antigen we re d i s appoint ing . It was not po s s i b l e  to 

d i f fe r e n t i ate se rologi cal ly be tween culture -po s it ive and 

culture-ne gative animal s .  The b i f l e xa titre s o f  tho s e  

whi ch were sero log ically pos i tive t o  p omona we re the 

same a s  those wh i ch we re negat ive . Thu s , i t  would seem 

tha t the MAT u s ing b if l e xa a s  the anti gen has  l i ttle 

value a s  a s creening te s t  to de te ct p igs wh i ch are 

infected o r  indeed those wh i ch h ave pos i tive homo logous 

titre s . U s ing a number o f  s aprophyte s as antigen s , 

Ri s ( 1 9 7 5 )  a l s o  found in catt le that the MAT was o f  no 

value a s  a genu s - spe c i f i c  s creening te s t  . 

. :l.: 
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The f i nding that no gro s s  le s i on s  we re v i s i b le in over 7 0 %  

o f  the pig k i dneys f rom which leptospire s  we re i s olate d  

ha s cons ide r ab le pub l i c  health imp l i cations . As a re s u l t  

o f  the se findings a further survey was conduc te d , in 

wh i ch pig k i dneys on s a le in shops we re cultured . It  was 

found that e i ther p omona or tara s s o v i  could be cul tured 

f r om 2 5 % of the se k idneys ( Lord , B . L . , unpub l i shed ) .  

I n  the household k i t chen kidneys usually unde rgo a 

con s i derab l e  . amount o f  h andl ing and cutting . Hou sewive s 

may therefore be exposed to a previou s ly unsu s pe c te d  and 

s e r ious r i s k  of contra c t i ng leptospiro s i s . 

SUMMARY AND CONCLUSIONS 

1 .  A cultural  and sero l ogical s u rvey of leptospiros i s  

was conducte d  i n  young and adu lt pigs from a n  abattoir . 

The sera c o l le c te d  we re sub j e cted to the micro s c op i c  

a gglut ination te s t  ( MAT ) us ing 1 1  para s i t i c  s e rovars 

and 1 s aprophyte , serovar b i f l e xa ( CDC ) , a s  antigens . 

K idney s  from both groups we re cultured f or leptospire s . 

2 .  S erovar pomona was i s olate d  from 3 8/ 8 4  ( 4 5 % )  o f  the 

kidney s from the young p igs and f rom 1/6 5 ( 2 % )  o f  the 

adult k idneys . However , 8 7 %  of the young p i g s  and 

8 6 %  of the adu l t  p i g s  we re sero log i c a l ly te s t-po s i tive 

at 1 / 1 2  to pomo n a . 

3 .  S erovar t a ra s s o v i  was i s o l ated for the f ir s t  t ime in 

New Z e a l and . In contr a s t  to pomon a , the prevale nce 

of cu lture-pos i t ive animal s  was 1/ 8 4  ( 1% )  in the 

young group , and 3/ 6 5  ( 5 % )  i n  the adu l t  pigs . 2 1% o f  

the young pi gs , and 2 5 %  o f  the adu l t  p i g s  had MA 

t i tre s to tara s s o v i  of 1 / 1 2  or more . 

4 .  Al though many o f  the s e ra reacted with se rovars other 

than p omona and t a r a s s o v i , none of the s e  we re 

i so lated . 
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5 .  I t  was conc luded that p i gs in New Zealand a re reservo i r  

h o s m  for p omona and t a r a s s o v i , but that they d o  not 

b e come l i fe- long car r i e r s  o f  the se serovar s .  The �� 

t i tre s to the se se rovar s appe a r  to be maintained l ong 

a f te r in fe ction has bee n e l iminate d . 

6 .  I t  was conc l uded that p omona antibody cro s s - re a cts 

markedly wi th many o the r se rovars . The re was s trong 

e v i de nce . that the p i g s  s amp le d  had bee n infe c te d  only 

w i th serovars p omo na or tara s s o v i , although it i s  

p o s s ible that some had bee n infe cted with s erovar 

c o p e nhagen i .  

7 .  I t  was cons ide red tha t the me thod de scribe d  by Roth 

e t  a l .  ( 1 9 6 3 )  to de f i ne the role o f  an an ima l 

s p e c i e s  i n  the epidemio l ogy o f  leptosp iros i s  could 

not be s at i s factor i ly app l ied to the dome s t i c  p i g  

popu l ation . 

8 .  �he MAT u s ing serovar b i f Z exa ( CDC ) as anti ge n  

appe ared t o  be o f  n o  value i n  pigs  for dete cting 

e i ther infe cted anima l s , or  an ima l s  wh i ch had 

p o s i t ive t i tre s to the paras i t i c  leptospire s .  

9 .  I n  many o f  the k idne y s  f rom whi ch p omo na wa s i s o late d , 

e i ther no gross  leptosp i r a l - l ike le s ions were appare nt , 

o r  only minor les ions were ob se rved . I t  was 

concluded that infe cte d  k i dney s  showing no gro s s  

l e s i ons con s t i tuted a pote n t i a l  pub l i c  hea l th r i sk . 



Table 4 . 1  

Se rovar 

p omona 

tara s s o v i  

ba Z. Z.um 

hardj o  

c op e n h a g e n i  

aus tra l. i s  

au tumn a l. i s  

b a ta v i a e  

can i c o l a  

pyroge n e s  

gripp o t y p h o s a  
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The preva lence o f  MA t i tres in the young 

and adu lt pigs , and in the to·tal tomb i ne d ) 

s ample . 

Young Pigs  Adult Pigs Comb ined 
1 / 1 2  1/4 8 1 / 1 2  1/4 8 1/ 1 2  1/4 8 

8 7 % *  7 2 %  8 6 %  5 8 % 8 6 %  6 7 %  

2 1 % 7 %  2 5 %  5 %  2 2 % 6 %  

1 4 %  1 %  8 %  0 %  1 2 %  1 %  

4 %  1 %  9 %  0 %  5 %  1 %  

2 9 % 7 %  1 8 %  0 %  2 6 %  5 %  

3 0 %  1 0 %  2 6 %  2 %  2 9 %  7 %  

7 4 %  4 4 %  5 5 %  8 %  6 8 %  3 2 %  

2 7 %  7 %  2 6 %  2 %  2 7 % 5 %  

5 %  0 %  0 %  0 %  3 %  0 %  

4 9 %  2 1% 1 2 %  0 %  3 7 %  1 4 % 

4 2 %  1 0 %  6 %  2 %  3 0 %  8 %  

* preva l ence = 

Numbe r o f  sera te s t-po s i tive at 1/12  or 1/4 8 .  1 0 0  
Total number o f  s e r a  i n  that group --1-

Table 4 . 2 

Antigen 

pomona 

tara s s o v i  

b a Z. Z. um 

hardj o 

c op e n h a g e n i  

a u s tra Z. i s  

a u t um n a l. i s  

b a t a v i a e  

can i c o l a  

p y r o g e n e s  

gripp o t y p h o s a  

The geome tri c mean titre s , and the maximum 

t i tres wi th e ach of the antige n s  wh i ch we re 

used in the micro� cop i c  agg lutinat ion te s t s . 

Young P i g s  Adult P i g s  
gmt *  max . t i t re * *  gmt max . t i tre 

1/5 3 3  1 / 9 8 3 0 4  1/5 1 1 / 1 5 3 6  

1/2 8 1/3 8 4  1/ 1 9  1 / 4 8 

1 / 1 6  1/4 8 1/ 12 1 / 1 2  

1/3 2  1/9 6 1/ 1 4  1 /2 4  

1/ 2 1  1 / 1 5 3 6  1/ 1 4  1/2 4  

1 / 3 5  1 / 1 2 2 8 8  1/1 4  1/4 8 

1/10 8 1/2 4 5 7 6  1/1 8  1 / 1 9 2 

1/2 3 1/ 1 9 2  1/ 1 5  1/4 8 

1/ 1 5  1/2 4  < 1/12  < 1/ 1 2  

1/ 3 5  1/ 1 5 3 6  1/1 2  1/ 1 2  

1 / 2 2  1/ 1 9 2  1/2 0  1/4 8 

*gmt = geome t r i c  mean t i tre o f  the anima l s  te s t-pos t ive a t  
1/ 12 . 

* *max . t i tre = maximum t i tre attained with that ant i ge n . 
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Se rovar 

t a ra s s o v i  

b a l l um 

h a r dj o  

c op e n ha g e n i  

a u s tra l i s  

au t umn a l i s  

b a t a v i a e  

can i co l a  

p y r o g e n e s  

g r i pp o typ h o s a  
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Young P i g s . The regre s s ion o f  he tero logous 

coded MA t i tre s on coded pomona t itre s o f  

1/12 or more . 

P ( .1 2 2 
b a r r2 t d . f . ) 

- 0 . 0 1 3 0 . 5 3 3  - 0 . 0 1 1  0 . 0 0 2  - 0 . 4 7 0  > 0 . 5 0 0  

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

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

0 . 0 0 1  0 . 6 2 6  - 0 . 0 0 2  0 . 0 0 0  0 . 0 3 5  > 0 . 5 0 0  

0 . 2 7 0 - 0 .  8 ? 1  0 . 5 5 0  0 . 3 0 2  7 . 2 6 6 < 0 . 0 0 1  

0 . 6 6 1  - 0 . 8 2 5  0 .  7 5 6  0 . 5 7 1 1 2 . 7 5 9  < 0 . 0 0 1  

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

- 0 . 0 0 2  0 . 0 9 9  - 0 . 0 3 0  0 . 0 0 1  - 0 . 3 4 5  > 0 . 5 0 0  

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

0 . 1 2 3  0 . 0 8 3 0 . 3 7 2 0 . 1 3 8 4 . 4 3 1  < 0 . 0 0 1  

b = regre s s i on coe f f i c i en t ; c = regre s s i on equation 

con s tant ; r = corre lation coe f f i cient ; P = probabi l ity 

Tab le 4 . 4  Adult P i g s . The regre s s ion o f  he tero logous 

coded MA t itre s  on coded pomona ti tre s o f  

1/12 o r  more . 

Serovar b c r r 2 t P ( 6 3 d .  f . ) 

t a r a s s o v i  - 0 . 0 5 3  0 . 5 0 3 - 0 . 1 1 6  0 . 0 1 3  - 0 . 8 5 6  0 . 4 0 0  

b a Z lum - 0 . 0 0 2  0 . 6 6 0 - 0 . 0 1 4  0 . 0 0 2  - 0 . 0 3 2  > 0 . 5 0 0  

h a r dj o  - 0 . 0 2 9  0 . 2 1 3  - 0 . 1 1 3  0 . 0 1 3  - 0 . 8 4 6 0 . 4 0 0  

c o p e n hag e n i  0 . 0 3 0  0 . 1 5 8  0 . 0 8 8  0 . 0 0 8  0 . 6 5 4  0 . 5 0 0 

a u s tra l i s  0 . 2 2 4  - 0 . 3 5 2  0 . 5 3 0  0 . 2 8 1  4 . 5 9 7  < 0 . 0 0 1  

a u t umna l i s  0 . 3 9 8  - 0 . 3 0 1  0 . 5 0 8 0 . 2 5 8  4 . 3 3 2  < 0 . 0 0 1  

ba t a v i a e - 0 . 1 0 1 0 . 6 6 9 - 0 . 2 2 8  0 . 0 5 2  - 1 . 7 2 0  0 . 1 0 0  

can i c o l a  - - - - - -

p y ro g e n e s  0 . 0 8 3  - 0 . 1 4 8  0 .  4 0 2 0 . 1 6 2 3 . 2 3 7  0 . 0 0 5  

g r ipp o ty p h o s a  0 . 1 2 9  - 0 . 2 7 5  0 . 3 8 7  0 . 1 5 0  3 . 0 7 8  0 . 0 0 5  

b = regre s s i on coe f f i c i e nt ; c = regre s s ion e quation 

cons tant ; r = corre l a t i o n  coe f f i cient ; P = probabi l i ty 
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Tab le 4 . 5  The occurrence and nature of kidney l e s ions 

cons idered to be indicative of lepto spiro s i s . 

Le s i ons Cu lture + Cul ture -

( 1 )  No leptosp i r a l- l ike l e s ions 2 0  ( 7 1% ) 9 8  ( 9 6 % ) 

( 2 )  1 to 3 whi te foci 1 to 3 nun 

d i ame ter 5 ( 1 8% ) 4 ( 4 % ) 

( 3 )  Moderate Nos o f  whi te foci  

1 to 3 mm d i ame ter 1 ( 4 % )  0 

( 4 )  Large Nos o f  whi te foci  1 

t o  3 mm d i ame ter or l arger 2 (8%)  0 

Total re corded 2 8  1 0 2 
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CHAPT E R  V 

DIAGNO S T IC PARAM E T E RS IN PORC INE POMONA INF ECTIO N  

INTRODUCTION 

I n  this s tudy o f  leptospiro s i s  i n  p i gs , it was p l anned to 

i nve s tigate the epidemio logy o f  p o m o n a  in fe c tion in a p i g  

herd , whe re pigs could not be k i l le d  and the i r  ki dneys 

cul tured for leptospire s . I n s te ad , one or more di agno s ti c  

te s ts we re going to have to be used to de fine the pattern 

o f  infection . I n  orde r that the r e s u l t s  from the s e  te s ts 

could be interpre ted wi se ly , an eva l uation s tudy wa s 

conducted . 

Two important attribute s of a te s t  a re i t ' s  sens i t iv i ty ( Se )  

and sp� c i f i c i ty ( Sp ) , where sens i t i v i ty i s  the pe r centage 

of di seased animals wh i ch are te s t-positive , and s pe c i f i c i ty 

i s  the pe rce ntage o f  di sease- f ree an imal s  whi ch are te s t-

neg ative . ( Thorne r  and Reme in , 1 9 6 1 ;  S chwabe e t  a l . , 

1 9 7 7 ; Mar ti n ,  19 7 7 ) . I n  other words the sens i t iv i ty i s  

the ab i l ity o f  a te s t  t o  g ive a true pos itive re s u l t , 

where a s  spe c i f i c i ty i s  the ab i l i ty to give a true ne gat ive 

re s ult . 

Whe n the magn i tude o f  the sens i t ivity and the spe c i f i c i ty 

are known , the real preva lence ( RP )  of a disease in a 

group o f  anima l s  can be e s timate d f rom the appare nt 

prevalence ( AP )  ; the appare nt prevalence be i ng the 

per ce ntage of the group wh ich i s  te s t-posi tive . The 

f ormul a  whi ch i s  used to calculate the real preva lence i s  

a s  f o l lows : 

RP = AP + Sp - 1 
Se + Sp - 1 

The der ivati o n  o f  thi s  formula i s  shown in Appe ndix I .  

I t  should be noted that in s itua tions where the s um o f  the 

s e n s i tivity and the spe c i fi city equals uni ty , th i s  

expre s s ion cannot be used . Thi s  does not o ccur commonly 
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( S chwabe e t  a Z . , 1 9 7 7 ) , but whe n  i t  doe s the denominator 

o f  the above equation is zero , and divi s ion by z e ro h a s  

no mathema t i cal meaning . 

The i s o lation o f  p omona f rom the k idney wa s chosen in th i s  

s tudy a s  the mo s t  appropr iate base l ine aga in s t  whi ch 

to j udge other te s ts as indic ators o f  infe ction . The 

te sts unde r study were the homo logous MA titre of serum , 

the homo logous MA ti tre o f  ur ine , the dire ct demonstration 

o f  leptospires i n  ur ine by darkf i e l d  micros copy , and 

the cultura l i s o lat ion of p o m o n a  from urine . 

t-1ATERIALS AND METHODS 

�he a s s o c i ation be tween serum MA ti tres and k idne y  c u l ture 

was i nve s t i gated i n  Survey A ,  and i n  a second s tudy , 

Survey B ,  the urinary parame te r s  we re evaluate d . 

SURVEY A 

BLOOD SAMPLE S 

Collection 

B lood s amp l e s we re col le cted f rom both j uven i le and adu l t  

anima l s  a s  de s cr ibed i n  Chap te r  IV . I n  the adu l t s  sera 

was take n off  c l o t s  retr ieve d from the heart ( Chapter I I )  . 

S e rology 

Sera were s ub j e cted to the m i c roscop i c  agg lutination te s t  

us ing s erovar p omona ( Pomona )  a s  the antigen ( Chapter I I ) . 
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KI DNEY SAHPLE S 

Co l lection 

One kidney , w i th the renal cap sule s ti l l  intact , was 

col le cted f rom each carcase . Care was take n to ensure 

that the b lood s amp le and kidney from each carcase we re 

mat che d . 

K idney Culture 

The k idneys we re cul tured for leptosp ire s as des cr ibed in 

Chapter I I I . 'I'he leptospiral i s o late s  wh i ch were obtain-

e d  were ident i f i e d  by cro s s -agglutination . A se l e c t i o n  

o f  s trains wa s a l so sent t o  the Leptospiro s i s  Re ference 

Laboratory , Centre for D i sease Control , At l anta , Ga , U . S . A .  

for conf irmatory identi f i cation . 

ANALYS I S  OF THE SEROLOGI CAL RE SULTS 

The sens itivi ty of the MA te s t  at e a ch titre was c a l cul ated 

u s ing the MA t i tres of those an ima l s  from wh ich se rovar 

p o m o n a  was i s o l ated . The spe c i f i c i ty o f  the MA te s t  a t  

each titre was c a lculated us ing the MA titre s o f  tho s e  

pigs which we re culture - negative . 

SURVEY B 

Ti s sue s for th i s  s urvey we re a l s o  co l lected at an abatto i r . 

I t  was found p r i o r  to th i s  survey tha t  the only anima l s  

whi ch s t i l l  had a use ful amount o f  u rine in the i r  b ladder s  

at evisceration we re the entire ma le s and cas trate s . 

As adult boar s  we re only rare ly k i l le d  at ·  thi s  abatto i r , 

a l l  s amples came f rom j uven i le boa r s  and castrate s . 
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URINE SAMPLES 

Co l le c tion 

The b l adder was removed a t  e v i s cerat ion and 1 0  m l  of urine 

wa s c o l le cted through the b ladder wall  with a s te r i le 

di spo s ab le syringe . 

Dark f i e ld examination 

A drop of ur ine wa s examine d by dark f ie ld micro s copy . 

Samp l e s revea l ing organ i sms showing typic al leptosp i r a l  

morpho l ogy Rnd typi cal mot i l i ty we re c l assed a s  p o s i tive . 

Culture 

Undi l uted and d i luted ( 1 : 5 0 0 )  urine were cul tured in 

semi - s o l id P 8 0  med ium and semi - s o l i d  P 8 0  medium conta i n i ng 

200 and 400 � g  5 - FU/ml as de s c ribed in Chapter I I I . 

The u r i nary MA titre 

The me thod used to determine the p o m o n a  MA t i tre of the 

s amp l e s  of urine was the s ame as tha t  used for se rum 

( Chapter I I ) , w ith the exception th at no i n i t i a l  

di lution was made i n  the s er um refe rence p l ate . Thu s , 

the sequence o f  doub l ing di lutions in the te s t-p l ate s 

was 1/4 , 1/ 8 ,  1 / 1 6 , etc . 

KIDNEY SAMPLE S 

Col le ct i o n  

· Afte r a u rine s ample h a d  b e e n  co l le cte d , o n e  k idney was 

removed from the carcase . C are was taken to e nsure tha t  

e a c h  u r i ne s amp l e  could b e  matched with e a c h  k idney . 
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K idney cul ture 

The kidneys we re cul tured for leptospires as de s c r ibed 

i n  Chapter I I I , and any i solates obtained we re identi f i e d  

b y  cro s s - agg lutination ( Chapter I I )  . 

ANALY S I S  OF THE RE SULTS FROM SURVEY B 

The sens i t iv i ty of each o f  the se d i ag nos tic te s t s  was 

c a l cul ated by determining the proportion o f  the i n f e c te d  

an imals  which we re pos i tive ( )_ . e .  p o s i t ive dark f i e ld 

examinat ion , or pos i tive urine cul ture , or a urinary MAT 

o f  1/4 or greate r ) . Spe c i f i c i ty was calculated by 

de te rmining the proportion of c u l ture-negative anima l s  

wh i ch we re negative ( i . e . , negative dark f i e l d  exam i na t i o n , 

o r  negative ur i ne culture or with a urinary MA t i tre o f  

le s s  than 1/4 ) . 

RE SULT S  

SURVEY A 

BLOOD SM1PLE S 

E i ghty two b lood samp l e s  were co l le c te d  from j uve n i le 

anima l s  and 6 5  from adu l t  an ima l s . The range of p om o n a  

MA ti tre s vJa s  f rom zero ( le s s  than 1 / 1 2 ) to gre ater than 

1/2 4 5 7 6 . The frequency d i s tr ibution o f  t i tre s pe ake d 

at a ti tre o f  z e ro and a t  a t itre o f  1/4 8 ( Fig . 5 . 1 ) . 

K I DNEY SAMPLES 

Serovar p o m o n a  was i s o lated from 3 7  out of the 1 4 7 k i dneys 

( 2 5 % )  whi ch we re co l le cted in th i s  survey . O f  the se 

36  came from the 8 2  j uven i le s amp l e s  and 1 c ame f rom the 

65  adu lt s amp l e s . 



74 . 

ANALYS I S  OF THE SEROLOGI CAL RE SULTS 

The freque ncy dis tributions of the p o m o na t i tre s in the 

c u l ture-po s i tive and c u lture - negative groups we re quite 

d i f ferent ( Fig . 5 . 2 ) . I n  the cul ture -po s i tive groups 

mos t  of the t i tre s were eve n ly dis tributed b e twee n  1/19 2 

and 1/ 2 4  5 7 6 . I n  contras t ,  mos t  o f  the c u l ture - negative 

group had titre s  betwee n  zero and 1/ 3 8 4 , and the d i s trib­

ution was b imodal w i th peaks at zero and 1/4 8 .  

The sens i t ivities and speci f i c i tie s at each t i tre are 

give n  in Table 5 . 1 . Al l data have been e xpre s se d  as 

pe rcentage s .  The r ange in sensitivity is 9 5 %  at 1/12  

to 2 7 %  at 1 / 2 4  5 7 6 . F ive o f  the 3 7  an ima l s  wh i ch we re 

culture-po s itive had " ti tre s "  o f  gre ater th an 1 / 2 4  5 7 6 . 

Thu s , the s e n s i tivity a t  th i s  leve l i s  5/3 7 ( 1 4 % ) . I n  

contra st , the spe c i f i c i ty range s from 1 6 %  a t  1/ 1 2  to 

9 8 % at 1/ 2 4  5 7 6 . As i l lus trated in F ig . 5 . 3 ,  the l ine s 

representing sensi tivi ty and spe c i f i c i ty inte r s e c t  a t  

a t i tre o f  1/ 3 8 4 . A t  t h i s  poi nt both the s en s i t ivi ty 

and s pe c i f i c i ty are 8 5 % ; th at i s  to s ay 8 5 %  o f  the 

an ima l s  from wh ich p om o n a  was i solated had ti tre s o f  

JJ3 8 4  o r  greate r , wh i le 8 5 %  o f  those wh ich \.Ye re culture­

negative had titre s le s s  than 1/3 8 4 . 

S URVEY B 

URINE SAMPLES 

Matched urine s were co l le cted f rom 57 pigs . Lep tospires  

we re observed in 2 s amp le s , and se rovar p omo n a  was 

cul tured from 6 ,  inc luding the 2 whi ch we re observed 

to be dark f ie ld-pos i tive . Twe l ve of the ur i ne specimens 

had MA titre s o f  1/4 or greate r . 
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K I DNEY SAMPLES 

Serovar p o m o na was i s o la te d  from 15 out of the 5 7  ( 2 6 % )  

k idneys co l lected . 

ANALYS I S  OF RESULTS FROM SURVEY B 

A l l the dark field and c u l ture -pos i tive urine s  were f rom 

animals wh i ch were a l s o  k idney cul ture- pos i t ive . Thus , 

the sensi tivity of u r i ne dark f i e l d  exami na tion wa s 2 / 1 5  

( 1 3 % )  and the spe c i f i c i ty 4 2 / 4 2  ( 1 0 0 % ) , wh i le for urine 

c u l ture the sens itivity was 6 / 1 5  ( 4 0 % )  and the speci f i c i ty 

a l so 4 2/ 4 2  ( 10 0 % ) . Two o f  those anima ls wh ich we re 

k i d ney culture-negative had uri ne titre s  of 1/ 4 or gre ate r . 

There fore , a uri nary p om o n a  MA ti tre o f  1/ 4 or more had a 

s e n s i tivity of 1 0 / 1 5  ( 6 7 % )  and a s pe c i f i ci ty o f  4 0/ 4 2  

( 9 5 % ) . 

The analy s i s  o f  the u r i ne evaluation s tudy i s  s ummar i s e d  

i n  Table 5 . 2  and i l lu s trated i n  Fig . 5 . 4 .  

D I S CU S S I ON 

\ 

The re are two important f ace ts o f  the se eva l uation s tudie s 

wh i ch shou l d  be cons ide red when di s cu s s ing the va l i d i ty 

o f  the re s u l ts obtai ne d  i n  the se s urveys . The f i r s t  i s  

whe ther o r  not the group o f  anima l s  whi ch was s ampled 

w a s  accurate ly div i de d  i nto i nfe cted and non- infe cte d  

c ategorie s . The se cond i s  whe ther or not the se sample s 

o f  c u l ture - pos itive and cul ture -ne gative anima l s  were 

tru ly repre s e ntative o f  those occurring in the popu l ations 

in wh i ch i t  was p lanned to use the se diagno s ti c  te s t s . 

The f i r s t  point cal l s  i nto que s tion the e f f i c ie ncy o f  the 

k idney cu lture technique . Pos s ible l imiti ng f ac tors are 

the poor s urvival of the leptospire s a fter the de ath o f  

the pig , a n  inadequate c u l ture me dium ,  a n  i n s u f f i cient 

numb e r  o f  leptospir e s  i n  the k idney homogenate inocu l a , 

and the contamination o f  c u l ture s by o ther b a c te r i a . 
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· Fig . 5 . 1  The f re quency d i s tribution o f  the p o m o n a  
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MA t itre s of the pigs s amp led at an aba tto i r . 

2 4 G 8 
CODE/) POMONA TITRE 

10 12 

--- · - ---- ----- - - --------- -·-- ·-

SEROLOGY CODE 
1 =1 /1 2 ,  2=1 /24, 3=1 /48, 4=1 /96, 5=1/1 92, 

6= 1 /384, 7 = 1 /768, 8=1/1 536, 9 = 1 /3072, 

1 0= 1 /6 1 44, 1 1 = 1 / 1 2288, 1 2= 1 /24576. 
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F i g . 5 . 2 The freque ncy di s tribution o f  the p o mona 

MA t i tre s i n  those pigs wh i ch were k idney 

cu l ture - pos i tive and k idney culture -

ne gative . 
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4 6 8 10 12 

\ POMONA DODED TITRf 

SE ROLOGY COD E 
1 = 1 /1 2, 2=1 /24, 3=1 /48, 4 = 1 /96, 5= 1 / 1 92, 

6=1 /384, 7 = 1 /768, 8= 1 / 1 536, 9 = 1 /3072, 

1 0 = 1 /6 1 44, 1 1 = 1 / 1 2288, 1 2= 1 /24576. 

+ = c u lture - negative 

o = c u l ture-no s i t ive 



78. 

F i g . 5 . 3  The a s sociation be twee n  s e n s i tivity , 

spe c i f i ci ty and the homo logous s e rum MA 

ti tr e s in p om o n a  infe c t i on in p i g s . 

201. 
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6;1 /384, 7 ; 1 /768, 8; 1 / 1 536. 9 ; 1 /3072. 

1 0 ; 1 / 6 1 44. 1 1 ; 1 / 1 2288, 1 2 ; 1 /24576. 

o = spe c i f i c i ty 

+ = sens i t iv i ty 
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F i g  5 . 4  The sens itivi t i e s  and spe c i f i ci tie s o f  

ur ine dark- f i e l d  e xamination , urine 

cul ture and the ur inary homologous MA 
ti tre in pomona i nfe ction i n  pigs . 
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Howeve r , on the bas i s  o f  work reporte d in Chap te r  I I I ,  the 

o n l y  f actor l ike ly to h ave l imite d  the i s o lation of p o m o n a  

was a low number o f  organ i srrs in inocu l a . 

Al though i t  shoul d  be recognised tha t  not a l l  o f  the 

i n f e cted pigs were dete cted , there i s  s ome exper imental 

evidence that sugge s ts all those pigs l ike ly to s he d  a 

s ign i f i cant number o f  leptosp ire s were. F ir s t ly , i t  has 

· been reported that a cons i s tent patte rn o f  leptosp iruria 

o ccurs a f te r  pigs have been infe cted with p omona . 

Leptosp ire s f i r s t  appe ar in the ur ine approximate ly 2 wee k s  

a fter infe ction a n d  many organ i sms are shed for 1 t o  3 

wee k s  fol lowing th i s  ( Ry ley and S immond s ,  1 9 5 4 , a ,  b ;  

Mor s e  e t  a Z . , 1 9 5 8 ;  !lodge s , 1 9 7 3 ;  Hedge s e t  a l . , 1 9 7 6 ) . 

The numbe r o f  organ i sms in the urine then decre a s e s  

markedly and i n  mos t  c a s e s  intermi tte nt shedding o ccurs 

for only 1 0  to 50 days . A s udde n re surgence o f  

pronounced leptospiruria has not been ob serve d . Se condly , 

a f te r  e xper ime ntal i nfe ction ( Morse e t  a Z . , 1 9 5 8 ;  F i sh 

e t  a Z . , 1 9 6 3 )  and natur a l  infection ( Mitche l l  e t  a Z . , 

1 9 6 6 ) i t  h a s  been found that serovar p omona can be 

c u ltured f rom the k i dney s  o f  pigs wh ich had long ce ased 

s hedding leptospire � .  The se ob servations sugge s t  that 

a l l  those pigs l i ke ly to be important she dder s  of p o mona 

wi l l  be de te cted by kidney culture , and , there fore , the 

re s u lts o f  th i s  survey h ave valid epidemio logical 

imp l ications . 

I t  appears that the culture-po s i tive anima l s  were an 

adequate s amp le to use to e s timate the se n s i tivi ty o f  

the se d iagnostic te s ts . Al though a s tati s t i c a l ly 

de f ined ran dom s amp le o f  abattoir pigs was not take n , 

a n imals o f  d i f ferent age s and from many farms , we re 

s amp led . I t  i s  there f o re l ikely that pigs a t  

d i f ferent s tage s o f  pomo na infection we re inc lude d , and 

the serological re s u l t s  s ugge s t  that th i s  was indeed 

the case . The r ange o f  MA ti tre s was s im i l ar to that 

whi ch has been obse rved after experime ntal infe ction 

( Mors e  e t  a Z . , 1 9 5 8 ;  Fe rguson and Powe r s , 1 9 5 6 )  and 
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natura l  infe ction (Mitche l l  e t  a l . , 1 9 6 6 ) , and the eve n  

f reque ncy di s tribution ( F i g . 5 . 2 )  sugge s t s  that p i g� a t  

d i f ferent s tage s o f  infection we re indeed adequate ly 

repre se nted . 

Al though i t  appe ars that the sens i t ivi tie s of the se 

d iagnos tic te s ts can be used with confidence , the same 

cannot be said about the spe c i f i ci t i e s  whi ch we re 

c a l cul ate d  at each titre . · Th is i s  because p i g s  f ree 

of pomona infection may or may not have MA titres 

depend ing on the i r  age and the ir pre vious exposure to 

infe ction . F i r s t l y , �any neonatal pigle ts h ave MA 
t i tre s as a re s u l t  o f  co los tral antibody ( Fi s h  e t  a l . , 

1 9 6 3 ;  Chaudhary e t  a l . , 1 9 6 6  b ) . Se condly , those 

p i g s  wh ich have l o s t  the i r  co lostral antibody , but have 

not bee n infe cted with se rovar pomona , wi l l  be sero log­

i c a l ly negative , a s s uming o f  course that they do not h ave 

coagglutination titre s . Thi rdly , those th at have been 

infe cted but have e l iminated infection , are l ike ly to 

s ti l l  have MA ti tre s ( Ryley , 19 5 6 , Morse e t  a l . , 1 9 5 8 ,  

Mitche l l  e t  a l . , 1 9 6 6 ) . In th i s  serolog i c a l  s urvey , 

animals in catego r i e s  two and three we re s amp l e d , and the 

b imoda l f reque ncy distr ibution of the culture- negative 

group ( F ig . 5 . 2 ) is the re s u l t  of the d i f fe rent MA 

t i tres o f  an imals  i n  the se s ub- groups . 

Be cause o f  this pos s ib l e  var i ation in the h omo logous MA 

t i tre o f  p omona- f ree pigs , the f requency d i s t r ibution wi l l  

vary according to both the age o f  pigs i n  the groups , and 

the proportion of animal s  tha t  have been infe cted with 

p o m o na . For the s ame reasons , the spe c i f i c i t i e s  a t  e ach 

MA t i tre may vary f rom group to group . However a u s e f u l  

a n d  va l id approximation can s ti l l  b e  derived f rom the 

data co l l e cted in thi s  survey . 
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The results both in thi s  survey and i n  anoth e r  survey o f  

leptospiro s i s  i n  a herd whe re a l l  the pigs had been 

i n f e c ted with pomona ( Chapter VI ) , s ugge ste d  that the 

t i tr e s  of p i g s  which have recovered from a p omona 

infection are 1/ 1 2  or more . Th i s  is also in accord w i th 

the obse rva tions of other worker s  ( Ry ley , 1 9 5 6 ; 

Hor se e t  a l . , 1 9 5 8 ;  Hitche ll e t  a l . , 1 9 6 6 ) . I f  i t  i s  

a s s umed that the anima l s  wh i ch we re sero log i c a l ly 

· pos i t ive at l/12  are re pre sentative o f  tho se that h ave 

bee n infected wi th pomo na , i t  woul d  appe ar tha t  the 

spe ci f i city at 1/ 3 8 4  wi l l  be 8 2 %  ( 7 5 / 9 2 )  in a popul a tion 

whe re a l l  the pigs  have been infe c te d . Thi s  e s t imate of  

the speci f i c i ty was  con f i rmed in a l ater s tudy of an 

endemi cally infe cted he rd ( Chapte r  V I ) . F ive out of 

25  o f  the pigs  wh i ch were 2 ye ars and older were s t i l l  

pos i tive a t  1/ 3 8 4 . As the duration of re nal in fection 

with se rovar p omona i s  approximate ly 4 months in mos t  

p i g s  (Morse e t  a Z . , 1 9 5 8 )  i t  i s  mos t un l ik e ly that the se 

an ima l s  wou ld s t i l l  be infected . There fore , the e s t imate 

of spe c i f i c i ty from thi s  herd i s  8 0 %  ( 2 0 /2 5 ) , about the 

s ame as tha t  f ound in the abatto i r  survey . As the 

t itre s o f  piglets  due to colostral antibody e xceed 

1 / 1 0 0 only ove r the \f i r s t  few week s  of birth , it  wou l d  

appear that in popu l ations where mos t  of the anima l s  

h ave been infected the spe c i f i c i ty a t  1/3 8 4  i s  l ike ly t o  

b e  be tween 8 0  and 9 0 % . As has been sugge s te d  8 5 %  wou l d  

seem t o  be a re a s onab le compromise f i gure . I t  shoul d  

b e  noted , however ,  th at thi s  i s  o n ly a n  approximation 

and any data c a l culated us ing i t  s hould be viewed wi th 

th i s  in mind . 

I n  the second s urvey in whi ch the u r i nary parame te r s  

a lone we re eva luated , s amples  f rom j uvenile anima l s  o n l y  

were ava i l able . However ,  a s  a l l  non-infecte d  pigs , 

regard le s s  o f  whe ther they have never been i n fe cte d , o r  

have been infe c te d  and re covere d , wi l l  c learly not s he d  

leptospires in the i r  uri ne , thi s  s amp l ing b ia s  wi l l  not 

a f fe c t  the v a l i d i ty o f  the spe c i f i c i ti e s  of darkf i e l d  

exam ination o f  urine o r  urine culture . On the othe r 
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hand , i t  has  been reported tha t  pigs which have re covered 

from infe ction with ' pomona may sti l l  have ur inary 

homo logou s MA ti tre s of 1/ 1 0  or more (Morse e t  a l . , 1 9 5 8 ) . 

There fore , as o lder re cove red anima l s  we re not i nc l ude d 

there mu s t  be some doubt conce rning the va l i d i ty o f  the 

spe c i f i c i ty calculated . I t  may we l l  be that the 

spe c i f i c i ty o f  9 5 %  i s  an ove re s tima te . 

