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ABSTRACT 

A serologica l  survey of 600 pos sums (Trichosurus vu lpe�ula ) f rom 

farmland environments in the sou thern half  of  the North Island of  New 

Zealand revealed tha t  t i tres agains t lep tospires of the Hebdomadis 

s erogroup were p resent in 52% of sera . Bacteriological studies 

identified the causative organism as Leptospira interrogans serovar 

balcanica. This serovar had previously been isolated only in Eas tern 

Eur ope ; from man, cattle and pigs . 

Isolation of  lep tospires from kidneys was aided by the use of a 

system involving whole kidney homogenisatio n  in y-sterilised p lastic 

bags in a ' Colewor th Stomacher ' .  Comparison o f  cultural  and serological 

results demons trated tha t ,  when titr es were read at low minimum serum 

dilutions , the s erological prevalence was an accurate indica tor of the 

bacteriological prevalence� 

Field surveys and experimental s tudies demonstrated that the possum 

was a typical maintenance hos t  for balcanica . Experimental infection was 

easily es tablished and 50% of animals were s till  lep tosp irur ic one year 

after infection . Experimental inf ec tion with hardjo could not be 

es tablished , and it is considered that previous reports of endemic 

haPdjo infection in po ssums in New Zealand could be incorrect . 

There was a marked d if ference in the age-sp ecif ic prevalence of 

balcanica infec tion in possum popula tions , with infe�t ion being 

restric ted to s exually-mature animals .  Evidence is presented to support 

the hypo thes is that infection becomes established following behavioural 

changes assoc ia ted with the onse t  of sexual maturity . It is sugges ted 

that the transmission o f  balcanica within a population is dependant on 

direct contact  b etween animals  rather than env ironmental contamination . 

No correlation could  be shown between the p revalence of infect ion in 

differen t  populations and the nature of the hab i tat . 

A cons is tent paradoxical react ion to hardjo was found in sera 

from pos sums infected with balcanica . Chromatographic s tudies revea�ed 

that this was due to hetero logous agglutinating activ ity of antibodies 

of the IgM clas s . Chromatographic s tudies a lso indica ted that , f o llowing 
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infe c tion , the trans ition o f  the predominant agglutinati11g activ ity i n  

sera from antibodies of the IgM class t o  antibodies o f  the IgG c lass 

was cons iderably s lower than in euther ian mammal� . 

Balcanica was found to haemolys e  r ed b lood cells of  several 

spec ies . An in vitro haemolysin test for the differentia tion of 

balcanica and hardjo iso la tes is described . Haemolytic activity has 

no t been prev ious ly demons trated in o th er members  of the Hebdomadi s  

s erogroup . 

Investigations of o ther small free-liv ing mammals revealed tha t  

serogroup Ballum infec t ion was endemic i n  ship rats (Rattus rattus ) , 

house mice (Mus musculus ) and hedgehogs (Erinaceus europaeus ) in 

natural and syanthropic biotopes . The Norway rat (Rattus norvegicus ) 

was also shown to be capab le of maintaining a focus of Ballum sera

gro up infection when the population dens ity was high . No l ep tosp ires 

f rom o ther than the Ballum ·serogroup were isolated from the roden ts 

examined . 

Field evidence suggested that ther e  was no predator-chain 

transm is s ion of leptospiral infection from rodents to free- l iv ing 

carnivores . �irds were s imilarly found to be unimportant in the 

epidemio logy of l ep tospirosis in the ecosys tems studied . 

The nidality of  leptosp irosis was inves tiga ted in an int en s ive 

farming environment for a period of tuo years , and wel l-def ined 

maintenance-hos t  parasi te relationships f or dif ferent serovar s were 

def ined in both domes t ic and free-liv ing species . No cultural and v ery 

l i t tl e  s erolog ical evidence of interspecies transf er was f ound ,  despite 

the apparent oppor tunity for transfer of i nfection . 

The concept o f  a maintenance host for a p ar ticular lep tospiral 

serovar was investiga ted us ing a laboratory mouse model . As a 

consequence of this  inves t igation and field s tudies , the character istics 

of a maintenance hos t  for a leptospiral s erovar are redef ined . 
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CHAPTER I 

LEPTOSPIROSIS  IN WILDLIFE , EPIDEMIOLOGICAL CONSIDERATIONS AND A 

SUMMARY OF LEPTOSPIROSIS IN NET-V ZEALAND 

INTRODUCTION 

Leptospiros i s  is  an important zoonosis with a world wide distribution . 

Initially the disease was considered to be a sporadic infection of  

rat s, dogs. and humans caused by a relatively small number of  serovars .  

More recent invest igat ions have shown leptospirosis to be  a common but 

generally inapparent infect ion of  many different species o f  wildlife 

and domestic s tock associated with a large number of different serovars .  

These inapparent reservoi r  hos t s  can act as a d irect or indirect source 

of infect ion for man . 

The genus Leptospira represents a morphologically-dis t inct group 

of organisms o f  the Order Spirochaetales (Noguchi , 19 18) . The type 

organ i sm,  serovar icterohaemorrhagiae, was isolated from a human with 

Wei l ' s  disease ( Inada et aZ , 1 9 16 )  and from Norway rats (Rattus 

norvegicus) by Noguchi ( 19 1 7) .  Leptospira interrogans is tentat ively 

the only species recognised in the genus (Anon , 196 7 )  however two 

complexes , based on ant igenic and b iological differences , can be 

differentiated ; the interrogans complex which consists  of pathogenic 

s t rains and the bij1exa complex whi ch consists of  mainly saprophytes . 

Different iation of leptospires within these two complexes is  based 

on ant igenic characterist ic s  and the interrogans complex is divided 

int o  16  sero groups , each containing strains that have shared ant igens. 

Individual s t rains within serogroups , differentiat:ed by cross

agglutinat ion absorption t es t s , are designated as serovars .  The World 

Health Organisation (Anon , 19 6 7 )  has defined serovars in the following 

manner ; "two s trains are cons idered to belong to different serovars 

if , after cross absorpt ion with adequate amount s  of  heterologus antigen, 

10% or more of  the homologous t itre regularly remain s  in at least one 

of the two ant isera in repeated tests . "  New serovars identified by 

cros s-agglutinat ion absorp tion are continually being isolated and many 

of  these originate from Hild animals (Anon , 19 75 ) . 



As a mat ter of  convention , the level of  leptospiral agglut inins , 

as measured by serum agglutinat ion tests , will  hencefo rth be raferred 

to as t itres . 

LEPTOSPIROSI S  IN WILDLIFE 

2 

Soon af ter the discovery that the agent o f  Wei l ' s  disease o f  man 

was a leptospire of  the Icterohaemorrhagiae serogroup ( Inarla et al , l9 16) 

the s ame serovar was isolated from Norway rat s  (Ido et  al , l9 1 7 ) .  Thus 

wildlife were immediately imp licated as an important factor in the 

epidemiology of leptospirosis  of man . By 1 9 30 the Norway rat was 

cons i dered to be a wor ld-wide carrier o f  sero group Icterohaemorrhagiae 

organ isms (Uhlenhuth and Fromme , l9 30 )  and outbreaks of leptospi rosis in 

humans were con�only associated with close contact with rats (Altava 

e t  a Z� l956 ; Babudieri , l9 5 8 ) . 

O ther rodents were also soon discovered as carriers of  leptospires . 

The field vole (Microtus arvaZis ) was o ften shown to be infected with 

serovar grippotyphosa (Borg-Petersen , 19 49 ) . Epidemics of human 

grippotyphosa infect ion ( "mud fever" )  in Central Europe were associated 

wit h  both changes in populat ion density of field voles and climati c  

conditions prevailing at the t ime (Popp , 1950 ; Kathe , 1950) . The field 

mouse (Apodemus sy lvaticus) was incriminated as a source of human 

grippotyphosa infect ion in the U . S . S . R. (Popova , 195 7)  and several 

other species of rodents were found to be infected with serovars 

associated with sporadic cases of leptospirosis in humans where man 

and rodent shared a common environment .  These  included serovars sejroe 

and poi in the common shrew (Sorex araneus ) (Ananyin , 1954)  and serovar 

pomona in the field mouse ,  the house mouse (MUs musculus )  and various 

species of rats (Rattus spp . )  (Babudieri and Bianchi , 1940) . 

Extens ive invest igations in the 1940' s and 1950's demonstrated a 

large number o f  serovars f rom a wide variety of rodents . Species 

studied included mice (Apodemus spp . )  (Rimp au ,  194 2; Kitoaka , 19 5 1 ;  

Kmety , 1955 ; Kemenes , 19 5 7 ) , voles (Microtus spp . )  (Gse11 , 1952 ; Kmety , 

1955 ; Salminen , 1956 ; Broom and Cohlan , 1958) , rats (Rattus spp . )  

(Babudieri and Bianchio, 1940 ;  Zwierz et a l , 1958) , the house �ouse 

( Das Gapta , 1940 ; Borg-Petersen , 1944 ; Wolff , 19 5 4; Salminen , 1956 ) , 



the common shrew (Kmety , 1 955; S alminen , 1956)  and harves t  mice 

�cromys spp . )  (Mino , l9 39 ; Kmety , l955 ; Salminen , 1956 ) .  Surveys in 

t ropical countries revealed new s erovars in various species of  

rats including serovar bataviae in R . norvegicus� R diardi� and 

R. argentiventer� and serovar javanica in R. jalorensis ( Collier , 

1948 ; Esseveld , 1948) . The maj ority o f  these workers considered these 

rodent reservoirs to be a maj or source of infection for both domestic 

stock and man .  

Reviews b y  Babudieri ( 1958)  and van der Hoeden ( 1958) , while 

emphasising the importance of rodents as carriers o f  leptospirosis , 

reported the beginning of much wider investigations of  wildlife from 

many Orders and species in many countries throughout the world . T�is 

t rend has continued into the 1 9 70 ' s  and consequently much informat ion 

has been gained on the prevalence of leptospirosis in a wide variety 

of  wild animals . This greater knowledge has been of  considerable 

importance in assess ing the role of wildlife as a source of infection 

for domestic animals and man in various countries . 

3 

Ap important aspect of  this wider understanding o f  the disease has 

been that some domestic animals appear capable  of maintaining certain 

serovars ,  such as hardjo in cat t l e , independant o f  a wildlife reservoir 

(Ro th et al� l964 ; Hanson , 1 9 76 ) . 

In addit ion to Rodentia (rat s ,  mice , hamsters , voles , squirrels , 

gerbils , coypu) , leptospires have now been isolated from free-living 

Insectivora (hedgehogs , moles , shrews ) , Carnivora ( foxes , j ackals , 

skunks , raccoons , mongeese , feral cat s ) , Artiodactyla ( deer) , Lagamorpha 

( rabbit s , hares) , and Marsupialia (opossums , possums , bandicoots ) . 

Sporadic isolations have also been made from non-human primates , rept

iles , amphibians , marine mammals , birds , bats and insects . Due to 

the vas t  number of free-living animals capable  o f  acting as reservoirs 

o f  infect ion throughout the world , many more host-parasite assoc iations 

have been identified in wildlife compared with domestic  animals and 

man (Anon , l966 ; Anon , l9 75) . 

Within this wide spect rum o f  host-parasite relat ionships , serovar 

distribut ion is extremely variabl e  and , from an epidemiological point 

o f  view , leptosp irosis in wildlife can be divided into s everal groups 

o f  host-parasite relationships . 



1 .  Some s erovars have an extremely localised distribution and 

are hos t-specific . Serovar bakeri o f  the Tarassovi s erogroup has 

b een isolated only f rom the Southern bush rat (Rat�us assimilis) 
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in the State of Queensland in Aus tralia (Anon , 1 9 7 5 )  and serovar 

brasiliensis has been isolated only f rom the opossum (Didelphis 

marsupialis ) in the Sao Paulo. dis tric t of Brazil (Santa Ros a  et  aZ3 

1 9 7 2 ) . 

2 .  O ther serovars have a loca lised distribut ion but are less 

hos t-specific . Serovar zazoni o f  the Pyrogenes serogroup forms a 

well-defined loca l is ed r eservoir of infection in nine spec ies of 

wildlife in North Queensland (Emanuel et al , 1 9 64 )  and is the cause of 

" canefields leptospirosis " in humans in this region . Apar t from this 

well-def ined nidus , zazoni has a lso  been rec overed f rom the house ra t 

(R. rattus flavipectus ) in China (Chung Huei-Lan et al , 1 9 60) , white 

tailed deer (Odocoileus virginiana ) in the U . S . A .  (Ro th , 1 9 70) and 

man in I taly (Babudieri e t  al , 1 955 ) . Serovar szwajizakof the 

Hebdomadis serogroup is ano ther leptospire in this c a tegory . This 

o rganism has been isolated from the house mous e ,  ship rat (Rattus 

rattus ) ,  European hedgehog (Erinaceus europaeus ) and man in IsYael 

(van der Hoeden and Shenb erg ,  1 962 ) . Szwajizak has also been recovered 

from the shor t-nosed bandicoot  (Isodoon macrourus) and man in 

Austra l ia ( Smith et  al , 1954 ; Emanuel e t  al , 1964)  from the opossum 

in Brazil (Santa Ros a  et al , 1 9 7 5 ) , from the spiny rat  (Proechinys 

semispinosus ) in Panama (Gale 1 9 65)  and from cattle in the U . S . A .  

(Glosser et al , 1 9 7 4 ) .  

3 .  Some serovars have a n  extremely wide geographical distribution 

and are capable of infecting a large number of free-living species 

as wel l  a s  domes tic animal s  and man . Three serovars in this 

category are copenhageni, ballum and grippotyphosa. 

Serovar copenhageni is commonly isola ted in high p revalence f rom 

Norway rats and the worldwide distribution of this serovar in o ther 

species of wildlife , domes t ic animals and man is p robably associa ted 

with the cosmopolitan distribution of this roden t .  This serovar has 

been isolated from o ther spec ies o f  rat from different parts of the 

world (Lahiri ,  1 94 1 ; Broom ,  1958 ; Gordon-Smith et al , 1 96 1 ;  Nityananda 

and Harvey, 19 7 1 ) and also from the European hedgehog (Borg-Petersen 



and Fennestad , 1962) , opossum ( Santa  Rosa et aZ , 19 75 ) house mouse 

(Alexander et a Z ,  196 1 ;  Minett e ,  1964) , Indian mongoose (Herpestes 

autopunctatus) (Minette , 1 9 6 4 ) , water vole (Arvicola terrestris )  

�lesk0 and Novakova , 196 7 ) , field mouse and several species o f  vole 

(Parnas et aZ , 1964 ; Mateev , 1 9 6 4 ) . In the U . S . A ., copenhageni 

has b een isolated from many species o f  wildlife including the Norway 

5 

rat , ship rat , house mous e , opossum ,  coy�u (Mycocastor coypus) � red 

fox , (Vulpes vu lpes) � grey fox (Urocyon cinereoargenteus�) striped skunk 

(Mephites mephites) and raccoon (Procyon Zotor) (Roth, 1 9 70 ) . Infection 

of domestic animals by copenhageni , including cattle , p igs , horses and 

dogs , is  wel l  documented throughout the world (Anon , 1966 ; Anon , 1 9 7 5 ) . 

S erovar baZ Zum also has a very wide geographical distribution in a 

mul t iplicity o f  hosts . First isolated from the house mouse in Denmark 

(Borg-Petersen , 1944) , this ubiquitous serovar has s ince b een recovered 

from many free-living anima ls .  These include the field mouse and 

Norway rat (Fraga de Azevedo et al , 195 1 ) , opossum (Yager et aZ, 1 9 5 3) , 

European hedgehog (van der Hoeden , 1958) , bank vole and other species 

of vole (Clethrionomys gZareo Zus and Microtus sp�) (Broom and 

Cohlan , 1958) , the deer mouse (Peromyscus manicuZatus)and cotton rat 

(Sigmodon hispidus) (Bro wn and German , 1960) , ship rat and Pacific rat 

(Rattus exulans) (Minette , 1964)  and the muskrat (Ondatra zibethicus) 

( Paul , 19 72 ) . Serovar baZ Zum has also been isolated from a reptil e , 

the hog-nosed snake (Heterodon p latyrhinus) in the U . S . A . ( Ferris et aZ� 

1 96 1 ) . Despite this wide hos t  spectrum , serovar baZ Zum is most 

consistently found in the house mouse from which it  has b een isolated 

in varying prevalence from many countries . This serovar also has a 

worldwide distribution in domestic  animals and man (Anon , 1966 ; Anon , 

1 9 7 5 )  however ,  unlike copenhageni , it  causes only very sporadic 

infections in these host s , even in environments where there is a high 

prevalence o f  baZZum infect ion in wildlife (Alexander et  a Z� 1963 ; 

Anon , 1965 ; Michna , 1 970 ; Schnurrenberger et a Z , 19 70 ;  Brockie , 19 76 ) . 

Grippotyphosa is a serovar that also occurs in a wide variety o f  

vertebrat e hosts throughout  the world . It has b een isolated from no 

less  than 12 species of wildlife and cattle and pigs in the U . S . A .  

(Hanson e t  a l , 1964 ; Anon , 1 9 6 6 ; Hanson et  al , 19 7 1 ; Anon , 1 9 75 ) , from 

nine species of wildlife and man in Poland (Anon , 1 9 6 6 )  and from 1 1  

species o f  wildlife and man in Czechoslovakia (Anon , 1 9 6 6 ) . Many 

free-living species in other c0untries also carry grippotyphosa 



(Anon , 1 9 66) . This serovar has a worldwide distribut ion in cattl e  
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(van der Hoeden, 1958;  Michna , 1 9 70)  and i t  is cons ide=ed �hat  wildlife 

cons titute the maj or reservoir o f  infec tion for this species (Martin 

et a l ,  1 967 ; Fennes tad and Borg-Petersen, 1 9 7 2 ;  Hanson , 1 97 6) . Conversely , 

it  has been sugges ted tha t  in certain s ituations cattle may be a 

pos s ible sou rce o f  infec tion f o r  wildl if e (Schnurrenberger et al ,  1 9 70) . 

Iri the U . S . A . d espite the presence o f  grippotyphosa in cattle  and many 

species of wild animals , no human cases of lep tospirosis have been 

a ttribu ted to this serovar . This is in contras t to the widespread 

transmission of grippotyphosa f rom rodents to humans in Europe (Popp , 

1 95 0; Ka the , 1 9 50) and to the possible involv�1ents of cattle in the 

transmission o f  this serovar to humans in Israel and the U . S . S . R. 

(Babudieri ,  1 9 58 ) . 

The importance of small mammal s  as c arriers and disseminators of 

lep tospiros is is further demons tra ted by the role of the European 

hedgehog in s ever al countries . Serovars copenhageni� grippo typhosa� 

canico la and szwajizak were isolated f rom this species in Israel  

(van der  Ho eden, 1 958) and serovar bratislava was found to  be the 

mos t  common leptospire carried by the European hedgehog in Denmark 

(Borg-Petersen and Fennes tad,  1962) . Bratis lava was also found in high 

prevalence in hedgehogs in Ho l land with iso lates being ob tained from 26% 

of  a sample o f  1 25 animals ( Holff and Bohlander , 1965) . These authors 

considered the hedgehog to be an impor tant reservoir host for bratis lava 

for domestic s tock and man . O ther workers supported this hypothesis , both 

in Br itain ( �1ichna , 1 9 7 0) and Denmark (Fennes tad and Borg-Peterson, 

1 9 7 2 ) . 

Other species of small wild mammals have been shown to constitute 

impor tant local reservoirs of  lep tospiral infec tion . In Japan, several 

species o f  voles were repor ted to be commonly infected with serovars 

hebdomadis and autwnnalis , the agents as sociated with "seven d ay fever" 

and "autumn fever" respec t ively in Japanese farm worker s ( Babudieri ,  

1 958) . In Denmark a s trong correlation has been shown between the 

d is tributio n  of the s tr iped field mouse (Apodemus agrarius ) and 

infection o f  cattle and pigs with serovar pomona (Fennes ta d  and 

Borg-Peter s en ,  1 9 7 2) . Fluctuations in rodent number s were reflected 



by a changing prevalence of pomona infect ion in �hE domebtic animal 

populat ion . 

Babudieri ( 1958 )  has described the harvest mouse (Micromys minutus 

sorcinus )  as an important carrier o f  serovar bataviae in Italy due 

to its  widespread presence in rice fields and Gordon-Sillith et aZ ( 196 1 )  

has suggested that the house rat (Rattus diardi)�a carrier of  several 

leptospiral serovars in Malaya , is  a maj or source of  human leptospir

osis . 

Large free-living mammals  have received less attent ion as carriers 
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of leptospires . This is probably due t o  their fewer numbers and more 

res tricted distribution in enviroments shared by domestic animals and man . 

However some large mammals , the most notable of  which are deer , have 

been shown to carry leptospires . 

Mos t  of  the s urveys on leptospirosis  in deer have been carried out 

in the U . S . A .  s ince 1960 . Serovar pomona was isolated from one of  

3 1  white-tailed deer by  Reilly e t  aZ  ( 1962 )  and also from the same 

species in Canada (Abdulla e t  a l , l96 2 ) .  I n  a large serological survey 

of deer in Wisconsin ,  Trainer et aZ ( 1963 )  demonstrated pomona titres 

in 26% of 1 , 256  sera, and Andrews et aZ ( 1964) , r eporting the results 

of  a s ix year annual serological s urvey of deer , found a mean annual 

preval ence of 10% of mixed t itres to pomona� grippotyphosa� canicola� 

and baZZum . Another serological survey in the U . S . A .  ( Sho tts and 

Hayes, 1 9 70 ) , found t itres in 292  of 1 , 544 white-tailed deer sera when 

tested against 1 2  leptosp iral ant igens . In this survey the most 

common t itres were against grippotyphosa . 

Despite the extent of  serological surveys for leptospiral agglut inins 

in deer in the U . S . A . , very little  cultural work has been attempted, 

primarily due to logistical probl ems associated with field cultural 

surveys . Hence the true p revalence of infection and the epidemiological 

importance of  leptospiral infect ions in deer have yet to be critically 

det e rmined . Experimental infect ion studies by Trainer et aZ  ( 1963)  in 

the white-tailed deer showed that pomona was only excreted for a short 

t ime in the urine although t it res  persisted for at least one year . 

This indicated that in an endemically- infe'cted population only a small 

percentage of  serological reactors would be excreting organisms . 

Serological surveys of deer in the U . S . S . R .have also shown the presence 



o f  leptospiral titres to various serovars in Japanese deer (Ce�vus 

nippon) �  (Vysot skii and Ryashchenki , 196 1 )  and red deer (Cervus 

e laphus) (Korenberg , 197 5 ) . No cultural invest igations were attempted 

by these workers . 

In contrast to the situat ion in the U . S . S . R .  and U . S . A . , deer 

have been shown to be only sporadically infected with leptospires in 

the United Kingdom (Twigg and McDiarmid.19 73) . These authors examined 

five species of deer , but found only t�o reactors at a minimum serum 

dilution o f  1 : 30 in 345 sera and they considered that the domestic 

animal populat ion constituted a risk to deer as a reservoir of 

leptospiral infect ion . A similar s ituation was found in Tasmania 

where 1 2 7  of 128  fallow deer (Dama dama ) were found to be serologically 

negat ive . The only reactor was found to have a t�tre to grippotyphosa 

ant igen (Munday , 1 9 72 ) . 
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Feral pigs have received some attent ion as carriers of leptospirosis 

in Aust ralia .  Keast and Litt lej ohns ( 1966 )  found 88 of 1 2 2  feral pigs , 

shot during a swine fever eradication programme , seropositive to 

pomona ant igen and cons idered these animals an important reservoir 

of infect ion for domestic s tock. A small  sample of eight feral pig 

sera t aken from an area where a local outbreak of pomona infection 

had o ccurred in bovines were a l l  shown to have high t it res to pomona 

( Shield ,  1 9 74 ) . At necropsy these feral pigs had renal lesions 

charact eristic of leptospirosis and the author cons idered feral pigs 

to be the source of this local outbreak of bovine leptospirosis . 

Munday ( 19 72 )  found no leptospiral titres against several ant igens. 

including pomona , in a smal l  sample of feral p ig sera from Tasmania . 

Wild boars have been reported to carry serovar tarassovi in 

Europe (van der Hoeden , 1958) . 

More extens ive invest i gat ions have been carried out in Carnivores 

and in s everal countries foxes and j ackals  have been identified as 

lep tospiral host s .  Serovar canicola was isolated from the Asiatic 

j ackal (Canis aureus)in I srael by van der Hoeden ( 1955 )  and he 

considered this animal importan t  in the epidemiology of  canicola 

infect ions in bovines in that country . Serovars grippotyphosa� bal lum 

and icterohaemorrhagiqe;, have b een isolated from the American red 



fox (Vulpes fulva) and the gray fox in the U . S . A .  (Roth � 1970 ) . The 

European red fox has also been found to be a host for s erovar pomona 

in the U . S . S . R. , poi in Denmark and bratis lava in Italy (Anon , 1966 ) 

9 

and serological ev;_de::.ce of il.fec.t ion by several serovars in foxes in the 

United Kingdom was correlated with interstit ial nephritis in the kidneys 

of this species (Blackmore , l964 ) . Although leptospirosis  has been 

reported ·to  o ccur in different species o f  foxes in s everal countries , 

the signi ficance o f  the disease in these animals has not been fully 

determined . 

The few invest igations of leptospirosis in non-human primates have 

revealed onl y  a very low preval ence of serological titres , even in areas 

where endemic human and rodent leptospirosis  occurs {Cordon-Smith , 

et  al, 196 1 ;  Minett e� 1 96 6 ;  Minet te  and Shaffer , l968 ) . Leptospiral 

infect ion has also b een found in a marine mammal .  Vedros et  a l  

( 1 9 7 1 ) reported high morbidity and mortality in an outbreak o f  

naturally-contracted l eptospirosis  in a herd o f  Californian s ea lions 

(Zabophus caZifornsonus) .  The organisms involved was subsequently 

identified as serovar pomona , the s ource o f  which was undetermined 

fMcihalton e t  al, 19 7 1 ) . 

B irds have been invest igated as potent ial carriers of l eptospires 

since 1948 and there have been conflicting reports as to  their role 

in the epidemiology o f  leptospirosis . Several workers have reported 

the finding o f  lept ospiral agglut inins in the sera of birds (Gillespie 

et al , 1957 ; Babudieri , 1958 ; Twigg et al , 1968) however attempts at 

isolat ion o f  leptospires from kidneys or  excreta were unsuccessul . 

A claim by Addamiano et  al ( 1960 ) to  have isolated serovar bataviae 

from wading birds has not been sub stantiated by sub sequent workers who 

have examined many species o f  b irds , both serologically and culturally , 

during invest igations of endemic foci o f  leptospirosis  in other animals 

(Ferris et al� 196 1 ;  Torten . et al , 1965 ; Schnurrenberger et  a l , 1 9 70 ; 

Munday , 19 72 ) . No leptospires have b een isolated in these s tudies . 

Borg-Petersen and Fennestad ( 1 966 ) found leptospires by darkfield 

microscopy in the urine and kidney homo genates of 6 out of 106 mixed 

species of Danish bats .  The organisms could not b e  recovered �y 

convent ional culture techniques o r  inoculation o f  l aborato ry animals 

with infec ted mat erial . Leptospires o f  unknown s erogroup were also 
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isolated from 2 bats (Myotis spp) in Mal aya (Gordon-Smith e t  a l ,  196 1 ) .  

Isolates serotyped as schaufferi from the Canicola serogroup and 

cynopteri from the new serogroup�Cyncpteri , were isolated from local 

species of bats in Indonesia (Collier and Mochtai , 1939) . 

As is the case wi th b irds , conflicting evidence has been p resented 

regarding insects as being leptospiral hos t s . Some workers have raised 

the quest ion o f  arthropods being potent ial leptospiral vectors,with the 

isolation o f  leptospires for a variable  period following experimental 

infect ion under laboratory conditions . Adul t  flies, (MUsca� Cal liphora 

and Lucilia species ) that had fed on infected material were shown to  

harbour leptospires either in the crop or externally on  the cuticle 

for at least 2 6  rours (Kunert and Schmid tke , 1 952)  and could therefore 

possibly act as passive leptosp iral carriers . A tick ,  Ornithodorus 

moubata� was shown to be  capable o f  t ransmitting copenhageni to  

guinea pigs 39 days after  feeding on  an infected guinea pig ( Schloss

berger and Langbein , 19 5 2 )  and Ornithodorus turicata was found to 

harbour leptospires for up to 2 32 days (Burgodorfer , 19 5 6 ) . Three 

authors reviewing the literature on leptospiral carriership by 

arthropods (Babudieri , 1958 ; Alston and Broom , 1958) were o f  the opinion 

that although under experimental conditions some insects could become 

infected , no t ransfer to  domestic animals o r  man had been demonstrated 

and therefore arthropods were not s ignificant carriers of leptospires . 

More recent workers have isolated leptospires from naturally-infected 

insects ti1at have fed on leptospiraemic animals  (Krepkogorskaia and 

Rementsora , 19 5 7 ; van der Hoeden , 1958  ) and Michna ( 19 70 )  suggested 

that flies may act as passive carriers o f  leptospirosis in the field� 

however the epidemiological significance o f  arthropods in the 

t ransmission of leptospirosis has not yet been determined .  

The discovery o f  leptospiral agglut inins in snakes in Malaya 

(Gordon-Smith et al , 1 9 6 1 )  and Florida , U . S . A .  (White, 1963)  was the 

first evidence of leptospiral infection of reptiles . Ferris et al 

( 19 6 1 )  isolated serovar ballum f rom a hog-nosed snake and suggested 

' .  a predator-chain transmission o f  this serovar from infected mice to  

snakes . Several species o f  rep tiles have sub sequently been found to  

have titres to  various lep t ospiral ant igens (Andrews et  al , 1965 ; 

Schnurrenbe rger . et a l , 1 9 70 )  and Glos ser et  a l  ( 19 74) dis covered a 
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high cultural and serological prevalence  o f  serovar tarassovi infection 

in s everal species of turtles in the U . S . A . , especially Pseudemys 

scripta e legans . Titres have also b een reported against several 

l eptospiral ant igens in turtles from Roumania ( Combiesco et al , 1959 ) 
and Israel (van der Hoeden et  a�196 1 ) . These authors reported low 

t it res in aquatic  turtles compared with the high titres found in land 

turtles , but the reason for this difference has not b een determined . 

The last free-living animals to b e  considered as hosts  for lepto

spirae are the amphibians . Diesch et  al  ( 1 966 ) isolated a leptospire 

from a leopard frog (Rana pipiens) and s ub sequent attempt s  to class ify 

this organism (Babudieri , 19 7 2 ) found it t o  be antigenically unique and 

also non-pathogenic :or laboratory animals . Babudieri ( 1 9 7 2 ) also 

reported the isolation of  a l eptospire from a toad in the Philippines . 

Collectively , the epidemiological role of  b irds , bats , arthropods , 

reptiles and amphib ians in the t ransmission o f  leptospirosis t o  other 

animals appears to be of  little significance . The possibility o f  

some of thes e  creatures playing a limited role in specific s it uations 

cannot be ruled out however . 
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THE EPIDEMIOLOGY OF LEPTOSPIROSIS IN WILDLIFE 

The epidemiology o f  lep tospiros is in wildlife is extremely compl ex 

due to the l arge number of lep tospiral s erovars , the wide range o f  host 

s pecies and the inconstant na ture of leptospiral hos t-parasite relation

ships in a specific niche . 

Several workers have conduc ted intensive wildl if e  inves tiga tions in 

regions wher e endemic l ep tospirosis  occur s in domes tic animals  and man 

and have shown that s imultaneous infec tion by the same serovar can occur 

in  all three groups of vertebrates (wildlife , domes tic s tock and man) 
within the same ecological niche (Als ton and Broom , 1 9 5 8 ;  van der Hoeden , 

1 958 ; Alexander  et a l ,  1963 ; Borg-Peter sen and Fennes tad , 1 9 7 2 ;  Campbcll 

and Stallman , 1 975 ; Shenberg et a l ,  1 9 7 7 ) . Many inves tiga tions have also 

demonstrated infection by the same serovar in two o f  the three ver tebrate 

g roups pres ent wi thin a specific eco logical niche (Kathe , 1950 ;  Borg

P eter sen and Fennes tad , 1956 ; Babud ier i ,  1 9 58 ; Ro th et a l ,  1 9 64 ;  Michna 

and Campbell ,  1 9 7 0 ;  Torten et a l ,  1 97 0 ; Twigg et a l ,  1 9 7 2 ) . O ther 

s tudies of endemic foci of lep tospirosis  however have found that wild

l ife was not  involved as a reservoir of infection , even though wild 

animals of  the same spec ies may have b een recognised as hosts for 

the spe cific  s erovar in other areas (Gillesp ie and Ryno , 1963 ; Doher ty , 

1 9 6 7 ;  S chnurrenberger et al , 1 9 7 0 ;  McCaughey and Fairli e ,  1 9 7 1 ;  Munday , 

1 9 7 2 ;  McDiarmid,  1 9 7 5 ) . 

Where c ircums tantial evidence has indicated the specif ic  role of a 

f ree-liv ing species a s  a carrier and possible  disseminator of leptospires ,  

repeated observations and exper imental s tudies have of ten supported the 

initial hypo thes is ( Emanuel , 1 959 ; McGowan and Karsta d ,  1965; Reilly , 1 9 7 0 ;  

Birnbaum e t  a l ,  1 9 7 2 ; Chernukha et  a l ,  1 9 7 5 ;  Kik tenko e t  al , 1 9 7 6) . As a 

consequence , many host-parasite  relationships have b een d es cr ibed in 

general terms of hos t  suscep tibi l i ty and infec tion rates but l i t tle is 

known abou t  specif ic fac tors affec ting interhos t transmission in 

specific  ecological niches . Some workers have s tressed the impor tance 

of env ironment (Masaev , 1960 ;  Ferris  et al , 196 1 ;  Twigg et al , 1 969 ; 

Schnurrenberger et a l ,  1 9 7 0) while o thers have cons idered population 

dens ity to be the mos t important fac tor affec ting interhos t transmission 

(Brown and German , 1 9 60 ;  Andrews and Ferris , 1 9 66 ) . Predator-chain 



transmission has also been investigated as a specific factor by 

Reilly , l970 ) . The result3 of these inves tigat ions have b een equivocal 

and have remained a problem o f  individual interpretation . 

Roth ( 19 70 ) , reviewing the role o f  wildlife in the epidemiology 

of leptospirosis  in the U . S . A . , stated " current knowledge precludes 

an accurate asses sment of the precise role of wild mammal s  in the 

maintenance o f  leptospires in nature and the role in the transmission 

o f  lepto spiro s is to man and domestic animals . "  This att itude can 

be appreciated when it is considered that the main emphasis on 

investigat ion o f  leptospirosis in wildlife has been on their role 

as a reservo ir o f  infect ion for domestic  stock and man rather than 

an invest igat ion of the disease within the wildlife populat ion itsel f .  

Consequently the epidemiological conclus ions have o ften been based 

on small numbers of wild animals collected at  a specific t ime during 

a more intens ive investigat ion of leptospirosis  in domestic  s tock o r  

man . Such samples were o ften obtained without an understanding o f  the 

specific prob lems involved in determining the prevalence of lepto

sp irosis in free-living populat ions . 

1 3  

The requirements f o r  a reliab le s tudy o f  a disease i n  a wild animal 

population are accurate and comprehensive surveys , efficient processing 

of an adequate  range o f  samples and an understanding o f  the biology and 

populat ion dynamics of the species involved . Although the general 

epidemiology of leptospirosis in wild animals wil l  be cons idered in 

depth in sub s equent chap ters , it is necessary at this s tage to consider 

in general terms the requirement s  of field invest igations that are 

needed to  s t udy the epidemiology of l eptospirosis within a wildlife 

populat ion . Such knowledge is necessary to assess the possib ility o f  

transmission o f  the disease t o  o ther vertebrates in the same ecological 

niche . 

1 .  Sampling o f  Free-living Spe cies 

The procurement of representative samples  from wildlife populations 

p resents p roblems not encountered in s urveys of dome s t ic animals or 

man . A primary problem is the accurate assessment of the s iz e  and 

density of the wil d  life population . These factors have been shown 

in some studies to have s ignificant effects  on the intra- and int er-
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species prevalence o f  leptospiros i s  within an  ecological niche (Babudieri , 

1958 ; Brown and Gorman , 1960 ; Gordon-Smith e t  a L ,  196 1 c ; Roth et  al , 1 9 6 3 ; 

Turner , 19 6 7 ) . Although many methods have been employed to estimate wild

l i fe populat ion density (Dice , 19 3 8 ; Calhoun and Casby , 19 5 8 ;  Davis , 19 6 4 ) , 

most contain inherent e rrors and these may be  compounded when different 

localities are sampled and compared . 

The influence of specific locality on the prevalence of leptospiral 

infection in a particular wildlife population , both locally (Kirschner 

and Gray , 195 1 ;  van der Hoeden , 1958 ; Emanuel et  al , 1964 ; Willis and 

Wannan , 1966)  and nationally (Parnas et  a l , 19 6 1 ; Wolf£  and Bohlander , l9 6 5 ; 

Shotts  and Hayes , l9 70 ;  Chernukha et  a l , 1 9 75 ) , has been described by 

many workers . This variat ion between localit ies is the result of  a 

complex interact ion between many factors including population dynamics , 

environment , season , presence of  part icular leptospiral serovars and 

n umber of animal species present in the specific ecological niche . All 

these factors must be cons idered when investigating the epidemiology 

o f  leptosp irosis  in wildlife . 

Logist ical problems associated with extens ive wildlife 

surveys and variations in trapping efficiency often affect the collect

ion o f  accurate dat a .  The animals  captured may not be a representative 

s ample  of the overall populat ion present , due to insufficient numbers 

being captured and differences in trapping suscept ibility due to diffe

r ences in behaviour associated with differences in age , sex and 

species . 

2 .  Recording of Data 

The adequate recording of data on trapped animals  is of paramount 

importance but workers often fail to record even basic parameters such 

as age , sex and species . A correlat ion between age and p revalence 

o f  lep tospirosis  has been shown t o  o ccur in several f ree-living 

species (Kirschner and Gray , 195 1 ;  Gordon-Smith et al, l96 l c ;  Wol f f  and 

Bohlander , 1965 ; Shotts e t  al, l9 75)  and therefore ag� is a particularly 

important p arameter to record in any epidemiological study . 

Aging o f  wild animals  is o ft en difficult and it may only be pos s ible  

to classify animals  into broad catego ries o f  sexual ly immature and mature . 

�ome workers have used arb itrary weight ranges as being indicative o f  



of age or  s exual maturity (Gordon-Smith et aZ., 196 1c ;  Wol f f  and 

Bohlander , 1965 ; Twigg e t  aZ. , 1968 ; Sulzer et aZ. , 1968)  however these 

are often inaccurate (Lyne and Verhagen , 1 95 7 ;  Calhoun , 196 2 ; Sladen 

and Borg , 1 9 69 ) . 

A different prevalence of  leptospirosis related to sex has also 

been shown in surveys of  some wild animal populat ions but reasons 
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for this variat ion were unknown (Trainer et aZ. , 1963 ; Twigg et a Z. , 1 9 7 2 ; 

Bro ckie and Till , 1 9 7 7 ) . An epidemiological study must also have 

accurate information on the location where animals were t rapped , the 

correct ident i f icat ion o f  species p resen t  in the niche and the pres

ence or abs ence of  concurrent disease in the population being studied . 

3 .  Serology 

Surveys for evidence  of leptospirosis in wildlife populations are 

often limited to serological examinations due to logis tical problems 

associated with culturing of wild  animals in the field . As leptospiral 

t itres can only be regarded as "pot ent ially s erogroup-indicative" 

(Turner , 1 9 6 7 ) , s erological result s  provide only limited epidemiological 

informat ion . This cautious interpretation is  necessary b ecause o f  

the occurrence o f  cross-reactions between ant igenically-similar 

s erovars and complicat ions arisin g  f rom multiple infections . Para

doxical react ions (higher tit res against ant igenically-heterologous 

serovars) may also confuse serological f indings (Roth et a Z. , 196 3 ;  

Martin e t  aZ. , 1 9 6 7 ) . 

Many inves t i gat ions suffer from a l imited range of  serovars being 

employed as ant igens in s erologica l  test s .  If an adequate range o f  

antigens i s  used , some t i tres may b e  c ross-reactions initiated by 

s erovars not present among the test ant igens and hence incorrect 

conclusions as t o  specific infecting l ep tospires can b e  drawn . In 

addition , t i tres to serovars not employed as antigens may b e  missed . 

The minimum serum dilut ion at which leptospiral t it res are read 

is also very variable , ranging from 1 : 10 (Blakelock and Allen , 19 5 6 )  

t o  1 : 800 (Sebek e t  aZ. , 1 9 76 ) . This f a c t o r  must be taken into account  

when comparin g  the  results from different s urveys . 



4 .  Culture 

Any attempt to assess the leptospiral carrier s tatus of  wild 

animal populat ions must ult imately rely on culture and isolation of 

16 

the infecting serovar . Isolation of leptospires also allows definitive 

typing of the serovars involved in a specific nidus of endemic 

leptospirosis . Isolations have often been reported from serologically 

negative animals (Alexander et  al, 196 3 ; Minette , 1964 ; S chnurrenherger 

et a l , l 9 70)  and leptospires have also been recovered from animals 

with t i t res to serovars from different serogroups to the isolate itsel f 

(Roth e t  a l , 1963 ; Mart in et  a l , l 9 6 7 ) . 

Materials and methods employed in cultural surveys vary cons iderably 

between different workers . Improved media developed in recent years 

such as EMJH (Ellinghausen and McCullough , 1965 ; Johnson and Harris , 

1 967 )  have been shown to be more s ensitive for the isolat ion of 

leptospires compared with media used by earlier workers .  

This improved cultural sens itivity allows more accurate result s  

to be  obtained , especially when serovars with fast idious growth 

requirement s  are being investigated . 

Most workers have assumed that the cultural method they employed 

was highly sensitive for the recovery of the leptospires p resent in 

the animal population being studied . From extrapolat ion of the result s  

of the p resent investigat ion ( s ee Chapter V) , this assumpt ion may have 

been inval id in some situations . Therefore , serological and cultural 

prevalence rat ios calculated for a populat ion may not always be  

representative of the true s it uation . 

5 �  · Serovar ident ificat ion 

Definit ive identification of leptospiral isolates by cross

agglut ination absorpt ion is an essential part of  any invest igation . 

When performe d ,  this p rovides confirmat ion of  the distrib ution o f  

specific serovars within verteb rate host s  sharing a common environ

ment , however definitive serotyping is often neglected in wildlife 

surveys . In some well-defined s it uations , several s erovars from one 



s erog roup have been shown to o ccur independantly in dif ferent 

free-l iv ing or domes tic animal hos ts sharing an ecosys t�� (Emanuel 

e t  a"l,  1964;  Chernukcha et a"l , 1 9 7 4 ;  Hateev and ��anev , 1974 ) . In 

these par ticular si tuations , iuter species transmission is r are 

although the serovars present are similar antigentical ly and cannot 

b e  differ entiated by s erology a lone . 

6 .  Changes in prevalence 

1 7  

Repeated sampling of  animal s  in some wildlife populations has 

indicated a change in the preval ence of leptospiros is in a par ticular 

location over a period of  time (Martin et a"l , 1 9 6 7 ;  Sho tts et a"l , 1 975 ; 

Shenberg et a "l ,  1 9 7 7 ) . Although the causes of such changes may b e  

dif ficult to identify , they mus t be considered i n  long-term investigations . 

In conclus ion , the epidemiology of leptospiros is in wildlife 

populations must be def ined in terms of  local cond it ions . Extra

polat ion from the local s i tuation to the general is s eldom valid for 

free-liv ing animals . 



LEPTOSPIROSIS IN NEW ZEALAND 

To dat e ,  six leptospiral serovars from five s erogroups have been 

isolat ed  in New Zealand (Table 1 . 1 ) .  These are balcanica� baZZum� 

copenhageni� hardjo� pomona and tarassovi and are dist ributed amongst 

humans , domestic animals and wildlife . 

(i)  Lepto spirosis in Humans 

Evidence o f  leptospiral infection in humans in New Zealand was 

first established in 1 9 5 1 when Kirs chner and Gray reported a titre 

to  serovar copenhageni in a farmer . Serovar pomona was isolated 

from a human by Kirs chner et  aZ  ( 1952 )  and an associat ion between 

dairy fa rming and human lept ospirosis in New Zealand was first 

suggested the following year by Faine and Kirschner ( 1953 ) . 

A survey comprising 3 1 7  human sera col lected f rom 1952  t o  1956  

was tested against twenty ant igens at  a p rimary dilut ion o f  1 : 300 
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by Josland e t  aZ ( 19 5 7 )  and t itres to pomona� copenhageni� medanensis� 

autumnalis and tarassovi were demonst rated . This p rovided the first 

evidence o f  human infection with a leptospire of  the Hebdomadis sera

group , represented in this survey by medanensis ant ige n .  

The s econd human s erovar to  b e  isolated  in New Zealand was the 

hitherto unsuspected ballum (Anon , l9 6 7b)and Christmas et al ( 1 9 7 4 ) , 

investigat ing a local outb reak o f  human l ep tospirosis in a dairy 

farming region , isolated serovar hardjo from several farmers with 

c l inical symptoms of leptospirosis . 

Since leptospiros is was declared a notif iable disease in 1952  

there has been a steady annual increase in  the number  o f  not ified 

human case s  o f  leptospirosis unt i l  in recent years it has become one 

of the mos t  common human notifiable  diseases in New Zealand . Lepto

spirosis is a significant occupational r isk for dairy farmers and 

to a lesser extent other o ccupat ional groups engaged in the handling 

or  proces sing of livestock ( Christmas et  a Z , 1 9 74 ; Phillip , l9 76 ) . 

Examinat ions o f  Annual Reports o f  the New . Zealand Depa rtment o f  Health 

for the years 1 9 70 to 1 9 76 reveals that Hebdomadis and Pomona serogroup 

infect ions are responsib le for over 9 9 %  o f  human leptospirosis in this 



Table 1 . 1 First reports o f  leptospiral serovars isolated in New Zealand . 

Serogroup Serovar Host species Reference 

Hebdomadis hardjo human Christmas et a Z ,  1 9 74 

Pomona 

Icterohaemorrhagiae 

Ballum 

Tarassovi 

"hardjo " 

baZcanica 

pomona 

copenhageni 

baUwn 

tarassovi 

cattle 

possum 

possum 

human 

cattle 

sheep 

cat 

p ig 

dog 

Norway rat 

cattle 

human 

cat tle 

Norway rat 

ship rat 

hedgehog 

house mouse 

p i g  

Lake , 1 9 73  

Bro ckie , 1 9 75 ; d e  Lisle et  a Z , 19 75 

Marshal l  et aZ , 19 76 

Kirschner et al, 

Anon , 195 1 

Anon , 195 1 

Harkness et a Z , 19 70 

1952  

de Jong and Fowler , unpublished , 19 6 8  

Te Punga and Bishop , 1953  

Kirschner and Gray , 195 1 

Dodd and Brackenridge , 1960 

Anon , 196m 

Ris et az , 19 73 

Brockie , 19  7 7  

Bro ckie , 1 9 7 7  

Bro ckie and Till , 1 9 7 7  

Brockie , 1 9 7 7  

Ryan and Marshall ,  19 76 

...... 
\0 



country . S ince 1972 , hardjo has been the predominant serovar 

incrimineted to human infections whereas before this date infect ions 

att ribute d  to serovar pomona were more common (Phillip , 19 76) . 

Serological evidence of  infection with organisms of the Tarassovi 

and Icterohaemorrhagiae serogroups is occas ionally found in humans , 

however the infect ing organisms have yet to be isolate d .  

(ii)  Lept ospirosis in domestic animals 
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Although a clinical syndrome attributable  to leptospirosis  was 

recognised in bovines earl ier , it was not unt il 1950 that serovar 

pomona was isolated from cattle and sheep , so confirming the presence 

of  leptospirosis in New Zealand domestic stock (Anon , l9 5 1 ) . This sero

var was subsequent ly shown to b e  associated with abort ion in cattle 

(Te Punga and Bishop , 1953) and l ocalised epidemics in sheep caused 

high morbidity and mortality in lambs and variable clinical disease 

in mature animals (Hartley , 1952 ; Webster , 19 5 5 ) . 

Since these early reports , serovar pomona in fect ion has b een 

shown to b e  widespread in bovines throughout New Zealand and can 

cause a variety of  symptoms , ranging from an asymptomatic carrier 

state to mast itis , agalac t ia ,  haemoglob inuria and abort ion (Anon 

1 9 7 3 ) . In calves an acut e syndrome of  haemoglob inuria and 

sudden death can occur , although young animals can also be aEymptomatic 

carriers ( Salisbury, 1954 ; Jamieson et al , 19 70) . 

The pig was recognised as a reservoir of  endemic pomona infect ion 

in New Zealand by Salisbury ( 1954)  and sub sequent invest igations have 

confirmed a high prevalence of this leptospire in this species 

(Russell and Hans en , 1958 ; Ryan and Marshall , 1 9 76 ; Hodges , 19 7 7 ; Ryan , 1 9 78) . 

Infect ions with serovar pomona also occur in other domestic animals  and 

the organism has b een isolated from the dog (Salisb ury , 1954)  and cat 

(Harknes 8 et a Z�19 70 ) . 

The isolat ion of serovar hardjo from a heal thy calf by Lake ( 19 7 3 )  

provided the f irst evidence of  what has s ubsequently proven to b e  

endemic leptospiral infect ion due t o  the Hebdomadis serogroup in 



New Zealand cattle (Anon, 1 974a;  1 9 7 4b ;  Brockie ,  1 9 7 6 ;  Hells trom, 

1 978) . This reservo ir of Hebdomadis infec tion has been closely 

associa ted wi th a �igh prevalence of Hebdomadis se rogroup inf ections 

in humans in this country . The d isease is especial ly common in 

d airy cat tle in spring and early Silllli�er in years of high rainfall 

(Anon, 1 9 7 3 )  and this high p reval ence is correlated with peaks of 

human infec tion at  these times (Brockie , 1 97 6 ;  Phillip, 1 9 7 6 ) . 

2 1  

No definite pa thogenic effects have been associated with serovaY 

hardjo infect ion in cattle in New Zealand , which i s  in contrast to 

reports from o ther countries ( Su lzer et a Z ,  1964 ; Sullivan and Callan , 

1 9 7 0 ;  Hoare and Claxton , 197 2 ;  Johnson e t  a Z� 19 7 4 ; Ellis and Michna , 1 9 7 6 ;  

Gordon , 1 9 7 7 ) . These workers have associated serovar hardjo inf ection 

with a mild clinical syndrome which can be manifes ted by mas titis 

and occasionally abortion . The o rganism has yet to be recovered from 

an abor ted foetus and def initely typed by cross-agglut ination absorp t ion , 

however, in 1 9 7 7 ,  Ellis and Michna produced abor tion in exper imentally 

inf ected heifers with an Hebdomadis serogroup iso la te tha t was very 

s imilar antigenically to s erovar hardjo . 

Titres to Hebdomadis serogroup antigens have been demonstrated in 

horses (Anon , 19 74b ; I .  Doe, per s . comm . )  and sheep ( unpublished data) . 

The na tionwide prevalence and ep idemiological significance of these 

t i tres is unknown . 

Two o ther serovars were shown to inf ec t  cattle in New Zealand with 

the iso la tion of copenhageni from calves by Dodd and Brackenridge ( 19 60 )  

and the isolation o f  ba Z Zum and copenhageni from apparently healthy 

calves in the Hauraki Plains by Ris et a Z  ( 19 73) . Copenhageni is 

capable of  producing high morb id i ty and mor ta lity in suscep tible 

a nimals (Dodd and Brackenridg e �  1 960) . BaZ Zum has been associated with 

pho tosensi tisation (Anon, 1 9 7 6 )  and has also been iso la ted f rom a fatal 

infect ion in a calf which was characterised by haematuria and nephri tis 

(Anon , 1 9 7 7b) . 

T itres against  serovars baZZum and copenhageni have also been 

reported to occur sporadically in pigs (Kirschner et a Z , 195 2 ;  Ryan , 

1 9 78)  but no i solations have been made to confirm infec tion by these 

s erovars .  
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In the preliminary screening o f  a large laboratory animal colony the 

author demonstrated widespread , unsuspected ballz� infect ion in adult 

laboratory mice . This s ituat ion has been shown t o  exist in experimental 

mouse co lonies in other countries (Babudieri , 1958)  and has important 

human health implicat ions . 

The serological indicat ions o f  tarassovi infect ion in earlier surveys 

of pigs were confirmed by the isolat ion of tarassovi from a commercia l 

piggery by Ryan and Marshall ( 19 76 ) . Since then this serovar has been 

demonstrated in p igs from several localit ies in the North Island ( Ryan , 

19 78) , although at  a much lower p revalence than pomona . Tit res to 

serovar tarassovi have also been found in bovines (Hellstrom , 1 9 78) . 

Several workers have investigated the serologica l prevalence o f  

canine leptospirosis in New Zealand . An early report o f  titres agains t 

serovar canico la in three of ten dogs from Dunedin (Kirschner and Gray , 

1951 ) has not been supported by subsequent investigations ( Salisbury , 

1954 ; Jamieson e t  al , 19 70) . The apparent absence o f  Canicola and 

Icterohaemorrhagiae serogroup infections in dogs in New Zealand is  

remarkab le considering the worldwide distribution o f  these infect io�s 

in canines (van der Hoeden , 1 958 ; Michna , 1 9 70 ; Kaufman , 1 9 76 ) . 

Routine s creening of large numbers o f  bovine sera at  government 

laboratories have produced numerous reports of leptospiral titres 

against serovars other than those  ment ioned above (Anon , l9 7l! a ;  l9 74t ; 

Anon , 1 9 76 ) . No cons istent result s  have been obtained however and 

consequently there is no ev hlence of widespread leptospiral infect ion 

due to an undiscovered serogroup in bovines in this count ry . A 

s imilar situat ion exists for other domest ic livestock , however most 

species have not been thoroughly investigated . 

With the presence of four s e rovars estab lished in the New 

Zealand cattle  population it is  important to have an understanding 

of the relative prevalence of leptospiral infection attributed to 

these different leptospires (Table 1 . 2 ) .  This relative prevalence 

parallels that which occurs in human leptospirosis in this country . 

It c an be  seen that Hebdomadis s erogroup infections are the mos t  

common in cattle , as i s  the case in humans . Serogroup Pomona infections 

play a lesser role and titres a gainst Ballum and Icterohaemorrhagiae 

serogroup antigens o ccur in less  than 1 %  of sera tested .  



Table ·: 1 . 2 : Percentage distribution of leptospiral titres against four 

ant igens in cattle and humans in New Zealand . 

Reference No . cattle % Eositive at serum dilut icn 1 : 200 
t ested Hardj o Pomona Copenhageni Ballum 

Lake , 19 7 3  890
a 

1 8  5 0 . 4  0 

Ris et a l  
NT

b ' 
1973 208 NT 1 . 5  2 • .5 
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Anon , 19 74a 12888 1 1  2 . 5  0 . 1 0 . 02 

Anon , l9 74b 256 

deLisle et a l , 
1975  

Christmas 
et al3 1 9 74 

7 7  

No . -humans 
t es ted 

2 1  

5 1  

4 7  

a 
sera tested at 1 : 100 minimum dilution 

c 
NT = Not Tested 

from presumptive cases of leptospirosis . 

quoted by Brockie , 19 76 . 

9 0 . 4  0 

0 0 0 

2 8  0 0 

Serological prevalences 
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(iii)  Leptospirosis  in  Wildl ife 

There have been few systematic  surveys o f  wildlife for leptospirosis 

in New Zealand .  Mos t  investigat ions have involved small numbers of  

wild  animals and results have been l imited by inadequate serological 

and cultural examinat ions o f  field samples (Table i . 3 ) .  This 

situat ion was partially rec t ified by the recent work of  Brockie , ( 1 9 75 , 

1976  and 1 9 7 7 )  however much still  remains unknown about the prevalence ,  

geographical distribut ion and epidemiological importance o f  leptospirosis 

in wildlife in this country . 

Preliminary studies of  the Norway rat by Kirschner and Gray ( 195 1 )  

were influenced b y  the rol e  of  this rodent i n  other parts of  the 

world as a carrier of serovar copenhageni . One hundred rat s were 

col lected from the c i t ies of Auckland , Christ church and Dunedin 

and s era were tested in a macros copic  tub e  agglut ination tes t against  

a batt ery of  four leptospiral ant igens_, viz . _, copenhageni_, canico la� 

bataviae and austraZis . A sterile s craping with a plat inum loop was 

taken from the cut sur face of the renal cortex and inoculated into 

Gardner ' s  medium enriched with guinea pig s erum. The sex and approx

imat e  age of the rats processed were recorded . .  Positive t i tres against  

copenhageni ant igen were obtained f rom 8 of  53  Norway rats  ( 15%) and 

isolates were cultured from 2 of 53 animals . Both o f  these isolates 

were obtained f rom only one of  two kidneys cultured from each rat . 

It is  likely that both kidneys are infected in an animal carrying 

leptospires and therefore the isolat ion of organisms from only one 

kidney demonstrates the l imitat ions o f  the cultural technique used . 

The serogroup only o f  two isolates was . determined by t it ration 

against  rabbit copenhageni ant isera , however both isolates were 

reported as serovar copenhageni . No posit ive sera or cultures were 

found in 47 ship rats from the three c i t ies . 

Titres against  s erovar copenhageni ant igen were found in rats 

from Auckland and Dunedin , but not f rom the three rats caught in 

Christchurch . Isolates were obtained f rom only the Dunedin rat s . 

Salisbury ( 1954) , in a study of  Pomona serogroup infection in New 

Zealand domest i c  animals , found no t itres against pomona ant igen 

in 56 possum s era . No cultures were attempt ed and no details as 

to whether other ant i gens were used in the serological screen were 
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given . Similarly , no information on primary serum dilut ie>n , the 

serological method employed or the geographical origin of the possums 

was given . 

Leptospirosis in hedgehogs · (El'inaceus europaeus ) ,  attributed to 

serovar pomona infect ion, was reported by Webster ( 19 5 7 ) . This author 

found leptospiuri a  in one of two hedgehogs from a Manawa�u dairy farm 

on which bovine l eptospirosis had been diagnosed . Titres against  

pomona antigen were  found in  sera from both hedgehogs and Hebster  

concluded that these  animals were capab le of  carrying serovar pomona 
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and hence may have played a role  in  the di s seminat ion of this organism. 

Cultural isolation and identification of  the infect ing organism were not 

at tempted . 

A survey of rat s , presumably Norway rats , from the South Auckland 

area ( Shortridge , 1960)  revealed "posit ive or suspicious" t itres against 

copenhageni antigen in 8 of  75 sera tested ( 1 1�) . No cultures were 

attempted and there were no details as to the serological procedure 

used or the utilization of other  leptospiral antigens . Dodd a�d 

Brackenridge ( 19 6 0 )  also mentioned examining a "few" rat s , of  

unidentified species , for evidence of leptospiros is in the South 

Auckland region . No details of methodology were given but negat ive 

results were reported . 

A more comprehensive serological survey o f  rat s from in and 

around Wellington city,  provided no evidence of leptospiral infect ion 

in 1 2 1  ship rats and 62 Norway rats (Blakelock and Allen , 1956) . 

Serovars pomona� canico la� austratis and hyos were employed as antigens 

at a low init ial serum dilut ion of 1 : 10 .  The rats were trapped from 

various city environments including forei gn ships , docks , meatworks 

and offices . 

Further studies o f  wildlife from urban environments were made by 

Smith ( 1964)  with the serological screening for leptospirosis of  

104  hedgehogs f rom Auckland , Hamilton , Uppper Hutt and Duncdin . Three 

positive sera were found , one with a t i tre to copenhageni and two 

with titres to "Pool 1 "  ant igens whi ch int::luded copenha.geni� canico la 

and battum. All three posit ive sera were from hedgehogs captured in 

Hamilton .  



The first report of  an invest igation into the possibility of 

leptospirosis in large wild animals in New Zealand was a brief note 

( Smith , 1 9 6 5 )  describing the abs ence of t itres in 1 5  deer sera . No 

details as to geographical origin of the samples , ant igens employed 

or species of deer were given . In the same report Smith also 

ment ioned the finding of lep tospiral t itres in 2 of  9 8  hedgehogs . 

S imil arly , no technical details were given however it was reported 

that 1 1  animals  were cultured with negat ive r esult s .  
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A sample o f  102 sera from red deer (Cervus e laphus ) shot in the 

Kaingaroa Forest in central North Island was examined by Daniel ( l966 ) . 

Data on sex,  age , general body condit ion and locat ion where the animals 

were shot was recorded and this was the first attempt since Kirschner 

and Gray ( 19 5 1 )  to undertake a systematic ana lysis of the animals 

involved in the survey . Serovars represent ing seven serogroups were 

used in the microscopic agglut ination test (MAT) , viz . , pomona_, 

canicola, copenhageni_, grippotyphosa, austra lis_, taraseovi and an��ana . . 

Titres were read at s erum dilut ions o f  1 : 10 and 1 : 200 and one reaction 

to pomona ant igen was found at 1 : 200 in the s era o f  one adul t hind . 

This animal was shot close t o  a farming area where there had been 

outbreaks o f  bovine leptospirosis due to pomona twelve months earlier . 

A suspicious t itre to andamana ant igen at 1 : 20 0  was also found and 

there were a total o f  eleven positive reactions at the 1 : 10 serum dilution 

agains t copenhageni (3 J _, andamana (3 ) ,  pomona (4) and tarassovi ( 1 ) .  
These lo¥7 t i tres were regarded as non-significant by the author and 

he concluded that red deer were unimportant in the epidemiology of  

leptospirosis in domestic animals in  New Zealand . 

In another study , Daniel ( 19 6 7 )  examined 39 3 sera from seven species 

of wild ungulates . Serological methods and recording o f  data were the 

same as in the 1966 survey . The sample consisted of 150 feral goat s ,  

36 feral p igs , 9 3  Himalayan thar (Hemitragus jemlahicus) _, 14  chamois 

(Rupicapra rupicapra) and 1 70 deer of s everal species , (red , fallow , 

tama dama_, ) white-tailed and Japanese deer) These  animals were 

shot throughout New Zealand in loca lities where there was varying 

contact with domestic stock.  Only one titre at the 1 : 200 Berum dilut ion 

was recorded . This was from a feral goat serum react ing to pomona 

ant igen . Four positive reactions at 1 : 10 were recorded against 

tarassovi ant igen , o f  which three were in feral goats  and one in 

Japanes e  deer.  Thes e  low t itres were regarded a s  non-signif icant 



by the author , and he concluded , as for red deer , that int roduced 

wild ungulates did not play a significant role in the epidemiology o f  

leptosp irosis i n  New Zealand . 

Brief mention was made o f  a limited number o f  possum sera being 

examined by Jamieson et al ( 1 9 70 ) , all o f  which were reported as 

negative . No details were given as t o  antigens used or number of  

possums tested but it is  probable that these sera were from a sample  

t rapped at  Murchison on  the West Coast (B . Cook , pers . comm. ) . 
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An epidemiological invest igat ion o f  leptospirosis a t  an art ificial 

breeding centre in the Manawatu (Blackmore et  al , l9 76 )  included the 

serological and cultural examination o f  a number of species of wildlife 

present on the property . Test antigens were pomona� copenhageni� ha�djo 

and bal lum and in addit ion some sera were also tested against  australis� 

bataviae� canicola, grippotyphosa and tarassovi ant igen s .  Kidneys were 

cultured by forcing a piece of cortex from each animal through a syringe 

and inoculat ing the homogenate into Stuarts , Fletchers and EMJH media . 

Seven species of  wild  animals were caught ; 1 7  rabbits (Onycyto lagus 

cuniculus ) �  5 hares (Lepus europaeus) � 3 possums , 4 hedgehogs , 2 Norway 

rat s , 1 ship rat and 1 ferret (Muste la putoris ) .- Positive sero logical 

tit res against bal lum ant igen were found in 1 rabb it ( serum dilut ion 

1 : 256)  and 1 Norway rat ( serum dilution 1 : 32 ) . Isolates belonging 

to the bal lum serogroup were obtained from both these animals . In 

addition , low ti tres ( 1 : 200 serum dilution ) were found against copenhaqeni 

ant igen in a hedgehog and a rabbit and against hardjo ant igen in a 

Norway rat and a hedgehog . Due to the lack o f  evidence o f  Pomona and 

Hebdomadis serogroup infections in these wild animals the authors were 

of the opinion that these infect ions in the cattle at the artific ial  

breeding centre were not introduced by a wildlife vecto r .  I t  was 

suggested hov1ever that low t it res against copenhageni and bal lum 

ant igens found in a small percentage o f  bovine sera from the farm may 

have b een due to an environment contaminated by wildlife  carriers . 

In an epidemiological study o f  endemic l eptospirosis infection in swine 

due � to pomona (Buddle and Hodges , 1 9 7 7) , 1 5  rats (presumably Norway 

rats ) and 1 hedgehog caught in the vicinity o f  the piggery were 

examined serologically and culturally for leptospirosis . No t itres 

were recorded against pomona� hardjo� copenhageni� ballum and tarassovi 

.. 



ant igens at a serum d ilut ion o f  1 : 100 and kidney tissue inoculated 

into Flet cher ' s  medium y ielded no leptospires . It is' interest ing that 

even in an environment heavily cont aminated with pomona o rganisms 

sh2d by leptosp iruric swine , rat s showed no evidence o f  infect ion with 

this serovar . 

Two investigat ions in 1 9 75 produced the first evidence of  

Hebdomadis s erogroup infect ions in wildlife in New Zealand . De Lisle 

et aZ  ( 19 75 ) , a fter discovering leptospires in the urine of  experimental 

possums , subj ected 2 6  s era from wild possums to the MAT at a minimum 

dilution of  1 : 200 , using hardjo, pomona, copenhageni and baUurn as 

ant igens . Positive titres against hardjo were found in 17 sera ( 6 5%) 

and isolates were recovered from the b lood , urine and/or kidneys o f  

5 animals . The leptospires isolated were typed by f luorescent 

ant ibody serotyping (Hodges and Ekdahl , l9 7 3 )  as being serovar hardjo. 

Histopathological lesions in renal cortices attributed to 

leptospiral infection were also describ e d .  Titres to s erovar hardjo 

ant igen were also found in 39 o f  7 7  cattle ( 5 1%)  on the four farms 

in the Wanganui district f rom which the possums \vere taken and , based 

on these preliminary f indings , the author s  suggested that the possum 

could act as a reservoir o f  hardjo infection for bovines in New Zealand . 

This study was the first in which a hardjo antigen had been included 

in the sero logical screening of  a significant number of possum sera . 

A concurrent invest igat ion by Brockie ( 19 7 5 )  produced similar 

result s .  Of  146 possums sampled , mainly from dairying areas throughout 

the North Island , 38 (26%)  revealed t it re s  to hardjo ant igen at a serum 

dilution o f  1 : 100 . From a range o f  s even other ant igens used in the 

}�T (copenhageni� tarassovi� baZZum� autumna Zis� canicola� pomona and 

bratis Zava) �  two t itres of 1 : 100 were recorded against baZZum and 

autumnaZis . 

Brockie at t empted t o  isolate leptospires from possum kidneys by 

macerating the medulla in a Griffiths t ub e  and ino culating the 

homogenate into EMJH media containing ant ibiotics . This cultural 

method had &..ever.e limitat ions (see Chapter V) and isolates were 

obtained from only 2 of 146 kidneys cultured . These were p rovisionally 

ident ified as s erovar hardjo but neither isolate was subj ected to 

cross-agglut inat ion absorpt ion t ests . Brockie ( 19 75 )  also suggested 



that possums may play a s igni f icant role in the epirlemiol0 gy of  bovine 

leptosp iros is in New Zealand . 

Further work by Brockie and Till  ( 1 9 7 7 )  established the presence 

of serovar baUwn infect ion in hedgehogs in New Zealand . Of  78 hedgehogs 

collected f rom widely separated areas in the North Is la�d , five (6%)  

yielded isolates of  this serova r .  Four of  these were tyred at the \VHO 

Reference Laboratory in Brisbane , Australia as being serovar bal lwn .  