The low s e n s itivi ties of urine dark f ie ld examination , and 

urine cu l ture l imit the u s e fulne s s  of the se te s t s  for · 

e s timati ng the preva lence o f  i nfe ction . As a re s u l t  o f  

the low s e n s itivi t ie s , any sma l l  change in the appare nt 

prevalence wi l l  make a marke d d i f ference in the e s t imate 

o f  re al p re valence . Lepto s p i re s  are shed only i n termitt­

ently in urine , and there fore i t  can be expe cted th at the 

appare nt prevale nce of infection in sma l l  groups of p i g s  

would b e  s ub j e c t t o  cons ide rab le f luctuation . 

I n  conc l u s ion it should be note d that the se di agno s t i c  te s t s  

are based on probab i l i tie s ,  and there fore only i n  large 

samples  wi l l  an a ccurate e s t imate of the re a l  preva le nce o f  

infection be achieved . I n  sma ll s amples s ome e rror i s  to 

be expe c te d . Howev� r ,  the b e ne f i t  o f  a s tudy s uch a s  th i s  

i s  that it a l l ows a be tter appreciation of the l ik e l y  s i ze 

and s our ce of s u ch error s , and the re fore enab le s  a more 

reas oned conc l u s i on to be made . 

S UMHARY AN D  CONCLUS I ONS 

1 .  U s ing matched spe cime ns f r om abattoir p ig s , a s tudy 

was made of the relationship of the serum p om o n a  MA 

ti tre , urine dark f i e l d  e xamination , urine c u l ture and 

the u r i ne p o m o na MA t i tre s with the cultural i so lation 

o f  l eptospire s from the k i dney . 

2 .  The s ample o f  cu lture-pos i t ive anima ls was c on s i de re d  

to b e  an adeq uate s amp le t o  calcu late the s e ns i tivities  

o f  the micros cop i c  agglutination te s t , and the u r i nary 

parame te r s . 
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3 .  I t  was conc l uded tha t  the spe c i f ic ity o f  the 

micro s cop i c  agglutinat ion te s t  at low t itre s migh t 

vary according t o  the age s t ru c ture o f  a s amp le , 

and the amo u nt o f  infe ction in the popu l ation . 

Howeve r ,  i n  a population with a moderate to h i gh 

preva lence o f  i nfection , a t  a t i tre of 1/3 8 4  both 

the sens itiv i ty and spe ci f i c i ty wi l l  be approximate ly 

8 5 % . 

4 .  The use fu l ne s s  o f  dark f ie ld e xamination o f  urine and 

urine cul ture was l imited be cause of low sens i t iv i t ie s 

o f  these par ame te rs . 

5 .  I n  the s amp le co l le cted from j uven i le anima l s , 6 7 %  

o f  the culture -f o s i t ive anima l s  had ur ine MA ti tre s 

o f  1/4 or more , and 9 5 %  o f  the cul ture - ne gat ive 

an ima l s  were te s t - negative at th i s  leve l . Howeve r ,  

a s  o lde r re cove red anima l s  were not inc l uded in th i s  

s urvey i t  wa s cons idered that the spe c i f i c i ty o f  thi s  

paramete r was ove re s t ima ted . 



Table 5 . 1  

Pomona t itre 

S e n s i t ivity 

Spe c i f i ci ty 

- - ---------

Tab le 5 . 2 

The proportion o f  culture - po s it ive anima l s  whi ch were te s t-po� i tive a t  e ach t itre 

( the s e n s it iv i ty ) , and the proportion of culture -negative anima l s  whi ch were 

te s t- negative a t  e ach t itre ( the spe c i f i c i ty ) . 

1/ 1 2  1 / 2 4  1/ 4 8  1/9 6 1/ 1 9 2 1/ 3 8 4  1/7 6 8  1/ 1 5 3 6  1/3 0 7 2  l/6 1 4 4  1 / 1 2 2 8 8  1/2 4 5 7 6  

9 5 %  9 5 %  8 9 %  8 4 %  8 4 %  8 4 %  7 5 %  6 2 %  5 0 %  3 8 %  3 0 %  2 7 % 

1 6 %  2 9 %  4 4 %  6 5 %  ,, 7 7 %  8 5 %  8 7 %  8 9 %  9 5 %  9 7 % 9 8 % 9 8 % 

The proportion of culture -pos i t ive anima l s  w i th urine a l s o  te s t-pos i tive ( po s i t ive 

dark f i e ld examination , pos it ive urine cul ture or urinary MA t i tre te s t-po s i t ive 

at 1/4 ) , ( the s e n s itivi�y ) ; and the proportion of culture-negative animal s  with 

urine te s t- negative , ( the spe c i f i c i ty ) . 

U r i ne parame te r Dark f i e l d  examination Cul ture Urine MAT 1 / 4  

S e n s i tivity 1 3 %  4 0 %  6 7 %  

Spe c i f i ci ty 1 0 0 %  1 0 0 %  9 5 %  
- -

CX) 
Vl 



8 6 . 

C H A P T E R  V I  

TH E E P I DEM I O L O G Y  O F  LE PTO S P I R O S I S  I N  A P I G  H E RD 

INTRODUCT ION 

The re have been few s y s tematic s tudie s of the epidemiology 

of lepto spiros i s  in fe ction in pig herds . S ome worke r s  

· cons ide r that h e r d s  become i nfe cte d as a re s u l t  o f  contact 

with o the r infe c te d  an ima l spe c ie s . For e xamp le , the dog 

has been held respons ible for c a n i c o l a outbreak s  ( Shenberg 

e t  a l . , 1 9 7 7 ) , the r a t  for the occas ional c o p e n h ag e n i  

i n fections ( Fie ld and Se l ler s , 1 9 5 1 ) , and the skunk f o r  

pomona epidemic s  ( Mi t che l l  e t  a l . , 1 9 6 6 ) . N o  dome s t i c  

or wi l d  animal has ye t bee n  shown t o  b e  respons ible for 

i ntrodu c ing lepto s p i ro s i s  into pig herds i n  New Zealand , 

a l though the hedgehog has been sugge s te d  as a w i l d  animal 

r e s e rvo i r  of pomo n a  i n fe ction ( Web s te r , 19 5 7 ) . 

Li ttle i s  also known about the patte rn o f  lepto s p i r a l  

i n fection within p i g  herds . Buddle and Hedge s ( 1 9 7 7 )  

have reported a case  o f  a farm where a l l  the p i g s  in a 

particular building ,eve ntu a l ly became i n fe c ted w i th 

se rovar p omona . The s e  authors ·con s i de red that th i s  was 

due to the drainage o f  urine from the olde r i n fe cted 

anima l s  i nto the pe ns where the younge r s u s ceptible p i g s  

we re f i r s t introduce d . I t  h a s  a l s o  been reported that 

infe cte d  boars act as impor tant d i s s eminators of lepto­

spiros i s  in pig he rds ( Burki and Wie smann , 1 9 6 3 )  . 

P i glets r are ly become i nfe cte d , eve n  whe n  the i r  mother s  

a r e  excre ting lepto s p i re s , owing to the prote ction 

a f f orded by colo s tr a l  antibody ( Fi sh e t  a l . , 1 9 6 3 ;  

Mitche l l  e t  a l . , 1 9 6 6 ; Chaudhary e t  a l . , 1 9 6 6  b ) . 

Thi s  chap te r de s c ri be s an inve s tigation into the p atte rn 

of le?to spiral infe c t i on i n  a p i g  herd . Anima l s  f rom 

th i s  farm we re s amp led at an abatto i r  to con f i rm that 

leptosp i r a l  infe c tion was pre se nt in the herd . A 

s e r o logical  s urvey o f  the who le herd was the n  conducte d 
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and l ater the o lder anima l s  we re s tudied more inte n s i ve ly , 

in o rder to de termine whe ther or not they we re an important 

re se rvoir of i n fe ction . 

Th i s  s tudy was part of a col labor a t i ve survey of lepto­

spiros i s  in dome s t i c  anima ls and wi l d l i fe on two f arms 

ope rated by the unive r s i ty . Concurrent s tudie s o f  othe r 

spe c i e s  on the s e  prope rties were conducted so tha t  a 

comp lete picture o f  the dynamic s  o f  leptospiral i n fe ction 

in animals  coul d  be deve lope d . 

MATERIALS AND METHODS 

The Mas sey Uni ve r s i ty pig farm wh i ch was used in th i s  s tudy 

is an intens ive ly manage d unit and during thi s  inve s tigat ion 

the s i ze of he r d  was be tween 6 0 0  and 6 5 0  pigs . The herd 

was composed o f  two groups ; the growe r popula tion , wh i ch 

cons i s ted of the young anima ls ( b irth to 7 or 8 month s ) ,  

and the breedi n g  herd , whi ch was made up of the unmate d 

g i l t s , sows and boars . The breed i ng herd was managed i n  

such a way as to provide a continuous supp ly o f  p igle t s  for 

the growe r s ide o f  the operation , wh i le the growe r anima l s  

were e i ther s o l d  a s  rep l aceme nt bre e d i ng stock , o r  we re 

s l aughtered for pork or bacon . 

The management o f  both the growe r and breedi ng herds 

fo l lowe d a regu l a r  patte r n . Al l the sows we re f arrowed 

in separate pens i n s ide the farrowi ng uni t . The p i g l e t s  

we re we ane d after 6 week s ,  and the s ow s  we re returne d  t o  the 

breeding he rd are a . The piglets f rom seve r a l  l i tte r s  

we re usua l ly mixed toge ther ,  and the n  moved into the 

we aning unit . A f te r  4 to 6 week s  in the weaning unit , 

the p igle ts were moved to a temporary holding are a for 

2 wee k s  ( growe r unit I )  be fore ente r i ng a large f atte ni ng 

house , grower unit I I . The pigs whi ch were to be 

s laughtered for pork we re se le cted f rom those in growe r 

unit I I  a fter about 6 to 8 weeks , whe re as those g i l t s  

de s tine d  t o  b e  s o l d  as breeding rep l acements were moved 



8 8 . 

into growe r unit IV . The balance of the an ima l s  in growe r 

unit I I , those to be s laughtered for bacon , we re e i ther kept 

in thi s  uni t ,  or s h i f te d  to growe r uni t I I I . 

The p lan of the bui ldings used to house the grower herd , 

and the plan of the e f f luent drai n s  in the se uni ts i s  

i l lus trated i n  F i g . 6 . 1 . O f  parti cular note i s  tha t  

e f f lue nt in the we aning uni t , growe r unit I I  and growe r  

unit IV drained f rom pen _to pen . The age s of the growe r 

pigs a t  the various s tage s in the production sys tem are 

s ummari sed in Tab le 6 . 1 .  

Over the period o f  th i s  inve s ti gation there were f rom 4 0  

to 5 0  s ows , 5 to 1 0  unmated g i l ts and 4 to 5 boars in 

the breeding herd . The replaceme n t  anima l s  for th i s  

herd we re only rare ly s e l e c ted from the growe r population . 

Virtua l ly a l l  rep l acement g i lts , and a l l  the boars we re 

b rough t in from another f arm , the an imal s  arr ivi ng i n  

b atche s of 4 t o  6 every 3 t o  4 mon th s . O n  arrival , the 

g i lts we re put out onto p a s ture for 3 to 4 week s  be fore 

be ing brought in to be mated and i ntroduced i nto the 

s ow herd . Afte r mating the sows and g i l ts we re p laced 

in individual pens for 3 week s , and the n moved into a 

l arge ho lding are a w i th 4 to 6 anima l s  in e ach pen . 

They we re held in th i s  are a for a further 3 to 4 wee k s  

be fore be ing put out onto pas ture f o r  the rema inder o f  

the i r  ge s tation period . Two to three days be fore the ir 

anticipated farrowing date the sows we re brought into 

the growe r herd are a and p l aced in pe ns in the f arrowing 

unit . 

The p lan of the pens used to hold the breeding popu lation 

is  a l s o  i l lus trated i n  F i g . 6 . 1 .  I n  the se units 

e f f luent could only drain f rom pen to pe n in the are a used 

for holding groups of s ows and gilts a f ter mat i ng . 

There was a rapid turnover o f  anima l s  in both the 

breeding and grower herds on thi s  f arm . Approximate l y  

2 0 %  o f  the sow h e r d  w a s  rep l a ced annua l ly , and young boars 
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we re introduced e ach 3 to 4 month s ,  wi th the o lde s t  boar 

be ing cu l le d . S imi larly the re was a rap i d  movemen t  o f  

animals through the grower units , wi th pigs be ing e i ther 

sent for s l augh te r  or sold to other f armers . 

On the f arm the g i l ts in the bree ding herd we re vacci na te d  

with a k i l led p o m o na - taras s o v i  vaccine *  approximate l y  

1 t o  2 month s a f te r  the ir f i r s t mat ing . 

P i g s  from the Mas s ey farm were i n cluded in the abattoir 

survey reporte d  i n  Chapter IV . Re s u l t s  o f  k i dney 

cul ture and serology on the s l aughte red pigs from the 

Mas sey herd h ave ac cordingly been pre sente d aga i n  in th i s  

chapter , a long with other ep idem i o logical i nformation 

obtained by on- farm studie s . 

ABATTOIR SAMPLES 

The col le c t i o n  and proce s s ing of abattoir s ample s h a s  

b e e n  reported in Chapter IV . 

FARM STUD I E S  

Two conse cut ive i nve s tigations we re carried o u t  o n  th i s  

f a rm .  The f i r s t  was a sero l og i c a l  survey o f  the who le 

herd ( Survey A ) , whe reas the s e co nd ( Survey B )  was an 

i ntens ive s tudy o f  the breedi ng herd u s ing both 

s erologi c a l  and c u ltural te chnique s .  Howeve r ,  dur ing 

Survey A,  the urine from a sma l l  number o f  anima l s , and 

s ample s o f  s o i l  and e f f luent we re also cultured for 

leptospire s .  

* " Leptovax-Bivalent . '' I C I -Tasman , Pr ivate Bag , Uppe r Hutt , 

New Zeal and . 
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S URVEY A ( WHOLE HE RD ) 

SE ROLOGI CAL STUD IE S 

Be cause o f  the high rep l a cement rate o f  pigs  in both the 

bree ding an d growe r herds , the b lee ding of the s ame anima l s  

o n  more than one occas i on pre sente d cons i de r ab le d i f f i cu l t­

i e s . I t  was the re fore de cided to s amp le at r andom both 

the bree d ing and grower populations e ve ry 3 to 4 month s . 

The who le herd was s urveyed i n  Novembe r 19 7 5 , Harch 1 9 7 6  

and June 1 9 7 6 . In add i ti on be cause many o f  the o lder 

s ow s  were culled in the l atte r part o f  1 9 7 6  and many g i l t s  

i ntroduced into the breeding he rd , the sow h e r d  was 

s u rveyed again in De cember 1 9 7 6 . 

C o l lection o f  Sample s 

Ten anima l s  in e ach o f  the buildings used to house the 

growe r popu lation we re bled f rom the ante r i or ve na cav a . 

F ive pens in each unit we re s e le cted at random , and 2 

p i g s  i n  e ach pen we re cho s en by counting anima l s  against 

a table o f  r andom numb e r s . At the time o f  the third 

s amp l ing ( June 1 9 7 6 )  the wean ing uni t had bee n  c losed , 

and a l l  the anima l s \norma l ly h e l d  the re had been moved 

to g rower uni t  I .  Thus , the we aning unit was only 

s urveyed twi ce , and the June 1 9 7 6  survey of growe r 

unit I I  took in an age group f rom 6 to 1 4  week s , i n s te ad 

o f  the usual 1 2  to 1 4  week s .  Fur the rmore , a s  many o f  

t h e  pe ns in growe r u n i t s  I I I  and IV we re often n o t  in use , 

5 pens  from thi s comb ine d are a were s e lected and 2 p i g s  

i n  e ach p e n  s ample d . To summar i s e , the subgroups o f  

the grower population whi c h  were s amp led we re : -

( a )  Farrowing uni t  

( b )  \\leaning unit 

( c )  Growe r unit I 

( d )  Grower uni t  I I  

( e )  Grower unit s  I I I  and IV . 
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A l l  the s ows in the b reeding herd we re individual ly 

i dent i f ie d , and a l i s t  o f  the se animal s ,  i n cluding �he 

g i lts wh ich had been re ce ntly mated , was p repared 

immedi ate ly be fore e ach survey time . Te n anima l s  we re 

r andomly se lected from thi s  l i s t  and s amp le d . I n  

addit i on , f ive o f  the sows wh i ch h a d  been s e l e c ted for 

the f i r s t  survey ( November 1 9 7 5 )  we re a l s o  b le d  during 

the subs equent survey s . 

A s  there we re a lways l e s s  than 1 0  boars and 1 0  unmate d 

g i lts , a l l  anima l s  in the se c l a s s e s  we re s amp led .  

S e rology 

The MA t i tre s o f  a l l  anima l s  were de te rmine d us ing the 

me thod de s cribed in Chapter I I . 

URINE CULTURE S 

D i l uted and undi luted urine was i noculate d  into semi - s o l i d  

P 8 0  medium , wi th and without 5 - f luorouraci l a s  

de s cribed in Chapter I I I . 

ENVIRONMENTAL SAMPLING 

Dur ing the cour se of this i nve s t igation , s amp l e s  o f  

s o i l  and surface wate r from the paddock s whe re the 

breeding herd was kept , and e f f luent s ample s were 

cul tured for leptospira s . The se highly contaminate d 

s ample s we re cultured e i ther by d i f fu s ing them through 

membrane f i l ter s *  as de s cribe d  by ( Fowler 1 9 7 0 ) , or by 

i n j e ct ing the s ampl e  i ntrape r i tione a l ly into h ams te r s , 

and then sub seque n t ly culturing the h amste r  k i dney and 

l iver as de s cribe d  in Chapter I I . 

* M i l l ipore Corporation , Bed f ord , Ma s sachus e t t s , U . S . A . 
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SURVEY B ( BREEDING HERD ) 

COLLECT ION OF SAMPLE S 

I n  February 1 9 7 7 ,  b lood and urine s ample s  we re co l le c te d  

from 1 6  randomly s e l e c te d  sows , a l l  the boars ( 5 )  and a l l  

the unmated g i l t s  ( 4 ) . The g i l ts we re s amp le d  w i th i n  

1 2  hours o f  the ir arrival o n  the farm . 

Al l the an ima l s  we re re s amp led in Apr i l  1 9 7 7 , and a l l  the 

sow s  and g i l t s , but not the boars in June 1 9 7 7 . The boars 

cou ld not be re - s amp led for re asons beyond the author ' s  

contro l . 

Four more g i l t s  arrived from anothe r herd i n  May 1 9 7 7 ,  and 

b lood and urine s ample s  we re a l s o  col lecte d  f rom the se 

anima l s  w i th in 12  hour s o f  the ir arrival . I n  add i tion , 

the g i l t s  were b led again i n  Augus t  1 9 7 7  during the 

cour se of anothe r experime n t  and the se MAT re s u l t s  have 

a l s o  been inc luded here . 

SEROLOGY 

' 

The MA t i tre s to p omona�  t a r a s s o v i �  b a l l um� h ardj o  and 

c o p e n h a g e n i  we re de termine d u s i ng the me thod de s cr ibed 

in Chapter I I . 

URINE EX�MINAT I ON 

A l l  urine samp l e s  we re e xamined for leptospire s by dark f i e l d  

micros copy , c u l tured f o r  leptospire s and the p om o n a  MA 
ti tre dete rmined a s  de s cr ibed previous ly ( Chapte r s  I I  and 

I I I ) . In addi tion , i n  Apr i l and June hams ters were 

ava i l ab le for e xperimen tal use , and � ml of und i luted 

urine from e ach p i g  samp led was in j e cted into a h ams ter 

intraperi tone a l ly . Kidney and l ive r s amples from any 

hams te r wh i ch died we re c u l tured for leptospire s ,  and 

after 2 1  day s  a l l  the remaining hams ters were k i l le d  and 

the i r  k idneys cultured ( Chapte r  I I I ) . 
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OTHER LABORATORY E XAMINATI ONS 

During thi s  second study , one o f  the g i l t s  aborted . 

Vitreous humor , k idney and l iver s amples from the aborted 

piglets  we re c u l tured for leptospire s as de s cr ibed i n  

Chapter I I I . 

RE SULTS 

ABATTO I R  SM1PLE S 

SEROLOGY 

The p omona MA t i tre s of the j uven i le p igs ranged f rom 

l/3 8 4  to l/2 4 5 7 6 . None of the se animal s  had titre s 

of 1/12  or more to tara s s o v i . H oweve r  re actions to 

hardj o �  c op e n ha g e n i �  aus t ra l i s �  b a t a v i a e �  p y r o g e n e s �  

and grippo typ h o s a  we re pre sent ( Table 6 . 1 ) . As 

di scus sed in Chapte r IV , a l l  of the se re actions we re 

a s s o c i ated wi th high p o mona t itre s . One p i g  had a 

c op e n hage n i  t i tr e  a s  h i gh a s  l/ 1 5 3 6 . 

Al l 4 o f  the anima l s  from the breeding he rd had MA t i tre s 

to p om o n a  ranging f rom 1/4 8 to i/3 8 4  ( Tab le 6 . 1 ) . Other 

serovars we re agg lutinated at low t i tre only . 

CULTURE 

Serovar p omona w a s  i solate d  f rom 8 out of 9 ( 8 9 % )  j uven i le 

pigs . No leptos p i re s  were i so lated f rom the 4 adul t  

animal s  sampled . 
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FARM STUD IES 

S U RVEY A 

S E ROLOGY 

( a ) Fa rrowing uni t 

Between 2 0  and 8 0 %  o f  the sera from the p i g l e ts in the 

f arrowing unit we re pos i t ive to pomona at a t i tre o f  1/ 1 2  

o r  greater (Tab le 6 . 1 2 ) . Both piglets  from each l i tte r  

s amp l e s  we re e i the r po s i t ive or ne gative t o  p omona . The 

r ange of the titre s , corre c ted for the chloro form tre atmen t  

whi ch w a s  nece s s ary ( se e  Chap te r  I I �  was from 1/ 2 4  to 

1 /3 8 4 . ( Table 6 . 3  and Tab le 6 . 1 3 ) . In contras t to th a t  

o b s e rve d wi th mos t  o f  t h e  s e r a  from the ab attoir , the s e r a  

f rom the f arrowing uni t piglets d i d  no t re act with a n y  o f  

the o ther serovars . 

The average geome tr i c  me an t i tre to p omona was 1/ 1 8  

( Table 6 . 1 4 ,  F i g . 6 . 2 ) . Many an ima l s  were serolog i c a l ly 

negative , and therefore the average geometric me an ti tre 

o f  the po s i tive an imql s was highe r , being 1/ 1 1 0  ( Tab le 6 . 1 5 ) . 

Three pigle ts we re encountered with a t i tre o f  1/ 3 8 4 or 

greate r , and the e s timate d re a l  preva lence o f  p omona in 

th i s  population , a s  e s t imated by the me thod de s c r ibed in 

Chapter V, was 2% wi th a s tandard e rror a l s o  o f  2 %  

( Table 6 . 1 6 ,  Fig . 6 .  3 )  . 

( b )  We aning unit 

The agg lutination patte r n  o f  the sera co l lecte d  f rom 

an imal s  f rom the we aning unit wa s s imilar · to that ob serve d 

i n  the farrowing uni t s amp le s . Forty to f i f ty pe rcent 

o f  the sera were pos i tive at 1/ 12 to p om o na ( Tab le 6 . 4  

and 6 . 1 2 )  and the range o f  the se ti tre s was from 1/12  

to 1/9 6 ( Table 6 . 4  and Table 6 . 1 3 ) . I n  addi tion 

rea c t i ons to the other s e rovars were observe d , all at 

t i tre s o f  1/ 12 or 1/2 4 .  
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-

Over al l , nos t  o f  the pomona ti tre s we re l e s s  than those 

encountered in pigs from the farrowing uni t , w i th an 

average geome t r i c  mean t i tre of on ly 1 / 1 3  ( Table 6 . 1 4 )  

Fig . 6 . 2 ) . The average geometric mean t i tre o f  the · 

pos i t ive anima l s  was on l y  1/ 3 4 , subs tant i a l ly be low that 

obs erved in the farrowin g  unit ( Tab le 6 . 1 5 ) . A l l  the 

pomona t i tre s we re be low 1/3 8 4 , and there fore both the 

apparent preva lence and e s tim&ed real  prevalence o f  

pomona i n fection was zero ( Table 6 . 16 ,  Fig . 6 . 3 ) . 

( c ) Growe r Un i t  I 

The general  pattern was for the prevalence and range o f  

the pomo na titres i n  the s e  an ima l s  t o  be le s s  than those 

in the we aning uni t . Be twee n  2 0 %  and 5 0 %  o f  sera we re 

pos i tive at 1 / 1 2 , but a l l  t i tre s we re 1/4 8 or le s s  ( Tab le s 

6 . 1 2 and 6 . 1 3 .) The sera from 2 animals a l s o  agglutinate d 

other se rovars a t  titre s o f  1/12 or l/2 4 ( Tab le 6 . 5 ) . 

The geome tric me an titre s to pomo n a  re f l e c t  the se trends 

( Table 6 . 1 4 and 6 . 1 5 ) . The ave rage geome t r i c  me an t i tre 

for a l l  anima l s  was l/8 , and for the pos i tive a n ima l s  1/15 . 

As no animals we re �ero log i c a l ly po s i tive at 1/3 8 4 , the 

' e s t imated re a l  preva lence of pomona infect ion was zero 

( Tab 1 e 6 . 16  , F i g  . 6 . 3 ) . 

( d )  Growe r Uni t  I I I  

Although many pigs  in th i s  u n i t  we re e i ther negative a t  

1/ 12 to pomona , or had pomona titre s o f  1/ 1 2  or 1/2 4 , a 

number had high pomona t i tre s ( Tab le 6 . 6 ) . The range o f  

pomona t i tres wa s 1/ 1 2  t o  1/ 3 0 1 2 .  I n  mos t i n s tanc e s  i t  

was f ound that both the anima l s  from the s ame p e n  had 

e i ther negative or low pomona t itre s or had h i gh t i tre s . 

Those w i th high pomona t i tr e s  we re the o lde s t  member s  o f  

the grower uni t  I I  popu l a t i on . I t  was a l s o  found tha t  

the h i gh pomona t i tre s e r a  agg lutinated many other 

serovar s ,  and that the agglutin ation pattern was s imi l ar 

to tha t  ob served in the abattoi r  surveys ( Chapte r I I I ) . 
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Be cause a s  few as 3 0 %  o f  the s amples  from anima l s  in 

growe r Uni t  -I I  we re sero log i c a l ly po s i tive ( Tab le 6 . 1 2 )  

the average geome tri c  me an t itre to p omona o f  a l l  anima l s , 

( 1/ 3 9 ) , i s  much le s s  than the ave rage geome t r i c  me an 

t i tre of pos i tive animals , ( 1/ 2 1 9 ) . A mode rate number o f  

anima l s  had titre s o f  1/3 8 4  or more , leading t o  a n  e s t imate d 

prevalence o f  p omona i nfection ove r the s tudy pe r iod o f  

1 9 % � 1 0 %  ( Tab le 6 . 1 6 , F i g . 6 . 3 ) . 

( e )  Growe r uni ts I I I  and IV . 

The agg lut ination pattern o f  the sera from the s e  groups 

was s imi l ar to that ob served in the j uve n i l e  group in the 

abattoir survey ( Chapter I I I )  . A few anima l s  had 

negative or low p omona titre s , but mo s t  had very high 

t i tre s ( Tab le 6 . 7 ) . As was s een in the other groups , a l l  

o f  the s era with h i gh p omona ti tre s a l s o  agg lutinated 

many othe r serovar s .  

The ave rage geometr i c  mean ti tre to p omona for a l l  anima l s  

was 1/3 3 1  ( Tab le 6 . 1 4 ,  F i g . 6 . 2 )  and the ave rage geometr i c  

me an ti tre for the po s i t ive one s was 1/6 0 3 . Many pigs  

had ti tre s o f  1/3 8 4  or gre ate r ,  and the re fore the 

e s timated re a l  preva lence of p omona infection was high 
+ . 

( 7 4 %  - 1 3 % ) ( Tab le 6 . 1 6 ,  F i g . 6 . 3 ) . 

( f )  S ows 

The age s o f  the s ows i n  the breeding herd were be twee n  

9 months and 5 ye ars , and the age d i s tr ibution o f  the 

anima l s  s amp led varied cons i de r ab ly ( Tab le 6 . 1 7 ) . I n  

particu l ar towards the end o f  1 9 7 6  many o l d e r  s ow s  were 

cul le d  and th i s  a l te re d  the age s truc ture ' cons iderab ly .  

Al l o f  the sows s amp le d  we re p o s i t ive to p o m o n a  a t  1 / 1 2  

( Tab l e s  6 . 8  and 6 . 9 ) and the r ange o f  t i tre s to p omona 

was from 1 / 2 4  to  1/7 6 8  ( Tab l e s  6 . 1 3 ) . Although the 

p omo n a  t i tres of animal s  of the s ame age vari e d  
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cons iderab l y , it was evident that there was a trend f o r  the 

t i tre to de c rease as the ir age increased ( Fi g . 6 . 4 ) . The 

regre ss ion of the coded p om o n a  ti tre s on age was s i gn i f i cant 

( t  = 3 . 0 2 ,  3 6  d . f . , P = 0 . 0 0 5 ) , and 2 0 %  of the variat ion 

i n  MA titre could be attributed to the effect of age . The 

regre s s ion e quation (y = 5 . 8 1 - 0 . 49 x )  sugge s te d  that 

the p omona titre o f  the sows de cre ased by approximate l y  

h a l f  a doub l ing d i l ut ion e ach year . 

The sow sera a l so agg lutinate d many o ther serovars a t  

t i tres be tween 1/ 1 2  and 1/ 7 6 8 .  The higher t i tre s 

o ccurred w i th serovar au t umna l i s , mos t  of the othe r t i tre s 

be ing only 1 / 1 2  or 1/ 2 4  (T ab le 6 . 8 ) . 

Over the inve s tigation pe riod the ave rage geome tr i c  

me an ti tre t o  p omona wa s 1/ 1 3 5  (Table 6 . 1 4 ,  Fig . 6 . 2 ) . 

Many o f  the sows , e spe c i a l ly the recently introduced 

young sows were pos i t ive at l/ 3 8 4 to p omona . 

The e s timated real prevalence o f  p omona infection was 

1 8 %  � 1 2 %  ( Tab le 6 . 1 6 ,  Fig . 6 . 3 ) . 

O f  the 5 s ows s e l e c�e d  for repeated s amp ling 3 we re s t i l l  

i n  the herd a fter 1 2  months . The pomona MA t i tre s o f  

the o lde t anima ls we re s tab le over th i s  pe riod , wh ere a s  

that of the younge s t  o f  the three anima l s  de cre ased f r om 

1 / 3 8 4 to 1/9 6  ( Tab le 6 . 1 8 ) . 

( g )  Boar s 

At each s amp l ing t ime the re we re only 4 boars on the f arm , 

and f rom 2 to 4 of the se were pos i t ive at 1/ 1 2  to p o m o n a  

on e ach occas ion . · ( Tab le s 6 . 10 and 6 . 12 ) . I n  the 

November 1 9 7 5  s amp l in g , the range of p omona ti tre s was 

f r om 1/24 to 1/ 1 5 3 6 , whe re a s  on the o ther two occa s i o n s  

p om o n a  ti tre s o f  only 1/ 12 t o  1/4 8 we re encounte re d . 

S ome o f  the boar sera a l so reacted w i th the other 

serovars , showing a s imi lar agg l utination pattern to that 

obse rved in other pigs known to be infe c ted with serovar 

p omona ( Tab l e  6 . 2 ) . 
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The ave rage geome tr i c  mean t i tre to p omona o f  a l l  anima l s  

was 1/3 7 , whi le that o f  the boars wh i ch we re p os it ive a t  

1/ 1 2  was 1/ 7 2  ( a  coded t i tre o f  3 . 6  � 0 . 9 ) . The average _ 

and s tandard error of the e s t imated real p revalence o f  

p omona infe ction w a s  1 7 %  � 1 7 %  ( Table 6 . 1 6 ,  F i g . 6 . 3 ) . 

( h )  G i l  ts  

Al l o f  the unmated gi lts had p o s i t ive pomona t i tre s 

( Table 6 . 1 1 ) , and the range was from 1/2 4 to 1/ 2 4  5 7 6 , 

wi th many be ing in the high r an ge ( Tables 6 . 1 1 and 6 . 1 3 ) . 

Like a l l  o f  the s e ra co l le c te d  f rom the j uven i le p igs a t  

the abatto i r  ( see above ) , the g i lt sera a l s o  agglutinated 

many othe r s e rovars ( Tab le 6 . 1 1 ) . I n  mos t  case s 

cope n h a g e n i  titre s were low ( 1/ 1 2  to 1/4 8 ) , eve n whe n  the 

p omona t i tre s we re ve ry high . However ,  in the c a s e  o f  

the g i l t s  that we re b led i n  November 1 9 7 5 , and i n  March 

1 9 7 6 , s ome moderate to h igh c op e nhage n i  t i tre s ( 1/ 1 9 2  

to 1 / 1 5 3 6 ) were ob served . Whe n  the se an imals  were 

rete s te d  4 months later the i r  s e r a  was negative at 

1/ 12 to c op e nhage n i . 

The aver age geome tr�c me an ti tre to p omona o f  the unmated 

g i l t s  ove r the s tudy pe r iod was 1 / 12 3 0  (Tab l e s  6 . 1 4 ,  6 . 1 5 

and Fig . 6 . 2 ) , wh i le the average e s timated preva le nce 

of p om o n a  infe ction was 8 6 %  � 1 4 %  ( Tab les 6 . 1 6 and F ig . 

6 .  3 )  • 

URINE CULTURE 

Serovar p omo n a  was i so l ated f rom 2 of the 4 unmated g i l t s  

which had both c op e nhage n i  and p omona titre s o f  1/ 1 5 3 6  

o r  gre ate r . 
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ENVI RONMENTAL SAMPLING 

S erovar p om o n a  was i s olated from e f f luent f l owing from 

g rower unit I I  and from the area where the boar s we re 

penned ( F i g . 6 . 1 ) . In addi tion , pomona was a l s o  

i so l ated o n  one occa s ion from s u r f ace wate r in the p addock 

whe re the u nmated g i l t s  were he l d . 

Three other spirochae te s .were i s o l ated us ing the membrane 

d i f fus ion te chn ique of Fowler ( 1 9 7 0 ) . Howeve r  the se 

organi sms we re not agg lutinated by any of the an t i sera 

used for the pre liminary identi f i c ation o f  lepto spire s  

i n  the s e  s tudie s .  Furthe rmore , i t  was not pos s ib le to 

i n fe c t  hamsters with the se i s o l a te s , and a l l  three grew 

very much more rapidly in v i t ro than para s i t i c  leptospire s . 

I t  was there fore conc luded that the se were s aprophy te s .  

SURVEY B 

SEROLOGY 

( i )  Sows 

' 

· The age of anima l s  in this  samp l e  varied from 9 months to 

4 year s , with ha l f  o f  the sows be ing under 2 years o ld 

( Table 6 . 1 9 ) . All  we re pos i t ive a t  1/ 1 2  to p om o na , and 

the range of t i tres was from 1/ 2 4  to 1/ 3 0 7 2 . ( Table 

6 . 1 9 ) . As was observed in previous survey s  o f  the s ow 

herd , the younger anima l s  had the h i gher titre s . 

Over the 4 month s tudy per iod the geometric me an ti tre 

to p omona of the sows remained be twee n  1/3 3 1  and 1/2 8 8 . 

However , the geome tric mean titre o f  the an imal s  le s s  

than 1 year o l d  decre ased from 1/9 3 3  to 1/6 6 0  and then 

to 1/5 3 7  ove r th i s  pe riod . Many o f  the younge r anima l s  

had t i tres i n  e x c e s s  o f  1/3 8 4 , and the average o f  the 
+ 

e s timated rea l  prevale nce o f  p om o n a  infe ction was 5 5 %  1 % . 

MASSEY LIN tVERSI 
L '  RI Y 
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The sera from a few anima l s  a l s o  agglutinated the othe r 

se rovar s  u s e d  in thi s  inve s tigation . Two had pe r s i s tent 

t i tre s of 1/ 2 4  and 1/4 8 to  t a ra s s o v i , but the ti tre s to 

the other serovars we re only 1/ 1 2 . 

( i i )  Boars 

The 3 o lder boars ( 4 3 / 5 8 ,  4 3/ 6 8 ,  1 3 5/ 7 ) , all  had high 

p o m o n a  titre s in February : Boar 4 3/ 6 8 was c u l led be fo re 

the Apr i l  survey , but the two other boars s t i l l  had h i gh 

p om o n a  titre s at th at time (Table 6 . 2 1 ) . The p om o n a  

titre o f  the repl aceme nt boar , numbe r 1 3 5/ 5 9 , was 

negative at 1/ 1 2  on arriva l , and 3 months later there was 

s ti l l  no sero logical evide nce of infe ction . 

The p omona ti tre of boar 4 3/ 6 9  was ne gative in Fe bruary , 

but thi s  an ima l had a titre of 1/ 1 2  in Apr i l . 

The boars did not have t i tre s in e xce s s  of 1/ 1 2  to 

se rovars ba l l um,  cop e n h ag e n i ,  t a ra s s o v i or h a r dj o . 

( i i i )  G i l t s  

' 

Al l but one o f  the g i l t s  whi ch arrived on the f arm in 

February had p omona ti tre s in exce s s  of 1/ 1 5 3 6 . Over 

7 month s the t i tre s o f  the se an ima l s  s tead i ly de cre ased to 

1/ 3 8 4  ( T able 6 . 2 0 ) . One g i l t , number 1 1 0/ 6, was negat ive 

at 1 /1 2  whe n i t  arrived on the f arm . Howeve r ,  i t  

be c ame infe c te d  wi th p om o n a  in July o r  Augus t  and aborte d 

6 p i g le t s  in e arly Septembe r .  The pomona titre o f  th i s  

animal was 1/3 8 4  i n  Augu s t , and i n  exce s s  o f  1/ 1 5 3 6  a t  the 

t ime of the abortion . 

A l l  the g i l t s  wh ich arrived later in th i s  inve s tigation 

( May 1 9 7 7 )  had p omona ti tre s gre ate r than 1/ 1 5 3 6  on 

arr iva l . The s e  an ima l s  we re not s amp led a f te r  th i s  t ime . 
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With the exception of the c o p e n h a g e n i  reaction s , only 

titre s o f  1/ 12 against the o ther s erovars we re e ncountere d . 

Howeve r ,  two o f  the g i l t s  whi ch arrived in May 1 9 7 7  

( 8 6 / 9  and 16/5 9 )  had c o p e n h a g e n i  t i tre s o f  1/9 6 . 

URINE EXAMINAT I ON 

( i )  Sows 

Leptos p i r e s  we re not ob served in any of the urine s amp les . 

Many o f  the cul tures o f  the undi luted and di luted ur ine 

in P 8 0  med ium wi thout 5 -FU we re overgrown wi th contaminating 

bacte r i a . Howeve r , th i s  occurred with only a sma l l  

number o f  cul ture s  i n  the 5 -FU containing me d ium , and the 

greate s t  number of isolate s wer2 obta ined f rom t h i s  medium . 

Serovar p omona was i sol ated f rom one animal ( number 3 0 / 6 7 )  

cons i s te n t ly ove r the 5 mon th per iod . In the Apri l  

survey serovar p omona was a l s o  i s ol ated from the urine of 

sow 1 3 / 8  ( Tab le 6 . 2 2 ) . The hamsters in j e cted w i th 

urine f rom 3 0 /6 7 and 1 3 / 8  remaine d normal , and no 

lepto s p i re s  we re i solate d from the i r  kidney s  a t  2 1  day s . 

Pomona agg lutinins were not encountered con s i s te n t l y  i n  the 

urine o f  any anima l . At varioris time s  5 s ow s  had 

urinary ti tre s of 1/4 or gre a ter . Four o f  the s e  anima l s  

were about 1 y e a r  o ld , wh i le the f i f th was 4 years o ld . 

The urine from wh i ch p omona was i so late d  had �ffi t i tre s 

o f  l e s s  than 1/4 ( Table 6 . 2 2 ) . 

( i i )  Boars 

I t  was not pos s i b le to co l le c t  a midstream urine s amp le 

from the boar s . They u s u a l ly voided smal l amounts o f  

urine , a l l owing i t  t o  dribbl e  from the prepuce . 

re su l t , mo s t  o f  the urine c u lture s were heav i ly 

As a 

contaminated with other bacte r i a . However , s er ovar 

p omona was i s o l a ted from the kidney o f  a hams ter which 

had been in j e cted with the u r i ne col lected f r om a boar 
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( numb e r  4 3/6 9 )  during the Apr i l  s amp l ing . No leptospi re s  

were observed i n  any of the urine s amp l e s  by dark- ground 

micros copy . 

( i i i )  G i l t s  

L arge numbe rs o f  leptosp ire s we re obse rved in the urine 

of two o f  the g i l t s  (numbe r s  8 6 /9 and 8 6 /5 9 )  wh i ch arr ive d 

i n  May . No lept o s p i re s  \ve re seen i n  any othe r urine 

s pe c imens . 

Se rovar p omona wa s i sol ate d from the urine o f  one o f  the 

February replaceme n t s  ( numbe r 5/5 7 ) , and f rom the urine s 

o f  the May repl acements ( 8 6 /9 and 8 6 /5 9 )  in wh ich 

lepto spire s  had a l s o  been observe d ( Table 6 . 2 0 ) . 

The urines from a l l  the May repl aceme nts had p omona t i tr e s  

i n  exce s s  of 1/4 . Howeve r ,  as was ob served with the s ow 

s amp le s ,  the urine f rom the other group of g i l t s  d i d  not 

a lways have pomona MA titre s . Two , 5/5 7 and 1 3 0 / 8, had 

t i tre s o f  1/4 or greater on one o c ca s i on ( T ab l e  6 . 2 0 ) . 

OTHER LABORATORY E XAMINATI ONS 

Serovar p omona was i solate d  in pure cul ture from the 

v i treous humor o f  a l l  the p iglets aborted by g i l t 1 1 0 / 6 . 

D I SCUS S I ON 

With the exception o f  one j uve nile p i g  whi ch had a high 

c o p e n h a g e n i  titre , the abattoir re s u l t s  we re s im i l a r  to 

those occurring with p omona infecte d  p i g s  f rom othe r 

farms ( Chapter IV)  . The agglutination patterns were 

a l so s imi lar , and the prevalence of renal i n fe ction wi th 

p omona w i th re spe c t  to age was the s ame as that ob served 

i n  the se anima l s . 
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F i g . 6 . 1  A s chematic p l an o f  the Mas sey 

Univers i ty p i g  farm showing the 

p attern of open drai nage . 
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F i g . 6 . 2  The average and s tandard error o f  the me an 

coded ti tres of a l l  p i g s  in each group 

s amp led in the epidemio logi cal s tud i e s . 
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Fig . 6 . 3 The aver age and s tandard e rror of the 

e s timated re a l  prevale nce s of pomona 

infe ction in e a c·h group s amp led . 
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Fig . 6 . 4  The a s s oc iation be twee n  the coded p om o n a  

MA t itres and age in the s ow herd . 
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The re s u l t s  o f  the . s ero log i c a l  s urvey o f  the whole herd 

indicated that the re was a focus of p om o na infec tion in 

the anima l s  aged be tween about 6 and 1 2  month s . 

A lthough s ome of the neonate s had moderate ly h i gh p om o n a  

t i tre s , t h e  r e s u l t s  point t o  the s e  being due t o  c o l o s tr a l  

antibody , rather than t o  active i n fe ction . 

The steady de c l ine i n  �ffi ti tre s to p o m o n a observe d i n  the 

o lder sows sugge s ts that by the t ime the s ows we re 12 to 

1 8  months o ld they had e l iminated the i r  pomona i n f e c t io n . 

The negat ive kidney culture re su l ts o f  the sma l l  number o f  

adults wh ich we re s ampled at the abatto ir conf i rms th i s  

conclus ion . Furthermore , there was n o  eviden ce that p ig s  

o lde r than about 1 8  months we re shedd ing leptospire s i n  

the ir urine . 

I n  mo st case s the g i lts we re a l ready i n fecte d  whe n  they 

were fir s t  mated . Thi s  i s  i n  contrast to the s i tuation 

de s cribed by Burk i and Wie smann ( 1 9 6 3 )  who reported tha t 

s ows became infe cted from boars a t  mat ing . 

S erovar b a l l um was i solated from the rats , mice and 

hedgehog s  wh i ch we re co�non ly f ound about the p i ggery , 

and serovar b a l can i ca was i s o l ated from opos sums in th i s  

area ( Hath away , 1 9 7 8 ) . I n  the cattle on the adj acent 

f a rm endem i c  infecti on with s erovar ha rdj o  wa s f ound 

( He l l s tr om ,  1 9 7 8 )  . No wi l d l i f e  spe c i e s  had p o m o n a  

t i tre s , a n d  only a few o lder cows had low p omona t i t re s . 

I t  i s  clear from the re s u l t s  pre s ented in th i s  chapter 

that p o m o n a  infect ion is e ndemi c  in the pig farm unde r 

s tudy . The only evidence indi cating tran smi s s ion to 

o the r spe c i e s  in the s ame area is the observation tha t  

l ow titre s t o  p o m o n a  occurred in the cattle . The s e  low 

t i tres probab ly indicate a p a s t  p o mo na infection in the 

cattle wh i ch did not pe r s i s t  in the herd . 
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The e ndemi c s tate o f  p omona infe ction on the p i g  farm 

depends upon the d i re c t  or indirect contact o f  young 

susce p ti b le pigs with o lder infe cted anima l s . The 

e f f luen t  ch anne l s  running from pe n to pen in growe r units 

II  and I I I , and the mixing o f  s tock of d i f fe rent age s 

would e n s ure that infe ction was maintained in th i s  herd . 

Th i s  i s  a simi lar s i tuation to that ob serve d by Buddle 

and Hodge s ( 1 9 7 7 ) . 

O f  intere s t  i s  the fact that e f f luent in the we ane r 

house a l s o  runs f rom pen to pen but anima l s  in thi s  group 

we re not infe cted . I t  wou l d  seem very unl ike ly that 

infection had not been introduced into thi s  area s ome time 

previou s l y . I t  i s  pre sume d there fore that re s i du a l  

colos tral antibody of the we ane rs ensure d tha t  they d i d  

n o t  be come infecte d . 

As the t i tre s aga i n s t  t a ra s s o v i �  b a l l u m �  h ar dj o  and 

can i c o l a  we re e i ther negative or ve ry low i t  was conclude d 

that the pigs in th i s  herd had not be come infe c te d  with 

the se se rovars . I t  was a l s o  concluded that the MA titre s 

again s t  a u t umna l i s �  b a t a v i a e �  pyroge n e s �  a u s tra l i s  and 

g r ipp o t y p h o s a  we re cro s s -reactions of p om o n a  ant ibody . 

I t  i s  reasonab le to expe ct that i f  infect ion wi th the se 

se rovars had occurred , the homo logous t i tre s wou l d  h ave 

not been so we l l  corre late d  with the p omona titre s . 

I niti a l l y  it was cons i dere d  that the high c o p e n h a g e n i  

titre s , which we re demons trated i n  the s e r a  o f  one 

abattoi r  an imal and in the sera f rom the unmated g i l t s , 

i ndicated infe ctio n  with th i s  se rovar . I n  the abattoir 

surveys ,  and in other an ima l s  s ampled in th i s  s tudy of 

lepto s p i ros i s  in pigs , h igh p omona ti tre s we re never 

a s soci ated with high c op e n h a g e n i  titre s , and the re fore 

dual infe ction seemed l ike ly .  Howeve r ,  a s  the se 

c op e n hag e n i  titr e s  had d i sappeared after 4 months , and the 

sera did not coagg lutinate s erovar c an i c o l a  as i t  

characte r i s ti ca l ly doe s i n  cases  o f  c o p e n ha g e n i  infection 
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( Al s ton and Broom , 1 9 5 8 ) , i t  was concluded that the t i tre s 

observed we re paradoxi c a l  heterologous reactions . 

Pomona s trains with a s imi lar propens i ty to induce · h igh 

c o p e n hag e n i  titre s ear ly in in fect ion have been repor ted 

e l s ewhere (Morse and A l le n , 1 9 5 6 ) . 

The re s u l t s  o f  the e f f luent and soi l s tudi e s  we re 

d i s appoint ing . With so many in fected anima l s  p re sent it 

was expe c ted that l eptospire s would have been i so l ated 

f rom many s amp le s .  H owever ,  i t  i s  s i gni f i cant tha t 

p om o na was i solate d  from surface wate r in the p addock 

where the unmated gi l t s  we re kep t . The se anima l s  we re 

s hedding large numbers  of leptospire s at th at t ime . 

I n  a paddock on the dairy farm adj acent to th i s  are a p om o n a  

wa s a l s o  isolated from surf ace water ( He l l s trom , 1 9 7 8 )  . 

The pigs  wou ld the re fore seem to be an important potential  

source of  p omona i n fe ction for the cattle . 

Over the 1 8  month pe r i od o f  th i s  inve s t igation , the 

reproductive pe rforman ce o f  the sows and boars was a l s o  

recorded . Any s ows returning t o  oes trous a fter mating 

were b le d  and the MA t i tre s to pomo n a �  b a l l um �  

c op e n h a g e n i �  hardj o \ and t ar a s s o v i  were de te rmine d .  -�Y 
aborted piglets we re necrop s ied and t i s sue s cul tured 

for lepto spires . Howeve r , the only e f fe c t  wh i ch could be 

conc lus i ve ly attribute d to leptospi ros i s  was the 

abortion wh i ch occurre d in g i lt 1 1 0 /6 . The MA t itre s o f  

the sows wh i ch re turne d t o  oe s trous we re s imi lar to tho s e  

whi ch farrowed norma l l y . Only 3 other abor tion s were 

reported and in the se the re was no evidence of lep tos p i r ­

o s i s . The fert i l i ty of boars cou ld n o t  b e  corre l ated t o  

t h e  presence o r  absence o f  pos i tive p om o n a  t i tre s , or t o  

lepto s p i rur i a . Ove r a l l  i t  would seem as i f  leptospiros i s  

i n fection was not having a ma j or e f fe c t  on fert i l i ty in 

th i s  herd . 

Late returns to oe s trous we re a prob lem in th i s  herd . 

Thi s  type o f  infe r ti l i ty ,  wi thout evidence o f  an abortion 
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h a s  a l s o  been obse rved i n  other p omona infe c te d  herds . 

( Powe r s  e t  a l . , 1 9 5 6 ) , and has a l so been reported 

fo l lowing expe r imental in fection with th i s  se rovar 

( Fe rguson and Powe r s , 1 9 5 6 ) . It has been s ugge s te d  

tha t  embryonic death due to infe ction with p om o n a  and 

re s u l tant embryonic r e s orption i s  the cause of th i s  

syndrome . I t  has a l s o  b e en sugge s ted that i n  

leptospiro s i s  a chro n i c  infection of the uterus may 

occur and lead to reproduc tive los s e s  such a s  th i s  ( Hanson , 

1 9 7 7 )  . I n  order to examine th i s  postu late further work 

not reporte d he re in deta i l  was undertaken . U te r i  

and k i dney s from a numbe r o f  g i l t s  were col le cted a t  a n  

aba ttoir and s amp le s  o f  e ach organ we re cu l tured for 

leptospire s . Section s  of e ach u terus were a l s o  taken 

and examined for le s ions . However , no lep tospire s 

were i solated from the uterine t i s sue s , and no 

abnormal i tie s of the ute r i  we re seen even though 

leptosp ire s were iso lated from 3 5 %  ( 7/2 0 )  of the k idney 

s amp l e s . I t  wou ld , there fore, appe ar that a l though 

leptosp ire s may loca l i s e  in the endometr ium during the 

acute phase ( Do z s a and S ah u , 1 9 7 0 )  organ i sms are 

e l iminate d  r ap idly and no las ting e f fe cts on fe r t i l i ty 

wi l l  o c cur . As virtu a l l y  a l l  the sows were infe cted 

we l l  be fore the ir f i r s t  mating , it would s e em unlikely 

tha t  leptospirosis  was the cause of the se l a te re turns 

i n  thi s  herd . 

Be cause infec tion occurs in the g i lts at an early age , the 

v a c cination programme emp loyed on the f arm aga i n s t  

leptospiro s i s  was o f  l it t le use . In addit ion , i f  the 

c a s e  of g i l t  1 1 0 / 6  i s  indicat ive of the leve l o f  

re s i s tance resulting f rom vaccination , i t  wou l d  a l so seem 

that whe re animal s  have not been infe c ted , vaccination 

doe s not induce suf f i c i e nt prote ction . Hodges e t  a l . 

( 1 9 7 6 )  a l so found that the s ame vaccine did not prote c t  

agains t  p omona infec t i on in p i g s . 
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I n  an e ar l ier survey ( Chapter V ) , i t  was found that a 

s creening test  b ased on the homologous urinary MA t i tre 

might be a use f u l  indicator of renal infecti o n . However , _ 

the var i ab le urinary titre s observed in th i s  f i e l d  s tudy 

indicate that th i s  wou ld be a very unre liab le di agno s t i c  

te st . 

SUMMARY AND CONCLUS IONS 

1 .  The pattern of lepto s p i r a l  in f e ction in a p i g  herd 

wa s s tudied . Thi s was a part o f  a co l laborat ive 

s tudy o f  leptospiro s i s  i n f e ction in pigs , cattle and 

wi l d l i fe in the same are a . 

2 .  I t  wa s con c luded tha t  se rovar p omona wa s endemic 

in the pig herd and that the focus of infe c t i on was 

i n  those p i g s  aged be twee n  6 and 12  mon th s . 

3 .  The sera o f  the pomona infected pigs cros s - re acted 

w i th many other serovar s . Some s trik ing 

p ar adoxical heterologous t i tres to cop e nh a g e n i  

were ob serve d . 

4 .  The p omon a MA ti tre s rose t6 h i gh leve l s  shortly 

a f te r  infe c tion ( 1/ 1 5 3 6  to 1/ 2 4 5 7 6 ) , but de cre a s e d  

to be twee n  1 / 2 4  and 1/7 6 8  wi th in 6 t o  7 month s ,  and 

then decreased by approximate ly half a doub l ing 

d i l u t i on per year . 

5 .  Mos t  o f  the g i l ts introduced from anothe r f arm had 

bee n  re cently infe cted wi th p omona . L ikewi s e  many 

o f  the gi l ts on thi s  f arm o f fe red for s ale a s  

r e p l a cement s tock we re i n fe cted with p om o n a . 
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6 .  The re was no e v i de nce o f  current infection i n  the 

o lde r sows . 

7 .  P i g  to pig t r ansmi ss i on o f  p o m o n a  infe c tion was 

fac i l i tated by the s y s tem o f  manageme nt , and the 

de s i gn of the bu i ldings used to house the young s to ck . 
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Tabl e  6 . 1  The age o f  p i gs in the variou s  units on the 

f arm being s tudied . 

HOUSE AGE 

F arrowing Un i t  B i rth - 6 wee k s  

Weaner Uni t  6 - 12 wee k s  

Grower Un i t  I 1 2  - 14 wee k s  

Grower Un i t  I I  1 4  weeks + 

Grower Uni t  I I I  2 0  weeks + 

Growe r Un i t  IV 2 0  week s + 

Table 6 . 2  The coded MA titre s o f  the growe r and breeding 

pigs s ampled at the ab atto i r . 

pm ta b l  ha cp au at bt ea py g r  

1 10  1 2 5 2 3 2 

2 7 2 4 2 3 1 

3 7 3 1 3 1 
\ 

4 6 4 1 

Growe r 5 1 2  4 5 8 5 4 

Herd 6 9 2 1 4 1 2 1 

7 9 8 5 8 4 5 3 

8 6 2 

9 8 4 4 7 5 1 

1 0  3 1 1 1 . 1 1 1 

Breeding 1 1  5 1 

H e rd 12 6 1 1 1 

1 3  3 

pm=p omona , ta= t a ra s s o v i , b l=ba Z Z um , ha=hardj o , au=a u s t r a Z i s , 
at=au t umna Z i s , bt=ba t a v i a e , ca=can i c o Z a , py=p y r og e n e s , 
gr=gripp o t y p h o s a . 

1=1/1 2 ,  2=1/2 4 ,  3=1/ 4 8 ,  4 = 1/9 6 ,  5 = 1/ 1 9 2 ,  6 = 1/ 3 8 4 , 7 = 1/ 7 6 8 , 
S= l/ 1 5 3 6 , 9 = 1/ 3 0 7 2 , 1 0 = 1/6 14 4 ,  1 1= 1/ 1 2 2 8 8 ,  1 2 = 1/2 4 5 7 6 . 
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Tab le 6 . 3  The coded MA t i tr e s  o f  the p i g le t s  in the 

farrowing uni t . 

Date An ima l 

Nov . Al 

l 9 7 S  A 2  

A3 

A4 

A S  

A 6  

A 7  

A 8  

A9  

AlO 

March B l  

1 9 7 6 B 2  

B 3  

B4  

BS  

B6  

B 7  

B 8  

B 9  

B l O  

June C l  

1 9 7 6  C 2  

C 3  

C 4  

C S  

C 6  

C 7  

C 8  

C 9  

C l O  

pm 

3 

6 

6 

4 

2 

2 

2 

3 

s 

3 

6 

s 

ta b l  h a  c p  au a t  b t  e a  py gr 

pm=p omon a , ta=taras s o v i , b l=ba l l um , ha=hardj o ,  au=a u s t r a l i s , 
at=a u t umna l i s , bt=b a t a v i a e , ca=can i c o l a ,  py=p y ro g e ne s , 
gr=gripp o t y p ho s a .  

1 = 1 / 1 2 , 2= 1/2 4 ,  3=1/4 8 ,  4=1/ 9 6 , S = l/ 1 9 2 ,  6 = 1/3 8 4 , 7 = 1/ 7 6 8 ,  
8 = 1/ l S 3 6 , 9 = 1/3 0 7 2 , 1 0 = 1/ 6 1 4 4 , 1 1 = 1/ 12 2 8 8 ,  1 2 = 1/ 2 4 S 7 6  
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Table 6 . 4  The coded MA ti tre s o f  the piglets  in the 

we aning uni t .  

pm ta b l  h a  cp a u  a t  bt e a  py gr 

Nov . A l  

1 9 7 5  A2 1 

A3 4 2 1 1 

A4  1 

AS 

A6 4 2 1 2 

A7 

AS 

A9 1 

A l O  2 

Mar . B l  

1 9 7 6  B 2  

B 3  

B 4  

B S  1 1 

B 6  

B 7  4 .... 1 

B 8  3 

B 9  2 1 

B lO 

pm=p omona , ta=tar a s s o v i , b l =b a Z Z um , ha=hardj o ,  au=a u s tra l i s , 
at=a u tumna l i s , bt=b a tav iae , ca= c an i c o l a , py=py ro g e n e s , 
gr=gripp o t yp h o s a . 

1 = 1/ 1 2 , 2 = 1/ 2 4 , 3=1/4 8 ,  4 = 1/ 9 6 , 5 = 1/ 1 9 2 , 6 = 1/ 3 8 4 , 7 = 1 /7 6 8 , 
8 = 1/ 1 5 3 6 , 9 = 1/ 3 0 7 2 , 1 0 =1/6 1 4 4 , 1 1= 1/ 1 2 2 8 8 , 1 2 = 1/ 2 4 5 7 6 .  
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Table 6 . S  The code d MA ti tre s o f  the p i g le t s  i n  

growe r Uni t  I .  

Date pm t a  b l  h a  c p  au at bt ea PY gr 

Nov . A l  

1 9 7 5  A2 1 

A 3  1 

A4  

AS 

A 6  

A7 

A B  3 

A 9  1 

A l O  1 

Mar . B l  2 

1 9 7 6  B 2  

B 3  

B 4  

B S  

B 6  

B 7  

B B  1 

B 9  \ 

B l O  

June C l  

1 9 7 6  C 2  

C 3  1 

C 4  1 2 2 2 

C S  

C 6  

C 7  

C B  1 

C 9  1 

C l O  

pm=pomo n a , t a= t a r a s s o v i , b l=ba l l um , ha=hardj o , au=au s tra l i s , 
at=au t umn a l i s , b t=b a ta v iae , ca=can i c o l a , py=p y r o g e ne s , 
gr=gripp o typho s a . 

1=1/12 , 2 = 1/ 2 4 ,  3 = 1/ 4 B ,  4 = 1/ 9 6 , S = l/ 1 9 2 , 6 = 1/ 3 B 4 , 7 = 1/ 7 6 B ,  
B = l/1S 3 6 , 9 =1 , 3 0 7 2 , 1 0 = 1/6 1 4 4 , l l = l/ 1 2 2 B B ,  1 2 = 1/ 2 4 S 7 6 . 
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Tab le 6 . 6  The coded MA t itre s o f  the p igs i n  

growe r Uni t  I I . 

Date Anima l pm ta bl ha c p  au at bt e a  py gr 

Nov . A l  3 

1 9 7 S  A2 

Har . 

1 9 7 6  

June 

1 9 7 6  

A 3  1 

A4  

AS 

A6 

A 7  

A 8  

A 9  

A l O  

B l  

B 2  

B 3  

B 4  

B S  

B 6  

9 

9 

7 

7 

2 

7 

7 

7 

B 7  1 

B 8  

B 9  2 

B l O  

C l  

C 2  

C 3  

C 4  

C S  

C 6  

C 7  

C 8  

C 9  

C l O  

1 

5 

5 

7 

1 

4 

3 

1 

1 

1 

1 

6 

6 

3 

s 

s 
s 

1 

1 

4 

2 

1 

1 

2 

1 

2 

4 

3 

1 

1 

1 2 

3 

1 

2 

pm=pomona , ta= t a ra s s o v i , b l=ba Z Z um , ha=hardj o , au= a u s tra Z i s , 
a t=a u t umna Z i s , b t=ba t a v ia e , c a= can i c o Zq , py=p y r o g e n e s ,  
gr=gripp o t y p ho s a . 

1=1/ 1 2 ,  2 = 1/2 4 , 3 = 1/4 8 ,  4 = 1 /9 6 , 5 = 1/ 1 9 2 , 6 = 1/ 3 8 4 , 7 = 1/ 7 6 8  
8 = 1/ 1 5 3 6 , 9 = 1/ 3 0 7 2 , 1 0 = 1/ 6 1 4 4 , 1 1= 1 / 1 2 2 8 8 , 1 2 = 1/ 2 4 5 7 6 . 
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Table 6 . 7  The coded MA titre s  o f  the p i gs in growe r 

units I I I  and IV . 

pm t a  b l  ha cp au at bt ea py gr 

Nov . Al 9 5 3 7 4 4 

1 9 7 5  A2 9 2 3 5 2 4 

A3 3 

A4 7 2 

AS 7 2 

A6 3 

A7 2 1 

A 8  8 2 4 3 2 2 

A9 9 2 6 4 2 2 

AlO  9 4 4 2 4 3 

Mar . B l  

1 9 7 6  B2 

B3 8 1 4 8 1 

B 4  

B S  2 

B 6  

B 7  7 2 1 1 

B 8  

B 9  8 2 \ 2 5 2 3 1 

B l O  9 1 1 2 1 1 

June C l  7 3 

1 9 7 6  C 2  6 1 2 

C 3  7 4 

C 4  9 1 5 1 2 

C S  1 

C 6  4 3 

C 7 . 9 1 4 1 1 

C 8  8 5 1 

C 9  6 4 

C l O  9 2 

pm=p omona , ta= t a ra s s o v i , b l=ba Z. Z. um , ha=hardj o , au=a u s t ra Z. i s , 
at=au t umna Z. i s , bt=b a t a v i a e , ca=can i c o Z. a , py=py r o g e ne s , 
gr=grippo t y p h o s a . 

1= 1/ 1 2 , 2 = 1/2 4 ,  3 = 1/4 8 ,  4 = 1/9 6 , 5 = 1 / 1 9 2 ,  6 = 1/ 3 8 4 , 7 = 1/ 7 6 8 ,  
8=1/ 1 5 3 6 , 9 =1/ 3 0 7 2 , 1 0 = 1/ 6 1 4 4 , 1 1= 1/ 1 2 2 8 8 ,  1 2 = 1/ 2 4 5 7 6 . 
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Tab le 6 . B  The coded MA titres o f  t h e  sows . 

pm ta bl ha cp au at bt ea PY gr 

Nov . Al 5 1 2 2 1 

1 9 7 S  A2 5 2 4 

A3 7 4 4 3 4 3 

A4 5 1 2 2 1 1 

AS 3 

A6 6 1 1 . 2 s 1 

A7 2 1 1 

AB 5 1 

A9 6 s 1 

A l O  4 3 1 1 1 

Mar . B l  7 1 3 2 7 2 2 2 2 

19 7 6  B2 5 1 1 4 2 

B 3  2 1 1 s 1 

B4 3 1 3 1 

B S  3 1 3 

B6 4 2 1 s 1 1 

B7 4 2 1 2 3 3 2 1 

BB  4 1 3 4 1 

B9  4 1 1 3 3 

B 1 0  3 \ 1 s 

June Cl 4 1 3 

1 9 7 6  C2  2 1 3 

C 3  3 1 2 

C4 3 1 

CS  6 1 3 2 

C 6  s 3 2 

C 7  4 3 

C B  s 1 2 1 

C 9  3 2 2 1 1 

C l O  5 4 

pm=p omona , ta=tara s s o v i , bl=ba Z Z um ,  ha=hardj o , au=a u s t r a l i s , 
at=au tumna l i s , bt=ba t a v i a e , c a=can i co l a , py=p y r o g e n e s ,  
gr=gripp o ty p h o s a .  

1= 1/12 , 2 = 1/ 2 4 ,  3= 1/ 4 B ,  4 = 1/ 9 6 ,  S = l/ 1 9 2 , 6 = 1/ 3 B 4 , 7 = 1/ 7 6 B ,  
B = 1/ 1 S  3 6 ' 9 = 1/ 3 0 72 , 1 0 = 1/ 6 1 4 4 ,  1 1= 1/ 12 2 B B , 1 2 = l/ 2 4 S 7 6  
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Table 6 . 9  The c oded MA t i tre s o f  s ows s ampled in 

De cembe r 1 9 7 6 . 

pm ta b l  h a  cp au at bt e a  

D l  5 l 1 

D 2  6 

D 3  6 

D 4  7 

D 5  4 

D6 4 1 

D 7  7 1 

D 8  4 

D 9  5 

D l O  6 

Tab le 6 . 1 0 The coded MA ti tre s o f  the boars 

Date An imal pm ta b l  ha cp au at bt e a  

Nov . A l  6 1 3 4 

1 9 7 5  A 2  5 1 3 

A3 2 .... 1 2 

A4 8 3 3 2 2 

Mar . B l  3 1 1 4 1 

1 9 7 6  B 2  3 3 1 

B 3  1 1 5 1 

B 4  1 3 

June C l  2 2 1 

1 9 7 6  C 2  1 2 

C 3  3 3 

C 4  

py gr 

py gr 

3 

1 l 

2 

1 

1 1 

l 

2 

pm=pomon a , ta= t a ra s s o v i , b l =b a Z. Z. um , ha=hardj o , au=a u s t r a Z. i s , 
at=au t umna Z. i s , bt=ba t a v i a e , c a=can i c o Z.a , py=py r o g e ne s , 
gr=gr ip p o t y p ho s a . 

1 = 1/ 1 2 , 2 = 1/2 4 , 3 = 1/ 4 8 ,  4 = 1 / 9 6 ,  5 = 1/ 1 9 2 , 6 = 1/ 3 8 4 , 7 = 1/ 7 6 8 , 
8 = 1/ 1 5 3 6 , 9 = 1/ 3 0 7 2 , 1 0 = 1/ 6 1 4 4 ,  1 1= 1/ 1 2 2 8 8 ,  1 2 = 1/ 2 4 5 7 6 . 
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Tab le 6 . 1 1 The coded MA ti tre s of the g i l t s . 

Date pm ta b l  ha cp au at bt ea P Y  gr 

Nov . Al 10 1 2 3 8 3 6 4 3 1 

1 9 7 5  A2 8 4 8 1 4 2 4 

A3  9 1 8 5 7 2 4 1 

A4 1 1  1 8 7 8 8 7 4 

AS 1 2  · s  4 5 8 3 2 4 

A6 9 1 5 1 1 6 2 3 2 

A7 4 3 1 1 1 

Mar . B l  5 1 2 6 2 2 

1 9 7 6  B 2  2 1 1 3 1 1 1 1 

B 3  9 4 6 

B 4  8 2 1 1 4 5 2 1 1 2 

B 5  6 2 1 2 2 6 1 1 4 1 

B 6  9 2 3 2 2 1 

B 7  1 0  1 1 4 5 8 1 1 1 3 

B 8  5 4 5 

B9  4 1 4 3 7 1 1 2 

June C l  6 ' 1 3 4 

1 9 7 6  C 2  1 0  4 1 3 6 2 1 4 1 

C 3  8 1 2 6 1 4 1 

C 4  7 1 3 1 

pm=p omo na , ta=tara s s o v i , bl=b a l l um ,  ha=hardj o , au=a u s tra l i s , 
at= a u t umn a l i s , bt=ba t a v iae , ca=cani c o l a , py=py r o g e ne s , 
gr=gripp o t yp h o s a . 

1 = 1 / 1 2 , 2 = 1/2 4 ,  3 = 1 / 4 8 ,  4 = 1/ 9 6 , 5 = 1/ 1 9 2 ,  6 = 1/ 3 8 4 , 7 = 1/ 7 6 8 ,  
8 = 1/ 1 5 3 6 , 9 = 1/3 0 7 2 , 1 0 = 1/6 1 4 4 , 1 1= 1/ 1 2 2 8 8 ,  1 2 = 1/2 4 5 7 6 . 
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Tabl e  6 . 1 2 The prevalence in each group o f  anima l s  

s e rologi cal ly po s i tive at 1/ 12 t o  p om on a �  

P reva lence te s t-po s i t ive at 1/ 1 2  

Novembe r March June De cember 

P opu l a t ion 1 9 7 5  1 9 7 6  1 9 7 6  1 9 7 6  

Farrowing Un i t  8 0 %  6 0 %  2 0 %  -

�\Te aning Un i t  5 0 %  4 0 % - -

Grower Uni t  I 5 0 %  2 0 %  3 0 %  -

Growe r Un i t  I I  6 0 %  7 0 %  3 0 %  -

Grower Uni t  I I I  + IV 1 0 0 %  6 0 % 1 0 0 %  -

S ows 1 0 0 %  1 0 0 %  1 0 0 %  1 0 0 %  

G i 1 t s  1 0 0 %  1 0 0 %  1 0 0 %  -

Boars 1 0 0 %  7 5 %  5 0 %  -

Tab le 6 . 1 3 The range o f  t i tre s to pomona in e ach group . 

Population Min imum Ti tre Maximum Ti tre 

F arrowing Unit 1/2 4 1/3 8 4  

We aning Unit 
.... 

1/ 1 2  1/ 9 6  

Growe r Un i t  I 1/ 1 2  1/ 4 8  

Growe r Uni t  I I  1 / 1 2  1/ 3 0 7 2  

Growe r Uni t  I I I + IV 1 / 1 2  1/ 3 0 7 2  

S ow s  1/4 8 1/ 7 6 8  

G i 1 t s  1/4 8 1/2 4 5 7 6  

Boars 1 / 1 2  1 / 1 5 3 6  
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T able 6 . 1 4 The ave rage and s tandard e r ror o f  the me an 

coded t i tre s of a l l  p i gs i n  each group , and 

the ave rage geome tr i c  me an titr e s  ( gmt ' s ) . 

Ave rage (me an Ave rage 

Group code d titrES) gmt 

Farrowing Unit 1 . 6  
+ 

0 . 4  1/ 1 8  -

Weaning Un i t  1 . 1  
+ 

0 . 1  l/ 1 3  -

Growe r Uni t I 0 . 4  
+ 

0 . 1  1/ 8 -

Growe r Uni t  I I  2 . 7  
+ 

0 . 5  1/ 3 9  -

Growe r Un i t  I l l  + IV 5 . 8  
+ 

0 .  8 1/3 3 1  -

Sows 4 . 5  
+ 

0 .  4 1/ 1 3 5  -

Boars 2 . 6 + 
- 1 . 3 1/ 3 7  

G i l t s  7 . 7  
+ 

0 . 8  1/ 1 2 3 0  -

Table 6 . 1 5 The average o f  the mea n  coded titre s  and the 

ave rage of the geome t r i c  me an ti tre s ( gmt ' s )  

o f  thos e  pigs wh i ch we re pos itive at 1 / 1 2 , i n  

e ach group . 