These isolates represented the f irst definit ive serotyping of  leptospires 

cul tured from wildlife in New Zealand . All culturall�positive hedgehogs 

were taken from dairy farms and 56% of this group had t itres against a 

bat tery of  eight antigens . The sera from 16  o f  78 hedgehogs give 

mul t iple react ions to two or more ant igens , and one serum had a 

t itre  against seven ant igens . The authors suggested that hedgehogs 

are a maj or reservoir of serovar bal lwn infect ion in dairying dis tricts . 

A survey of  162  rodent s from various dairy farming areas and country 

rubbish t ips  in the North Island (Brockie , 1 9 7 7 )  reveal ed further evidence 

of leptospiral infect ion in New Zealand wildlife . Intensive trapping 

on dairy farms resulted in the capture of only 2 Norway rats and 12 

ship rats , but county rubb ish t ips  proved to be a much more abundant 

source of Norway rats . Mice were captured from both s ites and cultural 

and s erolo gical procedures revealed t itres against bal lum antigen 

in 10 of 79 Norway rat s ( 1 3%) , 4 of 1 6  ship rats (25%)  and 10 o f  6 7  

house mice ( 1 5%) . An interesting finding in this survey was a 

localised focus o f  Icterohaemorrhagiae serogroup infect ion in Norway 

rat s  from two county t ips  in Eastern Waikato ,  where 8 of 25 Norway rats 

colle cted ( 32%)  had serological and/or cultural evidence of infect ion due 

to this serogroup . Five isolates were obtained and were presumed to be  

serovar copenhageni . 

Icterohaemorrhagiae serogroup leptospires have b een i solated from 

cattle  in the South Auckland region (Dodd and Brackenridge , 1960 ; 

Ris et al, 1 9 73 )  and , in light  of  the accepted worldwide role o f  the 

Norway rat as a carrier of  copenhageni , it is  p robable that the Norway 

rat i s  a reservoir host for thi s  leptospire in this  region . Brockie 

( 19 7 7 )  connnented on the epidemiological s igni ficance of  these rodent surveys 

and considered that the t ransmi s s ion of serovars bal lwn and copenhageni 

from wild animals to humans was mos t  l ikely to be e ffected indirectly 

through the agency of cattle . 



Table 1 . 3  : Summary o f  methods employed and resul t s  obtained in lep tospiral surveys o f  wildli fe in New Zealand . 

Author Animal No . Locat ion Serologi Cul ture Reported 
Ant igens Diag . No . +ve Medium Method No . +ve serovar . 

t itre (%) ( %) -

!dent . 

Kirscher and * Dunedin cop� can� bat� ? 8 ( 15) *** Gardners .� ( 6 )  copenageni rabbit Norway ra1: 53  cortex 
Gray ( 19 5 1 )  Christchurch aus . * *  scraping antisera 

ship rat 4 7  Auckland 0 0 

Salisbury possum 56 ? pom. ? 0 
( 1954) 

Webster ( l957)  hedgehog · 2 Manawatu pom. ? 2 ( 100) 

Short ridge "rats" 75 Sth . Auck ; cop . ? 8 (  1 1) ( 19 60 )  

Blakelock & Norway rat 62 Wellington cop� pom� can� 
Allen ( 1956)  ship rat 1 2 1  aus� tar. 1 : 10 0 

Dodd and 
Brackenridge "rats" "few" S th . Auck . ? ? 0 
( 1960) 

Smith ( l964 ) hedgehog 104 Hamil ton , cop. 
Auck . Upper "pool 1" ? 3 ( 3)  

Hutt , Dunedin 

Smith ( 1965)  hedgehog 98 ? ? ? 
2 ( 2 )  ? ? deer 15 0 

Daniel ( l966 ) red deer 102 Kaingaroa pom� can� cop� 1 : 200 1 ( 1 )  
Forest gri� aus� hyo, 

and. 

Daniel ( 1967)  wild  ungulates ' ( 7  species ) 393 various , s.s above 1 : 200 1 ( 0 . 3)  
N . Z .  

Jarnit!eon 
et at , ( l9 70) possum 1 ?Murchison 1 ? 0 

w 0 



Table 1 . 3  continued.  

Author Animal No . Locat ion Serolog;t 
Antigens Diag . 

titre 

Blackmore rabbit 1 7  Palmerston pom, cop, 
e t  at( 19 7 6 )  hare 5 North har, ba l, 1 : 16 

possum 3 aus, bat, 
hedgehog 4 can, gri, 
ferret 1 pyr, tar 
Norway rat 2 
ship rat 1 

Buddle & "rats" 15 Hutt  Valley pom, har, 
Hodge s ( l 9 7 7 )  hedgehog · . 1 cop,bal, tar 1 : 100 

de Lisle,  -possum 26  Wanganui pom, har, 1 : 200 
et a l, ( 19 7 �  cop, ba l .  

Brockie,  possum 146 various in har, cop, tar, 1 : 100 
( 1 9 75 )  North Is ; ; ba Z., aut, can, 

pom, (and, bra) 
Brockle & hedgehog . 78 various in as above 1 : 100 
T i 11 ( 19 7 7 }  North Is  • . 

Brockie , ( 19 7 7 )  Norway rat 79 various in har, cop, baZ., 
1 : 100 

ship rat 1 6  North Is . tar, aut, can, 
house mouse 6 7  bra, pom 

*Common Name Scienti fic Name **Antigen abb reviat ions 

Norway rat Rat tus norvegicus cop = copenhageni 
Ship rat Rattus rattuc can = canicola 
Possum Trichosurus vu Z.pecuZ.a bat = bataviae 
Hedgehog Erinaceus europaeus aus = austra lis 
Red deer Cervus e Z.aphus pom = pornona 
Rabbit Oryc to lagus cun�cu Z.us tar = tarassovi 
Hare Lepus europaeus and = andamana 
Ferret Mus tel.a putoris gri = grippotyphosa 
House mouse Mus muscu lus pyr = pyr•ogenes 

bal = ba l lwn 
har = haPdjo 
bra - bratis Z.ava 

Culture Reported Ident . 
No . +ve Medium Method No . +ve serovar 

(7.) (%) 
2 EMJH , kidney 1 ( 6 )  baZ.Zwn serology only 

Fletchers cortex 0 
and S tuarts homogen- 0 

1 (25)  at  ion 0 
0 

2 ( 100) 1 (50) bal lwn serology only 
0 

0 kidney 0 
0 Fletchers cortex 

homogenation 0 

1 7  (65)  ? ? 5 ( 19 )  hardjo fluorescent 
ant ibody serotypirg 

40 . ( 2 7 )  EMJ H  + kidney 2 ( 1 . 4) hardjo serology only 
ant ibiotics medulla 

maceration 
40 (5 1 )  Tween 80- baZ.Zwn 

albumin as above 5 ( 6 )  cross-absorption 
agglutination 

1 1  ( 14 )  EMJ H  + kidney 1 3  ( 1 6 )  copenhageni & baZ. lum 
4 (25)  antib iot ics medulla 4 (25)  ba Z.Z.wn 
9 ( 1 3) maceration 9 ( 1 3 )  baUwn serology only 

*** Percentages in b rackets 

w ..... 



CHAPTER I I  

THE NATURAL HISTORY OF THE POS SUM , TRICHOSURUS VULPECULA 

INTRODUCTION 

Trichosurus vulpecula> a marsup ial indigenous to Australia , is a 

member o f  the Family Phalangeridae o f  the d ip rotodont sub-order o f  

Marsupialia . This  species was g iven the common name ' opossum '  by 

Captain Cook who not ed a superficial resemb lance between this  animal 

and the American opossum (Dide lphis marsupialis) , which is a member 

o f  the Family Didelphidae o f  the polyprotodont sub-order of 

Marsupialia (Wodz icki , 1950 ) . The inco rrect usage of  the common 

name ' opossum '  for Trichosurus vulpecula has persisted in Australia 

and New Zealand , however a change in nomenc lature to the name ' possum '  

has been recently suggested b y  b iologists and this is the common name 

that will b e  used in this s tudy . 

3 2  

I n  Aus t rali a ,  several different  subspecies o f  the possum have been 

described (Pearson , 1 9 38 ;  Troughton , 1946) . These sub species were 

differentiated on fur co lour , s i z e  and b ehavioural characteristics , 

however i t  was noted that different strains of  possums f reely interbred 

and consequen t ly a graded variat ion in fur colour and body size  

occurred in  most localities . The mos t  common colours were b lack and 

grey and these colours are also the mos t  common in New Zealand (Pracy 

and Kean , 1969 ) . Early l iberations in this country were not 

different iated as to subspecies and as all colour morphs int erbred ,no 

subspecies o f  T. vulpecula are recognised in New Zealand (Pracy and 

Kean , 1 9 6 9) . 

HISTORY 

The possum was introduced f rom Australia to New Zealand with the 

specific intention of establishing a fur industry . Liberat ions o ccurred 

throughout the latter half of the ninet eenth century with a peak 

l iberation period between 1880 - 1898  ( Pracy , 1962) . ��ny releases 

of progeny f rom the originally-introduced s tock were also made and 

it was this· artificial dispersion of New Zealand-bred p rogeny , both 

legal and i l legal , that was a maj o r  contr ibuting factor to the wide-
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spread distribut ion o f  the possum throughout New Zealan� (Wodz icki , l9 50 ; 

Pracy , 1962 ) . 

S trict protective laws and abs ence o f  natural pred&tors aided the 

succes sful establishment o f  possum colonies and , by the early 1900 ' s , 

thriving populat ions were present in many localities , both on pasture

land and in indigenous forest . As population densi t ies increased , 

damage to ind igenous and exotic forests ,  orchards , crops and gardens 

became evident and , f rom 1920 to 1946 , the vigorou s attempts by 

Acclimatisat ion Societ ies to atill  further disperse and establish 

possum populat ions were opposed by a growing pressure of  public  

opinion , aware o f  the probl ems this int roduced animal presented in 

New Zealand . 

In 194 7 ,  Amendment s  to the Opossum Regulat ions ( 1946 )  removed 

all  legislative prot ection of possums and , for the f irst t ime , 

poisoning as a means o f  control  \.;ras legalised . A further attempt 

to control increasing numb ers o f  possums was made by the introduct ion 

of a bounty of 2 s . 6d .  per head in 195 1 ,  however this  failed to 

achieve its obj ectives and empower ing legislation was repealed in 1960 . 

Under present  legislation (Noxious Animals Act ,  1 9 7 6 )  control o f  

possums i s  under the j urisdiction o f  the New Zealand Forest S ervice in 

State  Fores t s  and the regional Agricultural Pest Destruction Boards 

on farmland . 

The possum is  now present in most regions of  New Zealand with the 

exception o f  some part s of Northland , Coromandel and Fiordland . 

Successful establishment in a wide variety o f  ecological niches , f rom 

exposed coastal seafaces to subalpine tussock country , has b een largely 

due to a bount i ful food supply , suitable physical hab itats and an 

abs ence o f  natural predators . In many districts in New Zealand the 

possum is now p resen t  in far greater dens ities than in its  native 

Australia . 

BIOLOGY AND ECOLOGY 

The possum is a noctu�al animal and spends the day concealed in 

weatherproo f  nests in t rees , logs , holes  and ground vegetation . A 



nesting s ite is  usually o ccupied by a 3 ingle animal , al �hough several 

possums may use one nest at di fferent t imes (Dunnett , 1956 ; Kean , 19 6 7 ; 

Crawley , 1 9 7 3 ) , and one possum may use s everal nes t s  within its  

home range ( Dunnett , 195 6 ; Winter , 1963 ) . Sharing o f  aest s  by  more 

than one animal at the s ame time can occur in areas o f  high 
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population dens ity and l imited availab il ity o f  nest ing sites (Kean , 1 9 6 7 ; 

P racy . and Kean , 1969 ) . 

Possums prefer a dry environment with a minimum o f  ground 

vegetat ion . In forested areas , heavier populat ion densities are 

found where ungulates have opened up the forest floor , co�pared with 

areas where dense ground cover oc�ur s . In hilly areas , possums 

prefer open ridges rather than wet gul l i es (Pracy and Kean , 1969) . 

In pastoral areas , long wet grass is avoided . The failure o f  

possums to  b ecome es tab l ished over much o f  Fio rdland is thought to 

be due to the excess ively wet climat e  ( average annual rainfall in 

excess of 500 cm) . 

During wet weather , possums leave their nests for only short 

periods (Winter , 1963) . They are rarely seen on wet night s , and 

support ive evidence for their lack o f  movement is p rovided by poor 

t rapping , poisoning and night-shooting resul t s  during rainy weather . 

The possum can utilize a wide variety o f  foods . Leaves form the 

main part of the diet and these are su�plemented seasonally by flowers 

and fruit f rom a wide variety of t rees (Wodzi cki , 1 950 ; Pracy and 

Kean , 196 9 ;  Gilmore , 1965a ) . The possum has definite food preferences , 

however i f  t re e  species o f  high-palatab ility are unavailable in a 

particular e co logical niche , species o f  lower palatability will b e  

eaten . On f armland , grass and c lover may form a maj or component o f  

diet (Gilmore , 1965a ; Quinn , 1968 ; Harvey , 1 9 7 3) . Possums have 

been shown t o  change their feeding hab i t s  throughout the year as 

changes o ccur in seasonally-available f oods (Gilmore , 1965b ; 

Jol ly , 1 9 76 ) . 

Long-t erm t r apping s tudies have shown the possum to  b e  essent ially 

a solitary animal and there is no evidence o f  family or social groups 

outs ide the mother-j oey bond (Kean , 19 6 7 ;  Anon , 1 9 7 7  ) .  The term 



' j oey ' will be used throughout the study to describe pouched-young 

possums . Adult possums are usual ly sedentary and several capture

recapture studies have shown individuals to remain within the s ame 

small  area for long periods (Quinn , 1 96 8 ;  C rawley , 1 9 70 ; Crawley , 

1 9 7 3 ; Jolly , 1 9 76 ) . 

The home range and movements o f  possums res ident in a particular 

area are very variab le and are a reflection of changes in behaviour 

associated with different populat ion dens it ies and changes in 

availability of food . The home range of fores t possums has been 

shown to vary f rom 0 . 8 1 ha to 1 . 5  ha for males and 0 . 46 ha to 2 . 5  ha 

for females (Crawley , 1 9 7 3 ) . In a mixed pas ture , scrub and 

bush environment , home ranges were found to have nean values of 0 . 8  ha 

for males and 0 . 3  ha for females (Jolly , 1 9 76 ) . 

It is wel l  estab l ished t hat possums will make long forays outside 

of  their established home ranges to utilize  seasonal food sources 

or c rops . Marked animals have b een shown to travel up to 1 . 6  kill 

each night from a nesting s ite  for this purpose (Tynedale-Biscoe , 1955 ) . 

}J though possums have been shown t o  have definite home ranges , 

t erritorial behaviour i s  e ither minimal o r  abs ent and fighting between 

males is rare (Kean , 1 9 6 7 ; Crawley , 1 9 7 3 ; Jolly , 1 9 7 6 ) . However 

observat ions by the author indicate that an occupied nes t s ite  will be 

defended agains t  an int ruder .  
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Ecological s tudies have shown that ther e  i s  an extensive overlapping 

of  home ranges of individual possums . Many possums sharing a hab itat 

may use the s ame network of t racks and no area is reserved for exclusive 

use by an individual (Kean , 196 7 ;  Winter , 196 3 ; Crawley , 1 9 7 3 ; Pracy 

and Kean , 1 9 69 ) . One study reported up to 36 possums using the s ame 

communal track in one night (Anon , 1 9 7 7  ) ,  and often s everal possums 

may be found feeding in the s ame tree . 

In contrast t o  adults , immature possums range over large
. 

distances 

before reaching sexual maturity and es tab li shing a permanent home range 

(Dunnett , 1 956 ; Gilmore , 1 965b ; Crawley , 1 9 73) . Immature animals may 

occasionally remain in the same area as their parents ,  especially if  

the populat ion density is  low ( Dunnett , 1 9 5 6 ) . 



The female possum has a well-defined autumn b reeding s eason from 

March to May (Tynedal-Bis coe , 1955 ; Pracy and Kean , 1969 ; Crawley , 

1973)  and this b reeding season shows little variat ion in length and 

median peak of b irths in different districts (Smith et  aL , 1 9 69 ) . 

As the gestat ion period is very short (see  below) , the breeding season 

is virtually the same as the parturient s eason . A second , much 

lesser , b reeding season may occur in early spring (Augus t  and 

Septemb er) . This second breeding s eason varies in intensity  with 

locality and year , and appears to be correlated with low population 

dens it ies and abundant food supplies (Wodzicki , 1950 ; Pracy and Kean , 

196 9 ;  Kean , 19 7 1 ) . This les s er spring season involves both females 

who are b reeding for a second t ime that year and females who have not 

reared a j oey dur ing the winter (Tynedal-Biscoe , 1955 ; Winter , 196 3 ; 

Gilmore , 1969) . 

The female possum is monovular and polyoes trus with an average 

gestation period of 1 7 . 5  days (Lyne et a Z3 1959 ; Pilton and Sharman , 

1962 ; Kean , 1959 ) . Parturition is followed by  lactat ional anoes trus 

and the s ingle j oey , which weighs about 0 . 2  g when born , remains in 

the mothe r ' s  pouch until the following spring.  The age at which 

female  possums reach sexual maturity has been reported as being from 

ten months to more than 24 months , together with a wide variat ion in 
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the weight at which females reach sexual maturity (Table 2 . 1 ) .  Mos t  

workers have regarded the minimum breeding age t o  be  one year (Tynedale

Biscoe , 1955 ; Gilmore , 1969 ; Boersma , 1 9 7 4 )  although in forest 

environments females have not been found to b reed until more than two 

years old (Crawley , 1973) . Kean ( 19 5 9 )  reported that only a small 

percentage of  females were parous in their second year . 

Mos t  workers have considered that males also reach s exual maturity 

when one year of age (Table 2 . 1 ) ,  but a detailed study by  Gilmore ( 1 969 ) 

showed that males , in general , matured approximately s ix months later 

than f emales and full male reproduct ive potent ial was not attained until 

18  - 2 4  months o f  age . Male  possums were also shown to attain s exual 

maturity at any t ime of  the yea r .  The results of Gilmore ' s  study 

have b een supported by work in Aus tralia ( Smith et aL , 1969 ) . 

Weight , as with age , appears to b e  a poor parameter o f  s exual 

maturity in both males and females (Tynedale-Bis coe , 1 955 ; Winter , 19 6 3 ; 



Crawley , 1 9 7 3 )  and therefore other b iological parameters have to be  

used .  Tynedale-Biscoe ( 19 5 5 )  found a strong corre1 atiun between 

testes length in males ( >  18mm) and presence o f  spermatozoa in the 

epididymis . Immature males had much shorter testis-lengths . This 

indicated a rapid transit ion between sexually immature and mature 

animals and this observation was also made by Gilmore ( 19 6 9 ) . The 

t ransition o f  immature to mature f emal e  possums is marked by the 

development of the pouch , and also a darkening of fur in the s terna! 

region (Gilmore , 1969 ) . 

The obvious seasonal reproduct ive periodicity o f  the female 

possum is not shared by the male , which experiences cons tant sperm

atorrhoea throughout the year (Bollinger and Carrodus , 1 9 38 ; 
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Bollinger , 1946 ; Gilmore , 1969 ) . Kean ( 19 5 9 )  reported some season 

fluctuat ions in spermatorrhoea and Gilmore ( 1969 )  found that , although 

there was no seasonal cessation o f  spermatogenesis , f luctuations in the 

s i z e  of the prostrate occurred throughout the year and it was largest 

during the female breeding season . Thus the male may experience some 

degree of  reproductive periodicity , probab ly directly related to the 

s easonal oestrus cycle of the f emale ,  but present evidence of this is 

inconclusive . 

The reproductive efficiency o f  possum populat ions can be  very high 

and frequently 90% o f  females will be  carrying young by the end o f  the 

autumn breeding season (Wodz i cki , 1 950 ; Wint e r ,  1 9 6 3 ) . Over 85% o f  

f emales may conceive a t  the f irst oestrus of  the s eason (Kean , 1959 ) 

and Crawley ( 19 70)  found that one particular female in a fores t  

environment successfully bred each year b etween the ages o f  n ine and 

twelve . Young females between the ages o f  one and two years generally 

have a much lower reproductive e f f i c iency than older animals (Kean , 1959 ; 

Boersma , 19 7 4 ) . 

A high reproductive e f f iciency allows possum populations to 

recover f rom contro l operat ions very rapidly . Batcheler et a Z  ( 19 6 7 )  

e s t imate d  that an average k i l l  o f  6 7% was achieved i n  s ix poison t rials 

in various localities . In such c ircums tances , with an annual 

reproduct ive potential rate o f  increase o f  30% , remnant populations 

could reach pre-poison densities in as little as three years . 



Pouched-young f irst  develop fur at 70 - 80 days and Jo not leave 

the pouch for at least  1 1 2 days (Lyne et al , 1 95 7 ;  Pilton and Sharman , 

1962 ) . After  this t ime they ent e r  and leave the pouch at will  and 

by 150 days are riding on their mother ' s  back (Dunnet t , 1956 ; Pracy 

and Kean , 1 9 69 ;  Gilmore , 1 9 69 ) . Juvenile possums b ecome independant 

at approximately 200 days ( October  to November) . Long-term t rapping 

studies have shown that independant j uveniles generally become 

widely dispersed (Dunnett , 1956 ; Crawley , 1 9 73) , although Pracy and 

Kean ( 1 96 9 )  reported that s ome j uver.iles can remain with their 

mother unt il  the onset  of the n ext breeding season . 

Populat ion structure varies considerably and reflects the history 

o f  the population (Tynedale-Bisco e , 1955) . When a large proport ion 

o f  j uveniles occurs in a s ample , it indicates that the population 

s ampled is increasing whereas a low proport ion of j uveniles indicates 
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a peak o r  declining populat ion . In a study of  the age s tructure of 

s everal populations i t  was found that a pasture population had a mean 

age of 2 . 8  years whil e  two fores t populat ions had mean ages o f  3 . 6  and 

3 . 9  years (Anon , 1 9 7 7  ) .  In these  studies only 10% of  possums survived 

longer than s ix years and ,  on average , one third o f  the adult popul

ation died and was replaced each year . The s ex ratio o f  possum 

populat ions has been shown to d if fer little  f rom p arity (Wodzicki , 1 950 ; 

Tynedale-Bi sco e ,  1955 ; Jolly , 1 9 73 ; Crawley , 1 9 7 3 ) . 

Populat ion density is very variab le . Estab lished populat ions in 

favourab le environments may reach extreme densities o f  up to 3 7/ha 

( Quinn , 1968) . An 1 1  y ear  study in a forest envi ronment has shown 

fluctuations in population density  of from 7 to 1 3  possums/ha , depend

ing on the breeding success of the previous year and the availab ility 

of  food (Anon , 1 9 7 7  ) .  Batcheler et al  ( 19 6 7 )  considered that 

populations of around 30 possums/ha represented an average population 

densit y . A density o f  less  than one/ha is  considered light (Anon, 

1 9 7 7 ) . 

The damage caused by high populat ion densit ies of  possums is well 

documented . Pers ist ent defoliat ion leads to death of both young 

and mat ure native forest t rees and hence possums act together with 

goats and deer in accelerating e rosion (Grant , 1956 ; Holloway , 19 59 ; 



Table  2 . 1 .  

Author 

Tyne dale-
Biscoe , 1 955  

Dune t t , 1 956 

Gilmore ,  1969 

Crawley , 1 9 7 3  

Table 2 . 2 .  

Weights and ages associated with the onset o f  s exua l  

m·a.turity i n  the possum .  

Female :Hal e  
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min . age min . wt . usual wt . min . age min .wt . usual w t .  
(yrs ) ( g )  ( g )  (yrs ) (g )  (g )  

1 1 2300 >2700 

1 1 6 70 > 1 800 1 > 1800 

< 1 > 2000 1 . 5  >2000 

2 1 600 > 2000 

Average weights of ma ture pos sums (male and f emale)  

Author Weight (g)  

Pracy and Kean , 1 9 69 3635 

Gilmore , 1 969  3550 

Crawley , 1 9 7 3  2395 

Boersma , 1 9 7 4  3 120 



Howard , 1964 ; Mead ,  1 9 76 ) . Possums also affect b irdlife by competition 

for food either indirectlv by defo l iation o f  t rees or directly through 

the use or was tage 0£ seasonal fruit and flow-ers (Pracy and Kean , 1969 ) . 

Seedlings in exo t ic. plantat ions , Catchment Board plant ings , orchards 

and crops also suffer browPing dauage and in some areas possums compete 

directly with domestic aD.imals for pasture (Quinn , 1968) . 

ESTIMATION OF POPULATION DENSI TY 

The estimat ion o f  possum population densities presents many p roblems 

(Ba t cheler,  1 9 7 3 ) . Densities are ve�J variable between localities and 

significant differences are often found between populat ions l iving in 

adj acent areas in the same hab itat (Boersma , 1 9 74 ) . Absolute indices 

o f  population dens ity have been established in some localities by the 

use of long-t erm capture-recapture s tudies (Winter , 1 9 6 3 ; Anon , 1 9 7 7  ) 

however such studies are laborious and are often a practical imposs

ibility ( Caughley , 1 9 6 7 ) . Trapping t o  extinction has been used to  

calculate absolute population dens ity (Bat cheler et al , 1967)  but 
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this method is also laborious and contains inherent errors associated 

with dif fering susceptib ilit ies of  animals to capture and the influence 

of weather on t rap-catch frequencies . 

Spotlight counts  have been used to gain rough estimates o f  

populat ion dens i ty and the b e s t  results a r e  obtained during periods o f  

good weather (Anon , 19 7 7  ) .  This method has greatest  app lication in 

pastora l  areas and it has been calculated that 25 - 30 man-hours are 

required to gain a density estimate (Anon , 1 9 7 7  ) .  

Relative indices of density can b e  obta ined from trap-catch dat a , 

non-t oxic bait ing o r  faecal pellet count s , (Batcheler , 1 9 7 3) . Batcheler 

et al ( 19 6 7 )  developed a logarithmic relat ionship between the 

frequency index of t rap-cat ches  over s everal night s  and relative density 

o f  possum populat ions in different areas . This  logarithmic model can 

also be adapted to calculate absolute density by calib ration against  

trap-catch frequencies in a t rap-to-extinc tion study in a known area , 

however the model contains several inherent sources o f  erro r .  The 

determination o f  relative indices of density from trap-catch data 

involves the use of large numbers of t raps and transects , and each 

e s t imat e  requires approximately 20 man-days (Anon , 1 9 7 7  ) .  



Non-toxic bait ing can be used to determine relat ive indices o f  

density b u t  this method int roduces the possibil ity o f  n0n-random 

interference of baits (Bamford , 19 70) . This  tech:lique is carried out 

in forest  over five fine nights and requires approximately 12 ntan-days 

per s ample (Anon , 19 77  ) .  

Faecal pellet counts appear to be the most reliab le means of 

estimat ing relative indices of  abundance and have been userl by the 

New Zealand Forest Service to gauge the effectiveness of control 

operat ions in a variety of locat ions (Batcheler , 19 7 1 ;  Boersma , 1 9 74 ; 

Spur , 1 9 75 ) . As with other ind irect techniques of estimat ing 

population dens ity , pellet counts are laborious in that they require 

large numbers of counting p lots  and transects . In addition , the rat e 

o f  decay of pellets at the t ime of the year when the survey is 

conducted must be calculated for each locality . Thi s  method requires 

4 1  

30 man-days per density est imat e  (Anon , 1 9 7 7  ) . Work is presently being 

carried out on the calib rat ion of  the pellet-counting technique in 

relat ion to a known absolute populat ion density in a forest  area 

(Anon � 1 9 7 7  ) . 

This chapter has reviewed the ecology , b io lo gy and behaviour of  

possums in New Zealand and provides a background against which an 

inves t igation of leptosp irosis  in the possum can be made . Comprehens ive 

and accurate data on these subj ects are often d ifficult to obtain for 

free-living animals compared with domes �ic  animals and often varies 

according to the worker and technique employed , however i t  is of 

fundamental importance in the study of  the epidemiology of disease in 

· a  free-l iving populat ion . 



CHAPTER Ill  

GENERAL METHODS . 

COLLECTION OF FIELD SAMPLES 

Introduction 

Three methods were used for the s ampling of possum populat ions in 

the fi�ld night shoot ing , t rapping and poisoning . As the study 

progressed , the relat ive merits of each sampling method under different 

cond it ions became more evident . All methods were affected by wet 

weather and this often disrup t ed field trips . In areas where control 

operations or commercial exploitation had been ca:ried out and possum 

population density was low , many more days in the f ield were necessary 

as compared with thoa; required for areas where the populat ion density 

was high . 
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Night-shoot ing operations were carried out with the indispensable 

help of Agricultural Pest Destruct ion Board (APDB) emp loyees , otherwise , 

possum populat ions were samp l ed by the author by trapping or poisoning . 

Night- Shoot ing 

Night-shoot ing proved to b e  a good method for sampling possum 

populations when weather condit ions were suitable . The best result s  

were obtained o n  the first fine night following rain . Wet or excessively 

windy nights were unsuccessful as the possums tended to remain in shelter 

under these conditions . 

Four-wheel drive vehicles owne d  by  the APDB were used for night

shooting operations . Possums were head-shot with 0 . 22 calibre rifles 

equipped with telescopic sights .  Hand-held and helmet-mounted spotlights 

were used to locate possums and mos t  animals were shot from trees . 

Possums on the ground usually ran to the nearest t ree  when disturbed . 

I t  was found that head-shot possums b led profusely for a period of  

up  to 30 seconds following shooting and therefore rapid recovery of  the 

carcass was required for the collection of bloo d .  Accurate  shoot ing was 

essential as it was difficult to get b lood samples from body-shot animals . 



Head-shooting was also necessary for effective post··morte:n and 

microbiological procedures to be carried out later . 

Blood was collected in rubber-stoppered tubes 
a

. Zach possum 

was ear-tagged with a tag from a consecut ively-numbertd series and 

this number was marked on the blood collection tube.  B loods were held 

at amb ient temperature until the following day . 
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Night-shooting had several advant ages over other methods and a 

subj ective asses sment of the r�lat ive efficiency of this method compared 

with trapping and poisoning is given in Table 3 . 1 .  I t  was the mos t  

efficient method in summer in areas where possums were plen tiful and it 

allowed s imultaneous subj ect ive estimat ions of population density by 

spot l ight counts to be made . Repeated samples of possums could be 

taken from the same environment without a f fect ing populat ion density , 

as operat ions could be conducted over a large area . Working from a 

vehicle also meant that carcass recovery for post-mortem and microbiological 

procedures was easily achieved . 

A severe disadvantage of night-shooting was its restriction to  use 

in fine summer weather . Very few possums were seen on rainy nights and , 

during winter , farm tracks became impassable to the four-ymeel drive 

vehicles . Night-shoot ing was also l imited to areas of APDB activity and 

also to areas that had vehicular access . 

Success of night-shooting operations varied cons iderab ly . The 

highest tally in one night for two shooters and one collector ( 2 1  man-·hours ) 

was 82 possums and 73 b lood s amples . On several occasions when conditions 

were unfavourable , less than five possums were shot . Mos t  night-shoot ing 

was done by using one shooter and one collector . 

Trapping 

Trappin g  with a spring-j aw trap is a very efficient , though t ime 

consuming ,  method  for obtaining possums and is widely used by commercial 

operators . It p rovides a good means for sampling low-dens ity populations 

and , of the three szmpling methods , is the least affected by wet weather .  

9va cutainer , Becton-Dickinson and Company , U . S . A .  



Although efficient , this method of  trapping is inhumane and 

therefore use in the present study was restricted to tltose s ituations 

where other methods could not be applie d .  These inc luded the 

s ampl ing of a populat ion on Otawhao farm and the gathering of possums 

when night-shoot ing was not possible . Traps were also used in some 

forest areas . 

Traps were set on possum runs and against bases of  trees and were 

baited with a mixture of flour and clove oil . Trapped animals were 

stunned by a sharp blow on the head and bled from the j ugular vein into 

· a  collecting tube . Ear tags were used as for shot animals . 
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Advantages of  trapping included the effective capt ure o f  possums 

under a wide range of conditions , the possibility of use in wet weather 

and the provision of trap-cat ch frequency data for estimates  of relat ive 

populat ion density .  Trapping was also an efficient means of sampling 

low density populations . 

In addit ion to the inhumane nature of  the method , a maj or dis

advantage was the time involved in the setting up an1 servicing of 

t rapl ines , especially in areas where access was difficult . 

· Poisoning 

b 
Sodium cyanide poison , applied in paste form , has been found 

t o  be an effective means of killing possums and is used in preference 

to traps by many commercial possum hunters because of its ease of  

applicat ion . It  is also used by contro l  agencies in ground control 

operations in peripheral areas following aerial poisoning p rogrammes . 

The poison is  most effective for high and moderat e density possum 

populat ions and a single operator can cover a large area and lay many 

hundreds of bait s , however "bait-shyness" may occur in populat ions 

that have been p reviously poisoned . This can severely limit poisoning 

effectiveness (N . Lee , pers . c omm . ) 

Cyanide poison was applied under the Agricultural Chemicals (Vert

ebrate Pest Control)  Regulat ions ( 1 9 7 6 ) . Flour and clove oil lure 

· b wanganui Poison Factory , P  0 Box 333 ,Wanganui , New Zealand . 



Plate 3 . 1 :  Steel  t rap o f  thP. type used for the 
sampl ing o f  some possum populations . 

( 

Plate 3 . 2 : Cyanide paste b ait eaten by a possum .  





was used . The poi.:;or;. pas te \oJas applied to the base of  trees and l ogs 

and s tones on possum runs and a sma l l  amount of lure was sprinkled over 

the bait . 
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I n  the present s tudy , cyanide poison was used extensively i n  forest 

areas where trapping was impractical . It \\Ta s  als o  us ed in sorr.e pastoral 

areas when night-shoo ting Has no t possib l e .  

Carcas ses were r ecovered as early a s  possib le the morning following 

baiting . These were ear- tagged and blood samp les were ob tained by 

sectioning the c.:enous arcus hyoideus , a large vein lying ven tral to  

the thyroid gland and j oining the lef t and right jugular vein . The 

possum was held ups ide  down and up to five mls o f  blood could be ob tained 

by  mas saging the j ugular vein towards the head . This was collected in 

a blood-co llec ting tube he ld under the thro a t .  

The sera f rom cyanide-po isoned possums was more haemolysed than 

sera from trapped or sho t possums . Comparative studies shoHed tha t 

there vJaS no s ta tis tical diff erence betHeen the lep tospira l  ti tres 

of ser a  ob tained f rom poisoned animals when compared with sera ob tained 

by other methods ( s ee Chap ter IV) . This me thod of serum co l lec tion may 

prove useful in o ther disease surveillance programmes . 

Capture of Live Animals 

Labora tory s tudies on the pathogenesis of lep tospiral inf ec tion 

in possums required the capture of live adult and j uvenile possums . 

Walk-in cages were used where access to t rapp ing sites was reasonab le 

but these cages were too bulky and ineff icient for general us e .  The 

l ow trapping efficiency which was experi enced was due to possums ei ther 

being trap-shy or else springing the trap without being caught . 

Juvenile possums (and some adults)  were caught alive by hand . This 

method required a pas toral environment , preferably hilly and with a 

l imited amount o f  cover or  trees . Possums o ut in the open on the ground 

were l ocated with spotlights and run down and caught by the tail before 

thty could reach c over or  climb a tree . They were suspended by the 

tail and immediately transf erred to a draw-neck bag to avoid danger 



Table 3 . 1  : Subj ective assessment o f  relative e fficiency o f  sampling 

.methods for inves t igat ion of leptospirosis iri moderate

density possum populat ions . 

Het hod 

· · Condi t ion Night-Shoot ing Trap Cyanide Po ison 

wet weather + +++ ++ 
summer +++ + ++ 
winter + +++ ++ 
past ure +++ + ++ 
forest + ++ +++ 
repeat sampling +++ ++ + 
populat ion est imat ion +++ ++ + 
least man-hours +++ + ++ 

. . . . . .  
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to the handler by clawing and b i t ing.  This technique was especially 

effective for catching j uveni les that were non-dependant on , but 

still  in associat ion with , their mother .  Juveniles were only rarely 

caught in walk-in traps . 

A s��ll number of j uveniles used in laboratory studies were those 

being carried on the back \-lhen the mother was shot . This source o f  

experimental animals was only available  during a short period o f  the 

year however . 

Process ing o f  Possums 

• • 

On the return to the laboratory o r  f ield station , possums were 

weighed , sexed and classified as to age-group . Coat co lour was also 

not e d .  Three age-groups were used in this study : j uveniles , 

t rans itional-stage adult s  and mature adults . Juvenile males (JH) 
were classified as those animals that had a testes length of less 
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than or  equal to 18mm (Tynedale-Bisco e , l 9 5 5 ) . Calliper measuremen t s  

were made through the scrotal sac . Juvenile females ( JF) were 

classified as tho� animals that had no pouch development (Gilmore , l969 ) . 

A secondary characteris tic o f  sexually -immature males and females was 

the lack o f  fur discolourat ion over the s ternum (Gilmore , l9 6 9 ) . 

Transit ional-stage adult males (TM) and females (TF) were class i fied 

as those animals that had achieved sexual mat urity but lacked the bodJ 

wei ght and conformation o f  fully mature adults . Trans itional-stage 

adult s  generally cons isted of those possums in the populat ion between 

one and two years of age . In forested areas , possums in this group 

may have b een up to three years of age . 

The transit ional-stage adult group in a populat ion would contain 

a proport ion o f  the animals  class i f ied by Jol ly ( 19 73)  as the sub-adult 

group . This author used a testes length of less than 2 lmm in males 

and independance from the mother to define the upper and lower limits 

of animals within this sub-adult group . In this scheme o f  class

ificat ion , sub-adult and adult females could not b e  reliably distinguished . 

Mature adult mal es (LM) and femal es (LF) were class i fied as those 

animals weighing more than 2 , 400 grams and having a fully-mature body 



and head conforma tion . Al though conforma tion was a subj ec tive 

parameter of age-group in this classification sys tem, there was an 

obvious differ ence between fully mature adults and trans itiona l-s tage 

adults . Poss��s in the mature adult group were cons idered to be  a 

greater than two years of age .  

The culture method for iso l ation o f  lep tospires f rom possun 

kidneys is describ ed later in this chap ter . 

LABORATORY METHODS 
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The l&boratory diagnosis o f  leptospirosis depends on thr ee 

techniques : the direct microscopic detec tion of leptosp ires in hos t  

ti ssues o r  f luids , the demons tration o f  leptospiral antibodies in serum 

and the isolation of  the infec ting organism by animal inoculation or 

direct culture in ar tificial medium . This section describes these 

techniques as applied in the present  s tudy . 

1 .  Direct mi croscopic detec tion of  leptospires in tis sues and bodv 

f luids . 

Lep tospires can be detec ted in b lood , urine and tissue homogenates 

by s everal techniq ues , the mos t common of which are dark-f ield microscopy , 

f luorescent antibody techniques and s i lver-impregnation of  formalin

f ixed tissues or smears . O ther techniques tha t  have been described 

include tissue imprints and direct s taining (S turdza and Saf iresco , 

1 9 64)  and f luor escent antib ody tes ts on scrapings f rom para f fin-embedded 

tis s ue b locks ( S ulzer and Jones , 1 9 7 4 ) . These  la tter techniques have 

yet  to be fully evaluated . 

I n  this s tudy , dark-field microsco py was used where  applicab le for 

the examination of tissue homogenates and body f luids . This was 

carr ied out on a Lei tzc dark�f ie ld mic roscope at 1 56 X magnif ication . 

c 
Leitz Wetzla r ,  Ernes t Lei tz G .M . B . H .  Wetzlar , G ermany . 



Tissue homogenates were examined by transfering a small drop with a 

platinum loop to a glass s l ide and dis tributing the dro� in a thin 

l ayer under a cover s lip . Tissue homogenates f rom the 1 : 50 and ! : 500 

dilution (see culture me thods) were examined by this me thod . 

Blood for d ark-field examination was collec ted in heparinised 

tubes and centrifuged at SOOG f o r  5 minutes to remove c el lular elements 

f rom the plasma , a drop of which was then examined . A two-speed 

centrif ugation technique described by Wolf£ ( 1 954)  was also used in 

the early s tages of the s tudy . This involved a second , high-speed 

centrifugation to sediment lep tosp ires suspended in p lasma . Tne 

identification o f  lep tospires in this sediment was very dif f icult 

bec ause of the presence of  pro toplasmic extrus ions from b lood cells 

and o ther artifacts , and the use of this technique was discontinue d .  

Urine samp les were taken mid-stream f rom experimental animals and 

by b ladder puncture from animals  at necropsy . Urine was centrifuged 

at SOOG for f ive minutes to remove cellular elements and crys talline 

debris and a loop of supernatant was examined by dark-field micros copy 

for lep tospires . The sup ernatant was then centrifuged at 14 , 000G for 

30 minutes and a por tion o f  the sedimented pelle t was resuspended in a 

drop o f  saline on a glass s lide and examined for lep tospires . 

Although lep tosp ires have characteris tic morphology and mo tility , 

cellular extrusions and mis cellaneous cebris can easily be  mis taken 

for non-mo tile o rganisms in wet prep ara tions . In addition, more than 

1 0 , 000 l eptospires per ml mus t b e  present in the tes t material to 

de tect one leptospire per high--power f ield ( Turner , 19 6 7 ) . Therefore , 

failure to detect lep tospires by this method does not rule out their 

presence .  For these reasons , dark-f ield examinations are unreliable 

as a diagnostic procedure (\lo l f f , 1954 ; Als ton and Broom , 1958;  Turne r ,  

1 9 6 7 ; Sul zer and Jones , 1 9 7 4 )  and i n  this s tudy they wer e only used a s  

an  a dj unct to s erology and cul ture . A pos itive identif ication o f  

lep tospires in a sample was only made i f  two o r  more motile organisms 

were s een in the sample . 
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A modified Warthin-S tar ry technique was used for the demons tration 

of leptospires in f o rmalin-f ixed paraf fin tissue  sections (Young , 1 9 6 9 ) . 

S i lver-impregnat ion techniques f or the d emons tration o f  lep tospires hav e 

s imilar limitations as dark-field microscopy and therefore this 



technique was not roiltinelj used as a diagnos tic procedure . 

2 .  Serology 

Introduc tion 
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S erological procedures can b e  used to detect lep tosp iral antibodies 

in infec ted animals and also to identify leptospires isolated in 

artif icial media . The microscop ic agglutina tion tes t  (�1AT) is the mos t  

common method used (Alston and Broom , 1958 ;  Galton e t  aZ� 1 9 62 ; Cole 

et a Z� 1973) . This tes t can be used with both live and formalinised 

antigens and has a high sensitiv i ty and specificity ( Turner , 1 9 68) . The 

MAT has recently been modifi ed for use in micro titre plates so as to 

increase efficiency and decrease the amount of antigen necessary for 

the test  (Gal ton et aZ� 1 965 ; Cole et a Z� 1 9 7 3 ;  Sul zer and Jones , 1 9 7 4 ) . 

A macroscopic agglutination tes t may also be used to detect  

l ep tospiral antibodies in  sera . Although quick and easy  to perform, 

th is tes t is poorly serovar-spec if ic and is usually used only where 

the prel iminary sc reening of a large number of sera is required (Wolff  

1 954 ; Turner , 1 96 7 ) . 

O ther techniques used in the serological diagnos is of  lep tospirosis 

include complement f ixation ( CF) , sens i tised ery throcyte-lysis ( SEL) , 

haemagglutination (HA) , direc t  and ind irec t f luorescent antibo dy (FA) 

and patoc �gglutination . These tes ts are generally only g enus-specific 

and are of ten difficult to s tandardis e and perform ( Sulzer and Jones , 

1 9 7 4 ) . They have more application for use on human s era than animal 

sera because non-specif ic reac tions and cross-reactions limit effectiveness 

in the latter group (Palit and Sharma , 1 9 7 1 ;  Tan and Wel ch , 1 974 ; P into 

et a l3 1 9 74) . Sulzer et al ( 19 7 5) developed a genus-specific  indirect  

HA tes t for use on human sera tha t  had 9 2% sensitivity and 9 7% 

spec i f ic i ty when compared with the MAT . Thi s  tes t has the advantage 

of being relatively s imple  to perform but i t  has no t been evaluated for 

use in animal sera . 



( i ) Microsconic Agglutinat ion Test 

Serological examinations in this study were performed using the 

MP� . The method used was a modi f icat ion of the micro-technique 

described by Galton et al  ( 1 9 6 5 )  and Cole et al ( 1 9 7 3 ) . Leptospiral 

isolates were also identified using this method . 

Sera to be tested were disper.sed in 50 pl volumes into individual 
d 

wells  in a microtitre plate Each plate could hold a maximum of  88 

s era and eight saline or standard ant iserum controls . A pipetter 

machine 
d 

was used to add 100 �1 of  physiological saline �o each well 

t o  p roduce a serum dilut ion of 1 : 3 .  This plate was referred to  as 

the serum reference plate ( SRP) and could be used immediately or sealed 

with t ap e  d and stored at -20°C for future use . 

A series of  microtitre plat es were prepared by dispens ing 25  pl of 

saline into each wel l ,  using the pipetter . The SRP was then placed on 
d 

the t ray of a diluter machine and 2 5  pl of each of  the 12  serg in 

the f irst rm..r picked up with the diluter heads . These sera v1ere mixed 

with 25 pl of saline in the firs t  row of a t ransfer mic rotitre plate (TP) 

and then trans ferred wi th the diluter heads to another microtitre 

plate containing saline . This p roduced serum dilutions of  1 : 1 2 in the 

first  row of "Tells � and sequent ial dilut ions down the p late produced 

doub ling dilut ions of each serum of from 1 : 12 to 1 : 1 , 5 36 . Succes s ive 

rows of sera from the SRP were d iluted in a series of microt itre plates 

in the same manner . 

The choice o f  possible serum dilut ions was l imited due to the 25pl 

capacity of the diluter heads and the limited capac ity of  the wells 

in the microt itre plates . The dilut ion system chosen was the closest 

approximation to  the optimum dilut ion system of  1 : 25 , 1 : 50 , 1 : 100 etc . 

that could be conveniently a t t a ined . 

Live ant igen was dispensed by hand us ing a modified Cornwall 
e 

syringe to which a minipipetter dispensing head
d 

had been attache d .  

The Cornwall syringe was modi fied so that a 15ml narrow-necked bottle 

o f  antigen coul d be attached by a sc rew thread to the base of  the 

�ynatech Laboratories Inc . , Alexandria , Virginia , U . S . A .  
e Becton-Dickinson and Company , U . S . A. 



barrel (Pla te 3 . 3 . ) . The antiger- could thus be dispensed without 

danger of spillage . 

Ant igen was added i!! 2 5).11 a liquo ts to each well  in the microtitre 

plates to produce f inal dc ubling dilutions of each serum of from 1 : 24 

to 1 : 3 , 0 7 2 .  The tes t  plates wer e  then covered with cover pla tes and 

incubated for 90 minutes at 37°C .  

Following incuba tion, sera �er e  transferred to glass slides using 

a special ins trument (Ryan, 1 9 78 ) . This apparatus consis ted of eight 

s tainless s teel rods held in a b lock in such a way tha t they would fit  

into a rmv o f  eight \vells in a micro titre plate . This enab led each 

of the eight rods to pick up a drop of sera and trans fer it to a slide 

for examination . In this way the complete doubling dilution series of 

each serum sample could be  trans ferred to a slide at the same time . 
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The titre of  an agglutination reaction was taken as the f inal 

dilution of serum at which 50% o r  more of the leptospires were 

agglutina ted o r  lysed , as observed by darkfield mi croscopy (Anon, 1 9 6 7 ) . 

(ii )  Antigens 

Lep tospiral serovars used f or antigen production were maintained 

in l iquid EMJH c ulture medium ( s ee cultural methods ) and sub cultured 

every seven days . Approxima tely 10% of an actively-growing cul ture was 
0 

used as a n  inoculum for each subcul ture . Cul tures wer e held a t  30 C and 

examined by dark-field microscopy for density ,  homogeneity and lack of 

contamination before use .  Antigens of a dens i ty lower than 1 x 108 

organisms /ml were no t used , as i ncreased titres have b een shown to occur 

wi th low-density antigens (Borg-Petersen and Fagroeus , 1 949 ; Anon , 1 9 67 ) . 

Op timum densi ty for antigens was 2 x 108 o rganisms /ml . Very dense 

cul tures were diluted wi th liquid media to this dens ity before use . Only 

serovars of s tandard stra ins were used as antigens , b ecause o f  the 

variabili ty in t itre tha t  can occur when a serum is tes ted with different 

s tr ains of the same serovar (Borg-Petersen and Fagroeus , 1 949 ; Turner , l 9 68 ) . 

The sensitivity of each batch of  antigen was checked agains t the 

homologous s tandard antiserum a t  the t ime of use . Pnt igens that gave 



Plate 3 . 3 .  Modified Cornwall  syringe for 

dispensing antigen . 



a titre greater than a two-fold dilution above o r  belo-v1 the known ti tre 

of the antiserum were discarded . 

(iii)  Identification of Lep tospi ral Isola tes 

Lep tospir al  isolates were grmvn in l iqu id  media to a minimum 

dens i ty o f  1 x 108 organisms /ml and then us ed as antigens in the M..I\T 

for s erogroup identif ica tion . All iso la tes were tes ted agains t a 

bat tery of 12  s tandard ant isera produced in rabb i ts against serovars 

hardjo (s train hardj opraj itna) , pomona (pomona) , baZ Zum (Mus 1 27 ) , 

copenhageni (M20) , tarassovi (Mitis Johnson) , bataviae (S-v1art ) , 

ca:aicoZa (Hand Utrech t ) , pyrogenes (Salinem) , grippo typhosa (Hoskva V) , 

autumnaZis (Akai) , austraZis (Ballico ) and bifZexa
f 

(CDC) . The initial 

antiserum dilution used in the MAT was 1 : 96 .  Sero group classification 

of isolates was de termined by the pattern of cross-agglutinat ion 

ti tres produced agains t these standard antis era . 
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When def init ive serovar identifica tion was required , isola tes and 

specific antisera were sent to the Lep tosp irosis Labora to ry , Centre for 

Dis ease Contro l ,  Atlanta,  Ga . ,  U . S . A . for cross-agglutination ab sorp tion 

s tudies using the me thod des cribed by Kme ty et aZ ( 1970) . The p roduc tJon 

of specific antisera in r abbits agains t isolates sent for serovar 

identification is des cribed in Append ix I .  

A minimum s erum dilution of 1 : 24 was used in s ero log ical surveys , 

however in some circums tances a lower initial s erum dilu tiofi of  1 : 1 2 

was required . Thi s  was a chieved by discar d ing the use of the transf er 

p la te . If an initial serum dilution o f  1 : 6  was required , the dilution 

of s erum in the SRP was reduced from 1 : 3  to 2 : 3 .  

Sera with t itres of  greater than 1 : 3 , 0 7 2  were retes ted in a 

doub ling dilution s eries up to a s erum dilution of  1 : 9 8 , 304 . 

3 .  Culture m�� 

Introduction 
The identi ty of an infec ting l ep tospiral serovar can only b e  

f 
serovar supplied by CDC , Atlanta , U . S . A . , S train unknown . 



determined by isolation of  the organism from the hos t  and typing 

according to s tandard techniques . Hence , an efficient culture method 

for the recovery of  leptospires is a very important part of  any 

epidemiological invest igat ion . 
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In the past , media for the cult ivation of leptospires were enriched 

with animal serum , usually that of  rabb its  (Vervoot , 1 9 22 ; Fletcher , 1928 ; 

Stuart , 1946 ; Chang , 19 4 7 ) . Such media supported the growth of  mos t  

leptosp iral serovars however a variety of  problems , part icularly 

associated with the rabb it  s erum supplement , limited their �ffectiveness . 

Investigat ions o f  the sp ecific nutritional requirement s of leptospi res 

showed that growth could be sustained in a s erum-free media that contained 

albumin , long-chain fatty acids , vitamins B
1 

and B
1 2

, essent ial mineral 

s a l t s  and water ( S chneiderman et aZ , 1 95 3 ;  Johnson and Gary , 1 9 6 2 ; 1 9 6 3a ;  

1 9 6 3b ) . The first media us ing bovine serum albumin (BSA) and Tween 80 

as a s ource of long-chain fatty a cids was described by Ellinghausen 

and McCullough ( 1 965 ) . A modificat ion of this B SA-Tween 80 medium 

(Johnson and Harris , 1 9 6 7 )  i s  now widely used as the medium of  choice 

for the cult ivat ion of  leptospires . 

It  has been well established that B SA-Tween 80 medium promotes 

goo d  growth of  l eptospires end permit s  the isolation o f  serovars 

that will not grow in media enriched with serum . The medium has a 

long shelf life and the ant igenicity and immunogenicity of  leptosp ires 

cultured in BSA-Tween 80 do not differ from those grown in media 

containing serum (Auran et a Z , 1 9 7 2 ) . 

( i )  Media 

The culture medium used in this study for leptospi ral isolation 

and maintenance was EM.Jll
g 

, a commercially prepared B SA-Tv1een 80 medium 

( S e e  Appendix I I) .  The addition of  agar enables media to support 

more  rapid , dense and sustained growth of  l eptospires compared with 

liquid media (Turner , 19 70 ;  Tripathy and Hanson , 1974) . Semisolid EMJH 

(0 . 15%  agar w/v) was therefore used for isolation of organisms and 

maintenance of s tock cultures . Liquid media was used for the main-

�ifco , Det roit ,Michigan , U . S . A. 



enancc and growth o f  ant igens and for the sero typing of  isolates . 

Leptospires iso lated in semisolid medium required several passages in 

liquid media to  remove all t races of agar before being serotyped . This 

was necessary because small clumps of agar interfere wi th the inter

pretat ion of serological test s .  

Media was dispensed in five ml aliquo t s  in 1 5  ml narrow-neck 

bottles  and held at 3 7°C for three days and 30
°

C for three days to  

detect any bacter ial contaminat ion . Liquid medium for  anti gen 

p roduct ion was d ispensed in larger volumes as required . Each batch 

of  medium was checked for the ability to  grow leptospires by the use 

of  small inocula o f  a recent isolate of s erovar hardjo ( 10 1
, 10

2
, 

5 6  

1 0
3

, 10
4 

and 1 0
5 

organisms ) , a st rain with fastidious growth requirement s .  

Leptospires are very susceptible to competit ion from other micro

organisms and the incorporation of 5-Fluorouracil
h 

(5FU) in s emisol id 

media has been shown to select ively inhibit contaminat ing bacteria 

(Johnson and Rogers , 1964) . For each culture sample in this s tudy , a 

series of inoculations were made in media containing 200 p.g 5FU/ml 

(see  Appendix I I) and a parallel series were made in media v7i thout 

this s elective agent . Both types of  media were used in parallel as 

it has been reported that 5FU may inhib it some leptospiral s t rains 

in primary cul t ures (Turner , 19 70) . A comparison of the e f fect iveness 

of  these culture regimes is given in Chapt er V.  

(ii)  Culture from bodv tissues and fluids 

The choice of  suitable mat erial for culture depends on the l ikely 

stage of infection of  the host under examinat ion (Turner , 19 70 ) . If  

the animal is in the leptospiraemic stage  of infection ( usual ly days 

one to eight ) ,  b lood and highly vascular organs such as l iver and 

kidneys are the tnaterials of  choice . I s olations may also b e  from 

cerebro-spinal fluid . During the leptos piruric phase of infection 

(usually from day seven onwards ) ,  the renal cortex and urine are the 

mos t  suitable materials for culture . Some workers have recovered 

leptosp ires from the brain of infected animals ( S leight et cl� 1 9 60) , 

however the reliability of culture of  this organ from infected animals  

h
S igma Chemical Co . ,  St . Louis , Missouri , U . S . A. 
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is  not  known . Wol f f  ( 1 96 5 )  reported negat ive results frofl brain cultures 

of hedgehogs that had a high prevalence of  kidney infen ion . 

The maj ority of  a populat ion of wild animals in whi-::h endemic 

leptospirosis occurs are unl ikely to b e  in the leptospiraemic phase 

of  infect ion when sampled and therefore kidneys and urine are the most  

sui t able materials for  culture . These were the materials cul tured in 

field surveys in this study . 

Kidneys \oJere removed from possums as soon as possible after death . 

Prior to necropsy the animals fur was suabbed with a solut ion o f  2% Hedol
i

. 

Ins truments were dipped in 70% alcohol and sterilized by flaming , and 

the abdominal muscles were exposed by cut t ing down the midline and 

ref lect ing back the skin . A new set of ins truments were used to open 

the abdominal cavity and aseptically remove the kidneys , which were 

placed in sterile ,disposable petri d ishes . One kidney was retained 

for histological purposes and the o ther was used for culture . Urine 

from the bladde r , if presen t ,  was aspirated wi th a two ml ,s terile 

disposable syringe fitted with a one inch x 22  gauge needle . I f  a 

dark-field microscope was available , urine was examined immediately 

for the presence of  leptospires . 

Homogen isin g  of  kidneys was carried out in a Cole\vorth Stomacher 

400
j

. Each kidney was aseptically t rans ferred to a y ray-s teril ised 

plastic bag containing 50  mls of  Stuart � base medium (SBM) ( Stuart , 1 946)  

and homogenised for  two minutes . This provided an init ial kidney 

homogenate of approximately 20% w/v . The bag was removed from the 

S tomacher and one ml of homogenat e  inoculated into nine mls of SBM . 

Two serial t en-fold dilut ions in SBM were made from this initial dilut ion 

to make final kidney t issue dilut ions of 1 : 50 , 1 : 500 and 1 : 5000 . These  

were designated K- 1 ,  K-2 and K-3 . Approximately 0 . 25 ml  of  each 

dilut ion was p ipetted into a bottle  of  s emisolid media and a bottle  of 

s emisolid media contain ing 200 pg S FU/ml . 

The Stomacher could not be used for small amounts of t issue and 

�William Pearson Lt d .  , Auckland ,  New Zealand 
J A . J . Seward and Co . Lt d . , London , England . 
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kidneys weighing less than two g rams , s uch as tl1ose from pouched-young 

j oeys , wer e  homogenised by forcing the kidney through � f ive ml , s terile 

disposable syringe f itted with a 0 . 5  inch,  1 4-gaugc needle . The 

homogena te was inoculated direc tly into nine mls of SB� and diluted 

as a lready described . Hams ter kidneys and livers , and c small n�mber 

of possum brain s amples , were homogenised in the same way . 

Experimentally-infec ted possums and hams ters were bled by heart  

puncture and one or two drops of  b lood were inoculated diyectly into 

each of two bottles of semisoJ i d  media and two bottles of media 

containing SFU (anaes thes ia and handling pro cedures for experiment al 

possums are desc ribed in Chap ter VII ) . Minimal inocula of b lood ''ere 

used as large volumes fo blood inhibi t  the growth of lep tospires in 

cul ture media ( Sulzer and Jones , 1 9 7 4 ) . Media were inocula ted 

immediately af ter the blood sample was taken , hence anticoagulants 

were not necess ary in b lood-collecting tubes . 

Mid-stream urine samples from experimental ly infected possums were 

collected in s terile , 25 ml bo ttles . These were diluted 1 : 50 and 1 : 500 

in SBM and two drops from each of the neat and diluted urine samples 

were inoculated directly into semisolid media containing SFU . A series 

of media with SFU were also inoculated . As with blood , larger inocula 

were avoided as they have been reported to inhibit lep tospiral  growth 

(Galton et al3 1 9 6 2 ;  Turner , 1 9 70) . The s ame procedure was used for  

urine samples collec ted a t  necropsy . 

Voided urine was generally gro s s ly c ontaminated with micro-oyganisms 

and therefore f i ltration and hams ter inoculation techniques were 

employed,  in addi tion to SFU , in an a ttempt to overcome the probl �n 

o f  contamination of  cultures . Five mls o f  the urine to be  filtered 

were centrifuged a t  SOOG for f ive minutes and supernatant was drawn 

into a f ive ml ,  s terile disposable syringe . A Swinnexk filter , loaded 

with a 0 . 45 pm pore size membranek and prefil ter , was a t tached to the 

syring e .  App roximately one ml of ur ine was expressed through the 

f i l ter and then two or three drops o f  fil tered urine were inoculated 

d irectly into each of two bo t t les containing semisolid media and two 

b ottles containing semi-solid media p lus 200 pg SFU/ml . 

�illipore Corp . , Bedford , Mas sachusetts , U . S . A .  
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( i i i )  Hamster inoculation 

The use of laboratory animal s provides no grea r 2r chance of 

leptospiral isolat ions from mateYial obtained asept ically than direct 

culture techniques , however they are especially usefu l  for the isolat ion 

of leptospires from mat erial containing contaminat ing micro-organisms 

(Turner , 19 70 ) . 

Hamsters were used extensively in this s tudy for isolation of  

leptospires from contaminated tissues and fluids and also for 

environmental sampling of surface water and soil . Weanling hamst ers 

(20 - 30g) were inoculated by the int ra-peritoneal route with one ml 

of contaminated material and examined daily for clinical symptcms . 

The l iver and kidneys of moribund or dead hamsters were cultured as 

previously described . Hamsters surviving 2 1  days after inoculat ion 

were anaesthet ised with ether and bled by cardiac puncture for 

serological examination . They were then killed by cervical dislocat ion 

and the kidneys cul tured . 

(iv)  MAintenance of c ultures 

0 
All primary cultures in semi-solid med ium were held at 30 C for 

three months .  They were examined for growth by dark-field microscory 

at two-weekly intervals for two months and then again at three months 

before being discarded if still negative . As soon as growth was 

det ected in primary cultures , a 10% inoculum was t ransferred to liquid 

medium for growing up and serotyping . Positive cultures were also 

subcultured into fresh semi-solid medium for maintenance . 

Stock ant igens were maintained in dup licate in l iquid media and 

t ransferred every s even days . Periodic checks for bacterial contam

inat ion were made b y  plating out on blood agar which was incubated 

aerobically for five day s . S to ck cultures were maintained in 

semi-solid media and subcultured every four months . A duplicate 

series of stock cultures was held at room temperature in the dark and 

s ub cultured every s ix months . 

If  cultures became contaminated , decontaminat ion was attempted by 

f iltration ( s ee above ) , hamster inoculation or subculturing into media 

containing 400 pg 5FU/ml . 



This chapter has described the general materials and methods usea 

throughout this study . Some changes were made t o  the general methods 

as the study progressed , and these and details of specific techniques 

are described in subsequent chapters . 

6 0  
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CHAPTER IV 

SEROLOGICAL SURVEY OF PASTORAL POSSlJH POPULATIONS 

INTRODUCTION 

Lep tospiral inf ec tio� in possums was f irst  reported by Bro ckie 

( 1 9 7 5 )  and de Lis le  et aZ ( 1 9 75 ) . Previous workers ( Salisbury , 1 9 5 4 ;  

Jamiesun et aZ� 1 9 70)  had made brief men tion of limited numbers o f  

possum sera be ing examined ,  with negative resul ts . Salisbury ( 1 9 54 )  

tes ted 56 sera against  only pomona antigen and Jamieson et aZ  ( 1 9 7 0 )  

provided no data on number of sera tested or antigens used . Seven sera 

from possums from Tasmania , Aus tral ia were a lso found negative again s t  

seven antigens (Munday , 1 9 7 2 ) . The identity o f  the an tigens used was 

no t speci fied . 

Brockie ( 1 9 7 6)  col le c ted a to tal o f  146  possums from a variety of 

lo ca tions and found 38 ( 2 6%) had titres agains t hardjo antigen at  an 

ini t ial serum dilution of 1 : 100 . Two iso lates were recovered from 

cul ture of kidneys ( 1 . 5%) and these were s ero typed by cross-agglutinat ion 

and reported as b eing serovar hardjo . 

De Lis le et  a Z  ( 1 9 7 5 )  found 1 7  of  26 possums (65%) seropositive to 

hardjo antigen a t  an initial serum dilution of 1 : 200 . Five isolates 

wer e  ob tained f rom the 26  possums ( 1 9% )  and these were typed by 

f luorescent-antibody ser o typing as also being serovar hardjo.  

These ini t ial reports of hardjo inf ection in po ssums were of  

considerable interest . Hardjo has no t been iso lated f rom any f ree

living species in o ther countries and therefore the presence of a 

wildlife reservoir in New Zea land would be  unique . If such a reservo ir 

was p resent , it may have also been important in the epidemio logy of 

hardjo inf ec tion in bovines and humans in New Zealand . 

A t  the beginning of the present s tudy , a serological survey was 

under taken in the southern half of the North Is land of New Zealand to 

determine the p revalence of lep tospiral t itres in pos sum popula tions 

inhabiting pas toral areas . Samples were taken f rom a varie ty of 

locations and types of farms . The r esu l t s  of this serological survey 

a re r eported in this chap ter . 
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MATERIALS AND METP.OD3 

Possums were collected mainly by night-shoo ting with APDB personnel . 

In areas where night-shoc, ting w2s no t possible , populations were sampled 

by poisoning or trapping . The geographical locations from which samples 

were ob tained in this s tudy and from which samples were obtained by 

Brocki e  ( 19 75)  and de Lisle et al ( 1 9 75 )  are shown in Figure 4 . 1 .  

1 .  Linton . July 1 9 75 . 

Possums were collected on two adj acen t ,  intensive sheep and beef 

farming p roper ties . The population density was low due to the l imit ed 

availability of shel ter and only 14 possums were ob tained . The sample 

was collected by trqpping . 

2 .  Greenmeadmvs Farm,  Ohau . July 1 9 7 5 .  

This 9 0  ha dairy farm ·Has located in the centre o f  a da iryin8 

dis trict  and was s tocked exclus ively with dairy cows . Flat , fully

developed farmland p rovided l i ttle shel ter for possums , apart  f rom 

isoluted trees and some boxthorn shel ter b e l ts . Popula tion densi ty 

was very low and only 1 2  pos sums were collec ted by trapping and shoo ting 

over two nights . 

3 .  Whi te Rock S ta tion, South Wairarapa . Augus t 1 9 7 5 . 

This 6000 h a  beef and sheep farm cons i s ted of ro lling to steep 

hill country with an abundanc e of scrub in gullies and on some undeveloped 

parts of  the s ta tion .  Population densi ties were high and possums were 

observed at night to range over wide a reas of pas ture . A to tal of 1 1 0 

possums was ob tained by poisoning and trapp ing over four nigh ts . 

4 .  Ngamu S ta tion, Mas ter ton . Augus t  1 9 7 5 . 

Ngamu S ta t ion is a sheep farm bordering the Ngamu S ta te Fo res t eas t 

of  Mas ter ton . The pastoral possum popula tion was thought to be  continually 

reinforced by possums f rom the neighbouring exo tic fores t and population 

d ensi ty was moderate . She l ter was provided by small pockets of  remnant 

native forest and bands of willows along creek beds . For ty pos sums were 

taken by trapping for two nights . 



5 .  Woodville . Augus t 1 9 7 5 . 

63 

Possums '"ere col lect:ed f rom several farms east of Wcodvi l l e .  Land

use '"as mixed, with darying on the flats and sheep and beef farming o n  

the easy hill coun try . Pocke ts of scrub and regenera ting na tive bush , 

she lter belts and willmvs p rovided good nes ting sites and possums were 

present in high densi ty .  A to tal o f  9 5  pos sums \<7ere obtained by night

shooting over two nights . 

6 .  Dannevirke . Sep tember 1 9 75 . 

The sampling locality s ix miles southeas t  of Dannevirke was 

s imi lar to tha t  des cribed f o r  Woo dville . Population dens ity was 

moderate . Night-shoo ting over two nigh ts resulted in a sample of 48 

pos sums being taken . 

7 .  Ormondville , S ample 1 .  Sep tember 1 9 7 5 . 

Possums were ob tained f rom several sheep and beef farms near Te Uri , 

Ormondville.  Shel ter was provided by smal l  pine p lantations , shel ter 

belts , pockets of s crub and willows . Spotlighting revealed many pos sums 

in close proximity to domes tic s tock on pas ture .  Population dens i ty 

was moderate and 9 1  possums were ob tained by nigh t-shoo ting over two 

nights .  