Ave r a ge (me an Ave rage 

Group c oded ti tre s) gmt 

Farrowing Un i t  4 . 2  + 
0 .  7 1/ 1 1 0  -

Wean ing Unit 2 . 5  
+ 

0 . 1  1/ 3 4  -

Growe r Un i t  I 1 . 3  
+ 

0 . 2  1/ 1 5  -

Growe r U n i t  I I  5 . 2  + 
0 . 7  1/2 1 9  -

Grower Un i t  I l l  + IV 6 . 7  
+ 
- 0 . 1  1/6 0 3  

Sows 4 . 5  
+ 

0 . 4  1/ 1 3 5  -

Boars 3 . 6  
+ 
- 0 . 9  1/ 7 2  

G i l t s  7 . 7  
+ 

0 . 8  1/ 1 2 3 0  -



Tabl e  6 . 1 6 Apparent ( AP ) * and e s timated real preva lence ( RP ) * *  of p o m o n a  i n f e ction in e a ch 
popu l ation at e ach s amp l ing period , and the ave rage and s tandard e rror ( SE )  over 
the s tudy period . 

Nov . 1 9 7 5  Mar . 1 9 7 6  June 1 9 7 6  De c . 1 9 7 6  Average RP 
Popul at i on AP RP AP RP AP RP AP RP + SE 

Farrowin g  
2%  � Unit 2 0 % 7 %  0 0 0 0 - - 2 %  

We ane r Uni t  0 0 0 0 0 0 - - 0 

Grower Unit I 0 0 0 0 0 0 - - 0 r' 

Growe r 
1 9 %  � 1 0 %  Un i t  I I  4 0 %  3 6 %  3 0 %  2 1% 1 0 %  0 - -

Growe r 
7 4 %  2: 1 3 %  

I 
Uni t  I I I  & IV 7 0 %  7 9 %  5 0 %  5 0 %  8 0 %  9 3 %  - -

S ows 3 0 %  2 1% 1 0 %  0 1 0 %  0 5 0 %  5 0 %  
+ 

1 8 %  - 1 2 %  

G i l t s  8 6 %  1 0 0 %  5 6 %  5 8 % 1 0 0 %  1 0 0 %  - - 8 6 %  2: 1 4 %  

Boars 5 0 %  5 0 %  0 0 0 0 - - 1 7 %  � 1 7 %  

.To t a l  3 4 %  2 7 %  1 9 %  6 %  2 7 % 1 7 %  + 6 %  - - 1 7 % -

* Apparent p reval e n ce = perce ntage o f  p i gs i n  e ach group with ti tre 1/3 8 4  or greate r . 

* *  
. _ AP + spe c i f i c i ty - 1 E s t1mated re a l  prevalence - ' f ' · t + · t · ' t spec1 1 c 1  y s e n s 1  lVl y 

spe c i f i c i ty = s e n s i tivity = 8 5 % . ( See Chapter V I ) . 

- 1 
, where 

....... N 
� 



Table 6 . 1 7 Sow Herd . Age d i s tribution o f  the s ows in e ach s amp le . 

Age ( Years ) November 1 9 7 5  March 1 9 7 6  June 1 9 7 6 De cemb e r  1 9 7 6  

0 - 1 .  0 1 - - 2 

1 . 1 - 2 . 0 2 3 3 3 

2 . 1  - 3 . 0  2 2 4 3 

3 . 1  - 4 . 0  3 3 - 2 

4 . 1  - 5 . 0 2 ,, 1 2 

Tab le 6 . 1 8 Pom o n a  MA t i tre s o f  s ows that we re repe a t  s amp le d  f rom Novembe r 1 9 7 5  to Decew�er 1 9 7 6 . 

Numbe r & Age Novembe r 1 9 7 5  March 1 9 7 6  June 1 9 7 6  Decembe r 1 9 7 6  

3 - 6 1/ 1 9 2  1/9 6  1/9 6 1/ 1 9 2  
( 2 .  7 yrs )  

1 2 4 - 5 9  1/ 7 6 8  1/1 9 2  ( Die d , not ne crop s ie d )  
( 2 . 4  yrs )  

5 2  - 7 1 / 3 8 4  1/ 1 9 2  1/3 8 4  ( Cu l le d )  
( 3 . 5  yrs ) 

1 6 0 - 5 6  1 /2 4  1/2 4 1/4 8 1/4 8 
( 4 . 1  yr s )  

7 8  - 5 8  1 / 3 8 4  1/ 1 9 2  1/9 6 1/9 6 
( 1 . 0  yr ) 

f-' N 
U1 
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Table 6 . 1 9 The age o f  the sows in February 1 9 7 7  and the 

coded pomona MA ti tre at e ach s amp l ing . ·. 

Sow Numbe r Age ( Ye ars ) Feb . Apr i l  June 

2 7  - 6 0 . 8  7 7 6 

1 3  - 8 0 . 9  5 5 4 

9 5  - 8 l .  0 *  6 7 7 

3 0  - 6 7  l .  0 *  8 7 7 

9 6  - 5 8  1 . 1 9 8 - * *  

1 5  - 5 9  1 . 1 7 6 8 

9 5  - 5 9  1 . 4 9 7 8 

5 5  - 5 6  1 . 7  7 7 6 

1 3  - 9 2 . 0  6 6 8 

5 3  - 6 2 . 0 * 5 4 4 

7 8  - 5 8  2 . 4  4 5 4 

1 2 4  - 6 3 . 0  7 7 7 

1 1 8  - 9 3 . 1  3 3 3 

6 1  - 5 3 . 3  2 3 4 

3 - 6 3 . 9  5 5 5 

2 3  - 9 3 . 9 3 3 4 
-.. 

* Age e s t imated from date o f  arrival on f arm . 

* *  Animal culled f rom herd be fore June s amp l in g . 



Tab le 6 . 2 0 G i l t s : code d p om o n a  MA t i tre s , re s u l t s  o f  urine culture , and the p omo na 

MA ti tre s o f  urine . 

Gi l t  No . Pomo n a  MA titre Urine Culture Urine MA titre � J/ 4 . 

Feb . Apr i l  June Aug . Sept . Feb . Apr i l  June Feb . Apr i l  

9 9 / 6  8 8 7 6 N . S .  - - - - -
1 3 0 / 8  8 8 8 6 N . S .  - - - + -,, 
1 1 0 / 6  0 0 3 6 8 - - - - -

5 / 5 7  8 8 7 6 N . S .  + - + - + 

8 6 / 9 * N . S .  N . S .  8 N . S .  N . S .  N . S .  N . S .  + N . S .  N . S .  

8 6 /5 9 *  N . S .  N . S .  8 N . S .  N . S .  N . S .  N . S .  + N . S .  T:.J . s . 

1 6 / 5 9 *  N . S .  N . S .  8 N .  S . •  N . S . N . S .  N . S .  - N . S .  N . S .  

2 3/ 6 *  N .  S .  N . S .  8 N . S . N . S .  N . S .  N . S .  - N . S .  N . S .  

--

* Arr ived at f arm May 1 9 7 7  

N . S .  No s amp le ; ( + )  = serovar p omona i s o lated from urine , or ur ine MA ti tre 

1/4 or greate r ; 

than 1/4 . 

( - ) = urine cul ture negative , or urine MA titre l e s s  

June 

-
..,... 
-
-
+ 

+ 

+ 

+ 

1-' N 
-.] 
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Table 6 . 2 1 The boar s : the coded MA titre s in February 

and Apr i l , 1 9 7 7 . 

Boar Numbe r February Apri l 

1 3 5  - 7 8 9 

4 3  - 5 8  7 7 

4 3  - 6 8  8 N . S .  * 

1 3 5  5 9  0 0 

4 3  - 6 9  0 1 

* N . S .  = No S amp le 

T ab le 6 . 2 2 Sow Herd : Re s u l t s  o f  ur ine culture , and the 

pomona MA ti tre s of urine . 

S ow February Apr i l  June 

No . Cul ture Titre > �  Cul ture Titre > � Culture T i tre 

2 7/ 6  + + 

9 5/ 5 9 

5 5/ 5 6  

1 1 8 / 9  
.... 

3 0 / 6 7  + + + 

7 8/ 5 8 

6 1/ 5  

9 6 / 5 8 + N . S .  * N . S .  

1 5 / 5 9  + 

9 5/ 8  + 

1 3 / 9  

1 2 4 / 6 

3 / 6  

1 3/ 8  + 

5 3 / 6  

2 3 / 9  + 

* N o  s amp le 

+ = Serovar p omona i s o lated or ur inary titre g re ate r 

than � .  

> �  
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C H A P T E R  V I I 

S E R OV A R  TARA SSO VI I N F ECT I O N I N  P I G S 

INTRODUCT I ON 

The survey o f  lepto s p i r a l  infection in p i g s  conducted in 

the f ir s t  part o f  th i s  s tudy ( Chapter IV)  ind i cated 

that p omona occurred ve ry commonly , wh ile the occurrence 

of tara s s o v i  infe ct ion appe ared to be sporadi c .  I t  was 

there f ore de cided to conduct a more detai led serolog i c a l  

i nve s t i gation in the herds where tara s s o v i  infection 

had been found , i n  order to e lucidate the pattern of 

i n fection with th i s  s e rovar . 

MATERIALS AN D METHODS 

COLLECT I ON OF SAMPLE S 

B lood s amp les were co l le c ted f rom p i g s  in two herds 

(A and B )  in wh i ch serovar tara s s o v i  had been i s o l ate d . 

I n  Herd A ,  a random s amp le of 1 6  we ane r p i g s  ( aged 

be tween 8 and 12  week s )  1 2 5  growe r p i g s  ( aged betwee n  5 

and 9 months ) 1 and 1 0  sows we re ' bled on the farm . 

I n  Herd B 1  b l ood s amp l e s  we re colle cted at an abatto ir 

f r om 2 1  growe r pigs and 1 4  s ows . 

S E ROLOGY 

The serum MA ti tre s again s t  p o mo n a  ( Pomona ) and 

t a ra s s o v i  (mi t i s - Johns o n )  were dete rmined as des cr ibed 

in Chapter I I . 
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RE SULTS 

HERD A 

Thi s  herd proved to be i n f e cted not only wi th t a ra s s o v i , 

but a l s o  w i th p om o n a , and the patte r n  of the p om o na 

t i t r e s  in each age group we re s imi lar to tho s e  observed 

in another closely s tudied pig herd ( Chapter VI ) . 

The ma j or i ty o f  the we ane r pigs h ad low , or negative 

p omona titre s , the growe r popu lation a wi de r ange o f  

t i tres , f rom zero t o  gre ate r than l/ 1 5 3 6 , and the sows 

only a narrow r ange of t i tr e s  be twee n  1/ 1 2  to 1/ 1 9 2 

( Fig . 7 . 1 ) . 

Overall  the pattern o f  serovar tara s s o v i  t i t r e s  was the 

s ame as that seen wi th p omona . The we ane r an ima l s  had 

t i tr e s  l e s s  th an 1/ 1 2 , the growe r s  f rom 1 / 1 2  to 1 / 1 5 3 6 , 

and the s ows from 1/ 1 2  to 1/ 3 8 4 . �t\Ti th on ly one 

e xception a l l  sows had both p omona and tara s s o v i  t i tre s . 

HERD B 

Herd B a l s o  proved to be infe cted wi th both p omona and 

t ara s s o v i .  Howeve r , the p omona ti tre s of the j uve n i le 

and adu l t  an ima l s  in thi s  herd were very s imi lar to o ne 

anothe r ( F i g . 7 . 2 ) . As in Herd A ,  with only one 

exception a l l  the sow s  had both pomona and t a r a s s o v i  

t i tre s . 

THE RELAT I ONSH I P  BETvffiEN 

THE POMONA AND TARASSOVI T ITRE S  

The scatte r  diagram o f  the p omona and tara s s o v i  t i tr e s  

o f  the sera f rom both Her d  A and B s ugge s ts tha t  there 

i s  no re lationship be tween the s e  parame te r s . The 

corre l a ti on coe f f i c i en t  ( r )  c a l cu lated f rom these data 

was 0 . 0 4 0 ,  and t h i s  i s  non- s i gn i f icant at the 5 %  l eve l 

( 6 0  d . f . ) .  
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Fig . 7 . 1  The frequency d i s tr ibution of p om o n a  and 

tara s s o v i  MA titre s  in a known t a ras s o v i  . 

infe cted farm . 
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POMONA TARASSOVI 

CODED T/Tf(fS 
SE ROLOGY CODE 

1 � 1 / 1 2, 2=1 /24, 3=1/48, 4 = 1 /96, 5=1/1 92, 

6=1 /384, 7x1 /768, 8=1/1 536, 9=1 /3072, 

1 0= 1 /6144, 1 1 = 1 / 1 2288, 1 2x 1 /24576. 
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F i g . 7 . 2  The f re que ncy d i s tribution o f  p o mo n a  and 

taras s o v i  MA ti tres in a known t a r a s s o v i  

infe cted farm .  

10 
FARM 8 

SEROLOGY CODE 

6 to 9month 
old pigs 

Sows 

1 =1 /1 2, 2= 1 /24, 3=1 /48, 4=1 /96, 5= 1 / 1 92, 

6=1 /384, 7=1 /768, 8=1 / 1 536, 9=1 /3072, 

1 0=1 /6 1 44, 1 1 = 1 / 1 2288, 1 2=1 /24576. 
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F i g . 7 . 3 The lack o f  a s sociation be tween the code d 

pomona and t a ra s s o v i  MA titres in p i g s  f rom 

two taras s o v i  infe cted herds . 
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1 0= 1 /6 1 44,  1 1 = 1 / 1 2288, 1 2=1 /24576. 
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D I SCUSS ION 

The re sults of the serological s urveys conducted in the se -

herds sugge s t  that the pattern o f  t a ra s s o v i  infe c t io n  i s  

remarkably s imi lar to that o f  p o m o n a . I t  appe a r s  th at 

the ma j or focus of infection i s  in the growe r popul ation , 

and tha t a l l  the p i gs in these herds eventu a l ly became 

infe cted with t a ra s s o v i . As the pattern o f  t ar a s s o v i  

i s  s imilar to that of p omona i t  might be a s s umed that 

the ep idemiology o f  tara s s o v i  i s  a l s o  s imi lar . However , 

t aras s o v i  infe c t i o n  has been reported in many other 

specie s ,  including rats , mice and catt le ( U . S .  Department 

of He alth , Education and We l fare , 1 9 6 6 , 1 9 7 5 )  and i t  i s  

pos s ible that the epidemi o logy o f  th i s  serovar could be 

very d i f f e rent . More exten s ive inve s tigations o f  o ther 

s pecie s in are a s  where tara s s o v i  infe ction in p i g s  occur s 

should be condu cted . 

I n  these herd s , there was no ind i cation o f  any re ciprocal 

cro s s -protection , and many an ima l s  appe ar to have been 

currently infected with both serovar s . Although l i ttle 

is  known about the inte raction between pomona and 

t aras s o v i  in f e c t i on in pigs , s tudie s in l aboratory 

anima l s  also sugge s t  that there i s  no reciprocal cro s s ­

p rote ction after infection wi th e i ther serovar ( A l s ton 

and Broom , 1 9 5 8 ; P lesk� 1 9 7 4 ) . Thus it seems l ike ly 

that an ima l s  whi c h  have been infe cted with p om o n a  wi l l  

s ti l l  be suscep ti b l e  t o  tara s s o v i , and that tara s s o v i  

i n fe c tion can s pread i n  herds such a s  the one 

d e s c r ibed in Chapter IV , where p om o na infection i s  

endemic . 

The c onve rse o f  th i s  s i tuation has  bee n reporte d , an 

epidemic o f  p om o n a  o ccurring i n  a herd where the 

anima l s  had bee n in fected with t a ra s s o v i  2 year s 

previous ly ( Kemene s and Suvege s , 1 9 7 6 ) . 
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I n  an exper iment not de tai led in thi s  thes i s , 2 pregnant 

s ows from a herd where endemi c p o m o n a  was known to D ccur 

were expe rimenta l ly inoculated wi th a recent i so late 

o f  t a ra s s o v i . Howeve r ,  the re s u l t s  we re inconclus ive 

owing , it wou l d  s e em , to p r ior exposure of the se anima l s  

to t a ra s s o v i . Further s tudy o f  t a ra s s o v i  infe ction i n  

p i g s , e spec i a l ly with regard t o  po s s i b le e f fe c t s  o n  

fe r t i l i ty , nee d s  t o  b e  undertaken . 

S UMMARY AN D  CONCLUS ION S 

1 .  Serolog i c a l  s urveys in two herd s where serovar 

taras s o v i  had been previou s ly i so l ate d were 

conducte d . 

2 .  There was serologi c a l  evidence o f  exte n s ive 

infe ction wi th tara s s o v i  in both herds . As with 

p omo n a , the younger anima l s  appe ared to be the 

main re s e rvo i r  o f  infe ction . 

3 .  There was no evidence o f  any re c i procal cros s­

prote ction be tween p omona and t a r a s s o v i . 
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C H A P T E R  V I I I  

A N A T I O N A L  S E R O LOG I C A L  S U R V E Y  O F  

L E P T OS P I R OS I S  I N  P I G S 

INTRODUCT ION 

Th i s  chapter de s cribe s  and di s cu s s e s  the re s u l t s  o f  a 

serological s urvey of leptospiro s i s  infe ction in p i g s  f rom 

throughout New Z e aland . I t  was conducted in order to 

as ce rtain whe the r or not se rovar p omona and serovar 

t a r a s s o v i  infec tion we re pre sent in p i g s  f rom di f fe rent 

parts o f  the country , and a l s o  to see i f  infection with 

any o ther se rovar s  common ly occurred i n  pigs . 

On ly three other s erological s urveys for lepto s p i ro s i s  i n  

pigs  h ave been conducte d  in New Z e a l and . In 1 9 5 2  and 

1 9 5 4 , Kirschne r reported that he h ad found serological 

evide nce of p om o na and taras s o v i  ( hy o s ) infection i n  pigs 

in the South I s land . I n  19 5 8  Rus se l l  and Han sen 

pub l i shed the re sults  o f  a national s urvey o f  leptospi r o s i s  

i n  p ig s  in wh i ch sera f rom adu l t  animal s we re ti trated 

aga i n s t  pomona and �ara s s o v i  ant igens . 

MATE RIALS AND �illTHODS 

COLLECT I ON OF SAMPLE S 

The s era for th i s  survey we re s e l ec te d  from the New Z e a l and 

Mini s try of Agr i cu lture and Fi s he r ie s pig serum bank , 

whi c h  i s  he l d  at the Wal lacevi l le An ima l H e a l th Re fere nce 

Labora tory , Uppe r Hutt . The 5 0 0 0  sera i n  thi s b ank we re 

f rom adu lt p i g s , mainly sows , and we re col le c te d  be twee n  

1 9 7 5  and 1 9 7 7 . The an ima l s  b le d  we re not a s tati s ti c a l ly 

de f i ne d  random s ample o f  adu l t  p i g s  in New Z e a land , but a l l  

important pig- Lai s ing areas were adequate ly repre sente d . 
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Be cause of the manner in whi ch the s e r a  had been store d , 

i t  was not pract i c able to take a random s amp le o f  the 

s e r a  in the col le c t ion . I n s te ad s tor age bags we re 

haph a z a rdly cho sen and one serum t ake n from each submi s s io n  

pack unt i l  3 9  s amp l e s  from e ach o f  the Min i s try o f  

Agr i culture and F i sheries  ve te rinary d i s tricts (Anon . ,  

1 9 7 8 )  had been obtaine d . 

· SE ROLOGY 

The MA titre s  against se rovars p om o n a  ( Pomona ) , t ar a s s o v i  

(miti s- Johns on ) , b a Z Z um ( M l 2 7 ) , h ar dj o  ( Hardj opra j i tno ) , 

c o p e n ha g e n i  (M2 0 )  , aus tra Z i s  ( Ba l l ic o ) , a u t umn a Z i s  

( Ak iA ) , b a t a v i a e  ( Swart ) , can i c o l a  ( Hand Utre cht ) , 

p y ro g e n e s  ( Sa l i ne m )  and g rippo typ h o s a  ( Mos V ) were 

de te rmined using the serological me thod de s cribed i n  

Chapter I I . 

RE SULTS 

SEROVAR POMONA TITRES 

The MA titre s to p om o na ranged f rom 1/12  to greater than 

·1/ 1 5 3 6  ( Tab le 8 ,  Fig . 8 . 1 ) . As . in a l l  the othe r 

s e ro logical s urve y s  o f  leptosp i ro s i s  in pigs , the p om o n a  

t i tre s we re the mos t  prevalent , wi th 6 5 %  ( 1 5 3 /2 3 4 ) o f  

s e r a  having t i tre s of 1 / 1 2  o r  more , and 5 3 %  ( 1 2 4 / 2 3 4 ) , 

h aving titre s o f  1/2 4 o r  more . Th i r ty four out o f  the 

2 3 4  ( 1 5 % ) had titres of 1/ 3 8 4  or more , and thus the 

e st imated re a l  prevalence o f  p om o n a  i nfection in thi s 

g roup was z e r o  ( Chap ter V )  . 

S ixty s ix per cent ( 1 0 1/ 1 5 3 )  of the s e ra from the North 

I s l and di s tr i ct s  we re pos i t ive a t  1 / 2 4 ,  whereas 2 8 % 

( 2 3 / 7 8 )  f rom the South I s l and were positive a t  th i s  l e ve l . 

The se prevalence f igure s are s ign i f i cantly di fferent 

( x 2  = 2 4 . 5 5 _, 1 d . f . ,  p < o . o o 5 ) . 
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There we re marked di fference s be tween ve terinary d i s t r i ct s  

i n  the numbe r o f  s e r a  tha t  reacted w i th the p om o na ant i ge n , 

and the re was a trend for pos i tive re actions to de crea s e  

from North t o  S outh . E i gh ty- s even percent o f  the s amp l e s  

from the Auc k l and d i s trict we re pos i t ive , 5 7 %  f rom the 

Hami l ton , P a lme r s ton North and Has tings regions , 3 1% 

f rom Chri s t church and 2 8 % from Dunedin ( Tab le 8 . 2 ) . 

Whe n the coded p omona t itre s of 1 / 1 2  or more were compare d 

w i th the corre sponding coded titre s  to the othe r se rovar s , 

s igni f i cant regre s s i on coe f f i cients we re ob tained with 

the data to c o p e n ha g e n i  (P = 0 . 0 1 ) �  a u s tra Z i s  (P < 0 . 0 0 1 ) 

b a t a v i a e  ( P  < 0 . 0 0 1 ) �  p y r o ge n e s  ( P  < 0 . 0 0 1 ) �  gripp o ty p h o s a  

( P  < 0 . 0 0 1 ) �  and a u tumna Z i s  ( P  < 0 . 0 0 1 ) . The se regre s s io n  

coe f f i cients we re a l l  pos it ive ( Tab le 8 . 1 ) , and the n ature 

of the a s s oc i at ion s uch that high p o m o na t itre s we re 

r e l ated to low titre s  to the se se rovar s  ( Fig . 8 . 2 ) . 

S EROVAR TARA SSO VI TITRES 

The d i s tribution o f  the MA ti tre s to taras s o v i  wa s s im i l ar 

to that seen to p omo na ( Fig . 8 . 3 ) . The t ara s s o v i  t i tre s 

ranged from 1/ 1 2  to \ gre a te r  than 1/ 1 5 3 6 , with 3 5 %  o f  a l l 

s e r a  being pos i t ive at 1/ 12 , and 2 1% pos i tive at 1/ 2 4  

( Table 8 . 5 ) . 

Twe n ty e ight pe rcent o f  the s amp l e s  f rom the North I s l an d , 

but only 8 %  o f  the Sou th I s l and sera were pos i t ive a t  1/ 2 4 . 

The re was no s ign i f i can t  d i f fe re nce betwee n  the numb e r s  

pos i t ive in e ach of the ve terinary d i s tricts in the North 

I s l and ( x 2 = 1 . 2 ? � 3 d . f . ) ,  and although the South I s l an d  

f i gure s we re t o o  low t o  a l l ow a s ta t i s tical analy s i s , 

the proportion whi ch we re pos i t ive in the Chr i s tchur ch 

and Dunedin d i s tr i c t s  were o f  the s ame order ( 1 0 %  and 5 %  

re spec tive ly )  • 

A s  wi th the p omona t i tre s , a regre s s ion ana ly s i s  be twe e n  

the tara s s o v i  t i tr e s  o f  1/ 1 2  or more , and the t i tre s to the 
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othe r se rovars was conducted . However , there was a 

s i gn i f i cant regre s s ion ( P  < 0 . 0 0 1 ) o n ly betwee n  the 

t a ra s s o v i  titr e s  and tho s e  to b a ta v i ae ( Tab le 8 . 4 ) . -

I n  thi s  case the association was al s o  one o f  low t i tre s 

to b a t a v i ae being assoc iated wi th h i gh titres to 

t a r a s s o v i  ( F i g . 8 . 4 ) . 

The corre l ation coe f f i c ient be tween the coded taras s o v i  

t i tre s and the coded p om�na ti tre s was only 0 . 0 5 3 . 

I n  1 4 0  ( 6 0 % )  o f  the s ample s the p omo na and/or t a r a s s o v i  

t i tre s were 1 / 2 4 or more . O f  the se 9 2  ( 6 6 % ) had only 

p omona titre s o f  1/ 2 4  or more and 15  ( 1 1% )  had on ly 

t aras s o v i  t i tr e s  of th i s  leve l . The balance 33 ( 2 4 % ) 

had both p o m o n a  and taras s o v i  ti tre s of 1/ 2 4  or more . 

S EROVAR HA RDJO T I TRE S 

1 0 %  o f  the s amp l e s  we re positive at 1/12  to the hardj o  

antige n ,  but 8 6 %  o f  the se were only 1/12 , and a l l  we re 

l e s s  than 1/9 6 ( Table 8 . 6 ) . 

SEROVAR COPENHA GENI TIT RE S  

T i tre s of 1/ 1 2  or more we re en countered i n  1 9 %  o f  s e r a , 

b u t  8 0 %  o f  the se we re only 1/12 , and few we re gre a te r  

than 1 / 2 4  ( Tab le 8 . 7 ) . Two an imal s  had t i tr e s  o f  1 / 9 6 

and 1 / 3 8 4 , but both a l s o  h ad p om o na ti tre s o f  gre ate r 

than 1/15 3 6 . 

S E ROVAR BA L L UM T I TRES 

Th i rty e ight animal s had b a l l um t i tres of 1/ 1 2  or more 

( T able 8 . 8 ) , but 9 2 %  of  the se we re only 1 / 1 2  and mo s t  

we re a s sociate d with h i gh p omo na t i t re s . 
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S EROVAR A US TRA L IS T I TRES 

A lthough the re were s ome moderate l y  high ti tre s to 

s erovar a u s t ra l i s , a l l  o f  the se we re as sociate d  with ve ry 

h i gh p omona t i tre s . However , mos t  of the aus tra l i s  

t i tre s were only 1 / 1 2  or 1/2 4 ( Tab l e  8 . 9 ) . 

S EROVAR A U TUMNA L IS TITRES 

A lthough 6 8 % o f  the s e ra we re pos i t ive at 1/12  or g re a te r  

t o  a u t umna l i s  ( Table 8 . 1 0 ) , and many o f  the se titre s we re 

q u i te high , there was a high corre lation between the 

a u tumna l i s  t i tre s and the p om o n a  t i tre s (r = 0 . 6 2 6 , 

Table 8 . 3 ) . No a u tumn a l i s  titres occurred in s e r a  where 

there were no p omona titre s . 

S EROVAR BA TA VIA E TITRE S 

P o s i tive b a t a v i a e  titres  were found in 9 %  o f  the s amp l e s  

( T ab le 8 . 1 1 ) , but a l l  were le s s  than 1/ 9 6 , and were 

a s sociated w i th mode rate or very h i gh p omona or t a r a s s o v i  

t i tre s . 

S EROVAR PYRO GENES T ITRES 

I n  common with many o f  the oth e r  s e rovars , the p y r og e n e s  

t i tre s were a s so c i ated wi th high p omona titre s , and the 

regre s s ion o f  p omona coded ti tre s o n  the coded p y r o g e n e s  

t i tres was h igrly s i gni f i c ant ( P  < 0 . 0 0 1 ) . 

S EROVAR CAN ICOLA TITRE S  

None o f  the s amp le s  we re pos i t ive t o  c an i c o l a  a t  1 / 1 2 . 
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F i g . 8 . 1  The freque ncy dis tribution o f  pomona 

MA titre s i n  the s amp le o f  sera from 

p i g s  from throughout New Z e a l and . 
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6=1 /384, 7=1 /768, 8= 1 / 1 536, 9=1 /3072, 
10=1/61 44, 1 1 =1 / 1 2288, 1 2= 1 /24576. 
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F i g  8 . 2  The a s s ociation be twe e n  the coded p om o n a  MA 
t i tre s and the coded he te ro l ogous ti tre s 

f rom the total New Z e a l an d  s ample . 
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CODED POMONA TITRE 

SEROLOGY COD E 
1 = 1 / 1 2, 2=1 /24, 3= 1 /48, 4=1/96, 5= 1 /192,  
6=1 /384, 7=1 /768, 8 = 1 / 1 536, 9=1 /3072, 
10=1/6144, 1 1 = 1 / 1 2288, 1 2= 1 /24576. 
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Tab le 8 . 3  The fre que ncy d i s tribution o f  tara s s o v i  

MA t i tr e s  i n  the s amp le o f  sera f rom p i g s  

f rom throughout New Z e a l and . 
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6=1 /384, 7=1 /768, 8 = 1 / 1 536, 9 = 1 /3072, 

1 0=1 /61 44, 1 1 = 1 / 1 2288, 1 22 1 /24576. 
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F i g . 8 . 4  The a s s o c i ation be tween the coded t a ra s s o v i  

MA t itre s and the coded b a t a v i a e  MA t i tre s 

in s e r a  f rom the New Z e a l and samp le . 
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6=1 /384, 7=1/768, 8= 1 / 1 536, 9=1 /3072, 

1 0= 1 /6 1 44, 1 1 =1 / 1 2288, 1 2, 1 /24576. 
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SEROVAR GRIPPOTYPHOSA TITRE S 

N ine per cent o f  the s ample s had p o s i t ive titre s to 

gripp o ty p h o s a , but 85% of the se we re only 1/12  and the 

maximum t i tre s we re 1/ 4 8  ( Tab le 8 . 1 3 ) . Al l the 

gripp o t y p h o s a  t i tr e s  we re as s oci ate d wi th mode r a te or 

h i gh p om o na t i tre s . 

DTSCUSS ION 

I t  i s  a fundame ntal principle o f  s tat i s ti c s  that i f  

samp l e  re sults  are to be re l ate d back to a popu l ation , 

then e ach s amp le shou l d  be r andomly se lecte d  from the 

popu l ation . Al though no cons c i ous bias entered into 

the de c i s ion a s  to whi ch sow s  we re b le d , or wh i ch s e r a  

were take n f rom the serum b ank , they we re c l e a r l y  n o t  

from a true random s amp le o f  a l l the sows in New Z e a l and . 

Howeve r ,  the total sow popu l ation in New Z e a l and i s  only 

approx imate ly 5 0  0 0 0  ( Anon . ,  1 9 7 7 ) , and the re fore , s e ra 

te s te d  in th i s  survey cons t i tuted about 0 . 5 � o f  the 

tot a l  populat i on . Al though care mus t  be exerc i se d  

when drawing conclus ions from the s e  re sults about 

. lepto s p iral i n f e c ti0n in the New Z e aland sow popu lation , 

the p o s s ible i nadequacy o f  the s amp le i s  compens ated for 

by the re lative ly h igh proportion of the total popul a tion 

examine d . 

A f u r ther prob lem with thi s  i nve s t i gation i s  the 

interpre tation of MA t i tre s . E a r l i e r  work comp leted 

in thi s  s tudy ( Chapte r s  IV and V I ) s ugge s ts that 

hom o logous titres o f  1/ 2 4  or more t o  p omona are indi cative 

o f  pre sent or pas t infection wi th thi s  serovar . The 

serologi ca l  survey s in he rds whe re taras s o v i  had been 

i so l a te d  ( Chapter VI I )  ind i ca te that a l though h omo logous 

t itre s may not r i s e  as h igh a s  p om o na t itre s during the 

ear ly pha se of in fection , mo s t  of the recove r e d  anima l s  

h ad t a r a s s o v i  t itre s o f  1/2 4  o r  more . Hence , i t  wou l d  

seem t h a t  t a ra s s o v i  t itre s o f  1/2 4 or gre ater m a y  a l s o  be 
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taken a s  evidence o f  pre sent or pas t  infection w i th thi s 

se rovar . Howeve r ; the ne are s t  comparable se rum 

di luti on used by Rus s e l l  and Hansen ( 1 9 5 8 )  was 1/ 1 0 , and 

therefore , the numbe r of s ample s wh ich we re pos i t ive a t  

1 / 1 2  had to be u s e d  when compar ing the re s u l t s  obtained 

i n  thi s current s urvey with those o f  the e ar l ie r  s tudy . 

I t  i s  a l s o  importan t to note that pre sence o f  MA t i tr e s  

doe s not ne ce s s ar i ly me an that the an imal w a s  in a herd 

i n fe cted w i th e i ther pomona or tara s s o v i . It is a 

co�on pract ice to purchase rep l acement bree ding s tock , 

and because mos t  p i g s  are i n f e c ted a t  a young age 

( Chapte r s  V I  and VI I )  , a po s i t ive te s t  may mere ly 

indicate that the animal was o r i g in a l ly der ived f rom a 

herd where leptospi ros i s  i n f e ction o ccurred . 

Th i s  serologica l survey shows that serovar p om o n a  

i n fection occurs in p igs throughout New Zea l and , and tha t  

the prevale nce o f  infection in the North I s l and i s  greater 

th an that i n  the South I s land . The de cre ased preva lence 

in southern are as may be an e f fe ct o f  environmenta l 

temperature . Low temper ature s may i nhib i t  the 

e nvironmental survi�a l  o f  lepto spire s and the re fore 

re duce transmi s s i on . Th i s  e f f e c t  o f  tempe rature on 

surviva i o f  the se organi sms should be examine d furthe r . 

Having re gard to the samp l ing p roce dure , i t  i s  not 

p o s s ib le to be comp le te ly sure that the preva lence of 

i n fe ction i n  the Auck l and ve te r i nary d i strict is s o  much 

greater than tha t  of the o ther d i s t ricts , but thi s  shou l d  

a l so b e  i nve s ti ga te d  furthe r . C l e ar ly , however, p i g s  

are a n  impor tant potential re s e rvo i r  o f  p o m o n a  i n fe c ti o n  

f o r  man and other anima l s  throughout New Zealand . 

The prevalence o f  pomona t itre s of 1 / 1 2  or more ( 6 5 % ) was 

s igni f i cantly greater in th i s  s urvey than the 4 3 % at 

1 / 1 0  reported by . Ru s s e l l  and H ansen ( 1 9 5 8 )  ( x 2  = 3 8 . 0 1 �  

P < 0 . 0 0 5 ) . They a l s o  found marked di fferences be twee n  

the North and South I s land reac tion- rate s . Forty s i x  
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per cent ( 4 7 1/ 1 0 1 8 )  o f  the sera - f r om the Nor th I s l an d  had 

t itre s o f  1 / 1 0  or more , whe re a s  only 1 6 %  ( 1 3/ 8 0 )  of the 

South I s land s era had t i tres of t h i s  leve l . Thi s ·. 

d i f ference i s  s ign i f i cant ( x 2 2 5 .  9 1 _,  1 d .  f .  p < 0 .  0 0 5 )  

and i s  more evidence tha t  the d i f ference noted in t h i s 

pre sent s urvey i s  re a l , and not a s amp l ing art i f a c t . 

Although i t  was not an ob j e c t ive of this s urvey to 

e s timate the p revalence ? f  p om o n a  infe ction in t h i s  

s ample , i t  i s  o f  intere s t  that Rus se l l  and Hansen found 

that 5% of the ir samp le had p om o n a  t i tres of 1/2 0 0  or 

more , wh i c h  they cons idered was indicative of current 

infection . I f  the e s timated value s  of spe c i f i ci ty and 

se n s i t iv i ty at a t i tre o f  1/ 1 9 2  ( Chapter V) are app l ie d  

t o  the i r  data , the e s t imated r e a l  preva lence o f  i n f e c t ion 

in the i r  s amp le is zero , the s ame as the e s t imate in 

thi s surve y . It  would there fore , seem that the pattern 

of pomona i n f e ct i on wi th re spe c t  to the age o f  pigs h a s  

remained e s sential ly unchange d over 2 0  years . 