8 .  Craigs Farm , Ormondville,  Samp l e  2 .  Sep temb er 1 9 7 5 . 

A second s ample fr om Ormondville '"as taken from a farm near the 

location from which the firs t samp le  was taken . Possums were found in 

the willows a long creek beds where they were feeding on new wil low 

shoots . Popula tion dens i ty was modera te . For ty-six possums were 

taken over two nights by night-shoo ting . 

9 .  Tukituki . O ctober 1 9 75 . 

A sheep and beef farming area near Tuki tuki was s,ampled  over one 

f ine and one wet night . Popula tion densi ty was very low and night

shoo ting p roduced a samp le  of only seven possums . 



1 0 .  Porangahau . October 1 9 7 5 . 

This coas tal farming dis trict consis ted of  rolling to s teep hill  

country wi th extens ive areas of scrub and gorse separating areas of  

farmland . Possums had adequa te shelter and f ed on  pas ture at  nigh t .  

Population dens ity was moderate . Two nigh ts shoo ting produced a 

sampl e  of  54 possums . 

1 1 . Pahiatua . October 1 9 75 . 

Pos sums wer e sho t on a hill country sheep and beef farm south-east  

of Pahiatua . Scrub and regenerating native bush in gullies p rovided 

cover for a popula tion of modera te dens ity . A sample of 66  possu!'ls -vms 

taken over two nigh ts . 

1 2 .  Paekakariki . Novemb er 1975 . 

The farm on which this samp le was taken ran s tud Charola is cattle 

and sheep on coas tal sand and peat country . Haybarns , small  pa tches 

of lupin and a few shel ter bel ts p rovided limited shelter for possums , 

which were present in low numbers . A sample of 1 7  pos sums was taken 

over two nigh ts by trapping and poisoning . 

All sera wer e tes ted by the MAT with serovars hardjo3 baZ Zum3 

copenhageni3 pomona and tarassovi as antigens . These were the five 

lep tospiral serovars that had been isola ted in New Zealand at tha t  

t ime . I n  addi tion , 1 20 randomly-selected s era w·ere tes ted agains t 

serovars canico Za3 bataviae3 grippo typhosa� pyrogenes3  autumnaZis3 

austraZis and bifZexa . 

The prec i s ion of the MAT sys tem used in our laborato ry was de termined 

by the repea t  tes ting of 100 randomly-selec ted sera , s ix months af ter the 

initial tes t .  The hardjo antigen used was tes ted agains t a s tandard 

antiserum and the repeat titre was within one dilution of that  given by 

the antigen used in the initial tes t .  

All titres  recorded to antigens o ther than hardjo were confirmed 

by repeat tes t ing of the sera involved . Analysis o f  resul ts was 

achieved by transforming titres into coded titres units  (Appendix Ill) . 



Figure 4 . 1 . 
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A comparison was made between sera from poisoned and sho t possu�s 

by firs t heart-bleeding cap tive possums and then adminis tering cyanide 

poison and recovering a b lood sample from the carcass 12 hours later . 

In this way , paired blood samples from 12  adult possums were ob tained 

and tes ted simul taneously in the MAT . 
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S ex ratios were calculated for pos sums collected by the three 

different sampling metho ds . Sex ratios have been shown to differ l i t tle  

from p arity ( Caughley ,  1 9 7 3 ; Jolly , 1 9 7 3) and therefore any significant 

devia tion from parity in the calculated ra tios would indicate a bias in 

dif f erent sampling me thods . 

RESULTS 

Sera selec ted at random for an estimate of the precision of the 

MAT had ti tres of from 0 to 1 : 30 7 2 . Results of the tes t for precis ion 

are given in Tab le 4 . 1 . The difference in means of the two tes ts was 

non-s ignificant ( t = 1 . 5 8 ,  P>0 . 1 ) . 

A comparison of sera collected pre-mor tem and then 1 2  hours pos t

mor tem fol lowing cyanide po isoning showed that  some dif ferences occurred 

in ti tres of p aired sera from the same animal ( Tab le 4 . 3 . ) . The 

difference in means of the sera sampled by the two methods was non

s ignificant however ( t = 1 . 1 7 ,  P>0 . 05 ) . 

As three different methods were employed to sample possum 

popula tions , the sex ratio was calculated for all possums collected by 

each metho d to detect any b ias in sampling (Table 4 . 2 . ) . No signif icant 
2 

-
dif ference was found b e tween the three  methods (Xc = 2 . 14 ,  P>0 . 05 ) . The 

mean sex ra tio for the three me thods was not s ignif icantly different 

f rom parity (Xc2 
= 1 . 52 ,  P>0 . 1 ) .  



Table 4 . 1 Precisicn estimate . of titres of  100 s era tested 

against hardjo antigen . 

Difference , in coded 
titre units * 

:. 

Frequency 

* coded titre 

-3 -2 

1 4 

- 1  0 +1 +2 +3 

1 7  45  24 6 3 

· Tabl e  4 . 2 .  Sex ratios o f  possums col le cted by different samp l ing 

methods . 

Method Male : Female Ratio 

Night shoo ting 220  1 88 1 . 1 7 : 1  

Trapping 5 7  50  1 . 14 :  1 

Poisoning 3 1  2 6  1 . 19 : 1 
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Table  4 . 3 Comparison o f  t it res in adult possums b led by cardiac 

puncture pre-u.1ortern and by j ugular vein post-mortem .  

Possum No . · Reciprocal of  titre to hardjo ant igen 
Cardiac puncture Jugular vein * 

1 0 0 

2 9 6  4 8  

3 1 536  384 

4 2 4  2 4  

5 48 24  

6 0 0 

7 9 6  2 4  

8 384 768 

" 9 1 9 2  192  

10  24 4 8  
.
. 1 1  0 0 

1 2  9 6  9 6  

* sample collected following cyanide poisoning . 
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Serological results revealed a h igh prevalence of  titres against 

hardjo antigen , therefore indicat ing a high p revalence of  infect ion 

with one or more leptospires of the Hebdomadis serogroup (Table 4 . 4) .  

Titres were present in samples from all  pastoral localit ies , w-ith a 

range in prevalence of  f rom 4 1% to 6 5 % .  The mean prevalenr:e o f  

Hebdomadis sero8roup titres over the 1 2  samples was 5 2 % .  
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Very few t itres agains t anti gens o ther than hardjo were recorded 

(Table 4 . 5) .  Nine sera revealed titres against baZZum , ranging f rom 

1 : 2 4  to 1 : 384 . These represented an overal l  p revalence of  baZ Zum 

t it res of 1 . 5% .  The geometric mean t it re ( G . M . T . ) for positive baZ Zum 

sera \vas 1 : 8 1 .  BaZ Zum t itres occurred in f ive sera which were negative 

to other antigens , and in the other four s era the titres to other antigens 

were lower than the t itres to baZ Zum. It is therefore considered that 

the baUwn titres represented infect ion with a leptospire of  the Bal lum 

serogroup , rather than cross -react ions . 

Two sera exhibited titres to tarassovi ant igen at serum dilut ions 

of 1 : 9 6  and 1 : 1 92 . Two low titres to copenhageni ( 1 : 2 4 and 1 : 48)  and 

three low t itres to pomona ( 1 : 12 ,  1 : 2 4  and 1 : 9 6 )  were also recorded . 

One t itre of  1 : 19 2  against biflexa was recorded in an adult female 

and a titre of 1 : 24  to pyrogenes was recorded in an adult femal e with a 

ba ZZum titre o f  1 : 384 . I t  was not known if these titres represented 

infection with these serovars or were cross-reactions . 

Evidence o f  dual infection with leptosp ires from different sera

groups , either concurrent  or successive , was p rovided by the s imul t aneous 

o ccurrence o f  t itres to hardjo and baZ Zum in sera from four possums . 

The p revalence o f  t itres to hardjo ant igen by sex , age-group and 

location is shown in Tab le 4 . 6 . Adult males and females had a prevalence 

o f  7 7% and 74% respect ively and both t r ans it ional-stage males and females 

had a prevalence of  38% . Only 7% of j uvenile males had posit ive hardjo 

t itres . All the j uvenile females were serologically negative . 

The di f ferences in prevalence between sexes within the mature adult , 

t ransitional-stage adult and j uvenile age-groups were non-significant 
2 2 2 (Xc = 0 . 33 ,  P >o .  75 ; Xc = 0 . 002 , P >o . 9 ;  Xc = 2 . 34 ,  P >o . 7 respect ively) . 
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Table 4 . 4  Prevalence o f  leptospiral t it res to hardjo ant igen in possums 

from the southern half of the No rth I sland of New Zealand . 

Locat ion 

Lint on 

Ohau 

White Rock 

Masterton 

Woodville 

Dannevirke 

No . possums 
examined 

. 1 4  

1 2  

1 10 

40 

9 5  

48 

Ormondville 1 9 1  

Ormondville 2 46 

Tukituki 7 

Porangahau 54  

Pahiatua 66  

Paekakariki 1 7  

Total 600 

No . serologically 
positive 

8 

5 

7 1  

2 5  

34 

2 0  

5 9  

2 2  

3 

3 4  

4 2  

7 

3 30 

% serologically S . E .  of  
posit ive prevalence 

57 1 3  

42 14  

65 4 . 5  

63  7 . 5  

36 5 

42 7 

65 5 

48 6 . 5 

4 3  1 9  

6 3  6 . 5  

64 6 

4 1  . 1 2  

5 5  2 
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Table 4 . 5 Titres to ant igens o ther than hardjo in s era from pastoral 

possum populations . 

Location Class- recipro cal of titre 
. ification hardjo baUwn copenhageni pomona tarassovi 

\-!bi t e  Rock JF 0 0 0 0 9 6  

White  Rock LF 0 0 24 0 0 

\-fuite  Rock LF* 384 384 0 1 2  0 

Whit e  Rock JF** 9 6  2 4  0 0 0 

¥.as terton F 0 384 48 0 0 

Woodville LM 0 9 6  0 0 0 

Woodville LM 768  0 0 9 6  0 

Dannevirke LM 1 9 2  0 0 0 1 9 2  

Dannevirke F 0 24  0 0 0 

Dannevirke LM 0 0 0 24  0 

Ormondville 1 LM 9 6  1 9 2  0 0 0 

Tuki Tuki LF 0 24  0 0 0 

Porangahau LF 9 6  1 9 2  0 0 0 

Porangahau LM 0 24  0 0 0 

** pouched j oey of  mature female* 



Table 4 . 6 . :  Prevalence o f  t it res to hardjo antigen ,by s ex ,  age-group and location , in pastoral possum populations 

Lo cat ion Males Females 
No . s ero. % No . s ero. % 

+ve +ve 

Lint on 

Ohau 

White Rock 

Masterton 

6 5 

4 2 

35 32 

8 7 

83  4 

50 3 

9 1  2 3  

88 18 

Woodville 33  1 7  5 1  30 

Dannevirke 10 8 80 1 5  

Ormondville  1 2 9  2 3  · 78 39 

Ormondville 2 l4 7 50 20 . 

Tuki Tuki 2 2 lOO 1 

Porangahau 2 7  23 85 1.0 

Pahiatua 32 28 88 1 5  

Paekakariki 4 3 75  5 

Total 204 f5 7 7 7  1 8 3  

3 75  
3 1 00 

2 1  9 0  

1 7 . 94  

14 4 7  

1 0  66  

29 74  

14 70  

2 50 

8 80 

10  66 

4 80 

1 35 74 

Trans . males Trans . females Juv. males Juv . females 
No . sero . % No . sero .  % No . sero.  % No . sero . % 

0 

1 

1 3  

0 

7 

2 

12  . 

4 

2 

7 

4 

3 

55 

+ve +ve 

0 

0 

1 0  

0 

1 

0 

4 

0 

0 

3 

2 

1 

2 1  

0 

0 

76 

0 

1 4  

0 

33  

0 

0 
4 3  

so  

33  

1 

1 

1 0  

5 

3 

5 

6 

2 

0 
3 
3 

1 

" 38 40 

0 

- 0 

7 

1 

1 

1 
3 

1 

0 

0 

1 

0 

1 5  

0 

0 

70 

20 

33 

20 

50 

50 

0 

0 

33 

0 

2 

2 

14 

3 

9 

9 

4 

2 

1 

2 

7 

2 

38 5 7  

+v e  +ve 

0 0 1 

o o ·  1 

1 7 15 
0 0 6 

1 1 1  ·1 3 

1 1 1  7 
0 0 1 

0 0 4 

0 0 1 

0 0 5 

1 14  _5 
0 0 2 

4 7 6 1  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-....J 
N 



There was a marked trend of increas ing p revalence of ti tres with age ,  

with highly significant dif ferences being f ound bet\veen j uveniles  and 

trans itional-s tage adults (Xc 2 
= 50 . 00 ,  P < 0 . 005)  and trans i tional-
. 2 

) s tage adul ts and mature adul ts ( Xc = 39 . 8 1 ,  P<0 . 005 . G . �I . T ' s  were 

cal culated for  each sex and age group and the resul ts are p resented in 

Tabl e  4 . 7 .  Comb ined s exes in the transi tional-s tage adul t age-group 

had a G . M . T .  for posi tive sera o f  1 : 4 6 7 , the highest of  the three 
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age groups . Combined adul t males and f emales had a G . M . T .  for positive 

sera of 1 : 2 89 while that  of comb ined j uvenile males and f emales was 

much lower a t  1 : 63 .  

A graph ical representation of the relationship be tween the 

prevalence of hardjo ti tres and G .M . T ' s of posi tive s era and all  s era 

wi thin each sex and age-group is shown in Figure 4 . 2 .  Trans it ional

s tage adults , with a prevalence of 38% , had a GMT for posi tive sera 

of 1 : 487 whe reas mature adults , with a prevalence of 7 5/� ,  had a much 

lower GMT for  positive sera ( 1 :  2 89 ) .  The dif f erence in Gt-1T ' s for 

adul t age-group s can b e  explained by reference to Figure 4 . 3 .  

Transitional-s tage adults had a skewed frequency dis tribution of hardjo 

titres towards the high ti tre range while the frequency dis tribution of  

titres for mature adults was app roximately normal . Tit res o f  .i uvenile 

animals occurred mainly in the low titre range . 

vfuen GMT ' s for all sera within each age-group are compared , i t  can 

be seen that  the large difference in p revalence of titres between adult 

age-groups masks the ef fec t  of differences in f requency dis tribution of 

ti tres b e tween age groups (Tabl e  4 . 7 ) . Thus , the GMT for  a l l  s era in 

the mature adult age-group is greater than the GMT for all  s era in the 

transitional-s tage adult age group . 

The GMT ' s  for positive s era  f rom adult possums f rom different 

localities showed cons iderab le variation . The 95% confidence limits 

of  the GMT for each sample are shown in Tab le 4 . 8  (conf idence limits 
-

for each GMT are assymetrical due to the logarithmic nature o f  a 

geome tr i c  mean transforma tion) . Due to insufficient numb ers , GMT ' s  

were no t calculated for samples from Ohau , Linton, Tukituki and 

Paekakariki . 



Tab le 4 .  7 .  Prevalence and geometric means o f  hardjo titres , 

by age-group and sex,  in sera f rom p as toral possums . 

Classification 

JM 

JF 

JM & JF 

TN 

TF 

TH & TF 

LH 

LF 

LM & LF 

Preval ence 
% 

7 

0 

3 

38 

38 

38 

77  

74  

75 

* reciprocal of ti tre 

Tab le 4 . 8 . GMT ' s  and 95% 

adult possums 

Location 

White Rock 

¥.as ter ton 

Woodville 

Dannevirke 

Ormondville 1 

Ormondville 2 

Porangahau 

Pahiatua 

* recip rocal of GMT 

S . E . %  G . M . T . 
Positive s era All s era 

3 . 5  63* 1 4  

0 0 0 

1 . 5  63 1 3  

6 . 5  489 4 7  

7 . 5  446 4 7  

5 467 4 7  

3 269 1 32  

3 323 129  

2 289 130  

con f i dence l imits f o r  s e r a  f rom 

with titres to hardjo antigen . 

GMT and 9 5% confidence limits 

545* 740 1 0 1 8  

1 25 229 4 2 7  

320 4 78 7 35 

1 4 1 269 523  

133  1 66 2 23 

1 5 1  182 2 1 8  

266 388 6 1 5  

1 4 2  2 1 8  340 

74 



Figure 4 . 2 .  
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DISCUSSION 

Infec tion of wildlife wi th lep tospires of  the Hebdomadis serogroup 

has been demonstrated in many countries (P arnas et a l ,  1 96 1 ; Cordon

Smi th et al , 1 96 1 ; Emanue l  e t al , 1 964 ; Clark et al , 1 9 66 ; Tor ten et al, 

1970 ;  Mateev and Manev ,  1 9 74 ) , and the worldwide dis tribution of 

organisms f rom this serogroup in lep tospiral inf ection of domes ti c 

animals and man is wel l  recognise d .  

The results of the present sero logical survey extend the findings 

of earlier New Zealand workers and show that Hebdomadis s erogroup 

infec tion is widesp read in pastoral possum popula tions in the southern 

half of the Nor th Is land . No predica tions as to the identity of  the 

infecting serovar could be made f rom the titres agains t hardjo aqtigen 

as strong cros s-reac tions o ccur between members of the Hebdomadis s era

group (Als ton and Broom, 1958 ; Manev and Yanakieva , 1 9 7 3 ;  Ellis and 

Michna, 1 9 7 7 ) . 

The serological response to lep tospira l  infec tion has been well

def ined by many authors , and is reviewed by Als ton end Broom ( 1958)  

and Turner ( 1 968 ) . Peak titres are usually reached within three \veeks 

of inf e c t ion and then titres decline at a variable rate depending on 

species and infecting serova r . Ti tres have been repor ted to pers is t 

for f rom four to ten years in domes tic cattl e  (Norse  et al , 1955 : 

Hanson , 1 9 7 6 )  and may pers is t  at  low levels for up to 20  years in man 

(van der Hoeden, 1 9 58) . 

The time for which titres persis t f ol lowing infec tion in wild 

animals  is not well-d ef ined . S everal authors have s tated that some 

species of wildli f e ,  especially rodents , may remain infec ted for life 

(Babudieri , 1958 ;  van der Hoeden , 1958 ; Ro th , 1 9 70 ;  Tr ipathy and Hanson, 

1 9 76 ) , however , the�e is l i t tl e  documen ted evidence  of  this lifetime 

carrier-s ta te . Consequently , l i t t l e  i s  known about the long-ter� 

changes in titres following leptospiral infec tion in free- living 

animals .  Short- term studies have shown that tit res wil l  p ersis t for 

at  leas t 1 9 7  days in s triped  skunks (Tab e l  and Kars tad , 1 9 6 7 )  and at 

leas t 20 months in chronically-infec ted gerbils (Merinones unguiculatus ) 
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Figure 4 . 3 .  Frequency dis tr ibut ion of hardjo t itres by 

age-group in pas toral possums . 
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(Tripathy and Hanson , 1 9 76 ) . O ther ;;.;ro rkers have repor ted tha t ,  in  some 

species , a proportion of chroni cally-infected animals in the population 

have no demons trable antibodies in their sera (Babudieri , 1 958 ;  Ro th 

et aZ , 1 96 3 ;  Ferris and Andre\vs , 1 9 6 7 ; Chernukcha et al , 1 9 74 ) . Thi s  

s i tuation i s  also recognis ed i n  domestic  animals (Hirschberg and 

Vaughn, 1 9 7 3 ;  Ryan, 19 78) . 

Ti tres recorded in the p resent survey had a range of  f rom 1 : 24 

to 1 : 6 1 44 and the frequency dis tribut ion o f  ti tres in each samp le ,..1as 

approximately normal . This  distribution of titres , toge ther with the 

high prev�lence of titres found in a l l  populat ions samp led ,  indicates 

tha t  lep tospiral infection is  holoendemic in all pas toral possum 

popula tions in the southern half of  the North Island . The rela tionship 

between serological and bacterio logica l  prevalences is investigated in 

Chap ter VI . 

Lep tospirosis in a f ree-l iving species is generally characterised 

by inf ection with more than one serovar (Parnas et aZ , 1 9 6 1 ;  Roth e t  a l ,  

1 9 6 3 ;  Andrews e t  a l ,  1964 ; Tor ten e t  aZ , 1 9 7 0 ;  Fennestad and Borg

Pe tersen,  1 9 72 ) , although , in certain localit ie s ,  some species (no tably 

roden ts ) have been shown to b e  infected with one s erovar only (Babuditri , 

1 958 ; Brown and Gorman, 1960 ; Chernukcha et  aZ , 1 9 7 5 ;  Sho tts et  a Z ,  

1 9 75 ) . The almost exclus ive restric tion o f  titres t o  the Hebdomadis 

s erogroup in possums in New Zealand is an impor tant feature of leptospiral 

i nf e ction in this species . Ti tres to antigens from other serogroups were 

p resent in only 2% of sera tes ted and this ve ry low prevalence is  

supported by  the serological observa tions of  p revious workers (Salisbury , 

1 954 ; Brocki e ,  1 9 75 ;  de Lisl e  e t  aZ , 1975) . 

The very low prevalence of  titres to antigens o ther than hardjo 

also demons trates that cross-reac tions are uncommon or do not occur 

in the sera from possums w i th Hebdomadis serogroup inf ections . Cross

reactions to a variety of ant igens are common in sera f rom domes tic 

animals wi th Hebdomadis serogroup infec tions (Murnane e t  aZ, 1963 ; 

Emanuel et  aZ , 1964)  b u t  s uch cross-rea ctions app ear to b e  uncommon 

in f ree-living species . Gor don-Smi th e t  aZ  ( 196 1 )  found tha t s era w i th 

Hebdomadis titres f rom s everal rodent species in Malaya did not cross

reac t with other serogroup antieens . This s i tuation was also no ted in 
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Aus tralian wildlife by Emanuel et a l  ( 1964) . The lack of cross

reac tions in sera f rom p0s sums wi th Hebdomadis serogroup infec tions 

a llows the presence of infec tion with leptosp ires f rom o ther sera

groups to be more easily detected . 

The finding of serogroup Ballum titres in the sera o f  nine 

possums ( 1 . 5% )  adds to the w ide range of animal species tha t can be 

infe c ted �vith this serova r ( see Chap ter I ) . Organisms from the 

Ballum serogroup have been i sola ted from hedg ehogs , ship rats and 

Norway rats in New Zealand and thes e  f ree-living species may have 

been the source of the sporadic bal lwn infections in po ssums . 

The low GMT of  1 : 8 1  for sera with bal lum titres is cons istent 
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with serological obs erva tions in Ballum serogroup inf ec tions in o ther 

f ree-living sp ecies . Several inves tiga tors have repor ted that titres 

reco rded in bal lwn inf ec tions are much lower than those  recorded in 

infec tions by lep tosp ires f rom o ther s erogroups (Alexander et al , 1 9 63 ; 

Roth et aZ , 1 9 63 ;  Sho tts et a Z ,  1 9 7 5 ;  Brockie , 1 9 7 7 ) . Therefo re , these 

low ti tres in possums may indicate present or recent infec tion at the 

time of samp ling . 

Cross-reactions between Ballum and several o ther serogroups , 

no tably Icterohaemorrhagia e ,  Canicola and Pyrogenes , o ccur in a variety 

of  species (Als ton and Broom, 1958 ; Ferris e t  al , 1 9 6 1 ; Alexander et  a l ,  

1 963 ) . Al though no consis tent cross-reaction pat tern with other sera

g roup antigens occurred in possum sera wi th bal Zum titres , it is likely 

tha t the titre of 1 : 48 recorded to copenhageni antigen was a cross

r ea c tion with the ba Uwn t itre for tha t s erum of  1 : 384 . Similarly , the 

ti tre of 1 : 24 to pyrogenes recorded in a s erum with a ba l lwn ti tre o f  

1 : 384 was probab ly a cross-reaction. 

The s ingle titres to tarassovi and biflexa ant igens and the three 

low pomona titres are of unknown signif icance . These titres may have 

represented infection with the homo logous s erogroup , as tarassovi and 

pomona have been �solated f rom domes tic animals  in New Zealand (see 

Chap ter I )  and possums sharing a pas toral environment may well con tract 

leptospiro sis from this source . Serovar andamana� a member of the 

saprophytic Biflexa comp lex, has recently been isola ted f rom two No rway 

rats in Israel (Shenberg et  al , 1 9 75 )  and therefore its  c lassif ication 



as a saprophy te  is open to ques tion . Such a se�ovar from the Bif l exa 

complex may have been respons ibl e  for the biflexa titLe recorded in a 

possum in the present survey . 
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Titres to bo th bal lum and hardjo antigens were �ound in the sera 

from three adul t po ssums and were considered to be evidence of dual 

infection by l ep tospires from d i f ferent serogroups . Tl.esc dua l  

infections may or may no t have occurred concurrently . Fur ther evidence 

of  dual infection was p rovided by the low hardjo and baUum ti tres found 

in the serum of a pouched j oey whose dam had titres of 1 : 384 to hardjo 

and baUwn. I t  is probab ly tha t pas s ive transfer of innnunaglobulins 

f rom the dam resulted in the dual titres b eing recorded in the j oey . 

Dual lep tospiral infec tion has b een reported in several f ree-living 

species (Gordon-Smi th et a l ,  1 96 1 ;  Roth et al , 1963 ; Ferris and Andrews , 

1 964 ) . 

The prevalence of  hardjo titres in males and f emales was very 

s imila r .  This s i tuation has been found i n  mos t  lep tospiral inv es tigations 

al though sex-specific prevalences have been shown to be s ignif icantly 

different in s tudies of  some free-living species (BJDo d et aZ , 1963 ; 

Twigg et aZ , 1 968 ;  Fennes tad and Borg-Petersen, 1972 ) . These author s  

were unabl e  t o  exp lain these diff erences i n  prevalences b e tween males 

and fema les . 

Severa l workers have found a marked difference in age-specific  

p revalence of  lep tospiral inf ection in f ree-living populations . Ferris 

et  aZ ( 1 96 1 )  recovered baZ lum only from a dults from a mixed-age samp le 

of 87 house mice and Sho tts et al ( 19 75)  recovered l ep tospir es f rom 

only adults in a mixed-species sample of 1 44 small wild mammals . 

S imilar r esults have been reported in hedgehogs (Wolff  and Bohland er ,  

1 965) , Norway rats (Kallai e t  al , 1 962 )  and Pampas cav ies (Cavia pwrrparum) 

(Blood et al , 1963) . However , o ther investigators have reported l i t tle 

dif ference in p revalence of  infection between the j uveniles and adul ts 

of some free-living species (Ferris and Verts , 19 64 ;  Twigg et a l ,  1 968) . 

As age-dif f erentiation of  animals is no t carried out in many l ep tospiral 

surveys of wildlife ,  information on age- specific p reval ence of inf e ction 

i s  of ten no t availabl e . 



In the present survey , the very l0w preval �nce o f  �i tres in 

j uvenile possums was a cons is tent observation in all r-:>pu1ations 

sampled . The few ti tres recorded (4 out of 1 1 7  s era t es ted) we�e low 

O l.  

and res tricted to animals weighing less than 600 grams and i t  i s  prob able  

tha t these were res idual ma ternal antibody titres . 'The passive transf er 

of immunoglobulins f rom dam to off-spring is investigated in Chapter VIII . 

Transitiona l-s tage a.dul ts had a preva lence of hardjo titres o f  38 % ,  

considerably lower than that o f  m:.1 ture adul ts ( 7 5%) . Thus , the highly 

significant diff erence in age- specific prevalences is an important 

f eatur e of lep tospiral infec tion in pas toral possums . Any comparison 

be tween prevalences of  infec tion in popula tions f rom dif f erent local i t ies 

therefore requires tha t  the age-s tructure of the po�ulation b e  known . 

As mature adul ts cons titute the maj ority of animals in a population and 

also exp erience the highes t prevalence of  infection, these animals 

provide the bes t g roups f or compar ison of prevalences of  infection . The 

samples  collected by Brockie ( 19 75 )  and de Lis le e t  aZ ( 1 9 75 )  were no t 

diff erentia ted as to age and therefo re the p revalence of infection 

recorded in these surveys canno t be compared wi th those recorded in the 

p resent s tudy .  

The trans i tional-stage adult  group had a cons iderably higher GHT 

for  positive s era than tha t of o ther age-groups and this  was considered 

to be indicative of a more  recent  time of infection than tha t o ccurr ing 

in o ther age-groups . The frequency dis tribution of ti tres in this age

group , with mos t  ti tres being in the mid and high rang e ,  illust rates 

this hypo thes is . The mature adult  age-group , with a higher prevalence 

of t itres , had a f requency distribu tion of ti tres skewed towards the 

low-titre range ,  indicative of  a g rea ter percentage of animals w i th an 

o lder time of infection . The low GMT o f  ti tres recorded in the j uvenil e  

age-group was cons is tent wi th the p robability that these titres w er e  

due to residual , maternal ly-derived an tibody . The highly signif icant 

dif f erence in age-speci f i c  p revalence of l ep tospiral ti tres in possums 

is · discussed r ela tive to bacteriological prevalence in Chap ter VI . 

GMT ' s  for a l l  s era in each group were cal culated as well as GHT ' s  

f o r  posi tive s era . As a lready dis cussed ,  differences in prevalence o f  

titres betl.;reen g roups markedly influenced the GHT f o r  a l l  sera compared 



wi th the GMT ' s  for pos itive sera . This paramet er \.Jas tneref ore o f  

l i t tle use  when comparing different age-groups and con:.>equently , 

throughout  the res t o f  the s tudy , only GHT ' s  for pos i t ive sera are 

calcula ted .  

Although variation in prevalence o f  titres and G�1T ' s  for posi tive 

s era  occur red between mature adul t groups f rom dif f cre�t pas to ra l  

localities , this variation could no t b e  correlated wi th location o r  

type of  f arming . Therefore i t  appeared l ikely that population factors 

were the more important detenninants of  the disease s ta tus of each 

po ssum popula tion sampled . 

The eight  pastoral locali ties for which the prevalence of titres 
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and GMT ' s  of posi tive sera in mature adul ts were  compared all suppor ted 

moderate or high population dens i ties , as assessed by spo tlight counts . 

The two loca tions where dens i t ies  were high (vlhite Rot::k and Hoodville)  

had the h ighest GMT ' s for posi tiv e  ser a ,  however ,  the prevalence  of  

titres in ma ture adults from Woodville was much lower than that f rom 

White Ro ck.  Variation also o ccurred in the prevalenc e of titres and 

GMT ' s  of positive sera in popu la tions from areas of s imilar population 

density . Therefore the varia tion in prevalence o f  ti tres in pas toral 

possum populations did no t appear to be closely related to population 

dens i ty .  This obs erva tion could no t be fully evaluated from thi s  

initial survey for s everal reasons . Spo tlight coun ts are subj ective 

and are of ten inaccurate and the re fore only gross differences in 

population density can b e  detec ted . As a cons equence , es timates o f  

popula tion densi ty can only b e  placed into broad categories . In a ddition ,  

p revalences for  mature a dults were a l l  higher than 47%  and usually 

h igher . When taking into account the prob lem of sampl ing erro r ,  a 

correlat ion between a subj ec tiv e  estimate o f  population densi ty and the 

prevalence of  titres \vould be hard to es tab lish , b ecause of  the l a ck o f  

contras t in the differences b e tween popula tions sampled i n  this survey . 

I t  is  also likely that the age s truc ture of a popula tion i s  a 

f actor which affects the preval ence of  ti tres and the GMT o f  posi t iv e  

s era from mature adul ts . Populations tha t  are sub j ec ted to commercial 

exploita t ion have � h igher propo rtion of  younger animals in the ma ture 

adult g roup than unexploite d  populations . If  the maj ority of  possums 



b ecome infected by the end of  their third year , higher G}1T ' s  would 

be expec ted in exploited populations wi th a young age s truc ture . An 

indica tion of the age s truc ture of a popula tion can be gained from 

adul t : j uvenile ratios . Although in the present s tudy the regres s ion 

of log GMT on the adul t : j uvenile ratio of dif f erent populations was 

non-significant (y = 2 . 67-0 . 04x, t = 2 . 00 ,  P>0 . 05 ) , the population 

with the highest GMT (White Ro ck) had a low adul t : j uvenile ratio 

( 2 . 8 ) . 
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The compar ison between blood-sampl ing techniques used in the 

ini tial survey showed that although there was some individual var iation 

in paired titres , the difference between the means of the samples 

collected by the two techniques was no t signif icant . They were 

therefore proved to be satisfactory techniques for comparative analys is 

and were  used throughout the remainder o f  the s tudy .  

The absence of a sex bias be tween the three sampling methods used 

demons tra ted that repr esentative samples were being obtained from 

populations , regardless of the method used . The bias towards an 

exces s of females over males that was ob served by Tynedale-Biscoe ( 1 955 ) , 

when night-shoo ting was compared '>Jith trapping , was no t evident in 

this survey . 

There was no significant  difference in coded ti tre means between 

the two tests on sera used for an estimate of the precision of the �AT ,  

and 86% o f  titres recorded in the second test were wi th ± one serum 

d ilution of the titres r ecorded in the f irs t tes t . This level o f  

precision is sligh t ly lower than the 9 0% o f  titres within ± one dilution 

reported in a precision estimate carried out by Hells trom ( 1 97 8 ) . A 

s l ight ly skewed distribu tion of  titres recorded a t  the second test 

r elative to the f irs t may have been due to the use of  an antigen of 

lesser density ,  hmvever , Graves and Faine ( 1 970)  reported tha t up to a 

40% variation in antigen did no t significantly alter the precision of  

the }�T in  their laboratory . 



SUMMARY AND CONCLUS IONS 

1 .  The prevalence of Hebdomadis serogroup titres is very high in 

pas toral possum populatior..s in the southern half of the Nor th Island 

of New Zealand . 

2 .  Titres were almost exclus ively res tric ted to the Hebdomadis 

serogroup , indicating that inf ec tions with leptospires f rom o ther 

serogroups were rare . 

8 4  

3 .  Evidence o f  infection with lep tospires o f  the Bal lum serogroup was 

present in 1 . 5% of sera tes t e d . 

4 .  There was a highly s ignificant difference in age-spec i f ic 

prevalence of ti tr es in all populations sampled . 

5 .  The highes t  GHT was found in the transitional-s tage adul t age

g roup , indicating that this g roup had experienced infection more 

r ec ently than the mature adul ts . 

6 .  No s ignificant dif ference was shown betHeen the means of titres 

recorded in s era collected pre- or pos t-mortem. 

7 .  An estima te of the precision of the MAT showed tha t 86% o f  titres 

were wi thin ± one serum di lu t ion o f  the initial tes t .  



CHAPTER V 
DEVELOPMENT OF CUT...TURAL TECHNIQUES 

INTRODUCTI ON 

The use of serology for the diagnosis of  leptospiral infect ion 

in animals has serious l imita tions (van der Hoeden , 1 958 ; Roth , 1 9 70 ;  

Turner , 1 9 70 ) , and therefore an �fficient cultural method is an 

important prerequisite of  any epidemiological study . The isolat ion 

of lept ospires from host t issue and fluids is affected by many 

factors and a wide var iety of methods have been used to isolate or 

demonst rate infect ing organisms (see Chapter  Ill ) . The relative 

efficiency of the methods used in this study , as applied in the 

init ial cul tural survey of 1 4 1  animals and in speci fic laboratory 

investigat ions , is described in this chapte r .  As a consequence of  

these f indings , some changes were made in the cultural techniques 

using during the remainder of  the study . 

MATERIALS AND METHODS 

The materials and general methods used in this chapter are 

described in Chapter III . 

A total of 1 4 1  kidneys were cultured in semisolid EM.JH and 103 

of  these kidneys were al so cultured in semisolid EMJH containing 

200 pg 5FU/ml . Comparat ive isolation and contaminat ion rates were 

calculated for each d ilut ion of kidney homogenate . 

The effect of  t ime of culture after death on the recovery 

rates of leptospires was invest igated by the comparative culture 

of  each kidney from each of  34 pos sums . One kidney from each animal 

was cult ured within one to three hours of death the the other was 

left in the carcass and cultured within 18 - 24 hours of death . 

The number of  isolat ions made from each kidney and the number of 

contaminated cultures were then compared . 

S ilver-impregnated kidney sections for histological examination 

were p repared from 33 adult pos sums . Two sections f rom each kidney 
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were exa:.nined .  

An attempt was made t o  recover l eptospires f rom the urine 

of 28 possums by direct inoculat ion of media in the field followed 

by serial sub cul turing in the laborato ry 24 hours later to remove 

contaminants .  Urine sainples were also f ilt ered in an attempt to 

p revent contamination of cultures . Urine samples were cultured in 

media without 5 FU and media with 200 pg 5FU/ml . 

Darkfield examinations were carried out on urine samples from 

1 6  possums collected close to }1assey University . Cultures were 

made from the cerebral cortex o f  these animals also . 

An experiment was carried out to determine the relat ive 

eff iciency of media , with and without a selective inhib itor , for 

the isolation of lep tosp ires f rom different serial dilutions of 

voided urine , urine aspirated f rom the bladder and kidney homoger.a le . 

The transitional-s tage adult possum used for this experiment was 

experimentally infected with serovar balcanica and , at the t ime 

o f  culture , was excret ing 2 . 25 x 10
6 

organisms /ml o f  voided urin e .  

The number o f  leptospires was estimated by calculating the mean 
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o f  three counts of  urine in a Pet rof f-Hauser count ing chamber . An 

init ial kidney homogenate was p repared in Stuarts base medium (SBM) 

( 1 : 5  w/v) and six serial ten-fold dilut ions of this homogenate were 

made in SBM.  Five tubes o f  semis olid EMJH were inoculated with 0 . 25ml 

of  each dilution o f  homo genate and this was repeated with a series 

of  semisolid media containing 200 pg 5FU/ml and a series containing 

400 pg 5FU/ml . The same dilut ions and inoculat ions were made for 

voided urine and urine aspirated in a sterile manner from the 

b ladder . In addit ion , two weanling hamsters were inoculated wi th 

each dilut ion o f  voided urine . 

As weanling hams ters were used extensively throughout the 

s tudy for the i sol ation of leptospires , an experiment was carried 

out to determine the minimum infective dose (MID) , minimum lethal 

dose  (MLD) and mos t  efficient route of infect ion for t'v-o serovars 

from different serogroups .  Recently isolated strains of  balcanica 

and pomona were diluted in SBM to p roduce serial ten-fold dilutions 



o f  leptospires o f  from 5 x 10
6 

to 5 x 10
1 

organisms /ml . S ix groups 

o f  e igh t hamst ers were e�ch iuoculated int raperitoneally with 0 . 1 ml 

o f  each dilut ion o f  culture . . This procedure was repeated us ing the 

p ercutaneous rout e .  Inoculations b y  this route were made by 

anaesthet ising the hamst ers with ether , arid abraiding the ventral 

abdomen with a scalpel blade unt il hyperaemi c .  A small adhes ive 

template was applied to the skin and 0 . 05mls of an appropriat e 

culture d�lut ion p lacerl in the centre . Anaesthesia was maintained 

until the drop had dried . lhe template was then removed and the 

animal allowed to regain consciousness . 

The kidneys of hamsters that died following inoculation were 

cultured by standard techniques . The experiment was terminat ed at 

21 days and kidneys of survivors at this t ime were also cultured . 

All isolates ob tained from field cultures were grown in 

l iquid medium unt il of sufficient dens ity for t yping . A small 

proport ion of isolates however were difficult to grow when 

subcultured from primary semisolid medium ( 0 . 15%  agar) into 

l iquid medium. In an attempt to facilitate this passage , an 

intermediate subculture was carried out in semisolid medium 

containing 0 . 05% agar . 

RESULTS 

The effect  o f  dilut ion o f  kidney homogenate on isolation rates 
- 1  

i s  shown in Table 5 . 1 .  Fifty-two isolations were made from the 10  
-2 -3 

dilution ( 3 7%) , and slightly fewer were made from the 10 and 10 

dilut ions . This trend was non-signif icant (X2 = 0 . 62 ,  P > 0 . 5 ) . 
-2 

Three isolations were made  from the 10  d ilution that were not made 

from the 10
- 1  

d ilut ion and no isolat ions were made from the 10
-3  

dilut ion that were no t made from e i ther the  1o
-
·
1 

or 10
-2 

dilut ions . 
- 1  - 2  

The combined isolation results from the 10  and 10 dilutions o f  

homogenate gave a total o f  55  isolations f rom 1 4 1  kidneys cultured 

(39%) .  

The trend o f  decreasing number o f  i solat ions as homogenate dil

ution increase d  that was observed in med ia without 5FU was also 

apparent in media containing 200 ?g 5FU/ml . This was also non-
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s ignificant ( X 2 = 1 .  8 1 , P ). 0 .  25  ) . A to tal of  38 isolat ions were 

made from 103  kidneys cultured in this medium (37%) . One isolate 

recovered from th� 10
-2 

dilution of kidney homogenat e was not 

recovered from the 10
- 1  

dilution . As with media not containing 

SFU ,  no isolations were wad e  from the 10
-3 

dilution of a particular 

homogenate that were nG t made from either the 10
- 1  

or 10
-2  

dilution . 

Chi-squared analysis o f  the number of  isolations ob tained from 

the two types of  media shoved that the s lightly higher percentage 

from media without 5FU was not significan t ly different from the 

percentage from media containing 200 pg 5Fu/ml ( x 2 = 0 . 04 , P >o .  75 ) . 

Of the kidney homogenates that were cultured in both types o f  

med ium ( 73%) , in four cases isolations were made in media without 

5F .U that were not made in media containing 5FU .  In cont rast , two 

isolat ions were made in media containing 200pg 5FU/ml that were not 

made in media without this selective inhib itor . 

The overall contamination rate of kidney cultures was very low , 

with only 23  of 732 tubes inoculated being contaminated ( J . l%) (Tab l e  

5 . 2 ) . The contaminat ion rate i n  media containing 200 pg 5FU/ml 

{ 1 . 5%) was significantly lower than that in media wi thout 5FU 

(4 . 5%) ( x 2 = 4 . 87 ,  P<O . OS ) . 

Contamination occurred sporadically in cultures of  all kidney 

homogenate dilutions . In only three cases were all  cultures in 

one type of media from one kidney contaminated . These occurred in 

media without 5FU .  

The invest igation into the effect that time of  culture after 

death had on the number of isolations made showed that more 

isolat ions were obtained when kidneys were cult ured within three 

hours of  death compared with kidneys which were cultured 18  - 24 

hours after death (Tab l e  5 . 3 ) .  Contamination occurred in the 

culture series from four kidneys cultured at the later time 

compared with no contamination of the culture series of kidneys 

cultured within three hours of death . An interesting obs ervation 

in this invest igat ion was the recovery o f  two isolates from kidneys 

cultured at 18 to 24 hours that were not made from kidneys from the 
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Table 5 . 1 : Effect o f  dilution on recovery rates o f  leptospires , using media with and without 5-fluorouracil 

Media No . kidneys No . No . isolations from each homogenate dilut ion 
cultured Isolat ions 

10
- 1  

10
-2 

10
-3 

( % )  
--

EMJH 1 4 1  5 5  ( 39 )  52  4 7  45  

EMJH + 200,ug 
5 FU/ml 103  38 ( 3 7 )  3 7  33 28 

Table 5 . 2  : Contamination rates o f  media with and without 5-fluorouracil 

}';€: .il.a 

EMJH 

EMJH + 200 pg 
5FU/ml 

No . tubes 
inoculated 

423 

309 

No . tubes 
contaminated 

( % ) 
--

1 9  ( 4 . 5 )  

4 ( 1 .  3 )  

No . tubes contaminated from each homogenate dilut ion 

1 0
- 1  

1 0
-2 

10
-3 

8 5 6 

2 1 1 

0: 
I.C 



Table  5 . 3  Leptospiral isolat ions from comparative culture o f  

kidneys a t  two different t ime intervals  pos t -mortem .  

Cul ture data Time of  culture (hrs ) . 

1 - 3 1 8  - 24 

No . kidneys cultured 34 34 

No . isolations 1 1  8 

No . isolations made at 

one t ime of culture only 5 2 

No . cont aminated 

cul t ure series 0 4 

9 0  



same animals cultured within three hours of  death . 

Silver-impregnat ion o f  kidney tissue proved to b e  a poor 

me thod of demonst rating leptospiral infect ion ·in possums . Of  

33 kidneys stained by  a modi fied \{arthin-Starry tech11ique , lepto

spires were seen in sect ions from only two animals (6%) . I solat ions 

from kidney homogenates were made f rom 1 7  possums in this group 

(5 1 . 5% ) . 

Cul ture o f  urine was seriously hampered by heavy contamination 

o f  a large proport ion of  cultures (Tabl e  5 . 4 ) . Contaminat ion 

occurred in 65 o f  72 tubes conta ining media wi thout 5FU (90%) . 

Dilution of urine had lit t le effect  on reducing contaminat ion rates 

and attempts to remove contaminat ion by serial !"ubculture res1.1lted 

in only 14% of contaminated cul tures being clea red . Fewer contamin

ated urine cultures occurred in media that contained 200 pg 5FU/ml 

and there was a significant decrease in contaminat ion of cul tures 
') 

with increasing dilution o f  urine inocula (X� = 15 . 35 ,  P <  0 . 005) . 

Due to high contaminat ion rates however , both types o f  media  were 

unsatis factory for the isolat ion of leptospires from uriae . 

Filtrat ion was effective in removing contaminat ing bacteria 

from urine ( Table 5 . 4 ) . Only two o f  24 tubes inoculated with neat 

filtered urine were contaminated (8%) . No contaminat ion occurred 

in cultures that had been inoculated with diluted urine that had 

been filtered . Desp ite the absence o� contamina tion , no isolat ions 

were  made f rom filtered urine and this suggested that filtrat ion had 

also removed l eptospires f rom the inocula . 

Two isolations vrere made from the 24 possum urines cultured 

( 8% )  and this low isolat ion rate was a reflection of the large num� 

ber o f  contaminated cul tures . In comparison , isolations were made 

f rom kidney homogenates o f  1 1  o f  the 24 animals from which urine 

was cultured (46%) . 

Poor results  were also obtained from dark-field examination o f  

urine samples . Leptospires were s een in the urine o f  only one o f  1 7  

mixed-age possums ( 6% )  and n o  leptospires were seen i n  centrifuged 

urine samples . Culture of kidneys f rom this group pro duced s ix 



Table 5 . 4  Contamination rates of  urine cul tures 

Media No . urine Numb er cultures contaminated 
s amples Urine dilut ion Filtered urine dilut ion 

Neat 1 : 50 1 : 500 Neat 1 : 50 1 : 500 

EMJH 24  24 ( 100)
a 

2 2 (9 2 )  19 ( 79 )  2 (8 )  0 0 

EMJH + 200 }l8 
5FU/ml 24 20 ( 83) 1 6 ( 6 7 )  7 ( 2 9 )  NT NT NT 

a
percentage in b rackets . 

Tabl e  5 . 5  Isolat ions o f  l eptospires from urine cultures . 

Media No . urine 
samples 

Number of isolat ions 

EMJH 

EMJH + 2 00 ,ug 
5FU/ml 

2Lf 

2 4  

Neat 

0 

1 

Urine d ilution 

1 : 50 1 : 500 

0 0 

2 1 

Filtered urine dilut ion 

Neat 1 : 50 1 : 500 

0 0 0 

NT NT NT 
\, 
!'· 



Table 5 . 6  

Diagnos t ic 

:t-1ethod 

Kidney 
sect ions 

Urine 
culture 

Dark-field  
urine 
examinat ion 

Diagnosis of leptospiral infection in possums by different test  methods 

relative to kidney culture . 

No . No . 

tested · positive 

33  2 

24  2 

1 7  1 

% 

positive 

6 

8 

6 

No . positive by 

kidney culture 

1 7  

1 1  

6 

�� positive by 

kic!ney culture 

52 

46 

35 

Sensitivity of 

of test method ( % )  

1 2  

1 8  

1 7  

\0 w 



isolates (35%) . No isol at ions were made from cultures of  b rains 

from
. 
possums . 

The results of  the experiment to  determine the relative 

efficiency of different types of media to isolate organisms f rom 

different dilut ions of voided urine , urine asp irated from the 

bladder and kidney homo�enat e are given in Tables 5 . 7  and 5 . 8 .  

The high contaminat ion rate that occurred in cultures o f  urine 

in media without 5FU made in the field also o ccurred in this 

experiment . Serial ten-fold dilutions o f  urine decreased 

contamination rates , but , at  the level o f  dilution needed to 

remove contaminant s ,  very few leptospires remained in the inocula 

(Tab le 5 .  7 )  • 

The incorporation of  200 pg 5FU/ml in media resulted in a 

marked decrease in contaminat ion of urine cultures and , as a 

consequence , isolat ions were made from inocula containing as 

few as 55  organisms . No contaminat ion o f  cul tures occurred in 

media containing 400 pg 5FU/ml . The number  of isolations made 

in this medium was very similar to the numb er made in media contain

ing 200 pg 5FU/ml . (Tabl e  5 .  7 ) . 

The MID and MLD for hamsters inocula ted with urine cont aining 

leptospires was 5 500 organisms (Tab le 5 . 7 ) .  Hams ters surviving 

fo r 2 1  days following inoculation were cult ured and one hamster 

that  survived an inoculation of neat urine wa s found to be  

infected . The kidney cul t ures of  all hams ters that received � 5 50 

organisms were negative . 

Contaminat ion was only sporadic in cultures of urine aspirated 

from the b ladder (Tab le 5 . 8) .  Isolations were obtained from all  
- 6  

urine dilut ions except  10  By  assuming that the concentrat ion o f  

9 4  

organisms i n  urine from the b ladder was the same a s  that in vo ided 

urine , organisms were isolated from inocula theoretically containing 

only f ive organisms . This was achieved in media without 5FU and in 

media containing 200 pg 5FU/ml . 

Fewer isolations were made f rom high dilut ions of  urine 



Table 5 . 7  

Voided 
urine 
dilut ion 

Neat 

10- l 

10
-2 

10
-3 

10
-4 

10
-5 

10
-6 

Isolation o f  leptospires from serial dilut ions o f  

voided urine , us ing media with and without a 

selective inhibito r .  

No . organisms 
inoculated 

5 . 5  X 10
5 

5 . 5  X 10
4 

5 . 5  X 10
3 

5 . 5  X 10
2 

5 . 5  X 10
1 

5 . 5  

0 

EMJH 

O
a 

(5C)
b 

0 (5C)  

0 (5C)  

1 (4C)  

0 ( 2 C) 

0 ( 2 C) 

0 

Media Hams ter 
EMJH+200 EMJH+400 ino c .  
� g  5FU/ml pg5FU/ml 

3 ( 2C )  5 l
e 

4 ( 2 C) 5 2 

5 4 . 2 

5 4 0 

3 2 0 

0 0 0 

0 0 NT 

a Number of  isolations per five t ubes inoculated 

b 
Number o f  cultures c ontaminated per f ive tubes inoculated 

c 
Number o f  deaths per two hamst ers inoculated . 
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( 1o-3 , 10-4 and 10-5 ) cultured in medid contaj ning 400 �g 5FU/ml 

compared with the same dilut ions cultured in media containing 200 �g 

5 FU/ml . This difference was not significant  ( Xc
2 

=3 . 34 , P > 0 .  05 ) . 

9 6  

Isolation rates were highest  and contaminat ion rates lowest for 

cultures made from kidney homogenate . The three media used had similar 

abi lity to isolate leptospires from all dilut ions of  homogenate except 

10-6  (Tab le 5 .  8) . 1\w isolaticns made from the 10-6 dilut ion in media 

without 5 FU were not made in media coD taining 5FU.  Isolat ions from this 

d ilut ion imply that a minimum of 4 x 10-6 organisms were present in each 

ml of undiluted homogenat e . It  is probable that there were at least 

2 x 10 7 organisms /ml of  undiluted homogenate if it  is  accepted tha t an 

inoculum of  five organisms is necessary for the recovery of  leptospires 

in cult ure media . Dark-field examination of  th� kidney homogenat e  

failed t o  detect this high concentrat ion o f  leptospires and leptospires 

were not seen in two silver-impregnated sect ions from this kidney . 

A comparison of the number of isolat ions made from the high dilut ion 

o f  the three host materials cultured shows that the most suitable 

mat erial for the isolation of leptospires was kidney homogenat e .  The 

most  sensitive medium for isolat ion of leptospires from non-contaminated 

s ources was that which did not �ontain 5FU .  When the number o f  

organisms in the inoculum was sma l l ,  there was a s light decrease in the 

number of isolates ob tained from media containing 400 �g 5FU/ml compared 

with media containing 200 �g 5FU/ml . This t rend was non-significant 
2 (X c = 2 .  2 1 ,  P > 0 . 2 5  ) . 

Hamsters infected with baZcanica exhib ited clinical signs of  severe 

central nervous disturbance ,  with circling and hyperaesthesia being 

e specially apparent . Terminally , the animals  showed clonic muscle 

spasms , became moribund and died within 48 hours of  first showing c l inical 

s igns of  infect ion . Only one hamster recovered after showing clinical 

s igns of  disease . This animal , which received 5 , 000 leptospires IP , was 

culture-positive at 2 1  day s . 

The MID and MLD for hamsters infected by  different routes are shown 

in Table 5 . 9 .  The occur�ence o f  asymp tomat ic infection with baZcanica 

was demonstrated by the isolation of the organ ism from two of e ight 

hams ters that survived an infect ive dose of 500 leptospires by the IP 

route . The MID for baZcanica by the IP route was 50 organisms . 

Serovar pomona was more v iralent  for hamsters than baZcanica. All 
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Table  5 . 8  Iso lat ion o f  leptospires from serial d ilutions of 

urine aspirated from the bladder and kidney homogenate ,  

using media with and without a select ive inhibitor . 

Cult ure Dilut ion EMJH EHJH EMJH 
fluid +200}lg +400f1g 

5 FU/ml 5FU/ml 

Neat 4
a

( 1C )
b 

4 ( lC)  5 

10- 1 
5 5 5 

Bladder 
1 0

-2 
5 5 5 urine 

10-3 
4 ( lC )  5 3 

10
-4 

1 ( 2C )  5 2 

10
-5 

2 ( l C )  1 0 

10-6 
0 0 0 

Neat 5 5 5 

10
- 1  

5 5 5 

Kidney 10
-2 

5 5 4 
homogenate 

10
- 3  

5 ( l C)  5 5 

10
-4 4 5 5 

10-5 
5 4 4 

10-6 
2 0 0 

a 
Number of iso lat ions per f ive tubes inoculated 

b
Number of cultures contaminated  per f ive tubes inoculated . 



pomona deaths occu�red '"ithin seven days of inoculat ion compared 

with ba Zcanica v1here some deaths v1ere not recorded unti l  18  days post 

inoculat ion . Only one hams ter survived an infect ing dose of pomoYI.a 
of  � 50 leptosplres by the. IP route .  Thi s  animal was culture 

positive at 2 1  days and therefore non-lethal infect ion occurred in 

hamsters infected with pomona as well as in hamsters infected with 

baZcanica . 

The MID and MLD for both serovars were higher by  the PC route 

than the IP route and therefore this route was no t as effic ient at 

establishing leptosp iral in fect ion as the IP route .  

The growth of isolates that were difficult to es tablish in liquid 

media appeared to be improv�d by an interrr,ed iate passage in 0 . 05% 

semisolid agar between primary semisolid culture (0 . 15% agar ) and 

l iquid culture . 

DISCUSSION 

The use of  a simple whole-kidney homogenat ion technique was shown 
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to be an efficient and sen s it ive method for the isolat ion of leptospires . 

I solat ions were made from 5 5  of 1 4 1  kidneys cultured ( 39 %) . This was 

a much higher rate of recovery than that recorded in an earlier field 

report by Brockie ( 19 7 5 ) . In this s tudy , a kidney plug technique was 

used and is olates were obt a ined from only two of 146  possums ( 1 . 4 %) . 

With the use of s terile disposable plastic bags in the Coleworth 

Stomacher , whole kidneys  were homogenised rapidly , efficiently and 

with a minimum of contaminat ion . The apparatus was especially 

suited to the process ing of  fresh samples in the f ield , as  it  could 

b e  very eas ily operated in s ituations where there was a high risk 

o f  environmental contaminat ion . Although the Stomacher was des igned 

for the bacteriological examinat ion of meat samples , the present 

results illustrate another important use of this apparatus . 

Contaminat ion occurred s poradically in cultures from all 

d ilut ions of  kidney homogenate and was attributed t o  airborne 

contaminat ion during the d i lut ion and inoculation proces s ,  rather 



Tab le 5 . 9  

Serovar 

baZcanica 

baZcanica 

pomona 

pomona 

Comparat ive data on experimental infect ion of  

hamsters with s erovars baZco.nica and pomona . 

Route of  Infect ion MID MLD Mean death 
t ime ( days)  

IP 

PC 

IP 

PC 

50 500 

500 5000 

50 50 

500 500 

"'· • .J � - . • . •.• • : ::�r£1 
Ll5iV.R'( 

1 3 . 2  

14 . 6  

5 . 0  

5 . 6  

Symptoms 

+ 

+ 
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than contaminat ion of the primary kidney homog�nate . 'il:le very low 

level and sporadic nature o f  contaminat ion indicated that contamina t ion 

did not adversely a f fect the isolation rate of leptosp i res . This  is 

of maj or  importance in the culture o f  leptospires from field samples . 

Concentrated kidney homogenates were no t found to b e  inhib itory 

to the growth o f  leptosp ires , as has b een suggested by some workers 

(Ryu , 1965 ; Shotts , 19 7 6 ) . In this study the number of isolat ions 

decreased as the dilution of homogenate increased and this p robab ly 

re flected the smaller number of organisms present in the inocula 

f rom the 10-2 
and 10-3 

dilut ions . As no isolat ions were made from 
-3 - 1 -2 

the 10 dilut ion that were no t made from either the 1 0  or  10 

dilut ion , the culture of this dilu t ion was discontinued du r ing the 

remainder of the study . 

The finding that a proport ion o f  leptosp ires will remain 

viable in kidneys for at least  24 hours has also been demonstrated 

in other species (Hichna , 1 9 70 ; Ryan , 1 9 7 8 ) . The decrease in number 

of i solat ions with increasing t ime of culture after death may 

have contributed in part to the lov1 number of lqitosp ires isolated 

f rom possums by Brockie ( 19 75 ) . This  investigator cultured kidneys 

the day following night-shoot ing operat ions . 

Poor results  were achieved from histological examinat ion o f  

kidneys . Similar results using this technique have b een reported 

in other surveys (Bloom , 1 9 6 1 ;  Gordon-Smith et al , 19 6 1 ; Turner , 

1 9 70) and may reflect the s t age o f  infect ion that exists  in the 

maj ority of animals in a population with endemic leptospirosis . 

Bloom ( 1 96 1 )  and Taylor e t  a Z  ( 1 9 70 )  reported that l eptosp ires 

were much more difficult to f ind in kidney sections f rom dogs with 

chronic infect ion compared with dogs in the acute s tage of infection . 

The failure to detect leptospires in the kidney o f  a possum 

excreting 2 . 25 x 10
6 

organisms per ml o f  urine also illust rates the 

lack of s ensitivity of this technique . 

B rain cultures were unsuc�es s ful . It  has b een suggested that 

leptospiral infection can persist  in the brain o f . carrier animals 

(Langham et  aZ, 1958 ; Sulz e r  and Jones , 1 974 ) , hmvever 



thi s  did no t appear to be the case in the possums examined by this 

met hod . 

The culture of leptosp ires from urine is affect ed by s everal 

factors . Lept ospiruria may be cons tant in some species (McGowan 

and Karstad , 19 6 5 ; Hodges , 1 9 7 7 )  but i s  more often reported as  being 

intet�ittent ( Ferris and Andrews , 1 96 7 ;  Minette and Shaffer , 1968 ; 

Sullivan , 1 9 7 0 ; Ellis and Michna , 1 9 7 7 ) . The durat ion of  lepto

spiruria is also very variab l e ,  both within species (Web s ter , 19 5 5 ; 

Morse et a l� 1 9 5 8 )  and between species (McGm.;ran and Kars tad , 1965 ; 

Rot h ,  1970 ; Chernukcha et a l , 1 9 7 4 ; Hanson , 1 9 7 6 ) . It  has also been 

shown that leptosp ires may be  isolated from k idneys long after 

detectable urinary shedding has ceased (Morse et al , 1958 ; Tabel 

and Kars tad , 1 9 6 7 ; Chernukcha et  a l ,  1 9 74) . Because of  the above

ment ioned factors , it can be expected that , in a cultural survey , 

fewer isolations will be  made from urine samples than from kidneys . 

Thi s  was the case in the present survey , where urine isolates were 

obtained f rom only 18% of animals from which isolates were obtained 

f rom kidneys . 

In addit ion to factors affecting leptospiruria , there are sev

eral factors that affect the viab il ity of leptospires present in 

urine . Thes e  include pH (Noguchi , 19 1 8 ;  Okazaki and Ringen , l95 7) , 

t ime of cult ure after urine samp l ing (Kirschner and McGuir.e , 19 5 7 ; 

Nervig and Ellinghausen , l9 78 ) , presence of  leptosp iral agglutinins 

(Morse et a l , 1958 ; Killinger et � 19 76 ;  Hanson , 1 9 7 7 ) , and 

contamination with other micro-organisms (Johnson and Rogers , 1964 ; 

Hussaini and Ruby , l 9 76 ) . The re lat ive importance o f  each of thes e  

factors on the viab ility o f  leptospires is  content ious , however a l l  

workers agree that contaminat ion o f  cultures severely l imits the 

recovery of leptospires from urine . 

The present study showed that med ia without 5FU and media 

containing 200 pg/ml 5FU were uns uitable for culture of  possum 

urine , due to the high contamination rates that resulted from their 

use .  Thi s  is in contrast to the result s  reported for midstream 

urine samples collected f rom cat tle  and inoculated into the same 

media (Hellstrom , 1 9 7 8 )  and reflects  the difficult ies experienced 

in obtaining uncont aminated urine from small  animal s  compared 

with large domestic speci e s . 
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No isolat ions were made from urine fil trates . Nervig and 

Ellinghausen ( 19 78 )  found that 2 .  2 x 10
5 

organisms/m! of urine 

were necessary before organisms could be cultured from filtrates 

and Turner ( 1 9 70 )  also noted that large numbers of leptospires had 

to be present in urine samples for iso lat ion after filtrat ion to be 

success ful . Dark-field examination of urine samples from possums 

in the present st udy fa iled to detect large numbers of leptospires 
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in any urines examined .  It is therefore l ikely that the number o f  

leptospires that were present i n  the maj ority of  urine samples were 

below the thresho ld necessary for the success ful culture of filtrates . 

Lept ospires \vere detected in a small numb er of uncentrifuged urine 

samples ,hmvever none \vere detected in samples that had been cent ri

fuged . S imilar observat ions were made by Doherty ( 1 966 )  who 

examined urine s amples from infected guinea p igs . 

The re lative efficiency of kidney culture , his tological 

examination of kidneys , urine culture and dark-fj eld microscopy 

of urine to demonstrat e leptospiral infect ion in the present study 

was similar to that reported in other s tudies using s imilar techniques . 

Gordon-Smith e t  al, ( 19 6 1 )  found 13% o f  Malayan rodents to be infec ted 

by cultural and serological methods , whereas only 4% were positive 

by histolog ical examinat ion of kidney s ections and 1% by da rk-field 

microscopy of urine . A survey of hedgehogs by Wolf£  ( 19 6 5 )  found 

26% to be  posit ive by kidney culture whereas only 4 . 6% were posit ive 

by urine culture . 

The dilut ion experiment supported the general findings of 

the cult ural survey and provided quantitat ive est imates of  the 

sensitivity of the techniques used .  It was confi rmed that media 

without 5FU and media with 200pg 5FU/ml were unsuitab le for urine 

culture , however media containing 400pg 5FU/ml success fully prevented 

contaminat ion of urine cultures and i solates were recovered from 

urine inocula containing as few as 55 leptospires . 

There was a marked contrast in the sensitivity o f  direct 

culture and animal inoculation techniques for the isol�tion of  

leptospires from urine . The high MID and ��D for  hams ters 

inoculated with urine containing leptosp i res illustrated that 

direct culture in media containing 400 pg 5FU/ml was a much more 



sensit ive met hod for isolating leptospires from urine . 

The number of  leptospires needed to infect hams ters was 

greater for uYinary leptospires compared with leptospires maiatained 

in media . This has been noted by other workers also . Nervig and 

Ellinghausen ( 1978 ) found that the LD 50 and ID so  for hamsters 

infected with serovar grippotyphosa exposed to swine urine was 

5926  and 696 respectively , while for organisms maintained in 

liquid media , the values were 87 and 2 respect ively . These workers 

suggested that exposure to urine decreased the inherent in:ectivity 

and virulence of leptospires . In their study , urine was added to 

a media-adapted cul ture to demons trate the toxic effect rather than 

us ing urine from a leptospiruric animal . This may have exaggerated 

the toxic effect of  urine on leptospires and hence may have 

exaggerated the difference in sensitivity of culture inocula tion 

compared with inoculation with urinary lep tospires . 

It  has been shown that serovar grippotyphosa in kidney 

suspensions is virulent for gerb ils and hamsters (Tripathy and 

Hanson , l9 74 ) . Gerb ils  exposed to avirulent media-adap ted 

grippotyphosa were re-exposed to urine from shedding animals a�d 

no deaths resulted . These workers concluded that the primary 

inoculation had p rotected the anima ls from the subsequen t challenge , 

despite the fact that only two o f  five gerbils  in the group had 

p roduced t itres to the primary challenge , both of which were low. 

In l igh t of the present work , an alternat ive explanat ion maybe tha t 

the leptospires from the urine were of too low an infectivity to 

have been able to estab lish infection . 

Increasing the dilut ion o f  possum urine in the dilution 

experiment did not increase the recovery of leptospires .  This 

indicated that the decrease in number of  leptospires in inocula 

from higher urine dilut ions had more effect  on number of isolations 

than any possible  toxic effect of urine . This  was also found in 

the f ield survey . Nervig and Ellinghausen ( 1 9 7 8 ) reported a toxic 

effect on leptospires if  urine was left for some t ime before culture . 

In the present work , ur ine samp les  were cultured immediately after 

collection , and therefore any such deletarious effect would have 

been avoided . 
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The di lution experiment showed that , when larger numbers o f  
- 1  -2 

organisms were present in urine and kidney inocula ( 10 , 10 and 

10-3 d i lutions , ) isolations were made from virtually all replicates 

(84 of  90 cultures in which no contaminat ion occurred ) . The high 

repeatab i lity of  the cultural technique decreased as the number 
-5 -6 

of leptosp ires in the inocula decreased , unt il , at the 10 and 10 
dilut ions , isolations within culture replicates were only sporadic . 

Therefore , the repeatability of the cul tural technique is high \vhen 

moderate  or la rge numbers of lept osp ires are present in host  t is sue 

or fluids , but is low when few organisms are present . 

The lmv repeatab ility of the cultural technique when feH 

organisms are present in a n  inoculum is the probable explanat ion 

for the small degree of  variability that o ccurred between the two 

types o f  media used in the field survey . The difference in total 

number of isolat ions was not  s ignificant ly differen t for the two 

types of media , but isolat ions were made in six cases from one type 

of medium only . A variat ion in c ultural efficiency was also noted 

at different times o f  culture after death . There was a decrease 

in number of isolat ions as t ime of  culture after death increased , 

however two isolat ions were made from pos sums at the later t ime 

that were negat ive on ini t ial culture . These two isolat ions 

indicated either cultural inefficiency at  the t ime of ini t ial 

cul ture or unilat eral kidney infect ion . The author is not aware 
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of any survey that has described unilateral kidney infection . TherP

fore it  mus t b e  assumecl that some degree of inefficiency exists  in 

the recovery o f  leptospires from possum ki dneys , despite  the high 

prevalence of infection demonstrated with the cultural technique 

described . 

Examinat ion of  comparat ive data from cultural regimes used by  

other  workers reveals a s imilar , small  degree of variation in  

cultural results . A comparison o f  Fletchers , Stuarts and EMJH media 

by Ryan ( 1 978 )  showed that 94% of isolat ions of  serovar pomona 
from pig  kidneys were made in EMJH , 78% in Stuarts and 6 3% in Flet

cher s . Despite the obvious superiority of EMJH , two isolations were 

made in Stuarts medium that were not made in EMSH .  Roth et cl ( 1 9 6 1 )  
reported that when a comparison o f  semisolid and solid media was made , 



the greater maj ority of leptospiral isc lat ions were ma c!e in s emi

solid medium , however a small number of iso lations were made on 

solid medium that were not made in s emis ol id . It  is rherefore 

clear that any one cultural regime will no t recover l eptosp i res 

from 100% o f  infected inocula . 