Serovar t a r a s s o v i  was i so la ted for the fir s t  time i n  

New Z e a l and during the e ar ly par t o f  this s tudy ( Ryan 

and Mar s ha l l , 19 7 6 ) , and the r e s u l t s  o f  th i s  s e r o l og i c a l  

survey indi c a te t h a t  s ome p i g s  throughout the country 

are infe c te d  wi th thi s serovar . The range of t i tre s 

from 1/ 1 2  to 1/ 1 5 3 6  to t a r a s s o v i , and the poor corre lation 

to the p om o n a  t i tres i s  good e v i dence tha t  many o f  the se 

sows had been infe c ted w i th t a ra s s o v i . 

As wi th p om o n a  infe ction , the r e s u l t s  sugge s t  that 

infection w i th t aras s o v i  i s  more cOmmon in the North 

I s l and than the South I s l and . I n  1 9 5 8  Rus se l l  and Han sen 

a l s o  found a h igher prevalence of  tara s s o v i  infe c tion 

i n  the North I s l and ( 4 0 % )  than i n  the South I s land ( 1 9 % )  
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Al though the preva lence o f  p omona t i tre s h ad i n creased 

quite markedly s in ce 1 9 5 8 ,  there i s  no s ign i f i cant 

d i f f eren ce be tween the number of sera with t i tre s to 

tara s s o v i  of 1/10 or more at that t ime , and tha t  found 

i n  thi s s urvey ( X 2 0 . 9 ? � 1 d . f . ) .  I t  wou l d  seem 

therefore th at the sporad i c  o ccurrence o f  t a ra s s o v i  

i n f ected herds has not changed ove r th i s  per i od . 

As has been d i s cu s s e d  there i s  good evidence that p i g s  

po s i tive at 1/2 4 t o  p om o n a  or t a r a s s o v i  have been 

infected with e i the r o f  the se serovars .  I t  wou ld 

the refore appear that approximately 4 0 %  o f  the anima l s  

o r i ginated from he rds whe re there was p o m o na infe c t i on 

only , 1 5 %  where there was in fection with both p o m o na 

and tara s s o v i , 6 %  whe re the re was tara s s o v i  only , and 

the balance ( 3 9 % ) where no infection with e i ther o c curred . 

I t  would appe ar that i n f e c t i on wi th serovar s othe r  than 

taras s o v i  and p om o n a  i s  rare in New Zea land . No pos it ive 

t i tre s to can i c o l a  were found , and those again s t  hardj o �  

b a t av ia e �  b a Z Z um and gripp o t yp h o s a  we re usual ly only 1 / 1 2  

a n d  o n l y  rare ly greate r  than 1/ 4 8 .  I n  v i r tu a l ly a l l  

c a s e s  the t i tre s to \ the se s e rovars we re a s s o c i ated w i th 

h i gh p om o n a  or t a r a s s o v i  t i tre s � S ome o f  the t i tr e s  to 

the othe r serovars we re higher and more preva lent , but 

in a l l  these cas e s  there was a s i gni f i cant a s s o c i ation 

betwee n  them and the p om o n a  t i tre s . Th i s  group 

included the re a c t ions to c o p e n hage n i �  aus t ra Z i s �  

p y ro ge n e s , and a u t umna Z i s . I n  addi t ion the regre s s ion 

o f  the t ara s s o v i  t i tre s on the b a t a v i a e  t itre s was a l s o  

h i ghly s ign i f i cant . Cro s s  reactions between t a r a s s o v i 

and b a t a v iae have been reported in o ther s tudi e s  ( Al s ton 

and Broom , 1 9 5 8 ) . I t  wou l d  there fore appe ar that at 

the p re s ent t ime serovars p omona and tara s s o v i  are 

a lmo s t  exclus ive ly re spons ible for lepto s p i r a l  i n fe ction 

in pigs in New Z e a l and . 
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SUMMARY AND CONCLUS I ONS 

1 .  The s e r a  from 2 3 4  adu l t  p i g s  se lected from a l l  

ma j or d i s tr i c t s  i n  New Z e a l and we re t i trate d  

again s t  1 1  para s i t i c  lepto s p i r a l  serovar s .  

2 .  I t  was concluded that infe c t i o n  with serovar p o m o n a  

and t a r a s s o v i  o c curred in p i g s  throughout New Z e a l and , 

and i t  was e s t imate d · that 5 3 %  o f  the anima l s  s amp l e d  

h a d  b e e n  i n f e c te d  with p omo n a , and 3 3 %  with t a ra s s o v i . 

3 .  The preva l e nce of both p om o n a  and tara s s o v i  

infe c t i on i s  h i gher i n  the North I s l and than i n  the 

South I s land . 

4 .  Pomona i n f e cted herds are the mo s t  common ,  f o l l owed 

by herds i n fected by both p o m o n a  and t a r a s s o v i , w i th 

tara s s o v i  infe c t ion alone be ing the l e a s t  common . 

5 .  The re was no evidence th at i n f e ct ion with serovars 

o ther than p o m o na or tal�a s s o v i  commonly occurs i n  

p i gs in New Z e a land . 
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Table 8 . 1 The d i s tribution o f  coded pomona t i tre s . 

Coded T i tre 0 

Number 8 1  

1 

2 9  

2 3 

3 2  2 2  

4 

2 3  

5 6 7 

1 3  1 1  6 

8 9 

3 1 4  

Freque ncy 3 5 %  1 2 %  1 4 % 9 %  1 0 %  6 %  5 %  3 %  1 %  6 %  

Table 8 . 2  The numbe r and p revalence o f  p o m o na t i tre s 

equal to or gre ate r  than 1 / 1 2 , 1/2 4 and 1/ 3 8 4 . 

Ti t re Total AK * HM* HS * PN* C H *  

1/ 1 2  1 5 3  3 6  2 8  2 0  3 0  1 9  

6 5 %  9 2 %  7 2 %  5 1 % 7 7 %  4 9 %  

1/2 4 1 2 4  3 4  2 4  1 7  2 6  1 2  

5 3 %  8 7 %  6 2 %  4 4 %  6 7 %  3 1 % 

1 / 3 8 4  3 4  2 1 5  4 8 3 

1 5 %  5 %  3 8 % 1 0 %  2 1 % 8 %  

*AK = Auck land , HM = Hami l ton , H S  = Has t ing s , 

DN * 

2 0  

5 4 %  

1 1  

2 8 % 

2 

5 %  

PN = Palmers to n  North , C H  = Chri s t church , DN = Dunedin 

Table 8 . 3  The corre l a t ion and regre s s i on o f  code d p o mo na 

t i tre s on the coded he terologous t i t re s . 

Serovar 

hardj o  

cope n ha g e n i  

tara s s o v i  

b a l l um 

a u s tra l i s  

b a t a v i a e  

can i c o l a  

p y r o g e n e s  

g ripp o t y p h o s a  

a u t umn a l i s  

b 

- 0 . 0 0 9  

0 . 0 6 7  

0 . 0 4 3  

- 0 . 0 1 1  

0 . 0 9 7  

0 . 0 7 0 

0 .  1 0 1 

0 . 0 5 0  

0 . 3 8 6  

a 

0 . 1 8 9 

0 . 0 8 8  

0 . 7 8 4  

0 . 2 7 6 

0 . 0 4 4  

- 0 . 0 9 3  

0 . 4 0 1  

- 0 . 0 3 9 

0 . 3 2 3  

1" 1" 2  t 
S ign i f -
i cance 

- 0 . 0 3 9  0 . 0 0 2  - 0 . 4 9 3  N/S 

0 .  2 1 1 0 . 0 4 5  2 . 6 4 9  P=0 . 0 1 

0 . 0 7 3  0 . 0 0 5  0 . 8 8 8  N/S 

- 0 . 0 5 5  0 . 0 0 3  - 0 . 6 8 2  N/S 

0 . 3 4 0  0 . 1 1 3  4 . 4 2 5  P < 0 . 0 0 1  

0 . 3 1 9  0 . 1 0 2 4 . 1 2 9  P < 0 . 0 0 1  

0 . 2 8 5  0 . 0 8 1  3 . 6 1 5  P< 0 . 0 0 1  

0 . 2 7 7  0 . 0 7 7  3 . 5 3 5  P< 0 . 0 0 1  

0 . 6 2 6 0 . 3 9 2  9 . 8 7 9 P< 0 . 0 0 1  

b = regre s s ion coe f f i c ie n t , a = regre s s io n  equation 

cons tant , r = corre l a t i on coe f f i cient 
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Tab le 8 . 4  The corre lation and regre ss ion o f  coded t a ra s s o v i  

t i tr e s  on the coded he t e rologous t i tre s . 

S e rovar b c t 
S i gn i f ­
i can ce 

0 . 0 8 0  2 . ? 8 2  0 . 0 5 3  0 . 0 0 3  0 . 4 ? 8 

0 . 0 2 5  0 . 1 1 0  0 . 0 8 1  0 . 0 0 ?  0 .  ? 3 3  

- 0 . 0 8 5  0 . 5 8 ?  - 0 . 1 6 0 0 . 0 2 6  - 1 . 4 6 3  

- 0 . 0 0 5  0 . � 1 1  - 0 . 0 0 1  0 . 0 0 0 - 0 . 0 1 4  

- 0 . 0 1 3 0 . 5 1 8  - 0 . 0 2 9  0 . 0 0 1 - 0 . 2 6 4 

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

N/S 

N/S 

N/S 

N/S 

N/S 

N/S 

p omona 

h a rdj o 

c op e n h a g e n i  

b a Z Z um 

a u s tra l i s  

a u t umn a Z i s  

c an i co l a  

b a t a v i a e  0 . 2 0 8  - 0 . 1 4 0 0 . 4 6 8  0 . 2 1 9  4 . 8 0 0  P < 0 . 0 0 1  

p y r o g e n e s  0 . 0 4 0 - 0 . 6 6 0  0 . 0 ? 9 0 . 0 0 6  0 .  ? 2 6 N/S 

g r ipp o t yp h o s a  - 0 . 0 0 9  - 0 . 1 9 8  - 0 . 0 3 0  0 . 0 0 1  - 0 . 2 8 4  N/S 

b = regre s s i on coe f f i cient , c = re gre s s ion equation 

constan t , r = correlat ion coe f f i cient 

Tab le 8 . 5  The numbe r and preva lence of tara s s o v i  t i tre s 

equa l to or greater than 1/ 1 2  and 1/ 2 4 . 

Ti tre AK HM HS PN CH DN Total 

1/12 2 2  15  15  8 9 8 1  

5 6 %  3 1 %  3 8 % 3 8 % 2 8 % 2 3 % 3 5 %  

1/2 4  1 3  1 2  1 0  9 4 2 5 0  

3 3 %  3 1% 2 6 %  2 3 % 1 0 %  5 %  2 1 % 

Table 8 .  6 The numbe r and preva lence o f  hardj o  t i tre s 

equal to or greater than 1/12  and 1/ 2 4 .  

Titre AK HM HS PN CH DN Total 

1/ 1 2  5 8 3 3 2 0 2 1  

1 3 %  -2 1 % 8 %  8 %  5 %  0 9 %  

1/2 4  2 0 1 0 0 0 3 

5 %  0 3 %  0 0 0 1 %  
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Table 8 . 7  The number and prevalence o f  c op e n h a g e n i  

titre s equ a l  to or greate r than 1/ 1 2  and 1/ 2 4 . 

Ti tre AK HM HS PN CH DN Tota l 

1/ 1 2  1 2  9 7 9 6 1 4 4  

3 1 %  2 3 %  1 8 % 2 3 %  1 5 %  3 %  1 9 %  

1/2 4  1 3 3 2 0 0 9 

3%  8 %  8 %  5 %  0 0 4 %  

Table 8 . 8  The number and prevalence of ba Z Z u m  t i tre s 

equal to or gre ate r  than 1/ 12 and 1/ 2 4 . 

Ti tre AK HM HS PN CH DN Total 

1/ 1 2  1 0  5 5 9 5 4 3 8  

2 6 %  1 3 %  1 3 %  2 3 %  1 3 %  1 0 %  1 6 %  

1/2 4  0 1 0 1 0 1 3 

0 3 %  0 3 %  0 3 %  1 %  

T ab le 8 . 9  The numbe r and preva lence of aus t ra Z i s  titres  

equa l to or gre a te r  than 1 / 1 2  o r  1/ 2 4 . 

Titre AK HM .._ HS PN CH DN Total 

1 / 1 2  1 1  1 0  1 4  1 4  7 7 6 3  

2 8 % 2 6 %  3 6 %  1 8 %  1 8 %  1 8 %  2 7 %  

1/2 4  1 4 3 3 0 0 1 1  

3 %  1 0 %  8 %  8 %  0 0 5 %  

Table 8 . 1 0 The number and prevale nce o f  a u t umn a Z i s  

t i tre s equal to or greater than 1/ 12 and 1/ 2 4 . 

Titre AK HM HS PN CH DN Total 

1/ 1 2  2 8  2 7  2 8  3 4  2 1  2 2  1 6 0  

7 2 %  6 9 %  7 2 %  8 7 %  5 4 %  5 6 %  6 8 %  

1/2 4  8 1 5  1 8  2 4  6 8 8 1  

2 1 % 3 8 % 4 6 %  6 2 %  1 5 %  2 1% 3 8 %  
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Tab le 8 . 1 1 The numbe r and prevalence of b a t a v i a e  t i tre s 

equa l to or g re ater than 1 / 1 2  and 1/2 4 . 

T i tre AK HM HS PN CH DN Tota l 

1 / 1 2  3 1 0  1 2 2 2 2 0  

8%  2 6 %  3 %  5 %  5 %  5 %  9 %  

1/2 4 2 1 1 1 1 1  0 6 

5 %  3 %  3 %  3 %  3 %  0 3 %  

Tab le 8 . 1 2 The numbe r and prevalence o f  p y r o g e ne s t i tre s 

equal to or gre a ter than 1 / 1 2  and 1/ 2 4 . 

Titre AK H!-1 HS PN CH DN Total 

1 / 1 2  2 2  2 3  1 7  2 4  1 6  1 4  1 1 6  

5 6 %  5 9 %  4 4 %  6 2 %  4 1% 3 6 %  5 0 %  

1/ 2 4  4 2 2 4 3 4 1 9  

1 0 %  5 %  5 %  1 0 %  8 %  1 0 %  8 %  

Tab le 8 . 1 3 The numbe r and prevalence of gripp o t y p h o s a  

ti tre s equa l to or gre ate r than 1/12  and 1/2 4 . 

Ti tre AK HM H S  PN CH DN Tot a l  

1 / 1 2  0 7 2 7 4 0 2 0  

0 1 8 %  5 %  1 8 %  1 0 %  0 9 %  

1/2 4 0 2 0 1 0 0 3 

0 5 %  0 3 %  0 0 1 %  
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C HA P T E R  I X  

AN AB O R T I O N S T O R M  D U E  TO 

I N F E CT I ON W I T H S E R OVAR POMONA 

INTRODUCT ION 

I f  s ows be come infe c ted with serovar p omona i n  late 

pregnancy , the y o f ten abor t ( Ryley and S immonds , 1 9 5 4 , 

a ,  b ;  Fenne s tad and Borg-Pete rson , 1 9 6 6 )  and i f  i n f e c t i on 

i s  i ntroduced into a s u s ceptab le breeding herd , many 

s ows may abort ove r a s hor t pe r iod ( Powe rs e t  a l . , 1 9 5 6 ) . 

I n  1 9 7 7  a new piggery was e s tab l i she d in the Manawatu , 

and short l y  a f ter the f i rs t g i l ts we re placed i n  thi s  uni t  

a n  abortion s torm occurred . Th i s  was subs equen tly shown 

to be due to in fe c t ion w i th serovar pomona and the 

opportuni ty was taken to inve s tigate th i s  prob lem in de tai l .  

MATERIALS AN D t1ETHODS 

S E ROLOGY 

B l ood s amp l e s  we re c o l l e cted f rom a l l  the g i l t s  whi ch 

aborted , within one or two days o f  the abor t i on . In 

add i tion a numbe r o f  the g i l ts from e ach group sent to 

the piggery ( Fig . 9 . 1 ) we re b le d . The MA t i tr e s  to 

p omo na ( Pomona ) t a ra s s o v i  ( m i t i s- John s on ) , hardj o  

( Hardj opra j i tno ) , ba l l um ( �11 2 7 ) , and c op e n h a g e n i  ( M2 0 )  

were de te rmined us ing the me thod de s c ribed i n  Chapte r I I . 

CULTURE 

I n  the early pha s e s  o f  th i s  i nve s t igation s amp l e s  o f  

k i dney , l iver , brain , p e r i cardial  f lu i d  and v i treous 

h umor f rom 2 or 3 p i g l e t s  from e ach aborted l i t te r  were 

c u ltured f or lepto s pire s a s  de s cr ibed i n  Chap te r  I I I . 
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I n  addi t io n ,  samp l e s  of p l acentae we re homogen i s e d  i n  

S tuart ' s  b a s a l  medium ( Stuar t , 1 9 4 6 )  and the homoge nate 

was inocu l ated into P 8 0  me d i um ( Chapter II I ) . 

Afte r a d i agno s i s  o f  pomona infe c tion had been e s tab l i s hed 

s amp l e s  o f  k idney and vi treous humor alone from the 

abor ted p i g l e t s  we re cultured for leptospire s  . 

. PATHOLOGY 

A wide ran ge of t i s sue s f rom the abo�ted p i g l e t s  we re 

taken for h i s topathological examina tion . Sections f r om 

paraf f i n  embedded b locks we re s taine d  with haematoxy l in 

and e o s in ( H  and E ) , and with a modi f i cation of the 

Warth in- S tarry me thod for spi rochae te s (Young , 1 9 6 9 ) . 

RE SULTS 

GENE RAL F IND INGS 

Groups of from 8 to 13 gi lt s , both mated and unmate d ,  were 

brought onto th i s  farm over a 4 month pe riod . Mo s t  o f  

the an ima l s  ( 7 4 / 9 6 = 7 7 % )  came from 2 pig units i n  

Tauranga , t h e  balance ( 2 2 / 9 6 = 2 3 % )  coming from 1 p i g  

f arm i n  Chr i s tchu r ch ( F ig . 9 . 1 ) .  

The f i r s t  abor tion occurred on Augus t  6 1 9 7 7  and the 

l a s t  on O c tober 13 1 9 7 7 , w i th 16 out o f  the 7 3  ( 2 2 % )  

mated g i l t s  abor ting ( F ig . 9 . 1 ) . Only anima l s  from the 

Tauranga f arms abor te d . The g i l t s  f rom Chr i s tchurch 

farrowed norma l h e a l thy l i tte r s . 

The f i r s t  abortions i n  each o f  the cons i gnments o f  p i g s  

sent t o  t h i s  Manawatu farm usua l ly o ccurred from 3 t o  5 

weeks a f t e r  the ir arrival . Howeve r , i n  one group , one 

animal aborted a f ter 6 wee k s  and a fur the r 3 a f te r  

approximate ly 8 weeks . 



1 5 6 . 

A f te r  6 o f  the g i l t s  i n  the f ir s t  con s ignme nt had 

aborted oxyte tracyc l ine was mixed wi th the me a l  at a rate 

of 10  kg/tonne and thi s  mixture was fed for two week s . 

Afte r an in terva l of one wee k ,  the medi cated mea l  wa s fe d 

for a further wee k  ( Fi g . 9 . 1 ) . In add i tion a l l  g i l ts i n  

t h e  fourth t o  seventh c on s i gnments from Tauranga we re 

i n j e cted i ntramuscularly wi th l-2g of s t reptomy c in , and 

vacc inated w i th a forma l i zed p omona- tara s s o v i  bacte r i n  

be fore be ing di spatched t o  the new p igge ry . 

SEROLOGY 

The pomona t i tres of the gilts wh i ch abor ted we re betwe e n  

1/ 9 6  and 1 / 2 4  5 7 6 , w i th mo s t  being be tween l/ 3 8 4  and 1 / 1 5 3 6 . 

The t i tre s to the o ther se rovars we re ne gat ive or very l ow .  

The las t cons ignment o f  gi l t s  from Taurang a was the only 

group s amp led at the t ime of arrival . Many of the se 

anima l s  h ad p omona t i t r e s  o f  greater than 1/6 1 4 4 , and 

were shedding lepto s p i re s in the urine . 

The other con s i gnments we re s amp led wi thin a month o f  

the i r  arriva l . Al l b u t  three o f  the pigs ( 7 % )  h a d  p om o n a  

t i tre s of 1/ 12 o r  more . Howevsr , mos t  of those wh i ch 

h ad come f rom Chri s tchurch we re low ( a  ge ome t r i c  me an 

t i tre of 1/ 1 3 5 )  where a s  many of the p i g s  f rom Tauranga 

had very h igh ti tre s ( a  geome tr i c  me an ti tre of 1/ 1 2 3 0 ) .  

CULTURE 

The cultural re s u l t s  f rom the f i r s t  three abor t i ons are 

reported here . The c omp l e te re sults  wi l l  be pub l i shed 

later (B  L S tevenson , per s . corn . ) .  IIowever ,  the 
-

r e s u lts  obtained in thi s  pre l iminary inve s t i g a t i on are 

s imi lar to those subsequent ly obtained wi th the later 

s ample s .  



F i g . 9 . 1  A s ummary o f  events tha t  occurred on a p i g  f arm during a p om o n a  abor tion storm . 
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S e rovar p om o n a  was i s o l ated f rom the l iver , k idney , 

brain and pe r i cardial f luid o f  a l l  the aborted p i g le t s  

e xami ned . I n  addi tion lepto s p i re s  we re ob s e rved by 

darkfie ld micro scopy in the v i t reous humor o f  approx­

imate ly threequarte rs of the aborted p i gl e t s , and p o m o n a  

w a s  i s o lated from a l l  o f  the vi treous humor s amp l e s . 

Pomona was a l s o  iso lated f rom the p l acenta o f  two o f  

the se abor t i o n  case s .  

Se rovar p om o n a  was i s ol ated from the urine o f  the g i l t s  

from both Tauranga and Chr i s tchurch . 

PATHOLOGY 

No gro s s  l e s i on s  were observed in any of the aborted 

p i g l e t s  wh i ch were examined . However , on h i s to l o g i c a l  

e xaminati on f o c a l  are a s  o f  necro s i s  could b e  s e e n  in 

l ive r s e c t i on s . The re was a l s o  ev idence o f  a mi l d  

inte r s t i t i a l  nephr i t i s , but n o  l e s ions we re ob served i n  

any section s  o f  brain , s p lee n , lung , heart or ske l e t a l  

mus c le . 

' 

Leptospire s  could be s een in the s i lve r  s tained s e c t ions 

o f  l ive r · and k idney , but not i n  tho s e  o f  brain , s p leen , 

lung , heart or ske letal mus cle . 

Are a s  o f  the p l a cen tae we re gro s s ly oedematous . 

H i stolog i c a l ly , oedema and an acute p l acen t i t i s  we re seen 

( Fi g . 9 . 2 ) . I n  some sec tions focal  a ccumul ations of  

leptospire s could be s een in the s i lve r - s tained s e c t i on s  

( F ig . 9 . 3 ) . 
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D I SCUS S ION 

Thi s  report dramati c a l ly i l l u s trate s  the pos s ib le 

consequence s o f  mix ing pre gnan t g i l t s  from di f ferent 

farms . In the abatto i r  s urveys , and in the f i e l d  

inve s tiga tions ( Chapter VI a nd V I I ) i t  was found tha t  

the m a i n  focus o f  p omona infe ction i n  pigs w a s  in the 

anima l s  aged be twee n 6 and 12 month s . Th i s  abortion 

s torm appe ars to h ave re s � l ted from the mi x i ng o f  i n f e c te d  

g i l t s  with s u s ceptible ones . 

I t  would seem that mo s t  o f  the g i l t s  which aborte d  were 

infe c ted about the time whe n they we re tran sported f r om 

Tauranga , although in one group se condary s pread appears 

to have occurre d a f te r  arrival . The g i l t s  from 

Chr i s tchur ch farrowed norma l ly even though many we re 

infe cted as s hown by the po s i tive uri ne c u l ture s . Th i s  

phenomenon has a l s o  been reported e l sewhere ( Ferguson and 

Powe r s , 1 9 5 6 ; Mi t che ll e t  a Z . , 1 9 6 6 )  and i l lus trate s  

that abor tions o ccur only whe n sow and gi l t s  are i n fe c te d  

in late ge station . 

I t  i s  not pos s i b le to be sure j us t  how e f fe ctive the 

antibiotic  the r apy was in preventing furthe r abortions . 

Howeve r the re s u l t s  indi cate tha t  i n  many c a s e s  both 

oxyte tracycline and s treptomycin at the dose rate s  u s e d  

d i d  n o t  preve nt aborti on . More work i s  nee ded to de f i ne 

the mo s t  e f fe ctive use o f  ant ib i o t i c  therapy i n  c i rcum­

stan c e s  such as those encountered on this farm . 

The p re sence o f  leptos p i re s  in the v i treous humor o f  the 

aborted piglets , in suf f i c ie nt numbers  to be seen by 

dire c t  darkf i e l d  micros c opy , and the e a $ e  of i sola t ion 

uncontaminate d  w i th other bacteria was a noteworthy 

finding . Thi s  wou ld appea r  to be a most use ful te chn i que 

to u s e  when i nve s ti gating abortions i n  pigs . 
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F i g . 9 . 2 Se ction o f  p i g  p l acenta showing the i n f l ammatory 

ce l l  i n f i l trate and s tain ing of leptos�re s .  

(Modif ied War th in-S tarry x 1 8 0 ) . 



1 6 1 .  . 

F i g . 9 . 3  S e ction o f  p i g  p l acenta showing individual 

leptospire s . ( Mod i f i ed Warthin-S t arry x 6 5 0 ) .  
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The acute p lacent i t i s  observe d i n  th i s  inve s ti gation has 

not been previou s l y  de s cr ibed . The les ions we re d i s cre te 

and coul d  have been mis s ed i f  a number of b lock s of the 

p l acenta had not bee n sect ioned . Leptosp i re s  we re even 

more di f f i cu l t  to f in d , and the focus of lepto s p i re s  

i l lustrated wa s certainly not a common feature . 

SUM.l'1ARY AND CONCLUS IONS 

1 .  An abortion s torm in a p i g  herd was shown to be due 

to pomona infe ction . 

2 .  The pomona t i tres o f  the p i g s  wh i ch aborted we re 

betwee n  l/ 9 6  and l/ 2 4  5 7 6 , w i th mos t  be ing b e twee n  

1/3 8 4  and l/1 5 3 6 . 

3 .  Although lepto s p i re s  could be i s o l ate d  from many o f  

the t i s sue s from t h e  aborted piglets , t h e  mos t 

c onvenient t i s s ue to use wa s vi treous h umor . 

4 .  Abortions we re not prevented by the feeding o f  

oxyte tracy c l ine s ( 1 0 kg/tonne me a l ) , nor by in j e cting 

the g i l t s  with �-2g o f  s trep tomycin . 

5 .  I t  was conc luded that the abortion storm re s u l te d  

f rom the mixing o f  p omona infected gi l t s  wi th non­

i n fected s u s cepti .b le pregnan t  g i l t s . 

6 .  In the abortions i nve s t i gated in this herd , se rovar 

p omona i n fe ct i on was a s s o c i ated w i th an acute 

p l acent i ti s . 
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C H A P T E R  X 

LYM P H O C Y T E  T R AN S F O RMAT I O N S T U D I E S 

INTRODUCT I ON 

The role o f  an tibody in immunity to lepto s p i ro s i s  i s  

e s tabl i s he d  and has bee n .reviewed by Alexander ( 1 9 7 6 ) . 

There i s  ev idence that ce l l  mediated immunity ( CMI ) 

may a l s o  be part o f  an an ima l ' s de fence to lepto spiral 

i n fe ction . The mononuc le ar ce l l  in f i l trate s seen in 

the kidne y s  of pigs both in thi s  s tudy ( Ch apter IV) and 

a l s o  repor ted by othe r s  ( Burns tein and Bake r , 1 9 5 4 ; 

Langham e t  a l . , 1 9 5 8 )  appe ar h i s tologica l ly s imi lar 

to those a s soc iated with de l ayed hypersen s i t iv i ty 

re action s . Furthermore , a l though the intr a de rmal 

inoculation o f  infe c te d an ima l s  w i th homol ogous an tigen 

may induce e i ther an immediate re action ( To rten e t  a l . , 

1 9 6 7 ;  Ben-E fraim and Tor ten , 1 9 6 9 )  or an Arthus ' type 

re s ponse ( Kuppusw� e t  a l . , 1 9 6 0 ;  Blendon e t  a l . , 1 9 6 1 ;  

Obiger and S chonbe rg , 1 9 7 2 , 1 9 7 4 ) , characte r i s t i c  

de l ayed hype r sens i t�v i ty reactions have bee n  de s cribe d 
· ( To r ten e t  a l . , 1 9 6 7 ;  Ben- E fraim and Torten , 1 9 6 9 ) . 

A s  l i tt l e  i s  known about the role of CMI in leptospiro s i s , 

a s tudy o f  this aspe c t  o f  the immune repon s e  wa s unde r take n . 

The involvement of CMI i n  man and anima l s  i s  mos t  

f requently a s s e s sed b y  i ntrade rma l sk in te s t ing with an 

a n t i gen extrac t . However , b e c ause o f  the o c curre nce o f  

t h e  r e a c t i ons due to antibody , equivocal  re s u l t s  are 

o f te n  ob tained by thi s  te chnique ( W . H . O . , 1 9 7 3 ) . 

Consequent l y , an i n  v i t r o  corre l ate o f  CMI was used in t h i s  

s tudy , name ly ,  lymphocyte transf ormation ( Ling and Kay , 

1 9 7 5 )  . 
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P re l imi n ary s tud i e s  i n  wh i ch lymphocyte s  f rom p om o n a  

i n fe c te d  pigs we re c u l ture d wi th pomona extracts showed 

that in a number of c a s e s  the lymphocyte s underwe nt 

trans f ormation . 7he se pre l iminary exper ime nts were 

conducted u s ing t i s sue-culture tube s , *  a me thod wh i ch 

l imited the number of cultures wh i ch cou l d  be proce s se d  

e f f i c ie n t ly . Sub s equent inve s t igations o f  lympho cyte 

transformat ion we re c arried out in a microcul ture s y s tem . 

The inve s tigations are de s cr ibed as " Expe r iment I "  and 

" Expe ri me nt I I . "  I n  Exper iment I a number o f  p i g s  of 

various age s was s e le c ted randomly from a herd wh i ch was 

endemi c a l ly infe c ted w i th p omona , and the in v i tr o  

r e s ponse s  o f  the i r  lymphocyte s t o  two p o m o n a  extracts 

we re te s ted . I n  E xpe r iment I I , the t ime- re sponse s of 

l ymphocyte s from two young pigs wh i ch had been natur a l ly 

i n fec ted wi th p o m o n a  were inve s tigated . I n  both 

experime n t s , a s  a contro l of cu l ture d ce l l  v i ab i l i ty and 

as an e s t imate of latent T ce l l  capacity , the lymphocyte s 

we re a l s o  cultured in the presence o f  a known T ce l l  

m i togen , phytohaemagglutinin ( PHA ) . (Ande r s on e t  a Z . , 

1 9 7 2 ;  Greave s and Bauminge r ,  19 7 2 ) . 

* " K imax , "  Owens , I l l ino i s , U . S . A .  
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MATERIALS AND METHODS 

AN IMALS 

E XPERIMENT I 

E i gh teen pigs f rom a pomona infected herd ( Chapte r  VI ) 

we re chosen at random . The an ima l s  we re c la s sed a s  

f o l lows : 

Anima l Code Age Group 

A - c 2 - 4 years 

D - F 12  - 1 8  months I 

G - I 5 - 6 month s 

J - R 6 - 1 2  wee k s  I I  

T h e  re s u l t s  o f  a n  e p i demiological inve s t igation o n  th i s  

f a rm indicated that the Group I an ima l s  wou l d  have been 

e xposed to pomona whereas those in Group I I  would not 

h ave been ( Chapte r VI ) . 

E XPERIMENT I I  

Ce l l s  f rom two g i l t s  ( code d S and T )  from th i s  herd 

we re used to inve s t igate the time-re spons e s  o f  the 

antige n  tre ated c u l tu re s . As a re s u l t  of a previous 

s t udy ( Chapter VI ) it was known that both animal s  had 

been infe cted wi th se r ovar p omona . 

S EROLOGY 

The serum MA t i tre s to serovars p omona ( Pomona ) , b a Z Z u m  

(Ml 2 7 ) , t ar a s s o v i  ( m i t i s-John son ) , c o p e n h a g e n i  (M2 0 )  

and hardj o  ( Hardj opraj i tno)  we re de te rmine d for e ach 

animal a s  de s cr ibed in Chapter I I . 
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COLLECT I ON OF LYMPHOCYTE S AND VIAB I L I TY TE STING 

P i g s  were ble d  from the ante rior vena cava . Equa l 

amoun t s  of hepar i n i s ed b lood and s a l ine we re mixed and 

layered onto f i c o l l - diatr i z oate * gradients ( Boyum , 1 9 6 8 ) , 

and centri fuge d  at 4 0 0X g for 3 0  minute s . The mono-

nuc lear ce l l s  we re harve s ted , washed once w i th i soton i c  

s a l ine , and twi ce w i th Eagle ' s  Minimal E s sential Me dium * * 

before be ing d i luted in the culture medium to a den s ity o f  

1 x 1 0 6 ce l l s  pe r m l . 

0 . 2 m l  o f  the concentrated ce l l  s uspe n s i on was added to 

1 . 8  ml o f  0 . 2 % try pan b lue * * *  in i s otonic s a l i ne . 

Viable mononuclear ce l l s , those excluding dye , we re 

c ounte d in a haemo cy tome ter . 

CULTURE MED IA AND INCUBAT I ON 

P re l iminary expe r ime nts ( Appe ndix I I )  to determine the 

abi l i ty of var ious me dia to s upport the growth of porcine 

l ymphocytes indi cated tha t  TC 1 9 9 * *  was the medium o f  

choice . Consequently th i s  medium s upplemented wi th 

heat- inactivate d ( 5 6  °C/ 3 0  minutes ) f oetal  bovine se rum+ 

( FB S )  to a final cdncentration of 5 %  ( Appendix VI ) was 

u s ed in · the expe r ime nt s  de s cribed here . One ml o f  an 

antib i o t i c  solution ( containing 1%  s treptomyc in , 

1 %  kanamycin and 1 0 4 I U  peni ci l l in/ml ) and one ml o f  a 

s o lution containing 3 0  mg glutamine we re added to e ach 

1 0 0  ml o f  me dium . 

* 

* *  

* * *  
+ 

" Lyrnphoprep , "  Nyegaard , Os lo , Norway 

We l l come , Be cke nham , E ng land 

BDH , Laborattiry Chemi ca l s , Poole , E ng land 

Lab s e rve , P 0 Box 1 2 5 0 2 , Auck l and , New Z e a l and 
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0 . 2  ml volume s o f  the ce l l  suspe n s ion containing 

1 x 1 0 6 ce l l s /m l  we re di spensed i nto the we l l s of micro­

cul ture * p late s ,  the p l ate s were covered with loose 

fitting l i ds , * * and the a s semb le d  units incubated at 3 7  °c 
in a h umidi f ie d  atmosphere o f  5% C02 /9 5 %  air . 

Pre l iminary e xper iments had shown that maximum i s o tope 

uptake occurred a f ter 9 6  hours ( Appe ndix VI ) . Conse-

que ntly th is cul ture tim� wa s ge ne r a l ly used . Howeve r , 

whe n s tudying the t ime - re sponse s o f  the c u l ture d ce l l s  

(Expe r iment I I )  incubation pe riods o f  2 4 , 4 8 ,  9 6 , 1 2 0  

and 1 4 4  hours we re used . 

PROCE S S ING OF CULTURES 

Lymphocyte trans formation was a s se s se d  by me asuring the 

incorporation o f  tr i ti a te d  thymidine * * *  ( 3 H - t-dR , lmCi/ml , 

s pe c i f i c  activity 2 C i/I®1o l ) . The 0 . 2  ml culture s we re 

pu l se d  with 0 . 2  � C i  of the i s otope 16  hours prior to 

harve s ting ( Appe ndix I l l )  , and harve s ted wi th a mu l t ip le 

ce l l  h arve s ter+ . A technical point cons ide red i n  the 

harve s ting of ce l l s , name ly , the nece s s ity for washing 

the harve s ted ce l l s  wi th t r i ch loroace t i c  acid , i s  

de s cr ibed in Appe ndix V .  

* Uni t  3 0 4 0 , Microte s t  I I ,  Fal con , Divi s i on o f  Be cton , 

Di ckinson and Co . ,  Oxnard , ea . ,  U . S . A .  

* *  Uni t  3 0 4 1 ,  F a lcon , Div i s i on o f  Be c ton , Dickinson and 

Co . ,  Oxnard , Ca . ,  U . S . A . 

* * *  
+ 

The Radiochemi cal Ce ntre , Ame r sham ,  Eng l and 

Min i-Mash , Dynatech S ingapore ( Pr ivate ) Ltd , 

2 1B Go ldhi l l  P l a z a , S ingapore 1 1 . 
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The f ibre g l a s s  f i lters we re dried an d p laced in 

s c in t i l lation v i a l s . Ten mi l l i l i tre s o f  s c inti l l ation 

f luid was added to e ach vial . The s c intil lation f lu i d  

was prepare d by di s s o lving 8 g o f  2 , 5- dipheny loxa z o le * ,  

2 0 0  mg o f  1 , 4 - b i s - ( 5 -pheny loxazole ) benzene * and 6 0 0  m l  

o f  Tri ton X- 1 0 0 i n  1 4 0 0  ml of tolue ne . 

. The v i a l s  we re counted in a l iquid s cinti l l ation 

s pe c trome tre * *  and the counts per mi nute ( cpm) ove r a 

1 0  minute pe riod me asure d . 

S TIMULATION OF LYMPHOCYTE CULTURE S  

Two e xtracts o f  se rovar pomona we re u s e d  t o  s timulate 

lympho cyte cul ture s : 

S o n i c a ted pomona e xt ract ( SA )  

F ive hundred mi l l i l i tre vo lume s of P 8 0 medium+ we re 

i nocul ated with a de nse cul ture o f  pomona _ ( P omona )  

and incubated a t  3 0 C  for 8 days . 0e fore harve s t ing the 

cul ture s we re che cke d  for bacte r i a l  contamination by 

. i nocu l a t ing onto b lood agar and into pepto ne bro th 

b l ood cul ture tube s . ++ The leptospires  we re harve s te d  

( 2 2  5 0 0  g x 4 5  minute s )  and washed three t ime s  i n  

s te ri le i soton i c  s a l ine . The concentrate d  ce l l s , 

coo led to betwee n  4 C  and BC , we re s oni cated+++ 

i n te rmittently at maximum powe r unt i l  no intact 

lepto s pire s cou ld be seen by dark f i e ld micro s copy . 

* 

* *  

+ 

++ 

+++ 

S i gma , St Loui s ,  Mi s s our i , U . S . A .  

Be ckman , P 0 Box 3 10 0 , Ful ler ton , C a l i forni a , U . S . A .  

EMJH , D i f co , De t ro i t , Mich igan , U . S . A .  

Be c ton-Dick inson & Co . ,  �uther ford , New Jers e y , U . S . A .  

S o niprobe , Dave I ns truments Ltd , Acton , London W 3 , U . K .  
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The sonicated mate r i a l  was s te ri l i se d  by f i l tration* 

( pore s i ze 0 . 2 2 �m) , and 3 serial 1 0  fold di lutions made 

in phosphate buffere d  s a l ine ( PB S )  . The SA-p omo n a ·  

extracts we re held a t  - 2 0 C  unti l  require d . 

Sod ium de�xychola·te -derived pomona extract ( SD )  

Th i s  preparation was a s  de s c r ibe d b y  Manev and 

S iromashkova ( 1 9 7 0 ) . F ive hundred mi l l i l i tre vo l ume s 

o f  p o m o n a  ( Pomona ) we re grown , harve s ted and che cked 

for bacte r i a l  contamination a s  de scribe d above . The 

washed ce l l s  we re r e s u spended in 1 5 0  ml of 0 . 0 1 N 

Sorenson ' s  phosphate buffer , p H 7 . 2 .  S od ium deoxycholate * *  

{ 1 . 5  g )  was added and the ce l l s he ld at 4 2 C  for 5 hour s . 

The mixture was d i a lysed against water for 4 days and 

then centr i fuged at 1 5 0 0  x g for 2 0  minute s . The 

s upernatant w a s  col lec ted and lyoph i l i sed . S ix ty 

mi l l i gr ams o f  the lyophi l i s e d  anti gen extract wa s 

d i s s o lved in 6 ml o f  PBS and the s o lution ster i l i sed 

by f i ltration* ( pore s i ze 0 . 2 2 �m) . Three s e r i a l  

1 0  fold dilutions in P B S  we re made , and a l l  SD-pomona 

extr a c t s  we re held a t  - 2 0 C  unti l requ i re d . 

' 

EXPERIMENTAL DE S I GN AND THE CONTROLS USED IN THE 

TRAN SFORMAT ION EXPERIMENTS 

Twenty �1  amounts o f  the ant i gen preparations we re 

d i spensed into 3 ce l l  culture s . In all e xpe r ime nts , 

3 c u l ture s we re tre a ted with PHA ( 1  � g/ml ) t o  a s s e s s  

the l a tent T c e l l  re spons ivene s s . Th i s  concentration 

o f  PHA was found in pre l iminary experiments t o  induce 

max imum ce l l  tran s formation . 11 Non- s t imul ated 11 contr o l s  

we re a l s o  include d , the s e  be ing 3 lymphocyte cu l ture s 

to whi ch 2 0  � 1  o f  PBS were added . 

* 

* *  

Mi l l ipore Corpo ration , Bedford , Mas s achu s e t t s , U . S . A . 

S i gma , S t  Loui s ,  l li s s our i , U . S . A .  
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Ce l l  cul ture s free o f  i s otope , cul tures without c e l l s  

b u t  containing medi�m and the s timu l ating agent , and 

cul ture s conta i n ing medium alone were a l s o  set up . 

ANALYS I S  OF T HE TRAN SFORMATION EXPERIMENTS 

The logari thm ( base 1 0 )  o f  the cpm was determine d , and 

the geometric me an ( Mg ) of e ach t r i p l i cate was c a lculated 

by averaging the log trans forme d data . I n  mo s t  case s 

the d i f ference betwee n  the geome t r i c  me ans ( the gmd ) o f  

the s timulated and non- s timulate d  cul ture s was u s e d  to 

compare the e f fe cts o f  the s timu l ating agents . 

Addi tiona l ly , the s t imu l ation inde x ( S I ) was de te rmi ne d , 

b y  c a l culating the anti log of the geometric me an 

d i f ference . Where appropr i a te the s tandard deviations 

( SD )  or  s tandard errors ( SE )  o f  the se parame te r s  we re 

a l s o  calculate d . 

RE SULTS 

S EROLOGY 

E XPERIMENT I 

Se ra reacte d  cons i s tently only wi th the pomona antige n . 

S ome s amp l e s  agglutinate d  ba Z Z um and c o p e n h a g e n i  at 

d i lut ions o f  1/12 or 1/ 2 4 , but in a l l  the se case s the 

p om o n a  ti tre s we re 1/3 8 4  or gre ater . 

A l l the mature s ows ( A , B and C ) , and the g i l t s  ( D ,  E and 

F )  had p omona t i tre s r anging f rom l/ 1 9 6  to 1/ 1 5 3 6 . The 

p i g s  f rom g rower uni t I I I  ( G , H and I )  had ti tre s of l/ 2 4 , 

1 / 1 9 2  and 1/ 1 2  resre ctive ly .  Three o f  the p i g l e t s  from 

the weaning uni t (J to R )  had p o m o n a  t i tre s o f  1/12 or 1/2 4 , 

b u t  a l l  the re s t  had t i tres o f  le s s  than 1/12 ( Tab le 1 0 . 1 ) . 
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EXPERIMENT I I  

The p o m o na t i t re s  o f  the g i l t s  u s e d  in the t ime - re sp o n s e  

s tud ies were 1/ 1 9 2  and 1/2 4 . 

ACT IVIT IES OF THE PHA- STIMULATED AND NON-STIMULATED 

CONTROL CULTU RE S  

· EXPERIMENT I 

A l l  the lymphocyte culture s we re t r ans formed by P HA 

( 1  ]..lg/ml ) ( Table 1 0 . 2 ,  F i g . 1 0 . 2 ) . The re sponse s o f  the 

ce l l s  of the o lder Group I anima l s  we re not s igni f i cantly 

d i f ferent to tho s e  o f  the younger Group I I  anima l s  

( t  = 0 . 2 9 �  1 6  d . f . ) .  The average geometr i c  me an d i f f e re nce 

be tween the P HA- s timulate d  and non- s t imulated cul ture s 

wa s 2 . 4 3 ,  equivalent to a s t imula t ion index o f  2 6 3 .  

The activ i t i e s  o f  a l l  the non- s t imu l ated culture s wer e  

s imi lar ( Table 1 0 . 2 ) , and there was n o  s igni f i cant 

d i f ference be tween the Group I and Group I I  an ima l s  

( t  = 0 . 4 3 � 1 6  d . f . ) .  

EXPERirvlENT I I 

The ce l l s  f r om the two g i l t s  we re trans formed i n  v i tr o  by 

P HA ( 1  ]..l g/m l ) and the t ime-re spon s e s  were s imilar to tho s e  

ob served in the pre l iminary e xper iments ( Tab le 1 0 . 8  

and 1 0 . 9 ,  F i g s  1 0 . 5  and 1 0 . 6 ) . 

RESPONSE TO LEPTOSP I RAL ANT I GENS 

( i )  Soni cate d  ant igen 

Lymphocyte c u l ture s treated with the sonicated p o m o n a  

antigen varied i n  the ir degree o f  tran s formation , a marked 

dose-re s pons e e f fe ct occurring in many case s ( Table 1 0 . 3 ,  

Appendix V I ) . The peak re spons e s to thi s  ant igen 
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o ccurred wi th the und i luted mate r i a l  in 5 an ima l s , the 

d i lut ion o f  1/ 1 0  iri 8 animal s ,  the 1/ 1 0 0 d i lution in 4 

anima l s  and the 1/ 1 0 0 0  d i l ution in o ne anima l . 

The pe ak re spon s e s  o f  s ome o f  the ant i gen- treated c u l ture s 

we re not s ign i f i cantly d i f fe rent f rom the activity o f  the 

non- s timul ated contro l s  ( Tab le 1 0 . 4 ) . Th i s  was seen 

i n  5 out of the 9 Group II  animals .  The pe ak re sponse s 

o f  the olde r Group I an imals we re a l l  s ign i f i cant ly gre ate r 

( P  < 0 . 0 5 )  than those o f  the corre sponding non- s timu lated 

contro l s . 

The maximum re sponse s ,  in terms o f  the geometric me an 

d i f ference , o f  the ce l l s  from the Group I anima l s  we re 

s i gn i f icantly gre ate r than those of the Group I I  an ima l s  

( Fi g . 1 0 . 2 ) ( t  = 6 . 4 4 _, 1 6  d . f . _, P < 0 . 0 0 1 ) . The 

ave rage geome t r i c  me an d i f fere nce o f  the o lder an ima l s  wa s 

0 . 6 7 ,  equiva lent to a s t imul at ion index o f  4 . 7 wher e a s  

tha t  o f  the younger an ima l s  was 0 . 1 5 ,  a s timu l ation index 

of 1 .  4 .  

( i i )  Sodium de oxych o l ate extracted an tigen 

S od ium deoxychol ate -de rived an tigen s timul ated the 

lymphocyte cul ture s in tha t the peak re sponses atta ine d 

we re genera l ly s ign i f i cantly greate r  than those o f  the 

non- s t imul ated c ontro l s  (P < 0 . 0 5 )  ( Tab le 1 0 . 5 ,  Appe ndix V I ) . 
Exceptions we re anima l G ( Group I )  and an ima ls K and L 

( Group I I )  ( Tab le 1 0 . 6 ) , whe re the re was no s i gni f i cant 

d i f fe re nce s be tween the log count s o f  the s timu l ated and 

non- s t imulated cultu re s . S in ce pe ak respon s e s  occurred 

w i th the und i luted e x tract thi s was used for the l a s t  6 

anima l s  te s te d  ( M  to R ) , and in a l l  s ubse quent e xper ime n t s . 

On c omparing the responses o f  the Group I and Group I I  

anima l s , i t  was appare nt that the o lder anima l s  re sponde d 

s ig n i f i cant l y  more than did the younger anima ls ( F i g . 1 0 . 3 ) 

( t  = 3 . 4 3_, 1 5  d . f . _,  P < 0 . 0 0 5 ) . The average geome tr i c  me an 



1 7 3 . 

d i f ference o f  the o lde r an ima l s - was 0 . 6 8 ,  equivalent to a 

s t imu lation index o f  4 . 8 . The corre sponding f igure s for 

the Group I I  anima l s  we re 0 . 3 4 and 2 . 2  re spe ct ive ly � 

( i i i )  The corre l ation be twee n  the re sponses to the 

sonic ated an d sodium deoxycho late extracts 

The peak re spons e s  ob served wi th the sonic ated and s o d i um 

deoxycho l ate-derived extracts we re highly corre late d  

( r= 0 . 8 5 ) , and the corre l ation coe f f i cient was s ta t i s t ­

i c a l ly s i gni f i cant ( P  < 0 . 0 1 )  ( Table 1 0 . 7 ) . 

The graph o f  the se r e sponses ( F i g . 1 0 . 4 )  indi cate s tha t  

a l though the degree o f  s timulation o f  the ce l l s  f rom the 

o lder animal s  ( Group I )  was s imi l a r  with both extracts , 

the re sponse s o f  the ce l l s  f rom the younge r ( Group I I ) 

anima l s  to the s odium deoxycho late ant ige n  we re gre ate r 

than those to the sonica ted preparation . 

( iv )  Time - re spo n s e s  of  lymphocyte cu l ture s to the 

soni cated antigen , and the s odium deoxycho l ate 

de r ive d antigen ( Expe r ime nt I I )  

· A f te r  4 8  hours incubation the peak re sponses occurred w i th 

the 1/ 1 0  di lution o f  the soni cated antigen , and w i th the 

undi luted s odium deoxycho late de r ived ant i gen . The 

time - re sponse curve s of the culture s s timu l ate d w i th the s e  

preparations f o l l owed those o f  the non- s timu l ate d 

culture s ( Table s 1 0 . 8  and 1 0 . 9 , F i g s  1 0 . 5  and 1 0 . 6 ) . 

Howeve r , w i th both an ima l s  the rate of increase ove r the 

f i r s t  4 8  hours of incubation wa s gre ate r than than of the 

non- s t imu iated contro l s , and a f te r  th i s  time the de c l i ne 

i n  the anti gen- s timul ated culture s was not a s  marke d .  

A s  a re s u l t  o f  these change s in the stimul ated and non­

s t imu lated cultu re s , the maximum geome tr i c  mean d i f fere nce s 

o c c urred a t  9 6  o r  1 2 0  hour s , and not at 4 8  hour s , the 

t ime when the maximum retention of i sotope oc curred 
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( Tab le 1 0 . 1 0 ,  F i g s  1 0 . 7  and 1 0 . 8 )  . At 9 6  hour s the 

geome tric me an d i f fe rences with e ach antigen di lution we re 

of the same order as those observe d in E xper iment I .  

D ISCUSS I ON 

The s igni f i cant f inding o f  the se e xperiments was that 

lymphocyte s  f rom the older ( Group I )  p i gs were tran s f ormed 

by p omona ant i ge n s  to a s i gni f i cant l y  greate r  de gree than 

we re lymphocyte s from the younger ( Group I I )  p i g s . The 

ce l l s  from a l l  the a nima l s  responde d to PHA , and the 

a c t ivities of the non- s t imu l ated cul ture s and the PHA 

re s pons e s  o f  b o th groups we re the s ame . From th i s  i t  may 

be a s sumed tha t  the cul ture s y s tem was capab le o f  

s upporting the prol i feration o f  mitogen- se n s i t ive ce l l s  

and that the latent T ce l l  activi tie s o f  the two group s 

wer e  the s ame . The se rologi c a l  r e s u l t s  indi cated tha t  

wh i le the o lde r p i g s  had expe rienced pomona i nfe c t ion the 

younger pigs had not . The a s s oc i ation betwee n  in cre a s e d  

lymphocyte s tran s formation and e levate d  pomcna t i tre s 

wi th age sugge s ted a ce l lular invo lveme nt in the response 

o f  the pig to p omona infe ction . 

The time-re spon s e s  o f  the ant i gen- s t imu lated and non­

s timulated cu l tures showed that the results obtained were 

not due to the added antigen extracts s imp ly inf lue n c i ng 

the continued v i abi l ity of the cu l tured ce l l s . The 

greate r  re s ponse over the f i r s t  4 8  hours incubation 

con f i rmed th a t  the antigens had a s t imu latory e f fe c t  on 

the ce l l  culture s .  The s l igh t re sponses give n by s ome 

Group I I  anima l s  to the pomona extracts could be due to 

the pre sence of non- sp e c i f i c  mi toge n s  in the se mater i a l s . 

Such non- s pe c i f i c  f a c tors have been reported in a numb e r  

o f  bacte ri a l  spe cie s ( Pe avy e t  a Z . , 1 9 7 3 ;  Coutinoho 

e t  a Z . ,  1 9 7 5 ) . 
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Fig . 1 0 . 1  The PHA re sponse s o f  the Group I ( pre s umed 

infe cte d )  and Group II ( pre s umed non- infected ) 

pigs . 
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F i g . 1 0 . 2  The maximum re sponses  o f  the G roup I ( pr e s umed 

infe c ted ) and G roup I I  ( presumed non- infected)  

anima l s  to the s on i cated anti gen extract . 
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F i g . 1 0 . 3  The max imum re spon s e s  of the Group I ( pre sume d 

infe cted )  and Group I I  ( pre sumed non- i n fe c te d )  

an ima l s  t o  the· sodium deoxycholate antige n  

extract . 
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F i g . 1 0 . 4  The a s s oc i a t i on b e twee n  the maximum re spon s e s  

t o  the sonicate d  antigen , and the maximum 

respons e s  to the sodium deoxycho l a te - der ived 

extrac t .  
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F i g . 1 0 . 5  The optima l antigen i n  v i t r o  lymphocyte 

re spons e s , and PHA response s ove r  1 4 4  hour s . 
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Fig . 1 0 . 6  The optimal ant i gen i n  v i tro lymphocyte · 

response s ,  and PHA re sponses ove r 1 4 4  hour s . 
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F i g . 1 0 . 7  The d i f fe rence s be twee n  geometr i c  me ans o f  

the a n t i gen tre ate d  and non- stimu lated 

cul ture s over 1 4 4  hours . 
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o = s on i cate d  pomona antige n  
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Fig . 1 0 . 8  The d i f ference s be twee n  geometric me ans o f  

the antigen tre ated a n d  non- s t imulated 

cul ture s over 1 4 4  hour s . 
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The sero logi c a l  re sults  o f  the se r andomly se lec te d  anima l s  

conf i rme d that the pattern o f  lepto s p i ro s i s  infe c tiqn in 

th i s  herd had not change d from tha t  which had been 

de l ine ated in a previous s tudy ( Chapter VI ) . O f  the 

serovars used i n  the MAT ' s ,  the re was evidence of p o mo na 

infection only , the low t i tre s agains t ba Z Z um and 

cop e n h a ge n i  being typ i c a l  cro s s - re act ions ( Chapte r VI ) . 

The h i gh p o m o n a  t itre s  o f  the o ld and young sows indi c ated 

tha t they had a l l  been infected w i th p omo n a . The 9 young 

piglets  we re s e le cted from d i f fe rent .Pens in the we aning 

uni t ,  and the l a ck o f  any h i gh ti tre s con f i rmed th at 

pomona infection was ab sent from thi s group . The low 

ti tre s in 3 o f  the se piglets we re probably due to 

co los tral antibody ( Chapter VI ) . The MA t i tre s o f  2 o f  

the o lder pigs ( G  and I )  were atypi c a l l y  low . The se 

anima l s  were f rom Grower Unit I I I  ( See Chapter VI ) , where 

pre vious ly i t  had been found tha t  mo s t  pigs had p om o n a  

titre s of 1/3 8 4  or gre a te r . Tak ing into cons ideration th e 

age o f  pigs G and I ,  it i s  unlike l y  that the titre s 

re corded we re due to resi dua l colos tral ant ibody . I t  i s  

a l s o  unl ikely tha t  they had been i n f e c ted and re covered 

s ince the resu l t s  o f  experimental p omona i n fe c tion in the 

pig sugge s t  tha t  the, homo logous MA ti tres would not have 

decre ased to th i s  low leve l in such a shor t time 

(Morse e t  a l . , 1 9 5 8 ;  r1i t che l l  e t  a l . , 1 9 6 6 ;  Hodge s , 

19 7 3 ) . 7-he l i k e l y  re ason for the s e  t i tre s i s  that the se 

pigs h ad become infe cted immediate ly prior to s amp l ing . 

The high corre l a tion be tween the maximum re spons e s  to the 

antige n  extracts sugge s t  that the s ame mitoge nic factors 

were operating i n  both preparation s . Such a high 

corre lation ( r  = 0 . 8 5 )  in an expe r ime nt where much 

var i ation might be- e xpe cted was s urpri s ing .  

Al though the se i n  v i tro  re sponses we re evidence o f  a r o le 

for CMI i n  v i v o , i t  was decided to con f irm thi s  postu late by 

e s tabl i shing the nature of the re sponding ce l l s . The 

re s u l t s  o f  thi s inve s ti gation are reported in the 

fol l owing chapte r .  
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S U��RY M�D CONCLUS I ONS 

1 .  Lymphocyte micro cultures f rom 18 p i gs f rom a he rd 

known to be e ndemi ca l ly infe c te d  wi th p o mona were 

prepared . Ce l l s  we re s timulate d  with PHA , a 

s on i cated p o m o na extract and a s odium deoxycho l ate­

der ived p o m o n a  e xtrac t . · The t ime - re sponse s o f  

an tigen stimu lated ce l l s ove r  1 4 4  hour s we re a l so 

i nve s tigate d . 

2 .  The PHA re sponses of the o lde r p i g s  whi ch had been 

infected with p om o n a  we re the s ame as those of the 

younger non- infe cted pigs . The activi t i e s  of the 

non- s timu l ate d c u l tu re s  of the se group s  we re a l s o  the 

s ame . 

3 .  The ce l l s  o f  a l l  the anima l s  were trans f ormed i n  v i t r o  

b y  the antigen e xtracts , with a dose- re sponse o c curr­

ing in mos t  case s . The maximum re spons e s  o f  the 

p i g s  wh i ch had been infected were s igni f i c antly 

gre ater than thos e  wh i ch had not been infe c ted . 

4 .  I t  was conc lude� that trans formation i n  re sponse to the 

p om o na ant ige n s  had o c curred in the ce l l  culture s 

f rom· anima l s  wh i ch had been infecte d , s ugge s t ing that 

CM! i s  part o f  the immune re sponse o f  the pig to 

p om o na infe c tion . 

5 .  I t  was a l so cons idered that the ant i ge n  extracts 

containe d  non- s pe c i f i c  mitoge n s . 
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Table 1 0 . 1  Expe r iment I .  The p omo na titre s o f  the 

pigs s amp le d . 

Group An ima l Code p omona ti tre 

A 1/4 8 

B 1/1 5 3 6  

c 1/9 6 

D 1/9 6 

I E 1/ 1 5 3 6  

F 1/7 6 8  

G 1/2 4 

H 1/ 1 9 2 

I 1/ 1 2  

J 1 / 1 2  

K 1/ 1 2  

L 0 

M 1/2 4 

I I  N 0 
.... 0 0 

p 0 

Q 0 

R 0 
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Table 1 0 . 2  Expe r ime n t  I .  The PHA ( l  � g/ml ) and 

non- s timu lated cul ture activity . 

An imal PHA Non- s timu l a te d  
G roup Code Mg S g  Mg S g  gmd SE S I  

A 5 . 1 8 0 . 12 2 . 9 4  0 . 0 4 2 . 2 4 0 . 0 7 1 7 4  

B 5 . 3 5 0 . 0 1  3 . 3 7 0 . 0 1 l .  9 8  0 . 0 1 9 5  

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

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

I E 5 . 3 0 0 . 0 6 3 . 0 1  0 . 1 4 2 . 2 9 0 . 0 9 1 9 5 

F 5 . 3 7 0 . 2 1 2 . 8 8 0 . 1 4 2 . 4 9 0 . 1 5 3 0 9  

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

H 5 . 3 0 0 .  0 1  2 . 6 8  0 . 0 5 2 . 6 2  0 . 0 3 4 1 7  

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

J 5 . 3 9 0 .  1 6  3 . 2 1 0 . 1 4 2 . 1 8 0 . 1 2 1 5 1 

K 5 . 5 3  0 . 0 2 3 . 1 9 0 . 1 5 2 . 3 4 0 . 0 9 2 1 9 

L 5 . 5 7  0 .  0 1  3 .  ·) 4 0 . 0 9 2 . 5 3 0 . 0 5 3 3 9  

I I  M 5 . 3 4 0 . 1 8 2 . 6 7  0 . 0 4  2 . 6 7  0 . 1 1 4 6 8  

N 5 . 3 5 0 . 0 6 2 . 9 1  0 . 10 2 . 4 4 0 . 0 7  2 7 5  

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

p 5 . 4 1 0 .0 1 2 . 5 8 0 . 1 0 2 . 8 3 0 . 0 1  6 7 6  

Q 5 . 2 9 0 . 2 1 2 . 8 2 0 . 0 4 2 . 4 7  0 .  12  2 9 5  

R 4 . 6 4 0 . 1 0 2 . 7 8 0 . 0 4  l .  8 6  0 . 0 6  7 2  

Mg = geometr i c  me an 

Sg = s tandard deviation of geome t r i c  me an 

gmd = geome t r i c  mean d i f ference 

SE = s tandard e rror o f  the gmd 

S I  = stimulation i ndex 



1 8 7 . 

Tab le 1 0 . 3  Expe rime nt I .  The respon s e s  to the 

soni c ated pomona extract . 

An ima l SA0 SA 1 SA2  SA 3 
Group Code Hg S g  Mg S g  Mg Sg Mg S g  

A 2 . 6 5 0 . 3 0 3 . 5 6 0 . 0 3  3 . 7 5 0 . 0 7  3 . 4 8  0 . 0 9 

B 3 . 0 1 0 . 2 8  3 . 4 7 0 . 0 7 3 . 8 6 0 . 0 2  3 . 7 8 0 . 0 2 

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

D 3 . 4 1 0 . 0 1  3 . 3 3 0 . 1 0 3 . 0 6  0 . 0 8  2 . 8 0 0 . 0 5  

I E 3 . 3 1 0 . 0 7 3 . 4 8  0 . 0 9 3 . 5 7  0 . 1 3 3 . 2 1  0 . 0 8 

F 3 . 5 6 0 . 1 1 3 . 7 5 0 . 1 0 3 . 6 9  0 . 10 3 . 2 1  0 . 1 3 

G 3 . 3 0 0 . 0 4 3 . 1 0 0 . 0 1 2 . 8 4 0 . 0 3  2 . 7 7 0 . 0 7  

H 3 . 6 2  0 . 1 0 3 .  5 1  0 . 0 4  3 . 1 7 0 . 0 7 2 . 8 9 0 . 0 3 

I 3 . 7 3 0 . 0 2 3 . 7 2 0 . 0 7 3 . 2 7  0 . 0 1 3 . 10 0 . 0 2  

J 3 . 1 7 0 . 1 3 3 . 4 3 0 . 0 4  3 . 3 7  0 . 0 6  3 . 2 8  0 . 0 8  

K 3 . 3 0 0 . 0 1 3 . 4 3 0 . 0 4 3 . 2 4 0 . 0 4  3 . 3 8  0 . 1 7 

L 3 . 1 5 0 . 0 6 3 . 0 6 0 . 0 1 3 . 0 1  0 . 0 6 2 . 9 8 0 . 0 5  

M 2 . 7 6 0 .  0 3. 2 . 8 0 0 . 1 0 2 . 7 1 0 . 0 7 2 . 7 8  0 . 0 3  

I I  N 2 . 9 3 0 . 0 2 3 . 0 4 0 . 0 7 2 . 9 4  0 . 0 6  2 . 9 8  0 . 0 3 

0 2 . 8 7 0 . 0 4  3 . 0 3 0 . 0 3  2 . 9 0  0 . 0 4 2 . 8 7 0 . 0 1  

p 2 . 9 8 0 . 0 1 2 . 9 6 0 . 0 2 2 . 8 6 0 . 0 6 2 . 8 2  0 . 0 8  

Q 2 . 6 8 0 . 0 8 2 . 9 3  0 . 0 6  2 . 9 2  0 . 12 2 . 9 2  0 . 1 2 

R 2 . 7 9 0 . 0 4 2 . 9 8 0 . 0 5  2 . 8 8  0 . 0 4 2 . 8 2 0 . 0 5  

Hg = geome tr i c me an 

Sg - - s tandard deviation o f  geome tri c mean 

SA o = soni cate d antige n , undi luted 

SA 1 = 11 11 1/ 1 0  di lution 

SA 2 = 11 11 1/ 1 0 0 di lution 

SA 3 = 11 11 1/ 1 0 0 0  d i lution 
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Tab le 1 0 . 4  E xperiment I .  Summary o f  the analys i s  o f  

the re spons e s  to the sonicated antigen . 

An imal :: An imal 
Co de g m d  S E  S I  ** t ( 4 . d .  f. ) :: Code gmd S E  S I  t (  4 d . f . )  

A * 0  - 0 . 2 9 0 . 1 7  0 .  5 1  : :  J 0 - 0 . 04 0 . 1 1  . 9 1 
1 0 . 6 2 0 . 0 3  4 .  1 7  1 1  + 1 0 . 2 2  0 . 08 1 . 6 6  2 . 62 

+ 2 0 . 8 1 0 . 0 5 6 . 46 1 6 . 1 2  
1 1  

2 0 . 09 1 . 4 5  N/S 11 0 . 1 6 
3 0 . 54 0 . 06 3 . 47 p <0 . 00 1  1 1  3 0 . 07 0 . 09 1 . 1 7 1 1  1 1  

B 0 - 0 . 36 0 . 1 6  0 . 4 4 1 1  K 0 0 . 1 1  0 . 09 1 . 2 9  
1 0 . 1 0  0 . 04 1 . 2 6 11 

1 0 . 1 5  0 . 09 1 .  4 1  1 1  
+ 2 0 . 49 0 . 0 1  3 . 09 9 . 8 9 11 2 0 . 05 0 . 09 1 . 1 2 p=O . OS 11 

3 0 . 4 1 0 . 0 1 2 .  57 p< 0 . 00 1  1 1  + 3 0 . 1 9  0 . 1 3  1 . 5 5 2 . 8 0 1 1  
c 0 - 0 . 40 0 . 0 5 0 . 40 :: L + 0 0 . 1 1  0 . 06 1 . 2 9  1 . 7 5  

1 0 . 1 6 0 . 1 3  1 .  4 5  1 1  1 0 . 02 0 . 05 1 . 05 N/S 11 + 2 0 . 3 3 0 . 0 5 2 . 1 4 4 . 8 8 1 1  2 - 0 . 03 0 . 06 0 . 9 3 
3 0 . 2 7 0 . 05 1 . 8 6 p = 0 . 01 0  1 1  3 - 0 . 1 0  0 . 06 0 .  79 1 1  1 1  

D + 0 0 . 6 7  0 . 02 4 . 6 8 2 7 . 6 0 :: �I 0 0 . 09 0 . 03 1 . 2 3  
1 0 . 5 9 0 . 06 3 . 8 9 p(O . OO l  1 1  + 1 0 . 1 3  0 . 06 1 . 35 2 . 01 
2 0 .  32 0 . 05 2 . 09 11 2 0 . 04 0 . 05 1 . 1 0  N/S 11 
3 0 . 06 0 . 04 1 . 1 5 11 3 0 . 1 1  0 . 03 1 . 2 9  11 

E 0 0 . 30 0 . 09 2 . 00 :: N 0 0 . 02 0 . 06 1 . 05 
1 0 . 4 7 0 . 1 0  2 . 9 5 1 1  + 1 0 . 1 3  0 . 07 1 . 35 1 .  7 1  1 1  

+ 2 0 . 56 0 . 1 1  3 . 6 3  5 . 3 1  11 2 0 . 03 0 . 07 1 . 07 N /S 
3 0 . 2 0 0 . 09 1 . 58 p=o . 01 11 

3 0 . 07 0 . 06 1 . 1 7 11 11 F 0 0 . 68 0 . 1 0  4 . 7 9 :: 0 0 0 . 1 3  0 . 03 1 . 35 
+ 1 0 . 57 0 . 1 0 7 . 4 1 8 . 4 1  1 1  + 1 0 . 2 9 0 . 03 1 . 9 5 9 . 8 5 

2 0 . 8 1 0 . 1 0 6 . 46 p=0 . 0 1 1 1  2 0 . 1 6 - 0 . 0 3 1 . 4 5  p (0 . 00 1  1 1  
3 0 . 3 3 0 . 1 1  2 . 1 4 11 3 0 . 1 3  0 . 02 1 . 3 5  1 1  

G + 0 0 . 56 0 . 0 5 3 . 6 3  9 .  7 4  :: p 0 0 . 36 0 . 01 2 . 2 9  
1 0 .  36 0 . 04 2 . 2 9  p ( 0 . 00 1  11 + 1 0 . 3 8 0 . 01 2 . 40 2 9 . 9 3 11 2 0 . 1 0 0 . 04 1 . 2 6  11 2 0 . 2 8 0 . 04 1 . 9 1  p(0 . 00 1  
3 0 . 03 0 . 00 1 . 07 11 3 0 . 2 4  0 . 0 5 1 .  7 4  

H + 0 0 . 94 0 . 06 8 . 7 1  1 5 . 08 Q 0 - 0 . 1 4 0 . 05 0 . 72 
1 0 . 8 3 0 . 04 6 . 7 6 p ( O . OOl + 1 0 . 1 1  0 . 04 1 . 2 9  2 . 6 0 
2 0 . 49 0 . 0 5 3 . 09 2 0 . 1 0  0 . 07 1 . 26 N/S 
3 0 . 2 1  0 . 0 3 1 . 6 2  3 0 . 1 0  0 . 07 1 . 26 

I + o I 0 . 82 0 . 06 6 . 6 1  1 3 . 2 9  R 0 0 . 0 1 0 . 03 1 . 02 
1 0 . 8 1  0 . 08 6 . 46 p (O . OOl + 1 0 . 2 0 0 . 04 1 . 58 5 . 1 2 
2 0 . 36 0 . 06 2 . 2 9 -._  2 0 . 1 0 0 . 03 1 . 26 p=0 . 0 1 
3 0 . 1 9 0 . 06 1 . 5 5 3 0 . 04 0 . 04 1 . 1 0  

* 0 = undi lute d  antigen 

1 = 1/10 d i luted antigen 

2 = 1/ 1 0 0 d i luted antige n  

3 = 1/ 1 0 0 0  d i luted ant i gen 
* *  Value o f  " t" and leve l o f  s igni f i cance for the 

maximum geome tric me an di f fe rence 

gmd 

SE 

S I  

+ 

= geome t r i c  me an d i f fe re n ce 

= s tandard e rror o f  the gmd 

= s timu l a t i on inde x  

= maximum gmd 
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Tab le 1 0 . 5  E xpe riment I .  The re sponses to the sodium 

deoxycho l ate extract . 