Slightly fewer organisms were isolated in media �ontaining 

400 �g 5FU/ml compared with other media . This difference was 

not s t at i s t i cally s i gnificant , howeve� it  is possible  that s0me 

small degree of inhibition of leptosp iral growth occurred in this 

medium. I t  has been found that inhibit ion can occur at levels 

greater than 400 �g 5FU/ml when leptospires  are cultured in 

Kortho ff ' s  medium (Hussaini and Ruby , l9 7 6 ) . Turner ( 19 70)  a lso 

reported that 5FU pos sibly causes  some inhibitioaof  leptosp iral 

grmvth . 

The MID o f  balcanica and pomona fo r hams ters infected by the 

IP route was 50 organi sms and the respe c t ive }�D fo r both serovars 

was 500 and 50 organisms . The infectivity and virulence o f  

leptospiral serova rs  are not constant and may vary cons i derab ly 

between species . Stalheim ( 19 66 found a marked difference in the 

MID and MLD of three strains of s erovar pomona in hams ters . Strains 

Ohio and MLS had MLD 100 values of less than 150 and 50 organisms 

respectively , whereas the MID for the Wickard stra in was 1000 

leptospires . The 1-�D for canico la in hamsters was reported as 

being two organisms (Ellinghausen , 1 9 7 6 ) . Faine ( 1 9 6 2 )  found 

that the MID for mice infected with austraUs B was 3 . 8  x 10
3 

leptosp ires . 

The IP rout e  was more e ffec
.
t ive than the PC route for 

esta� lishing infection in hams ters but once the hamsters were 

infected there was no difference in the pathogenes is of the 
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disease . The route of infection has b een shown t o  affect  the MID , 

but not the pathogenesis o f  the d iseas e , in other species ( Stavitsky , 

1 94 5 ; Sullivan , 1 9 70 ; Kiktenko e t  a l� 1 9 7 6) . 

Individual variat ion in the response o f  hamst ers to infection 

was shown in some groups . The o ccurrence of asymptoma t i c  infection 

in a small proportion of hams ters illustrated the need to culture 

all surviving hamsters in experimental investigat ions , rather than 



using death as the sole criterion of infection . 

SUMMARY AND CONCLUSIONS 

1 .  The use of  the Coleworth Stomacher was shown to b e  an efficient  

method for  the culture o f  kidneys . 

2 .  Kidney homogenate was th2 mos t  suitable mat erial for the iso

lat ion of  leptospires . The number of iso1at ions decreas2d wi th a 

del ay in t ime of  culture following death . Media conta ining 400 pg 

5FU/ml was found to be unneces sary . for the culture of kidneys and 

therefore the pos s ib i l i ty of inhib ition of grow·th of smal l  numbers of  

organisms in  this  media was avoided . 

3 .  Hi stological examination of  kidney sect ions , culture of 

filt ered urine and dark-field micro scopy of urine were inefficient 

techniques for the diagno sis  of  leptospiral infect ion in po ssums . 

4 .  A small  degree of variation in culture efficiency occurred when 

cul ture result s  from d ifferent types of media were compared . 

5 .  The only media suitab le for  urine culture was that containing 

400 �g 5FU/ml . A neat and 1 : 10 dilut ion of urine were used as 

inocula in future work . 

6 .  The repeatab ility of  isolat ions made from culture of  host  tissue 

and fluids uas high Hhen high numbers of organisms were present in 

the inocu] urn, but it �ms low >vhen low numbers were present . 

7 .  Serovar baZcanica was pathogenic for hams ters , with a MID and 

MLD by the IP rout e of 50 and 500 o rganisms resp ect ively . 

8 .  Leptospires in urine were less  infective for hamsters compared 

with leptospires maintained in culture media . 

9 .  Hams ters were shown t �  b e  useful for the isolat ion of  lep tospires 

from contaminat ed ma terial . 



CHAPTER VI 

CULTURAL AND SEROLOGICAL INVESTIGATIONS 

OF PASTORAL POSSUM POPULATIONS . 

INTRODUCTION 

Agglut inat ion tests  can be regarded as "potentially serogroup

indicative only" (Turner , 1 9 6 8 ) . The discovery of a high prevalence 

of Hebdomadis serogroup t itres in pastoral possum populations n1ade 

the isolation and ident ificat ion of the infecting leptospire a 

primary obj ect ive of the inve s t i gation o f  the epidemiology of 

leptospirosis in possums . 

It  has been well  estab lished that s everal different serovars 

may infect dif ferent animal species sharing a specific ecosystem 

(Roth et a l ,  1964 ; Clark et a l , 1 96 6 ; Schnurrenberger et al , 1 9 70 ;  

Hanson , 1 9 7 6 ) . In such cases , i t  appears that each serovar c irculates 

predominantly within one species o f  animal , which is referred to as 
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the maintenance hos t  for that serovar ( Roth , 196 1 ;  Gordon-Smith et a l , 

1 9 6 1 ) . A criterion defining a maintenance host  populat ion that is 

applicab le to field data is  the ratio of  prevalence of titres in the 

population to the bacteriological p revalence , as determined by culture . 

If  the ratio of  titre prevalence t o  culture prevalence of  a particular 

serovar is approximately uni ty or belou , then the species involved i s  

des ignated a maintenance ho s t . If  the ratio is high , then the species 

is designated an accidental o r  secondary host for that serovar . 

This criterion has been used to define the maintenance host s for 

particular serovars present in particular ecosystems both in free

living and domest ic animal populat ions (Gordon-Smith et al� 1 96 1 ;  

Roth e t  al� 196 3 ;  Trainer e t  a l, 1 9 6 3 ; Braun e t  al , 1964 ; Turner , 1 96 7 ;  

Fennest ad and Borg-Petersen , 1 9 72 ) . The ident ification of the infec t ing  

serovar and the determination that the possum is  a maintenance host 

for this serovar are described in the following chapter . The concept 

of a maintenance ho st , using a laboratory mouse experimental model 

is further invest igated in Chapter XV. 



MATERIALS AND METHODS 

Cultural studies were undertaken on pastor2l possum populat ions 

from three localit ies . 

1 .  White Rock Stat ion , March 1976  : A visit to this farm in 

aut umn resul t ed in 65 pos sums being captured by trapp i11g over five 

nights . A f ield laboratory was set up and all  possums were cultured 

within three hours of death . Serological observat ions from this 

sample were compared with these made from the serological survey 

carried out on the same property i.n August 1 9 7 5 . 

2 .  Awahanga , March 1 9 7 6  : The second past�ral local ity from whi ch 

possums were taken for culture was Awahanga station , a 6000 ha . 

hill  country farm in the Porangahau dist rict . Possums were present 

in moderat e dens ity and were taken by trapp ing  and nigh-shoot ing wi th  

APDB pers onnel . All cultures were made in  a field laboratory wi thin 

three hours of  the possum ' s  death . This property had been subj ected 

to heavy commercial poisoning and t rapping the previous year . A 

total of  55 possums were cultured . 

3 .  Palmerston North district , April 1 9 7 6  : A smaller sample of  34 

possums was taken from farmland within a radius of eight  miles o f  

Massey Un ivers ity . Due t o  the low populat ion dens ity on this 

well-developed farmland , the possums in this sample were taken 

from randomly-selected shelter bel t s , haybarns and small  p ine 

plantat ions . 

The serological and cultural techniques used have b een 

described p revious ly . In addit ion to the f ive ant igens used in 

the preliminary serological survey described in Chap ter IV , all  

sera were tested against baZcanica ant igen . 

All i s olates were serially sub-cultured in liquid medium unti l  

sufficient density was achieved for serotyping against standard 

ant isera . Thes included ant isera against two leptosp ires of  the 

Hebdomadis serogroup , viz . � serovar hardjo st rain NHI 2 / 309 and sero-

var baZcanica , s t ra in T78 .  
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Definit ive i dent ificat ion o f  leptospiral serovars uy cross

agglut ination absorpt ion tests is  beyond the capacity o f  most 

laboratories and is  therefore carried out at WHO Reference Lab

oratories . Antisera ,.,ere prepared in rabbits against eight i solates , 

all o f  which had been serotyped as belonging to the Hebdomadis sera

group . Paired i solates and ant isera were forwarded to Ms . Catherine 

Sulzer , WHO Reference Laboratory , At lanta , U . S . A . , for se�ovar 

ident i f icat ion .  A bovine Hebdomadis serogroup isolate , recovered 

from the urine of a dairy cow on the Ywssey University No . 1 �airy 

Farm , was also sent for identif icat ion .  

The accuracy of the serological test as a method of estimat ing 

the prevalence of infect ion , viz . sensitivity and specificity , were 

ca lculated from combined data from the three localit ies sampled . 

The sen s it ivity o f  the MAT at arb itrary minimum serum d ilut ions 

was also cal culated . The sensit ivity is the probab ility of a 

diagno s t i c  test correctly ident i fying as positive those animals 

that t ruly are pos it ive . The specificity is the probab ility of  

ident i fy ing as  negative those animals that truly are negat ive 

(Schwabe et al , 1 9 7 7 ) . The methods for determining sens it ivity and 

speci f icity are given in Appendix Ill . 

RESULTS 

Serological results revealed a high prevalence of Hebdomadis 

serogroup t i tres in the pastoral possum populations sampled , as was 

the case in the init ial serological survey . Titres against hardjo 

ant igen were found in sera from 7 3  of  a total of 154 possums sampled 

(47%)  and t itres against baZcanica ant igen were found in sera from 

6 6  o f  the possums sampled ( 4 3%) . 
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Ti tres against anti gens from serogroups other than the Hebdomadis 

serogroup were found in only three possums (2%) . One t rans it ional

stage female had a t i tre of 1 :  96 to baZ lum as wel l  as t it res of  

1 : 384 t o  hardjo and 1 : 96  to balcanica . A balZum t itre o f  1 : 9 6  

was also recorded in a mature male . A t i tre of 1 : 48 to pomona 

was recorded in a mature male with t i tres of 1 : 1536 to hardjo and 

1 : 9 6  to baZcanica. 
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Table 6 . 1  S erological an d cultural results for matu1 e adult possums 

from all localities sample d .  

Locat ion 
Mature Males Mature Fe:r1a1es  

hardjo balcanica cul ture hardjo balcan1:ca culture 

White Rock 0 0 + 0 0 

1 5 36
a 

9 6  + 1 9 2  1 9 2  + 

3072 768 + 0 0 

384 24 + 1536  96  + 

3 84 9 6  0 0 + 

9 6  24 + 192  24  + 

1536 384 + 0 0 

0 0 768  96  

9 6  0 + 9 6  0 + 

1 5 36 768 768  9 6  + 

1 536 768 + 768  384 + 

1 536 768 

384 384 

0 0 

0 0 + 

192  48 + 

768  384 + 

0 0 + 

192  384 + 

Awahanga 192 0 + 9 6  2 4  + 

48 0 + 3072 384 

768  9 6  + 9 6  0 

30 72 384 + 1 9 2  2 4  + 

0 0 + 7 6 8  1 9 2  + 

192  24  + 384 4 8  + 

384 9 6  + 1 5 36 1 9 2  

384 24 + 0 0 

1 536 384 0 0 

384 48 384 48 

1536 384 + 384 48 + 

768  96  + 3072 7 6 8  
a 

reciprocal of t i tres 1 536 9 6  + 
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Table  6 . 1 cont inued . 

Location Mature Ha1 es Mature Females 
hardjo balcanica culture . hardj�alcanica culture 

Palmerston 
North 0 0 384 96 + 

6 144 768 + 1536  384 + 

0 0 1 9 2  48 

768 192 + 768  48 

1 9 2  48 + 768  96  + 

9 6  24  + 768  192  + 

768  96  + 0 0 + 

0 0 384 48 + 

0 0 

1 5 36 9 6  + 
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Table 6 . 2  Serolo gical and cul tural result s  ±or  t rans it ional-stage 

adul t possums from all localities sample� . 

Locat ion Transitional-stage males Trans itional-stage females 
hardjo balcanica culture hard._jo ba Z-canica cul ture 

White Rock 9 6
a 

0 + 6 144  1536 

384 192  307 2  768  

6 144 768 384 9 6  + 

0 0 0 0 

0 0 0 0 

0 0 0 0 

768  384 + 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 

Awahanga 0 0 0 0 

1 9 2  4 8  + 0 0 

6 144 384 + 0 0 

9 6  24 + 1536 1 9 2  

12288 768 + 

Palmerston 
North 0 0 0 0 

768  96  

384 4 8  + 384 192  + 

0 0 384 1 9 2  

0 0 0 0 

a · 1 f · rec1proca o t 1tre . 



There was a marked difference in the age-sp�cific serological 

prevalences for all samples (Tables 6 . 3 , 6 . 4 ,  and 6 . 5 ) . The pattern 

observed was very s imilar to that obse-rved in the init ial sero logical 

survey of pastoral possums . The highest p revalence in each sa�ple  

was found in  the  mature adult age-groups . Males and females in the 

t ransitional-stage adult age-groups had lower prevalences and only 

one t itre was recorded in j uveni J es , that of 1 : 24 against l?a:t'djo 

ant igen in a j uvenile male weighing 1025 grams . 

Leptospiral isolates were cultured from a total of 5 7  po ssums 

( 3 7 % ) . The sex-specific and age-specific bacteriological prevalences 

fo r possums from different localit ies are given in Tables 6 . 3 ,  6 . 4  

and 6 . 5 .  There was a marked difference in age-specific bacteriological 

prevalence for possums from each locality , as was the case for the 

age-specific serological prevalence .  Most isolations were made from 

mat ure adult s  and no isolat ions were ma de from j uven i les . 

The small sex differences in sero logical prevalence , bacterio

logical prevalence and combined serological and bacteriological 

prevalences that occurred in mature ad11lt s  from each locality were 

shown to be statistically non-significant (Table 6 . 6 ) . (There were 

insufficient numbers for statistical analysis of  sex differences 

in these parameters for t rans it ional-s tage adults from each localit y . ) 

Thus differen t  sexes within age-groups  were comb ined for each 

locality . An analysis of dif ferences jn p revalence of haPdjo and 

balcanica t itres , ha:t'djo titres and number of isolat ions , and 

balcanica t it res and number of isolations , for mature adults from 

each locality , demonstrated that t hese dif ferences were non-signi ficant 

(Table 6 . 6 ) . Despite the lack of  statist ical s ignificance , there 

was a slightly lower bacteriological than serological prevalence 

in these groups . 

The sma l l  dif ferences in p revalence of  ha:t'djo t i tres , balcanica 

t itres and the number of  isolates when s amples from dif ferent 

localities were compared were also non-s ignificant (Table 6 . 6 ) . 

Therefore dat a  from possums from the three localities sampled we re 

comb ined (Table 6 . 7 ) .  
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Table 6 . 3  : Serological and bacteriological prevalence by age and sex of  serogroup Hebdomadis in fect ion 

in pastoral possums from White Rock . 

Classification No . No . seroEositive No . sero and or GMT of  EO Sitive sera 
hardjo (% )  balcanica (%)  Cul ture cul ture pos it ive hardjo balcanica 

( % )  (% )  

Mature male 19 14 ( 74 )  1 3  ( 6 8 )  1 3  ( 6 8) 1 6  (84 )  1 : 5 70 1 : 206 

Mature female 1 1  7 ( 6 4 )  6 ( 5 5 )  7 ( 6 4 )  8 ( 7 3 )  1 : 424  1 : 108 

Trans it ional-
st age male 10 4 (40)  3 ( 30 )  2 ( 20) 4 (40)  NT NT 

Transit ional-
stage female 1 1  3 ( 2 7 ) 3 ( 2 7 )  1 ( 9 )  3 ( 2 7 )  NT NT 

Juvenile male 6 0 0 0 0 0 0 

Juvenile female 8 0 0 0 0 {) 0 

Total 6 5  2 8  ( 4 3 )  25  (38)  2 3  ( 35 )  3 1  (48)  

� 
,_.. 
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Table  6 . 4  Serological and bacteriological p revalence b y  age and s ex o f  s erogroup Hebdomadis infect ion in 

pastoral possums from Awahanga . 

Clas s if icat ion No . 

Mature male 12 

Mature female 1 3  

Trans it ional-
stage male 4 

Transit ional-
stage f emal e  5 

Juvenil e  male  10  

Juvenile f emale 1 1  

Total 55  

No . sero�it ive 
hardjo (% )  ba Z.canica (%)  

1 1  ( 9 2 )  9 ( 7 5 )  

1 1  (85 )  10  ( 7 7 )  

3 ( 75 )  3 ( 75 )  

2 (40)  2 (40)  

1 ( 10 )  0 

0 0 

28 ( 5 1 )  24 (44 )  

Culture (% )  

10  (83 )  

6 ( 4 6 )  

3 ( 7 5 )  

1 ( 2 0 )  

0 

0 

20 ( 36 )  

No . sera and/or 
culture posi t ive ( % )  

1 2  ( lOO)  

10  ( 7 7 )  

3 ( 75 )  

2 ( 40 )  

1. ( 10 )  

0 

2 9  ( 5 3 )  

GMT of positive sexa_ 
hardjo baZ.canica 

1 : 49 4  1 : 104 

1 : 560  1 :  96  

NT NT 

NT NT 

NT 0 

0 0 

...... 
..... 
V1 



Tab le 6 . 5  Serological and bacteriological p revalence by age and sex o f  serogroup Hebdomadis infect ion 

in pastoral possums from Palmerston North .  

Classi fication No . 

Mature male 8 

Mature female 10  

Trans it ional-
stage male 5 

Trans it ional-
stage female 5 

Juvenile male  2 
Juvenile female 4 

Total 34 

No . seroposit ive 
hardjo ( % )  balaaniaa (%)  

5 ( 6 3 )  5 ( 6 3 )  

8 ( 80)  8 (80)  

2 (40)  2 (40)  

2 (40)  2 (40)  

0 0 

0 0 

1 7  (SO)  1 7  (SO)  

Cult ure No . sero and/or 
( % ) culture posi t ive ( %) 

5 ( 6 3 )  5 ( 6 3 )  

7 ( 70 )  9 (90)  

1 ( 20 )  2 (40)  

1 ( 20 )  2 (40)  

0 0 

0 0 

1 4  (4 1 )  1 8  ( 5 3 )  

GMT o f  posit ive sera 
hardjo balaaniaa 

1 : 668  1 : 1 10 

1 : 546 1 :  9 6  

NT NT 

NT NT 

0 0 

0 0 

....... 
....... 
0\ 



Tabl e  6 . 6  Chi-squared analysis of  differences in prevalence o f  leptospiral titres and bacteriological 

p revalence in mature adult possums from White Rock , Awahanga and Palmers ton North . 

Analysis 

Dif ference in p rev

alence by sex 

Difference in s era . 

and bact . przvalence 

(comb ined s exes ) 

Difference in p rev

alence by location 

Class White  Rock 

X 2 
c 

hardjo tit res 0 . 03 

balcanica t it res 0 . 1 5 

culture 0 . 03 

serology+cult ure 0 . 08 

hardjo and balcanica 
t it re preval ence 0 . 08 

hardjo titres and 
culture 

balcanica ti tres 
and culture 

hardjo t it res 

balcanica t it res 

culture 

culture + sero logy 

0 . 0 1  

0 . 0 1 

p 

> 0 .  75 

> 0 .  5 

> 0 .  75 

> 0 .  75  

> 0 .  75 

> 0 .  9 

> 0 . 9  

x
2 

0 . 84 

1 . 2 3 

0 .  39 

0 . 38 

p 

> 0 . 5  

> 0 . 5  

> 0 .  75 

> 0 . 75 

Awahanga 

X 2 
c 

0 . 09 

0 . 1 3 

2 . 28 

l .  33  

0 . 54 

2 . 70 

0 . 38 

p 

> 0 .  75  

> 0 .  5 

> 0 . 1 

> 0 . 1 

> 0 .  25  

> 0 .  1 

> 0 .  5 

Palmers ton North 

X 2 
c 

0 . 09 

0 . 09 

0 . 2 

0 . 6 8 

0 

0 . 0 1  

0 . 0 1 

p 

> 0 .  75 

> 0 .  75 

> 0 . 9  

> 0 .  25  

> 0 .  9 

> 0 .  9 

....... 
�--� 
-..) 



Table 6 . 7 : Age and s ex preval ence o f  Hebdomadis serogroup t itres and isolat ions from pastoral possums from 

�Vhi te  Rock , Awahanga and Palmerston North.  

Class ification No . No . seroEositive Cul t ure No . seropositive GMT of EOS i t ive sera 

hardjo ( % )  balcanica ( % )  ( % )  and/or culture 
hardjo baZcanica pus i t ive ( % )  

·' 

l1ature mal e  39 30 ( 7 7 )  2 7  ( 69 )  2 8  ( 7 2 )  3 3  (85 ) 1 : 555  1 : 1 4 8  

Mature female 34 2 6  ( 76 ) 2 4  ( 7 1 )  20 ( 5 9 )  2 7  ( 79 ) 1 : 54 3  1 : 99 

Transit ional male 19  9 (4  7 )  8 {4 2 )  6 ( 32 )  9 ( 4 7 )  1 : 56 4  1 : 1 36 

Transit ional 
female 2 1  7 ( 3 3 )  7 ( 33 )  3 ( 14 ) 7 ( 3 3 )  1 : 1 534 1 : 34 8  

Juvenile male 1 8  1 ( 6 )  0 0 1 ( 6 )  �T 0 

Juvenile  female 23 0 0 0 0 0 0 

To tal 1 5 4  7 2  ( 4 7 )  66  (43)  5 7  ( 3 7 ) 77  (50)  

.. .. c 



Chi-squared analysis of  comb ined serological and cul ture dat a  

from all localit ies showed that there was n o  significant sex diff

erence in p revalence of  Hebdomadis serogroup t it res and bact erio

logical prevalence witl-.in adul t age-groups (Table 6 . 9 ) . Hardjo 

t i t res were found in sera from 56 of  the 73  mature adult s  sampled 

( 7 7% )  and t his  prevalence was very s imilar to that o f  75% recorded 

for mat ure adult s  in the init ial serological survey (Table 4 . 4 ) .  

The p revalence of ba Lcanica t it res in the same group was 70% 

(Table 6 . 8 ) .  Isolat ions were made from 48  of 73 mat ure adult s  

(66%) and this bacteriolo gical p revalence vias not s ignifican t ly 

different from the serological prevalenee of  both hardjo and 

baLcanica t it res (Table 6 . 9 ) . Thus there was a very close assoc

iat ion between th P. serological prevalences of hardjo and baLcanica 

t i t res and t he bacteriological p revalence in this group of animals . 

A s imilar si tuat ion was observed in the t rans i t ional-stage adult  

age-group . There were no  s t a t i s t ically-s ignificant sex differen ces 

in serological or bacteriological prevalences (Table 6 . 9 ) and the 

bact e riological p revalence wa s not s igni ficant ly different from the 

serological prevalence of hardjo or baLcanica t i t res . This group 

however had a much low£r p revalence of hardjo and baLcanica 

t i t res ( 40% and 38% respect ively) than the mat ure adult s  and 

isolat ions were obt a ined from only 9 of 40 animals ( 2 3%) . 

These  dif ferences in prevalence between t ransitional-stage adult s  

and mature adul t s  were highly signi ficant (Tab le 6 . 9 ) . 

The bacteriological culture p revalence was sligh t ly lower t han 

the serological prevalence in both adult age-groups but this 

difference was not statisti cally s i gnifican t . The failure to 

isolate leptospires from j uvenile animals was cons istent with 

the absence of t it res in this age-group . 

GMT ' s  for pos i t ive sera were calculat ed for b o th sexes in the 

adult age-groups . The GMT ' s  for mature adult males and females 

and t ransi t ional-stage adult males were all of  the same order 

(Table  6 . 7 ) .  In comparison , the GMT for t ransi t ional-st age 

adult females was considerab ly h igher . This situa t ion was no t 

observed in GMT ' s  calculated for adul� possums collected in the 

ini t ial s erological survey in August .  
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Tab l e  6 . 8 Age prevalence of s erogroup Hebdon1adis t itres and isolations in pas toral possums . 

Classification No . No . seropositive Culture (% )  No . sera and/or culture posit ive ( % )  

hardjo (% )  balcanica (% )  

Mature adult s  7 3  56  ( 7 7 )  5 1  ( 70 )  48  (66 ) 60 ( 8 2 )  

Transit ional-

stage adult s  
4 0  1 6  (40)  1 5  (38 )  9 ( 2 3) 16  (40)  

Juveniles 4 1  1 ( 2 )  0 0 1 ( 2 )  

...... 
N 

0 



Table  6 . 9  Chi-squared analysis of differences in p revalence of leptospiral t i tres and bacteriological 

p revalence in mature adult and t ransitional-stage adult possums . 

Analysis 

Difference in prevalence 
by s e::; 

Difference in s erological 
and bacteriological prev-
alence ( comb ined s exe s )  

Difference i n  p revalence 
by age 

Class 

hardjo t itres 

balcanica t itres 

culture 

serology + culture 

hardjo and balcanica 
titre preval ence 

hardjo t i tres and culture 

baZcanica t itres and culture 

hardjo t itres 

balcanica t itres 

cult ure 

serology + culture 

LM and LF 

X 
2 p c 

0 . 05 >0 . 25 

0 . 8 7 >0 . 25 

0 . 0 1 >0 . 9  

0 . 08 >0 . 75 

Mature Adult s  
0 . 6 3 > 0 .  25  

1 .  65 > 0 . 1 

0 . 1 3 > o . 5  

TM and TF 

X 
2 p 

c 

0 . 34 >0 . 5  

0 . 06 >0 . 75 

0 . 85 >0 .  75 

0 . 34 >0 . 5  

Trans-stage Adults 
0 . 0 1  >0 . 9  

2 .  1 > o . 1  

1 . 5  > 0 . 1 

Mature Adults and Transit ional-stage adults 

X 
2 p 

c 
1 3 . 7 7  < 0 .  005 

9 . 36 < 0 .  005 

1 8 . 32 < 0 .  005 

19 . 84 < 0 . 005 

,_ 
" 
,_ 



Figure 6 . 1 .  Prevalence of  hardjo and balcanica t itres , GMT ' s .  and bac ter iological prevalences 

1600 

for mature adult and transitional-s tage adul t possums . 
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The 5 7  isolates recovered from kidney cultures were all 

serotyped as belonging to the Hebdomadis serogroup_ 

No cross-reactions were ob served with antisera produced against 

ant igens from other serogroups . The eight isol ates sent to the 

WHO Reference Laboratory were all iden t ified as serovar baZcanica. 

The bovine isolate was identi fied as serovar hardjo . 

The finding of higher ti tres again s t  har�o the heterologous 

antigen , compared wi th the ti tres against ba Zcanica , the homologous 

antigen , we re consistent observations (Table 6 . 1  and 6 . 2 ) . 

Al though pos itively correlated to hardjo t itres (r=0 . 6 2 )  ,baZcanica 

titres were generally two to three serum dil ut ions lower . Thus 

the GMT ' s  fo r baZcanica ti tres in each s ex and age-group were 

considerably lower than the GMT ' s  fo r hardjo titres in the same 

groups (Tab le 6 . 7 ) .  

The frequency dist ribut ion of  harcijo and baZcanica titres for 

mature adults and transit ional-stage adult s  is  shown in Figures 

6 . 2 ,  6 . 3 , 6 . 4  and 6 . 5 .  In the mature adults , the frequency mode 

of harcVo ti tres was three serum dilutions higher than that for 

balcamea titres and the range of  hardjo t i tres was from 1 : 24  to 

1 : 6 14 4 .  The range for baZcanica t i tres was 1 : 24 to 1 : 76 8 .  A 

s imilar pattern was s een in the transit ional-s tage adults . 

The occurrence o f  higher heterologous t itres against  hardjo 

than homologous ti tres aga inst baZcanica was a phenomenon observed 

only in possum sera . Of the 5 7  i s olates s e rotyped against  standard 

har-djo and baZcanica ant isera produced in rabbits , 48 gave higher 

t itres against baZcanica ant isera than against hardjo antisera . 

Nine isolates gave equal ti tres against  both antisera . (One o f  

these nine isolates was identified a s  serovar baZcanica by cross

agglut inat ion ab sorption studies ) .  This  t itre patt ern in 

rabb its was con firmed when isolates that were sent to the WHO 

Reference Laboratory for s erovar ident ification were tested agains t 

their own hyperimmune ant isera p roduced in rabbits  (Table 6 . 10 ) . 

All gave higher t it res against  the homologous antisera . The 

r�rdjo isolatt included as a cont rol  gave a higher titre against  

hardjo ant isera than against baZcanica ant isera . 
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Table 6 . 1 0 : S erological react ions of  isolates typed by cross-agglutinat ion absorpt ion tests  as b eing 
serovar balcanica. 

Isolate Possum Serum 

H 

WR2 3 0 

WR4 3 768 

A 58  3072  

A 60 30 72  

A 93  96  

A 94  48  

EID 1 9 2  

MU 1 1 5 36 

T 78 1 5 36 

08/ l 

GMT o f  
balcanica 
isolates 1 : 588 

B 

0 

96 

768 

384 

24 

0 

48 

768 

384 

1 : 1 90  

Seroty]�ing 

H B 

1536c 1 2288 

1 536 6 144 

3072 6 144  

3072 30 72  

1 5 36 6 144  

768  6 144 

3072 3072 

3072 6 144  

1 536 6 144  

6 144  1 536 

1 : 1 90 2  1 : 5 6 1 2  

a HyEerimmune an tisera 
b 

Reference Lab . ident ificat ion 

H B 

1 2288  98304 balcanica 

3072 49 1 5 2  ba lcanica 

3072 6 144  balcanica 

3072 1 2288  balcanica 

30 72  1 2288 balcanica 

30 72  6 1 44 balcanica 

3072 6 14 4  balcanica 

6 14 4  49 1 5 2  balcanica 

1 536 6 144  balcanica 

1 22 88 30 72  hardjo 

1 : 354 1 1 : 1 5 , 108 

astandard rabb it antisera , produced against : H = s erovar hardjo , s t rain NHI 2 / 309 
B = serovar balcanica , strain T78 

b
ant isera produced against the isolate for cross-agglutination absorption procedures 

C • 1 r • rec1proca o �  t 1tre . 

,..... 
'" 
V1 



A comparison o f  the hardjo and balcanica titres of  culture

posit ive mature adults showed that only 1 4  of 48 isolations ( 29%)  

\'lere made from animals with hardjo tit res �1 : 96 ,  whereas 

34 of  48  isola tions ( 7 1% )  were made from possums with balcanica 

t it res � 1 : 96  ( Figures 6 . 6  and G .  7 ) . This  difference was highly 

significant (X 
2 

= 18 . 30 ,  P <0 . 005 ) . I n  cont ras t ,  52%  of  culture-
c 

posit ive 1nature adults had hardjo t i tres in the 1 : 19 2  to  1 : 768 range , 

whereas only 29% o f  culture-posit ive animals had balcanica tit re s  

i n  thi s  range . This difference was also s tatistically s ignificant 
2 (X = 4 . 25 ,  P <0 . 0 5 ) . The same trend was observed in t ransit ional

c 
stage adult s (Figures 6 . 8  and 6 . 9 ) . Numb ers in this age-group were 

too small for statist ical analysi s . 

The ability o f  the MAT to identify those adult possums that were 

culture-posit ive i . e .  the sensit ivity , is  given in Tab le 6 . 1 1 .  When 

all mature adult sera were tested against hardjo ant igen at a 

minimum serum dilut ion 1 : 24 , the sen s i t ivity was 0 . 9 0 and therefore 

false negat ives o ccurred in 10% of animals . The sens i t ivity 

1 26 

decreased as the minimum serum dilution increased until , when only 

hardjo t it res of higher than 1 : 19 2  were considered to be tes t-positive , 

the sensitivity was 0 . 58 .  When mature adult sera were tes ted against 

ba lcanica antigen at a minimum serum dilution of 1 : 24 , the sens

it ivity was 0. 79 and therefore false negat ives occurred in 2 1% of 

animal s .  As with hardjo t i tres , the sensitivity of balcanica 

tit res decreased as the minimum serum dilution at which t itres "'ere 

read increased . Sensitivities were higher for t ransit ional-stage 

adults than for mature adults .  

The ability of the HAT to iden t i fy as negative those animals that 

were culture negat ive , the specificity , was lower than the s ensitivity 

(Tab le 6 . 1 2 ) . Therefore the MAT yielded a considerab l e  number  of 

fal s e  pos i t ives . Specificities  were higher for the t rans itional

stage adul t s , for both hardjo and balcanica titres , than for 

mature adults . 

The s erolo gical data for the samples taken from White  Rock in 

Augus t  1 9 75 , and Harch , 1 9 76  are given in Table fi . 1 3 .  Serological 

prevalences of  hardjo t itres for all sex and age-groups were lower 
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Table 6 . 1 1 Sensitivity of  the prevalence of hardjo and 

baZcanica tit res relat ive to bacteriological 

p revalence . 

Age-group Serovar · Sertsit ivity of ti tre prevalence 

t i tres > 10  t i tres >100 titres >2 00 

Mature 
adults hardjo 0 . 90 (0 . 1 ) *  0 . 75 (0 . 25 )  0 . 58 (0 . 4 2 )  

baZcanica 0 . 79 (0 . 2 1 )  0 . 29 (0 . 7 1 )  0 . 2 3 ( 0 .  7 7 )  

Trans-stage 
adults  hardjo 1 . 00 (O)  0 .  78 (0 . 2 2 )  0 . 6 7  (0 . 33)  

baZcanica 0 . 89 (0 . 1 1 )  0 . 78 (0 . 2 2 )  0 . 3 3 (0 . 7 7 )  

* fal se negat ive ra te 

Tab le 6 . 1 2 

Age-group 

Mature 
adults 

Trans-st age 
adults 

Specificity of  the prevalence of  hardjo and 

baZcanica titres relative to bacteriological 

p revalence . 

S erovar Specificity o f  titre prevalence 

titres >1 0  t itres >100 t i t res >zoo 

hardjo 0 . 6  (0 . 4 ) *  0 . 48 (0 . 52 )  0 . 5 2 (0 . 48)  

baZcanica 0 . 55 (0 . 45 )  0 .  72  ( 0 . 28 )  0 . 36 (0 . 74 )  

hardjo 0 . 75 (0 . 2 5 )  0 .  7 7  (0 . 2 3 )  0 .  7 7  (0 . 23 )  

baZcanica 0 .  7 7 (0 . 2 3) 0 . 8 1 (0 . 1 9 )  0 . 90 (0 . 10 )  

* false pos itive rate . 
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for the March sample . The GMT for positive sera was 1 : 6 1 5  for this 

sample , compared with the GMT of 1 : 740 for animals collected in 

August . The overall prevalence of hardjo t it res in Augus t was 65% , 

whereas that in March was 43% . 

DISCUSSION 

The serological observat ions made in t he present survey \vere 

very s imilar to thos e  made in the init ial serological survey o f  

pastoral possum populat ions . Hebdomadis serogroup titres were 

1 2 9  

present in a high p roport ion o f  adult  animals , there was no 

stat ist ically-signi ficant sex difference in serological prevalences 

and very few ti tres were found against ant igens from other serogroups . 

These s erological observat ions were discussed in Chapter IV . 

An important observation in this survey was the cons istent 

nature of age-speci fic serological preval ences in samples from 

geographically widely-separated localit ies . S tatistical analysis  

demonstrated that the  small differences that occurred were noD

signi ficant and therefore it would appear that there is very little  

variat ion in the epidemiology of  leptospirosis  in pastoral possum 

populations of  equivalent density in the southern hal f  o f  the 

North Island .  This s ituat ion may be different in  other pastoral 

local i t ies , as Bro ckie ( 1 9 7 5 )  reported that 23 possums f rom 

Helensville in the northern part of the North Is land and s ix 

possums f rom Rabbi t  I sland , near Nelson in the northern part o f  

the South Island , were serologically negative . 

The age-specific prevalence o f  leptospiral isolat ions was very 

s imilar to  the age-specific serological prevalence and this para

meter was consistent in the three localit i e s  samp led . Isolat ions 

were made in all  cases from sexually mature adul t s . This pat tern 

has b een observed in s everal surveys o f  leptospirosis in wildlife 

in other count ries ( Ferris et  at,  196 1 ;  Gordon-Smith et  a Z , 1 96 1c ;  

Wolff  and Bohlander , 1965 ; Shotts  et at , 1 9 7 5 )  and may be a feature 

of endemic hos t-adapt ed leptospiral infection in free living 

populations . The absence o f  in fect ion in s exually-immature animals  



Table 6 . 1 3 Preval ence of hardjo t itres , GI,IT ' s and adult ; j uvenile 

rat io ' s  for pastoral pos sum samples from wbi t e  Rock . 

Clas s i f ication August 19 75 March 1 9 7 6  
. . . . . . 

Mature males 9 1 %  74% 

Mature females 90 64 

Trans-stage males 7 6  4 0  

Trans-stage females 70 2 7  

Juvenile males 7 0 

Juvenil_e females 0 0 

Whol e  sample 65  43  

GMT (adul t s )  1 : 740 1 : 6 1 5  
.I 

Adult : j uveniles 2 .  8 : 1  3 . 64 : 1  
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indicates that they are either insusceptib le (natural or immune 

resistance) or the c ircumstances necessary for infect ion are not 

met until the animul is sexually mature . These  poss ibilities are 

invest igated in Chap ter XIII . A marked difference in prevalence 

with age also demons t rates the iRportance of  age-dif ferentiation 

when surveying wil d  animals fo r the prevalence of leptospiral 

in fection . 

The GMT ' s  for t ransitional-s tage females were considerably 

higher than those o f  the trans it ional-stage male and the mature 

male and female age-groups . An explanation for this observation 

can be foun d by considering the reproduct ive cycle of the possum ,  

a s  described in Chapter I I . The female has a relat ively well

defined mating season . The main activity occurs during March 

and April , al though small numbers of females may come into oest rus 

throughout the year � Consequently ,  the transit ional-stage 

female group was for the f irst t ime engag ing in mat ing and t he 

associated changes in social behaviour at the t ime o f  sampling . 
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I n  c ontrast ,  the adult male population retains the poten�ial for 

sexual activity throughout the year . Due to  the ext remely variab le 

age at  which j uveniles mature , the t ransit ional-stage males as a 

group may exercise their mat ing potent ial severa l months earl j er 

than their female counterparts . Consequently , as a group , 

t rans it ional-stage males at the time o f  sampling (March and April)  

were not mat ing for t he f irst  t ime . 

The high GMT for serologically-posit ive animals  in the 

t ransit ional-stage female age-group , suggest ive of recent infection , 

indicated that i t  is  during the first mat ing season that infect ion 

becomes established . (The GMT ' s  for other adult age-groups were 

much lower and were within a s imilar range to each other , sugges t ing 

that infec t ion had occurred at an earlier t ime in these group s ) . 

This hypothesis is supported by the absence o f  infect ion in sexually

immature possums although these animals  are fully suscept ible to  

experimental infection . ( See Chap ter VII) . 

The GMT ' s  o f  male  and female transitional-stage adults  that 

were collected in Augus t in the initial serological survey did  

not show the marked difference that o ccurred in  the same groups 



coll ected in the survey in March and April .  Tit res of  f emales which 

had become infected in March and Apr i l  of  that year would have been 

waning by the t ime o f  collec tion in August and therefore no differ

ence between males and females was demons t rated . 

The finding o f  endemic baZcanica infec t ion in possums in 

New Zealand established this animal as a maintenance host  for this 

organism. The ratios of the p revalence o f  hardjo t it res and the 

prevalence  of baZcanica t itres to cul ture prevalence Here 1 . 1 7 : 1  

and 1 . 06 : 1  respect ively and hence the basic criteria o f  Roth ( 196 1 )  

and Gordon-·Smith e t  a ll )  96 1 )  for the identification o f  a maintenance 

host were satisfied . Al though only 14% of isolates were typed by 

cross-agglut inat ion absorption , the s erological evidence presented 

suggests  that  all possum isolates were serovar baZcanica . This 

assumpt ion i s  validated by the inves t igat ions reported in 

Chapter X.  

The failure to  isolate leptospires f rom animals with titres to 

antigens f rom serogroups other than the Hebdomadis s erogroup sugg

ested that these infections did not result in a chronic carrier 

stat e .  Thus the possum did not appear to be a maintanance hoat 

for baZ Zv� or pomona. The very low prevalence of t it res  to  these 

antigens also suggests  that possums s eldom become infected with 

these organisms . This may b e  due to  a relative insuscep t ib ility 

to  infection with these serovars , o r  a l ack of  contac t . 

The f inding o f  widespread baZcanica infection in a f ree-

living populat ion in New Zealand was an interest ing development 

in the world dis tribut ion of this s erova r , as it had only prev

ious ly been reported from Eastern Europe . The type st rain , 1 6 2 7  

Burgas , was isolated from a man i n  Bulgaria i n  1 9 5 8  and ident i f ied 

as a new serovar by Babudieri and Mateev ( 196 1 ) . Sub sequent 

investigations revealed baZcanica inf e c t ion in domestic  animals in 

the North Osetia region o f  the U . S . S . R . ( Semenova e t  aZ , 1 965 ) . A 

survey o f  animals passing through the Moz dok and Ozdzhonikidze 

meatworks produced three baZcanica isolates from pig kidneys and 

one f rom a cow ' s  kidney . The number o f  animals surveyed or 

prevalence of  other serovars was not g iven . ¥2tveeva e t  aZ ( 19 7 7 )  

also reported the isolation o f  baZcanica from pigs , in the Mol davian 
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Republic , U . S . S . R . Thes e  authors also did  no t document the p rev

alence of in fect ion , however it was very low as only 9% o f  pigs 

were bacterio logicelly positive and s erovars hebdo1.'!adis� pomona and 

tarassovi were the most  common isolates . It  is  therefore unknown 

whether domestic  stock are ma intanance ho sts  for balcanica in 

Eastern Europe .  Surveys of wild animals  in Eastern Europe have 

failed to det ect  a balcanica reservoir , (Parna s et al , 19 6 1 ; 

Mat eev and Manev , 19 74 ; Matveeva e t  al , 1 9 7 7 )  and therefore it  is 

possible that the serovar circulates within the domestic animal 

populat ion without rein forcement f rom a f ree-living species . 

The occurrence of  balcanica infect ion in humans or domestic  

animals in  New Zealand is unknown . Hos t  leptospiral infections 

in these species are diagnosed by serology alone and all Hebdcmadis 

s erogroup t itres have been cons idered in the past to b e  due to 

in fection with serovar hardjo . In ligh t  of  the recognised role 

of cattle as the maintenance host  for hardjo (Lake , 1 9 7 3 ;  Hanson , 

1 9 7 6 )  it is prohab le that a large maj ority o f  Heb domadis serogroup 

t it res in this spec ies are due t o  infect ion with this organism. 

It  is possib le however that a small number of Heb domadis sercgroup 

infections in cattle and humans in New Zealand are due to bolcanica , 

as this serovar has been isolated from these hosts in Eastern Europe . 

Al though wildlife s erovars are not usually endemic in domestic  stock ,  

there have been many report s o f  infect ion due to the s ame serovar in 

both wildlife and domes tic animal s  shar ing an ecosystem (van der 

Hoeden and Shenberg , 1 962 ; Blood et al , 19 63 ; Alexander et al , 19 6 3 ;  

Roth e t  al , l964 ; Hans on e t  al , 1 9 64 ; Mar t in et  al ,  1 96 7 ; Fennestad 

and Borg-Petersen , 1 9 7 2 ;  Hanson , 1 9 76 ) . 

Until balcanica is isolated f rom domestic animal s  or man , 

the occurrence of  int er-species t ransfer in New Zealand can only b e  

a matter o f  sp eculat ion , however it  h a s  b een not ed by some inves t

igators that when this does occur , the manifestations o f  the disease 

may be more severe in the accidental  hos t  than they are in the 

maintenance host (Babudieri , 19 5 8 ; Blood et  al , 1963 ; Roth et al , 1 9 6 3 ; 

Torten et  a l , 1 9 70 ) . Therefore , part icular attention should b e  paid 

to  severe o r  atypical Hebdomadis serogroup infections in man and 

animals . 
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The iso lation of  ba lcanica f rom possums in New Zealand 

stimulated investigat ions of possums in Aust ralia and init ial 

serological resul ts from the state o f  Victoria revealed the 
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presence o f  Hebdornadis titres in several possums (P . Durfee , pers . co�� . ) .  

Isolation o f  the infect ing serovar f rom Aus t ral ian possums proved 

very d:i. f ficult hmvever and it was only after st ressing a caged 

animals with corticost eroids for 14 days that a balcanica 

isolation was made from kidney homogenate  (Durfee and Presiden t e ,  

1 9 7 7 ) . Gordon ( 19 7 7 )  described a severe outbreak o f  mas t it is in 

dairy cows in Victoria , Australia , and found that urine from 

leptospiruric cows was lethal for guinea pigs . The outbreak was 

attributed to serovar hardjo , but the isolates ob tained were not 

typed by cross-agglut ination absorption . It  is  general ly accepted 

that hardjo has very lmv pathogenicity for laboratory animals  and 

there are no accounts o f  deaths tn infP.c.tinn with this s erova r in 

mice . hamst ers or �uinea n iPs . It  is  therefore nossible  that the 

mastitis outbreak described was due t o  another . closelv related 

member o f  the Hebdornadis sero�;troun _ such as ba lcam:ca. The 

discovery of balcanica infection in Aus tralian possums made it  

probable that balcanica in New Zealand possums originated from 

infect ion present in animals  int ro duced to this country in th� 

nineteenth century . 

The results  of the present culture survey throw serious doubt  

on the repor t s  o f  hardjo infect ion in pos sums in New Zealand (Brockie 

1975 ; de Lisle et aZ , 1 9 75 ) . The Hebdomadis isolates recovered by 

these invest igators were not subj ected to cross-agglut inat ion 

absorption t e s t s  for serovar ident ification . The fluorescent 

ant ibody used by de Lisle et aZ ( 19 7 5 )  was probably not sensitive 

enough to differentiate between hardjo and balcanica and the two 

Hebdomadis isolates obtained by Brockie ( 1 9 7 5 )  were only subj ected 

to typing aga inst standard ant isera . I t  is p robable that the 

leptospires isolated by these investiga tors >lere in fact balcanica. 

The occurrence o f  h igher t itres to hardjo antigen than to 

balcanica was a consistent finding . Higher titres may occur 

against serologi cally heterologous bu t  antigenically related s t ra ins , 

as  well as  against unrelated serologically heterologous s t rains 

(Turner , 19 70 ) . Paradoxical react ions belonging to the latter 



group have been well do cumented (Al ston and Bruom, l 9 5 8 ;  Rot h  et  a Z� 

1963 ; Hinet t e  and Shaffer , 1 968 ) . Menges et al  ( 1960)  found that 

dogs experimentally infected "YTith pomona gave paradoxical titres  

to autumna lis ant igen for 237  days following inoculation . Homo

logous t it res to pomona had fallen to zero well  before this t ime . 

The occurrence o f  paradoxical react ions a gainst serologically 

heterologous but ant igenically rela ted s trains is less wel l 

documented . Individual cases have been reported (Alston and 

Broom , 1958 ; Fennestad , 1 9 6 3 )  but the author is unawa re o f  any 

reports of the cons istent occurrence o f  paradoxical reactions such 

as was observed in the present survey . In one of  the few accounts 

of experimental infection with an Hebdomadis serogroup organism 

in which t it res were monitored against heterologous serovars from 

the Hebdomadis serogroup , Ellis and Michna ( 19 7 7  ) found that 

t itres to serovars hebdomadis and sejroe in bovines were a half 

to  t�,ro log
10 

dilutions lower th2n titres to hardjo , the infec t ing 

serovar . A s imilar situat ion was found by Fennestad ( 1 963 )  who 

experimentally infected a group of  calves with sejroe . This 

author found that , generally , titres to the homologous serovar 

were higher than those  against other members of thG Hebdomadis 

serogroup , however on some occa�ions a parado�ical t itre was 

recorded against s erovar saxkoebing. It  is interest ing to not e  
I 

tha t a paradoxical reaction to hardjo was restricted to  possums . 

Paradoxical tit res to hardjo were not found in rabbit s ,  or other 

species infected with balcanica ( see . ChapteriX) . In these species� 

hardjo t itres were one or two log
2 

dilut ions lower than balcanica 

titres . 
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The immunological basis o f  paradoxical react ions remains unexpl

ained . The consistent occurrence of  thes e  react ions in possums may in 

part be related t o  the immunogenicity o f  balcanica . Comparat ive 

studies on ant igenic extracts  o f  serovars f rom the Hebdomadis sera

group (Manev and S iromashkova , 19 70 )  showed that fewer lines resulted 

from double diffus ion in agar o f  balcanica extract compare.d :_with 

sejroe ext ract . These authors regarded this f inding to  be evidence 

that balcanica contained feY.er antigenic components than sejroe . 

These authors also quote  Babudieri and Mat eev ( 196 1 )  as regarding 

balcanica to be "ant igenically poor" compared with other Hebdomadis 

serogroup organisms . Hanev and Yanakieva ( 19 7 3 )  produced four 



absorbed sera to facilitate the typing of  Bulgarian isolates from 

the Hebdomadis serogroup . Monospec ific eejroe� saxkcebing� and 

mini ant isera were produced , however these workers were unab l� to 

produce a monospecific ba Zcanica serum as the ba Zcanica activity 

was absorbed out by a comb ina t ion of  the other s erovars . Hence 

a composite ab sorbed serum with a characteristic react ion pat t ern 

had to be used in place o f  a monospecific baZcanica serum. This 

inab il ity to produce a monospecific  serum was regarded as further 

evidence of the poor ant igenic ity of baZcanica. 

The necessi ty  of reading t i tres at low serum dilut ions was 

wel l  demonstrated in the p resent survey . I f  positive ba lcanica 

t it res were considered to b e  only tho se of 1 : 19 7  or greater , then 

34 o f  48 isolat ions in mature adults  would have been made from 

sero-negat ive an imals ( 7 1 % ) . Thus a survey limited to serology 

and having a minimum serum d ilut ions of  around 1 : 200 , as is often 

the cas e ,  would have grossly under-est imated the bacteriological 

prevalence .  The very low serological to culture prevaleoce ratios 

recorded in some surveys of free-living populat ions ( �1ar tin et a Z ,  

1 9 67 ; Schnurrenberger et  a l , 1 9 70 ; Shotts  et  al , l 9 7 5 ; Brockie , 

1 9 7 7 )  are undoubtedly due to the high minimum serum dilut ions at 

which t i tres have been read in these cases . Therefore the criteri on 

o f  Roth ( 1 96 1 )  for the ident i f icat ion of a maintenance hos t (ratio 

o f  serological to culture preval ence )  must  be interpreted relative 

to t he minimum serum dilution at whic�t t itres are recorded . 

The high s ensitivity o f  the �AT when t itres were read at an 

init ial serum dilut ion o f  1 : 2 4  provided additional data supporting 

the reading of low titres . The sens itivity of the test  decreased 

as  the minimum serum dilut ion at which t i tres were read increased . 

The sens itivity o f  hardjo t it re s  was higher than that o f  baZcanica 

t itres due to  the cons is tent  occurrence o f  paradoxical reactions . 

The speci f icity o f  mature-adult t itres was higher for low t it res 

than for high t itres . This indicated that possums were long-term 

carriers of  ba Zcanica , as a large proport ion o f  animals with waning 

t it res were s t il l  culturally pos i tive . (Experimental infect ions 

to quantify the l ength of t ime for which titres and infection pers

isted in possums are reported in the following chapter . )  This 
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long-term excret ion explained why some isolat i8ns were obtained 

from sero-negat ive animals . I t  was probable in these cases that 

t i tres had declined to zero even though animals were still  infected . 

An int erest ing contrast to this situat ion in possums is p rovided 

by the speci ficity of pomona t i tres relative to pornona infection 

in p igs ( Ryan , 1 978 ) . This author found that the sp�cif icity of  

ti tres o f  1 : 96 or lower \vas  very low ,  but this was mue:h higher in 

pigs with high t itres . Thi s  reflected the short shedding t ime 

o f  pomona by p igs , regarded by Ryan ( 19 78)  to be about three months . 

Hence the maj ority o f  pigs had e l iminat ed the infection by the time 

t it res had declined to 1 : 9 6  o r  lower , and therefore the specificity 

o f  t itres at  these levels was very l ow .  This was the converse 

situation to that occurring in possums . 

The predict ive value o f  a test  is a variab le test  statistic as 

it changes \vith the p revalence o f  the disease (Sch\vabe et aZ� 19 7 7 ) . 

The predict ive value o f  the MAT is high in possum populat ions where 

there is a high prevalence of Hebdomadis serogroup titres and 

there fore i t  is a good indicator o f  bac teriological preval ence 

(Table 6 . 1 4 ) . The predict ive value was even higher if  only low 

t it res were considered ( 1 : 24 t o  1 : 9 6 )  and this reflected the 

high prevalence of infect ion in possums with low t it res , i . e .  the 

chronic carriers . Serology thus p rovided an easily-applicable 

technique for an estimat ion of t he prevalence of infect ed animals 

in a past oral possum population .  
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The prevalence o f  hardjo t i t res in the August 1 9 75 sample taken 

f rom \{hite  Rock was lower than that of the sample t aken in March 1 9 76 . 

This may have been due to  a seasonal e ffect on p�evalence o f  titres 

associated with a changing exposure pattern of  different age-groups 

in the populat ion , or else a t rue difference  in the prevalence o f  

infection in the two samples . The population sampled in March 1 9 76  

was situated approximately 1 1  km f rom the population sampled in August 

1 9 75 , but it occupied a s imilar pastoral  environment .  S easonal 

differences in the prevalence o f  leptospirosis in f ree-living 

populations have been reported ( Popp , 1 95 1 ; Ferris et a l , 196 1 

Blood et aZ , 1963) , and yearly fluctuations are also known to 

occur (Altava et al , 1 956) . Variat ions in prevalence al so occur 

b etween adj acent free-living populations (Blood e t  aZ� 1 9 6 3 ; 



Table 6 . 1 4 :  Probab ility of adult possums with titres to hardjo and baZcanica b e ing culture positive 

(predic t ive value of  serological preva�ence) . 

Age-group Predict ive value of titre prevalence 

Hardjo titres  

all t it res 2 4-96 192-768 �536 

Mature adults 0 . 79 0 . 86 0 . 83 0 . 62 

Trans-stage adults 0 . 5 3 1 . 00 0 . 63 0 . 29 

* insufficient numbers . 

all titres 

0 . 7 1  

0 . 53 

BaZcanicu titres 

24-96 192-768  � 1 5 36 

o .  7 7  0 . 64 NT* 

1 . 00 0 . 44 NT 

...... 
w 
CO 



Wolf f ,  1 9 6 3 ,  quoted b y  Turner ,  1 96 7 ) . Th e d i f ference in age

s tructure of the two populat ions that was indicated ty the dif ferent 

a dult : j uvenile ratios for the two samples may also ha•,-e contributed 

to the d i fferent seological p revalence of  hardjo titres . 

SUMMARY AND CONCLUSIONS 

1 .  There  was very l i t t l e  variat ion in the prevalence of 

leptospiral infect ion in pastoral possum populat ions of similar density 

from three localit ies in the southern hal f  of the North Island . 

2 .  No i solat ions \·7e re made from sexually-immat ure possums . 

3 .  Evidence was pre sen ted to  suggest that it  i s  during the first  

mating season that infec t ion becomes es tabl ished . 

4 .  All isolates were considered to be serovar balcanica and the 

possum \·las established as a maintenance hos t  for this organism . 

5 .  The present study s t imulated invest iga t ions of possums in 

Aust ralia and balcanica was recovered from a possum in the State 

o f  Victoria , hence establ ishing the probable origin of infection in 

possums in New Zealan d .  

6 .  Results  of  the p resent st t,dy refut.;d earlier reports of  hardjo 

infect ion in possums in New Zealand . 

7 .  A consistent paradoxical react ion to hardjo antigen was found in 

the sera from possums infected with balcanica .  

8 .  The accuracy o f  the serological test (sensitivity and specif icity)  

was high and the predict ive value demonstrated t hat serology was a 

good indicator o f  infect ion in pastoral possums . 

9 .  A considerat ion o f  the accuracy of  the serological test 

demonstrated that  t i tres should be read at  as  low a minimum serum 

dilut ion as possible in s erological surveys . 
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10 . The sensitivity and specificity o f  the serological test was 

used to ident ify possums as probable long-term carriers of  

leptospires . 
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CHAPTER VII 

EXPERI��NTAL INFECTION IN POS SUMS 

INTRODUCTION 

Field investigat ions of leptospirosis in free-l iving populat ions 

are usually restricted to cross-sec t ional sampling , as techniques 

invo lving the repeated capture o f  marked animals are ve ry dif ficult 

to apply . Cros s-sect ional samp l ing p rovides data on the prevalence 

of  titres and infection in the populat ion under study , but provides 

only inferential data on parameters such as the pathogenesis of the 

disease in individual animals , the duration of titres and the length 

of time for which an animal remains in fec t ed . This information can 

be gained only from experimental invest igat ions . Such informat ion is 

useful in extending the knowledge gained from field obs ervat ions and 

fo rming hypotheses on the epidemiology of the disease . 

The determinat ion of  a maint enance hos t  for a serovar , discussed 
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in Chapter V I  in terms o f  the ratio o f  serological and b acteriological 

prevalence , also requires addit ional in format ion that can be gained only 

from experimental infec t ion . Roth et aZ ( 1963 )  characterised a 

maintenance host for a part icular serovar and a long term excretor o f  

viable , virulent organisms . Chernukcha e t  aZ ( 19 74 )  suggested that 

leptospiral infect ion in a maintenance hos t  was characterised by a high 

and sustained t itre , whereas infect ion by the same serovar in an 

accidental host  was characterised by a low maximum t itre that rapidly 

declined . These  workers also observed that leptospiruria in a maint en

ance hos t was constant , of high intens ity and long durat ion and occurred 

in the maj ority of animals infected . I f  lepto spiruria occurred in an 

accidental hos t , it was intermittent , only low numbers o f  organisms were 

present and the duration of shedding was usually very l imited . Chern

ukcha et  al ( 19 74)  also found that the young of free-living animals  

that were not  maintenance hosts for  a particular serovar were more 

susceptib l e  than adult s to experimental infect ion . Ellis and Michna 

( 19 7 7  ) included the p resence of only mild histological changes in 

kidneys as b eing a cha racteristic  of leptospiral infect ion in a mainten

ance host .  This could b e  considered an extens ion o f  the concept of  
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"biological equilibrium" t�.at was observed b y  Babudieri ( 1958)  to  

exi st be tween a host  and a "ho st-adapted" serova r .  This worker observed 

that "host-adapted' ' leptospires exzrted only a minimal pathological 

e ffect on the tubular epithelimn o f  the kidney of the host . 

The definit ion o f  a maintenance host i s  complicated by the fact 

that one host species can be a reservoir for more than one serovar and 

one serovar may have maintenance hosts  of different species in differ

ent regions (Roth et  aZ� l963 ; Turner ,  1 96 7 ;  Michna , 1 9 70 ) . In addition , 

two maintenance hosts for  the same serovar may occur in the same region 

( see Chapter XII ) Therefo�e , the maintenance host ( s )  for a part ic-

ular s erovar must be determined in the region under study and 

infect ivity experiments mus t be conducted using locally-isolated serovars . 

Chernukcha et aZ ( 1 9 75 )  demonstrated an inabil ity to  infect experiment 

ally a sub-species o f  field mice from o n e  geographic region with a 

part icular serovar while a sub-species from another geographic region 

was fully susceptible and filled all crit eria of a maintenance host 

for this serovar . 

This chapter describ es a series o f  experimental infections o f  the 

possum des igned to inves t igate its  role as a host  for s everal lept

osp ira l serovars isolated in New Zealand . A detailed invest iga�ion 

o f  the pathogenesis o f  ba Zcanica infect ion in possums is also present ed . 

Part icular attention was paid to the virulence o f  leptospires in the 

various inocula as there have been a variety o f  conflicting reports 

on the virulence of leptospires maintained in arti ficial media . 

Several earlier workers found that the virulence o f  an isolate for 

laborat o ry animals decreased with serial sub culture (van Theil , 194 8 ;  

van der Hoeden , 1 9 54 ; Stalheim , 1966 b)however this appears t o  be 

less of a problem with t he a dvent of EMJH media (Ell in ghausen and 

Painter , 1976 ) . 

MATERIALS AND METHODS 

Juvenile possums were used for experimental infect ions as field 

studies have demons t rated the ab sence of infect ion in this age-group . 

A..1imals caught in the field were weighed on ent ry into  the isolat ion 

unit and were individually-housed in wire mesh cages that had been 

disinfected by soaking in 5% Medal . The cages measured 37 x 37 x 60cm 



and had hinged l ids for acc�ss . The diet o f  caeed possums consist ed 

o f  hydrated feed p eas , vegetables and apples . The die� o f  young 

j uveniles we re supp lem�n t ed with milk . 

All experimental anima ls underwent a p re-inoculation screen for 

evidence of  present or p�st leptospiral infect ion . Two blood samples 

for serology were t aken by cardiac puncture and urine was obtained 

for darkfield micros copy at a minimum interval of 2 1  days . S era were 

tested against serovars hardjo> balcanica> bal lum> copenhageni> pomona 

and tarassovi at a minimum serum dilut ion of  1 : 1 2 .  Possums with 
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t it res of 1 : 1 2 or higher were no t used . To minimise the risk o f  

seronegative carriers , urine was cultured for ret rospect ive examinat ion . 

The animals  were anaesthetised in a specially-constructed s tainless 

steel chamber with a perspex lid . This made only a minimum handling 

of  possums nece ssary . Both halothane
a

and ether were found to  be 

suitable agents for the anaesthetising of possums . When halothane 

was used it was int roduced under pressure by means of an anaesthet ic 

machine . �fuen ether was used , a  wad o f  cot ton wool under a gril l  in 

the bot tom o f  the anaes thetic chamber was soaked with ether b e fore the 

possum was int roduced . Ether had the advantage of being less expensive 

and did not require the use of an anaesthetic machine , therefore this 

was the agent used in the maj ority of  cases . 

Experiment al inoculat ions were conducted by either the IP or PC 

route .  For PC inoculat ion , the anaes thet ised possum was placed in 

dorsal recumbency , the abdomen shaved and the skin abraided with a 

scalpel blade unt il hyperaemic . An adhest ive paper ring t emplate 

( 1 . 5cm diameter)  was applied and 0 . 1 ml of  culture placed in the 

centre . Anaest hesia was maintained unt i l  the inocula had dried . 

The protocol for monitoring experimental infections varied for 

each experiment . B lood samples for serology and culture were obtained 

by cardiac punct ure . The possum was placed in lateral recumbency and a 

22 gauge by one inch needle attached to  a f ive ml disposable syringe was 

int roduced into the hear t  via the left  s id e  of the thorax . B lood was 

cultured immediately on collection of the samp le . Voided urine was 

a Imperial Chemical Industries Ltd . , Cheshire , Great Britain . 



collected in a s t er ile con�ainer prior to anaesthes ia and also 

cuJ tured immediately . Fo :·� collect:ion o f  urine , the possum was 

removed f rom its  cage and held by th e tail on a s t�inless steel  

bench . The animal would become apprehensive due to  its  inab il i ty 

to grip the smoo th surf ace and this reaction was manif ested by 

micturi tion . (Urine could no t b e  ob tained by bladder punc ture as 

mos t animals urina ted during the induc t ion phase of anaes thes ia ) . 

Serological and cultural procedures have been described in 

Chap ter I l l . All experimental infec t ions in possums were car ried 

ou t in parallel wi th hams ter ino culations so as to determine the 

infectivity and virulence of the ino cula f o r  hamsters . Hamster 

inoculations by the IP and PC route hav e  b een described previously . 

Experimen t 1 : Challenge of pos sums by the percutaneous route 

Thi s  initial experimen t was des igned to find an inf ectiv e  dose 

of serovar balcanica for possums . Pos s t.UUs were  collec ted dur ing 

October and November , 1 9 7 5 .  Of a to tal of 34 animals sub j ec ted  to 

the pre-ino culat ion screen , seven were rej ected due to the presence o f  

low Hebdomadis serogroup titres . The pos sums were inocula ted with 

varying doses of ba lcanica by the PC route (Table 7 . 1 . ) . Thr ee possums 

were maintained as controls . PC inocula tion \-las chosen as s everal 

inves tigators have sugges ted tha t lep tospirosis can be transmit ted via 

this route (Alston and Broom , 1958 ; Ro th , 1 970) . Scra t ches through to 

the subcutis and o ther minor skin abrasions were often found in possums 

and it was cons idered tha t  thes e could facilitate any p ercutaneous 

transmission under f ield condit ions . 

The balcanica cultur e used in thi s  exper iment had been subcul tured 

four times in EMJH media since isolat ion . The undilu ted cul ture 

contained 2 x 108 
organisms /ml . Blood and urine samples were taken 

f rom each possum every three days for two weeks and again at three weeks . 

All urine a nd blood samples wer e  cul tured and urine was examined by 

dark f ield micros copy . One kidney from each animal \-las  cultured a t  

the terminat ion o f  the experiment . Urine was tes ted for pH and the 

presence of haemoglobin and pro tein us ing urinalys is and reagent s trips
b 

b
Bili-L ab s t ix ,  Ames Company , Divi sion o f  Miles Lab ora tories 
Aus tralia Pty L td . Melbourne , Aus tra l ia . 
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An equal number 0f hams ters were inoculated with the same inocula 

that the possums receiv�d . 

�E=x�p�e�r�l=· m�e�n�t�2�_�C=h=a==l�l�e�n�e=e_ o f  po ssums � the intra-peritoneal route 

Thi s  experiment was regarded as a pilot experiment . Five 

j uveniles cap tured at Awahanga in March 1 9 76 were inoculated by the 

IP rout e . One possums (E2 . 3 ) was found in the pre-inoculat ion 

screen to have a titre of 1 : 96  to hm.,djo and 1 : 48 to baZ.canica . 

Three Hnimals received 2 x 10
6 

baZ.canica organisms and two received 

2 x 108 organisms (Table 7 . 1 ) . The culture used was the same strain 

as that used in the init ial experiment and had been pas saged five 

t imes since isolat ion . The possums were bled at two week intervals  

and one kidney from each possum \vas cultured at the  termination 

o f  the experiment at ten weeks . The o ther kidney from each possum 

wa s retained for histological examinat ion . Five pairs o f  hams t ers , 

one pair for each inocula , were inoculated at the same t ime as the 

possums . 

Experiment 3 Invest igat ion o f  the virulence of  baZ.canica organisms 

in kidney homogenate  and artificial media 

Two possums were each inoculated IP with 0 . 5  ml of  a kidney 

homogenat e  from a moribund , baZ.canica-infected hamster . �wo other 

possums were inoculated with 0 . 5  ml of  a baZ.canica culture conta ining 

5 x 10
6 

organisms /ml . This isola t e  had been subcultured twice in 

liquid EMJH media s ince its isolat ion in semiso lid medium six weeks 

previously . Each of two hamst ers was inoculated with the same 

inocula that each possum received . 

The possums were bled at  10 and 2 1  days after inoculation and 

kidneys and urine were cultured a t  the termination o f  the experiment  

at  21  days post-inoculation (p . i . ) . 

Experiment 4 Pathogenesis of baZ.canica infection in possums 

The pathogenesis of experimental  baZ.canica infect ion in possums 

was monitored for a period o f  1 3  months . This experiment also p ro

vided controlled condit ions under which dif ferent methods for 



determirling leptospiral ; nfect ion could be compared .  Eight 

j uveniles , collected from the Woodville and Dannevirke districts 

(Table 7 . 1 ) were inoculated with 5 x 10
6 

organisms by the IP rout e .  

The isolate used had be�n subcultured twice  in liquid media s ince 

primary isolation . Two o ther j uveni les were maintained as negat ive 

controls . S ix hams t ers were each infected with a s imilar inoculat ion 

to that v7hich the possums received . 