Anima l DA o DA 1 DA 2 DA 3 
Group Code Mg S g  Mg S g  M g  S g  Mg S g  

A 3 . 9 9 0 . 0 2 3 . 0 4 0 . 2 2 3 . 0 0 0 . 0 5 3 . 0 0 0 . 0 5 

B 3 . 8 5 0 . 0 7 3 . 5 3 0 . 0 3  3 . 4 6 0 . 1 2 3 . 3 8  0 . 0 8 

c 3 . 6 3  3 . 0 5 ·3 . 0 3 0 . 1 4 3 . 16 0 . 1 2 3 . 0 4 0 . 1 4 

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

I E 3 . 5 0 0 . 0 4 3 . 0 6  0 . 0 9 3 .  13 0 . 0 5 3 . 0 7  0 . 0 5 

F 3 . 8 4 0 . 0 4 2 . 8 4 0 . 0 7  2 . 9 2 0 . 0 3  2 . 9 3 0 . 0 6  

G 3 . 1 0 0 . 0 4 2 . 6 1  0 . 0 4 2 . 7 8 0 . 0 8  2 . 8 2 0 . 0 6 

H 3 . 4 7 0 . 0 3 2 . 7 5 0 . 0 3  2 . 9 4  0 . 1 3 2 . 8 0 0 . 0 7 

I 3 . 6 6  0 . 0 6 2 . 8 2 0 . 0 7  2 . 9 2  0 .  14 2 . 8 6 0 . 0 6 

J 
- - - - - - - -

K 3 . 3 9 0 . 0 8 3 . 1 2 0 . 0 8 3 .  2.0 0 . 0 6 3 . 2 3 0 . 0 6 

L 3 . 0 8 0 . 0 4 2 . 8 4 0 . 0 7  2 . 9 1  0 . 1 0 2 . 8 9 0 . 0 8  

M 3 . 0 0 0 . 0 4 - - - - - -

I I  N 3 . 2 8 0 . 1 2 - - - - - -

0 3 . 2 3 0 . 0 6 - - - - - -

p 3 . 1 3 0 . 0 5 - - - - - -

Q 3 . 1 7 " 0 . 1 9 - - - - - -

R 3 . 2 0 0 . 0 3 - - - - - -

Hg = geome tric me an 

S g  = standard deviation of geome tri c me an 

DA o = sodium deoxycho late ant i ge n , undi lute d 

DA 1 = 11 11 11 1/ 1 0  di lution 

DA2 = 11 11 11  1/ 1 0 0  di lution 

DA 3 = 11 11 1 1  1/ 1 0 0 0  d i l ution 
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Table 1 0 . 6  Exper iment I .  Summary o f  the analy s i s  o f  the 

re s ponse s to the sodium deoxycholate antige n . 

An imal 11 An imal 
Code gmd S E  S I  • • t (  4 d . f.) 11 Code gmd S E  S I  t ( 4 d . f . ) 11 

A + * 0  1 .  u s  0 . 0 3  1 1 . 2 2  3950 : : K + 0 0 . 2 0 0 . 1 0  1 . 58 2 . 08 
1 0 . 0 1 0 . 1 3  J . 2 6 P <o . 00 1  11 1 - 0 . 07 0 . 1 0 0 . 8 5  N/S 11 
2 0 . 06 0 . 04 1 . 1 5  1 1  2 0 . 0 1 0 . 09 1 . 02 
3 0 . 06 0 . 04 1 . 1 5 11 3 0 . 04 0 . 09 1 . 1 0  1 1  1 1  

B + 0 0 . 48 0 . 04 3 . 02 7 .  7 0  : : L + 0 0 . 04 0 . 06  1 . 1 0 0 . 69 
1 0 . 1 6  0 . 02 1 .  4 5  p=O . OOS 1 1  1 - 0 . 2 0 0 . 07 0 . 6 3 N/S 
2 0 . 09 0 . 07 1 . 2 3  1 1  2 - 0 . 1 3  0 . 08 0 . 7 4 11 
3 0 . 01 0 . 05 l .  02 11 3 - 0 . 1 5  0 . 07 0 . 7 1  

11 

c + 0 0 . 56 0 . 05 3 . 6 3 8 . 5 5 :: M + 0 o .  3 3  0 . 03 2 . 1 4 1 1 . 2 4  
1 - 0 . 04 0 . 09 0 . 9 1 p =O . OOS 1 1  p < O . OOl 11 
2 0 . 09 0 . 08 1 . 2 3  : :  N 0 0 . 37 0 . 09 2 . 34 4 . 07 3 - 0 . 03 0 . 09 0 . 9 3 

+ 
11 p=0 . 02 5  11 

D + 0 0 . 68 0 . 05 4 . 79 1 3 . 6 1  11 

1 0 . 02 0 . 04 1 . 05 p <.0 . 00 1  
11 0 + 0 0 . 49 0 . 04 3 . 09 1 1 .  1 4  
11 

p <0 . 00 1 2 0 . 1 0  0 . 0 3 1 . 2 6  1 1  
1 1  

3 0 . 04 0 . 04 1 . 1 0 :: p + 0 0 . 5 5 0 . 03 3 . 55 2 0 . 1 2  

E + 0 0 . 4 9 0 . 08 3 . 09 6 . 05 
11 p <0 . 00 1  
11 

1 0 . 05 0 . 1 0  1 . 1 2 p=0 . 005 :: Q + 0 0 . 3 5 0 . 1 1  2 . 2 4 3 . 1 9 
2 0 . 1 2 0 . 09 1 .  32 1 1  p=0 . 05 

11 3 0 . 06 0 . 09 1 . 1 5 :: R 2 . 6 3  + 0 0 . 42 0 . 03 1 4 . 1 3  
F + 0 0 . 96 0 . 08 9 . 1 2 1 J .  2 1  11 p ( 0 . 00 1  11 

1 - 0 . 04 0 . 09 0 . 9 1 p(0 . 001 I 
2 0 . 04 0 . 08 1 . 1 0 1 1  1 1  
3 0 . 05 0 . 09 1 . 1 2  11 

11 

+ 0 0 . 36 0 . 05 2 . 2 9 2 . 6 4  
11 

G 11 
1 - 0 .  1 3  0 . 05 0 .  7 4  N/S 

11 11 
2 0 . 04 0 . 06 1 . 1 0 11 

3 0 . 08 0 . 05 1 . 2 0  
0 11 1 1  

H + 0 o .  7 9  0 . 03 6 . 1 7  22 . 4 9 11 
1 1  

1 0 . 07 0 . 0 3 1 . 1 7  p (0 . 00 1  1 1  
2 0 . 26 0 . 08 1 . 82 11 11 
3 0 . 1 2 0 . 0 5 1 .  32 11 

11 

I + 0 0 . 7 5 0 . 07 5 . 6 2 1 1  . 02 
11 
11 

1 - 0 . 09 0 . 08 0 . 8 1 p <0 . 00 1  1 1  
11 

2 0 . 01 0 . 1 0 1 . 02 11 

3 - 0 . 05 0 . 07 0 . 8,9 
11 
11 
1 1  

* 0 = undi luted an tigen 

1 = 1/ 1 0  d i luted antigen 

2 = 1/ 1 0 0  d i lute d  antigen 

3 = 1/ 1 0 0 0  di luted antigen 

* *  Va lue o f  " t " and leve l of s igni f i cance for the 

maximum geome tri c  me an di f f e rence 

gmd = geome tr i c  me an d i f fere n ce 

SE = s tandard e rror of the gmd 

S I  = s timu l a tion index 

+ = maximum gmd 
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Tab le 1 0 . 7  E xpe r iment I .  The maximum geome tr i c  me an 

d i f ference s o ccurring w i th the antige n  

e xtracts . 

SA 
max . gmd 

0 . 8 1 

0 .  4 9 . 

0 . 3 3 

0 . 6 7 

0 . 5 6 

0 . 8 7 

0 . 5 6 

0 . 9 4 

0 .  82  

0 . 2 2 

0 . 1 9 

0 . 1 1 

0 . 1 3 

0 . 1 3 

0 . 2 9 

0 . 3 8 

0 . 1 1 

0 . 3 0 

SA = s on i cated antigen 

DA 
max . gmd 

1 . 0 5 

0 . 4 5 

0 . 5 6  

0 . 6 8  

0 . 4 9 

0 . 9 6  

0 . 3 6 

0 . 7 9 

0 . 7 5 

ND*  

0 . 2 0 

0 . 0 4 

0 . 3 3 

0 . 3 7 

0 . 4 9  

0 . 5 5  

0 . 3 5 

0 . 4 2  

DA = s o d i um deoxycholate anti ge n  

max . gmd = maximum ge ome t r i c  me an di fference 

*ND = not done 
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Tab le 1 0 . 8  Experimen t  I I . The t ime - re spons e s  o f  

cul ture s treated w i t h  the antige n extraqts . 

An imal T • 

I n cuba t ion T ime ( hour s ) 
Tre atment 2 4  4 8  � 1 2 0  1 4 4  

Non- s timul ated Mg 3 . 2 0 3 . 7 1 3 . 5 0 3 . 1 0 3 . 1 3 

P HA 

S A 1 

DA a 

Mg 

S g  

SA 1 

DA o 

= 

= 

= 

= 

S g  0 . 0 9 0 . 0 1  0 . 0 2 0 . 0 5 0 . 1 3 

Mg 3 . 8 7 5 . 1 7 5 . 1 6 5 . 0 4  4 . 9 7 

S g  0 . 1 5 0 . 0 3 0 . 0 1 0 . 0 2 0 . 0 3 

Mg 3 . 3 8 4 . 1 5 4 . 0 1 3 . 7 3 3 . 3 9 

S g  0 . 0 3 0 . 0 3 0 . 0 7 0 . 1 1 0 . 1 6 

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

S g  0 . 0 5 0 . 0 6 0 . 1 2 0 . 0 7 0 . 1 0 

geome tfi c  mean 

s tandard deviat i on o f  the geome tr i c  me an 

s onicate d  antige n , 1 / 1 0  d i lution 

s odium deox ycho la te antigen , undi luted 
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Table 1 0 . 9  Experime nt I I . �he t ime - re sponses o f  

cul ture s tre ated w i th the antigen extract s . 

Anima l S .  

Incubat ioi) T ime (hours 
Treatme nt 2 4  4 8  9 6  1 2 0  1 4 4  

Non- s timulate d  Mg 3 . 2 4  3 . 3 5 2 . 2 3 2 . 2 1 2 . 3 3 

S g  o : o 4  0 . 0 7 0 . 0 7 0 . 3 3 0 . 0 7 

PHA Mg 3 . 3 8 5 . 2 3 5 . 2 1 5 . 12 5 . 2 3 

S g  0 . 0 8  0 . 0 4 0 . 0 3  0 . 0 5 0 . 0 8 

SA 1 Mg 3 . 3 4 3 . 9 9 3 . 1 8 2 . 9 0  2 . 2 3  

Sg 0 . 1 1 0 . 0 7 0 . 0 3  0 . 0 3 0 . 1 3 

DA o Mg 3 . 3 6 4 . 1 3 3 . 4 8  2 . 9 3  2 . 3 5 

S g  0 . 0 7  0 . 0 2 0 . 0 7 0 . 1 6 0 . 1 0 

Hg = g eometr i c  me an 

Sg = s tandard\ deviation of the geome tr i c  me an 

SA 1 = soni cated ant ige n , 1/ 1 0  d i l ution 

DA o = sodium deoxy cholate an tige n , und i luted 
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Tab le 1 0 . 1 0 E xpe rime nt I I . The time re spons e s  to the 

antige n  prepara t i ons wh i ch induced the 

h i ghe s t  geome tr i c  me an d i f ference s . 

I ncuba tion Tj_me _(hour s )  
Animal Ant i ge n  2 4  4 8  9 6  1 2 0  1 4 4  

s 

T 

gmd 0 . 1 0 0 . 6 4 0 . 9 5 0 . 6 9  - 0 . 1 0 

SA 1 SE 0 . 0 7 0 . 0 6 0 . 0 4  0 . 1 9 0 . 0 9 

S I  1 .  2 6  4 . 3 7 8 . 9 1  4 . 9 0 0 . 7 9 

gmd 0 . 12 0 . 7 8 1 .  25  0 . 7 2 0 . 0 2  

DA o SE 0 . 0 5 0 . 0 4  0 . 0 6 0 . 2 1 0 . 0 7 

S I  1 .  3 7  6 . 0 3  1 7 . 7 8 5 . 2 5 1 .  0 5  

gmd 0 . 1 8 0 . 4 4 0 . 5 1 0 . 6 3  0 . 2 6  

SA 1 SE 0 . 0 5 0 . 0 2  0 . 0 4 0 . 0 7 0 . 1 2 

S I  1 . 5 1  . 2 . 7 5  3 . 2 4 4 . 2 7 1 .  8 2  

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

DA o SE 0 . 0 6 0 . 0 4  0 . 0 7 0 . 0 5  0 . 0 9  

S I  \ 1 .  7 0  3 . 6 3  4 . 0 7 2 . 7 5 1 . 1 7 

SA 1 = s oni cated anti ge n , 1 / 1 0  di lution 

DA o = sodium deoxycho l ate antigen , undi lute d  

gmd = geome tr i c  me an d i f fe rence 

S E  = s tandard e rror o f  the gmd 

S I  = s timu l ation index 
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C H A PT E R X I  

LYM P H OCYTE T R A N S F O R MAT I O N : E X P E R I M E N T S  W I TH B 

C E L L  D E P LE T E D  LYM P H OCYTE C U LTU R E S  

INTRODUCTION 

A l though i n  v i tro lymphocyte trans formation in re sponse 

t o  antige n s  is gene r a l l y  cons idered to be a re s u l t  of T 

l ymphocyte b l a s toge ns i s  and proli fera tion ( W . H . O . , 1 9 7 3 ; 

Ling and Kay , 1 9 7 5 ) , i t  has a l s o  been shown th at on 

appropr i ate s timu l ation B c e l l s  i n  v i t r o  c an a l s o  

p r o l i ferate ( Bloom , 1 9 7 1 ;  E l fenbe in e t  a l . , 1 9 7 2 ;  

Lu z z ati e t  a l . , 1 9 7 3 ) . 

S in ce the i n  v i t r o  trans formation re spons e s  to the p om o n a  

ant i gen s de s cr ibe d in Chap te r X could have b e e n  a 

s e condary re sponse o f  e i ther T or B ce l l s , i t  was 

cons idered that the lymphocyte sub s e t  activated in the se 

e xpe riments shou ld be d e f ined . The re sponse s o f  B ce l l­

depleted cu l ture s were there fore compared w i th tho se o f  

normal non- fractionated ce l l  culture s . The s e le c tive 

removal of B ce l l s  was a ch ieved by nylon woo l f i ltration . 

The redu c t ion in B ce l l s  s o  a chieved was c on f i rmed by 

demons trating a decre a s e  in the numbe r of ce l l s  with 

memb rane a s sociate d  immuno globulin , a s  shown by 

immuno f luore scence . 

Ny l on woo l columns a l s o  re tain macrophage s ( Luque tti and 

Janos sy , 1 9 7 6 )  and s ince it h a s  been demons tr a te d  that 

adherent c e l l s , p re s umab ly macrophage s ,  are e s s e nt i a l  for 

a wide range of i n  v i t r o  ce l l  activi t ie s ·  (Waldron et  a l . , 

1 9 7 3 ; Rosenstriech and Ros entha l ,  1 9 7 4 ; Lipsky e t  a l . , 

1 9 7 6 ) , the e luted ce l l  popul ation s we re rep le n i shed w i th 

adherent ce l l s . 
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MATERIALS AND METHODS 

·. 

THE DEPLE T I ON OF PERIPHERAL BLOOD LYMPHOCYTE S OF B CELLS 

ON NYLON �'JOOL COLUMN S . 

Hononuc le ar ce l l s  we re separated f rom hepar i n i s e d  p i g  

b lood a s  de scribe d  previous ly ( Chapter X )  . The . c e l l s  

were washed twi ce i n  Ea�e' s minima l e s sent i a l  med i um , and 

re suspended in 2 ml of TC 1 9 9 cont aining 5 %  heat inactivat­

e d  ( 5 6  °C/ 3 0  minute s )  foe t a l  bovine serum ( FB S )  and 

ant ibiot i c s . Th i s  medium wa s used in a l l  c o lumn 

separation expe r ime nts , and in sub s equent microcul ture s .  

The 2 ml ce l l  s uspens ion was loaded onto a nylon woo l 

column whi ch had been prepared as de s cribe d by Ju l i u s  

e t  a l .  ( 1 9 7 3 ) . The ce l l s  we re washed into the ny lon 

wool wi th l ml of medium and the c o l umn s e a le d  and l e f t  

for 4 5  minute s  a t  3 7  °c .  

The c o l umn wa s then washe d w i th warm ( 3 7 °C )  medi um ,  

and the f i r s t  2 5  ml co l l e c te d . The e lute d  c e l l s  we re 

pe l letted for 1 0  minute s a t  3 0 0xg , re suspended in 5 ml 

o f  medium , and the pumber o f  v iab le ce l l s  e s t ima ted by 

trypan b lue exclus ion . 

The e lu te d  ce l l s  were e i ther reacted with f luore s ce i n  

c ongugated anti -pig-y-gl obu l i n  t o  de te ct ce l l s  d i s p l ay i ng 

surface immunog l obu l in , o r  we re cu l tured a s  de s c r ibed i n  

Chapter X .  

SUPPLEME NTAT ION OF COLUMN - DE RI VED CELL CULTURE S  WI TH 

ADHERENT CELLS 

Column - de r ived ce l l s , p r e s umab ly l acking adhere nt ce l l s , 

were recons tituted with a dh e r e nt c e l l s  in the f o l l owing 

manne r . �1icrocul ture s o f  non- frac tionated lymphocy te s ,  

p repared a s  de s c r ibed in Chapter X ,  we re incub a te d  at 

37  °c for one hour to a l l ow adhe rent cel l s  to bind to the 
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p la s t i c  ( L ing and Kay , 1 9 7 5 ) . The non-adhe rent ce l l s  

were then f lushe d 6ut wi th medium and 0 . 2  m l  o f  the 

suspens i on o f  e luted c e l l s  added to the we l l s . 

Contro l s , cons i s ting o f  c u l ture s containing adherent 

ce l l s  and medium , we re incl uded in each expe r ime n t  to 

con f i rm tha t non- adherent lymphocyte s had been removed .  

STIMULAT ION OF B CELL- DEPLETED CULTURES 

Mononu c l e ar ce l l s  from 2 young sows ( coded U and V )  which 

had been infecte d  with pomona , and wh ich had MA ti tr e s  

o f  1/ 3 8 4  and 1/ 1 5 3 6 , were harve s ted as de s cr ibed above . 

C u l ture s o f  the f o l lowing ce l l  compos i tions we re 

e s tab l i shed : -

( i )  Non- fractionated ce l l s . 

( i i )  Column-e lute d  ce l l s  alone . 

( i i i ) Column-e luted ce l l s  with adhe rent c e l l s . 

( iv )  Adhe rent ce l l s  a l one . 

Tripl i c a te s  of each c u l ture were s t imulated with optimal 

leve l s  o f  PHA ( 1  � g(m l ) , sonicated pomona antigen 

( 1/ 1 0  d i lution ) , and s odium deoxycholate antigen 

( undi l u te d ) . C u l ture s we re harve s ted a f te r  9 6  hours 

incubation . 

PREPARATI ON OF ANT I - P I G-GA�1A-GLOBUL IN ( AN T I - PGG)  

The sera from 4 pigs were pooled and pre c i p i tated 3 t ime s 

w i th 3 5 %  ammon ium s u l phate ( Herbert , 1 9 7 4 ) . The f inal 

pre ci p i ta te was d i s s o lved i n  PBS , di alysed agains t  phy s i o­

logi ca l s a l ine , and concentrated to 3 0  mg/ml by d i al y s i s  

again s t  po lye thy lene g lyco l ( M . W .  = 2 0  0 0 0 )  . 
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A 1 : 1 0 d i lution o f  the concentrated PGG i n  PBS was 

emu l s i fied in F reund ' s  complete ad j uvant * . Two r abbi t s  

we re g iven 3 fortnigh t ly i n j e ctions o f  0 . 5  m l  o f  thi s  

mate r i a l . Ten days a f ter the f inal  in j ec tion the rabb i t  

anti s e ra we re c o l l e c te d  and poo led . 

P REPARA'I' I ON OF FLUORESCEIN I SOTH IOCYANATE ( FITC ) 

LABELLED N�T I - P GG ( FL-ANTI-PGG)  . 

The pooled an t i - PGG wa s pre cipi tated with ammonium 

sulphate and the r e s u l t ing gamma- glob u l in fractionated and 

labe l led wi th f luore s ce i n  is oth i ocyanate * *  by the me thod 

of The and Fe l tkramp ( 1 9 7 0 , a , b ) . F o l lowing absorp t i on 

with p i g  liver powder * * * , the conj ugated mate r i a l  was 

s tored at - 2 0 °C . 

DETECT I ON OF SURFACE IMMUNOGLOBULIN 

Mononuclear ce l l s  were separated f rom pe r i phera l b lood , 

a s  de s cribed previous ly , washed three time s in phy s i o ­

log i c a l  sal ine a n d  re suspended i n  s a l i ne at a concentration 

o f  1 5  x 1 0 6 ce l l s/ml . Doub l in g  d i lut ions from 1/2 to 

1/1 6  of the F l - anti-PGG we re prepare d , and 0 . 1  m l  of e ach 

di lution mixed with 0 . 1  ml o f  the c e l l  suspens i on . The 

ce l l s  we re labe l le d  for 3 0  minute s , wa shed 3 time s  i n  

sal ine and viewed b y  b lue darkground f luore s cence 

micros copy . I n  p re l iminary exper iments v i ab le ce l l s  were 

l abe l led at 4 °c and washed with s a l ine a l so at 4 °C . I n  

the l ater expe r iments , the washe d ce l l s  we re f i r s t  he ld 

at 5 6  °c unti l a l l were non-viable as  j udged by the 

trypan b lue e x c l u s i on te s t  ( Chapter X)  . Ce l l s  we re the n 

* 

* *  

* * *  

D i fco , Detro i t ,  Michigan , U . S . A . 

S igma , S t  Loui s , M i s sour i , U . S . A .  

We l l come , B e cke nham , Eng land 
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labe l led at 3 7  °C ,  and wa shed \vi th s a l ine at ambient 

temperature . 

Sheep lymphocyte s ,  s imi larly h arve s ted and pro ce s sed , 

acted a s  contr o l s  for l abe l l in g  spe c i f icty . 

RE SULT S 

THE I DENT I F I CATI ON OF B LYMPHOCYTE S BY IMMUNOFLUORE SCENCE 

When viable f i co l l- separated c e l l s  we re used , s p o t s  and 

caps of f luore s cence were seen on the ce l l  s u r f a ce s . 

�men heat-ki l led ce l l s  we re u s e d , a distinct membrane 

f l uore s ce nce was observed on approximate ly 1 0 %  of c e l l s . 

The he a t- k i l led ce l l s  a l s o  showed a faint d i f fuse 

cytop l asmi c f luores cence , whi ch wa s quite unl ike the 

f l uore s ce nce a s s ociate d  with the c e l l  membrane . 

The control sheep mononuclear c e l l s  e xhib i te d  only 

f a int cytop l asmic f luore s cence ; no ce l l s  showed the 

d i s tinc t ive membrane f luor e s cen ce wh ich was seen o n  the 

pig ce l l s . 

S imi l ar r e s u l t s  were obs e rved w i th a l l  the di lutions o f  

the F l - anti -PGG . 

THE RETENTI ON OF PORCINE B LYMPHOCYTE S ON NYLON v100L 

COLUMN S 

Periphe r a l  b l ood wa s c o l l e c te d  f rom 3 pigs , and the 

propor t i ons of the f i col l - s e parate d c e l l s  wh ich we re 

labe l le d  by the F l- anti-PGG in e ach case we re 4 0/ 4 0 9  

( 9 . 8 % ) , 8 3/ 7 1 1  0 . 1 . 7 % )  and 3 6 / 3 8 5  ( 9 . 4 % )· ,  an ave rage 

pe rcentage o f  1 0 . 3 % .  After the ce l l s had been e lute d 

through nyl on woo l column s , i t  was found tha t  the 

proportion o f  labe l led ce l l s  in e a ch case was 2 / 1 2 1 

( 1 . 6 % ) , 6 / 3 2 5  ( 1 . 9 % )  and 4 / 1 6 9  ( 2 . 4 % ) , an average o f  2 . 0 % .  
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THE IN VITRO RE SPONSE S TO PHA AND TO THE POMONA E XTRACTS 

With the except ion o f  the cul ture s containing adhe re nt 

ce l l s  alone , the P HA re sponse s of the var i ou s  c e l l  

popu l ations we re s imi l ar ( Tab le 1 1 . 1 ,  Figs  1 1 . 1  and 1 1 . 2 ) . 

The a c tivitie s o f  the c ulture s o f  adhe rent ce l l s  a l one 

were not s igni f i cantly d i f ferent to those o f  the non­

s timu l ated cul tures ( t u = 1 . 0 3 �  t v = 0 . 7 0 �  4 d . f . ) . 

The s tarting ce l l  population ( non- f r a c tionated ) was 

tran s formed in v i tro by the ant i gen e xtracts . The 

geome tri c  me an d i f ferences with the sonic ated preparation 

we re 0 . 3 8  and 0 . 3 9 for an imal s  U and V re spe ctive ly 

( Tab l e  1 1 . 2 , F i g s . 1 1 . 3  and 1 1 . 4 ) . Le s s  marked 

re spo n s e s  to the sodium deoxychol ate extract we re 

re corded , the geome tr i c  me an di f fe rences in e a ch case  

being 0 . 0 8 and 0 . 2 4  re s pe ctive ly ( Tab le 1 1 . 2 , F i g s  1 1 . 5  

and 1 1 . 6 )  for an ima ls U and V .  

The re was no evide nce o f  tran s formation in response to 

the antigens in those cu l ture s containing e i ther column­

e luted ce l l s  a lone or column-e lu te d  ce l l s  supp leme nte d  

with adherent c e l l s  ( Table 1 1 . 2 ,  Figs  1 1 . 3  t o  1 1 . 6 ) . 

As i s  seen f rom th�se f igure s , i n  some case s the 

background ce l lu l a r  pro l i feration usua l ly ob served 

in non- s t imu l ated cul ture s was suppre s sed . 

There was no e vidence o f  ce l lu l ar pro l i fe ration in 

re sponse to the antige n  e xtracts in cu l ture s containing 

adherent ce l l s  a lone ( Tab le 1 1 . 2 ,  Figs 1 1 . 3  to 1 1 . 6 ) . 

D I SCUS S I ON 

Hhi le the non- f rac tionate d  lymphocyte s f rom pigs  whi ch 

had been infe cted with se rovar p omona we re tran s forme d 

i n  v i t r o  by the p omona antigen e xtracts , nylon woo l 

fract i onation o f  these ce l l s  gave a popu l a t ion o f  ce l l s 

unre s pons ive to the antigens used . Nylon woo l  co lumns 

re tain both adhe rent ce l ls (ma cr ophage s )  and 
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Fig . 1 1 . 1  The i n  v i tro  re sponse s to PHA o f  B 

ce l l-depleted cu l ture s . 
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where i t  i s  0 . 0 5 or gre ater ) .  
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F i g . 1 1 . 2  The in v i tr o  re s pons e s  to PHA o f  B 

ce l l-dep leted cul ture s . 
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B = e luted ce l l s  + adhe rent ce l l s  

c = e luted ce l l s  alone 

D = adherent ce l ls alone 

s = PHA 

c = non- s t imu lated 
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F i g . 1 1 . 3  The in v i t r o  re sponse s  to the soni cated 

p omona extra c t s  o f  B c e l l-deple te d  cu l ture s . 
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D = adhe r e nt ce l l s  a lone 
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F i g . 1 1 . 4  The i n  v i t r o  re spon s e s  to the soni cated 

p om o n a  extracts of B ce l l -deple te d  culture s .  
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Figs  1 1 . 5  and 1 1 . 6  The i n  v i tro  re spons e s  to the 

s odium deoxycho late - de rive d antigen 

of B ce l l  dep le ted cul ture s . 
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B lymphocyte s ( Ju l iu s  e t  a l . , 1 9 7 3 ; Luque tti and 

Janos sy , 1 9 7 6 ) . 

When attempting to repl ace macrophage s  in the e lute d 

ce l l  cul t ure s , after the lymphocyte s had been f lushed 

out , large numbe r s  o f  adhe rent ce l l s  could be see n  

attached t o  the bottom o f  the microcu lture s .  Thu s , i t  

wou ld appe ar that the l ack o f  re s pons ivene s s  to the 

antigens by the e luted ce l l s  cou ld not be explained by 

a de f ic ie ncy of macrophage s .  Al l culture s  of e luted 

ce l l s  responded equal ly we l l  to PHA , indicating that 

they contained immuno-compe tent T lymphocyte s .  

There are two pos s ib le explanations for the se re s u l t s . 

E i ther the fractionation me thod used remove d an 

e s sential T-he lper ce l l  popu l ation , or a l ternate ly T 

ce l l s  are not invo lved i n  the anti ge n- drive n  ce l lu l ar 

prol i fe ration . A requ i rement for a T-he lper s ubse t 

i n  an t i gen induced T ce l l  mitogens i s  has not been 

demons trated ( B l ande n , 1 9 7 4 ; Campbe l l , 1 9 7 6 ) . Wha t  was 

c lear was that the decrease in ce l l u lar activ i ty was 

a s soci a te d  wi th the remova l  o f  B lymphocyte s ,  8 0 %  o f  

which were removed �by th i s  fractionation te chn ique , a s  

j udged b y  immuno f luore s cence . · Th i s  sugge s t s  that B 

ce l l s  and not T ce l l s  we re the ant i gen-re a c tive s ub­

popu l a t ion in th i s  i n  v i t r o  sys tem . 

I t  was e xpected that the PHA re spon s e s  o f  the cul ture s 

conta i ning e luted ce l ls a lone would be le s s  than tho s e  

cont a i n ing e i the r non- fractionated ce l l s  or those o f  

e luted ce l l s  s upp leme nte d  w i th adhe rent ce l l s . A 

requirement for macrophage s i n  PHA- i nduced tran s formation 

has  been demon s tr ated by o ther worke r s  ( L ipsky e t  a l . , 

1 9 7 6 ) . I t  would s eem that p i g  T lymphocytes  are le s s  

demanding in the i r  requ i rements for macrophage s  i n  

P HA- i nduce d tran s format i on than are the ce l l s  from 

o ther s pe c ie s . 
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An e xten s ion to th i s  work i s  indicate d  by the se re s u l t s . 

The p r o l i ferati ve re sponse to the p om o na ant i gens o f  

the c e l l  popul a ti on re tained on the ny lon woo l columns 

should be inve s ti gated to conf irm whe ther or not the 

ant i ge n- reactive ce l l s  are B ce l l s . Add i t iona l ly the 

ce l l s  seen in the l e s i ons of p omo n a  i n fe cte d p ig ' s 

kidne y s  shou l d  be further identi f ie d . 

SUMMARY AND CONCLUS ION S  

1 .  The re sponse s o f  B ce l l- depleted cul ture s t o  the 

p omona antigen extracts we re inve s t igated . The 

r emoval of B ce l l s  f rom porcine b l ood lymphocyte s  

was achieved b y  nylon woo l  f ractio nation and 

confirmed by immuno f luore sce nce . 

2 .  A lthough the non- fractionated ce l l s  r e s ponded to 

both the soni cated and sod ium deoxychol ate -de r ive d  

an tigens , the e luted ce l l s did not . S uppleme ntation 

o f  culture s o f  e luted ce l l s  wi th adhe rent ce l l s  did 

not i ncre ase the leve l o f  tran s formation achieve d . 

3 .  I t  was concludep that the anti gen-reactive ce l l s  i n  

th i s  i n  v i t r o  s y s tem were probab ly B ce l l s . Thus , 

the postulate that CMI i s  part o f  the immune 

re sponse of the p i g  to infection wi th serovar p om o n a  

was not conf i rme d . 
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Tab le 1 1 . 1  The activities o f  the ce l l  cul ture s treated 

with PHA , the l/10 di l ution o f  the s oni cated 

antigen and the undi luted sodium 

deoxycho late ant i gen . 

Stimulated w i th 
Animals Ce l l s  cu ltured Non- s t im .  P HA i SA 1 * 

u 

V 

Non- fractionate d Mg 

S g  

E luted + M� Mg 

S g  

E luted a lone Mg 

S g  

M<jl alone Mg 

S g  

Non- f ractionated Mg 

S g  

E luted + M<jl Mg 

S g  

E lu ted a l one Mg 

S g  

M <jl  a lone Mg 

S g  

M<jl = adherent ce l l s  

M g  = geome t r i c  me an 

3 . 2 5  5 . 4 2  3 . 6 4  

0 . 0 3 0 . 0 4 0 . 0 3  

3 . 4 3  5 . 4 6  3 . 0 7  

0 . 0 4 0 . 0 4 0 . 1 2 

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

0 . 0 5 0 . 0 5 0 . 1 5 

2 . 7 0 2 . 8 0 2 . 5 8 

0 . 0 7 0 . 1 5 0 . 0 8 

3 . 2 5 5 . 4 5 3 . 6 3  

0 . 1 1 0 . 0 7 0 . 0 6 

3 . 3 0 5 . 4 4 2 . 7 0 

0 . 0 2 0 . 0 2 0 . 0 6  

2 . 8 4 5 . 4 5 3 . 2 0 

0 . 1 0 0 . 0 1  0 . 0 5 

' 2 .  7 2  2 . 9 1  2 . 7 3 

0 . 0 9 0 . 4 8 0 . 1 7 

S g  = s tandard deviation o f  the geome tri c me an 

* SA 1 =  soni cated an t i ge n , 1/ 1 0  di lution 

* * DA o =  sodium deoxych o l ate de r i v e d  antige n , 

undi luted 

DA 0 * * 

3 . 3 3 

0 . 0 6 

2 . 9 6 

0 . 0 2  

3 . 2 1  

0 . 0 8  

2 . 5 1 

0 . 0 5 

3 . 4 9  

0 . 0 4  

2 . 7 8 

0 . 1 3 

3 . 0 9 

0 . 1 4 

2 . 4 9 

0 . 2 3 



2 0 9 . 

Tab le 1 1 . 2  Summary of the ana lys i s  o f  the re spons e s  o f  

the ce l l s  fro m  anima l s  u and V t o  the 

antigen preparat ions . 

Animal 

u 

V 

Antigen Ce l l s  cultured gmd SE S I  

Non- fractionate d 0 . 3 9 0 . 0 2 2 . 4 5 

SA 1 E luted + M<jl - 0 . 8 6 0 . 0 7 0 . 8 7 

E lute d  alone 0 . 0 1 0 . 0 8 1 .  0 2  

M<jl a lone - 0 . 1 2 0 . 0 6 0 . 7 6 

Non- f racti onated 0 . 0 8 0 . 0 4 1 .  2 0  

E luted + M<P - 0 . 2 2 0 . 0 5 0 . 6 0 

DA o E luted a lone - 0 . 10 0 . 0 3 0 . 7 9 

M</> a lone - 0 . 1 9 0 . 0 5 0 . 6 5 

Non- fractionated 0 . 3 8 0 . 0 7 2 . 4 0 

E luted + M<jl - 0 . 1 0 0 . 0 3 0 . 7 9 

SA 1 E luted a lone - 0 . 1 4 0 . 0 7 0 . 7 2 

M</> a lone 0 . 0 1 1 .  0 2  0 . 1 1 

Non- fractionated 0 . 2 4 0 . 0 7 1 .  7 4  

E luted + M<P - 0 . 1 0 0 . 0 3 0 . 7 9 

DA o E luted a lone - 0 . 1 4 0 . 0 7  0 . 7 2 

M(!> a lone - 0 . 2 3 0 . 5 9 0 . 1 4 

M<jl = adhere nt ce l l s  

SA 1 = s onicated antigen , 1 / 1 0  d i l u t ion 

DA o = sodium deoxycho late an t i gen , undi luted 

gmd = geome tric me an dif fere nce 

SE = s tandard error o f  the grnd 

S I  = s timu lation index 
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C H A P T E R  X I I 

G E N E R A L  D I S C U S S I O N 

In many countr i e s  pigs , a l ong w i th var ious rodent s , are 

regarded as re s e rvoir hos t s  for many leptosp i r a l  se rovar s . 

I t  was the re fore surpr i s ing to f ind at the outset o f  

thi s  s tudy th at so l i tt le work o n  leptospiro s i s  i n  p i g s  

h a d  been conduc ted in New Z e a l and . Thi s  i s  e spe c i a l ly s o , 

i n  view o f  the s i tuation that p i g s  are genera l ly regarded 

as important h o s t s  of p o m o na and that infe c tion with th i s  

serovar was o f  importance i n  th i s  country i n  both the 

pub l i c  h e a l th ( Jo s l and e t  a l . , 1 9 5 7 ; Chr i s tma s e t  a l . , 

1 9 7 4  a ,  b )  and anima l production spheres ( S a l i sbury , 

1 9 5 4 ; Jamieson e t  a l . , 1 9 7 0 ) . The l ike ly rea s on for 

thi s  lack o f  re s e arch is that the pig indu s try was 

regarded a s  being of only minor e conomi c importance . 

I t  appears to h ave been ove r l ooked that di s e a s e s  

a s sociated w i th p ig s  may have wide r anging e f f e c t s . 