The pos sums \•7ere observed for  cl inical symptoms twice daily for  

15 days following post  inoculat ion . The leptospiraemic pha se of  

infect ion was monitored by  serial b leed�tg at  three day int erval s 

for the first  15  days p . i .  These b lood samples were cultured 

according to  standard t echniques and 0. 5 ml of each sample v7as 

also inoculated into two hamsters . Blood samples collected at 

days 2 1  and 28 p . i .  were subj ected to the same procedures . The 

he�.emoglob in concen trat ion and packed cell volume o f  b lood samples , 

taken over the f irst 28 days p . i . , were monitored by standard 

cyanmethaemoglobin and microhaematocrit techniques . 

All b lood samples were t ested for  the s erological response to 

in fection . After the first 28 days p . i . , b lood samp les were 

collected at 30-day in tervals until  the exp eriment was terminated 

at 390 days p .  i .  

The leptospiruric phase o f  infect ion was monitored b y  dark- f ield 

micros copy of urine samples , urine culture and hamster  inoculat ion . 

Each o f  two hamsters were inoculated with 0 . 5  ml o f  urine at the 

t ime o f  collection . In addit ion to the above procedures , all 

urine samples were t ested agains t balcanica and hardjo ant igen in 

the MAT , at a minimum urine dilution of 1 : 6 .  Urine samples for this 

procecure were centrifuged before testing to  remove particulate 

matter . The presence of  haemoglob in , protein and sugar in urine 

was monitored using urinalysis reagent s trips 

Both kidneys f rom each possum were cultured at the t erminat ion 

of the experiment . A port ion o f  one kidney from each animal was 

taken for histological examination b e fore cultural p rocedures were 

carried out . 
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Experiment 5 Challenge o f  possums with serovar hardjo 

A total of  ten j uveniles were chal lenged with hardjo organisms 

from several sources (Table 7 . 1 ) .  The hardjo isolate obtained f rom a 

human blood sample had been maintained in liquid media for approximately 

two years .  The bovine isolate had been subcultured four t imes in 

liquid media s ince primary isola t ion f rom urine . The dark-field 

positive urine sample used for possums E5 . 9  and E5 . 1 0 was obtained 

from a cow from a herd that had endemic hardjo infect ion . A lepto

sp ire iso lated from the urine of this cow was subsequent ly typed as 

being serovar hardjo . These experiments were o f  three weeks durat ion , 

wi th bleeding for serological examinat ion and urine collect ion for 

dark- f ield microscopy and cult ure being conducted at weekly intervals . 

Kidneys f rom each pos sum were cultured at terminat ion o f  each 

experiment . The infect ivity and virulence o f  the hardjo inocula for 

hamsters was also mon itored . 

Experiment 6 Challenge o f  possums with leptospires o f  the Ballum 

Serogroup . 

The detect ion o f  serogroup Ballum titres in a small percentage o f  

possums collected dur ing f ield studie s  s t imulated an invest igat ion o f  

experimental infect ion with organisms o f  this serogroup (Table 7 . 1 ) .  �vo 

possums were each ino culated IP with 0 . 5  ml o f  a Ballum serogroup culture 

that cont ained 5 x 10 7 organisms /m! . This  isolate had been obtained 

from a ship rat and had been sub cultured twice in l iquid media since 

primary i solat ion . Two other possums were inoculated with 0 . 5  ml o f  

a serovar ba l lum culture containing 2 x 108 organisms/m! . This was a 

fourth-subculture iso late that was subsequently typed by cross-agglut

inat ion absorpt ion . This experiment was conducted as for Experiment 5 .  

RESULTS 

Serological and cultural procedures fail ed to provide any evidence 

of leptospiral infect ion in j uvenile possums inoculated with balcanica 

by the PC route in Experiment 1 .  The culture used to inoculate the 

possums was shown to be of  high in fectivity and virulence for hamsters . 

All hamst ers receiving �10 3 organisms died between days 1 2  and 1 7  p . i .  

One hamster  inoculated with 102 organ isms also died ( day 18  p . i . )  and 

one surviving hamster in this group was culture positive at day 2 1  p . i .  



Table 7 . 1 Juvenile Possums by Sex ,  Weight and Inoculum Received . 

Expt 
No . 

El  

Pos sum 
No . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

2 0  

2 1  

2 2  

2 3  

2 4  

2 5  

2 6  

2 7  

S ex Weight 
(g ) 

F 1025 

F 950 

M 925 

M 950 

M 950 

F 725 

M 1 300 

F 1 1 50 

M 850 

F 1025 

M 950 

M 900 

M 1025 

F 1 250 

F 875 

M 1 250 

F 875 

F 82 5 

M 850 

M 800 

M 900 

F 925  

F 9 75 

M 1050 

F 1 125 

M 9 75 

M 1000 

s erovar 

balcanica 
1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

" 

" 

1 1  

" 

1 1  

" 

1 1  

1 1  

" 

" 

· rnoculum 
origin 

possum 
kidney 
culture 

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

" 

1 1  

1 1  

1 1  

1 1  

1 1  

" 

1 1  

" 

1 1  

" 

" 

" 

" 

" 

route o f  
ino c .  

P C  
1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

" 

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

11  

1 1  

11  

" 

" 

" 

" 

" 

No . organisms 

10
8 

1 1  

10
6 

1 1  

10
4 

1 1  

1 1  

1 1  

1 1  

10
3 

1 1  

1 1  

1 1  

1 1  

10
2 

1 1  

' '  

1 1  

" 

10
1 

" 

1 1  

" 

" 

0 
" 

" 
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Table 7 . 1  cont . 

Exp t . Possum Sex Weight Inoculum 
No . No . (g)  serovar origin route o f  No .. 

ino c .  organisms 

E2 . 1 M 1 900 balca:nica possum IP 10
5 

2 F 1 725 1 1  kidney 11 1 1  
culture 

3 M 6 50 1 1  1 1  1 1  " 

4 F 1 5 75 " 11 " 10
8 

5 F 1500 1 1  11 " 1 1  

E 3  1 M 1 1 50 1 1  hamster 1 1  NT 

2 M 1475  1 1  kidney 11 NT homo g .  

3 F 1250 1 1  11 6 
possum 2 . 5x10  

4 M 1 200 11 kidney 11 " 
culture 

E4 1 F 1 1 2 5  1 1  possum 11  5 X 10
6 

2 M 1250 " · kidney " " 
culture 

3 M 1 100 " " " " 

4 M 1 72 5  " 11 11 " 

5 M 1400 " 1 1  11 " 

6 F 1000 11  1 1  1 1  1 1  

7 F 1075  11 11 1 1  1 1  

8 M 1 300 11 " 1 1  1 1  

9 M 1225  1 1  " 1 1  11 

10  F 1 1 25  1 1  1 1  11 1 1  

E5 1 M 1 7 75  hardjo human 1 1  10
5 

2 M 850 " b lood " 1-1 
culture 

10
8 

3 F 1025 1 1  1 1  1 1  

4 F 1 800 " 1 1  1 1  1 1  

5 M 1 125  " bovine urine 
10

7 
culture , st rain 1  11 5 X 

6 F 1250 1 1  1 1  1 1  1 1  

7 M 1250 1 1  "strain 2 IM & IP 2 X 10
8 

8 F 1 200 " 1 1  1 1  1 1  

9 M 875 1 1  bovine urine " NT 



Tab le 7 . 1  cont . 

Exp t . 
No . 

Pos sum 
No . 

Sex Weight 
(g) serovar 

Inoculum 
origin route No . 

1 50  

o f  inoc .  organisms 

E5 10  F 1525  hardjo bovine urine IM & IP NT 

E6 1 M 1 200 Ballum* ship rat IP 2 . 5x10 

2 F 900 kidney culture 1 1  1 1  

3 F 2 100 baZ Zum mouse kidney 11 108 

4 F 1 750 1 1  culture 1 1  1 1  

* Ballum serogroup i . e .  cross-agglutinat ion absorpt ion not performed 

on t his isolat e .  

7 



The pH o f  urine samples varied from 6 . 2  to  7 . 8  and the pH o f  

serial urine samples from individual animals were also very 

variable (range 6 . 4  to 7 . 8) . This precluded the use o f  pH 

measurements as a parameter o f  renal infection in later experiments . 

Protein was present in 32% o f  urine samples tested and showed an 

incons istent pattern for individual animals . Haemoglob in was not 

detected in any urine s amples . Two possums in Experiment 1 died 

from cardiac rupture following b lood samp ling . 

Evidence o f  infect ion was found in four o f  f ive possums inoc

ulated with baZcanica by the IP route in Experiment 2 .  The 

serological response to infection o f  possums E2 . 1 , E2 . 5  and E2 . 6  

is  shown in Figure 7 . 1 .  As was the case in field surveys , titres 

t o  hardjo ant igen were consistently higher than titres to baZcanica 

ant igen . Peak t itres occurred in sera collected on day 14 p . i .  and 

the highest titre recorded was 1 : 24 , 5 7 6  to hardjo ant igen in 

1 5 1  

possum E2 . 1 . Serial serum samples from each possum showed that there 

was a large degree of individual variat ion in the level at which titres 

persisted . Tit res decl ined rapidly in possum E 2 . 1 and were present 

at only low levels at day 70 p . i . Titres were present in sera 

from possum E2 . 5  only on day 14  p . i . The most substained sero-

logical response to infection occurred in possum E2 . 6  with titres 

of  1 : 76 8  to  hardjo and 1 : 4 8 to baZcanica at day 70 p . i .  The only 

titre against antigens f rom o ther serogroups was a t i tre of 1 : 24 

to pomor.a which occurred at day 14  p . i . in possum E2 . 1 .  

Titres recorded in s era from possum E2 . 3  are also shown in 

Figure 1 .  Titres p resent before inoculat ion showed a gradual decline 

over the t en week durat ion o f  the experiment . There was no sero

logical response to  inoculat ion in this animal . 

Possum E2 . 2  died from an acute gastro-enteritis possibly assoc

iat ed with overfeeding with greenfeed on day 17 p . i .  A serum 

t aken at day 14 p . i .  had t itres o f  1 : 6 144 to hardjo and 1 : 536 to 

baZcanica . No kidney culture was made f rom this animal . 

Serovar baZcanica was recovered from kidney cultures at day 70 p . i . 

f rom possums E2 . 1 , E2 . 5  and E2 . 6 . Leptospires were not recovered 

f rom possum E2 . 3 . 
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Figure 7 . 1 .  Hebdomadis serogroup titres in possums experimentally 

infec ted with baZcanica (Experiment 2) . 
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The average weight-gain o f  the four animals surviving the 

experiment was 4 1 0  g .  This  was greater than would be expected under 

field condit ions . 

The mean death t ime o f  hamsters infected \-lith the baZcanica 

culture used in Experiment 2 was 14 . 2  days . Only one hamster 

survived the inoculum o f  2 X 10
6 

organisms , however this animal 

was culture-positive at 2 1  days p . i .  

BaZcanica o rganisms present in hamster kidney homogenate 

( Experiment 3) were not shown to  be more virulent for possums than 

organisms cultured in arti ficial media . No clinical symptoms were 

apparent in infected animals and t itres in possums inoculated with 

hamster homogenate were s imilar to thoffi in possums infected with 

organisms cultured in media (Table  7 . 2 ) . Pos sum E3 . 4  failed to  

develop a titre and this was the only animal in  this group from 

which baZcanica was not recovered at day 2 1  p . i . This possum had 

had a t itre of 1 : 24  to baZcanica at  the f irst pre-inoculat ion 

screen 2 8  days before inoculat ion , however , this t itre had dropped 

to zero at the second pre-inoculat ion screen seven days before 

inoculat ion . 

1 5 3  

The mean death t ime o f  hamst ers infected with hamster kidney 

homogenate was 1 2  days . This  was s lightly shorter than the mean 

death t ime of 1 3 . 6  days recorded for hamst ers infected with orgamisms 

cultured in media .  

Experiment 4 provided detailed informat ion on the pathogenes is 

of baZcanica infect ion in experimentally-infected possums . Hebdomadis 

serogroup t itres were f irst detected on day s ix p . i .  and reached a 

peak in a l l  possums between day 9 and 1 5  p . i .  Maximum t it res rec-· 

orded were 1 : 1 2 , 288 to hardjo and 1 : 768 to baZcanica in possum E4 . 6 .  

Titres t o  both ant igens fell rap idly from p eak levels  in mos t  

animals however the titres reached a plateau a t  day 60  p . i .  and 

were sub sequent ly maintained at almost  constant levels  for the re

maining 1 1  months of the experiment . The s erological responses 

of individual animals  are shown in f igures 7 . 2  to 7 . 7 . Possum 

E4 . 1  died du e to cardiac rupture fol lowing heart bleeding on day 

s ix p . i .  and possum E4 . 3  died during anaes thesia on day 15 p . i . 

therefore data on these individuals  i s  not presented . There was no 



Table 7 . 2  Hebdomadis serogroup t i tres in possums experimentally 

infected with balcanica in Experiment 3 .  

Possum 

No . 

E3 . 1  

E3 . 2  

E3 . 3  

E3 . 4  

Tit re at 1 0  days p . i .  

balcanica hardjo 

1 : 19 2  1 : 76 8  

1 : 4 8  1 : 19 2  

1 : 19 2  1 : 1536 

0 'o 

Titre at 2 1  days p. i .  
balcanica hardjo 

1 : 384 1 : 3072  

1 : 19 2  1 : 1 536 

1 : 768  1 : 3072 

0 0 

Culture 

( 2 1  days 
P ·  i . ) 

+ 

+ 

+ 



serological response to inoculation in possum E4 . 3 . 

There was some degree o f  variation in the s erological responses 

of  individual animals . Peak t i tres varied from 1 : 1 2 , 288 to 1 : 1 , 5 36 

to hardjo and from 1 : 768  to 1 : 19 2  to baZcanica. Titres in possums 

E4 . 4  and E4 . 6  showed a marked peak during the acute phase of  

infect ion whereas such a peak was absent in  possum E4 . 2 .  Fluct

uat ions in  t itres of  serial s erum samples from individual animals 

in the chronic stage of  infect ion probably reflected a variat ion 

in the precision of the MAT rather than real fluctuat ions in titres . 

(The precis ion es timate  gained from the repeat testing of 100 sera 

in Chapter IV demonstrated that 45% of titres were the same and 86% 

of  t i tres were within � one serum dilution . )  

There was a general tendency in all animals for mrdjo ti tres to 

be  more c losely related to balcanica t itres in the chronic stage 

of infection compared with the acute s tage . This tendency is 

ref lected in the GMT ' s of s erial serum samp les from all animals 

(Table 7 . 3  and Figure 7 . 8 ) and is examined more closely in terms 

of  the ant ibody classes involved in Chapter IX . Despite this 

tendency,�rdjo titres were higher than or equal to balcanica 

ti tres in all  but one cas e .  

No clinical symptoms were observed in infected possums . The 

monitoring o f  haemoglob in and packed cell volume gave inconclus ive 

results as a b lood loss anaemia , due to serial b lood samp l ing,  

occurred in both infected animals and controls . There was no 

evidence o f  haemoglobinuria or glucos uria in any of the infected 

animals .  

The duration o f  leptospiraemia varied from 3 to 1 5  days (Table 

7 . 4 ) . In s ix out of seven in fected animals , leptospires were 

demonstrat ed in b lood after the appearance  of  l eptospiral 

agglutinins . 

Leptosp iruria commenced between days 3 and 1 2  in different 

animal s  ( Fi gures 7 . 2  to 7 . 7 ) .  Darkfield microscopy demonstrated 

that shedding was of maximum intensity in most animals between 

days 28 and 60 p . i . Possum E4 . 2  was an except ion in that large 

numb ers of  organis�s (more than 1 6
6 

1eptospires/ml urine) were 

1 55 
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F igure 7 . 4 .  Experimental inf ection with ba lcanica in po s sum E4 . 5 .  
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Figure 7 . 5 .  Experimental infec t ion wi th ba lcanica in pos sum E4 . 6 .  
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excreted for a period o f  1 80 days fol�owing inoculatioG . It i s  

interesting t o  no te that l eptosp ires were det ected only once b y  

dark-field microscopy i n  urine from possum E4 . 7 .  

Darkfield microscopy cons is t ently revealed a change in the 

mot i lity of leptospires in urine as the durat ion of infection 

increased . In general ,  the o rganisms were highly �otile during 

the init ial stage of leptospiruria but this motility was lost by 

day 60 p . i . The except ion was urine from possum E4 . 5 ,  in which 

low numbers o f  motile  organisms were seen on day 270 p . i . The 

transit ional stage between the shedding o f  motile and non-motile  

organisms often included an  intermediate period in which 

the motility o f  leptospires was severely modified and consisted 

o f  very slow or aberrant movement s .  

1 62 

There was cons iderable variat ion in the duration o f  leptospiruria 

in individual animals  (Figures 7 . 2  to 7 . 7 ) . Two of six possums were 

s t ill  shown to be shedding leptospires at the terminat ion of the 

experiment at day 390 p . i .  and kidney cult ures were posit ive f rom 

these animals . Leptospires were not demonstrated in the urine 

of possum E4 . 5  at day 390 p . i . However , the kidney culture f rom 

this animal was posit ive at this t ime . Leptospiruria was not 

detected after day 180 p . i . in possum E4 . 6  and day 60 p . i . in 

possums E4 . 7  and E4 . 8 .  These latter three  animals were culture 

negative at the t ermination of the experiment . 

Urine t itres to hardjo and baZcanica , at a minimum urine 

dilut ion o f  1 : 6 ,  were low and sporadic , but were present in all 

possums b etween days 90 and 1 20 p . i .  (Figures 7 . 2  to 7 . 7 ) .  The 

mos t  consistent urinary t it res occurred in possum E4 . 6  (Figure 7 . 4 ) 

and these p eaked at day 120  p . i . Lep t ospiruria in this animal 

terminated short ly a fter  the period in which agglutinins were 

detected in urine . Unl ike serum t itres , urine titres to hardjo 

and baZcanica were equivalent in a l l  except one sample . No evid

ence of leptospiral infect ion was detected in cont rol animals . 

A comparison o f  the different techniques used to detect 

leptospiraemia and leptospiruria in experimental ly-infected 

possums is p resented in Tables 7 . 4  and 7 . 5 .  During the l epto-



batcanica 

Table 7 . 3  : GMT ' s  and log GMT ' s  o f  Hebdomadis serogroup t i t res in possuma experimentally-in fected with 

batcanica in Experiment 4 .  

reciprocal 
of GMT 0 0 42 239 338 2 39 239 107 1 20 9 5  126 107 NT 15 1 1 35 95 1 35 1 35 95 95 

log . GMT  0 0 1 . 62 2 . 38 2 . 53 2 . 38 2 . 38 2 . 0 3 2 . 08 1 . 9 8  2 . 10 2 . 03 NT 2 . 18 2 . 13 1 . 98 2 . 1 3 2 . 1 3  1 . 98 · 1 . 98 

-
0\ 
'-'' 
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spiraemic phase o f  infect 1on , direct culture in media and hams ter  

incoulation were equally efficient methods for the isolat ion of  

leptospires from b lood before the  appearance of leptosp iral 

agglutinins (Tab l� 7 . 4 ) .  After the appearance of  agglutinins 

( f irst  recorded on day 6 p . i . )  leptosp ires were isolated from direct 

blood cultures on only one occasion . In comparison , leptospires 

were recovered from hams t ers inoculated with blood after this t ime 

on f ive occasions and a serological reaction was recorded in a 

s ixth hamster . 

Dark-field microscopy was the least sens i t ive of  the three 

methods used to detect  leptosp iruria (Tab le 7 . 5 ) and demonst rated 

leptospires only during the peak shedding phase . This method 

failed to demonstrate leptospiruria on any occasion on which culture 

or hamster inoculat ion gave negat ive resul t s . 

Contaminat ion o f  cultures limi t ed the isolat ion of leptosp ires 

from urine inoculated into media containing 200 �g SFU/ml . Despi t e  

this p roblem , isolates were obtained from three urine samples 

cult ured in this  medium (5%  of  culture-positive urine samp le s )  that 

were not ob tained from the same urine samples cultured in media 

containing 400 pg 5FU/ml . Of a total o f  59  culture- positive urine 

samples , 56 isolations ( 95%) were in the media series containing 

400 �g SFU/ml and 2 7  (46%)  were made in the media series containing 

200 pg 5FU/ml . 

Hamster ino culat ion of urine samp les over the first 180 days of  

the  experiment was sl ightly more efficient for  the detection o f  

leptospiruria than culture i n  media con t a ining 400 p g  5FU/ml . 

Forty-s ix isolat ions were made from hamst ers over this period 

whereas 43 isolations were made by direct  culture . In two animals  

( E4 . 5  and E4 . 8) , hamster inoculation detected an earlier onset of  

l eptospiruria than direct culture . During the later stages o f  

leptosp iruruia , d irect culture was more efficient than hamst er 

inoculation for the isolation of leptospi res . 

Both direct urine culture in media containing 400 pg5FU/ml and 

urin e  inoculation of hamsters , the two most efficient methods  

1 65 

for  detecting lep t ospiruria , demonstrated  a degree of inte rmit tency 

in the isolation of  leptospires from s erial urine samples (Table  7 . 5 ) . 



Table 7 . 4  

Possum No . 

E4 . 1  

E4 . 2  

E4 . 3  

E4 . 4  

E4 . 5  

E4 . 6  

E4 . 7  

E4 . 8  

Detect ion of  leptospiraemia in experimentally-infected 

possums by culture and hamst er inoculation in 

Experiment 4 .  

Het hod 
0 

Culture 
Hamster  NT 

inoc . 

Culture 
Hamster  

NT 
ino c . 

Culture 
Hamst e r  

NT 
ino c .  

Culture 
Hams ter 

NT 
inoc . 

Culture 
Hams ter 

NT 
ino c . 

Culture 
Hamst er 

inoc NT 

Culture 
Hamster 

NT 
ino c . 

Culture 
Hamster 

NT 
ino c . 

3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

Day post�inoculat ion 
6 9 1 2  1 5  

-D 

+ 

+ 

+ 

-D 

+ 

+ 

+* 

+ + 

2 1  

D = possum death 

* hamster  s erological response only . 
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28 

NT 

NT 

NT 

NT 

NT 

NT 
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Tabl e  7 . 5  : Det e c t ion o f  leptospi ruria in exper imentally-infected possums by darkfield microscopy , culture 
and hams ter inoculat ion · (Experiment 4 ) 

Possum No . Method used 
days EO S t -inocula t ion 

0 3 6 9 1 2  1 5  2 1  2 8  6 0  9 0  1 2 0  150 1 80 2 10 2 40 2 7 0  300 330 360 

:E 4 .  2 DF microscopy - - - - - - + + + + + + - + + + 

Culture 1 - + + ... - + - + - + + - - + - - - + + 
Cult ure 2 - - + - + + + + + + - - - + - + + + + 
Hams ter ino c .  NT - + + + + + + + + + + - - - NT NT NT NT 

E 4 . 4  DF microscopy - - - - - - + + + + + - + 
Cult ure 1 - - + + + + - - + - - - - - - - - - + 
Cul t ure 2 - - + + - + + + + + + + + - - + - + + 
Hams t e r  ino c . NT - + NT + + + + + + + - - - - NT NT NT NT 

E 4 . 5  DF mi croscopy - - - - - - NT - + + - - + NT , :- + 
Cult ure 1 - - - - - + NT + - + - + - NT - - - + -

Cult ure 2 - - - - - + NT + + + + + + NT + + + + + 
Hams ter inoc . NT - + - + + NT + + + + - - NT - NT NT NT NT 

· E 4 . 6  DF micros copy - - - - - + + + + - + 
Culture 1 - - - + + - - + - - - - + 
C u l t ure 2 - - + + + + + + - + + - + + 
Hams t e r  ino c .  NT - + + + + - + + + + + + - - NT NT NT NT 

. E 4 .  7 DF micros copy - - - - - - - - + 
Cult ure 1 - - - - - - + 
Cul t ure 2 - - - - - - + + + + 
Hams t e r  inoc . NT - - - + + + + + + - - - - - NT NT NT NT 

4 . 8  DF micros copy 
Cul ture 1 - - - - - - + + 
Cu l t ure 2 - - - - - - + + + 
Hams t e r  inoc . N'i' - - - + + NT - + - - - - - - NT NT NT NT 

culture 1 • EMJH + 200 ,ug 5FU/ml 
cul ture 2 • EMJH + 400 ,ug SFU/ml 

390 
Kidney

. 
culture 

- + 
+ 

NT 

+ + 
NT 

- + 

NT 

NT 

NT 

NT 

...... 
0'\ 
"'--



Serial culture o f  urine from all animals between the t imes at  

which leptospi ruria was f irst and last  detected by  direct culture 

produced isolates from 56  of  67 urine samp les (84%) . Serial 

inoc ulation of hamst ers with urine from all  possums , between 

the t imes at which leptospiruria was first and last detected by 

hamster  inoculat ion , produced isolates from 43 of 46 pairs o f  

hamst ers inoculated ( 9 3%) . Isolates were ob tained by a comb ination 

of b o th methods from all u rine samples collected between the onset 

and cessation of l ep tospiruria in all animals . 

!ne results o f  urine inoculations in individual hams ters during 

the first 180 days of Experiment 4 are given in Tab le 7 . 6  and 

1 68 

Figure 7 . 9 .  The in fect ivity of  urine ino cula was maximal from day 15  

to day 60 p . i . w ith more than 80% of  each group of hamsters chall

enged during this t ime b ecoming infected . Urine inocula were the 

most virulent for hamsters on days 15 and 2 1  p . i . , with the h ighest  

death rates and s hortest mean death t imes o ccurring in  the groups 

of hamst ers inoculated at these times . During the later stages o f  

leptospiruria in possums ( day 9 0  p . i . on) , the infect ivity and 

virulence of urine inocula for hamsters sho�ed a marked decrease . 

Histological examinat ion of kidney sect ions stained by a 

modified Warthin-Starry s ilver-imp regnation technique failed t o  

de tect leptospire s . I n  the kidney from pos sum E4 . 4  a few dark 

granules , closely applied  to the luminal surface of the tubular 

epithelium, were seen.  This material may have represented 

degenerated c l umps of leptospire s . 

Haematoxylin and eos in-stained sections of  kidneys revealed 

only very mild  histological changes .  The kidney of possum E4 . 2  

showed a very mild focal chronic inters t i t ial nephritis with some 

local proliferation of fib roblast s .  Occas ional cellular casts 

were present ln renal tubules . Sections f rom E4 . 4  showed a s imi la r ,  

very mild int er s t i t ial nephritis . Inf iltration o f  small numbers 

of  lymphocytes , macrophages and plasma cells occurred predominantly 

in the region o f  the loops of  Henle and the col l ecting ducts . There 

was also some swelling of the cellular epithelium of  nephrons in 

this kidney , indicating that some nephrosis o ccurred in the distal  

portions of the nephrons . An occas ional degenerate glomerulus was 



Table 7 . 6  : Results o f  hamster inoculation with possum urine in Experiment 4 .  

Possum Hamster Days Eost-inoculation 

No . No . 3 6 9 1 2  15  2 1  28 60 90 120 150 180 

E4 . 2  1 - + ( 16)a + ( 1 9 ) +( 1 7) + ( 1 6 ) + ( 1 4 ) + ( 1 4) + ( 15 ) + (NF) +(NF) + (NF) 

2 - + ( 1 7) +( 18) + ( 1 8) +( 1 5) + ( 1 4 ) +( 16) +(NF), + ( 1 7 ) +(NF) +( 20) 

E4 . 4  1 - + ( 1 3) NT + (NF) + ( 1 3) + ( 1 8) + ( 1 7 ) + ( 1 5) - +(NF) - +( 19 ) 

2 - +(NF) NT - + ( 1 3) + ( 1 6) + ( 18 ) +( 16) +( 19 ) + (NF) - + (NF) 

E4 . 5  1 - - - - + (NF) NT +( 1 5 ) +(NF) + ( 1 7 ) . + (NF) 

2 - +(NF) - .+(NF) + (NF) NT +(NF) +(NF) +(NF) 

" "'"'; 
E4 . 6  1 - +(NF) + ( 13) + ( 14 ) + ( 1 4 ) - +(NF) + ( 1 7) +(NF) +(NF) - +(NF) 

2 - + (NF) + (NF) +(NF) + ( 14 ) NT + (NF) +( 15 ) - +(NF) +(NF) +(NF) 

E4 . 7  1 - - - +(NF) +( 13) + ( 1 3 ) +(NF) 

2 - - - - + ( 1 5) +( 14 ) +(NF) +(NF) *  +(NF) 

E4 . 8  1 - - - +(NF) +(NF) NT - +(NF) 

2 - - - - - NT 

+ • culture positive a • time until death NF • nan fatal infect ion * serological response only . �� 
0\ 
1.0 
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s een . No s ignificant inflammatory changes were seen i� kidney 

s ect ions from the remaining possums . Some degenerated epithelial  

cells and protenaceous casts  were present in a small number of  

nephrons in possum E4 . 6 .  A tinctorial change was noted in  the 

cellular epithelium of some tubules in possum E4 . 7  and there was 

a transit ion from cuboidal to columnar epithelium in the papillae 

and pelvis of this kidney . 

The ba lcanica culture used for ino�ulat ion of possurr. s in 

Experiment 4 was shown to have a s imilar infectivity and virulence 

for hamsters as the cult ures used in the previous infectivity 

experiment s .  All six hamsters inoculated died by day 14 p . i .  and 

the mean death time was 13 . 2  days . 

Inoculat ion of  pos sums with serovar hardjo (Experiment 5)  

1 7 1  

produced no serological or cultural evidence of infect ion . The hardjo 

cultures used had varying infect ivity for hamsters . Hamsters appeared 

t o  be insusceptible to infection with st rain NHI 2 / 309 , a human isolate 

that had been maintained in liquid media for two year s . Although low 

t itres t o  hardjo were recorded in 3 of 8 hamsters inoculat ed with this 

serovar , no isolat ions were made fron1 kidneys at day 21 p . i .  All of 

the hamsters inoculated wi th iso lates obtained from bovine urine 

( strains 1 and 2) developed hardjo t itres and isolations were made from 

s ix hamsters in this group ( 75 % ) . No clinical symptoms were observed 

in any of the in fected animals . The leptospires present in the bovine 

urine sample failed to infect hamsters . 

The serological response of  possums to inoculat ion with Bal lum 

s erogroup isolates  from a rat and a mouse is shown in Table 7 . 7 .  

All four possums challenged developed bal lum t itres . The maximum 

t itre recorded was 1 : 384 in possum E6 . 1 . This possum was the only 

animal which was cul t ure-posit ive at day 2 1 .  p . i . Dark-field 

microscopy and urine culture failed to detect leptospiruria in any 

animals . 

The Ballum serogroup isolate s were highly infect ive and virulent 

for hams ters , with a l l  inoculated hamsters dying on days 4 or 5 p . i . 



Table 7 . 7  

PGssum 
No . 

E6 . 1  

E6 . 2  

E6 . 3  

E6 . 4  

Serological response of possums t o  inoculat ion with 

leptosp ires of the Ballum serogroup . 

Bc.Uwn t it re Culture 
7 days p . i .  14 days p . i . 2 1  days p . i . ( 2 1  days p . i ) 

1 : 96  1 : 384 1 : 19 2  + 

0 1 : 9 6  1 : 96  

1 : 9 6  1 : 19 2  NT 

1 : 24  1 : 96 1 : 4 8  

1 72 



DIS CUSSION 

The pathogenesis  o f  baZcanica infect ion in experimentally

infected possums is characteristic o f  leptospiral iufection in a 

maintenance host . Possums were infected with moderate numb ers o f  

organisms b y  the IP route and high peak t itres in th� early stage 

of infect ion were fo llowed by a sustained serological response .  

Infected animals showed no clin ical symptoms and underwent a 

greater weight gain during the course o f  the experimen t than 

would be expected in the f ield . Hamster inoculat ion demonstrated 

that infective organisms were shed in urine for at least 1 80 days 

and serial culture of urine demonstrated t hat leptosp iruria 

persisted for at l east a year in 50% of the animals monitored . 

Despite the fact that up to 106 organisms /ml of  urine were shed 

by infected animals , histological changes in kidneys were very 

mild . Thus the experimental balcanica infect ions confirmed the 

def init ion made ini t ially f rom field serological and cultural 

data that the possum is a maintenance host for ba lcanica. 

The serological response o f  infected animals wa.s similar to 

that reported by other workers investigating leptospiros is in 

maintenance host species for a particular s erovar (Mo rse et  a l , 19 58 ; 

Fennestad , 196 3 ;  Taylor et a l , 1 9 70 ; Ellis and Michna , 19 7 7  ) .  Titres 

of  individual animals , bo th within and between experimental groups , 

showed some degree o f  variat ion in peak t itres and levels at which 

t i tres pers ist ed . Such var iation is common in experimental 

infect ions (Morse et  a l , 19 58 ;  Fennestad , 19 6 3 ; McGowan and Karstad , 

1965 ; Reilly , 1 9 7 0 )  and individual variat ion in t i tres has also 

been shown to o ccur in natural outbreaks of lepto sp iros is (Hoare 

and Claxton , 1 9 72 ; Hodges , 1 9 7 7 ;  Hellstrom ,  19 78) . The within-group 

variation in t itres in these experimental s tudies is probably due 

to a variat ion in the immune response o f  individuals , whereas the 

between-group variat ion may reflect diffe rences in infect ivity and 

virulence of the in fecting o rganisms . .  Hacker and Bauer ( 19 65 )  

1 7 3  

found that peak t itres in experimentally-infected rabb its were 

proport ional to the dosage o f  leptosp ires and each t en-fold inc rease 

in the inoculum resulted in a two-fold increase in t itres ; however 

the relat ionship between serological response and infecting dose 

is  far from cons tant . Minette  and Shaffer  ( 1 9 68)  reported that 



t itres in experimentally-infected monkeys were not proportional t o  

numbers of infecting organisms and s imilar results were reported in 

several experimentally-infected , free-living species by Reilly 

( 1 970) . 

The persistence of t itres for long periods in pos sums in 

Experiment 4 provides an explanat ion for the high prevalence o f  

t i t res found i n  cro ss-sect ional surveys o f  mature pos sums in 

free-living populations . Titres monitored after day 60 p . i . 

showed very litt le change compared with the rapid logarithmic 

decay of peak titres that occurred before this time . This constant 

nature of long-term t itres prevented the calculat ion o f  a regres s ion 

co-efficient for the decrease of t itres with time of infect ion . 

A transient serological response to  infect ion was detected 

in possum E2 . 5 .  Agglutinins were present for only a very short 

t ime in this animal , yet leptospires were recovered by kidney 

culture at day 70 p . i .  

Culture-po s i t ive but sero-negat ive animals occur in many 

populations with endemic leptosp iral infection ,  even when titres  

1 74 

are read at low serum dilut ions (Alexander e t  a� , 1963 ; ��rtin et a �� 

1 9 6 7 ; Twigg et a � , 1 9 68 ;  Hirschberg and Vaughn , 1 9 7 3 ) . I t  is  

possible that a trans ient serological response in some animals , as 

ob served in possum E2 . 5 ,  may contribute to  the number of animals  

in  this category . The occurrence of sero-negative carriers also 

infers that leptospires localised in renal t ubules exert  l ittle , 

if  any , antigenic s t imulus on the hos t . 

There was no correlat ion at the termination o f  experiment s  E2 

and E4 between the level of titres of individual animals and presence 

of leptospires in the kidneys .  The durat ion of leptospiruria 

was s imilarly unrelated to the level of t itres . S imilar f indings 

were reported by Ellis  and Michna ( 19 7 7 )  in experimental Hebdomadis 

serogroup infect i on in heifers . Thus the level of humoral ant ib ody 



doe s  not appear to b e  correlated with the cessation of leptospiruria 

an d e l imination of leptospires from the kidney . 

Little is known about the occurrence o f  clinical symptoms in 

leptospiral infect ion in wildlife (Roth , 1 9 70) . The lack o f  

symptoms in possums and the failure o f  c l inical pathological 

aids to demonstrate disruption of normal renal phys iology showed 
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that although baZcanica was highly in:ect ive for possums , the 

pathogenicity was low . The severe haemoglob inuric nephrosis that 

occurred in hamst ers infected wi th balcanica did no t occur in possums . 

Differences in the pathogenicity of a particular serovar for 

different animal spec ies are well  recognised (van der Hoeden , l954 ; 

Rei l ly , 19 70 ; Chernukcha e t  al , l 9 74 ; Tripathy and Hanson , l9 74) . 

His t ological examinat ion o f  possum kidneys did no t reveal the 

large ��gations of inflammatory cells that often characterise 

chronic leptospiral inters itial nephritis  in other species (Tabel , 

1 9 7 0 ;  Taylor et  a l , l9 70 ;  Ryan , 197 8) . 

Lepto spiraemia was shown to be o f  up to  15  days durat ion . 

The t e rminat ion o f  l eptosp iraemia is  generally regarded to b e  due 

to the appearance o f  leptospira l  ant ibodies in the blood and mos t  

inves t igators have reported this to occur 6 to 8 days p . i .  (Taylor , 

et a l , l 9 70 ; Hans on e t  al , l9 7 1 ; Ellis and Michna , 1 9 7 7  · ) . It has 

been shown in some cases , howeve r ,  that leptospires can survive in 

the p resence o f  high level s  o f  circulating antibodies . Taylor 

et  aZ ( 1 9 70) reported that two of ten dogs experimentally infected 

with canico la had a recurrent leptospiraemia at  days 25 and 28 p . i .  

respe ctively and S chricker and Hanson ( 1 9 6 1 ) , who t reated infected 

guinea pigs with large doses o f  cortisone , found that a recurrent 

lept ospiraemia could occur in spite of high l evels  of c irculat ing 

antibody . Hamster inoculation of blood samp les in the present 

study showed that leptospires were present in the blood in 50% 

of p o ssums on days 12 and 15 p . i . , by whi ch t ime peak ant ibody 

t i tres  had been r eached . Leptospires were therefore capab le o f  

survival i n  the presence o f  high levels  o f  humoral ant ibody , 

indicating that the termination of lepto sp i raemia has a more 

comp l ex basis thti� the mere appearance of immunoglobulins that 

are measured by the MAT . It was also demonstrated that hamster 

ino culat ion was a much more sensit ive method than direct culture 

for detecting the t rue duration o f  leptospiraemia . Direct culture 



failed to detect lepto spiraemia after day 3 p . i . in all  but one 

s ample . This may have been due to the l arger inocula received 

by hamsters or alt ernat ively some growth-inhibit ing factor may 

have been t rans ferred in blood inoculated directly into media . 

Previous workers , relying on direct culture , may hsve under

es timated the t rue duration o f  leptospiraemia and therefore 

incorrect ly at t r ibuted the apparent termination as b e j ng due to 

the appearance of c irculating ant ibody . 

Leptosp iruria in possums infected with the same inocula in 

Experiment 4 was very variable , however 50%  of the animals were 

st ill excret in g  organisms one year after  infect ion . The durat ion 

of excretion o f  part icular serovars by their recognised maintenance 

hosts is often characterised by such variability (Norse et al , 1958 ; 

Chernukcha e t  al , 1 9 74 ; Hanson , 1 9 7 6 )  and long term excret ion is not 

only restricted to animals that are recogn ised as maintenance hosts  

for  a particular serovar (Roth et  a l , l 9 6 3 ; Michna , 1 9 70 ) . The cause 

of these variat ions in the duration of l eptospiruria is unknown . 

Leptospiruria o f  more than a y ear ' s  durat ion has been documented 

in several f ree-l iving species (Babudieri , 1958 ; Roth et  al , 1 96 3 ;  

van der Hoeden , 1964 ; Tripathy and Hanson , l 9 76 )  and thus the 

cont inued transmiss ion o f  leptospiral inf e ction within an endemic 

focus is ensured . Lep tospururia in domest i c  animals has generally 

beer. shown to b e  of  less than a year ' s  duration (Morse et  al , 1 9 5 8 ; 

Sull ivan , 1 9 70 ; Hanson , 1976 ; Hellst rom , 1 9 7 8 ) . 

Darkfield microscopy , although a relat ively insensitive method 

f o r  the detection o f  leptospiruria , provided valuable info rmat ion . 
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on the intensity o f  lept ospururia and the motility of  shed organisms . ·  

Lept ospires in urine lost their mot ility soon after the period 

of most int ense leptospururia , however urine inocula containing 

non-motile organisms were still infective for hamsters and 

isolates were also obtained by direct culture of these samples . 

Los s  of mot ility was therefore not associated with a loss o f  

infectivity or viability . 

The demonstrated insensitivity o f  dark-f ield microscopy for the 

detection of  leptospiruria quest ions the conclusions of workers who 

have used this · technique alone to determine the time o f  onset , 



constancy and duration o f  leptospiruria in different species 

(Webster , l 955 ; Sullivan , l 9 7 0 ;  Hanson , l9 7 1 ; Ellis  and Michna , 19 7 7  ) .  

The present s tudy demonstrated that hamst er inoculat ion and direct 

culture o f  urine samples detected leptospiruria in the maj ority of 

animals on day s ix p . i . , whereas the maj o rity of pos it ive ident

i fi cations by darkfield microscopy were not made unt il day 2 1  p . i . 

(The above-mentioned authors reported that lepto spiruria in a 

variety of species , as detected by dark-f ield microscopy , began 

on post-inoculat ion days 1 3  to 16 , 2 4  to 30 , 12 to 40 and 2 2  

respectively . )  

Although int ermittent shedding of  leptospires has been widely 

reported to be a characteristic of  leptospiruria in a variety o f  

species , invest igat ions have never p rovided an explanat ion for 

this characteris t ic . It  is  poss ible that these reports of  int er

mit t ent shedding have reflected the insens i t ivity of  monitoring 

t echniques . When isolat ion results from direct culture in media 

containing 400 �g 5FU/ml and hams ter inoculation were combined 

in the present study it was evident that leptospiruria was constant 

in all anirnals , yet i f  only one technique was considered , interrnit t ent 

result s  were ob tained .  Hamsters were the most sensitive means o f  

monitoring leptospiruria over the f irst 180 days o f  infection , 

however they have rarely been used for this purpose by other 

worker s . As discussed later , this study also demonstrated that both 

dead and surviving hamsters mus t  be cultured to ensure accurate 

result s . 

The presence o f  leptospiral ant ibody in the urine o f  infected 

animal s  has been reported by many workers ( Stuart , 19 5 6 ; Morse et  aZ�  

1958 ; Faine , 196 2 ; Doherty , 1966 ; Hirschberg and Vaughn , 1 9 73 ) . Titres 

are generally low , and var iable between different species . Stuart 

( 19 5 6 ) found that urine t it res in humans with Weil ' s  disease were , 

on average , 1% o f  serum t i t res . Faine ( 19 6 2 )  found that urine 
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titres in mice infected with austraZis were up to 17% o f  s erum t it res 

and Hirschberg and· Vaughn ( 1 9 7 3 )  were abl e  to demonst rate l eptospiral 

ant ibodies only in concent rated bovine urine . Titres in the present 

study ranged from 1 : 6  to 1 : 24 and were s imilar for both hardjo and 

baZcanica . These low t itres were , on average , 0 . 5% of serum hardjo 

titres and 5% of  s erum balcanica titres . 



It is probable  that urinary ant ibody is locally-produced in 

the kidney . Five of eighteen kidney homogenates tested in the 

present study ( 28%)  had s imilar t it re s  to the serum titres of the 

same animal and s everal had lesser t it re s . These homogenate  t itre s  

were unlikely to be due to residual b lood in kidney tissue , a s  

residual blood l e f t  after the animal had been bled out would b e  
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a very small p roportion o f  the total kidney mass . In addit ion the 

kidney mass was diluted 20% \v/v with SBM during the homogenation 

process . The minimal cont ribut ion of  res idual b lood to homogenate 

t itres was conf irmed by the pass ive int ravenous immunisation o f  two 

possums with high t itre ant iserum . The ratios of  serum to homogenate 

t itres in these animals , 24 hours after immunisat ion , were 20 : 1  

and 1 2 : 1  respect ively . This indicated that residual blood in kidneys 

contributed only 5 to 8% of homogenate t i t res . Control animals  

were provided by pouched j uveniles with pas sively-derived , maternal 

ant ibody ti tres . The kidney homogenates f rom these animals were 

negat ive , thus indicat ing that infect ion is necessary for the local 

product ion of ant ibody in kidneys . 

Morse et al ( 1 958 )  and Tabel ( 19 70 )  were also of  the opinion that 

lept ospiral ant ibodies in the urine were p roduced in the kidney . 

They found that ant ibodies in the urine o f  p igs and skunks infected 

with pomona peaked at 3 - 4 months p . i . , b y  which t ime serum t i t res 

had markedly decreased from the peak levels reached soon after 

infection . This indicated that urine t it re s  were independant of 

serum t itres . A s imilar patt ern was observed in possums in the 

present invest igat ion . Tabel ( 1 970)  also not ed that there were 

large numbers of p lasma cells in the kidneys of chronic�lly infected 

skunks and he cons idered that these cells may have b een responsible 

for local ant ibody product ion . Due to the very mild inflammatory 

changes in kidneys of  chronically-infect ed possums however , plasma 

cells were present in only small numbers . 

The influence o f  urinary antibody on leptospires shed in urine 

is  open to quest ion . Stuart ( 1956 ) cons idered that urinary ant ibody 

had a deletarious effect  as , when heat-killed leptosp ires were 

added to urine , ther e  was an increase in the number of recoveries . 

Morse et  a l ( 1958)  and Killinger et al ( 1 9 76 )  were of the same 

opinion and Hanson ( 1 9 7 7 )  suggested that leptospires in the urine 



o f  chronically infected bovines were less virulent than those 

in urine during the acute stage o f  infect ion , due t o  the presence 

of ant ibodies . Corrt rary opinions have been expressed by other 

workers . Faine ( 1962 )  cons idered that renal leptosp ires were 

resistant to l eptospiral antibody and Doherty ( 1 966 ) failed to f ind 

1 79 

a s ignificant difference in guinea p ig infect ivity when leptospiruric 

bovine urine s amples , with and without pomona ant ibodies , were used 

as inocula . 

The present study did l it t le to a lleviate this cont roversy . I t  

was observed by dark-field microscopy that aggregations o f  part i culate 

mat ter were sometimes p resent on leptospires in urine after day 

60 p . i . This may have been due to the agglutinat ing effect o f  

adherent leptospiral agglutinins , however these organisms rema ined 

infect ive for hamsters . The presence of urinary ant ibody appeared 

to have no correlat ion with the duration o f  leptospiruria , although 

in possum E4 . 3  a higher than average urinary antibody peak was 

followed by terminat ion o f  leptospiruria . Hamsters inf ected with 

urine from long-term shedders experienced a longer mean death t ime 

and a lower death rate than hamsters infected with urine in the 

ini t ial stages o f  leptospiruria . This may have been due to an 

ant ibody-relat ed decrease in virulence o f  leptospires in the urine 

of chronically-in fected possums , however ,  it is more l ike that 

these  f indings were due to the lower number o f  leptospires in urine 

inocula . It  has been shown by o ther workers that the mean death 

time o f  infected hamsters is inversely related to the number o f  

infect ing organisms (Baker and Baker , 1 9 70 ; Ellinghausen and 

Painter , 1 9 76 ) . These  workers also demonstrated that when the 

numbe r  o f  infecting organisms is low ,  there is a decrease in the 

number of deaths in a group o f  infected hams ters . The number o f  

leptospires in urine inocula was not the only factor affecting 

death rate and mean death t ime in the present s tudy� as the t ime 

of the highest death rate and shortest mean death t ime o f  infected 

hamst ers preceeded the period when leptospiruria was of maximum 

intensity .  

Three o f  1 7  possums challenged intraperitoneally with ba Zcanica 

in the p resent study were refractory to infect ion .  A titre o f  1 : 9 6  



to balcanica was present in the pre-inoc ulat ion sera f rom possum 

E2 . 3  and a t itre of 1 : 24 was recorded in possum E3 . 4  in the f i rs t  

p re-inoculation s creen , 28 days b efore challenge , but n o t  in the 

s econd . Thes e  t i tres probab ly represented mat ernally-derived 

ant ibody and , although low , they appeared to confer protection 

against infection . Pre-inoculat ion t itres were not present in 

possum E4 . 3 .  S imilar results were repor t ed in experimental 

challenge o f  hiefers with an Hebdomadis s erogroup organism by 

Ellis and Michna ( 19 7 7b ) . These worker s  were unab le to infect 

8 o f  20 animals in the experimental group , some o f  which had low 

t i tres pre-inoculat ion . The p resence o f  a protection factor in 

j uvenile possums that is not measurable b y  the MAT is  invest i gated 

in Chapter VIII . 

The ba lcanica cultures used as inocula in the four infect ivit y  

experiments were of  s imilar infect ivity and virulence f o r  hamsters 

and therefore it  was assumed that all experimental groups received 

a comparable chal lenge . The absence of any evidence cf infection 

in possums chall enged by the percutaneous route suggested that 

they were insuscep t ible to challenge by this route .  I t  was shown 

in Chapter V that there was a ten-fold inc rease in the minimum 

infective dose (MID) for hamsters infected by the percutaneous 

compared with the int raperitoneal route and other workers have 
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also  found that the route of infection affects  the MID o f  leptospires 

in a variety of  species (Fennestad , 1 9 6 3 ; Sullivan , 19 70 ; Kiktenko 

et a l , 1 9 76 ) . The inf lammatory reaction whi ch would have been 

induced by abraiding the skin may have also a f fected challenge b y  

this rout e .  

An alternative possibility is  that thes e  animals (approximately 

7 - 8 months of  age)  may have still had a degree o f  maternally

derived immunity , undetectable by the MAT . This is discussed in 

Chapt e r  VI II . 

Possums were ins usceptib le to experimental infect ion with s ero

var hardjo. Hardjo inocula from varying sources were used and the 

bovine urine isolate s  were infect ive for 75%  o f  hamsters inoculated . 

Serovar hardjo is  generally considered t o  b e  non-pathogenic and o f  

low in fectivity for hamsters and therefore the high hamster infect

ion rate achieved with the bovine isolates indicated that possums 



received a very s ignificant challenge . I t  has b een found that 

young animals  o f  an accidental hos t  species  for a part icular 

s erovar are more suscept ib le to infection than old animals (Web s ter , 

1 9 5 5 ; Chernukcha et  al , 1 9 7 4 )  and therefore the j uvenile possums 

use d  in the present investigat ion would theoretically be the most 

suscept ible if  hardjo was in fect ive for possums . The experimental 

results support the findings o f  the cultural survey and indicate 

that possums are refract ory to challenge by serovar hardjo . This 

compl iments the f indings of  overseas workers  who have been unable to 

f ind hardjb in fect ion in other free-li�ing species that share a common 

environment with bovines that have endemic hardjo infection ( Sullivan , 

1 9 7 4 ; Hanson , 1 9 7 6 ) . 

The marked difference in suscep t ib il i t y  of possums to balcanica 

compared with hardjo , two st rains closely related antigenically , 

indicates that the b iological propert ies o f  different leptospiral 

serovars are independent of ant igenic propert ies . 

Experimental infect ion in possums with organisms o f  the Ballum 

serogroup was charact e ristic of infect ion in an accidental hos t . An 

isolate was recovered from only one animal on day 2 1  p . i .  and the 

ab sence  of  a detectable  leptospiruria in any animals indicated that 

the possum was a dead-end hos t . The very low prevalence of  Ballum 

sero group t itres found in the s erological survey of f ield populations 

( Chapter  IV) supports these experimentc l  f indings . 
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SUMMARY AND CONCLUS IONS  

1 .  Experimental infect ion with balcanica in possums was character

istic of  l ep tospiral infect ion in a maintenance host . 

2 .  Al though there was some individual variat ion in the serological 

response to infect ion , t itres pers i s t ed at moderate levels  for 

390 days in Experiment 4 .  

3 .  There was no correlat ion between the level of humoral antibody 

and the terminat ion of  leptospiraemia and leptospiruria in 

individual animals . 

4 .  Leptospiruria WdS o f  more than a year ' s  durat ion in 50% of  

infected animals . 

5 .  While there was a los s  of motil ity o f  leptospires in urine after 

a period of peak shedding , this was not associated with a loss 

of  infectivity or  viability for hams ters . 

6 .  Dark- field microscopy was an insens itive technique for the 

detection of leptospiruria . 

7 .  A comb inat ion o f  results  from hamster inoculation and direct 

culture in media containing 400 pg S FU/ml demonstrated that 

leptospiruria was constant in all animals throughout the 

period monitored . 

8 .  Low urinary ant ibody titres were found in all infected animals . 

These were independent o f  s erum t i tres and it is  probable that 

urinary ant ibody is locally produced in the kidney . This 

hypothesis was supported by passive immunisation studies . 

9 .  Low levels  of res idual maternal antibodies protected j uvenile 

animals from experimental challenge . 

1 0 .  Possums were insusceptib le to infection with hardjo . This 

complemented the results of the field cultural survey . 
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1 1 .  Experin1ental infection with leptospires o f  the Ballum serogroup 

was characteristic o f  infection in an accidental host . 
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CHAPTER VIII  

SOME ASPECT3 OF  THE EPIDEMIOLOGY OF 

BALCANICA INFECTION IN POSSUMS 

INTRODUCTION 

It has been stated by Sveshnikova and Chernukha ( 1 9 72 )  that the 

requ irement s  for the development of a new nidus of leptospirosis 

1 84  

are ( i )  a favourable host habi tat , ( i i )  a favourable host biology for 

t rans fer o f  infect ion , and ( iii )  a large number o f  hos t s  inhabiting � 

wide terr itory . The introduct ion of  the possum to New Zealand 

re sulted in a rapid colonisat ion of vacant ecological niches and it  

has been shown that a nidus of  ba lcanica infect ion has become 

e stab lished in pastoral possum populat ions ( Chaptver VI ) .  Two feature s 

o f  this nidus are the high prevalence o f  infect ion in pastoral 

populations from a varie ty  of locat ions (Chapters IV and VI) and the 

marked difference in age-specific prevalences of infect ion . 

The survival of endemic leptospiral infect ion in a maint enance 

host species depends on the cont inued transmission o f  the serovar , 

e ither direct ly , or indirectly via the environment .  It  has been 

reported that favourable environmental cond itions for survival of  

leptospires facilitate the t ransmission of infect ion from free-living 

maint enance host populat ions to domestic st ock and man (Alston and 

Broom , 1958 ; Babudieri , 195 8 ; Alexander et al, 1963 ; Schnurrenberger 

et a l, 1 970 ; Twigg et al , 1 9 7 2 ) . Favourable environmental conditions 

for survival inc lude s l ight ly alkal ine conditions , adequate moisture , 

mod erate temperatures and lack of  sunlight ; whereas unfavourable 

condi tions include markedly a c id or alkaline cond itions , lack of 

moisture , high or low temperat ures , sunlight and high salt 

concentrat ions (Okazaki and Ringen , 1 95 7 ;  van der Hoeden , 1958 ; 

Gordon-Smith Turner , 196 1 ;  Baker and Baker , 1 9 70 ; Karaseva et al, 

1 9 7 3 ;  Hellstrom ,  1978) . A number of  workers are of  the opinion that 
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favourabl e  enviromental condit ions for the  survival of  leptospires 

are also important in the maintenance of endemic infect ion with a 

part icular serovar wi thin a maint enance hos t  species (Ferris et aZ� 196 1 ;  

Gordon-Smith et aZ� 196 1b ; Andrews and Ferris , 1966 ; Turner , 196 7 ; 

Twigg et a Z� 1 969 ) . These workers have generally regarded rainfall 

and wat er content of soil to be most important in this respect . Other 

workers have been unable to show an association between wetness of the 

environment and prevalence of infect i on with a particular serovar in 

some maint enance hos t  populat ions (Twigg et aZ� 1 96 8 ;  S chnurrenberger 

et aZ� 19 70) . 

It has also been postulated that populat ion factors are o f  more 

importance than environmental cond it ions favouring the survival of 

leptospires in the maintenance o f  endemic infect i on in some species 

(Blood et a Z� 1963 : Trainer et a l� 1 96 3 ;  Turner , 196 7 ;  quotin g  Wolf f , 

1963) . In one of the few comparat ive studies of  the same spec ies 

o f  animal inhab iting different ecosyst ems (Brown and Gorman , 1960) , 

it was found that the present o f  endemic baZ Zum infect ion in house 

mice from a wide range of hab itats was almost exclusively restricted 

to  those hab itats  that supported sign i ficant numbers of mice . 

The fact that the factors that enable an ecosystem to  support 

a nat ural concentrat ion of a free-livin g  species may also favour the 

environmental survival of leptospires compounds the probl em o f  

det ermining the relat ive importance o f  populat ion dens ity �nd a 

favourabl e  environment in the maintenance of a high prevalence o f  

infect ion in an endemic focus . I t  can b e  concluded from the l iterature 

that it is  largely undetermined whether transmission within a 

maintenance host populat ion is via the environment or by direct 

contact between animals . 

This chapt er describes an attempt t o  elucidate some o f  the factors 

affecting the p revalence o f  balcanica infect ion in different pos sum 

populat ions . Sampling locat ions were chosen so as to represent as 

d iverse environmental condit ions a s  pos s ib le , yet retain s ome 

geographical proximity to  pastoral locati ons where the prevalence o f  
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in fect ion was known . Est imates o f  possum populat ion densit ies are 

dif ficult to estab lish a�d require many man-hours ( see Chapter II)  and 

therefore only subj ect ive indices of relat ive abundance were used in 

this invest igation . 

An investigation o f  the marked age-specific dif ference in 

prevalence of infect ion that occurred in all  pastoral possum populat ions 

sampled (Chapters IV and VI)  is also described . It  has been sho�vn that 

infect ion does not b ecome e stablished in possums until  the onset o f  

sexual maturity .  I t  i s  wel l  estab l ished that maternally-derived 

ant ibodies protect neonates against leptospiral in fect ion , however , 

possums do not reach sexual maturity unt i l  at least one year o f  age 

( Chapter I I ) . The investigation of the lack of infect ion in j uvenile 

animals involved a determinat ion of  the level and persistence of 

maternally-derived ant ibod ies , the leptospiral growth inhibit ing 

act ivity of sera from j uven i les and studies in experiment al animals .  

MATERIALS AND METHODS 

Descript ion of sampling locat ions 

The possum populat ions sampled inhabited three distinctly 

different ecosyst ems : coastal  seaface ,  deep forest and forest-pasture 

boundary . The prevalence o f  balcanica infect ion in these populations 

was c ompared with that of pastoral possum populat ions . The gene ral 

description and soil types of each locat ion from which possums were 

sampled is given in Table 8 . 1 .  Geographical locations are shown 

in Figure 8 .  1 .  

1 .  Coastal seaface 

Two samples were obtained from Pukerua Bay and Makara in July , 

1 9 7 7 . Both locat ions face the prevailing south-west winds and are 

therefore exposed to high levels  of wind-borne salt water . Soil 

samples were taken for analy s i s . Because of  the very steep cliff  

face and the dessicating effect of  onshore wind s , the surface 

environment was very dry except during periods of rain . 



Table 8 . 1 

Location 

Puker.ua Bay 

Makara 

Mangci:D;hao 

Maunga
taniwha 

Akatc:o.rawa 

Pakaututu 

Pauatahanui 

Dannevirke 

Description of locations from which possum populat ions were sampled 

De script ion 

Eroded coastal 
cliffs  

" 

Mountain range 

High country 
river terrace 

Broken hill 
corm try 

Hill country 

" 

" 

Vegetat ion Rainfall (mm) Soil type Soil descript ion 

Stunted scrub 1 000-1500 
and grass 

" 
" 

Mixed nat ive 2500 
forest 

Broadleaf- 22 00-2500 
podocarp forest 

...._ 
Cut -over forest 1500 

Forest-pasture 
boundary 

" 

" 

1 500 

1 500 

1 650 

Ma kara . stony 
loam 

1 1  

Skeletal , clay loam 
derived from Greywacke 

" 

Ruahine steep- Skeletal , derived 
land soils from Greywacke 

U:rewera sandy 
silt 

Rhyolitic ash on 
Greywacke 

Ruphine steep- Skeletal , derived 
land soils from Greywacke 

Kaweka sandy 
silt 

Rhyolitic ash on 
Gre)T'Yacke 

Ruahine st eep- Skeletal , derived 
land soils from Greywacke 

Takapa ri hill Mixed 
soils and 
Dannevirke silt 
loam 

Soil pH 

5 . 6  - 5 . 8  

" 

5 . 5  

5 . 5  - 6 . 0  

5 . 6  

5 . 8  

5 . 6  

5 . 5  

� 
CO 
--.) 



Puke rua Bay 
Makara 

Figure 8 . 1 .  
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Geographical locations f rom 

which possums inhabiting deep

fores t ,  fores t-pas ture boundary 

and coas tal s eaface ecosys tems 

were sampled . 

Ma ungataniwha• 
Pa toka• 
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Despite the seemingly inhospitable environment , the relat ive 

abundance o f  possums was high . Possums were taken by cyanide poisoning . 

2 .  Deep forest 

The locat ion crit eria for deep forest samples were ( i ) more 

than four miles from the nearest farmland , ( ii) the absence of feral 

cattle and sheep and ( iii ) a forest area which supported possum 

populat ions of moderate or high density . 

T�o field trips int o the cat chment o f  the Mangahao River , in May 

and Sept ember 19 7 7 ,  resulted in only 14  possums being taken by cyanide 

poisoning . Heavy rain occurred on both occasions and the small  numbers 

taken were a reflect ion on the weather condit ions rather than low 

populat ion density . 

Possuffis from Maungataniwha were taken by cyanide poisoning anJ 

trapping on the northern and southern terraces of the Waiau River 

( s outhern boundary of the Urewera Nat ional Park) in Oct ober , 1 9 7 7  

and March , 1 9 78 . The relative abundance o f  possums o n  the nor thern 

side o f  the river ( sample 1 )  was high . The relative abundance on 

the souther side was moderate , as commercial operators had been active 

in this area for several years . 

The third deep forest sample was taken from the Akatara,va fore st 

by t rapping and poisoning in August , 1977  and February , 19 78 . The 

relat ive abundance o f  possums was moderate .  

3 .  Forest-pasture boundary 

These sampling locat ions were chosen , wherever pract icable , to 

be in the same geographical region as deep forest and pasture locat ions 

where the prevalence o f  balcanica infect ion was known . Trap and 

p oison lines were set along the forest-pas ture interface . 

The Pauatahanui sample was t aken by cyanide poisoning in July , 

1 9 7 8 .  The broken hill country in this area i s  grazed by sheep and 

cat t l e .  The relative abundance o f  possums was moderat e . Commercial 



trappers operated intermittently in this area . 

Pakaututu is  located 40 miles south o f  ¥�ungataniwha . Sheep 

are grazed on steep hill count ry . Possums , present in moderate 

numb ers , were taken by trapping and poisoning in June , 1 9 7 7 . 

The Dannevirke f orest-pasture bound�ry sample was taken by 

night-shoot ing a long the eastern side o f  the Ruahine ranges in Ma�cb 

and April , 19 7 7 .  Sheep and cattle were present on grazing land . 

The rel ative abundanc e  o f  possums was high . 

S era were tested against balcanica ant igen ,  at a minimum serum 

dilut ion of 1 : 24 ,  as previously described . A random sample o f  100 

sera from possums inhabiting deep forest and coastal seaface 

ecosystems were also tested against bal lum� copenhageni� pomona and 

tarassovi antigens . 

Invest igation of maternally-derived ant ibod i e s  in sera from 

juveni l e  possums . 

S era from 104 j uveniles were tested against balcanica ant igen 
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to determine the l evel and persistence o f  maternally-derived ant ibod) 

t itres . The sample consisted o f  pouched-young , j uveniles that had 

left the pouch but we re still  living in assoc iation with their dams , 

and independant j uveniles . All animals were t aken from the Woodville 

and Dannevirke regions between March and October , 1 9 76 . 

The j uvenile possums were weighed and the age o f  those weighing 

less than 900 g was determined from the nomograrn constructed by Lyne 

and Verhagen ( 1957 )  (Figure 8 . 2 ) .  Juveniles weighing more than 900 g 

could not be aged by this nomogram . 

Kidneys from all  j uvenile possums were cultured according to  

standard techniques . 



Plate 8 . 1 .  Coas tal seaface ecosys tem . 

Plate 8 . 2 .  Deep fores t e cosystem .  





Plate 8 . 3 .  Fores t-pas ture boundary ecosys tem 
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Growth inhib it ing act ivity of  sera f rom juvenile animals 

The leptospiral growth inhib it ion test used was a modification 

of that  d�scribed by Tripathy et al ( 1973 ) ( see Appendix IV) . A 

random sample of sera from ten j uveniles weighing less than 900 g and 

t en j uv eniles weighing more than 1200 g were tested for leptospiral 

growth inhib it ing activity . All sera were negat ive in the MAT to 

balcaniaa at a minimum serum dilut ion of 1 : 1 2 .  Posit ive t itre sera 

were used as controls . 

Sera from a number o f  j uvenile possums tha t  were subj ected to 

experimental challenge with balcanica were also inves t i gated fer 

growth inhibi t ing act ivity . The growth of leptospires in serum was 

scored on a subj ect ive basis as 4 ,  3 ,  2 or 1 .  A score of 4 was 

equivalent to that of  culture plus medium controls ( approximately 

1 x 1 08 organisms /ml) . A score of 1 was equivalent to approximately 

1 00 organisms per darkfield . 

Exper imental animal stud ies 

Two females with pouched-young were sele c t ed f rom possums 

l ive-captured in September 1 9 76 and maintained in cap t ivity with 

the i r  offspring until March , 1 9 7 7 . Select ion was based on presence 

o f  s erum t itres and either dark-fi eld microscopy or cul tural evidence 

o f  leptospiruria . Serum and urine samples f rom dams and offspring 

were obtained at two month interva l s .  Sera were tested against 

balcanica ant igen and urine samp les were examined by dark- f ield 

microscopy and cultured by standard techniques . Kidneys from all 

animals were cultured at  the terminat ion of the experiment .  

RESULTS 

Prevalence of balcanica t it res in possum populat ions inhab iting 

d i f f erent ecosystems 

Serological evidence o f  balcanica infect ion was found in possums 

inhabit ing coastal seafac e ,  deep forest and forest-pasture boundary 



ecosystems . The prevalence o f  balcanica t itres varied both within 
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and between ecosystems (Table 8 . 2 ) . The highes t  prevalence was found 

in possums inhabiting coastal cliffs  at Makara and Pukerua Bay ( 7 7 %  

and 74 % i n  adult possums respectively ) . Thi s  environment was 

considered to be unfavourab le for the survival of leptospires out s ide 

of the ani1nal host . Soil samples revealed that there was an extremely 

h igh level of magnes ium (>60 ppm extract ing agent ) .  Magnesium levels 

in coastal soils are closely associated with NaCl levels  ( J . Heslop , 

pers . comm . ) ,  thus ind icat ing an environment subj ected to high amount s  

o f  wind·-borne salt water . 

The prevalence of  balcanica t itres in adult pos sum populat ions 

inhabit ing deep forest ecosystems varied from 0 to 45% (Tab le 8 . 2 ) . 

No evidence  of infect ion was found in the No . 1 sample from 

Maungataniwha . The populat ion inhabi t ing this area was a high 

relative abundance . Only 1 of 2 7  adult possums was seropositive in 

the No 2 .  sample from Maungataniwha (4%) . This  was a female with a 

balcanica t itre of 1 : 24 . 

Deep forest samp les from Mangahao and Ak.atarawa had prevalences o f  

balcanica titres in adult animals of  26 % and 4 6 %  respectively . Thi s  

d i f ference was not stat istically s igni ficant cx2 
= 1 . 68 ,  p > 0 . 1 ) . 

Possum populat ions inhab it ing forest-pasture boundary ecosystems 

at Pauatahanui and Dannevirke had s imilar serological prevalences o t  

infect ion as  those found in  populat ions inhab it ing pastoral locat ions 

( Chapter VI ) and coastal seafaces (Table 8 .  2 ) . There \vere significant 

differences however ,  between the prevalence o f  t itres in adult 

possums from the forest-pasture boundary at Pakaututu and those from 

Pauatahanui and Dannevirke (X2 
= 7 . 54 ,  P < 0 . 00 1 ;  x

2 
= 8 . 8 1 ,  P < 0 . 00 1  

respectively ) . 

" No t itres were detected in the random sample o f  100 sera from 

d eep forest and coastal s eaface ecosystems that were tested agains t  

ballum3 copenhageni3 pomona and tarassovi ant igens . 



Table 8 . 2 : Prevalence of bataaniaa titres in pos sum populat ions inhabiting dif ferent  ecosystems 

Environmental Location No samples No . sero-posit ive Overall Adult  Standard error 
descript ion prevalence prevalence of adult p revalence 

Sea face Pukurua Bay 38 2 2  58% 77% 
r 

7% 
1 1  Makara 3 1  1 7  55% 74% 8% 

Deep forest Mangahao 14  5 36% 45% 13%  
1 1  1 1  Maungataniwha ( 1 ) 47  0 0 0 
1 1  1 1  1 1  (2 ) 49 1 2% 4% 3% 
1 1  1 1  Akatarawa ( 1 )  5 1  - 1 1  22%  27%  6% 
1 1  1 1  1 1  ( 2 )  5 8  1 2  2 1 %  25%  6%  

Forest-Pasture Pakaututu 72 18  25%  35% 6% 
boundary 

1 1  Pauatahanui 5 0  2 4  48% 68% 7% 
" Dannevirke 70 35 

I 
50% 6 7 %  6 %  

Farmland* 154 66 4 3% 70% 4 %  

* combined sample ,  from Chapter VI 

..... 
\0 
� 



The differences in age-specific  prevalences of  infect ion that 

were found in pastoral pos sum populat ions (Chapters IV and VI ) were 

also found in populat ions inhabi t ing markedly different ecosystems 

(Tables 8 . 3 and 8 . 4 ) .  Only three o f  109 j uveniles had balcanica 

t itres  (3%)  whereas 122  o f  2 9 1  adults had t itres (42%) . 
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The geomet ric mean balcanica t itres of seroposit ive adults  from 

different locat ions are given in Table 8 . 5 .  ( GMT ' s were not calculated 

for adult s  from Mangahao due to the low number of  animals ) . The 

range of  GMT ' s  was from 1 : 7 6 to 1 : 1 4 8 .  Variat ion occurred between 

sexes within population s ,  and also between populat ions f rom dif ferent 

locat ions . 

Inve stigat ion of maternally-derived ant ibodies in sera f rom j uven ile 

po ssums 

The prevalence o f  balcanica t itres and GMT ' s  of  pos itive sera in 

dif ferent weight-groups of  pouched young and j uvenile possums are 

given in Table 8 . 6 .  The growth curve of j uven ile age-groups is given 

in Figure 8 . 2 .  (The serological prevalence was plot t ed against the 

mid-range value of each age group ) . Pouched-young aged less than 80 

days had a prevalence of  balcanica t itres of  57% .  The prevalence o f  

m.aternally-derived titres in older age-groups declined gradually , 

however ,  40% of  j uveniles aged between 1 8 1  and 190 days s t ill  had 

t itres . Juveniles weighing between 900 g and 1500 g were not aged . 

It  was estimated , f rom a cont inuat ion of  the growth curve and a 

knowledge of the weights and ages at which j uveniles reach sexual 

maturity (Chapter II ) , that j uveniles weighing 1500 g would be 

approximately 250 days of age .  The prevalence of t itres in j uveniles 

weighing between 1300 and 1500 g was 14% . 

A scattergram o f  balcanica t itres in pouched-young and j uvenile 

possums o f  less than 190 days of  age (Figure 8 . 3 ) demonstrated the 

l ack of a significant associat ion between the level of titres and 

age ( r  = 0 . 2 2 ,  P > 0 . 1 ) .  



Table 8 . 3 : Prevalence of baLcanica t itres by sex and age-group in possums from different locations 

Location Males 'Females Trans . males Trans . females Juv . males 

No . No . No . No . No . 

No . sero . +ve 7. No . sero.  +ve % No . sero . +ve 7. No . sero . +ve % No . sero.  +ve 

Pukerua Bay 1 1  9 82 15  1 1  7 3  4 2 50 2 0 0 3 0 

Makara 1 1  8 7 3  8 6 75 2 1 50 3 2 67  2 0 

Mangahao 6 2 33 5 3 60 1 0 0 1 0 0 0 -

Maungataniwha ( 1) 1 3  0 0 14 0 0 3 0 0 6 0 0 6 0 

( 2) 15  0 0 1 2  1 8 5 _0 0 4 0 0 6 0 

Akatarawa ( 1) 14 4 29 16 4 25 5 1 20 4 1 25 5 0 
Forest (' 2) 12 3 2 5  2 0  5 20 4 1 25 7 2 29 7 1 

Pakaututu 2 1  7 33 22  8 36 4 0 0 5 2 40  ' 9 0 

Pauatahanui 1 3  8 62  15  1 1  73 5 2 40 3 2 67  8 1 
� 

Danuevirke 2 7  1 8 67  2 1  1 4  6 7  7 2 29 5 1 20 6 0 

' 

% 

0 

0 

-

0 

0 

0 

14 

0 

1 3  

0 

' 

Juv . females 

No . 
No . sero . +ve 

3 0 

5 0 

1 0 

5 0 

7 0 

7 0 

8 0 

1 1  1 

6 0 

4 0 

0 

0 

0 

0 

0 

0 

0 

9 

0 

0 

% 

.... 
"' 
0\ 
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Table 8 . 4  Prevalence o f  balcanica t i tres and geometric mean t itres 

in possums c lass ified by sex and age-group 

. Class Number No . sero posit ive Prevalence% GMT 

Adult male 143 5 9  4 1% 1 : 100 

Adult female 148  6 3  43% 1 : 103 

Transit ional-stage 40 9 23% 1 : 1 29  
male 

Transit ional-stage 40 1 0  25% 1 : 1 3 5  
female 

Juvenile ma le 5 2  2 4% NT 

Juvenile female 5 7  1 2% NT 



Table 8 . 5  : Geometric mean baZcanica t itres in adult males and adult 

�emales from d if ferent locat ions 

Makara and 

Pukerua Bay 

Akatarawa Forest 

(samples 1 and 2) 

Pakaututu 

Pauatahanui 

Dannevirke 

Farmland* 

Adult male 

1 : 1 32 

1 : 86 

1 : 86 

1 : 95  

1 : 9 3  

1 : 148  

Adult female 

1 : 1 03 

1 : 76 

1 : 1 1 3 

1 : 1 08 

1 : 1 23  

1 : 99 

* combined farmland sample , from Chapter VI . 

1 9 8  



GMT ' s  of j uveniles aged les s  than 190 days (900 g )  showed a 

gradual decline with increasing age (Table 8 . 6 ) . GMT ' s  of sera 

from j uveniles weighin8 between 900 and 1 500 g showed little  

subsequent decline as weight increased . 

The baZcanica t itres  of dams were higher than those of their 

offspring in all cases . 

Kidney cultures from all j uveniles were negative . 

Growth inhibit ing act ivity of sera from juvenile anima ls 

1 9 9  

Leptospiral growth inhibiting activity was detected in negat ive 

t itre sera from two of ten j uveniles weighing less than 900 g (20%) . 

Negative t itre sera from ten j uveniles weighing more than 1200 g had 

no growth inhib iting act ivity (Table 8 . 7 ) .  Positive t itre control 

s era all had growth inhibit ing act ivity . Pre-inoculat ion negative 

t itre sera from ten j uveniles that were susceptible to experimental 

infect ion wi th baZcanica all failed to inhibit the growth of 

l eptospires .  Preinoculation , negat ive t itre sera from three of f ive 

j uveniles that were insusceptible to experimental infect ion with 

baZcanica (60%) had growth inhibit ing act ivity . 

The durat ion of the growth inhibt ing activity of sera from two 

j uvenil�s in which maternally-derived antibody titres had fallen 

to undetectable levels  is shown in Table  8 . 8 .  Growth inhibiting 

activity persisted in one femal e  j uvenile for six weeks and one male 

j uvenile for four weeks . 

I t  i s  shown in Chapter IX that the t ransient serological response 

t o  experiment al baZcanica infection of possum E2-5 (Chapter VI I)  was 

due to ant ibodies of the IgM c lass only.  Sub sequent , negative-t itre 

serum samples taken from this animal at two week intervals had no 

growth inhibiting activity .  



Tabl e 8 . 6  : 

Weight ( g) 

< 40 

4 0  - 1 10 

1 1 1  - 4 30  

4 31  - 720  

7 2 1 - 900 

90 1 -1 100 

1 1 0 1  - 1 300 

1 3 0 1  - 1 500 

* 

Prevalence of  baZcanica t itres and GMT 's o f  sera from possums from different age-groups* 

Age (days ) No . tested No . Seropo sitive Prevalence GMT of positive s era 

< 80 7 4 5 n  1 : 9 5  

8 1  - 1 1 0 1 6  8 50% 1 : 8 7 

1 1 1  - 150 15 7 - 4 7 %  1 : 64 

1 5 1 - 1 30 1 2  4 33%  1 : 6 7  

1 8 1  - 190  10  . 4 40% 1 : 48  

- 14  3 2 1 %  1 : 76 

- 1 6  2 1 3% 1 : 4 8  

- 14  2 1 4 %  1 : 34 

age determined from nomogram of  I.yne and Verhagen ( 195 7)  

N 

0 
0 
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Figure 8 . 2 .  Growth curve o f  j uvenile possums* , and prevalence 

o f  ba lcanica titres in dif f erent age-groups .  

* g�owth cu1�e calcula ted f rom the nomogram cons tructed 
by Lyne and Verhagen ( 1 957 ) . 
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Figure 8 . 3 .  
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Experimen tal animal studies 

Balcanica infect ion was not transmitted to j uvenile possums 

caged with lept ospiruric dams . The serological and cultural results 

from serial serum and urine samples from dams and j oeys are given 

in Table 8 . 9 .  Balcanica was recovered by kidney culture from one 

dam at the t erminat ion of the experiment . Kidney cultures from 

j uveniles were negative . 

DIS CUSSION 

The prevalence o f  baZcanica infection in possums inhab it ing 

dif ferent ecosystems showed considerable variat ion , however there 

was no apparent association between the different environmental 

cond it ions in each ecosys tem and the prevalenc_e of infection in a 

population . Of particular interest was the high prevalence o f  

inf ection i n  possums inhab it ing coastal seafaces . Of the environments 

investigated , these were cons idered to be the most unfavourable for 

the survival of  leptospires out side the host . In contrast ,  possums 

inhabiting deep forest ecosystems had cons iderably lower prevalences 

o f  infection , and the populat ion at Haungatanh.;rha �ms negative . These 

environments were considered favourable for the survival o f  l eptospires 

out side the host . 

I t  i s  apparent that the low pH of  soil types that predominate 

in New Zealand does not affect  the prevalence of ba lcanica infec tion 

in po ssums , or the prevalence of other serovars in maintenance host 

species . Soil pH ' s ranged frnm 5 . 5  to 6 . 0  in this study , yet the 

p revalence of infect ioD was high in the maj ority of populat ions 

sampled . Hellstrom ( 1 97 8 )  demons trated that pomona can survive for 

at least 42 days in low pH ( 5 . 5 ) Manawatu soils . I t  is  well 

estab lished that the in vitro survival of leptospires is a f fected 

by  the physical properties , moisture content and pH of  soil 

(Okazaki and Ringen , 195 7 ;  Van der Hoeden , 1958) . However , the 

importance o f  the relative survival t ime out side the hos t  in the 

epidemiology of leptospirosis  in a maintenance host populat ion is 
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Table 8 . 7  Growth inhib iting activity o f  sera from j uvenile possums 

No . Wgt ( g) Suscepib il it y  t o  
G . I .  activ i ty 

o f  :.:!!i:ra Score for leptospiral 
growth* exp t l .  infection No . prevalence 

10 <900 NT 2 20% 1 ,  2 

10 > 1 200 NT 0 0 
10 mixed + 0 0 

5 mixed 3 60% 1 , 2 , 2 

* see text . Score recorded for each serum w i th growth 
inhib it in g  act ivity . 

Table 8 . 8 . Durat ion o f  growth inhibiting act ivity ( GIA) in 

serum samples from two j uvenile possums held in 

Age (days) 
1 80 * 1 9 4  208 222 2 3 6  

Possum Ti tre** 1 : 12 0 0 0 0 
1 .  GIA(score) +( 1)  + ( 1 )  +(2) +(2) 

Age (days) 
1 10* 1 24 1 38 152 166 

Possum Titre 1 : 12 0 0 0 0 
2 .  GIA (score) + ( 1 )  + ( 2 )  +(2) 

serial 

capt ivity. 

* Age at b eginning o f  experiment calculated f rom nomogram o f  Lyne 
and Verhagen ( 1 957 ) 

** 
see t ext . 



Table 8 . 9  : 

t it re 

Dam 1 1 : 1 9 2  

Joey 1 1 :  2 4  

Dam 2 1 : 76 8  

Joey 2 0 

S erological and cultural results from adult female possums and j oeys maintained in captivity 

for six months . 

Sept ember November January March 

lepto- titre lepto- t itre lepto- titre lepto- kidney 
sp iruria spiruria sp iruria spiruia culture 

+ 1 : 1 9 2  + 1 :  9 6  + 1 : 96 + + 
- 1 :  24 - 0 - 0 

I 

+ 1 : 384 + 1 : 1 9 2  - 1 : 192 
- 0 - 0 - 0 

N 
0 
V1 
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not known . Associat ions between soil characteristics and prevalence 

of  leptospiral infect ion in a part icular species have been established 

by some workers (Masaev , 1960 ; Twigg et aZ� 1969 ; Kingscote , 1 9 70) , 

whereas others have been unable to estab lish such associat ions ( Twigg 

et aZ� 1 968) . Soils at Makara and Pukerua Bay contained high 

c oncentrations of NaCl , cons idered to be detrimental t o  the survival 

o f  leptospires , yet these environments supported possum populations 

with the highest recorded prevalences of baZcanica infection . 

Although considered unlikely , the ab sence of endemic 

infect ion in possums from Maungataniwha might , in part , be associated 

with part icular environmental condit ions affecting the survival of 

leptospires out side of  the host . It  was found that the forest

pasture boundary sample f rom Pakaututu had a significnat ly lower 

prevalence of infec tion than samples from other forest-pas ture 

b oundary ecosystems . Pakaututu is located in the same geographical 

area as Maungataniwha and the rhyolitic pumice soils of both 

locations are derived from the same base material . 

Differences in rainfall and vegetat ion in the various 

e co systems did not appear to be associated with dif ferences in 

prevalence of infec t ion . Rainfall would not be expected to be  a 

l imiting factor in the environmental survival of l eptospires in 

the ecosystems under study , except perhaps on exposed and wind

dessicated coastal seafaces . High and similar prevalences of 

infection were found in populations inhabiting ecosystems in which 

the vegetat ion varied from virgin broadleaf-podocarp forest t o  

pasture grasses . 

Subj ect ive e s t imate s  of the relat ive abundance of  all 

populations sampled were either moderate or high .  If populat ion 

density was the only determinant of the prevalence of baZcanica 

infect ion in a populat ion , i t  would be expected that all populat ions 

sampled would have had a moderate or high prevalence of infection . 

This was not the case in possums inhabiting deep forest ecosystems 

at Maungataniwha and Akatarawa . No endemic baZcanica inf�ction 
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o ccurred at  Maungataniwha and the prevalence of infect ion in  possums 

from Akatarawa was signi f icant ly lower than prevalences in pastora l  

and coastal seaface populat ions . 

It  can be concluded that the prevalence of baZcanica infection 

in adult possums inhab iting different ecosystems has multiple 

det erminants . There were cons iderab ly greater dispa r it ies in 

the prevalences of infection in the populat ions described in this 

Chapter than those occurring in pastoral populations investigated 

in Chapters IV and VI . Environmental factors affecting the 

survival of leptospires were not apparent ly associat ed with the 

epidemiology of the disease . 

A generalisat ion drawn from the present epidemiological 

stud ies was that high prevalences of infection occurred in pas ture 

and forest-pasture boundary populat ions of moderate or high 

populat ion dens ity , whereas the prevalence of infect ion in deep 

forest populat ions was considerab ly lower or absent . The lower 

prevalences of infect ion in forest possums were independent of 

population density.  There are essent ial dif ferences in the 

behaviour of possum populat ions inhab iting farmland and those 

inhab iting forest , and these have been reviewed in Chapter II . 

Populations inhabiting pastoral enviroments cover much greater 

areas than forest possums to utilise a wide var iety of seasonally

available �oods . Due to the limited availab ility of shelter on 

farml and , concentrations of animals  tend to occur in small areas 

and nesting s ites are more l ikely to be shared . It has also been 

found that the reproduct ive efficiency of pasture possums is higher 

than forest possums , and two breed ing seasons may be recorded in 

some d istrict s .  In forest environment s ,  only one breeding season 

occurs each year , and breeding success is often poor with high 

j uveni le mortality rates . Some females do not breed until  their 

f ifth yea r .  All these factors result in a higher degree o f  

contact between individuals i n  pastoral populations that that which 

o ccurs in forest population s . If transmission of baZcanica is by 

direct contact ra ther than via the envir.onment,this may be the 
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explanat ion for the higher p revalence of infect ion found in pastoral 

possum populations than forest possum populat ions . 

The absence of  infect ion in the possum population at 

Maungataniwha does not seemingly support the hypothesis that populat ion 

factors are a maj or determinant of the prevalence of baLcanica 

infection in a populat ion . 

I t  must be considered , however ,  that baLcanica may have never 

b een int roduced to possums inhabiting this area . The locat ion f rom 

whi ch pos sums were taken in the Waiau River Valley is geographically 

isolated by high ranges on both s ides and is 20 km from the nearest 

forest-pasture boundary . The area is believed to have b een co lonised 

by  the progeny of possums l iberated at Lake Waikaremoana at the turn 

of the century (Pracy , 1 9 6 2 ) , which spread south through the Urewera 

Nat ional Park without contacting other populat ions . As such , the 

lfuungataniwha populat ion b e came es tablished in isolat ion . There 

are several examples of  geographically-isolated populat ions , 

especially on islands , b e ing free of  leptospirosis when the same 

species in o ther regions have endemic infect ion (Borg-Pet ersen and 

Fennestad , 1956 ; Twigg et  al �  1968 ; McCaughey and Fairlie , 1 9 7 1 ;  

Brockie , 1 9 7 5 ) . 

A theoret ical possib il ity for the lack of  infect ion in 

possums frcm Maungataniwha was that of  genetic  resistance . 

This  phenomenon has been described in a sub-species of  Apodemus 

agrarius ( Chernukha et al�  1 9 75) . This possib i l ity was d iscounted 

by the successful exper imental  infection of two of three l ive

captured adults from Maungataniwha . 

The d i f ferences in age-specific serological prevalence o f  

baLcanica infection that were found in pastoral possum population s  

were a lso found i n  possums inhabit ing other eco systems . The abs ence 

o f  inf ect ion in j uvenile animals o f  an endemically-infected 

populat ion indicates that they are either insusceptible  ( immune 

resistance) o r  are not challenged with the infectious agent until  

sexually mat ure .  
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The investigat ion of  maternally-derived ant ibodie s revealed that 40% 

of j uveniles still  had titres at 1 8 1  to 1 9 0  days of  age . 

The long durat ion of detectable level s  of maternally-derived 

antibodies in j uvenile possums is  not seen in eutherian mammal s .  

Kal lai  et aZ  ( 1 96 2 )  reported that titres persis ted in laboratory rat s 

for 32 days and Birnbaum et aZ ( 1 9 74 )  found the detectable level s  of  

maternally-derived ant ibodies in  mice persisted for  70 days . All 

calves with maternally-derived hardjo titres in a study conducted by 

Hellstrom ( 1 9 78) were sero-negat ive at 1 9 0  days and there was a 

signif icant regression o f  level of  ti tre on age . 

The persistence of s ignificant levels  of maternally-derived 

antibodies in j uvenile possums for long periods may be  a function of  

the  phys io logy of  this marsupial . Yadav ( 1 9 7 1 )  demonstrated that 

immunoglobulins of the IgG class were absorbed across  the gut wal l  

f o r  periods o f  up to 145 days of  age . In eutherian mammals , the 

ability to absorb immunoglobul ins from colost rum is lost within a 

few days of birth ( Porter , 1 9 7 2 ) . 

It  is  generally accepted that the pre sence of  maternally-derived 

ant ibodies in the sera of j uvenile animals protects them from infect ion 

and this was borne out by the experimental infection studies described 

in Chap ter VII .  Maternally-derived t itres were still  present in a 

small proportion of j uveniles of  1 90 to 250 days of age . The very 

low prevalence of baZcanica t itres found in j uvenile animals collected 

during epidemiological surveys were attributed to these  persistent 

t it res . 

It has been demonstrated that negative t itre sera taken from 

bovinesvaccinated with leptospiral bacterins four months previously 

contain leptospiral growth inhibi t ing activity (Tripathy et aZ . , 1 9 7 3 ; 

1 9 75 ) . Growth inhibiting activity persisted in sera from j uveniles , 

in which maternally-derived antibody t itres had fallen to undetectable  

l eve l s , for  up to six  weeks . 
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Growth inhibi t ing activity was also demonstrated in sera from 

three of five j uveniles that were  insusceptible to experimental 

infection , whereas sera from j uveniles susceptible to  experimental 

infection had no growth inhibit ing activity .  The growth inhibiting 

activity of  sera therefore appears t o  extend , for limited periods , 

the protect ion afforded by mat ernal ant ibodies . Protect ion was due 

to ant ibodies of the IgG class ( see fract ionation of j uvenile sera in 

Chapter IX) , but was not afforded by ant ibodies of the IgM class 

that were produced following experimental infection in a j uvenile 

possum . 

Seronegative j uvenile possums ma intained in capt ivity with 

leptospiruric dams failed to become infected . This was in spite of  

the fact that maternally-derived ant ibody levels had decreased to  

non-detectable levels . 

These findings provide the b asis of an important concept in the 

epidemiology of balcanica infect i on in possums . Juvenile animals , 

fully susceptible to infection for several months after the loss of  

maternally-derived passive prote c t ion , do not become infected until 

the onset o f  sexual maturit y .  The absence of infect ion in sexually

immature animals has been described in a variety of maint enance host 

species ( Ferris et al� 196 1 ;  Gordon-Smith et  al� 1 9 6 1 c : Ka llai et al� 

196 2 ; Wolf  and Bohlander , 1 9 6 5 )  and is also described in a laboratory 

mouse experimental model in Chapter XV . I t  is probable that the 

presence of infection in sexually mature animals  is due to changes in 

b ehaviour , following the onset o f  s exual maturity , that facilitate 

transmission . This transmission may or may not be dependant on coitus . 

Vene real transmission of  leptospirosis has b een experimentally 

demonstrated in bovines (Sleight and Williams , 196 1 )  and rabb its 

(Kiktenko et al�  19 76 ) and many workers have suggested that the 

age-specific differences in p revalence of infection in maintenance 

hos t  species are the result of  t ransmission being dependent on the 

venereal route (Gordon - Smith et al�  196 1 c ; Kal lai et a l� 1962 ; 

Trainer et al� 1963 ; Kemenes and Szeky ,  1 96 6 ;  Twigg et al� 1 968) . 



I t  is  demonstrated in Chaptver XV however ,  that transmission in 

laboratory mi ce , although dependant on sexual maturity , is not 
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dependant on coitus . BaZ lum was transmitted between female pairs o f  

sexually-mature mice as wel l  as between d i fferent-sex pairs o f  s exually

mature mice . 

In a maintenance host populat ion , the dependance of  transmission 

on sexual maturity provides circumstantial evidence for �he greater 

importance of  transmission bj direct contact rather than indirectly 

via the environment .  I f  transmission is via the environment , it  would 

be expected that fully susceptible , j uvenile possums would have the 

s ame opportunity for becoming infected as sexual ly-mature animals . I f  

t ransmiss ion is dependant on behavioural changes that occur after the 

onset of sexual matur it y ,  this would indicate that direct contact is 

probably the most important route of infect ion . 

The hypothesis formulated from the invest igations described in 

this chapter is that the most important mode o f  t ransmis sion o f  

balcanica in possums is that o f  d irect contact . Thus populat ion 

dynamics will have a great er e ffect on the prevalence of balcanica 

infection in a populat ion than environmental conditions favouring the 

survival of leptospires . 

SUMMARY AND CONCLUSIONS 

1 .  Balcanica infect ion was endemic in possum populat ions inhab i t ing 

deep forest , forest-pasture boundary and coastal seaface 

ecosystems . 

2 .  The prevalence of  infec t ion did not appear to b e  associated with 

particular environmental  c onditions of  different ecosystems . 

3 .  Populat ions inhabi t ing deep forest had a lower prevalence o f  infection 

than those inhabit ing other ecosystems . This may be due to the 

part icular populat ion dynamics of deep forest populat ions . 
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4 .  Endemic infection was not present in possuills from ��ungataniwha . 

The possibility that this was due to geographical isolat ion is 

discussed . 

5 .  Maternally-derived ant ibody titres were still  present in 40% of 

sera from j uveniles aged from 181 to 190 days . 

6 .  Leptospiral growth inhibiting act ivity was present in j uvenile 

sera for up t o  six weeks after maternally-derived antibody t itres 

had fallen to undetectable levels . This act ivity was associated 

with resist ance to experimental infect ion . 

7 .  The fact that infect ion is confined t o  sexually-mature animals , 

even though j uvenile animals in which passive protect ion has 

waned are fully susceptible to infect ion , is attribut ed to 

t ransmis sion being dependant on behavioural changes that fol low 

the onset of sexual maturity . 

8 .  I t  is  considered that the dependance of  infect ion on sexual 

maturity provides c ircumstant ial evidence of t �ansmis s ion by 

direct contact being more i�portant than indirect environmental 

transmission in the maint enance of a high prevalence of infect ion . 



CHAPTER IX 

THE U21UNOLOGICAL RESPONSE OF POS Sm�S TO 

LEPTOSPIRAL INFECTION 

. INTRODUCTION 
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The MAT is the test  most frequently used to detect a sero

logical response to lep tospiral infection (Turner ,  1968) . 

Agglutination tests can detect as little as 0 . 0 1  pg antibody n:_trogen/ 

m1 o f  serum , a sensitivity that .compares favourably with that for 

o ther serological tests (Barret t , 1 9 7 8 ) . 

In previous chapters , possums were shown to p roduce high levels 

of agglutinins following baZcanica infect ion . Thi s serological 

response pers isted for at  least 13  months in experimentally -infected 

animals . It was also noted that a consistent paradoxical react ion 

to hardjo occurred in possums infected with baZcanica . 

Although the classes of  immunoglobulins involved in the sero

lo gical response to leptospiral infect ion in possums have not been 

invest igated previously , these have been charac terised in other 

species . IgM ( 19 S )  ant ibody is generally the first immunoglobul in 

to be synthes ised (Pike et  aZ3 1965 ; Pike , 1 967 ; Graves and Faine , 

1 9 70 ; Morris and Hussaini , 19 7 4 ) . Synthes is of  IgG ( 7S )  antibody 

follows , resulting in a mixed populat ion o f  IgM and IgG ant ibodies 

in serum .  A dec line in the IgM concent ration and an increase in IgG 

results in the latter immunoglobulin being predominant in sera from 

convales cent animals (Graves and Faine , 1 9 70 ; Crawford , 1 9 72 ; Chang 

and Faine , 19 74) . 

The temporal aspects o f  the t ransition from IgM to IgG have 

b een the subj ect of several invest igat ions and result s  from differen t  

species have been variable . Crawford ( 1 9 7 2 )  reported that following 

an initial IgM response , I gG ant ibodies were first detected on day 2 3  

p o s t  inoculat ion (p . i . )  i n  s era from guinea p igs infected with 

serovar kennewicki . By day 40 p .  i .  , 60% of  the antibody activity was of 

fue lgG c lass . Pike et a Z ( 1 965)  infected rabb its  with sejroe and 
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foun d  that 83% o f  a�t ibocij activity a t  day 4 4  p . i .  was attributable 

to IgG . In contrast , Rocker and Bauer ( 1965)  repeatedly inoculated 

rabbits  with biflexa and found that the predominant antibody act ivity 

remained in the lgM clas s .  Graves and Faine ( 19 70)  also repeatedly 

inoculated a rabb it with biflexa . At 2 16 days p . i . , 33% of  activity 

was attributable to !gM.  

Chernukcha et al ( 19 7 6 )  conducted an extensive survey of  humans 

infected with a variety of serovars . Peak IgM and IgG ant ibody levels  

were reached at  four weeks and three weeks p . i . respectively . During 

the f irst week o f  infect ion , the main ant ibody activity was of the IgM 

class ; but 8% of patients had IgG ant ibo dies . Thus in some patients 

IgM and IgG were synthesised s imultaneously . These workers also 

found a wide variation in the class of  immunoglobul ins cont ribut ing 

to the serological response to lep tospiral infect ion , with some 

pat ients demonstrating only an IgM response and some demonstrat ing 

only an IgG response . 

Despite the disparities both within and between species , it i s  

apparent that the maj ority of antibody activity i n  sera i n  the early 

stages of leptospiral in fection is due to IgM. This immunoglobulin 

is a more efficient agglutinat ing ant ibody than either IgG or IgA. 

It has b een reported that only 25 molecules of IgM are required for 

50% erythrocyte agglut ination , compared with more than 19000 IgG 

molecules (Barrett , 1 9 78 ) . As t ime after infection increases , the 

agglut inating activity of IgG antibody b ecomes an impo rtant part 

of the s erological response to infect ion . This class of ant ibody 

appears to have a greater spec ificity than does IgM ( Chang and Faine , 

1 9 74) . 

This chapter describes the immunoglobulin classes of  antibodies 

involved in the serological response of  possums to infection with 

balcanica . It also describes an investigation of  the paradoxical 

reaction t o  hardjo that i s  observed in possums infected with balcanica. 

Experimentally-infected animals p rovided an opportunity to charact erise 

the long-term changes in antibody clas s and naturally-infected possums 

and artificially-immunised rabbits  provided comparative data . As 

marsupials are a phyletic l ine  s eparate from eutherian mammals , sera 

from pouched-young and j uveniles were also invest igated to detennine 

the class o f  antibody involved in the pass ive transfer of immunoglobulins 

f rom dam to offspring . 
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MATERIALS AND METHODS 

Ser�m samples 

Sera for fract ionat ion were obta ined from pos sums naturally and 

experimentally infected with balcanica . S ix ,  randomly-selected sera 

from j uveniles with maternally-de rived agglutinins and s ix sera 

from natural ly-infected adults were fract ionated . The approximate 

age of  j uvenile possums (Table 9 . 1 )  was determined from the g rowth 

curve constructed by Lyne and Verhagen ( 195 7 ) . 

Table 9 . 1 Approximate age o f  j uvenile possums from which 

serum was obtained for f ractionation . 

Animal i denti f ication Age ( days ) 

J2 05 

J254 

J2 1 1  

J 1 1 7  

J256 

100 

1 10 

40 

180 

145 

As field studies of  possums were l imited to cross-sectional 

sampling , the characterisat ion of the agglutination response to 

balcanica infect ion was carried out us ing sera from experimentally

infected animals . Representat ive samp les for fract ionation were 

obtained from the s ix possums that were infected in Experiment 4 of 

Chapter VII . These animals were monitored  for thirteen months 

follo�ing inoculation .  Sera were also fract ionated from possums from 

Experiment 2 o f  Chapter VII .  For comparat ive purposes , balcanica and 

hardjo ant isera p ro duced in rabbits were also f ractionated . 

Column chromatography 

a 
Sera were fract ionated by gel fntration using Sephadex G200 • The 

Fine Chemica ls AB ,  Uppsala,  Sweden . 
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buffer used for e lution ( 0 . 85% NaCl buffered to pH 7 . 4  with 0 . 05M 

phosphate  buf fer ) contained 0 . 02% sodium az ide . (Buffer preparat ion 

is described in Appendix V ) . Fifteen grams of Scphadex G200 in one 
0 

l i t re of  buffer were swollen at 4 C fo r three days . The gel was 

t rans ferred to a one lit r e  measuring cylinder , mixed gently , and 

l e ft to settle for 15 minutes . Fines were removed using a vacuum 

pump . The vo lume was made up to a litre and the procedure repeated . 

The swollen gel was then t rans ferred to a s ide-arm flask , 100 mls 

o f  buffer added , and degassed under a vacuum of 700 mm Hg for 

t en minutes . 

The co lumn was poured using a s lurry consisting of  two parts 

of gel to one part of buf fer . A reservoir a attached to the top 

of the 75 cm x 2 . 5  cm column enabled packing of the column to b e  

achieved in one operat i on .  Operating pressure during packing o f  the 

column was maintained at a constant pressure head of five cm o f  

buffer .  

One ml aliquots of  s era were fract ionate d .  200  n1g o f  sucro se 

were dissolved in each s ample which was then layered on the top 

of the column . Columns were operated at room temperature under a 

constant pressure head ranging from 5 to 15  cm of buffer . The 

flow rate was maintained at app roximately 20 mls/hour . The elut ion 

p rofile was monitored at an optical dens i ty of 280 nm and recorded 

graphically using an automated ISCO
b 

system .  Fract ions o f  six mls 

volume were collected in an automated ISCO fract ion collecto r .  

Serology 

The d il ut ion system used in the }�T to determine the agglutinat ing 

activity of fractions was a modification of that described for whole 

serum in Chapter Ill . 25  pl o f  saline were dispensed into all wells  

of  a microt itre plate except the firs t  row . The wells  in the first 

row were filled with 50 JUl of  the fractions to be tested , and doubl ing 

dilutions were carried out down the plate using the 25 �1 dilutor heads . 

As one ml o f  se rum was fract ionated and s ix ml fractions were collected . 

fractions were 1 : 6 dilut ions . Add it ion of  ant igen produced a final 

b Golden Retriever Model , ISCO , P . O .  Box 534 7 ,  Lincoln , 
Nebraska 68505 , U . S . A .  



fraction dilution o f  1 : 1 2 in the first row of the microtitre plat e ,  

1 : 24 in the second etc . , down t o  1 : 1536 . 

Fractions were randomised in microt it re plates so as to exclude 

any bias in reading . All fract ions , together with whole sera , were 

tes ted against balcanica and hardjo s imult aneously .  Tit res were 
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read as previously des cribed although "hal f-t i tres " were also included 

in the results (Tab le 9 . 2 ) .  The agglut inat ing activity of the 

f ractions was recorded as the reciprocal of the t itre ,  �ounded to 

the nearest ten units . The agglutinat ing activity of  all fract ions 

under each peak of the elut ion profile were aggregated and the 

a c t ivities in p eak I and peak II were expressed as a percentage o f  

total agglut inat ing activit y .  The rat io o f  the agglut inat ing 

activity in peak I to that in peak I I  was also calculated.  

Immunoelect rophoresis (IEP)  

IEP was used  to analyse the distribution of  immunoglobulins in 

eluted fractions . Glass  s lides measuring 10  x 9 cm were layered 

with 1% Ionagar
d 

dissolved in 0 . 5% sodium barb ital buffer , pH 8 . 6  

(Appendix V )  containing 0 . 02% sodium azide . Plates were left at 4° C 
for 24 hours to set . Troughs measuring 6 x 0 . 5  cm and wells  with 

a 0 . 5  cm diameter were cut at 1 . 0  cm cent res in each plate . Agar 

plugs were removed from the wells . 

The wells were charged with antigen and each plate was sub j ected 

to 1 00 v and 1 5  mill iamps ( 10 volts / cm) for three hours . Agar was 

then removed from the t roughs which were then filled with appropriate 

ant iserum and the p lates left at room temperature for 24 hours . 

Precipitin lines were stained using amidoblack , followed by washing 

wit h a solut ion of acetic acid , methano l and water (5 : 5 : 1 ) for 

three  ' ·to seven days . 

The ant igens used consisted of •pooled and concentrated fractions 

from peaks I ,  II and III  of  the elut ion p ro files of  fractionated sera . 

Pooled fractions from each peak were concentrated by dialys is against 

polyethylene glycol (H.W . 20 , 000 ) . Rabb it anti-possum IgH and IgG 

d
Difco Labora to ries , Detro i t ,  Michigan , U . S . A .  



Table 9 . 2  Agglutinating acit ivity o f  column chromatography 

f ract ions rounded to the nearest ten units .  

Fract ion 
d ilution no . 

1 

2 

3 

4 

5 

6 

7 

MAT reading * 

0 . 5 

1 

1 . 5  

2 

2 . 5  

3 

3 . 5  

4 

4 . 5  

5 

5 . 5  

6 

6 . 5  

7 

Agglut inating activity 

10 

10 

20 

20 

30 

50 

70 

100 

130 

190 

270 

380 

540 

770  

* end point 50% agglutination-lvsis 

2 18 



antisera were kindly supplied by Mr P .  Ramadas s ,  Departatent of  

Veterinary Pathology and Public Heal th , Mas sey University . 

RESULTS 
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Gel filtra tion o f  possum sera o n  Sephadex G200 columns regularly 

resulted in a three peak elution profile . Peak I was contained in the 

f irs t five to six fractions tha t were collected . Peak 1 1  was contained 

in the follo,_-ring e igh t to nine fractions . Peak Ill '11as contained in the 

las t  eight to nine fractions making up the elu tion profile . Anti

leptospiral IgM ( 1 9S)  antibodies are contained in the firs t peak eluted 

on Sephadex G200 columns and IgG ( 7 S )  ant ibodies are contained in the 

s econd peak (Butle r ,  1 9 69 ;  Yadav ,  1 9 7 1 ;  Duncan et aZ , 1 97 2 ;  Chang and 

Faine , 1 9 74 ) . To confirm the identity of the immunoglobulins contained 

in the frac tions under each peak of the e lution profile , frac tions 

making up peaks I ,  II and Ill  were pooled ,  concentrated and submi t ted 

to IEP (Plate 9 . 1 . ) .  

Precip i t in l ines produced by IEP of concen tra ted Peak I f rac tions 

and rabbit anti-possum IgM serum demonstra ted that IgM was elu ted in 

the first p eak . No precipitin lines were formed when Peak I was run 

agains t rabb it anti-pos sum IgG, therefore no IgG was eluted in the first 

p e ak .  A strong precip i tin reac tion was p roduced by IEP of concentrated 

p eak II frac tions and rabb i t  anti-pos sum IgG and this demonstra ted 

that IgG was eluted in the second peak . There was also a s light 

p recipitation rea ction between concentrated Peak II  f rac tions and 

rabbit anti-possum IgM .  This was probab ly due t o  smal l amounts of  

monomeric IgM (M . W .  160  to  1 70 , 000) being e luted in  the s econd peak . 

I t  i s  unlikely tha t  this monomeric IgM con tributed to the antibody 

a c t ivity of peak II fractions . Fractiona ted,  high ti tre baZcanica 

s er a ,  in which high levels of IgM agglutinating ac tivity were 

demons trated , had no ac tivity in IgG fracti ons ( Tables 9 . 5  and 9 . 6 ) . 

No p re cipitin l ines were produced by concentrated p eak Ill  fractions 

run in IEP agains t rabbit  anti-po ssum IgM or rabbit anti-possum IgG . 

Although the IEP identification of immunoglobulin classes carried 

out in this s tudy did no t exclude the poss ibility of  IgA being eluted 

in the second peak with IgG , it  is  unlikely that antibodies of  this 

cla s s  would have contributed s ignificantly to the agglutinating activi ty 

of P eak II fract ions . IgA has been found to be present only in low 



Plate 9 . 1 :  Immunoelectrophoret ic react ion of  
concent rat ed gel filtration fractions 
of possum serum with rabbit  ant i-possum IgM 
and IgG 
P l  peak I 
P2 = peak I I  

Ant i IgM 
Anti IgG 

rabb it anti-possum IgM 
rabbit ant i-possum IgG 
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concentrations i n  mammalian s era (Duncan e t  al , 1 9 7 2 ;  Barre t t ,  1 9 7 8) . 

Balcanica agglut inins in sera from possums naturally infected 

with this serovar were found to be o f  both the IgM and I gG class 

(Table 9 . 3 ) .  I gM ant ibodies contributed from 28% to 53% of the 

a gglut inating activity in different s era , whereas I gG ant ibodies 

cont ributed from 47 to 72% . Hardjo agglut inins in possums 

n aturally in fected with balcanica were also found in both the IgM 

and IgG classes . The agglutinat ing activity of  ba lcanica and hardjo 

ant ibodies of the IgG class was s imilar . However the activity of  

hardjo ant ibodies of the IgM class  was considerably higher than 

that of balcanica ant ibodies of the IgM class in the same sera . 

Fract ionation of  serum from pouched-young and j uvenile possums 

demonstrated that pas sive t rans fer of immunoglobulins from the dam 

was limited to antibodies o f  the 7 S  ( IgG) class in all but one 

animal (Tab le 9 . 4 ) . Joey 256 ( 1 45 days of age ) had 8% of  ba lcanica 

a gglut inat ing act ivity in the I gM class . IgM antibody was not 

det ected in fractionated s era of Joeys 254 and 2 1 1 ,  both of which 

were younger than Joey 256 . 

Balcanica and hardjo IgG ant ibodies in fract ionated sera from 

pouched-young and j uvenile possums had s imilar agglut inat ing activity 

( Figure 9 . 1 ) and titres to these ant igens in whole sera were wi thin one 

s erum dilut ion of each othe r .  This was in contrast  t o  the s ituation 

in balcanica-infected adult possums , where hardjo t itres in whole 

s era were , in general , � two serum dilution s highe r  than balcanica 

t it res ( Chapter VI and VII ) . 

Serial serum samples from s ix possums experimentally infected 

with balcanica were fract ionated and the class and relative 

a gglutinating activity of balcanica and hardjo ant ibodies involved 

in the s ero logical response were monitored for twelve months (Tables  

9 . 5  to 9 . 1 1 ) .  Whole serum t itres in  these animals have been p rev

iously shown in Figure 7 . 8 .  

On day 15  p . i . , ba lcanica and hardjo agglutinins were restricted 

to the I gM class (Tab le 9 . 5 ) .  Homologous balcanica agglutinins had 

considerably less activ ity than heterologous hardjo agglutinins . Thi s  



Table 9 . 3 .  

Frac tion 
Number 

I 1 
2 
3 
4 
5 
6 

II  1 
2 
3 
4 
5 
6 
7 
8 
9 

I II 1 
2 
3 
4 
5 
6 
7 
8 
9 

Whol e  
s erum 
P eak I 
Peak II  
To tal 
% I 
% II  
I : I I  

Dis tr ibution o f  balcanica and hardjo agglutinins 

in frac tionated sera from adult possums . 

B 

1 0  
30 

lOO 
50 
50 
20 

20 
20 
50 
50 
50 
20 
20 
20 
10  

380  
260 
260 
520 
50% 
50% 
1 

Animal Identification 

EID A123  

H B H 

30 1 0 20 
190 30 lOO 
380 50 190  
380 50 100 
lOO 20 20 
50 10 

20 10 10  
50 10 20 

100 50 50 
50 50 1 0  
20 10  1 0  
20 10 
20 
10 
10 

1540 380 770  
1 1 30 1 60 440 
300 140 lOO 

1430 300 540 
79% 53% 8 1 %  
2 1% 47%  19%  
3 . 8  1 . 1  4 . 3 

B balcanica 

H = hardjo 

B 

20 
50 

100 
20 
20 
20 

20 
50 
50 

100 
1 00 
100 
lOO 
50 
20 

20 
1 0  
1 0  

7 7 0  
230 
590 
8 20 
28% 
7 2% 
0 . 4  

254 Al l6 

H B H 

l OO 
380 1 0  
770 20 50 
190 10  10  
lOO  
100 

50 
190 10  10  
100 20  20  
190  20  1 0 
190 10  10  
lOO 10  
100 

20 
50 

20 
10  
10  

3070 50 100 
1640  30 70  
990 60 60 

2630 90 130 
62% 33% 54% 
38% 67%  46%  
1 . 6  0 . 5  1 . 2  

222  

W88 

B H 

1 0  20 

10 10 
1 0  1 0  

2 0  50 
1 0  20 
20 40 
30 60 

33% 33% 
67% 67% 
0 . 5 0 . 5 



Tab le 9 . 4 .  Dist� ibution o f  balcanica and hardjo agglutinins in 

fractionated sera from j uvenile possums . 

Fraction 
Animal Id en tif ica tion 
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Number J205 J254 J 2 1 1  J l l 7  J256 

B 

I 1 
2 
3 
4 
5 
6 

I I  1 1 0  
2 20 
3 50 
4 1 00 
5 50  
6 30  
7 30 
8 10  
9 

I l l  1 
2 
3 
4 
5 
6 
7 
8 
9 

Whol e  
s e rum 380 
P eak I 0 
P eak I I  300 
Total 300 
% I 0 
% II 100% 

H B H 

10  20 20 
20 20 20 
50 70 30  
70 50 50 
50 50 50 
20 20 20 
20 1 0  
1 0  

380 190  380 
0 0 0 

250 240 190 
250 240 190  

0 0 0 
100% 100% 100% 

B balcanica 

H = hardjo 

B H B H B H 

20 20 

20 

20 1 0  1 0  20 50 
50 50 30 20 l OO l OO 

1 30 l OO 10  190  1 90  
100 1 30 100 l OO 
l OO lOO 50 l OO 
50 50 20 20 
20 50 20 
10  10  10  
10  

1 0  10  

380 7 70  50 20 380 380 
0 0 0 0 40 20 

490 4 10 50 20 490 580 
490 4 10 50 20 530 600 

0 0 0 0 8% 30f 
10 

100% 100% 1 00% 1 00% 9 2% 9 7 %  



F igure 9 . 1 .  

J 205 

J 2 54 

254 

Peak I Pea k 1 1  Pea k I l l  

m bolcanico 
0 hordjo 

Distribution of balcanica and hardjo agglu tinins in 

fractiona ted s era f rom Joey 205,  Joey 254 and the 

dam of Joey 254 . 
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paradoxical reac t ion was seen in peak I fractions f rom all possum 

s e ra . Whole serum titres also showed a paradoxical react ion to 

hardjo . Hardjo t itres were from two to four serum d ilut ions higher 

t han balcanica t itres for the same serum.  

Similar results were ob s erved on day 28 p . i .  ( Table 9 . 6 ) .  

Balcanica and hardjo agglut inins were restricted to the !gM class 

and a paradoxical hardjo reac t ion was p re sent in peak I fract ions 

and whole sera . 

Synthes is of  antibodies of  the IgG class was first detected 

on day 60 p . i . (Table 9 . 7 ) .  Agglut inat ing activity was present 

in Peak 1 1  o f  the elut ion p ro file of fract ionated serum from three 

of six  possums (50%) . 18 to 33% of the balcanica agglutinat ing 

a c t ivity at this time was due to IgG . A paradoxical reaction to 

hardjo occurred only in fract ions containing !gM ant ibody . This 

resulted in hardjo ant ibodies of  the IgG class cont ributing only 

8 to 1 1% of the total agglut inating activity for hardjo . The 

t rend of a highe r percentage of  balcanica than hardjo agglutinat ing 

a c t ivity in the same serum sample residing in the I gG class was 

c on t inued for the durat ion o f  the experiment . 
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By day 120  p . i . , IgG  ant ibody was p resent in  fractionated serum 

f rom all possums (Tab le 9 . 8 ) .  From 50 to 62%  o f  balcanica agglutinating 

act ivity was attributable to IgG . Balcanica and hardjo agglut inins 

o f  the I gG c lass had s imilar activity . Hardjo ant ibodies of the IgM 

class  had greater activity than did balcanica IgM agglutinins . 

Thi s  t rend was cont inued in fract ionated sera collected on days 

2 1 0  and 2 70 p . i .  (Tables 9 . 9  and 9 . 10) . By day 360 p . i . , from 56 to 

89%  o f  balcanica agglut inat ing activity was att ributable to IgG ; 1 1  

t o  44% b eing attributable to IgM .  Due to the paradoxical reaction 

still  apparent in hardjo agglut inins of the ! gM clas s , the percentage 

o f  hardjo agglut inat ing act ivity attributable to I gG (44% to 8 1%)  

was lower than that for  balcanica . 

The t ransit ion of  balcanica and hardjo agglut inins from the 

!gM to the I gG class with increasing t ime after inoculation is 



Table 9 . 5 .  

Frac tion 

Dis tribu tion o f  balcanica and hardjo agglutinins 

on day 1 5  p . i .  in fractiona ted s era from po ssums 

experimentally infected with ba Zcanica. 

Animal Identif ica tion 
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Number E4-2 E4-4 E4-5 E4-.6 E4-7 E4-8 

B H B 

I 1 10  20 
2 10  30 50  
3 50 lOO 130 
4 70 190  380  
5 50 50 l OO 
6 10 20 20 

I I  1 
2 
3 
4 
5 
6 
7 
8 
9 

I I I  1 
2 
3 
4 1 0  20 
5 
6 
7 
8 
9 

Whol e  
s erum 190 7 70 7 70 
Peak I 190  400 700 
P eak II -
Total 1 90 400 700 
% I 1 00% 1 00% 100% 
% II 0 0 0 
I : I I  

B = balcanica 

H = hardjo 

H B 

70 1 0  
1 90 50 
380 lOO 
7 70 50 
190  20 
100 

20* 
10 

1 0 
1 0 

1 0  

6 140 190  
1 700 230 

20 
1 720 230 
100% 100% 

0 0 

H B H B H B 

20 1 0  20 20 30 10 
lOO 130 380 50 190  50 
380 270 1 540 130 300 100 
380 380 7 70 70 190  50  
lOO  1 30 7 70 20 50 30 
20 30 1 90 

30 * 50* 

10  
1 0  20 

1 540 770  1 2  290 1 90  1 540 100 
960 950 3670 290 840 240 

960 950 3670 290 840 240 
l OO% 100% 100% 100% 100% 100% 

0 0 0 0 0 0 

* tail activity from Peak I no t 
included in analys is 

H 

10  
50 

190 
70 

100 
30 

7 70 
450 

450 
100% 

0 



Table 9 . 6 .  

Fraction 

Distribution of balcanica and har��o agglu�inins 

on day 28 p . i .  in fractiona ted sera from pos sums 

experimentally inf ec ted with balcanica .  

Animal Identification 
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Numb er E4-2 E4-4 E4-5 E4-6 E4-7 E4-8 

I 1 
2 
3 
4 
5 
6 

I I  1 
2 
3 
4 
5 
6 
7 
8 
9 

Ill  1 
2 
3 
4 
5 
6 
7 
8 
9 

Whole 
s erum 
Peak I 
Peak II 
Total 
% I 
% II  
I I I  

B 

50 
1 00 

20 
10  

100 
180 

180 
100% 

0 

B = 

H 

H B H B 

20 50 
100 50 190  20  
38 0 70  380 30 
100 10 380 20 
30 1 0  100 
1 0  

20* 

7 70 1 90  1 540  50 
640 140 1 1 00 70 

640 140  1 100  70  
1 00% 100% 100% 100% 

0 0 0 0 

balcanica 

hardjo 

H B H B H B 

20 30 100 NT NT 
50 100 380 " " 10 

100 100 7 70 " " 20 
7 0  50 190  " " 20 
20 30 190 " " 10  

30  

" " 

" " 

" " 
" " 
1 1  " 
" " 
" " 

" " 

" " 
" " 

" " 

" " 

" " 
" " 
" " 

1 90 190  1 540 1 70 7 70 1 00 
260 3 10 1 660 NT NT 60 

" " 

260 3 10  1 660 " " 60 
100% 100% 100% " " 1 00% 

0 0 0 " " 0 
" " 

* tail a ctivity from Peak I not 
included in analys is . 

H 

50 
70 
50 
20 

380 
190  

1 90  
100% 

0 



Table 9 . 7 .  Distribut ion of baZcanica and hardjo agglutinins 

on day 60 p . i . in fractiona ted sera from possums 

experimentally infec ted with baZcanica . 

Fra c t ion 
Animal Identif ica tion 

Number E4-2 E4-4 E4-S E4-6 E4-7 

B H B H B H B H B H 

I 1 20 10 so 20 
2 10 l OO 10 so 1 0  30 20 lOO 20 lOO 
3 so 1 90 30 l OO 20 lOO so 380 70 1 30 
4 so 1 30  20 1 30 10  so 20 190 so so 
s 10 lOO  70 10  10  100 10 10 
6 30 20 30 

II  1 1 0  10  
2 10 10 1 0  1 0  
3 1 0  so 1 0 20 
4 1 0  
s 1 0  
6 
7 
8 
9 

Ill 1 
2 
3 
4 
5 
6 
7 
8 
9 

Whol e  
Serum 190 1 S40 100 380 50 100 1 90  7 70 1 9 0  380 
Peak I 1 20 S 7 0  60 370 50  200 9 0  8SO l SO  3 1 0  
Peak I I  1 0  10  20  70 30 40 
Total 1 20 5 70 70 3 70 50 200 1 10 9 20 180  350  
% I 1 00% 1 00% 86% 100% 100% 100% 82% 92% 83% 8 9 %  
% I I  0 0 14% 0 0 0 18% 8% 1 7 %  1 1% 
I : I I  6 4 . 6  1 1 . 5 4 . 9  8 .  1 
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E4-8 

B H 

10 20 
30  s o  
20  30 

1 0  10  
1 0  
1 0  

1 00 1. 90 
60 100 
30 10 
90 1 10 

67%  9 1% 
33% 9% 

2 1 0  



Tabl e  9 .  8 .  Distribution of ba lcanica and hardjo agglutinins 

on day 1 20 p . i . in frac tionated sera from possums 

experimentally infected with balcanica. 

Frac tion 
Number 

I 1 
2 
3 
4 
5 
6 

I I  1 
2 
3 
4 
5 
6 
7 
8 
9 

Ill  1 
2 
3 
4 
5 
6 
7 
8 
9 

Whole 
serum 
Peak I 
Peak II  
Total 
% I 
% I I  
I : I I  

E4-2 E4-4 

B H B H 

30 
10 20  20  20  
20  50 50 1 90 
20 50 30 100 

50  10 50  
1 0 20 20 

1 0  
1 0  1 0  1 0  20 
10 20 20 20 
20 30 50 50 
20 20 30 50 
10 1 0  20 20 

10 10 
10 

10 

lOO 380 100 770  
60 1 90 1 1 0  4 10 
70 100 1 50 1 70  

1 30 290 260 580 
46% 66% 42% 7 1 % 
54% 34%  58% 29% 
0.  9 1 . 9  0 . 9 2 . 5  

B = balcanica 

H hardjo 

Animal I dentification 

E4-5 E4-.6 E4-7 

B H B H B H 

NT NT 1 0  1 0  10  
1 1  1 1  1 0  50 20 50 
1 1  1 1  50 100 1 0  5 0  
1 1  1 1  20 50 10 30 
1 1  1 1  20 30 1 0  
11  1 1  10  

1 1  1 0  1 0  
1 1  1 0  20 1 0  1 0  
1 1  20 30 1 0  1 0  
1 1  20 50 20 20  
1 1  20  20 1 0  10  
1 1  10  20  10  

1 1  1 1  10  10  
1 1  1 1  1 0  
1 1  1 1  

1 1  1 1  
If 1 1  
1 1  1 1  
I f  1 1  
I f  1 1  
1 1  1 1  
" " 
1 1  1 1  
" 1 1  

NT NT 1 90  7 70 190  190  
1 1  1 1  1 00 250 50 150  
1 1  1 1  100 1 60 7 0  5 0  
1 1  1 1  200 4 10 1 20 200 
1 1  1 1  50% 6 1 %  4 2 %  75%  
1 1  " 50% 39% 58% 25% 
I f  1 1  1 1 . 6  0 . 7 3 
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E4-8 

B H 

10  
20 20 
20 50 
10 30 
10  20 

1 0  

1 0 
20 
20 10  
10  20 
1 0  20 
10 10 
10 
10 

100 3 80 
60 140 

lOO 60 
1 60 200 
38% 70% 
62% 30% 
0 . 6  2 . 3 



Table 9 . 9 .  Dis tribution of  balcanica and hardjo agg lutinins on 

day 210  p . i .  in fractionated sera from pos sums 

experimentally inf ected with balcanica . 

Animal 
Fraction 
Number 

I 1 
2 
3 
4 
5 
6 

I I  1 
2 
3 
4 
5 
6 
7 
8 
9 

I l l  1 
2 
3 
4 
5 
6 
7 
8 
9 

Whol e  
serum 
Peak I 
Peak! I 
To tal 
% I 
% I I  
I :  I I  

E4-2 E4-4 E4-5 

B H B H B H 

1 0  1 0  10  10 
30 s o  10 20 10  30 
20 so 10 20 10  s o  
20 30 1 1)  20 1 0  20 
20 20 10 10  

10 10  10 10 
20 10  10 20 
30 20 10 10 10  10  
so 30 20 20 10  20  
20 10  20 20 1 0  20 
20 10 10 10  20 20 

10  1 0 10  1 0  
10  

190  380 190 380 lOO 380 
90 1 60 40 80 30 1 20  

1 50 90 90 100 60 90 
2 40 250 130 180 90 2 1 0  
3 8% 64% 3 1% 44% 33% 57%  
6 2% 36%  69%  56% 6 7% 43% 
0 . 6  1 . 8  0 . 5  0 . 8  0 . 5  1 . 3 

B = balcanica 

H = hardjo 

Identif ication 

E4-6 E4- 7  E4-8 

B H B H B H 

20 10  
30  100 1 0  20 20 so 
30 100 20 so 20 100 
20 so 1 0  s o  10  so 

10  20 10 
10  

10  
so so 10 - 1 0  
s o  100 10 10 so 30 

1 30 100 20 so 1 00 so 
70 so 10 20 20 
20 20 10 10 10 10 
30 -

380 380 lOO 380 1 00 380 
80 280 40 1 60 s o  2 10  

350  330 so 80 1 80 120  
4 30 6 10 90 240 230 330 
19% 46% 44% 6 7% 22% 64% 
8 1 %  54% 56% 33% 78%  36% 
0 . 2  0 . 9  0 . 8  2 0 . 3  1 . 8  

230 



Table 9. 10 .  

Frac tion 

Dis tributio� of baZcanica and hardjo agglutinins 

on day 270  p . i .  in fractionated sera f rom possums 

experimentally infec ted with baZcanica . 

Animal Identification 

Nwnber E4-2 E4-4 E4-5 E4-6 E4-7 

B 

I 1 10  
2 
3 20 
4 20 
5 
6 

I I  1 
2 10  
3 50 
4 50 
5 20 
6 20 
7 10  
8 
9 

Ill  1 
2 
3 
4 
5 
6 
7 
8 
9 

Whole 
serum 100 
Peak I 50 
Peak I I  1 60 
To tal 2 10 
% I 24% 
% Il  7 6% 
I : II  0 . 3  

H B H 

20 10 50 
70 20 1 00 
50 10 20 
20 1 0  

20 10  
20  10  1 0  
5 0  100 50 
50 50 30 
30  1 0  1 0  

1 0  

390 100 390 
1 60 40 180  
1 60 190 1 10 
320 230 290 
50% 1 7% 62% 
50% 83% 38% 

1 0 . 2 1 . 6  

B ba Zcanica 

H = hardjo 

B H B H B H 

20 1 0  30 1 0  
20 5 0  2 0  50 10  50  
20 30 10 30 10  30 

1 0  1 0  1 0  1 0  

1 0  1 0  50 20 
20 20  1 30 100 1 0  1 0  
20 20 50 20 20 1 0  

2 0  50 10 1 0  1 0  
30 20 1 0  1 0  10  10 
30 10 
10 1 0  

50 190  190  1 90  50 380 
60 100 30 1 20 30 100 

1 20  l lO 290 160 50 40 
180  2 1 0  320 280 80 140  
33% 48% 9% 43% 33% 7 1 % 
6 7%  52% 9 1 %  57% 62% 29% 
0 . 5  0 . 9  0 . 1 0 . 8  0 . 6 2 . 4  

2 3 1  

E4-8 

B H 

10 
10 20 
10 20 
1 0 10 

50 20 
50 20 
10  10 

190 190 
30 60 

1 10 50 
140 1 10 
2 1% ss�; 
79% 4 5,; 
0 . 3 1 . 2 



Tab le 9 . 1 1 . 

Frac tion 

Dis tribution of baZcanica and hardjo agg lutinins 

on day 360 p . i .  in f rac tionated sera f rom possums 

experimentally infec ted wi th baZcanica. 

Animal Identification 

Number  E4-2 E4-4 E4-5 E4-6 E4-7 

B 

I 1 
2 10 
3 20 
4 20 
5 
6 

I I  1 10  
2 10  
3 20 
4 30 
5 30 
6 10 
7 1 0 
8 
9 

III  1 
2 
3 
4 
5 
6 
7 
8 
9 

Whol e  
serum 100 
P eak I 50 
Peak I I  120 
To tal 1 70 
% I 29% 
% I I  7 1% 
I : .II 0. 4 

H B H 

NT NT 
20 1 1  1 1  

50 1 1  1 1  

50 1 1  1 1  

20 1 1  " 

" " 

" 1 1  

1 0  1 1  1 1  

20 1 1  1 1  

20 1 1  1 1  

30 1 1  1 1  

1 0  1 1  1 1  

20 1 1  1 1  
1 1  1 1  
1 1  1 1  

1 1  1 1  
1 1  1 1  
1 1  1 1  

1 1  1 1  
1 1  1 1  

1 1  1 1  
1 1  1 1  
1 1  1 1  
1 1  1 1  

1 90 1 90 380 
140 NT NT 
1 1 0 1 1  1 1  

250 1 1  1 1  

5 6% 1 1  1 1  

44%  1 1  " 

1 . 3  1 1  1 1  

B = baZcanica 

H = hardjo 

B H B H B H 

1 0  30 
1 0  2 0  50 1 0  30 

10 30 1 0  30 20 50 
1 0  2 0  10  1 0  10 
1 0 1 0  

1 0  20 20 1 0  1 0  
5 0  3 0  50 30 10 20 
50 30 so 50 20 20 
20 50 10 20 1 0  20 
50 20 10 1 0  1 0  
20 1 0  1 0  

l O O  190  1 00 190  50  1 90  
30  70 4 0  1 20 40 90 

1 9 0  1 5 0  1 50 1 30 50 80 
220  2 20 1 90  250 90 1 70 
14%  32%  2 1 %  48% 44% 53% 
86%  68% 79% 52% 5 6% 47% 
0 . 2  0 . 5  0 . 3 0 . 9  0 . 8 1 . 1  

232 

E4-8 

B H 

10  20 
10 20 

10 

20 
50 100 
50 70  
30 20 
20 10 
10  

100 190 
20 50 

1 60 220 
180 270 
1 1% 1 9%  
89% 8 1% 
0 . 1 0 . 2  
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expressed as a mesn percentage distribution in Figure 9 . 2 .  More than 

50% o f  baZcanica agglutina ting ac t iv ity was a ttr ibutable  to IgG by 

day 1 20 p . i . This level was not  reached by hardjo IgG agglutinins 

unt i l  day 360 p . i . There  was a rapid trans ition of the maj ority o f  

baZcanica agglutinatine activ i ty f rom the IgM t o  the I g G  antibody 

c la s s  between days 60 and 1 20 p . i . The dis tribu tion s tabilised 

af ter  this time and , from day 1 20 to day 360 p . i . , the per centage 

increase in ba Zcanica agglutina ting activity a t tributable to IgG 

relat ive to IgM antibody was 20% . 

The mean d is tr ibu t ion of baZcanica and hardjo agglutinins in 

elu t ion pro f iles of frac tiona ted sera from exper imentally-infec ted 

pos sums (Table 9 . 1 2 .  and Figure 9 . 3 . )  demons trates the persistent 

paradoxical agglu tinating ac tiv ity of hardjo antibodies of the IgM 

cla s s .  This r eaction was no t present  in hardjo antibodies of the IgG 

class ,  even when relatively high levels of IgG were present in 

fractionated s era from possums that had been infected for more than 

s ix months . 

Changes in the mean agglutinating ac t ivity of IgM and IgG 

ant ib odies with increas ing time a f ter inoculation are shown in 

Figure 9 . 4 .  Peak IgM levels were recorded on day 15 p . i . and then 

f el l  rapidly . The relat ive d ecrease in agglutinating activity of IgM 

ant ib od ies after day 120  p . i .  was much less than that immedia tely 

following the attainment of peak levels . The agglutinating a ctiv i ty 

of IgG ar, tibodies increased g radually af ter day 60 p . i .  and then 

s tabilised . The mean ac t ivity of baZcanica IgG antibodies was higher 

than the heterologous activi ty of hardjo IgG antibodies . There was 

li ttle change af ter peak levels  were reached . 

Fractiona tion of ba Zcanica antisera produced in rabb its did no t 

reveal a paradoxical reaction to hardjo in the agglutinating activ i ty of 

IgM antibodies (Table 9 . 13 . ) .  The agglutinating activ i ty o f  baZcanica 

and hardjo antibodies o f  both the IgM and IgG c lass was higher against 

homologous than heterologous antigen . A s imilar situation was observed 

in whole serum from rabb its  inocula ted with baZcanica and hardjo . 
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Figure 9 . 2 .  Mean percentage distribut ion and s tandard errors o f  balcanica and hardjo 

agglutina t ing antibodies of  the IgM and IgG class in exper imen tally infec ted 
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Table 9 . 1 2 .  Nean distr ibu tion o f  baZcanica and r.ardjo agglutinins 

in fractionated s era from experimentally-infected 

possums .  

Days post-inoculation 
Fractio 
Number day 15 day 28 day 60 day 1 20 day 210 d ay 270  day 360 

p . i .  p .  i .  P · i .  P · i .  P · i .  p . i .  P · i .  

B H B H B H B H B H B H B H 

I 1 1 0 30 10  30 20  10  10 1 0  1 0  
2 50 1 9 0  50 1 30 1 0  70 20 30 20 50 10 30 1 0  3 0  
3 27 0  380 70 380 50 1 9 0  3 0  l OO 20 70 20 50 1 0  3 0  
4 1 9 0  380 20 1 30 3 0  l OO 20 50 1 0  30 1 0  20 1 0  20 
5 50 1 90 1 0  7 0  1 0  5 0  1 0  30 1 0  1 0  1 0  
6 1 0  7 0  2 0  30 10  

II  1 1 0  10  20 10 10 10 
2 1 0  1 0  1 0  20  20 20 30 30 30 30 
3 1 0  1 0  20 20 30 30 50 30 30 30 
4 20  30  50  50 30 20 20 30 
5 20 20 20 20 1 0  1 0  20 20 
6 1 0  1 0 20 10 1 0  - 1 0  -
7 1 0  - 1 0 - 1 0  1 0  
8 1 0  -
9 

Ill  1 
2 
3 
4 
5 
6 
7 
8 
9 

Peak I 580 1 240 1 60 7 60 l O O  460  80 230 50 1 70 5 0  1 20 30 90 
P eakii - 1 0  2 0  2 0  1 00 1 00 1 50 140 1 60 1 1 0 1 20 1 20 

B = baZcanica 

H = hardjo 
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day 15 p.i. 

day 28 p.i .  

day 60 p. i. 

day 120 p. i. 

day 2 1 0  p.i .  

day 270 p. i. 

doy 360 p.i. 

Peak I Peak 11 Peak I l l  

� balcanica 
D hardjo 
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Figure 9 � 3 . Mean dis tribution of balcanica and hardjo agglutinins 

in frac tionated s era f rom experimentally infected 

possums . 
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Figure 9 . 4 .  
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Fractiona tion of a random selec tion o f  sera f rom pos sums 

experimentally infected wi th ba lcanica in Experiment 2 of Chapter VII 

produced s imila� results to thos e  descr ibed . Of special interest  was 

the serum collec ted from pos sum E2 . 5  two weeks p . i .  This wa s the only 

serum sample  f rom this animal that had a balcanica titre , ye t 

leptospires were recovered by kidney culture 10 weeks a f ter inoculation . 

Thi s  short-lived serological  response was f ound to be due solely to 

I gM antibod ies . 