Although a grea t  de a l  i s  known about p omona i n f e c t i o n  i n  

p i gs , th i s  c annot b e  s a i d  abou t  infe ction with the other 

se rovars s u ch a s  t ara s s o v i . I n  the cour se o f  th i s  s tudy 

an attempt was made to remedy th i s  s i tuation with regard 

to t a ra s s o v i , but the exper ime ntal animal s  f a i le d  to become 

infected owing , i t  would seem , to prior exposure to th i s  

s erovar . Th i s  h igh l ighted an important requiremen t  i n  

s tudie s o f  leptos p i ro s i s , the n e e d  t o  have a re ady 

s upply o f  an imal s  known not to have been e xposed to any 

lepto s p i r a l  serovars . In view of the ub iqui tous nature 

of leptos p i r a l  i n f e ction in b o th w i l d l i fe and dome s t i c  

anima l s , the prac t i ce of s e l e c ting anima l s  f o r  e xpe r imental 

infection s tudi e s  on the bas i s  o f  a negative MA t i tre i s  

unsat i s f a ctory . 
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Two o f  the techn ique s whi ch we re deve loped and used 

e xten s ive ly in thi s  s tudy de se rve comme nt . They are 

the " s tomacher "  method of homogen i s ing pig k idneys 

( Chapter I I I ) , and the serologica l me thod ( Chapte r I I ) . 

Much o f  the succe s s  of the culture s urveys may be 

attr ibuted to the forme r , whi le the l atter e nab led a 

rap i d  and e f f i c ient te s t ing o f  sera for anti- leptos p i r a l  

agg lutinins , 

The s tudie s conducted in th i s  laboratory in p i gs , in 

wi ld l i fe ( Hathaway , 1 9 7 8 ) , and in cattle ( He l l s trom , 1 9 7 8 )  

con f i rmed the gene r a l  concepts o f  leptosp i ro s i s  wh i ch 

we re enunci ated i n  Chapte r I .  Var ious spe c i e s  we re found 

to be infe cted only with certain se rovars , eve n  though 

the re was amp le opportuni ty for infe ction wi th oth e r  

serovar s  t o  occur . Th i s  h a s  par t i cu l ar importance whe n  

cons ide ring e i th e r  control o r  eradication o f  lepto s p i r a l  

infe c t ion i n  dome s t i c  anima l s . ?or th is re ason th ese 

epidemiologi cal f indings should be con f i rme d by 

e xpe r imental me thod s . S tudies  o f  the factors th at mi gh t  

a f fe ct the infe c t iv i ty o f  leptospires  in the var ious 

dome s t i c  s pe c i e s  are parti cularly r e l evant to such 

i nve s t i gation s . 

An impor tant re s u l t  in th i s  curre nt s tudy was the 

e lucidation o f  the e xtent and type o f  leptospiral 

infe c t ion in the p i g  popul ation i n  New Z e a l and; i . e .  that 

p o m o n a  and tara s s o v i  infe ction occur s ver y  c ommonly . 

The re s ul ts demonstrated that for an accu rate as s e s sme nt 

to be made it is ne ce s s a ry to condu ct both cultu r a l  and 

serological surveys . The dive r se c ro s s - re actions 

observed in pigs wh i ch had bee n  infe cted w i th pomona 

migh t h ave led o ne to  be l ieve tha t  pigs  we re infe cted 

w i th many serovars .  I t  seems that the p i g ' s reputation 

for be ing a re s e rvo ir host o f  many se rovar s  may have 

a r i s e n  from s uch se rological data , and may there fore be 

unwar rante d . The r e s u l t s  also emphas i se the nee d  to 

te s t  sera with an appropr i a te range o f  ant i gen s , to 
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titrate the s erum out to the end-po i n t s , and to app r a i s e  

the t o t a l  agglutination pattern o f  e ac h  se rum s ample . 

The s tud ies o f  the re l ationship be twee n  k idney i n f e c t i on 

with pomona and both the homologous MA titre s and the 

shedd ing of leptospires ( Chapte r V )  point to prob lems 

whe n  attempting to diagnose curre nt i nfe ction . The 

sens i tivity and speci f i c i ty of the micros cop i c  

agg l u tinat ion te s t  indi cate that e rrors i n  the d i agno s i s  

wi l l  occur frequently . The s tr i c t  i nterpre tation p l aced 

on the HA t i tre s to var i ous serovars by various governme n t  

age ncies ( Anon . ,  1 9 7 7 )  appe ars t o  be unfounded . 

Tre a tment with s t re pt o my c i n  would be a more e f fe c ti ve 

mean s of ensuring that p i g s  are free o f  leptospi ro s i s  

( S ta lhe im ,  1 9 6 7 ) . 

After t a � a s s o v i  i n fe c tion , the homo logous MA titre s d o  

not appe ar t o  r i se as h i gh as tho se seen a f ter p om o na 

infe c tion , and the serologi cal c r i te r i a  wh i ch might app ly 

to the l atter are not app l i c ab le to t a�as s o v i . 

In the p i g  herd whi ch was stud ied in de ta i l  ( Chapter VI ) , 

pomona in f e c tion on�y caused minor l o s s e s  in produc t i on . 

I f  i t  i s  a s s umed th at the events on thi s farm are typi c a l  

o f  those occurring o n  o ther endemi c a l ly infecte d  

propertie s , p om o n a  infe ction doe s n o t  appe ar t o  a f f e c t  the 

general  he a l th of young pigs , and as g i l t s  are usual ly 

infe c ted we l l  b e f ore breeding , lo s s e s  due to abort ions 

are minima l . Al though a balance ha s been ach ieved 

wi thin such herd s , the s i tuation i s  pre carious and 

change s in husbandry procedure s coul d  e as i ly and rap i d l y  

a l te r  th i s  s ituation . 

The pathogenicity o f  t a r a s s o v i  i n f e c ti on in p i g s , and the 

patte rn o f  i n fe c ti on in pig herds i s  very s imi lar to 

p om on a . For the se re asons , i t  appe ars that wha t  h a s  

b e e n  said about p omona i s  equa l ly app l i c ab le t o  t a ra s s o v i  

infe c tion . Howeve r , the c ourse o f  t a ra s s o vi i n fe ction 
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i n  p i g s  i s  not we l l  docume nted and th i s  shoul d  be the 

s ub j ec t  o f  furthe r· s tudy . I n  addition , the inte r a c t i on 

b e twee n  p om o n a  and t a ra s s o v i  infe ction in p i g s  should be 

more close ly examined .  

Other than a cause o f  abortion s , there i s  no con c l us ive 

evide nce that lepto s p i ro s i s  has any other e f fe c t  on 

fe r t i l i ty . In th i s  s tudy on many occasions p i g s  wh i ch 

we re infe cted with p om o n �  bred norma l ly . Howeve r , i n  

v i ew o f  the contention that leptosp iros i s  r e s u l t s  in 

chroni c i n fe r t i l i ty ( Hanson , 1 9 7 7 ) , there would be me r i t  

i n  comparing the fer t i l i ty o f  anima ls i n  infected and 

non- i nfected herd s . 

There are o ther important consequence s of th i s  infe ction 

in p i g s . As catt le ( He l l s trom , 1 9 7 8 ) , sheep ( Marsha l l , 

R . B . unpub l i s hed ) ,  and wi ld l i fe ( Brock ie , 1 9 7 7 ; !Iathaway , 

1 9 7 8 )  do not appear to be re s ervo i r  hos t s  o f  p o m o n a �  

p om o n a  infe ction in man and other dome s t i c  anima l s  i s  

l ike ly to have come d i re c tly o r  indi re ctly f rom p i g s . 

L i kewise t a ra s s o v i  infe ction i n  man and anima l s  can 

a l mo s t  certainly be attributed to the e ndemi c i n f e ction 

i n  the p i g  popu lation . 
' 

There are many reasons why leptospiros i s  in p i g s  shoul d  be 

e r ad i cated or at le a s t  c ontro l le d , and on a herd bas i s  

th i s  woul d  not be a d i f f icu l t  task to accomp l i sh . As 

the re are no known wi l d l i fe re servo i r s  o f  e i ther p om o n a  

o r  t aras s o v i  in New Z e a l and , the se infections c ou l d  be 

e l iminated e i ther v i a  antib i o t i c  ther apy ( Dobson , 1 9 7 1 ) , 

o r  by s imp ly ensur ing that the tran smi s s ion from the 

o lde r infe c te d  p i g s  to the younge r s uscep t i b le one s i s  

s topped . The only l ike ly problem i s  tha t  i n f e c tion 

could be re introduced by rep l a cement anima l s . A 

quar ant ine programme involving tre atment wi th antib i ot i c s  

and b lood te s ting o f  new introduction� t o  the herd coul d  

be employed t o  ensure agains t  th i s  event . Howeve r , an 

e ff i cient vaccination programme would be a bette r  

a l te rnative . 
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In contra s t  to the high leve l s  o f  immunity occurring 

in pigs a fte r in fection with p om o n a , vaccines and 

vaccination programme s curre n t ly re commended for th i s  

serovar do not appear t o  provi de s u f f i c ient prote c t ion . 

In th i s  s tudy and o thers ( Hodge s e t  a Z . , 1 9 7 6 )  i t  was 

noted th at vaccinated pigs we re s t i l l  suscep t i b le to 

infe ction . The se observations we re among the re a s on s  for 

inve s tigating the role o f  ce l l  mediated immuni ty ( CM! ) 

in the p i g  in the course . o f  p om o n a  i nfection . I t  

seemed a re a sonab le propos i t i o n  tha t  CMI was prote ctive 

and only deve loped suf f i c iently af ter natura l  i n f e c t i o n . 

As the re i s  good evidence that both T ce l l s  ( Pe arma in 

e t  a l . , 1 9 6 3 ;  Mi l l s , 1 9 6 6 ;  Oppe nhe im , 1 9 6 8 ;  Ling and 

Kay , 1 9 7 4 )  and B ce l l s  ( B loom 1 9 7 1 ;  E l fenbe in e t  a Z . , 

1 9 7 2 ; Lu z z ati e t  a l . , 1 9 7 3 )  may be trans formed by 

antigens in v i t r o , and both may produce lymphok ine s 

in v i t r o  ( Papage orgiou e t  a Z . , 1 9 7 2 ; Astor e t  a Z . , 

1 9 7 3 ; Rock l in e t  a Z . , 1 9 7 4 ; Mack ler e t  a Z . , 1 9 7 4 ; 

F lorentin e t  a Z . , 1 9 7 5 ) , the s e  re sponse s cannot be 

re garded a s  de f in i t ive evidence o f  CMI i n  v i v o . 

Likewi se , a l though skin t e s ting i s  an e f fe ctive me ans 

o f  inve s ti gating CMI in s ome d i s e a s e �  in many case s i t  i s  

o f  l i t t l e  v a lue ( W . H . O . , 1 9 7 3 ) . ��he n  immediate and 

Arthus ' type re spons e s  a l s o  o ccur , as in lepto s p i ro s i s  

( see Chapter X I I ) , the apprai s a l  o f  de layed hype r se n s i t-

ivity reactions be come s e s pe ci a l ly d i f f i cult . W i th thi s  

i n  mind i t  was de c ide d  to inve s ti gate CMI in th i s  s tudy 

by demons trating in v i tr o  tran s formation in an ima l s  that 

had been in fe cted wi th p o m o n a , and h aving done s o  then 

to attempt to de f ine the ce l l  type re spon s ible u s i n g  B 

ce l l-deple ted lymphocyte c u l ture s . As B ce l l  re spon s e s  

t o  mos t  ant i gens are dependent o n  the concomi tant 

activi ty o f  he lper T ce l l s  ( C l ama n and Chape ron , 1 9 6 9 ; 

Ger shon , 1 9 7 4 ) , the re sponse to antigen o f  T ce l l ­

deple te d  cu lture s would not h ave been a s a t i s f ac tory 

me thod of i nve s tigating th i s  matte r . 
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Although a cri t i c i sm o f  the lymphocyte tran s formation 

e xper iments might be that in s ome i n s tances only a 

sma l l  number o f  animals  was te s te d , there i s  s trong 

evidence that the antigen reactive ce l l s  i n  v i tro  were 

B ce l l s  and not T ce l l s . Thi s  ob s ervation i s  in accord 

wi th the conc l u s i o n s  of others ( John s o n  and Mus che l ,  1 9 6 6 ; 

Johnson and Harr i s , 1 9 6 7 ;  Ad ler and Faine , 1 9 7 6 ) , that 

the e s sence o f  the re s i s tance to infe ction with paras i t i c  

leptospires i s  the abi l i �y o f  the animal to produce 

spe c i fic antibody within a short time o f  infection . 

I t  would a l s o  appear that the prob lems with p o m o n a  

vacc i ne s  re ferred to above are not re l ated to the ir 

f a i l ure to indu ce CMI in v i v o . However ,  i t  may we l l  be 

tha t  the in v i t r o  respons e s  which were demon s trated i n  

thi s s tudy might be a use ful parame ter agai n s t  whi ch t o  

j udge the e f f i cacy of vaccine s .  

There i s  a d i s agreeme nt as to whe ther anti - leptospiral  

immunoglobulin found in urine i s  the re s u l t  o f  leak age 

from the circu l at i on ( Fa ine , 1 9 6 3 ;  L ane and Faine , 1 9 6 3 ) , 

or i s  secrete d  by the mononuclear ce l l s  commonly seen in 

the k idneys o f  an imals  in the chronic phase of 

lepto spiro s i s  ( Morse e t  a l . , 1 9 5 8 ;  Morr i son and Wr i gh t , 
' 

1 9 7 6 )  . In the ab sence of evidence o f  T ce l l  

tran s formation i n  v i tr o , i t  would s eem unlike ly th at 

the s e  renal in f i l trate s are the re s u l t  o f  de layed 

hype rsens itivity . Rather ,  i t  wou l d  appear tha t  the 

lymphocyte s are in the main , B ce l l s , v;hose function i s  

the production o f  antibody local ly . Thi s  could . be 

inve s tigated by s tudying the sur f ace membrane 

characte r i s t i c s  of the lymphocyte s in the s e  l e s ions , a s  

de scribed b y  Mi l le r  e t  a l .  ( 1 9 7 5 ) . 

I t  wou ld seem appropriate that th i s  the s i s  should be 

conc luded with a recomme ndation for c ontinued work on 

leptospiros i s  in p ig s  in New Zea l and , .  with a view to 

e l iminating th i s  impor tant focus of p omona and 

t a ra s s o v i  infe c t ion . As d i s cu s s e d  in Chapter VI I I  there 
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i s  evi dence tha t  wide spread i n f e ction in p i g s  has  been 

pre se n t  in thi s  country for a t  least 20  year s , and 

dur i n g  thi s  pe r i od d i s e a s e  in man , and los s e s  i n  

l i ve s tock produ c tion d u e  t o  i nfe c t ion with the s e  

serovars have been considerab le . I t  would be unfortunate 

i f  th i s  s i tuation was a l l owed to continue . 
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A P P E N D I X  I 

TH E A S S O C I AT I O N B E TWE E N  R E A L  P R EVA LE N C E , 

A P P A R E N T  P R E V A LE N C E , S E N S I T I V I TY AND S P E C I F I C I T Y 

The re l at ionship be twee n  infe ction and a di agnos ti c  

te s t  can be expre s sed in the fo l lowing f igure : 

D I SEASE 

+ -

TEST + X P - x  p 

- A- x y A+y-x 

A T-A T 

By de f i n i t ion sensi tivi ty ( Se )  = X 
A 

and s p e c i f ici ty ( S p ) = _y_ 
T-A 

Furthe rmore y + p - X = T-A 

thus -.. y = T-A-P+x 

Sub s t i tu t ing in equation ( 2 )  for y 

T-A- P+x = Sp ( T-1\ ) 

Likewi se s ub s ti tuting i n  equation ( 4 )  for x 

T-A-P+SeA = Sp ( T-A ) 

SeA + SpA - A = SpT - T + P 

But A 
T 

= Re al Prevalence , RP 

A 

A 
T 

and P 
T 

= Apparent Prevalence , AP 

Therefore RP = AP + Sp - 1 
Se + Sp - 1 

= 

= 

SpT - T + P 
Se + S p  - 1 

Sp - 1 + P/T 
Se + Sp - 1 

( 1 )  

( 2 )  

( 3 )  

( 4 )  

( 5 )  
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A P P E ND I X  I I  

T H E  E F F E C T O F  C U LT U R E  M E D I A  O N  

LYM P H O C Y T E  TRAN S F O R MAT I O N I N  V I T R O  

As a media e f fe ct on human lymphocyte tran s formation 

has  been de s cribed ( Luque tti and Janos sy , 1 9 7 6 ) , it was 

de c i ded to inve s ti gate whe ther or not porcine lymph o cy te s 

we re s imilarly af fe cte d  by change s i n  culture me dium . 

�ffiTERIALS AND ME THODS 

Three cu lture medi a ,  E ag l�s Minimal E s sential Medium * , 

TC 1 99 * and a 1 : 1  mixture o f  McCoy ' s  and Lieberwi t z ' s  

me dia * *  ( M+L ) were compared to determine the ir ab i l i ty to 

s upport the growth o f  PHA- s timu l a te d  ( 1 0 � g/ml )  por c i ne 

b lood lymphocy te s .  Macroculture s we re prepare d i n  wh i c h  

l x l 0 6 ce l l s  we re c u l tured i n  screw- toppe d tube s . A l l  

med i a  were s upplemented with foe ta l bovine serum ( 1 0 % )  

and antibiotic s . C u l ture s were incubate d  for 3 days 

and pulsed w i th 1 �Ci of tr itiate d  th ymidine for 1 6  

hours prior to ce l l  h arve s ting . 

P�SULTS AND DISCUS S I ON 

There were mark e d  media e f fects on b o th the a ctivity o f  

the s timulated and non- s timulated c u l ture s ( Tab le A2 . 1 ,  

F i g . A2 . 1 ) . The cpm o f  the s timul a ted ce l l s  in MEM 

we re cons iderab ly lowe r than tho se e i ther in TC 1 9 9  o r  the 

M+L mixture . Howeve r , there was no s ign i f i cant 

d i f fe rence b e twee n  the geome tri c  me a n s  o f  the s timu l a te d  

ce l l s  cultured in TC 1 9 9 and M+L ( t  = 0 . 4 5 �  4 d . f . ) .  

Conve r se ly , the non- s timulated c u l ture s in M+L had a 

* We l l come , Be ckenham , Engl and 

* *  F l ow Laboratorie s , I rvine , S co t l an d  
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s i gni f i cantly h igher activity than those in TC 1 9 9  

( t  = 1 8 . 9 0 � 4 d . f .  P < 0 . 0 0 1 ) , indi cating s ome degree 

of ce l l  tran s fo rmati o n  in thi s  medium . 

TC 1 9 9  me dium appe ared to be the medium o f  cho i ce and was 

used in all sub seque n t  tran s formation expe r iments . 

\ 
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Fig . A2 . 1  The e f fe c t  o f  c u l ture medium on & n  v i tr o  

lympho cyte trans formation . 

MEM 

M+L 

s 
c 

s c s c 5 c 1 · 0  �--L---1....---'----L---1....------11------L-� 

= 

= 

= 

= 

M E M M t L  TC I 99 

minima l e s se nt i a l  me dium 

McCoy and Lieber..-..1i  t z  medium 

PHA treated 

non- s t imulated 
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Tab le A2 . 1  The e f fe ct o f  med i um on the a c t i v i ty o f  

culture s . 

Medium* MEN M+L T C 1 9 9 

PHA* * + - + - + -

Mg 

S g  

2 . 8 0 2 . 2 8 4 . 1 1 3 . 4 3 4 . 0 5 2 . 2 7 

0 . 8 2 0 . 1 3 0 . 10 0 . 0 8  0 . 1 9 0 . 0 7  

*MEM = Min ima l E s sential Media 

*M+L = McCoy and Lieberwitz , 1 : 1  mixture 

* *  + = s timu l ated ( 1 0 �g PHA/ml ) 

= non- s timul ated control 

Mg = geome tr i c  me an 

S g  = s tandard dev i ation of geome tri c me an 

' . 



2 2 2 . 

A P P E N D I X  I l l  

T H E  E F F E CT O F  P U LS E  T I ME O N  T H E  

I N CO R P O RAT I O N O F  T R I T I AT E D  THYM I D I N E 

In orde r to e s tab l i sh the condi tion under whi ch maximum 

incorporation o f  tri t i a te d  thymid i ne would occur , the 

e f f e c t  o f  pulse t ime o f  the activi ty of PHA s t imu l ated 

culture s was i nve s tigate d . 

MATERIAL AND METHODS 

Trip l i cate porcine lymphocyte cul ture s conta ining 10 � g  

PHA/m l  we re s e t  u p  and in cubated for 3 day s . The 

cu lture s we re harve s te d  a f te r  puls ing with tri t i ated 

thymidine for e i ther 30 minute s , 5 hours , 10 hour s , 

1 6  hours or 2 4  hours . 

RE SULTS AND DI S CUSS ION 

The amount o f  i s otope i ncorporated by the PHA s t imulated 

ce l l s  wa s at a maxi�um a f te r a p u l se pe ri od o f  1 6  hours . 

The non- s timu l ate d  ce l l s  re tained more isotope a s  the 

pul se time i n c re ased , wi th an approximate 5 0 %  i n c re a s e  

ove r the 2 4  hour per iod ( T able A3 . 1 , Fig . A3 . 1 ) . The 

geome t r i c  me an di f ference s were 0 . 7 3 ( 5  hour s ) , 0 . 7 4 

( 10 hours ) ,  0 . 9 4 ( 1 7 hour s )  and 0 . 8 9 ( 2 4 hour s ) . 

A 1 6  hour pu l s e  period was used i n  sub sequent trans f ormation 

expe r iments . 
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Tab le A3 . 1  The e f fe c t  of p u l se time on the incorpo�ation 

o f  t r i tiate d thymidine by s timu l ated ( +PHA) 

and non-s timu l ate d  ( - PHA ) ce l l  c u l ture s . 

PHA P u l se Per iod 30 m in 5 hrs 10  hrs 16 hrs  24  h r s  

+ Mg 2 . 2 7 3 . 4 9  3 . 6 2 3 . 8 9 3 . 8 4 

Sg 0 . 1 1 0 . 1 3 0 . 0 3 0 . 0 2  0 . 1 1 

- log cpm* ND * *  2 . 7 6 2 . 8 8 2 . 9 5 2 . 9 5  

Mg = geometr i c  me an 

S g  = s tandard devi ation o f  geome t r i c  mean 

* = only 1 non-s timu l a ted culture h arve s te d  

a t  each t ime 

* *  = not done 
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F i g . A3 . 1  The e f f e ct o f  pu l s e  time on the uptake o f  

tr i t i ated thymi dine by trans formed 

lympho cyte s .  

� 5 ....... 
� c:::J 
\0 
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� 
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8 3 
....... 

� 
� � 2 
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' 

5 10 15 2.0 
PULSE TIME fHOURg) 

+ = PHA treate d  

o = non- s t imul ated 

-:±: 

0 
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A P P E N D I X  I V  

T H E  E F F E CT O F  WASH V O L U M E  O N  T H E  R E T E N T I O N O F  

N O N - I N C O R P O R AT E D  I S OTO P E  B Y  F I B R E G LA S S  F I LT E R S  

A s  part o f  an inve s t igation to e s tab l i sh the cond i t ions 

u nde r wh i ch the maximum di f ference be tween s t imulated 

and non- s t imul ated culture s  would oc cur , the retent ion o f  

i sotope o n  f ibreg l a s s  harve s ting f i lters was e xamine d . 

l-1ATERIAL AND METHODS 

1 ml vo lume s of Eagle ' s  Min ima l E s sential He dium* 

containing 1 � C i  of tritiated thymidine we re prepare d .  

E ach s o lution was poure d onto a f ibre glass  f i l t e r  wh i ch 

was then f l u shed w i th 1 to 3 2  m l  o f  water , 3 s amp le s 

be ing proce s se d  for e ach of the wash vo lume s used . 

The f i lte r s  we re dried and counte d a s  de scribe d in 

Chapter X .  

P� SULTS AND DI SCUS S I ON 

I sotope wa s re ad i ly f l u shed f rom the f ibre g l as s f i l t e r s , 

and with wash volume s g reate r than 1 0  ml there was only a 

sma l l  decre ase in the res idual a c t iv i ty ( Tab le A4 . 1 ) , 

Fig . A4 . 1 ) . The re ciprocal o f  the mean cpm was h i gh ly 

c orre lated to the wash vo lume ( r  0 . 9 8 ) , indi cating 

that the amount o f  i sotope lef t was inve rse ly 

p ropor tional to the wash volume . 

For the remaining e xper iments a 1 2  m l  wash vo lume was u s e d  

to remove non- incorporated i sotope f rom the fi l t e r  d i s c s . 

* We l l c ome , Be ckenham , Eng l and 
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Table A4 . 1  The retention o f  i s o tope on f ibre g l a s s  

f i lte r s . 

Wa sh Vo lume (ml ) 0 1 2 4 8 1 6  3 2  

M ( cpm ) 1 3 0 3 3  3 5 2 6  1 0 2 9  6 9 6  4 1 0  3 1 3  1 6 3  

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

M = me an 

S = s tandard deviation 

cpm = counts per minute 
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F i g . A4 . 1  The e f f e c t  of wash vo lume on the rete n t i o n  

o f  tr i t iated thymi dine b y  f ibre g l a s s  f i l te r s . 

5 '- 10 15 20 25 30 
VOLUME. OF RINSE fML ) 
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A P P E N D I X  V 

T H E  E F F E C T  O F  A T R I C H LO R O A C ET I C  AC I D  ( TC A ) 

WA S H  O N  T H E  A C T I V I TY O F  S T I M U L AT E D  AND N O N - S T I M U LAT ED 

LYM P H O C Y T E  C U LT U R E S  

Tri c h l oroace t i c  acid ( TCA ) washe s we re an e s se n t i a l  s tep 

in the original  me thods o f  me asuring the amount o f  i s otope 

retaine d  by ce l l s . The l ab e l led DNA was pre cipi tated 

along w i th a p rotein carr ie r , and thi s  mate r i a l  was 

d i s so lved in s c inti l lation f luid ( Hughes and Cas pary , 

1 9 7 0 )  . With the introduc t i on o f  f i l tration r a ther than 

pre c i p i tation to harve s t  the DNA , the acid wash appe ars to 

have b e e n  carr ied ove r f rom the original me thod and 

accepted as be ing nece s s ary , in spite o f  the ob s e rvation 

by the deve lope r s  of mul t ip l e- ce l l  harve s te r s  th at s a l ine 

wash e s  a l one gave the s ame r e s u l t s  a s  seque nti a l  washes 

o f  s a l ine , TCA and me thano l ( Hart zman et  a l . , 1 9 7 2 ) . The re 

is evidence , h owever , th a t  i f  who l e  b lood cul ture s are 

use d , a TCA wash may be ne ce s s ary in order to avoid co lour 

quench i n g  prob l ems dur ing s c int i l l ation counting 

( Sande rs on ,  1 9 7 4 ; tique tti and Jano s sy , 1 9 7 6 ) . 

I n  th i s  p re sent s tudy i t  was found that i n  orde r to wash 

the i s otope - l abe l led f i l trate with TCA , it woul d  have 

bee n  nece s s ary to mod i fy the mul ti p l e - ce l l  harve s te r  

avai l ab l e . I t  was de cide d , there fore , to i nve s t i gate 

whe ther a TCA wash was an e s senti a l  requirement i n  ce l l  

harve s ting . An exper ime nt us ing the macrocul ture system 

is de s cr ibed . 
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�ffiTERIALS AND METHODS 

Th irty two 1 ml p i g  lymphocyte c u l ture s we re e s tab l i shed 

in cul ture tube s * , s ixteen o f  the se we re s timu l ated w i th 

1 0  � g  PHA , wh i le 0 . 1  ml of pho s phate buffered s a l ine 

( PB S )  was d i spensed into the remainde r whi ch se rve d as 

contro l s . During harve s t ing the f i l te red ce l l s  f rom 

ha l f  o f  the PHA s timulated cu l ture s , and from h a l f  of the 

contro l s  were f lu s hed succe s s ive l y  w i th 4 ml of s a l i ne , 

4 ml o f  1 %  o f  TCA and 4 ml o f  5 %  TCA . The rema ining 

cultures were wa shed wi th 1 2  ml of  di s ti l led wate r only . 

The activ i t i e s  o f  the s timu l a te d  and contro l c u l ture s 

were the n compare d .  

RE SULTS AND D I S CUS S I ON 

The geome t r i c  means of the s t imu lated and non- s t imul a ted 

culture s a re summari sed in Tab le A 5 . 1 .  There was no 

s igni f icant d i f fere nce be twee n  the activi t i e s  of the 

s timu lated culture s ( t  = 1 . 0 4 >  1 2  d . f . ) ,  nor be twee n  the 

activitie s of the non- s timu lated cultures ( t  = 0 . 6 7 > 

1 2 d . f . ) .  

As there wer e  no s igni f i cant d i f ferences be twee n  the 

counts of the f i l trate s  washed w i th TCA , and tho se washe d 

with water only , i n  al l s ub sequent e xpe riments the 

f i l tered ce l l s  were washed wi th water only . W i th regard 

to colour que nch i ng , the f i l tr ate s we re a lway s f lushed 

with an e x ce s s  o f  wate r and the que nch rat i o s  we re a lways 

i nspected to ensure tha t  th i s  was not a facto r  c au s i n g  

variation in the cpm ' s recorde d . 

* 11 ' 1 1  0 I l l . 
. U S A K1max , wen s , 1no 1 s , . . .  
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Tab le A 5 . 1 The e f fect o f  a TCA wa sh on the r a d i o­

activity of a f i l tered ce l l  pe l le t . 

+ 

-

P I-lA W a sh 
+ TCA Water Only 

Hg 4 . 6 5 4 . 7 3 

Sg 0 . 1 7 0 . 1 1 

Mg 2 . 8 2 2 . 7 6 

S g  0 . 1 3 0 . 1 7 

Mg = geome tr i c  mean 

Sg = s tandard devi ation of 

geome tr i c  me an 
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A P P E N D I X  V I  

T H E  E F F E C T  O F  F O E TA L BOV I N E S E R U M  O N  

LYM P H O C Y T E  T R AN S F O R MAT I ON 

In pre liminary e xpe riments wh i ch were conducted to e s tab l i sh 

the optimal cond i ti ons o f  cul ture for lymphocyte tran s for­

mati o n , the non- s timulated contro l s  were occasion a l ly 

tran s formed . For th i s  re ason the e f fe ct o f  supplementing 

the culture med i um wi th foetal bovine s erum ( FB S )  was 

studied . 

MATERIALS M�D METHODS 

Lymphocyte s from 2 pigs we re prepared and cul tured in 

TC 1 9 9  medium containing 0 % , 5% and 1 0 %  FBS . Ha l f  o f  th e 

cul ture s were s timu lated wi th PHA ( 1  � g/ml ) , the o the r 

hal f  being non- s timulated contro l s . The ce l l s  we re 

harve s ted after 2 4 , 4 8 ,  9 6  and 1 2 0  hours incuba tion . 

RE SULTS AND DI S CUS S I ON 

The P HA- s timu l a te d  ce l l s  cu ltured in TC19 9 with FBS 

incorporated more i sotope than did tho se in medium without 

FBS . Howeve r  ove r the 1 2 0  hour incub a tion period mark e d  

time -re sponse s were obse rved ( Tab le A 6. 1 ,  F i g s  A 6  . 1  and 

A 6 .  2 )  • 

The activities o f  the non- s timu l ated culture s in medium 

wi thout FBS de c l ine d more or le s s  s te adily ove r the 1 2 0  

hour per iod . The counts o f  the non - s timulate d  culture s  

conta in ing FBS increased s lightly ove r the f i r s t  4 8  hours 

(a d i f fe rence in geome tri c  me ans o f  0 . 4 7 in both anima l s , 

equivalent to a s timulation index o f  3 . 0 ) , but then 



2 3 1  

de c re ased more rapidly than the culture s without FBS . 

By 9 6  hours i n  a l l  but one case the geome tr i c  me an s o f  

the non - s timu l ated c u l ture s we re s imi lar . 

For the rema inder of the tran s formation e xper ime n t s  the 

c u l ture med i um was supp lemente d with FBS to a f i n a l  

concentration o f  5 % , and the m i c rocultures we re 

· harve sted a f te r  96 hours incubation . 

Tab le A6 � 1  The e f f e c t  o f  supp l ementing cul ture me d i um wi th 

foetal bovine se rum ( FBS ). 

I n cubation Period ( hour s ) 

2 4  4 8  9 6  1 2 0  
PHA FBS 

1 11 g/ml Vo l : Vo l %  A B A B A B A B 

+ 1 0 %  Mg 3 . 5 5 3 . 8 7 5 . 0 4 5 . 0 8 5 . 2 9  5 . 3 2 5 . 0 0 4 . 7 0 

Sg 0 . 0 7  0 . 1 1 0 . 0 0 0 . 0 8 0 . 0 6 0 . 0 8 0 . 1 3 0 . 7 0  

+ 5 %  Mg 3 . 4 4 3 . 9 0 5 . 0 7  5 . 3 0 5 . 3 5 5 . 3 4 5 . 0 2 4 . 8 8 

Sg 0 ·....0 4 0 . 0 3 0 . 0 5 0 . 0 5 0 . 0 2  0 . 0 5 0 . 0 2 0 . 0 8 

+ 0 %  Mg 3 . 1 8 3 . 6 3 3 . 9 7 3 . 7 5 4 . 3 8  4 . 5 2 3 . 6 4 3 . 7 5 

S g  0 . 0 4 0 . 0 5 0 . 0 9 0 . 0 6 0 . 0 8 0 . 0 5 0 . 0 7 0 . 1 2 

- 1 0 %  Mg 3 . 0 0  3 . 2 3 3 . 3 4 3 . 3 8 2 .  9 1  3 . 3 6 2 . 6 9 2 . 7 9 

Sg 0 . 0 3  0 . 1 2 0 . 0 7 0 . 0 2 0 . 0 6 0 . 0 7 0 . 0 1  0 . 0 8 

- 5 %  Mg 3 . 1 2 3 . 2 9 3 . 3 6 3 . 4 5 3 . 0 0 3 . 0 4  2 � 6 9  2 . 9 6  

S g  0 . 0 8 0 . 0 4 0 . 0 4 0 . 0 4 0 . 0 6 0 . 0 3 0 . 0 2  0 . 0 8 

- 0 %  Mg 3 . 1 3 3 . 3 8 2 . 8 8 2 . 9 5 2 . 9 2 3 . 0 1  2 . 5 5 2 . 6 1  

S g  0 . 0 7  0 . 0 2 0 . 0 9 0 . 0 2 0 . 0 6  0 . 0 7  0 . 0 3  0 . 0 5  

Mg = geome tri c me an 

S g  = s tandard devi ation of the geometri c me an 

+ = P HA s t imu lated culture s 

= Non- s t imu l ated contro l s  

A = Anima l A 

B = Animal B 
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F i g . A 6 . 1  The e f f e c t  o f  the concentration o f  foe tal 

bovine serum ( FBS ) in culture med i um on 

in v i t r o  lymphocy te tran s formation . 
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F i g . A 6 . 2  The e f fe ct o f  the concentration o f  foet a l  

bovine serum ( FBS ) in cul ture med i um o n  

i n  v i t r o  lymphocyte trans formati o n . 
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A P P E N D I X  V I I 

T H E  IN VITRO D O S E - R E S P O N S E S  O F  LYMP H O C YT E S  

T O  T H E  S O N I C AT E D  AND S O D I UM D E O X Y C H O LAT E - D E R I V E D  POMONA 

ANT I G E N  E XT R A C T S  

Group I pigs ( pre s ume d i n f e c te d )  coded A to I .  

Group I I  pigs ( presumed non- infecte d )  coded J to R 

( s tandard deviation p lotted only i f  i t  wa s greater than 

0 . 0 2 . ) 
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Fig . A 7 . 1 The in v i t r o  lymphocyte re sponse s  to the 
s o n i cated p om o n a  extract . 
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Fig . A 7. 1  ( cont . )  The i n  v i t r o  lympho cyte respon s e s  to 
the s onicated p o m o n a  extra c t . 
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Fig . A 7. 1  ( cont . )  The i n  vi t ro 
- lymphocyte re sponse s to 

the soni cated p om o n a  e xtrac t .  
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-
F i g. A 7. l  ( cont . )  The i n  v i t r o  lympho cy te re spons e s  

t o  the son i cated p omo na extract . 
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F i g . A 7. 1 ( cont . ) The i n  v i t ro lymphocyte re sponse s to 
the sonicated p omona extra c t . 
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F i g . A 7. 2  The i n  v i t r o  lymphocyte re spons e s  to the sodium 
deoxycholate -derive d  p omona extract . 
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Fig . A 7. 2  ( cont . ) The i n  v i t r o  lymphocyte re spon s e s  to the 
sodium deo xy chol ate-derived p om o n a  extract . 
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