DISCUSS ION 

The present s tudy showed tha t antibodies present in the sera 

of pos sums na turally infec ted with balcanica were of bo th the IgM and 

IgG clas ses . Thus the serological response to infection in pos sums 

involves similar immunoglobulins to those described for eutherian 

mammals and chickens (Uhr , 1 964 ) . It has been reported tha t antib odies 

of the IgM class predominate in the agglutina ting activity of anti

lep tosp iral sera (Hartmann et a l� 1 964 ;  Rocker and Bauer , 1965) , 

however, most workers report a transition f rom predominantly IgM to 

predominantly IgG antibodies within a few weeks of sera -convers ion 

(Pike et al� 1 965 ; Crawford , 1 9 7 2 ;  Chang and Faine , 1 9 74 ;  Chernukha 

et a l� 1 9 76 ) . This transi t ion was also seen in po ssums . 

The MAT detec ted agglutinating ac tivity in gel filtration

der ived frac tions c onta ining IgH and IgG . It has been claimed by 

some workers that the MAT measures only IgH activi ty in sera from 

animals with leptospiral infec tion (Hanson et  al� 1 9 7 2 ;  Hanson , 1 9 7 6 ;  

1 9 7 7 ) . This c laim was not supported ei ther b y  this inves tiga tion or 

by those r elating to a variety of o ther spe c ies  (Graves and Faine , 

1 9 7 0 ;  Negi et al� 1 97 1 ;  Crawford, 1 9 7 2 ;  Chernukha et al� 1 9 7 6 ) . 

}� ternally-derived antibodies in sera f rom pouched-young and 

j uvenile possums were o f  the IgG class . The transmission and per s istence 

of passively-derived ma ternal antibodies has b een d is cussed in Chap ter 

XII I� Yadav ( 19 7 1 )  found tha t milk from female quokka (ano ther 

Aus tralian marsupial)  contained only IgG antibodies . I t  was also 

f ound that column chromatography-derived IgM ad�inis tered to pouched 



Table  9 . 1 3 .  

Frac tion 
Number 

I 1 
2 
3 
4 
5 
6 
7 

II  1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  

Ill 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  

Who l e  
serum 

Distribut ion o f  ba lcanica and hardjo agglutinins 

in frac tionated balcanica and hardjo antis era . 

Rabbit anti-
balcanica 

B H 

130 20 
130 50 
190 lOO 
380 100  
380 7 0  
380 100 
270 7 0  

100 50 
380 lOO 
380 7 0  
770 lOO 

1 540 100  
1 540  190  
1 540 1 9 0  

770 1 9 0  
380 lOO 
190  lOO 

70 3 0  
50 2 0  
20 

20 20 
20 

1 2290 3070 

B = balcanica 

H hardjo 

Rabb it  anti-
hardjo 

B H 

50  1 30 
100 100 
1 00 27 0  
130  380 
1 00 1 30 

70 lOO 

1 9 0  2 7 0  
1 9 0  1 9 0  
190 380 
190  380 
380 380 
190  2 7 0  
100 1 9 0  

7 0  7 0  
5 0  3 0  
2 0  20  

20  

3070 6 1 40 

2 39 
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young quokka was no t absorbed across the gut wall . This may also be 

the situ ation in possums . Passive transmiss ion of ma terna l  IgM to 

off spring in colos trum occurs in bovines (Por ter , 1 97 2 ;  McGuire et  aZ� 

1 9 7 6 )  and p igs (Locke et aZ� 19 64) . It  does no t occur in humans 

( Smith ,  1 960) or rats (Morris ,  1 967) . 

Frac t ionation o f  serial serum samples from possums experimentally 

infec ted with baZcanica d emons trated that the initial sero log1cal 

response to inf ec tion involved only IgM antibodies . IgG antibodi�s 

were f ir s t  detec ted on day 60 p . i . , when 50% of pos sums had trace 

amounts of agglutinating ac tivity in Peak II  of  Sephadex G200 elution 

profiles . By day 1 20 p . i . , 50 to 62% of ba Zcanica agglutina ting 

ac tivity was attribu table to IgG and this increased to 56 to 89% by 

d ay 360 p . i .  This trans i tion f rom IgM to IgG followed the same pattern 

but was c onsiderably slower than tha t des cr ibed in o ther species . 

Uhr ( 1 964)  reported tha t IgG antibodies were detec ted within seven days 

of seroconver sion in guinea pigs , and IgG was the predomina ting 

antibody class by day 40 . Pike et  aZ  ( 1 96 5 )  f ound a t  44 days tha t  

8 3% of  the agglutinating activity i n  rabb it  sera was attributable to 

IgG . Hells trom ( 1 97 8 )  infec ted calves with hardjo and by 42 days p . i . , 

60%  of the agglutinating activity in sera was due to IgG . Similar 

results were reported by Crawford ( 1 9 7 2 )  in rabbits . The late 

appearance of  IgG and the slow transition from a predominant ly IgM 

to a predominantly IgG antibody response in pos sum sera is therefore 

an obvious dif f erence between the serolog ical response of  this 

marsup ial and that of euther ian mammals . 

I t is possible tha t the delayed trans ition of  IgM to IgG 

antibodies in possums infected with baZcanica may have been partly 

due to the serovar involved . Chernukha e t  a Z  ( 19 7 6 )  reported tha t  

I g G  ant ibodies were no t d e tected i n  sera from humans infec ted with 

leptospires of the Hebdomadis s erogroup until  30 days after infection 

took p lace . In comparison, the synthesis o f  IgG antibodies in humans 

inf ected with lep tosp ires of the Grippotyphosa serogroup occurred 

within two to four days of the appearance of IgM antibodies . 
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Chernukha e t  a l  ( 1 9 7 6 )  also found that the antibody response in 

some humans involved only IgM or only IgG antibodies . This varia tion was 

no t found in possum sera .  The class dis tribution and persis tence o f  

balcanica agglutinins were similar i n  a l l  animals . 

All fractiona ted sera and whole sera were tested agains t hardjo as 

wel l  as balcanica. The cons is tent paradoxical ·  reac tion to hardjo tha t 

o ccurred in whole sera was a ttributable to a higher level of heterologous 

IgH agglut ina t ing activi ty agains t hardjo than the level of homologous 

!gM activity agains t ba lcanica. The occurrence of  a paradoxical hardjo 

reaction was independent o f  both the concentra tion of  IgM relative to 

I gG and the time a f ter seroconversion . IgG agglutinins in balcanica

infec ted pos sums had similar activity for hardjo as fo r ba lcanica. This 

s imilar agglut inating activity was a lso apparent in sera from j uveniles 

that con tained passively-derived IgG antibod ies . 

The occurrence o f  paradoxical reac tions to a variety of  serovars 

has been reported previously (Als ton and Broom, 1 958 ; Menges et al� 

1 9 60 ;  Roth et a l� 1 9 6 3 ;  Minette and Shaffer,  1 968) , however no 

explanation as to the immuno logical basis o f  these reactions has been 

proposed . A possib i li ty that the p aradoxical reaction to hardjo in 

possums infected with balcanica may in par t be due to the poor 

immunogenicity of balcanica was sugges ted in Chapter VI . Fractionation 

s tudies demons trated tha t the decrease in the s t rength of the paradoxical 

hardjo reaction in who le s erum with increasing t ime af t er seroconvers ion 

(Figure 7 . 8 . )  was due to a decrease in the ratio of IgH : IgG .  The 

d ependance of paradoxical reac tions on immunog lobulins of  the IgM 

class was also reported by Chernukha e t  al ( 19 7 6 ) . These  workers 

f ound that  7% o f  humans with leptosp irosis had paradoxical reactions 

to heterologous antigens before the appearance of homologous agglutinins 

was detected . Af ter the appearance o f  homologous agg lu tinins in the 

f irst  11 days of infec tion , 44 of 2 25 patients  ( 20%) had paradoxical 

reactions to heterologous antigens . These inter-group paradoxical 

reactions were attr ibuted exclus ively to IgM antibodies . It is note

worthy tha t paradoxical IgM antibody reactions in pos sums o ccurred only 

with an ant igen of the same serogroup as the infec ting serovar . No 

t i tres were recorded agains t antig ens of o ther s erogroups . 
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Paradoxical reac tions were no t seen in rabbits ar tifically 

immunised with balcanica and hardjo , or  in sheep and cattle  experimentally 

infected with balcanica and hardjo (unpubl i shed data ) . Thus this 

immunological phenomenon appears to be restric ted to balcanica 

infection in possums only . 

The c onsistent occurrence of  paradoxical hardjo reactions 

resulted in higher IgM : IgG ra tios for hardjo than ba lcanica agglu tinins 

a t  all s tages of exper imental inf ec tions . The mean percentages of 

IgM and IgG antibody activi ty in sera one year af ter inoculation were 

24 % and 76% for balcanica and 42% and 58% for hardjo . The only o ther 

s tudy that  has monitored the change in IgM : IgG ratios for a year 

f o llowing s eroconvers ion was carried out by Hells trom ( 1 9 7 8 )  who 

found that the trans ition of hardjo antibodies from IgM to IgG in 

b ovines inf ec ted with this serovar was comp lete in s ome animals  one 

year af ter seroconvers ion . Hells trom ( 1 9 7 8 )  also f ound tha t a nunilier 

o f  sera from adult cows c ontained only IgG agg lutinins . In experimental 

possums , s ignif icant propor tions of  IgM ant ibodies rema ined in sera 

collected one year af ter inoculation with ba lcanica . The s low rate 

of decrease in IgM agglutinating ac tivity f rom day 2 1 0  p . i .  to day 

360 p . i .  indicates tha t  this clas s of antibody is synthesised for 

long per iods in the pos sum. It  has been suggested that a persis tent 

I gM response is rela ted to the continuing presence o f  antigen in the 

hos t (Uhr , 1 9 64) . This does no t appear to b e  the c as e  in pos sums . Only 

thr ee of six animals ( 50%) were bac teriologically-positive at the 

t ermination of the experiment ,  yet all animals had persis tent IgM 

agglutinating activity . 

SUMMARY AND CONCLUS IONS 

1 .  Balcanica agglutinins in possums ei ther natural ly or experimentally 

infected wi th this serovar are o f  both the IgM and IgG clas s . 

2 .  Maternal ly-derived antibodies in sera o f  pouched-young and 

juvenil e  possums a re of the 7 S (IgG) clas s . 

3 .  The ini tial immune response to infec tion with balcanica 

involved antibodies o f  the IgM class only . 



4 .  The transition o f  the predominant agglutinating ac tivity in 

pos sum sera from antibodies of the IgM class to ant ibodies o f  

the I gG c lass was s lower than that described for eutherian 

mammals . 

5 .  S ignificant proport ions of agglutinating ac tiv ity were s till 

attributable to IgM antibodies one year a f ter sero convers ion. 

IgM may be synthesised in pos sums , independently o f  antigenic 

s t imulation ,for considerable periods . 

6 .  A consistent paradoxical reac tion to hardjo occurred in sera 

from pos sums infec ted with balcanica. Fractionation of sera 

showed that this paradoxical agglutinating activity was due to 

IgM antibodies . 

7 .  Equivalent  cro ss-rea c t ions between hardjo and ba lcanica , but 

no paradoxical react ions ,were observed in serum f rac tions 

conta ining antibodies of the IgG c lass . 

2 4 3  



CHAPTER X 

AN IN VITRO TEST FOR THE DIFFERENTIATION OF SEROVARS BALCANICA AND 

HARDJO . 

INTRODUCTION 
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Balcanica and hardjo3 , the only Hebdomadis serogroup leptospires 

known to be present in New Zealand , are antigenically s imilar and 

it has been shown in other chapters that infection with either o f  

these serovars cannot be d i fferent iated sero logically . At present , 

the only means of d i fferentiat ing between balcanica and hardjo 

isolates is by cross- agglut inat ion absorpt ion , a tedious and 

t ime-consuming procedure tha t is performed in reference laboratories . 

As any epidemiological investigation o f  Hebdomadis serogroup 

infections in animals  and man in New Zealand requires that balcanica 

and hardjo isolates be differentiated , a s imple in vitro test for 

this purpose would be of great benefit . 

At tempts to develop an in vitro test were based on the b iochemical 

activit ies of  baZcanica and hardjo isolates , as biological methods 

( inoculat ion of  laboratory animals)  gave inconsistent results . The 

possibil i t ies of  classification o f  the leptospires by b iochemical 

methods are limited ( Anon , 1 9 6 7) ,  al though some differences have 

been shown between serovars (Russe ll, 1956 ; Ellinghausen and Sandvik , 

1 9 6 5 ; S ta lheim, 1 9 7 1 ; Mohn , 1 9 76 ) . A maj o r  prob lem is the 

incons istent nature o f  the b iochemical ac t ivity of different s trains 

of the same serovar (Faine , 1960 ; Kmety and Bakoss , 1 96 1 ;  S talhei.m , 

1 9 7 1 ) . �fuile initial attempts in the present s tudy to dif ferent iate 

balcanica and hardjo by means of catalase ( Faine , 1960)  DNAse 

(Liven , 1 9 75 )  or tributyrinase activity (Ellinghausen and Sandvik , 

1 9 6 5 )  were unsuccessful , an inve s t igation o f  the haemolytic activity 

of  the two serovars gave p romising results . A variety of s erovars 

have been inves tigated for haemo lytic activity (Russell, 1 95 6 ; 

Kmety and Bakoss , 1 96 1 ;  Kasarov , 1 9 70)  and the mos t  consistent 

results have been found with serovar pomona. 



MATERIALS AND METHODS 

Organisms 

The balcanica isolates used in the haemolytic test  had been 

recently isolated from possums and were maintained by weekly 

sub culture in l iquid EMJH . The bovine hardjo isolates had been 

recently isolated from cattle . The human hardjo isolate (NHI 

2 / 30 9 )  had been maintained in l iquid EMJH by serial subculturing 

for two years . A recent isolate of pomona from a pig was used 

as a positive control and baZ Zum, . a non-haemolyti c  serovar 

(Russell , 1 9 5 6 ) , was used as a negative control . 

All the isolates used in the haemolytic test were serially 

subcultured s imultaneously and periodically checked for bacterial 

contamination . Only cul tures of s imilar density were used in 

each experiment .  

Blood Agar Plates 

Blood was collected from humans (blood group ' O ' ) ,  cattle and 

sheep by venepuncture into EDTA blood-collec t ing tubesa . Possums 

and hams ters were bled by cardiac puncture . A plasma sample from 

each donor was tested against balanica, hardjo, pomona, bal lum, 

tarassovi and copenhageni by the MAT . Blood was s tored at 4°C 

and was discarded if not used within three weeks of  collection . 

Red blood cells (RBC ' s ) were washed three times in sterile , 

phosphate buf fered , 0 . 85 %  sal ine ( 1  : 4  v/v) and the packed cells 

were then resuspended in sterile saline to give a 50% v/v 

suspension . Blood agar plates were made by pouring 10  mls of a 

5 %  v/v suspension of RBC ' s  in blood agar base b onto 1 0  mls of 

agar salt bas e .  Blood agar plates using unwashed RBC ' s  ( 10% v/v) 

a
Vacutainer , Becton-Dickenson and Co . ,  U . S . A.  

bB . B . L . , Division of Becton - Dickenson and Co . ,  U . S . A. 
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were prepared in a s imilar manner . Eigh t  or ten wells  were made iu 

each p late using a s terile cork borer with an eight mm diameter . 

Plates that  were not used with in three weeks of preparation were 

discarded . 

Plate haemolyt ic test 

Each well was loaded with 0 . 75 �1 of  culture us ing a graduated 

automa t ic p ipette fitted with a s t erile , disposable t ip c . A 

media control was included in all plates . Plates were incubated at 

30 °C for 7 2  hours in sealed containers . Shorter incubation times 

resulted in a lesser degree of haemolysis and longer incubation 

t imes resulted in irregular zones of haemolysis . 

Zones of  haemolysis  were measured with a Leitz measuring 

magnifier d The measurement ( to the nearest 0 . 1 mm) was taken 

from the edge of the well to the edge of the zone of comp lete 

haemolysis . A small , outer zone of  d iffuse haemolysis was 

occasionally seen but was not included in the test measurement . 

Tube haemolytic test 

The s ix or seven day cultures  in l iquid EMJH med ia tha t were 

used for the tube haemolytic test were made isotonic by the 

addition of 0 . 42 mls of 10% NaCl to f ive mls of culture . One m1 
of iso tonic culture and one ml of  5%  washed human RBC ' s  were 

incubated at 37°C for 18 hours in sterile tubes . The RBC ' s  were 

dispensed with a Cornwall  syringe and two replicates of each 

culture were tested . An osmotic haemolysate (one m1 of 5 %  RBC ' s  

and one ml of sterile distilled water) and a medium control (one 

ml of  5% RBC ' s  and one ml of i sotonic medium) were incubated with 

each series of isolates tested . 

c
Gilson , Arnouville Les Goness e ,  France 

dErnst Leitz , GMBH , Wetz lar , Germany 



After incubat ion , all suspensions were diluted 1 : 1  with saline 

and the optical density (O .D ) was read at 540 nm . TI1e spec tro

pho t ometer e was zeroed for 100% transmittance with a blank of an 

equal volume of sterile saline and medium 

Prepara tion o f  culture supernatants 
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Culture supernatants from two baZcanica strains (T78 and MUl ) 

and two hardjo s trains ( 2 / 309 and 543)  were tested for haemolytic 

activity in the plate tes t . One litre of each strain was gro\m to 

a d ensity of approximately 10
8 

leptospires /ml in a 3 . 5  litre flask . 

The cultures were centrifuged a t  20 , 000 G for 30 minutes and the 

supernatants harvested and precipitated with (NH4 ) 2so4 (45 to 50% 

satura t ion) at 4°C .  The precipitate was centrifuged a t  4000 G 

for ten minutes and dissolved in 0 . 85% NaCl to 1/ 10 o f  the original 

volume . The solut ion was then successively dialysed against tap 
0 

water , distilled water and physiological saline at  4 C ,  before 

being concentrated ten-fold by d ialys is against polyethylene 

glycol (M . W .  20 , 000) . 

A s imilar volume of  uninoculated medium was subj ected to the 

same precipitation and dialysis procedures . The test for 

haemolytic activity of culture supernatants was performed in the 

same way as described for l ive cul tures . 

Preparation of  absorped antisera 

A total of 1 9  baZcanica and 7 hardjo strains were tested for 

haemo lytic  ac tivity . Cross-agglutination absorption s tudies at 

the W . H . O .  Reference Laboratory , Atlanta ,  U . S .A . , confirmed the 

iden t i ty of  seven of the baZcanica and two of the hardjo s trains . 

The remaining strains were not subj ected to this procedure . 

e 
' Spectronic 20 ' ,  Bausch and Lamb , Rochester , U . S . A . 



To differentiate between hardjo and baZcanica s trains , 

baZcaniea antiserum absorped with hardjo antigen and hardjo 

antiserum absorped with baZcanica were prepared . Strains T78 

(baZcanica) and NHI 2/ 309 (hardjo ) were used as antigens and 

ant isera were produced in rabbits  as described in Appendix I . . 

The homologous titres  of hardjo and baZcani�a ant isera were 

1 : 24 , 5 7 6  and 1 : 1 2 , 288 respec t ively . 

· Five hundred mls of cul ture was grown to a dens ity of  108 

organisms /ml in liquid EMJH and then centrifuged at 18 , 000 G 

for 20 minutes . The supernatant was discarded and the packed 

leptospires were resuspended to 2% of the original cul ture 

volume with sterile, phosphate-buffered , physiological saline . 

This antigen suspension was s tandardised against a MacFarland 

No . 10 standard (Kme ty et a Z ,  1 9 70 ) . Agglutinins were 

absorped by adding antigen to antiserum in the rat io of 2 1 : 1 ,  

according to the technique of Kmety e t  a Z , 1 9 70 . The serum

antigen suspension was then shaken and left  to s tand at  room 

temperature for 90 minutes . The absorped antiserum was ob tained 

by centrifugation of this suspension . Absorptions were 

considered complete when agglutinins were removed completely 

by the homologous antigen . 

Experiment 1 :  Haemolytic activity of  baZcanica and hardjo 

isolates  for human, bovine , sheep , possum and 

hams ter RBC ' s 

Three,  seven and twelve day cultures of s ixteen strains of  

baZcanica and two strains of  hardjo were tested against washed 

human , bovine , sheep , possum and hamster RBC ' s .  Pomona and 

baZ Zum isolates were included as positive and negative controls 

respect ively . The experiment was conducted  using three series 

of blood a gar plates (Table 1 0 . 1 ) . RBC ' s  from the same donors  

were used in  series I and II  and RBC ' s  f rom different donors 

were used in Series III . The New Zealand baZcanica type strain , 

T78 , was included in each series . Thre e ,  seven and twelve day 

cultures o f  a particular isolate were  serially sampled from the 
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same culture tub e . Media c ontrols were included in all plates . 

Experiment 1 was also duplicated u s ing plates made from 

whole blood from the different species (Table 10 . 2 ) .  

Experiment 2 :  Haemolytic activity o f  balcanica and hardjo 

isolates for human and bov ine RBC ' s  

The mo st consistent results in Experiment 1 were achieved 

wi th human and bovine RBC ' s  and therefore the experiment was 

repeated using human and bovine RBC ' s  f rom dif ferent donors 

(Table 10 . 3 ) . Several addi tional balcanica strains and another 

hardjo strain were also tes ted in this experiment .  Plates 

incorporating whole blood from the same donors were used in 

parallel to the plates  made f rom washed RBC ' s  (Table 10 . 4 ) . 
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Experiment 3 :  Haemolytic activity of  recently isolated and serially

passaged balcanica and hardjo isolates . 

Duplicate cultures of balcanica and hardjo strains were tested 

against washed human and bovine RBC ' s  from different donors 

(Tabl e  10 . 5 ) .  This experiment was repeated approximately one year 

later with the same balcanica and hardjo strains . During the 

intervening p eriod these strains had b een serially subcultured in 

liquid EMJH at weekly intervals . 

Experiment 4 :  Tube haemolyt ic test 

The tube haemolyt ic test  was used as an alternative method 

to test  the haemolytic activity of balcanica and hardjo . Six 

balcanica and s ix hardjo s trains were tested and one bal lwn 

s tra in was included as a negative control  ( Table 1 0 . 7 ) . Three 

series of test s· were  run , each using RB C ' s  f rom a different 

human donor , J?lasma from all RBC donors were nega t ive when 

tested by the MAT against balcanica, bal lum, copenhageni, pomona 

and tarassovi . Each series of  tests  was conduc ted at a 

diff erent time us ing diff erent subcultures o f  the strains that 

were tested . 



Experiment 5 ;  Haemolyt ic a ctivity of  culture supernatants 

Culture supernatant concentrat e s  of two baZcanica , two hardjo 

and one pomona stra in were tested in the plate haemolytic test 

against washed and whole human and bovine RBC ' s  as previously 

described . Uninoculated media concentrates were used as c ontrols . 

Experiment 6 :  Absorped antiserum s creening of isolates 

250 

A total o f  1 9  , ba Zcanica� 8 hardjo� 2 pomona and 1 baUwn 

strains were tested against absorped baZcanica and hardjo antisera 

according to the protocol shown in Table 1 0 . 9 .  The MAT was performed 

as previously described for serogroup identi fication of leptospiral 

isolates (Chapter I I I ) . 

RESULTS 

The results of Experiment 1 demonstrated that baZcanica cultures 

were haemolytic for washed human , bovine , sheep , possum and hamster 

RBC ' s (Table 1 0 . 1 ) .  All baZcanica s tra ins tested had haemolytic 

activity . Pomona , a recognised haemolytic serovar , had s �milar 

activity to the baZcanica stra ins . Hardjo cultures had no 

haemolytic activity on blood agar plates . BaZZum cultures were 

also negat ive . 

The haemolytic ac tivity of  baZcanica cultures was maximal a t  

the peak phase of growth (day 7 ) . Day 3 and day 1 2  cultures showed 

a variable haemolytic activity . There was no significant 

difference between haemolysis of  RBC ' s  f rom ruminant and non

ruminant species . 

A med ia reaction against washed RBC ' s  was seen with 1 7  o f  39  

media controls in  Experiment 1 .  This occurred sporadically against 

RBC ' s  of  all species and cons isted of  a diffuse zone o f  incomplete 

haemolysis around wells  containing media . Complete haemolys is was 

seen with 7 or 39 media controls ( 1 8% ) . Zone sizes for thi s  media 

reaction were variable (range 0 . 2  t o  2 . 2  mm) .  



Table 1 0 . 1  Haemolys is of  washed human , bovine , sheep , possum and hams ter RBC ' s  (Experiment 1 )  

Test 
series Serovar Strain . 3 day culture . 7 day cul ture 12 day cul ture 

Hu B Sh p Ha Hu B Sh p Ha Hu B Sh p Ha 

baZaanica T78 1 . 3 ** 1 .  o 1 . 0 c 1 . 1  1 . 2 . 1 . 4 1 . 4 1 . 2  0 . 3 0 . 2  0 . 4  0 . 5  0 . 3 0 . 5  
" A58 1 . 0  0 . 4  0 c 0 . 9  1 . 0  1 . 1  1 . 3  1 . 1  0 0 . 2  0 0 . 2 0 . 2  0 . 5  
" WR 6 6  0 . 8  0 . 3  0 c 1 . 0 1 . 2  1 . 0  0 . 6  0 . 8  0* 0 . 3  0 . 2  0 . 3  0 . 3  0 . 5  

I " Al l 6  1 . 1 0 . 2 0 . 2  c 1 . 4  1 . 5 1 . 6  1 . 2  0 . 9  0 . 3  0* 0 . 1 0 . 2 0 . 4  0 . 4  
pomona T76 0 . 3  0 . 5  0 . 5  c 0 1 . 4  1 . 6  1 . 0 1 . 0  0 . 5  0 . 4  0 . 6 0 . 4  0 . 1  0 . 4  
ba Z Zwn 104S 0 0 0 c 0* 0 0 0 0 0 0 0 0 0 o · 
hardjo 2 / 309a 0 0 0 c 0 0 0 0* 0 0 0 0 0 0 0 

, 2 / 309b 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 
" 543 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 

Medium control 0 0* 0 . 2  c 2 . 2  0* 0 2 . 0  0* 0 0 0 0* 0*  0*  

baZaaniaa T78 1 . 4  0 . 4  0 . 2  0 . 7  1 . 2  1 . 4 0 . 9  1 . 0 0 . 9  1 . 5  0 . 2 0 . 3 0 . 5  c 0 . 2  
" A200 0 . 4  0 . 6  0* 0 . 9  1 . 0  0 . 8  0 . 8  0 . 4  0 . 8  1 . 0 0 . 4  0 . 2  0 . 1 c 0 . 3  
" Alf 5 1 . 0  0 . 6 0 1 . 3  1 . 2  1 . 0 0 . 9  1 . 0 1 . 2 1 . 0 0 . 2  0 . 2  0 . 2  c 0 . 5  

II  " MU3 0 . 2  0 . 4  0 1 . 3  0 . 8  0 . 5 0 . 5  0 . 3  1 . 0 0 . 8  0 0 . 1 0 c 0 
" WR68 0 . 6  0 . 8 0 0 . 6  0 . 9  0 . 6  0 . 8  0 . 6  0 . 7 0 . 9  0 0 . 2  0 c 0 
" WR4 3 1 . 1  0 . 5  0 0 . 9 1 . 1  0 . 7 0 . 6  0 . 5  1 . 0  1 . 0 . 0 . 1 0 . 4  0 . 1 c 0 . 1 
" A60 0 * .  0 . 3 0 0 . 4  0 *  0 . 5  0 NT 0 . 1 0 . 9  0 0 0 . 1 c 0 

hardjo 2 / 309a 0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 
, 543 0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 

Medium control . 0* 0 0 0 0 0 . . 0 . 5 . 0*  0* 1 . 8  0*  0 0* c 0*  
N 
VI 
...... 



Table 1 0 . 1 cont d .  

Tes t  
series Serovar Strain 3 day culture 

Hu B Sh p 

baZaanica T78 1 . 8  0 . 8  0 1 . 0  
11 M5 6 4  0 . 2  0 . 3  0 0 . 6 
11 A1 23  0 . 9 0 . 6  0 0 . 7  

III " WR28 0 . 8  0 . 7 0 0 . 8  
" W88 1 . 0 0 . 8  0 3 . 0  
" WR23 0 0 0 1 . 0  
" A9 3 1 . 0  0 . 9  0 0 . 8  

ha!•djo 2 / 309 0 0 0 0 
11 543  0 0 0 0 

Medium control 0 0* 1 . 0  0* 

Hu = human RBC ' s  
B = bovine RBC ' s  
Sh = sheep RRC ' s  
p = possum RB C ' s 
Ha = hamster RBC ' s  
c a contaminated _ plate 
* incomplete haemolysis 
** zone o f  haemolysis measured in  mm .  

7 day culture 

Ha Hu B Sh p 

0 . 5  c 0 . 6  0 1 . 1 
0 . 6  c 0 . 3  0 0 . 9  
1 . 0  c 0 . 6  0 1 . 2  
1 . 0 c 0 . 6  0 1 . 2  
0 . 5  c 0 . 4 0 1 . 2  
0 . 8  c 0 . 5  0 0 . 8  
1 . 1 c 0 . 8  0 1 . 2  
0 c 0 0 0 
0 . 1 c 0 0 0 

0 c 0 0 0 *  

I 

1 2  day culture 

Ha Hu B Sh 

2 . 1  0 . 2  NT 0 
1 . 7  0 . 3  " 0 
2 . 0  0 . 4  " 0 
2 . 0  0 . 4  " 0 
1 . 8  0 . 5  " 0 
1 . 0  0 . 1 " 0 
1 . 9  0 . 3  1 1  0 
0 0 " 0 
0 . 3  0 " 0 

2 . 0  0* NT 0 

p 

0 . 2  
0 . 2  
0 . 3  
0 . 3 
0 . 4  
0 
0 
0 
0 

0* 

Ha 

NT 
" 
" 
" 
1 1  
1 1  

1 1  
" 
1 1  

NT 

N 
VI 
N 
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Washed sheep RBC ' s  in Test Series I l l  o f  Experiment I were not 

haemolysed �y balcanica cultures . 

Unwashed RBC ' s  from the same donors from which washed cells  were 

obtained in Expe riment 1 showed a different pat tern of haemolysis 

(Table 1 0 . 2 ) . Balcanica cultures were haemolytic for unwashed human 

and hamster RBC ' s  in all test series , however possum RBC ' s  and sheep 

RBC ' s  in Series Ill  were insuspectible . Haemolysis of unwashed 

bovine RBC ' s  by balcanica cultures was va r iable . The haemo lytic 

activity of balcanica cultures was lower for unwashed RBC ' s ,  o f  all  

species that were haemolysed , than for washed cells . 

cultures were non-haemolyt ic for unwashed RBC ' s  of all specie s . 

No media react ions were seen against unwashed RBC ' s .  

Experiment 2 involved different ba lcanica st rains and dif ferent 

human and bovine RBC donors . Similar results  were achieved as in 

Experiment 1 (Table 1 0 . 3 ) . Haemolytic activity was maximal in seven 

day cultures and a l l  balcanica cul tures demonstrated activity . 

Hardjo cultures were non-haemolytic for washed human RBC ' s ,  however 

5 o f  16  twelve day hardjo c ul tures ( 3 1%)  showed a small degree o f  

haemolytic activity against washed bovine RBC ' s  (0 . 2  t o  0 . 3  mm) . 

Incomplete haemolytic react ions were seen with 8 of  16  media controls  

(50%) . One media  control showed a comp lete haemolytic react ion ( 6 % ) . 

Unwashed b ovine RBC ' s  in Experiment 2 were almost completely 

resistant to haemolysis by balcanica cultures (Table 10 . 4 ) . Thi s  

was not the c a s e  for unwashed human RBC ' s .  Balcanica cultures had 

similar haemolyti c  activity for these as washed human RBC ' s .  Hardjo 

cultures had no haemolytic activity . Media controls were also non

haemolytic for unwashed human and bovine RBC ' s .  

The resu�t s  o f  Experiment 3 using human and bovine RBC ' s  (Tabl e  

10 . 5 )  were simil a r  to thos e  results described f o r  washed RBC ' s  in 

Experiments 1 and 2 .  Small haemolytic react ions (0 . 2  to 0 . 3  mm) 

occurred with three day and seven day hardjo cultures and bovine 

RBC ' s  
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Tc.bl e  1 0 . 2  Haemolysis of unwashed human , bovine , sheep , possum and hamster RBC ' s  (Experiment 1 )  

Tes t  Serovar S train 3 day cul ture . 
series 

Hu B Sh p Ha 

ba Zaaniaa T78 1 .  6** o.  3 0* 0 c 
, 

A5 8 0 . 7  c 0 0 c 
, 

WR66 0 . 6  0* 0 0 c 
I 11 

A1 1 6  0 . 6  0*  0 0 c 
pomona T7 6 0 . 2  0 . 3  0 0 c 
baZZurn 1 045 0 0 0 0 c 
hardjo 2 /309a 0 0 0 0 c 

11 
2 / 309b 0 0 0 0 c 

11 
. 543 . . . . 0 0 0 0 c 

Medium control 0 0 0 0 . c 

balaaniaa T78 1 . 1  0* 0 . 2  0 1 . 2 
11 A200 0 . 5  0* 0 . 1 0 0 . 7 
11 A45 0 . 9 0*  0 . 1 0 · 1 . 2 

II  11 MU3 0 . 1  0 0 0 0 . 5  
, \\TR68 0 . 4  0* 0 0 0 . 4  
11 WR43 0 . 8  01e 0 0 0 . 6  
11 A60 0*  0 0 0 0*  

ha:l'djo 2 / 309a 0 0 0 0 0 
, 

. . 543 . 0 0 . 
. . 
0 0 0 . 

Medium cont rol . . . . . . . . . . . . . 0 0 0 . . o  0 
. . . . . . . . . . . . . . . . . . . 

. . 

. 7 day culture 

Hu . . B Sh ' . 

1 . 0  0 . 7  0 . 3  
0 . 8  0 0 
0 . 9  0 0*  
1 . 4  0 0 
0 . 2  1 . 2  0 . 5  
0 0 0 
0 0 0 
0 0 0 

. - . .  0 . .  0 0 

p 

0 
0 
0 
0 
0 
0·  
0 
0. 
0 

0 0 
. · . 0 . · . 0 

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

· a 0 0 0 

. . . . .  o o . . 0 0 . . . . . . . . . . . .. . . 

1 2  day cul ture 

Ha Hu B p Sh Ha 

0 . 7  0 0 0 0 0 
0 . 5 0 0 0 0 ( 0 
0 . 4  0 . 1 0 0 0 0 
1 . 2  0 . 1 0 0 0 . 1 . 0 . 1 
0 . 1 0 . 1 0 . 3  0 0 o· 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

0 0 0 0 0 0 

c 0 0 0 0 0 
c 0 . 2  0 0 0 0 
c 0 . 2  0 0 ·  0 0 
c 0 0 0 0 0 
c 0 0 0 0 0 
c 0 . 1 0 0 0 0 
c 0 0 0 0 0 
c 0 0 0 0 0 
c 0 0 0 0 0 

c 0 0 . 0 0 0 
. . . . . N 

Vl 
� 



'l'abl e  10 . 2  con t .  

Tes t  Serovar Stain 3 day culture 
se riPs Hu · B Sh p 

baZaanica T78 1 . 0 0 . 6  0 . 1 0 
M564  0 0* 0 0 
A123  0 . 5  0* 0 0 
WR28 0 . 5  0 *  0 0 

III 
W88 . 0 . 7  0 * 0 0 
\VR23 0 0 0 0 
A93 0 . 8  0 0 0 

'htmijo 2 / 309  0 0 0 0 
543  . .  0 . 0 0 0 

Medium control  0 . . . .  0 . o . . . o . 
. . "' . 

Hu = human RBC ' s 
B = bovine RBC ' s  
Sh = shee p  RBC ' s  
p = pos sum RBC ' s  
Ha ... hams ter RBC ' s  
c = contaminated plate 

* Incomplete haemolys.is 
** Zone - o f  haemo lysis (mm) 

. . . . . . .  7 day culture 

Ha Hu . . . . . 

0 . 9 NT 
0 NT 
0 NT 
0 . 2  NT 
0 NT 
0 NT 
0 . 4  NT 
0 NT 
0 . . . .  · NT 

0 . . . . . . . .  - NT 
. . . . . . . . . . . . . 

B Sh 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 . . o . 
. . . . . . ' . 

p 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

1 2  day culture 

Ha Hu B Sh p Ha 

o .  7 0 0 0 0 0 
0 . 6  0 0 0 0 0 
0 . 4  0 0 . 0  0 0 
0 . 4  0 0 0 0 0 
0 . 4  0 0 0 0 0 
0 . 4  0 0 0 0 0 
0 . 7  0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

0 0 0 0 0 0 

N 
Vl 
Vl 
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Tabl e  1 0 . 3 :  Haemolysis o f  wa·3hed human and bovine red b lood cells {Experiment 2) 

Tes t  
series 

I 

Il 

Ill 

Serovar S tain 3 · day..::-culture . 7 day cul ture 

. Hu . . l3 . . . . . . . . . Hu . . . . B  

bawanica T78 1 . 0** 1 . 4 
0 . 8 . 1 . 1  

1 . 2  2 � 0  
" MU 1  1 . 0  1 . 3  
" Al l 6  . 0 . 7 0 . 6  1 . 0 1 . 2  
" ASS 0 . 8  1 . 0 1 . 1  1 . 4 
11 WR66 0 . 7  0 . 9  · o .  9 1 . 2  

hardjo , 543 0 0 0 0 , 5 5 1  0 0 0 0 
" 2 / 309a . . · . 0 . . 0 .  . 0  � . . 

_ 

. .

. . . 0 . . .  

Medium control 

balcanica T78 
" A1 2 3  
11 W R2 3  
11 W F28 
11 W88 
" A93 

hardjo 543 , 551  
" 2 / 309a . 

. . Medium control . 

0 0 0 

0 . 9  c 1 . 3  
0 . 9  c 0 . 9  
0 . 8 c 0 . 9  
0 . 6  c 0 . 9  
0 . 9  c 1 . 2  
0 . 8 -:, c 1 . 0  
0 c 0 
0 c 0 

. .  0 . C  . . . . . . . . . .  O .  

0* . c . . . . . . . 0* . 

balcanica T7 8 1 . 0 c 1 . 4  
11 WR68 0 .  7 
, A200 0 . 6  
, A45 0 . 5  
" MU3 0. 4 " HR43 0 .  6 

hardjo 543 0 
/1 551  0 

· "  2/309 a . . . .  0 . . .  

Medium control 0 

c 0 . 7  
c 1 . 2  
c 0 . 8  
c 0 . 3  
c 0 . 7  
c 0 
c 0 
C . . . . . . . . . 0 .  

c 0 

Hu = human RBC' s 
B = bovine RBC ' s 
c 
** 

contamina t e d. p 1a te · 
zone o f  haemo lysts (mm) 

0* . . .  

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

0 . .  

1 . 7  
1 . 5  
1 . 2  
1 5 .  
0 . 3  
0 . 7  
0 . 1  
0 

. . . 0 . .  

0* 

zone of incomplete haemolysis (mm) 

1 2  day cul ture 

. Hu . . . . . B . . .  

1 . 2  
0 . 9  
0 . 7  
0 . 8  
0 . 9  
0 
0 
0 

1 . 0  
0 . 7  
0 . 9  
1 . 2  
0 . 8  
0 . 2 
0 
0 · 2 

. 1 . 0  . . . .  0* 

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

0 

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

0 

1 . 8 
0 . 4  
0 . 4  
0 . 6. 
1 . 0  
1 . 1  
0 . 3  
0 
0 . 2  

0* 

2 . 0  
0 . 3 
0 . 5  
0 . 8  
0 . 6 
0 . 6  
0 
NT 

. 0 . 3 . 

0* 
. . . . . . . .  ·' · · · 



2 5 7  

Tabl e  1 0 . 4 ;  Hqemo l y s i s  o f  un�<Ishe1l human and boy:lne RBC 1 s (Exper iment 2) 

Te st Serovar S ta in 3 day c u l t u r e  
s e r i e s  

Hu B 

balcanica T78 · 0 .. 9 *  0 
11 'MUl 0 . 8 0 

I 11 A11 6  0 . 4  0 
11 A5 8  0 . 7  0 
11 WR66 0 . 5  0 

hardjo 543 0 0 
- 11 55 1 0 0 

11 2 / 309 a 0 0 

Med ium con t ro l  0 0 

balcanica T78 NT 0 . 1  
11 Al 23  NT 0 
11 \-ll\23  NT 0 
, WR28 NT 0 

II , W88 NT 0 
, A93 NT 0 

hardjo 5 4 3  NT 0 
11 5 5 1  NT 0 
11 2 / 309 a · . ·  . . .  NT . · . 0 .  

Med ium con trol ·_- · . .  NT _- .  0 

balcanica T78 NT 0 . 2  
, HR68 NT 0 
, A200 NT 0 
11 A4 5 NT 0 . 2  
11 'MUJ N T  0 

III 11 \-ll\4 3 NT 0 

hardjo 5 4 3  NT 0 
5 5 1  NT 0 
2 13'09 a. . . NT . .  0 . 

Hed iuui control . . NT . 0 

Hu = human ·RBC t s . 
B = boyine. ·RBC ' s . 
c . . c on t ami n a t e d  p l a t e  
* zone o f · haemo lys i s  . (mm} 

7 day 

Hu 

1 . 2  
0 .-9. 
0 . 7  
1 . 0 
1 . 1  
0 
0 
0 

0 

c 
c 
c 
c 
c 
c 
c 
c . . C . 

. . C  

c 
c 
c 
c 
c 
c 
c 
c 
c 

. . 
· c 

. cul i:ure 

B 

0 . 3  
0 
0 
0 
0 
0 
0 
0 

0 

0 . 2  
0 
0 . 1  
0 
0 
0 
0 
0 
0 

0 

0 . 1  
0 
0 
0 
0 
0 
0 
0 

. 0 

. . . 
0 

1 2 day cul t u re 

Hu . B . 

1 . 0  0 
0 . 6  0 
0 . 4  0 
0 . 6  0 
0 . 6  0 
0 0 
0 0 
0 0 

0 . 0 

1 . 2  0 
0 . 7  0 
0 . 8 0 
0 . 7  0 
0 . 7  0 
0 . 8  '· 0 
0 0 
0 0 
0 0 

0 0 

1 . 2  0 
0 . 3  0 
0 . 1 0 
0 . 4  0 
0 0 
0 . 3  0 
0 0 
0 0 

. 0 0 

· o . 0 . 
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Table 1 0 . 5 :  Haemolysis of washed human and bovine red blood cells . 
(Experiment 3)  

Serovar Strain 3 day cul ture / . day culture 1 4  day cul ture 
. . . . . .  

Hu B Hu B Hu B 

baZcanica A45 1 .  3** 1 . 4 1 . 8  1 . 4  0 . 3  0 
, A45 1 . 5  1 . 5  1 . 7  1 . 4  0 . 3  0 . 1 
, WR23 1 . 3  1 . 1  1 . 6 1 . 1  0 . 1 0 
, WR23 1 . 3  1 . 0  1 . 3  1 . 0  0 . 2  0 
" WR68 1 . 3 1 . 0  1 . 3  1 . 0  0 0 
" WR68 1 . 2  1 . 0  1 . 5 1 . 2  0 . 2  0 

hardjo 2 / 309a 0 0 . 3 0 0 . 2  0 0 
" 11  0 o .  2 . 0 0 . 3  0 0 . 

Medium c ontrol 0 0 *  0 0. 0 . 5  0 . 9  
11 " 0 . . 0 * . 0 . . . . . 0 0* ' 0*  

Hu . human RBC ' s  
B = bovine RBC '  s 
** zon� o f  haemolysi s  (mm) 
* incomplete haemolysis (nnn) 
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Quantitative aspe cts of the haemolytic activity o f  batcanica 

c ompared with hardJo cultures ,  for human and bovine RBC ' s  in 

Experiment s  1 ,  2 and 3 ,  are presented in Tables 1 0 . 6 and 1 0 . 7  and 

Figures 10 . 1  and 1 0 . 2 .  There was l ittle  difference in the haemolytic 

a c t ivity o f  seven day ba Zcanica cultures for washed human and 

bovine RBC ' s  in the same experimental series (Table 1 0 . 6  and Figure 

1 0 . 1 ) . 

The haemolytic  activity o f  seven day baZcanica cultures for 

washed RBC ' s  f rom dif ferent donors was also similar . There was no 

s igni f icant di fference between the activity for washed human RBC ' s 

from different donors in Experiments 1 and 2 (t  = 0 . 0 1 ,  P > 0 . 25 ) . 

S imilarly,  there was no s igni ficant dif ference between the activity 

for unwashed human RBC ' s  from different donors in Experiment 1 and 

2 - ( t  = 1 .  30 , p > 0 . 10) . Washed RBC '  s from the human donor in 

Experiment 3 were haemolysed to a greater degree than o ther human 

RBC ' s  (Table 1 0 . 6 ) . This increase in haemolytic activity was 

s ignificantly different from that seen for washed human RBC ' s  in 

Experiment 1 ( t  = 3 . 7 1 ,  P < 0 . 00 1 )  and Experiment 2 ( t  = 3 . 5 8 ,  

p < 0 . 00 1 ) . 

Washed and unwashed RBC ' s  from the same human donor showed no 

s-ignificant d i f ference in haemolysis  by baZcanica cul tures ( t  = 1 . 6 6 ,  

}? > 0 , 05 for series I and I I  in Experiment 1 ;  t = 0 . 26 ,  P > 0 . 25 for 

Experiment 2} . Comparat ive data was not available for Series III  

o f  Experiment 1 due to  a contaminated , unwashed RBC plate . Unwashed 

hovine RBC ' s  in Experiment 1 and 2 were almost completely res istant 

to haemolysis by seven day baZcanica cul ture s  (Table 1 0 . 2  and 

Figure 10 . 2 ) . 

The mo st consistent resul t s  were therefore obtained with human 

RBC ' s .  Both washed and unwashed human RBC ' s  were haemolysed t o  a 

s imilar degree with seven day baZcanica cultures , whereas no 

haemolytic activity was seen with hardjo cul tures . 

Repeat tes t ing against  washed human RBC ' s  of baZcanica cultures  

tha t  had been s er ially subcult ured for longer than a year showed 

that there was a decrease in haemolytic activity (Table 1 0 . 8) . 



Tahle 1 0 . 6  Haemolys is o f  washed hu�an and bovine red blood c�lls by baZcanica� pomona� hardJo and baZ Zum 

Exp t . Serovar 3 day cultures 7 day culture� 12 day cul tures 
No . 

Human RBC ' s  Bovine RBC 1 s  ·Human RBC 1 s Bovine RBC 1 s Human RBC 1 s  . Bovine RBC 1 s  

baZcanica 0 . 3  ± 0 . 55 *  0 . 5 3 ± 0 . 27 0 . 95 ± 0 . 35 0 . 7 9 ± 0 . 33 0 . 22 ± 0 . 15 0 . 19 ± 0 . 14 
1 

0 . 3 ' 0 . 5  1 . 4  1 . 6  0 . 4  0 . 6  pomona 

hardjo 0 0 0 0 . 0 0 

baZ Zum 0 0 0 0 0 0 

2 balcanica 0 . 7 3 ± 0 . 1 7 1 . 0 ± 0 . 29 0 . 94 ± 0 . 26 1 . 3  ± 0 . 4 3 0 . 79 ± 0 . 29 0 . 86 ± 0 . 4 7 

hardJo 0 0 0 0 . 0 1  ± 0 . 03 0 0 . 1 5  ± 0 . 1 3 

3 baZ.canica 1 . 32 ± 0 . 10 1 . 1 7 ± 0 . 2 2 1 . 5 3  ± 0 . 2 1  1 .  18  ± 0 .  1 8  0 . 33 ± 0 . 34 0 . 02 ± 0 . 04 

hG:l'dJo 0 0 . 25 ± 0 . 07 0 0 . 25 ± 0 . 0 7 0 0 

* mean zone size and s tandard deviation (mm) 

( 
N 
"' 
0 



Table 10 . 7 :  Haemolys t�- o f  unwashed human and bovine red b lood c e l l s  by balaaniaa1 pomonq� hqrdjo and ba��� 

Exp . Serovar 3 day cultures 7 day cul tures 12 day culture s 
No . 

Hum�n RBC t s  Bovine RBC ' s  Human. RBC '  � Bovine RBC ' s  Human RBC ' s  Bovine RBC ' s  

1 balcaniaa 0 . 6  ± 0 . 42 *  0 . 05 ± 0 . 15 0 .  65  ± 0 . 4  7 0 . 1 7  ± 0 . 49  0 .  04 ± 0 . 0 7  0 

pomorlll 0 . 2  0 . 3  0 . 2  1 . 2  0 . 1  0 . 3  

h.ardjo 0 0 0 0 0 0 

balcanica 0 0 0 0 0 0 

2 balcar.iaa 0 . 66 ± 0 . 2 1  0 . 03 ± 0 . 07 0 . 9 8 ±. 0 . 19 0 . 04 ± 0 . 09 0 .  6 1  ± 0 . 34 0 

h.ardjo 0 0 0 0 0 0 

N 
"' � 
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Figure 1 0 . 1 . : Haemo lytic activity o f  three , six and twelve day balcanica cultures f or washed 

human and bovine red blood cells . 

"2.0 E>t'pt. l 2·0 Expt. 2 2.0 Expt. 3 

1 ·6 r 1 ·6 r I 1 ·6 

1 ·2 1·2 ,, ',, 1·2 , , ',, ,, l 1\ , ' , ',, ' \ \ ' \ 

h 
' \ 0·8 0·8 0·8 \ ' ' \ \ \ \ \ \ \ \ \ 0·4 � 11 \ ... 0·4 � - 0·4 � \ \ \ \ \ \ \ \ \ \ 1 

3 6 12 3 6 12 3 6 12  
age of culture ln days 

human r ed b lood cells 

bovine red b lood cells 
N 
� 
N 
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Figur e  1 0 . 2 . : Haemolytic ac tiv i ty o f  three , s ix and twelve d ay balcanica cul tures 

for unwashed human and bovine red b lood cells . 

Experimen t 1 Exper iment 2 

1 •0 t I I 1 ·0 

0 •75 .. I I 0·75 

0 •5 t I I 1\ 0·5 

0 -25 0·25 

-- ---- - - -

3 6 1 2  3 6 1 2  
age of  cultures(days) 

human red b lood cells 

bovine red blood c ells  
N 
0'1 
w 
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Although qctiyity was retained b,y 5 of 6 s t:rains (83%) , two of  these 

had a d imini.shed haeJ!lolyt ic effec t ,  One s train had lost  its  h;1emo lytic 

activity after ser ial subcul ture . 

Table 10 . 8  

Serovar 

balcanica 

hardjo 

Repeat t e s t ing of  balcanica s t rains for haemolytic 

activi ty aga ins t wa shed human RBC ' s  after serial 

subcul turing for one year . 

Strain 

T78 

A45 

A9 3 

WR2 3  

WR66 

WR68 

2/309 a 

543 

�ean haemolyt ic activity (mm) 

Te s t  1 Te s t  2 

1 . 3  

1 . 8  

1 . 0 

1 . 4 

0 . 8  

1 . 2  

0 

0 

1 . 4 

1 . 0 

0 . 3  

0 . 9  

0 

0 . 4  

0 

0 

Considerab le variab i l i ty was observed in the abi li ty 

o f  balcanica cultures t o  haemo lyse washed compared wi th unwashed 

bovine , ovine and pos sum RBC ' s . Unwashed RBC ' s  from these species 

were part icularly resis tant to haemolysis . There was a close 

assoc iat ion between this res i s tance to the haemolytic effect of 

balcanica cultures and the Hebdomadis serogroup t i tres o f  the RBC 

dono rs (Tab le 10 . 9 ) . Al l unwashed RBC ' s  from donors with Hebdomadis 

s erogroup t i tres were resis t ant to haemolysi s . A partial resistance 

to haemolysis  was apparent in unwashed bovine and �vine RBC ' s  in 

Series I and II of Experiment 1 and also in unwashed b ovine RBC ' s  in 

Series I l l  o f  Experiment 1 .  Hebdomadis serogroup t itres were not 

detected in sera f rom these latter donors . 



Table 1 0 . 9  Serum titres o f  RBC donors and haemolys is o f  RBC ' s  by balaaniaa cul tures 

Experiment Series Donor species Serum titre o f  donor Haemolysis bl balaaniaa 

balaaniaa hardjo washed RBC ' s  unwashed RBC ' s  

1 I and II human 0 0 + + 
bovine 7( 0 - 0 + + -
ovine 0 0 + + 
possum 1 : 24 1 : 48 + 
hamster 0 0 + + 

III human 0 0 + + 
bovine 0 0 + + -
ovine 1 : 4 8  1 : 384 
possum 1 : 9 6  1 : 384 + 
hams ter 0 0 + + 

2 I ,  II human 0 0 + + 
and III bovine 1 : 38 4  1 : 768  + · -

3 I human 0 0 + NT 
bovine 0 . 1 : 48 + NT 

*this animal had a pomona t i tre of 1 : 192  

/ N 
0\ 
V1 



The resis tance to the haemolyt i c  effect  of  balcanica cultures 

was removed by washing RRC ' s  of  the respect ive donors . The only 

exc e pt ions to this were washed ovine RBC ' s  in Series I l l  of 

Expe r iment I .  

wash ing . 

These RBC ' s  remained resistant to haemolys i s  after 

Contaminat ion occurred in 13  of 1 30 blood agar plates ( 10%) . 

Thi s  was at tributed to the mul tiple inoculat ion procedures for each 

plate that were neces sary to eva luate the haemolyt ic test . 

Concentrated balcanica cul t ure supernatants showed little  

haemolytic act ivity for  human or bovine RBC ' s  respect ive ly . A 

mean haemolytic zone s ize o f  1 . 2  ± 0 . 26 mm for bovine RBC ' s  and 

0 . 8  ± 0 . 32 mm for human RBC ' s  was produc ed with concent rated pomona 

cul ture supernatant . Hardjo culture supernatants were negat ive . 
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The tube haemolytic test  proved to be a simple and effective 

means o f  t e s t ing the haemo lyt ic a c t ivity o f  balcanica and hardjo 

cul tures . The results using washed human RBC ' s  from three dif ferent 

donors are given in Table 10 . 10 . The mean O . D .  and standard 

deviat i on for balcanica cultures incuba ted  with human RBC ' s  was 

0 . 6 1  ± 0 . 0 7 .  The mean and s t andard deviat ion for hardjo cultures was 

0 . 12 ± 0 . 04 .  This was slight ly lower than the mean O . D .  for media 

cont rols (0 . 1 7 ± 0 . 02 ) . Bal lum cultures had a mean O . D .  o f  0 . 09 ± 0 . 04 .  

Three 100% haemolysates had mean O . D . values of  0 . 8 7 ± 0 . 02 .  

Reference t o  a standard curve using mean O . D . ' s  for balcanica cultures , 

hardjo cultures and media controls gave percentage haemolysis values 

for human RBC ' s  of  70% , 14%  and 1 9% resp e c t ively . Thus media controls 

gave higher percentage haemolys is values than hardjo cultures . 

Titrat ion o f  balcanica and hardjo s t rains aga inst absorped 

ant isera conf irmed the different iat ion e s t ablished by haemolyt ic 

testing (Table 10 . 1 1 ) . The t it re s  o f  balcanica and hardjo s t rains 

that had not been identif ied by cro s s-agglut inat ion absorpt ion were 

within the same range as t it res of balcanica and hardjo s t rains whose 

ident ityhad been established at the W . H . O .  Reference Laboratory , 

At lanta ,  U . S . A .  



Table 1 0 . 1 0 : Haemolys is o f  wa shed human RBC ' s  incubated with lep tospire s  o f  the Hebdomadis serogroup 

in a tube haemolytic test . 

Serovar 

ba1-canica 

hardjo 

baUwn 

S tra in 

T78 
A45 
E22 
WR23 
AH2 
A93 

2 /309a 
2 / 309b 
RB35 
RB3 7  
RB5 5  
39 / 1  

- BH1 4  

medium control 

Series I 

OJ2t ical Dens i ty 

Tube 1 Tube 2 . 

0 . 8  0 . 8  
0 . 7 5 0 . 75 
0 . 69 0 . 70 
0 . 5 2 0 . 5 5 
0 . 69 o .  7 1  
0 . 60 0 . 6 2 

0 . 1 7  0 . 1 7  
0 . 06 0 . 07 
0 . 05 0 . 0 7 
0 . 1 1  0 . 10 
0 . 1 3 0 . 10 
0 . 06 0 . 0 7 

0 . 04 0 . 05 

0 . 1 6 0 . 1 7 

1 00% haemolysate . . . . . . 0 . 8 7 0 . 88 

Series I I  Series I I I  
Mean O . D .  S . D .  S . E . 

OJ2t ical D_ens ity Opt ical Dens i ty 

Tube 1 . Tube 2 Tube 1 Tube 2 

0 .  7 2  0 . 7 0 0 . 65 0 . 6 3 0 .  72  0 . 0 7 0 . 0 3 
0 . 7 5 0 . 68 0 . 49 0 . 5 2 0 . 66 ·o . 1 2 0 . 05 
0 . 48 0 . 4 9 0 . 64 0 . 64 0 . 6 1 0 . 10  0 . 04 
0 . 7 5 0 .  75 0 . 5 1  0 . 5 1 0 . 60 0 . 1 2 0 . 05 
0 . 4 1  0 . 43 0 . 4 5 0 . 40 0 . 5 2 0 . 1 3 0 . 05 
0 . 60 0 . 5 0 0 . 50 0 . 5 2 0 . 5 6 0 . 06 0 . 02 

NT NT 0 . 1 9 0 . 16 0 . 1 7 0 . 0 1 0 . 06 
0 . 09 0 . 1 2 NT NT 0 . 09 0 . 03 0 . 0 1 
0 . 06 0 . 07 NT NT 0 . 06 0 . 0 1 0 . 05 
0 . 08 0 . 1 2 0 . 1 8  0 . 1 6 0 . 1 3  0 . 04 0 . 02 
0 . 09 0 . 10 0 . 1 6 0 . 1 7 0 . 1 3 0 . 04 0 . 02 
0 . 1 1 0 . 1 0, 0 . 1 4 0 . 15 0 . 1 1 0 . 04 0 . 02 

0 . 0 7 0 . 14  0 . 1 0 0 . 1 2 0 . 09 0 . 04 0 . 02 

0 . 1 4 0 . 15 0 . 20 0 . 18 0 . 1 7 0 . 02 0 . 0 1 

0 . 9 0 0 . 8 7. 0 . 85 0 . 87 0 . 8 7. 0 . 02 0 . 0 1 

r 

N 
0' 
......., 
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Table 10 . 1 1 :  Titrat ion o f  baZcanica and hardjo strains aga ins t 

Serovar 

baZca.nica 

7u:a,djo 

absorped ant isera in the microscopic agglut ination tes t .  

rec iprocal o f  titre agains t absorped an t isera 

Strain bale . ab sorped with hardjo hardjo absorped with baZ.a. 

T78* 1 5 36 0 

A45 1 5 36 24 

ASS* 7 68 24  

A60* 1 536  24 

A93* 1 536  24 

A1 1 6  1 5 36 48 

A12 3  7 6 8  24 

A200 384  0 

AH2 1536  24  

E22 1 5 36 24 

MG64 384 0 

MUl *  7 6 8  2 4  

MU3 768  0 

WR23* 1536 48 

WR28 1 53 6  2 4  

IVR,43* 3072  24  

WR66 3072 24 

WR68 1536 24  

W88 768  24  

2/309* 0 384 

543  0 384  

551 * 24 384 

3 9 / 1  48  384 

RB27 24  384  

RB35 24 384 

RB5 5  0 384 

* typed by  cross-agglut inat ion absorpt ion at  the WHO Ref .  
Laboratory , At lanta , USA .  



DISCUSSION 

BaZcanica cultures were haemolytic for human , cat tle , sheep , 

possum and hamster RBC ' s .  The haemolytic activity o f  leptospires 

demonstrated by o ther workers has been mainly confined to serovars 

of the Canicola , Grippotyphosa , Icterhaemorrhagiae and Pomona 

serogroups (Russell , 19 56 ; Alexander et  aZ�  1 956 ; Ka sarov , 1 9 7 0 ) . 

The haemolyti c  ac t ivity of  baZcanica has not been previously 

investigated although other serovars of the Hebdomadi s  serogroup 

have been shown to be non-haemolytic (Russell , 1956 ; Kasarov , 1 9 70 : 

Hodges ,  1 9 7 4 ) . 

All the ba Zcanica isolates investigated in the present s tudy 

were haemolytic , although the activity of  different strains showed 

some variation . Other workers have reported that some s trains of  
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a recognised haemolytic serovar have had no haemolytic activity 

(Rus sell , 1956 ; Kmety and Bakoss , 1 9 6 1 ; Chorvath , 1 9 7 5 ) . All stra ins 

used in the present study were recently isolated . However , it was 

found tha t the haemolytic activity of  some strains that had been 

serially subcultured for -more than a year in l iquid media was either 

diminishe d or lost . As stock s trains of  particular serovars were 

often used by the above-mentioned workers to test for haemo lytic  

activity,  it  is possible that long-term laboratory maint enance had 

resulted in some stra ins losing their haemolytic ac t ivity . 

There was l ittle difference between the degree of  haemolysis  

of washed ruminant and non-ruminant RBC ' s  by  baZcanica cultures . 

Pomona cul tures were slightly more haemolytic for ruminant than non

ruminant species using the test sys t em described in the present 

invest igation . I t  is generally regarded that ruminant RBC ' s  are 

-more readily haemolysed by leptospires than non-ruminant RBC ' s  

(Russell � 1 9.56 ; Kasarov � 1970 ; Kemenes 1974) . In the non-ruminants , 

human RBC '; s  are considered to oe haemolysed more read ily than rabbi t  

or p i g  'RBC ' s  (Kasarov �  1 970} . 

Hardjo cultures were non�haemolytic for human RBC ' s .  A small 

degree o f . haemolysi s  was observed with washed bovine RBC ' s  in Experiment 
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2 and 3 ,  however , this was not constant and when it did occur it was 

much less than the comparat ive balcanica haemolytic reaction . The 

deeree of haemolysis o f  human RBC ' s in the tube test  was less than 

that of media controls . Hodges ( 1 9 74 )  similarly found New Zealand 

hardjo isolates to be non-haemolytic . 

The inab ility of hardjo to haemolyse both human and bovine RBC ' s  

formed the basis of a simple �n vitro test to different iate between 

hardjo and balcanica isolates . The mo st consistent  resul ts were 

obtained -using washed human RBC ' s  ( see later discus sion) . While 

unwa shed human RBC ' s  could also be -used to demonstrate the haemolytic 

activity of  balcanica strains , they we re less readily haemolysed 

than were washed RBC ' s .  The haemolytic test could be per formed 

using blood agar plates or as a tube test measuring op tical density 

in a spec tropho tometer . Maximum haemolytic ac tivity was found in 

cul tures at the peak phase of growth and therefore isolates should 

be wel l  grown before tested , The p recision of the test was not 

affected by using RBC ' s  from di fferent human donors . 

A variable media react ion was observed aga inst both human and 

bovine washed RBC ' s .  This reac tion was completely inhibited by the 

presence of lep tosp ires in the culture -medium . Bo th hardjo and 

bal lum cultures were non�haemolytic on the same plate on which media 

�eact ions were seen . The biochemical explanat ion for this 

observat ion is  unknown . There were no significant dif ferences in 

o�mola�ity be tween -media that had supported the growth of seven day 

�djo and bartum cultures and �nused media controls . 

Several investigators have demonstrated the presence o f  a 

haemolysin in cul ture supernatant fluids of  leptospirae (Rus sel l ,  

1956 ; Stalheim ,  1 9 7 1 ; Chorvath , 1975 ) . Russell ( 1956)  found that 

the haemolytic activity of pomona cul ture supernatants was similar 

to tha t of  who le cultures-. Although lep tospiral haemolysin has 

not been characterised , Chorvath (1975 )  r eported that the pomona 

haemolysin in concentrated culture supernatants was s imilar in 

activity to a phospholipase . Valentine e t  al ( 1964)  produced 

haemolysis· of ruminant RBC '·s -using sonicated pomona bacterial cells . 



Concentrated pomona culture supernatant was haemolytic for both 

human and bovine RBC ' s  in the present investigation . Concentrated 

ba lcanica cul ture superna tants had only minimal haemolytic activity . 

Hardjo supernatants  were negat ive . The disparity between pomona and 

balcanica supernatants was not observed with whole cultures on 

b lood agar plates , and the reason remains undetermined . 

There was a c lose association be tween the presence o f  

Hebdomadis serogroup ti tres i n  sera from b ovine , ovine and possum 

RBC donors and the resis tance of unwashed RBC ' s  to haemo lysis . 

This resistance also occurred in washed sheep RBC ' s in Series I l l  

o f  Experiment I .  Unwashed human and hamster RBC ' s  were not 

res is tant to haemolysis by ba lcanica These were the only two 

spec ies of the RBC donors in which Hebdomadis serogroup infection 

�.,ras no t endemic .  

The ability o f  serum agglutinins to inhibi t  the haemolytic 

ac tivity of leptospires has been no ted by other workers . Russell  

(1 9 5 6 )  and Kemenes  ( 1 974)  reported that specific  ant isera inhib i ted 

the haemolytic activity of pomona cultures and supernatants . 

Other workers have elicited the produc tion o f  haemolys in-inhibi t ing 

an tib odies in experimentally-infected ·ruminants (Alexander , 19 7 1 ; 

Bhasin e t  al � 1 9 7 1 ; Hedges , 1 9 7 4 ) . I t  has also been demonstrated 

i n  vi tro that haemolysin�inhibiting antibod ies will cross-react  

wi th he terologous haemolysins (Alexander , 1 9 7 1 ;  Hodges , 1 9 74 ) . This  

situa tion was seen in  the p resent study. 
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Heterologous inh ib ition occurred between balcanica cultures and 

u11washed RBC ' s  from cat tle and sheep infected with hardjo It i s  

intere sting t o  speculat e  that this i n  vi tro demonstration o f  

heterologous pro tection between ba lcanica and hardjo agglutinins may 

be a re f lection o £  a wider c ross-protect ion that  exist s  when ani�� l s  

with hardjo agglut inins are challenged with ba l cani ca . 

Absorped ant isera s creening of ba lcanica and hardjo cul tures 

gave a c lear dif ferentiation of these two serovars and these results 

fully supported the results o f  the haemolytic t es t . Although 
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tes t ing o f  isolates against absorped ant isera produced agains t 

balcanica and hardjo was not definitive , it gave a strong ind icat ion 

of serovar identi ty of those strains not identified at a re ference 

laboratory . The absorbed antisera tes t ing of isolates as described 

in this investigation does no t ,  however ,  rule out the possibility 

of other non-haemolytic serovars o f  the Hebdomadis serogroup being 

present in New Zealand and being regarded as hardjo . 

SUMMARY AND CONCLUSIONS 

1 .  Balcanica cultures were haemolytic for human , bovine , ovine , 

possum and hamster RBC ' s .  Haemolytic activity of a serovar f rom 

the Hebdomadis serogroup has not been previously describe d �  

2 .  Hardjo cultures were non-haemolytic f o r  RBC ' s  from the above

mentioned species . 

3 .  A simple �n vitro blood agar plate tes t  and spec topho tome tric 

tube test  is  described for the differentiation of  balcanica and hardjo 

is.olates . Op timal result s were achieved with •·.rashed human RBC ' s .  

4 .  Incons tan t media reactions on blood agar plates were completely 

inhibited by the presence of  hardjo and ba lcanica cul tures . The 

biochemical na ture of this phenomenon is unknown . 

5 .  There was a dec·rease in haemolytic ac t ivity of  balcanica 

cul tures that had been serially sub cul tured for longer than a year . 

6 .  The haemolytic activity of  balcanica cul tures was inhibited by 

unwashed RBC preparations from blood donors that had homologous or 

heterologous 
'
serum t itres ·. · 

7 .  Those i so lates confirmed as either ba lcanica and hardjo by 

cross-agglut inat ion absorpt ion techniques at a WHO Reference Laboratory 

could also be di fferent iated by thei-r haemolytic activity . 



CHAPTER XI 

NATURAL HISTORY OF SMALL Ml\Mt-'f .. ALS IN NEH ZEALAND AND 

· THE METHODS OF CAPTURE USED IN THE PRESENT STUDY . 

INTRODUCTION 

The long geographic isolation and special environmental cond

it ions that prevail  in New Zealand have produced a unique fauna , 

many o f  whose representat ives are not found elsewhere . The 

indigenous mammalian fauna consists of only two species o f  bat 

( MYstacina tubercuZata� ChaZinoZobus morio)which are present 

in small numbers and have a very local ised distribut ion . 

S ince the beginning o f  the period of European settlement in 
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the late 1 8th Century , there has been a largely deliberate dispersal 

by man o f  a considerable number o f  free-living mammal ian species 

from other count ries . Those exotic species which success fully 

adapted to their new environment const itute the present mammal ian 

wildlife of New Zealand . In many cases they have severely modified 

the environment in which they l ive . 

The most important f ree-living species as disseminators of 

leptospirosis are the smaller mammals  and i t  is  these  species which 

have received the closest attent ion in the present study . It  is 

necessary to briefly consider the natural history of the species 

investigated in the present study to gain an understanding of their 

importance as carriers and disseminators o f  leptospires in New 

Zealand . 

RODENTIA 

There are four species of rodents in New Zealand , with consider

able diffe rence in their b iology and distribution . All have occupied 

vacant e co logical niches to varying degrees . The Kiore (Rattus 

exuZans) �  introduced in the 1 4th century by Polynesians , is now 

restricted to the southwes t  coast o f  the South Island and offshore 

islands and therefore is of no importance in terms of the present 

study . 



Ship Ra t  (Rattus rattus ) 

The ship rat has a worldwide distribution and was inadvertently 

int ro duced to New Zealand by early seafarers . It is widely 

distributed throughout New Zealand in both urban and rural areas 

and is commonly found inhabi t ing the walls  and roo fs of houses 

and farm buildings (Wat son , 1959 ; Best , 1968) . In fores t ed 

regions the ship rat prefers mature forest to scrub and bush-edge 

(Innes , 1 9 78) . The wide dispersal of the ship rat in forested 

regions in New Zealand is in contrast to the situation in Great 

Brit ain and other countries where it is generally confined to 

cities and ports . 

The ship rat is very well  adapted to New Zealand condit ions . 

It is not seriously affected by competit ion from the Norway rat , 

as is the case in other count ries , however the two species are 

seldom found in the same environment in New Zealand (Daniel , 1969 ; 

Atkinson , 1 9 7 3 ) . I f  both ship rats and Norway rat s are present 

in the same built-up area , the ship rat s generally occupy the roof 

and walls  of buildings while the Norway rats live at ground level . 

The two species do not interbreed (Watson , 1959 ) . 
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The ship rat is an arboreal species and nes ts in t rees , a lthough 

it can be ground-dwelling in the absence of other species (Best , 19 68 ;  

Daniel , 1 9 72 ) . Food in forested areas consists mainly o f  seeds and 

fruit in winter and arthropods in summer (Daniel , 19 7 3 ;  Innes , l 9 78) . 

Animal mat ter  is  rarely consumed , which is  in contrast to the diet 

o f  the Norway rat . 

Movement s  o f  ship rats are l imited and their home range in 

two forested areas in New Zealand has b een calculated to be 0 . 05 

and 0 . 1 7  ha ( Daniel , 1 9 72 ; Innes , 19 78 ) . Home ranges in buildings 

or on farmland have not b een determined . 

The female b reeding season lasts approximately six months in 

New Zealand ( late spring to early autumn) whi ch is in contrast to 

the absence of a def ined b reeding season in t ropical countries . 

Males have mature sperm in the testes throughout the year ( Innes , 

1 9 7 8 ) . The f emale  p roduces an average o f  s ix offspring per l i t t er 



and up to 30 offspring may b e  born per year (Watson , 1959 ; 

Bent ley and Taylor , 1 9 6 5 ) . 
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Juvenile ship rats reach s exual maturity at two to three months 

of  age and ovulat ion occurs approximately one month a f ter perforation 

of  the vagina (Bentley and Tay lor , 1 96 5 ;  Daniel , 1 9 7 2 ) . The mean 

age at which perforation o f  the vagina first occurred in the study 

conducted by Bent ley and Taylor ( 19 6 5 )  was 68 days and the mean 

weight o f  these females was 83g . Daniel ( 1 9 72)  found that the minimum 

weight o f  a female with a performated vagina was 6 2 g .  and the 50% end 

point (50% o f  the populat ion with the characterst ic)  in a study b y  

Best ( 19 72) was 8 0  �rams . There is l itt le information available on 

the onset of sexual maturity in male ship rats in New Zealand however 

Innes ( 1 978)  reported that the minimum weight of a male with s crotal 

testes was 82g . 

Populations of  ship rats are suscep t ible to marked f luctuations , 

both seasonally and annually (Beveridge , 1964 ; Daniel , 1 9 72 ) . 

Although capable o f  responding to favourable conditions very rap idly , 

densities on farmland and in forests in New Zealand are general ly low. 

Brockie ( 19 7 7 )  failed to see any rats during 34 hours spotlighting 

on dairy farms and densities of 1 .  7 and 2 . 8/ha have been calculated 

in forest areas by  Daniel ( 1 9 7 2 )  and Innes ( 19 78) . Low dens itites 

are associated with predat ion by feral cats and stoats and the 

marked changes in seasonal availabi lity o f  food .  The annual 

mortali ty calculated from cage grid disappearances by Innes  ( 19 7 8 )  

was 9 6% and Daniel ( 1 9 7 2 )  calculated that the mean life expectancy 

from init ial capture was 2 . 3  months for adult males and 4 . 5 months 

for adult females .  

Norway Rat (Rattus norvegicus ) 

This  rat typ ically lives in close assoc iat ion with man and 

therefore it has a very patchy d is t r ibution compared to the 

widespread distr ibution of the ship rat (Wodzicki , 1950 ) . Norway 

rats are ge�erally found wherever food is easily obtainable , such 

as rubb ish dumps and intensive pig and poult ry farms . The Norway 

rat is also found in cit ies and suburbs (Watson , 1959)  and occasion

ally in. r iver beds in remote areas ( Davidson , 19 6 5 ) . 
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Numbers on farmland are usually much lower than the number  o f  

ship rats (Brockie , 1 9 7 7 )  but when favourable conditions for 

Norway rats exist , this species prevails over the ship rat ( Daniel , 

1 9 69) . However ,  the two species can l ive in the same environment 

if the populat ion o f  Norway rats is low (Wodzicki , 1 9 50 ) . 

The Norway rat lives and nests in burrows (Watson , 19 59 ) . This  

rat  is quite capable  of l iving in  cold  and damp condit ions and · ·  

readily enters water . It is a very poor c l imber compared with the 

ship rat and therefore its diet is l imited to food that is access

ible  from the ground . Thi s  consists o f  grain , vegetab les , carrion , 

a wide range o f  refuse and some food naturally-ava ilable  in the 

envi ronment (Wodzicki , 1950 ; Watson , 1959 ; Calhoun , 19 6 2 ) . Cannab il

ism may occur ( Calhoun , 1 9 6 2 ) . 

The female b reeds all year round and , with an average l itter 

size of eight , up to 40 offspring may b e  produced in a year (Watson 

1959 ; Calhoun 1 9 62 ) . Sexual behaviour o f  young Norway rats is 

firs t  ob served at  about 80 days o f  age , at which t ime the mean 

weight  of males and females is approximately 240 to 1 7 5  g respect

ively ( Calhoun , 1 962 ) . The perforation of the vagina in females 

precedes sexual b ehaviour and this usually occurs in all females 

by 75  days o f  age ( Ca lhoun , 1 9 6 2 ) . Some females may not exhibit 

sexual behaviour unt il  1 15 days o f  age . Norway rats raised in 

the l aboratory will b reed at 12 to 16 weeks of age , however wild 

rats do no t breed until  at leas t 16 weeks o f  age and the maj ority 

do not breed unt i l  some weeks later .  Norway rat s exh ib i t  overt 

sexual behaviour and , in a crowded environment , one female wil l  

often b e  mounted b y  a large number o f  males in a single night . 

Thus a high degree o f  sexual contact can occur b etween individuals  

in crowded s ituat ions ( Calhoun , 1 9 6 2 ) . 

Although Norway rats are p rolific b reeders , there is a high 

annual morta lity rate (Davis et al , 1948 ; Wodz i cki , 1950 ; Fitzgerald 

and Karl ,  1 9 7 7 ) . Highest numbers occur in autumn and early winter 

but heavy p redation by feral cats and mustelids and seasonal 

fluctuations in the availab i l i ty of  food soon reduce this peak 

populat ion . High local dens it ieE may be maintained in the 

presence of an abundant food supply and adequate refuge however .  



When the populat ion o f  Norway rats becomes high ,  social 

interact ion l imits further growth , even in the face o f  an abundant 

food supply and adequate refuge ( Calhoun , 1 962) . In this situation 

the growth of young animals in inhibited , there is no exp ress ion 

of territoriality by males and the b reeding success of females i s  

poo r .  Overcrowding also encourages migration and migrating rats 

may cover large distances . This is in cont rast to the situation 

in a stable populat ion where movements have been shown to be 

rest ricted to as l ittle as 33 metres (Davis  et aZ3 1948 ) . 

The Norway rat is  much more difficult t o  trap than the ship 

rat (Watson , 1959 ; Calhoun , 19 6 2 )  as its t imid nature makes i t  

very wary of new obj ects placed i n  it ' s  envi ronment . 

House Mouse (MUs musculus) 

The house mouse is  the only species o f  mouse present in New 

Zealand and it is very widely dispersed (Wodzicki , 1950 ; Davidson , 

1965 ; Daniel ,  1 9 7 2 ) . I t  is  the most abundant rodent on dairy 

farms (Brockie , 1 9 7 7 )  and is commonly found in close association 

with man as wel l  as in remote and harsh hab itats . This i s  in 

contrast to the situa t ion in other countries where f ield and forest  

hab itats are occupied by  different species o f  mice . Lower numbers 

are present in forests  compared with farm environments . The house 

mouse has difficulty in co-exis t ing with an uncont rolled population 

of Norway rats (Taylor ,  1 9 75 ) . 

House mice nest wherever cover is available . If  the food 

source is close to availab le  shelter , the daily range of movement 
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may b e  very small (Watson , 1959 ) . The house mouse is a good climb er 

and can therefore uti l ize  a variety o f  food sources , both in build

ings and in natural environment s . Mice populations can reach high 

densi t ies  when an artificial food supply is  avai lable (Wodz icki , 19 50 ) � 

Howell  ( 1954)  found that the home range o f  house mice in an over

grown f ield was 0 . 6 7 ha . 

Mice b reed throughout the yea r ,  although the main b reeding season 

occurs in spring and summer (Fitzeerald and Kar l , 19 7 7 ) . An average 

of six o f fspring are p roduced per l itter and f ive litters may be 



produced in one year . B reeding is  proport ional to food supply 

(Watson , 1 959 ) . 

There is  very little  informa t ion available  on growth rates and 

t ime of onset of sexual maturity in free-living house mice . Unsub

stantiated reports have put the t ime of onset of  sexual maturity 

as be ing somet ime after four weeks of age , at  w�ich t ime 
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wild mice have been reported to weigh 1 8 - 20 g . (Lane-Petter , 1 9 7 6 } . 

Theiler ( 1972 )  found that the vagina perforates and oes trus cycles 

begin in the laboratory mice at s ix weeks o f  age and the first 

success ful mating can o ccur at eight weeks . The mean weight o f  

laboratory-reared mice a t  eight weeks i s  25  g .  and a t  t en weeks 

is 27 g .  (Theiler , 1 9 72 ) . It is therefore doub t ful that wild 

mice reach a weight o =  1 8  - 20 g. by four weeks of age , or that 

sexual maturity may be reached by this time . Full s ize  in 

laboratory mice is achieved by f ive months o f  age and mature 

males are heavier than mat ure females (Theiler , 19 72 ) . 

Dramatic fluctuat ions o ccur in the population dens ity of mice 

(Fit zgeral d  and Karl ,  1 9 7 7 ) . In a forest environment these are 

due to va riations in seeding and the success o f  the summer b reed

ing season .  Mice populations are also heavily predated h y  cat s , 

mustelids and b irds (Wodzicki , 19 50 ;  Fitzgerald and Karl , 1 9 7 7 ) . 

There is no pub lished informat ion on populat ion densit ies or 

movement s in New Zealand . 

CARNIVORA 

There are three species o f  Mustelidae present in New Zealand . 

Ferret (Putorius putorius) 

The ferret is the largest  of the Mustelidae group and it is 

present in low numbers and has a rest ricted distrib ution . (The 

New Zealand ferret is the variety with polecat-like markings ) .  

Ferrets are found on farmland and occasionally in scrub however 

they are not f ound in wet forest (Wodz icki , 1950 ; Marshall , 1963) . 

The distribution o f  the ferret i s  in part related to the 

dis trib ution o f  rabbits , which form a maj or part of its  diet 

(Wodzicki , 1 9 50 ; Marshall ,  1 9 6 3 ) . 



Ferrets predate on rabbits , rodents and b irds and they also 

eat carrion . They are unable  to c limb t rees and are more easi ly 

trapped than stoats and weasels . 

The female ferret is  mult iparous and may have up to four 

litters each year .  Up to 14 offsp ring may be born in each litter , 

however the neonatal mortality rate is  high (Wodz icki , 1 9 50 ) . 

Very l ittle is known about the populat ion dens ity or movements 

of ferrets in New Zealand . 

Stoat (Muste la erminea) 

The stoat is widely distributed and is the most succes s ful 

of the mustelids to adapt to New Zealand condit ions . This  

species is relat ively common on  farmland and it is  also found in 

s crub and on the fores t edge (Wodzicki , 1950) . High numbers o f  

s toat s appear to b e  correlated with a high densi ty of rabb it s in 

the same envirionment (Marshall , 1963) . 
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S toats feed on rabb i t s , rodents , b irds , rep t iles , inverteb rates 

and carrion . They are less o f  a scavenger than the ferret (Marshal! , 

1963) . They are good climbers and o ften hunt during the day whi ch 

is in contrast to the nocturnal nature o f  the o ther mustelids 

(Wodzicki , 1950) . Nests  are made in logs , derelict  farm buildings 

and disused rabbit warrens . 

The female stoat has two lit ters each year and up to ten o f f

spring may be born in each lit ter . The main b reeding season i s  in 

spring and early summer . 

There i s  very little pub lished information on the populat ion 

dynamics of stoats in New Zealand , however they are generally 

thought to be more abundant than ferrets or weasels . 

Weasel (MUste la nivalis) 

This mustelid is rare in New Zealand and has a very local 

distribution (Wodzicki 1 950 ; Marshall , 1963) . The d iet o f  the 

weasel is based mainly on mice and young rats , although it will 



attack rabbits . Little i s  known o f  the b iology o f  this species . 

Feral cat (Fe Zis catus) 

Many cats were l iberated in remote farmland areas in the late 

19th Century to control rabbits and these animals formed the basis 

of  a widely dis t r ibuted , but low density , feral cat population 

(Davidson , 196 5) . The feral populat ion is constant ly reinforced 

by domestic cat s . 
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Feral cats f eed on  rabb i t s , b irds , rodents and carrion (Wodzicki 

1950)  and have b een b lamed for the deplet ion o f  many nat ive b ird 

species . Cats may b e  a signi ficant fac tor in the control of  rodents  

on farmland.  

The survival rate of  kittens born in the wild is thought to be 

very low (Wodzick i , 1 9 50) and this is the probable reason why the 

populat ion density remains low .  Environments which support moderate 

rabbit populations appear to support higher numbers of feral cats 

than environments where rabbits  are rare (Davidson , 1 9 6 2 ) . 

INSECTIVORA 

Hedgehog (Erinaceus europaeus ) 

The hedgehog was introduced f rom Europe in the late 1800 ' s  and 

New Zealand is the only country to which this species has b een 

success fully introduced (Brockie , 1975b) . I t  is widely distributed 

and is common on farmland (especially dairy farms ) and in sub urban 

areas ( Smith , 1964 ; P arkes , 1 9 7 2 ) . Small numbers are also found 

in forest regions (Brockie , 1 9 7 5 b ) .  

The hedgehog is nocturnal and h ibernates during the winter , 

however some remain active throughout the year . It ' s  diet 

consi sts of insects , mice and also eggs of  ground-nest ing b irds 

(Wodzicki , 1950 ; Campbell , 1 9 7 3 ) , and Brockie and Till ( 19 7 7 )  

state that hecgehogs locate food in pasture and under leaves by 

constant sniffing with their nos e  held close to the ground ; 

Nes t s  are made under buildings , hedges and tree stump s .  



female hedgehogs b reed in spring and early summer and may have 

up to three litters in a year (Wodzick i ,  1950 . B rockie , 1 9 75b) . 

Litter s ize varies from two to eight . · 

The l imiting facto rs on hedgehog numbers are availab ility o f  

food , availab il i ty of weatherproo f over-wintering sites and the 

presence of the mange mite (Caparinia tripilis ) ( Campbel l , 1 9 7 3 ; 

Brockie , 1 9 75 b) . The mange mit e  can b e  a significant factor in 

increasing the annual mortality rate of hedgehog populations . 

The hedgehog does not suffer from predat ion to any ext ent , although 

young may be eaten by ferret s  and s toats .  

Ab solute population densit ies or hedgehogs have not b een fully 

determined . Campbell  ( 1 9 73 )  reported that more than 100 animals  

visited an  eight hectare plot  on  a dairy farm during a two and 

a hal f  year perio d .  He estimated that the populat ion density was 

between f our and eight per hectare on this farm. The relat ively 

high populat ion density in New Zealand is probably due to a long 

summer b reeding season and an absence of competition for food by  

other insectivorous species . 

The only 0ther small mammal ian s�ecies present in New Zealand 

are the rabbit  (Oryctolagus cuniculus ) and the hare 

(Lepus europaeus) .  Only small numbers of these species were 

examined in the present study . 

METHODS OF CAPTURE 

A variety o f  methods were used to cap ture the animals  

investigated in  the present study . The maj ority of effort was on 

the capture o f  rodents as it was considered that these anima l s  

were likely to b e  the most important reservoirs o f  leptospirosis . 
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Irdtial at tempts t o  capture rats were b ased on the use o f  snap 

t raps (Plate 1 1 . 1 ) .  These were baited with carrot and peanut butter 

( Innes , 1 9 7 8 )  and placed at stategic posit ions on the �ound for the 

capture of Norway rat s , and on ledges and in roofs of buildings for 



the capture o f  ship rat s .  Snap traps killed the animals that 
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were caught and therefore b lood was not available  for serological 

examination . Rats caught in snap traps p laced ! Jon the ground were 

somet imes eaten by p redators and this also limited the effectiveness 

of the techni que . 

Cage traps p roved to b e  more effective for the cap ture o f  

rats (Plate 1 1 . 2 ) .  These t raps were set on the ground and pre

baited with carro t and peanut butter for three days before set t ing . 

One end of the trap was oovered in and f il led with wood shavings 

to p rovide warmth for trapped rat s , as wi thout this protection 

ship rats often died overn ight in cold weather . Cage t raps 

were an e ffect ive method for the capture o f  ship rats b oth on 

farms and in forest areas . Only l imited numbers o f  Norway 

rats were caught in these t raps and this was attributed to the 

wary nature of this species . As rats were captured alive , both 

blood and kidneys were availab le from t rapped animals . The rats 

were trans ferred to a plastic bag and anaes thet ised with ether 

which was inj ected into the bag .  Blood was co llected by either 

cardiac puncture or by severing the j ugular vein , and kidneys 

were cultured immediately after death . 

On some occasions , ship rats were caught in possum traps during 

the possum survey work. Rats caught in this manner were dead 

and therefore blood was not available .  Some were eaten by 

predators . Norway rats were never caught in possum t raps . 

The most success ful method o f  obtaining Norway rats was 

night-shooting . This method was restric ted to locations where 

there were high populat ion dens it ies , such as rubb ish dumps and 

grain s tores . The rats were shot with 0 . 22 calib re birdshot and 

this ammunition was preferable to solid shot as i t  generally did 

not penetrate the ab dominal cavity and therefore contaminat ion o f  

kidneys was avoided . Blood samples were collected immed iately 

after shoot ing by opening the ches t  and removing a sample from the 

ventricles (which were o ften s t ill  beating) or the thoracic  cavity . 

The rats were cultured in the lab oratory the following morning . 

Us ing this method , up to 30 Norway rats could be s ampled in one 

night from locations that had high dens ities . Spotlighting also 

allowed a subj ective estimat ion of population density to be made . 



Plate 1 1 . 1 .  Ship rat cap tured in a snap trap . 

Plate 1 1 .  2 .  Cage trap for cap ture o f  rats . 
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Ship rats were never seen by spot�ighting . I t  appeared that the 
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ship rat was excluded from environments that supported high densities  

of  Norway rats . 

Mice were cap tured by snap traps and by cage t raps . Snap 

traps were only o f  l imited use for the capture of mice . No b lood 

was available and o ften mice were caught across the abdomen which 
, 

caused effusion o f  fluid within the abdominal cavity .  Kidney 

cultures from mice caught in this way were o ften contaminated . 

a 
Cage traps (Plate 1 1 . 3 )  were eminent ly suitable  fo r the 

live capture of mic e . These traps automatically reset themselves 

after a mouse is  caught and on two occasions f ive mice were 

captured in the same t rap in one night . No bait was required and 

mice al ready captured appeared to at tract o rher mice . Their use 

was restricted to buildings however as only three mice were caught 

in these traps in the forest .  ( This was probably due to the low 

densi ty of mice , due to l imitat ions of food supply , in such 

areas ) . 

Mice caught alive were trans ferred to a plast ic bag and 

anaesthetised in the same way as rats . B lood samples were obtained 

by severing the maj o r  b lood ves sels in the neck. Kidneys were 

cultured immediately after death . 

The mustelids gathered in the present survey were mos t ly captured 

in possum traps during pos sum surveys . As they were trapped al ive , 

both b lood and kidney s amples coul d b e  obtained . A specif ic attempt 

to t rap ferret s and stoats on a dairy farm , using pos sum t raps 

baited with tinne_d cat food , resulted in the capture � f  only one 

ferret and one stoat . This was probab ly a reflect ion of  the low 

numbers present . During a possum survey at White Rock in March 1 9 76 , 

a ferret was caught in a possum trap in a field in which a shepherd 

had seen several ferret s . Concentrated t rapping with possum traps 

wi thin a 300 m radius of  the first capture :_resulted _ in fo1Jr more 

ferrets being trapped .  No ferrets \-lere captured in possum traps 

in other locations on the farm and it is poss ib le that the captured 

animals represented a localised focus . 

a
"Katch All" Havahart , Ossining , N . Y .,  U . S . A. 



P late 1 1 . 3 .  ' Katch-All ' au toma tic mous e trap . 



A small number o f  ferrets and stoats were shot during night 

shoo t ing operations . Two l ive weasels were captured in a coastal 

wildlife  reserve . 

Hedgehogs were cap tured by hand at n ight us ing spotlights .  
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Occasionally hedgehogs were caught i n  possum traps s e t  under farm 

shelter belts or on the edge o f  a fores t .  As hedgehogs were captured 

alive , b lood and kidneys were available f rom all animals . 

Feral cats were collected by shooting during n ight-shoot ing 

operat ions for pos sums . Some cat s were also shot on rubb ish dumps 

at night . Blood as wel l as kidneys were collected from these 

animals . 

Only limited numbers o f  small mammals other than possums 

and rodents were captured , however examination of these species 

provided some preliminary information on leptospirosis  in the less 

common free-living animal s  sharing common environments with possums 

and rodents in New Zealand . 



INTRODUCTION 

CHAPTER XII 

LEPTOSPIROSIS IN RATS 
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Rat s  have been shown to be carriers o f  leptosp irosis throughout 

t he world ( Chapter I ) and are cons idered to be important reservo irs 

of infect ion for domestic l ivestock and man . The two species 

of rat s present in New Zealand , the Norway and ship rat , have a 

cosmopol itan distribut ion and many different leptosp iral serovars 

have been i solated from these species in d i fferent countries (Anon , 

1966 ; Anon , 1975) . The Norway rat is regarded to be the 

maintenance host for Ict erohaemorrhagiae serogroup leptospires in 

many count ries and is an occasional carrier of other serovars 

(Babudieri , 1958 ; Alexander et aZ, 1963; Michna and Ellis , 1974 ; 

Fennestad and Borg-Petersen , 1 9 7 2 ; Mail loux , 1975 ; Hanson , 1 9 76 ) . 

The ship rat appears to be a less f requent carrier o f  leptospires 

(Emanuel et aZ, 1964 ; Torten et aZ, 1970)  and several surveys 

have shown this specie s to be free of infection in some b iotopes 

(Kirschner and Gray , 195 1 ;  Clark et a Z, 1966 ; Fennestad and Borg

Petersen , 1 9 72 ) . 

Invest igations of  rats in New Zealand have revealed the presence 

of at least two serovars . Kirschner and Gray ( 1 9 5 1 )  found 

serological evidence o f  Icterohaemorrhagiae serogroup infect ion in 

8 o f  5 3  urban Norway rat s ( 15% ) . Isolates from this serogroup were 

recovered from two rats from Dunedin . Forty-seven urban ship rat s 

were serologically and bacteriologically negat ive . A survey of  6 2  

Norway rats and 1 2 1 ship rat s f rom Wellington city by Blakelock and 

Allen ( 1 956)  revealed no evidence of  leptosp iral infection , as was 

the case in 15 rats (presumably Norway rats ) caught around a piggery 

by Buddle and Hodges ( 1 9 7 7 ) . Brockie ( 19 7 7 )  isolated leptospires 

of  the Icterohaemorrhagiae serogroup , which he assumed to be serovar 

copenhageni, from 5 of 79 Norway rat s ( 6 % )  collected from mainly rural 

areas in the North Island . These isolates all came from rural 

rubbish t ips near Tirau and Morrinsville . Eight isolates o f  the 

Ballum serogroup ( 10%) were isolated f rom Norway rat s from the 

Hawera rubb ish t ip .  This worker also i solated leptospires of the 



Ballum serogroup f rom 4 o f  16  ship rats (25%) f rom mainly rural 

areas . Therefore , although both Norway and ship rats may b e  

infected with leptosp ires in New Zealand , the reported p rev�lence 

of infect ion has b een relatively low . This  is in contrast to the 

s ituat ion in Norway rats in s ome other countr ies , where the p rev

alence o f  Icterohaemorrhagiae serogroup infect ion may b e  more than 

50% (Babudieri , 1958 ; S chnurrenberger et al� 19 70 ;  Mailloux , 1 9 7 5 ) . 
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The following chapter describes an investigat ion o f  leptosp irosis 

in rats in the southern half o f  the North Island o f  New Zealand . 

New Zealand provides a unique situat ion in whi ch leptospires in rats 

can b e  investigated , in that there are only two species of rat 

p resent , very few other f ree-living species share a common environ

ment with rats and only three serovars are known to be present in 

f ree-living animals . Hence the type ecosystem for a serovar (main

tenance ecosystem fo r a part icular infect ious agent in nature) can 

be defined more eas ily than is the case in many other count ries 

where there are a large number of serovars and free-living species 

p resent in a part icular ecosystem .  In addit ion , rats in New Zealand 

occupy a variety of  b iotopes and therefore leptospirosis  can be 

studied in natural and syanthropic (man-inf luenced) nidi . 

MATERIALS AND HETHODS 

Collect ion o f  rat s  

Rat s  were collected from a variety o f  locations representing 

different b iotopes . The methods of collect ion have b een described 

in Chapter XI . Collect ion methods were not des igned to trap only 

one species in any one locat ion sampled , however the differences 

in distribut ion and b iology of the Norway and ship rat , as discussed 

in Chapter XI , were reflected in the collect ion results . Trapping 

success was determined by the calculat ion of trap-night  averages 

( one t rap set for one night equals one trap-night ) .  These averages 

were used as indices of relative abundance of a species in different 

location s . Night-shoot ing also allowed indices of relat ive abundance 

to be calculated for rat s inhabi t ing different Yubbish t ip s .  These  

indices were calculated f rom a subj ective estimate o f  population 

dens ity , the number o f  rats shot ill 1 . 5  man-hours and the number o f  



rats counted in a 360° sweep o f  a spotl ight made over two minutes . 

No f igures are availab l e  on the populat ion density of  free-l iving 

sp ecies on farmland in New Zealand . 

The farm locations that were sampled have been described in 

Chapter IV . Snap t raps and cage t raps were set in shelter belts  

and bush in gullies on White  Rock and Otawhao Farms . Rats were 

also caught in possum t raps on these farms during possum survey 

work . Rats captured at Linton were trapped in and around piggery 

buildings and a farm grain store . 

The two forest locat ions that were trapped were both within 

12 km of Massey Univers i ty .  The Manawatu Gorge Forest is a mixed 

podocarp-b roadleaf forest and the trapl ine of snap and cage traps 

was situated  approximately 25 m from the forest-pasture boundary . 

Trapping in the Tiritea Reserve , a forest area that serves as a 

water catchment for Palmer ston North c ity , was conducted approx

imately 0 . 5  km from the nearest forest -pasture boundary . Traps 

on Kapit i I sland were set in the bush c lose to the sho reline , an 

area where Norway rats were known to l ive ( J . Innes , pers . comm : ) . 

Initial at tempts  t o  cage-trap rats on rubb ish t ips  were 

288 

largely unsuccess ful and therefore all rats f rom these locat ions 

were taken by shooting . The Palmers ton North and Feilding rubb ish 

t ips are large t ips situated on suburban boundaries . Back-filling 

o f  the t ip- face is conducted daily at Palmers ton North but not at 

Feilding . Longburn rubbish t ip is a small , privately-owned t ip that 

s erves the Longburn Freezing Works . The two rural rubbish t ip s , 

Kiwitea and Cheltenham , are small and cater for a low volume o f  

refuse f rom farming d is tricts . 

The rats that were examined f rom urban Palmerston North were 

the resul t s  of only spo radic trapping and there fore t rap-night  

averages were unavailable 

Serological and cultural examinat ion 

Sera f rom live-trapped rats w�re tested agains t bal lum, copen

hageni, pomona, hardjo and tarassovi antigens according to the 
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serological methods described  in Chapter Ill . The minimum serum 

d ilut ion tested was 1 : 1 2 .  A sample o f  40 Norway rat and 1 1  ship rat 

sera were also tested against canico la� pyrogenes� grippotyphosa� 

bataviae� autumnalis� australis and biflexa ant igens . S era were 

not availab le from rats that were caught in snap traps nor from 

thos e  that died in traps overnight . Blood samples were not collected 

f rom Norway rats shot on the Palmerston North t ip f rom the 20th to 

the 22nd September 1 9 7 7  and rats shot at the Feilding tip from the 

4th to the 9 th Septemb er 1 9 7 7  (26%  of Norway rats samp led) , as 

s erological results from earlier samples had revealed a very low 

p revalence o f  t itres . 

The cul tural method emp loyed for kidneys f rom Norway rats 

was the same as that used for possum kidneys ( see Cnapter Ill) , 

except that the media series wi thout 5FU was replaced wi th a media 

series containing 400 pg 5FU/ml . This was neces sary b ecause 

prel iminary cultures of rat kidneys in media without 5FU resulted 

in 9 of  50 culture tub es b eing contaminated ( 1 8%) , whereas only 

4 . 5% of possum kidney cultures in this media were contaminated . 

The kidneys of  ship rat s could not be homogenised in the 

Stomacher as the amount o f  t issue was too small  and therefore an 

asept ic syringe technique was used . m1ole kidneys were p laced in 

the barrel o f  a sterile , f ive ml , d isposable syringe and then 

f o rced through a 14 gauge by 0 . 5  inch needle into f ive mls o f  

Stuart ' s basal medium (SBM) . This primary homogenate was then 

shaken vigourously . The remainder o f  the cultural method for 

kidneys f rom ship rat s  was the same as that for Norway rat s .  The 

kidneys o f  j uvenile Norway rats were also homogenised us ing the 

syringe technique . 

RESULTS 

The results of trapping and shooting in different localit ies 

demonstrated that Norway and ship rats have dif ferent dist ributions 

in New Zealand (Table 1 2 . 1 ) . Norway rat s  were found on rubbish t ip s , 

around a p iggery and grain store at  Linton and also in suburban 

Palmerston North.  Except for Kapi t i  Islanrl , this species was not 

found in environment s that did not p rovide artificial food sources 



TABLE 12 . 1 : Tra?ping success of snap and cage traps in different locations for Norway and ship rat s .  

Location 

White Rock Farm** 

Manawatu Gorge 
Forest *** 

Tiritea Reserve 

Otawhao farm **** 

Lint on 

Kapiti Island 

Palmerston Nth city 

Snap t raps 
trapnights Norway rat ship rat 

72 

108 

NT 

84 

144 

18 

NT 

0 (O) 1 ( 1 . 4 ) *  

0 (0 ( 3 ( 2 . 8) 

0 (O) 2 ( 2 . 4 )  

2 ( 1 . 4 ) 1 (0 .  7)  

0 (0) 0 (O) 

Cage traps 
t rapnights Norway rat ship rat 

NT 

48 0 (0) 1 ( 2 . 1 ) 

278 0 (0}  11  (4)  

132 0 (0} 4 (3) 

472 10 ( 2 . 1)  4 (0 . 8) 

12 1 ( 8 . 3) 0 (0) 

NT 

* Trap night average , calculated for 100 trap nights 

** 2 ship rats captured in possum t raps 

*** 1 1  ship rats cap tured in possum t raps 

**** 10 ship rats captured in possum t raps 

Total t rap-night averages 
Norway rat ship rat 

0 1 . 4  

. 0 2 . 6  

0 4 

0 2 . 8  

1 . 9  0 . 8  

3 . 3 0 

NT 

� 
� 

0 



asso ciated with the act ivity o f  man . Ship rats were t rapped in 

forest , farmland and suburban areas . This species was only found 

to share a common b iotope with Norway rats at Linton and in 

suburban Palmers ton North .  
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Different environment s  supported  markedly di f ferent population 

dens ities . Norway rat s were present in large numbers on rubbish 

t ips , with the highest density b e ing found at Feil ding tip . Relative 

indi ces of abundance o f  Norway rat s  at other tips , compared with 

Feilding , are given in Tab l e  1 2 . 9 .  No ship rats were seen at 

rubb ish t ips . 

Trapping success ( trap-n ight averages)  were used as a guide 

to the relat ive populat ion d ensity of rats on farmland and in 

f ores t areas (Table 1 2 . 1 ) . Manawatu Gorge Forest and Otawhao Farm 

had s imilar t rap-night averages ( 2 . 6  and 2 . 8/ 100 t rap-nights 

respectively) and these figures can be equated to a moderate popu

lation o f  ship rats unde r  New Zealand condit ions (J . Innes , 19 78) . 

A high trap-night average fo r Tiritea Reserve indicated that a 

high density o f  ship rats was present in this forest . The 

populat ion density of Norway and ship rats at Linton was low 

( t rap-night averages o f  1 . 9  and 0 . 8  respectively) . 

A total o f  232 Norway rats ( Tab le 1 2 . 2)  and 52  ship rats (Tab l e  

1 2 . 3 )  were collected and all  were subj ected t o  cul tural examination . 

Blood samples for serological examinat ion were obtained f rom 155  

Norway rats  (6 7%) and 2 1  ship rats ( 40%) . 

The s ex ratio o f  the Norway rat s collected was 1 . 94 : 1  in f avour 

o f  males and this was s igni f ican t ly different from parity (X
2 

= 1 1 . 2 ,  

P < 0 .  005 )  (Table 1 2 . 5 ) . The s ex ratio of  ship rats was 1 .  26 : 1 in 

favour of males . This ratio was not s ignificantly dif ferent f rom 

parity (X
2 

= 0 .  34 , P > 0 . 5 ) .  

S erological results are p resented in Table  12 . 4 .  Very few titre s  

were found i n  sera from bo th species o f  rat s .  Titres against baL Zum 

ant igen were detected in only 5 o f  155  Norway rats ( 3% )  and the 

ranse of th£ae t i tres was from 1 : 1 2 to 1 : 48 .  BaL Zum t it re s  were 



292  

Tab le 1 2 . 2  Col lection data and isolation o f  leptospires of the 

Ballum serogroup f rom Norway rat s .  

S ampl ing Date No . No . Ballum P revalence (%)  
location collected serogroup 

isolates 

Palmerston No rth 8 . 5 .  7 7  2 0 0 
rubb ish tip 

1 2 . 5 . 7 7 6 0 0 

19 . 5 .  7 7  5 0 0 

30 . 5 .  7 7  3 0 0 

1 . 6 .  7 7  4 0 0 

14 . 6 .  7 7  4 1 25  

2 3 . 8 . 7 7 1 0 0 

3 . 10 . 7 7 4 0 0 

Longburn rubb i sh 24 . 8 . 7 7 3 1 33 
t ip 

2 5 . 8 .  7 7  1 0 0 

28 . 8 . 7 7 5 0 0 

2 . 9 .  7 7  10 0 0 

5 . 9 .  7 7  5 0 0 

20 . 9 .  7 7  12  3 25 

22 . 9 .  77 14  4 29  

5 . 1 0 . 7 7  3 0 0 

2 3 . 3 . 78 2 0 0 

Feilding rubb ish 7 . 9 .  7 7  2 4  1 4  5 8  
t ip 

8 . 9 .  7 7  1 3  6 46 

9 . 9 . 7 7 2 1  1 2  5 7  

1 2 . 10 . 7 7  20 ' 4 20  

1 3 . 10 . 77 4 : 0 0 

1 9 . 10 . 7 7 9 '' 1 1 1  

2 . 3 . 78 2 8  1 5  5 4  

2 3 . 3 . 78 4 1 25  

Kiwitea rubbish tip 4 . 10 . 7 7  6 1 1 7  

Cheltenham 5 . 10 .  7 7  1 0 0 
rubbish tip 
Palmers ton North 28 . 6 .  7 6 ' 1 0 0 
City 

2 2 . 3 . 7 7 1 0 0 

10 . 5 .  7 7  1 0 0 

9 . 6 . 77 1 0 0 

2 8 . 9 .  7 7  1 0 0 

Linton 1 3 . 7 . 7 7  to 2 9 . 9 .  7 7  6 0 0 
30 . 9 .  7 7  to 16 . 10 . 7 7 6 0 0 

Kapi t i  .Island 3 . 4 .  7 7  1 0 0 
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Table 1 2 . 3  Collect ion data and isolations o f  leptospires o f  the 

Ballum serogroup from ship rat s .  

S ampling locat ion Date 

Whi te Rock Farm 18 . 3 . 76-23 . 3 . 76 

Manawatu Gorge 
Forest 3 . 6 .  76-18 . 6 . 76 

Tiritea Reserve 2 3 . 6 .  76-28 . 9 . 76 

Otawhao Farm 2 3 . 3 . 7 7 

1 8 . 5 .  7 7  

2 3 . 6 . 7 7 

6 . 8 .  7 7- 1 2 . 8 . 77  

Linton 1 3 .  7 .  7 7-29 . 9 . 7 7  

Palmers ton North 
City 5 .  3 .  7 7  

8 . 7 . 7 7 

No . 
collected 

3 

15 

1 1  

1 

1 

1 

1 3  

5 

1 

1 

No . Ballum Prevalence 
serogroup (% )  
isolates 

1 33 

5 33 

1 9 

0 0 

0 0 

0 0 

8 62  

2 40 

0 0 

0 0 



found in sera f rom 5 o f  2 1  ship rats (24%)  and the range o f  these 

t itres was f rom 1 : 48 to 1 : 19 2 . Titres against pyrogenes occurred 
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in three Norway rats and two ship rats  and two Norway rats  had 

t i t res o f  1 : 24  against tarassovi . A ti tre of  1 : 12 against canicola 

was found in a male ship rat with a bal lum titre of  1 : 96 . The low 

prevalence of t itres in rats prev�ted a s tatistical analysi s  o f  

dif ferences in prevalence b y  age , s ex and locat ion b eing carried out . 

Leptospiral isolates were obtained from 6 3  of 2 32 Norway rats 

( 2 7%)  and 17 of 52 ship rats ( 3 3%) (Tables 12 . 5  and 1 2 . 6 ) . All 

isolates were s erotyped as belonging to the Ballum serogroup and 

one isolate f rom each species was typed by cross-agglutinat ion 

ab sorpt ion at the WHO Reference Laboratory at Atlanta ,  U . S . A .  as 

being serovar bal lum. 

Isolates were recovered in many cases from seronegative rats 

(Tab le 1 2 . 4 ) . Leptospires were cultured f rom 44 Norway rats f rom 

whi ch sera were examined and 39 of these isolations were made from 

sero-negative animals (89%) . Twelve culture-positive ship rats were 

examined serologically and eight o f  these animals were sero-negat ive 

( 6 7 % ) . Only one animal , a male ship rat , was serologically positive 

to bal lum but negative on culture . The rat io of serological p rev

alence o f  bal lum t itres to bacteriological prevalence o f  thos e  

examined serolo gically was 3 : 28 for Norway rat s and 24 : 5 7  for 

ship rat s .  

The prevalence o f  infect ion in Norway rats by sex i s  shown in 

Tab l e  12 . 5 .  No statist ically-s ignificant sex differences in 

bact eriological prevalences were found in rats from Longburn and 

Feilding t ips  ( Xc2 
= 0 . 02 ,  P> 0 . 75 ;  Xc

2 
= 1 . 69 , P > 0 . 1  respectively) . 

Prevalences o f  infect ion in individual samples of  Norway rats from 

othe r  locat ions were too low for  statistical analysis o f  sex d i ff er

ence s . When Norway rats f rom all locat ions were comb ined , 30% o f  

mal e s  and 22% o f  females were shown t o  b e  infected . This sex 

d i f ference was non-signif icant (Xc
2 

= 0 . 83 ,  P > 0 . 25 ) . 

The bacteriological prevalences by sex in ship rats are given 

in Table 12 . 6 .  When ship rats f rcm all localit ies were comb ined ,  38% 
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Table 12 . 4  Serological and cultural evidence o f  leptospiral 

infection in Norway and ship rat s .  

Species Locat ion Sex Weight Titre Culture Isolate 
( g) sero group 

Norway Palmerston M 480 1 : 24 tarassovi 
rat North tip H 4 10 1 : 24 pyrogenes 

H 380 1 : 48 baUum + Ball urn 

1 : 24 tarassovi 

M 4 15 1 : 24 pyrogenes 

Norway rat Feilding t ip F 325 + Ball urn 

M 490 + Ball urn 

M 3 1 5  1 : 24 baUum + Ball urn 

F 330 + Ball urn 

F 390 + Ballum 

F 430 + Ball urn 

F 380 1 : 1 2 baUum + Ball urn 

M 445 + Ball urn 

M 425 + Ball urn 

H 440 + Ball urn 

M 460 + Ball urn 

M 330 1 : 1 2 baUum + Ball urn 

M 460 + Ballum 

F 390 + Ball urn 

M 385 + Ball urn 

M 2 80 NT + Ball urn 

F 2 80 NT + Ball urn 
M 355 NT + Ball urn 
F 340 NT + Ball urn 

M 400 NT + Ballum 

M 390 1 : 48 pyrogenes 

M 4 30 + Ballum 

M 195  1 : 48  baUwn + Ball urn 

M 45 + Ballum 

F 205 + Ball urn 

M 5 5  + Ball urn 

F 185  + Ball urn 



Table 12 . 4  cont . 

Species Location 

Norway rat Feilding t ip 

Norway rat Longburn t ip 

Sex Weight 
( g) 

M 380 

M 40S 

M 4SO 

M 34S 

M 3SO 

H 39S 

M 42S  

M 440 

M 38S 

M 360 

M 460 

M 4 7S 

M 380 

M 3SO 

M 4 7 S  

M 37S  

M 4 10 

M S 1S 

F S 30 

M 3 1 S  

M 40S 

M SOS 

F 34S 

M 340 

F 36S 

F 33S 

F 400 

M 340 

F 430 

M 360 

M 455 

M 305 

M 360 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Titre 

NT 
1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

11 

11 

11 

NT 
11 

11 

11  

11  

2 9 6  

Culture Isolate 
serogroup 

+ Ballum 

+ Ballum 

+ Ball urn 

+ Bal l urn 

+ Ball urn 

+ Ballum 

+ Ball urn 

+ Ball urn 

+ Ball urn 

+ Ball urn 

+ Ball urn 

· f· Bal l urn 

+ Ball urn 

+ Ball urn 

+ Ballum 

+ Ball urn 

+ Ballum 

+ Ballum 

+ Ballum 

+ Ballum 

+ Ballum · 

+ Ballum 

+ Ballum 

+ Ballum 

+ Ball urn 

+ Ballum 

+ Ball urn 

+ Ballum 

+ Ballum 

+ Ballum 

+ Ballum 

+ Ballum 

+ Ballum 
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Table 1 2 . 4  cont . 

Species Locat ion Sex Weight Titre Culture Isolate 
(g )  serogroup 

Norway rat Longburn t ip M 440 NT + Ballum 

M 385 1 1  + Ballum 

Norway rat Kiwitea t ip F 500 + Ballum 

Ship rat White Rock M 140 1 : 19 2  baUwn + Ballum 
Farm 1 :  48 pyrogenes 

Manawatu Gorge 
Forest M 150 1 : 9 6  baUwn + Ballum 

1 : 1 2 canico la 

M 145 NT + Ballum 

M 1 70 + Ballum 

F 120 NT + Ballum 

M 80 + Ballum 

Ship rat Tiritea F 185 + Ballum 
Reserve 

M 140 1 : 96  baUwn 

Ship rat Otawhao Farm M 1 75 + Ballum 

M 155 NT + Bal lum 

F 1 80 + Bal l um 

F 1 70 NT + Bal lum 

M 155 + Ballum 

M 150 + Ballum 

F 1 35 NT + Ballum 

M 145  1 : 48 baUwn + Balluni 

Ship rat Lint on M 1 55 + Ballum 

F 1 35 1 : 96  baUwn + Ballum 
1 : 24 py rogenes 

* tested against serovars bal lwn and copenhageni only . 



Table  1 2 . 5  

Location 

Palmerston 
North t ip 

Longburn t ip 

Feilding t ip 

Kiwitea t ip 

Ballum sero group leptosp iral infect ion in Norway rats f rom all locations . 

No . 
collected 

29 

55 

1 2 3  

6 

Sex 
M F 

2 0  9 

4 3  12  

74  49 

3 3 

baUwn t i tres 
M F t otal 

1 0 1 

0 0 0** 

3 1 4*** 

0 0 0 

Ballum serogroup isolates 
M F total 

1 0 1 

7 1 8 

38 15 5 3  

0 1 1 

Bact . prevalence ( % )  Sero* 

3 

15  

43 

1 7  

Cheltenham t ip 1 1 0 0 - 0 0 - 0 0 

Palmerston 
North City 5 3 2 NT NT NT 0 0 0 0 

Lint on 1 2  8 4 0 0 0 0 0 0 0 

Kapiti  Island 1 1 0 0 - 0 0 - 0 0 

Total 232  1 5 3  79  4 1 5 4 6  1 7  6 3  2 7% 

* ratio calculated for tho se rats f rom which sera examined 

** 28/55  (5 1%)  subj ected to serological examination 

*** 78/ 1 2 3  ( 6 3%)  subj ected to serological examinat ion 

bact . p rev . 

1 : 1  

5 : 4 3  

0 

0 

0 

0 

3 . 28 

N 
1.0 
00 



Table  12 . 6  Ballum serogroup leptospiral infect ion in ship rat s from all  locations 

Location No . 
collected 

Sex 
M F 

bal lwn t i tres Ballum serogroup isolates Bact . prevalence (%)  *Sero bact . prev : 

White Rock Farm 3 

Manawatu Gorge 15 

Tiritea Reserve 1 1  

Otawhao Farm 16  

Lint on 5 

Palmerston 
North City 2 

Total 5 2  

1 2 

1 0  5 

5 6 

9 7 

3 2 

1 1 

29  2 3  

M F Total 

1 0 1 

1 0 l
a 

1 0 l
b 

1 0 l
e 

0 1 1
d 

NT NT NT 

4 1 5 

M F Total 

1 0 1 

4 1 5 

0 1 1 

5 3 8 

1 1 2 

0 0 0 

1 1  6 1 7 

* rat io calculated for tho se rat s from which sera examined . 

a 
5 / 15 ( 33%) subj ected to serological examinat ion . 

b 
3/ 1 1  (2 7%) subj ected to ser0logica l examinat ion . 

c 
6 / 16 ( 38%) subj ected to s erological examination . 

d 
4 / 5  ( 80%) subj ected to sero logical examination . 

33  1 : 1  

33 1 : 3 

9 1 : 1  

50 1 7 : 83 

40 1 : 2 

0 

33  24 : 57 

N 
� 
� 



o f  males  and 2 6 %  o f  females were shown to be infected .  This sex 
2 

diff erence was non-s ignificant (Xc = 0 .  1 3 ,  P > 0 .  0 5 ) . 

300 

The percentage dist ribut ion of Norway rats o f  d i f ferent weights 

collected at Feilding tip and the comb ined sample of Non1ay rat s  

f rom t ip s  other than Feilding a r e  g iven in Table 1 2 . 7  and FiguiE 12 . 1 .  

The maj ority of  rats in both samples weighed between 300 and 450 g 

(56% and 66% respectively ) . Both samples had a s imilar percentage 

distribut ion o f  adult rat s of d i fferent weights ,  thus indicat ing 

a similar populat ion structure . The minimum we ight at which Norway 

rats can be  class ified as b eing s exual ly mature i s  150  g ( see Chapter 

XI)  and 1 9  rats from Feilding t ip we ighed less than this . Only one 

Norway rat obtained from t ips  other than Feilding weighed less than 

150 g .  

The p revalence o f  infect ion in Norway rats o f  dif ferent weights 

is given in Table  12 . 7  and Figure 1 2 . 1 .  Isolates were obtained f rom 

2 o f  19 Feilding rats weighing less  than 150  g ( 1 1%) . The single 

immature rat in the combined sampl e  from t ips other than Feilding 

was culturally negative . There was a marked difference in the 

prevalence of infection in sexual ly mature rats from Feilding 

compared with t he combined sample of rat s  f rom other t ips . All 

weight-group s o f  rats from Feil ding had a higher prevalence o f  

in fect ion and , a s  t he weight o f  s exually-mature rat s  increased , 

the prevalence o f  infection in each weight group inc reased unt il 

it reached 100% in the heavies t  group o f  rat s . The p revalence 

of infection in the comb ined sample of  s exually-�ature rat s  from 

tips other than Feilding did no t show a cont inued increase as 

weight inc reased . The highes t  prevalence o f  infection ( 1 7%) occurred 

in those rats weighing 300 - 399 g ,  and levels in heavier weight 

groups  did no t exceed 1 1% (Figure 1 2 . 1 ) .  

The p erc�ntage distribut ion o f  ship rats o f  different weights  

is given in  Table 1 2 . 8  and Figure 1 2 . 2 . The lowest weight at which 

ship rats can be classified as b eing sexually mature is 6 0 g  ( sec 

Chapter XI) . All ship rats trapped in the p resent survey weighed 

more than this . The highest percentage of rat s  were in the 1 20 -

149g group ( 33%)  and this group also had the highest p revalence 

of infection ( 4 7%) . The prevalence of infect ion in heavier weight 

groups ( 150 - 1 79 g  and 180 - 209 g)  was 43% and 33% . 



Table 12 . 7 : Norway rats from rubb ish t ips by weight - range groups and number of Bal lum se rogroup isolations 
within each weight-range group . 

Number o f  rats in each weight -range grou2 
Locat ion < 50g 50-99g 100-149g 150-l99g . 200-249g 250-299g 300-349g 350-399g 400-449g 

Feilding Tip 5 (4, 8 ( 7 )  6 ( 5 )  5 ( 4 )  7 ( 6 )  10 ( 8 )  2 1  ( 1 7 )  2 7 ( � 2 )  2 1  ( 1 7 )  

Tips o ther than 
FeUding 0 0 1 ( 1 )  1 ( 1 )  5 ( 6 )  4 ( 4 )  1 2  ( 1 3) 2 3 ( 25) 25 (28)  

Number o f  Ballum serogrou2 isolat ions within each weigh t- range grou2 
** 

Feilding Tip 1 (20) 1 ( 1 3)  0 2 (40)  1 ( 14 )  2 (2 0 )  1 0  ( 4 8 )  1 4 (52)  1 2 ( 5 7 )  

Tips o ther than 
Feilding - - 0 0 0 0 2 ( 1 7)  4 ( 1 7 )  2 (8)  

* % distribut ion of weight-range groups 

** prevalence of Ballum serogroup infection within each weight-range group . 

450-499g 

10 (8) 

1 1 ( 1 2 )  

7 ( 70 )  

1 (  9 )  

�500g 

3 ( 2 )  

9 ( 10 )  

3 ( 100) 

. 1 ( 1 1 ) 

I,;.) 
0 � 
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Fielding t ip 

ao 

60 
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20 

Combined t ips  other than Field ing 

80 
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20 

< SO so- 100- 1 5o- 200- 250- 300- 3so- 400- 4So- ssoo 99 149 199 249 299 349 399 - 4 49 499 . 
weight- range g roup (g ) 

Figure 1 2 . 1 .  Percentage dis tribut ion o f  weight-range g roups 

o f  Norway ra ts f rom rubb ish tips and the p revalence 

o f  Ballurn serogroup infection in dif f erent weight-range 

groups . 

prevalence of Ballum serogroup infection within we igh t-rang e  group s . 
percen tage  dis tribution of we ight-range groups . 



Table 1 2 . 8  Ship rat s  by weight-range group and number o f  Bal lum serogroup isolat ions wi thin each 

weight-range group . 

No . o f  rats within each 
weight-range group 

No . o f  isolat ions wi thin 
each weight-range group 

< 6 0  

0 

60  - 89 

* 
5 ( 9 )  

** 
1 (20)  

Weight- range groups (g) 

90  - 1 19 120  - 149 150  - 1 79 

1 3  ( 2 5 )  1 7  ( 3 3 )  14  (2  7 )  

1 ( 8 )  8 (47)  6 (43 )  

* % distribut ion o f  weight-range groups 

180 - 209 

3 ( 6 )  

1 ( 33 )  

** p revalence o f  Ballum serogroup infect ion within each weight-range group . 

� 2 10 

\,;..) 
0 
\,;..) 
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Figure 1 2 . 2 .  Percentage d is tr ibution of  weight-rang e  groups 

of ship ra ts and the prevalence of Ballum 

serogroup infection in dif f erent we ight-range 

·cu 
m 
.E 
c: 
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\ \ \ . \ \ \ \ \ 
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1 1 9  

1 20-
149 

1 50-
179 

weight - range g roup ( g ) 

\ \ \ \ \ \ \ 
\ \ \ \ \ \ 

\ -

180-
209 � 210 

prevalence of  Ballurn serogroup infec tion within weight
range group s .  

percentage distribu tion o f  weight-range group s . 
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There was a marked difference in the prevalence of in fection 

in Norway rats from dif feren t locat ions (Table 1 2 . 5 ) . Rats f n:-m 

Fe ild ing tip had a bacteriological prevalence o f  43% . I f  immature 

rats were excl uded f rom the sample , the bacteriological prevalence 

was 4 9 % .  Norway rats f rom Kiwitea , Longburn and Palmerston North 

t ips had bacteriological prevalences of 1 7% ,  15% and 3% respect ively . 

No isolates were cultured f rom Norway rats from Palmerston North 

City or Linton . The two rat s f rom Cheltenham tip and Kap it i  Island 

were also negat ive . The d i f ference in prevalence of infection in 

Norway rats f rom different t ip s  was highly signif icant (X
2 

= 26 . 72 ,  

P <0 . 00 1 ) . 

The di f ferences in prevalence of  infection in ship rats f rom 

different locat ions were much less pronounced than was the case 

for Norway rat s (Table 12 . 6 ) . Samples o f  ship rats t rapped in 

rural areas (White Rock Farm , Otawhao Farm and Linton ) had 

bacteriolo gical prevalences o f  33% , 40% and 50% respect ively . 

Th d " f f . " f "  (X  
2 

0 26 p> 0 7 5 )  e s e  � erences were non-s�gn� �cant c = • , • • 

rats f rom the Manawatu Gorge Forest and the Tiritea Reserve had 

bacteriological p revalences o f  33% and 9% respectively . Thi s  

difference  was non-significant , due t o  the small numbers i n  the 
2 

samples (Xc = 0 . 9 6 ,  P > 0 . 2 5 ) . Two ship rats from suburban 

Palmerston North were culturally negative . 

Ship 

A considerat ion of the relat ive indices of abundance of rats 

from different locat ions and the prevalence of infect ion p rovides 

some important  ep idemiological data on Ballum serogroup lepto

spirosis  in rats in New Zealand . The rubbish t ips that were sampled 

represented s imilar b iotopes for the Norway rat and there was a 

strong co rrelat ion b etween the subj ect ive indices of relat ive 

abundance (Table  12 . 9 ) and the p revalence o f  infection in Norway 

rats from d i ff erent t ip s  ( r = 0 . 96 ,  P <  0 . 0 1 ) . The regress ion o f  

prevalence o f  Ballum serogroup in fection in Norway rat s f rom differ

ent t ips on relative abundance o f  rat s was y = 4 1 . 2x + 1 . 96 .  Thi s  

was also statistically significant ( t  = 4 . 83 ,  P < 0 . 05 ) . Thus there 

was an 8 . 2% increase in the p revalence of infection for each 0 . 2  

unit inc reas e  in the relat ive abundance o f  t ip rats (Figure 1 2 . 3) .  

The Norway rat populat ions at Linton and in suburban Palmerston 

North \vere o f  unknown relative abundance to tip rats , as trapping was 

used as the method of capture . 



Table  12 . 9  

Locat ion 

Feilding 

Longburn 

Kiwi tea 

Palmerston 
North 

Subj ective estimat ion of relative abundance of Norway rats on rubbish t ips  * 

Size  

large 

small 

small 

large 

Subj ective 

XX XXX X 

XXX 

XX 

x** 

Density estimates 
( ra t io )  Max . no .  shot / 

( 1 .  0 )  

(0 . 5 ) 

(0 . 33)  

(0 . 1 7 )  

1�hrs . ( ratio) 

30 ( 1 . 0 )  

1 2  (0 . 4 ) 

6 (0 . 2 ) 

6 ( 0 . 2 ) 

* estimated on 4 . 10 . 7 7 and 5 . 10 . 7 7 

sgotl ight count , 
360 in ( rat io) 
2 min . 

45  ( 1 . 0 )  

8 ( 0 . 18 )  

3 ( 0 . 0 7 )  

2 (0 . 04 )  

Combined estimate 
o f  relative abundance 

1 . 0  

0 . 36 

0 . 2 1  

0 .  14  

** a s ubj ect ive assessment when shooting first s t arted (May , 1 9 7 7 )  would have been xx . 

w 
0 
"' 
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Regression of prevalence o f  Ballum s erogroup 

infection in Norway rats on subj ec tive es timate  

of  relative abundance .  
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Relative indices o f  abundance o f  ship rats were calculated on 

the rat io o f  trap-night averages in different locat ions relative to 

the trap-night average of ship rats caught in the Tiritea Reserve 

(Table 1 2 . 10 ) . The correlation between relative abundance of ship 

rats and p revalence of infect ion was non-significant (r = 0 . 56 ,  

P > 0 . 05 ) , a s  was the regression o f  relative indices o f  abundance 

on prevalence of  infect ion ( y = 2 6 . 7x + 48 . 49 ;  t 1 . 1 6 , P  > 0 . 2 ) .  

Thus the prevalence o f  Ballum serogroup infect ion in different 

populat ions of ship rats was not associated with populat ion dens ity . 

The Ballum serogroup organisms isolated in the present survey 

grew very vigorously in arti ficial media . Leptospires were often 

ab le to be detected as soon as one week after inoculat ion and 5 7  

o f  the 80 isolates ob tained ( 7 1%)  grew in all culture tubes 

inoculated from one kidney . The contaminat ion rate of  media con

t aining 200 pg SFU/ml was 8% . This was higher than that for 

possum kidneys (4 . 5%)  and was attributed to the d i f ferent methods 

of col lect ion for rats compared with possums . The contamination 

rate o f  med ia containing 400 �g SFU/ml was 6% . 

DISCUSS ION 

Night-shooting proved to b e  a very efficient method for the 

collect ion o f  Norway rats when they were present in moderate to 

308 

high populat ion dens ities . The difficulty in trapping No rway rats 

has been referred to earlier and this is well illustrated by B rocki� 

( 19 7 7 ) , who reported a trap-night average o f  only 1 : 1 7 on two 

rubbish t ips where there were large numbers of rat s . (The t rap-night 

average for Norway rats on dairy farms was 1 : 79 1 ) . It  is  unknown 

whether the high percentage o f  male relative to female rats collected 

by shoot ing was due to sampling b ias or a reflect ion of the t rue s ex 

ratio in rubbish tip rat populat ions . 

Trapping success for ship rats was s imilar to that reported 

by New Zealand workers investigating the biology o f  this species 

in forest environment s  (Daniel , 1 9 72 ; Innes ,  19 78) and also supported · 

the information given in Chapter XI on the dist ribut ion o f  the Norway 

and ship rats in New Zealand . The ship rat was trapped in all b iotopes 

sampled except that where there was direct competit ion with l�rge 



Table  12 . 10 Relative abundance of ship rats in 

all locat ions sampled . 
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Locat ion Prevalence o f  infect ion Trap-night Relat ive indices o f  

(% )  

Tiritea Reserve 9 

Otawhao Farm 50  

Manawatu Gorge Forest 33  

White  Rock Farm 33  

Linton 40 

average 

4 . 0  

2 . 8  

2 . 6  

1 . 4  

0 . 8  

* calculated relative to T iritea Reserve . 

abundance * 

1 . 0  

0 . 7  

0 . 65 

0 . 35 

0 . 2  



numbers o f  Norway rats . Norway rats were restricted to syanthropic 

foci and the only b iotopes where Norway and ship rats were found 

together were suburban Palmerston North and an intensive farming 

environment at  Linton . Rat numbers in both these environment s  

appeared to b e  low .  It is there fore probab le that there is only 

a minimal opport unity for transfer of leptospirosis between thes e  

species under New Zealand conditions . 

Serological examinat ions revealed Ballum serogroup titres in 
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3% o f  Norway rat s and 24%  of  ship rat s ,  with GMT ' s  of  1 : 24  and 1 : 96  

resp ectively . The only previous New Zealand worker to test  rat sera 

against ba Z Zum antigen was Brockie ( 1 9 7 7 )  and he found 7 of  79 Norway 

rats ( 9%)  and 1 o f  16 ship rats ( 6% )  to b e  seropositive at a minimum 

s erum dilut ion o f  1 : 100 . The rat ios o f  p revalence o f  Ballum serogroup 

t itres to bacteriological prevalence in Norway and ship rats were very 

low ( 3 : 2 8 and 2 4 : 5 7  respectively) and this demonstrated the inadequacy 

o f  serology as a diagno s t ic method for the detection of Ballt1m 

serogroup infection in rat s .  The inability o f  organisms in this 

serogroup to s t imulate high or sustained t itres has been repo rted 

in several species (see Chapter IV and VII) , however thi s  inab il ity  

was shown to be  especially pronounced in  the No rway rat . In the 

present study , 89%  of is olations were from sero-negat ive animals and 

the GMT of s ero-positive animals was very low .  

Titres agains t ant igens other than baZZum were low and spo radic . 

It  is  probable that the pyrogenes t i tres represented cross-reactions 

in rats infected with lepto spires of the Ballum serogroup as this 

cross-react ion i s  well recognised in a variety o f  species (Alston 

and Broom, 1958 ; Alexander e t  aZ , 196 3) . The two low tarassovi 

tit res in Norway rats may have repres ented infect ion with organisms 

o f  this serogroup , as serovar tarassovi has b een isolated from 

Norway rat s  i� East Europe (Anon , 1 9 6 6 ) . 

The isolat ion o f  leptospires o f  the Ballum serogroup from 

Non�ay and ship rats in syanthropic foci support s the work by B rockie 

( 19 7 7 )  and two iso lates were shown to be serovar baZZum.  Endemic 

Ballum serogroup infection was also found in ship rats in natursl 

foci and therefore it can be concluded that infection with these 

organisms is widespread in rats in the socthern hal f  of the North 

Island of New Zealand . 
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Surveys o f  Norway rats in other countries , summarised in 

Table 1 2 . 1 1 ,  have revealed only low p revalences o f  Ballum serogroup 

infect ion .  In  contrast ,  these  surveys have revealed a high prevalence 

of Icterohaemorrhagiae sero group infection in the populat ions sampled . 

The situat ion involving infect ion o f  Norway rat s  in New Zealand with 

these two serogroups is summa r ised in Table 12 . 1 2 .  This comparat ive 

data indicat es that when endemic Icterohaemorrhagiae serogroup 

infection occurs in a populat ion o f  No rway rats , the recognised main

tenance hosts ,  infect ion with o rganisms o f  the Ballum serogroup is 

sporadic or abs ent . Analys is o f  dat a  presented by Brockie ( 19 7 7 )  

shows that no Ballum serogroup i solat ions were made f rom rats collected 

f rom the Eastern Waikato , a populat ion with endemic Icterohaemorrhagiae 

serogroup infect ion. (Copenhageni infect ion has been documented in 

cat tle  only in the South Auckland region (Chapter I )  and it is probab le 

that Norway rat s are the source of these infections . ) The abs ence 

of  Icterohaemorrhagiae sero group infect ion in the rat populations 

studied in the present survey , together with the absence o f  other 

serovars in rat s in New Zealand , appears to allow a high p revalence 

of  Ballum serogroup infect ion to be maintained in some Norway rat 

populat ions . This situation , the result of the particular ecology 

of the Nonvay rat and the limited availab il ity of other possib le 

infect ing serovars in New Zealand , has not been reported in other 

count ries . The pat chy distribut ion of the Norway rat in New Zealand 

may mit igate against the spread of Icterohaemorrhagiae infection 

in the southern hal f  of the North I sland , however it is suggested 

that if  these organisms were int roduced ,  they would displace endemic 

Ballum serogroup infect ion in Norway rat populat ions . 

The p resent study has established that infection wi th lepto sp ires 

of  the Ballum sero group is endemic in ship rats in the southern hal f  

o f  the North I sland . Unl ike the Norway rat , the ship rat is not a 

recognised maintenance host for any p art icular s erovar , although 

many different iso lations have been made from this species throughout 

the world (Anon , 1966 ; Anon , 1 9 7 5 ) . These appear to b e  sporadic and 

of local import ance only and may be attributed to the very restricted 

distribut ion of the ship rat in countries other than New Zealand . 

Some surveys o f  ship rats have failed to reveal evidence o f  l eptospiral 

infec t ion , even in environment s where o ther free-living species are 



3 1 2  

Table 12 . 1 1 Prevalence o f  Ballum and Icterohaemorrhagiae serogroup 

infection in Norway rats . 

Author 

Brown & Gorman , 
1 9 60 

Alexander e t  aZ , 
196 3 

Schnurrenberger 
et aZ� l9 70 

Fennestad and 
Borg-Petersen , 19 72 

:t-1ichna & Campbell ,  
1 974 

Coun t ry No . 
sampled 

U . S . A .  3 0  

Puerto Rico 104 

U . S . A .  4 32 

Denmark 82 

U . K . 1 34 

Ballum 
No . Prev . 

0 

2 2% 

1 1  3% 

0 

1 1%  

Icterohaemorrhagiae 
No . Prevalence 

0 

2 1  20% 

2 0 1  4 7 %  

1 7  2 1 %  

20  15%  

Table 12 . 1 2 P revalence o f  Ballum and Icterohaemorrhagiae s erogroup 

infection in Norway rats in New Zealand . 

Author No . sampled 

Kirschner & Gray , l9 5 1  52  

Brockie , 1 9 7 7  2 5* 

5 1** 

Hathaway , 19 78 2 3 2  

1 2 3*** 

Ballum infect ion Icteroharmorragiae 
No . Prevalence No . Prevalence 

0 2 4%  

0 5 20% 

8 16%  0 

6 3  2 7 %  0 

5 3  4 3% 0 

* sample f rom Eastern Waikato 

** sample f rom Southern Taranaki 

*** sample f rom Feilding t ip .  



recognised carriers ( Clark et al� 1966 ; Doherty , 1967 ; Fennestad and 

Borg-Petersen , 1 9 72 ) . The high p revalence o f  infection in ship 

rats in rural and fores t  b iotopes ind icates that this species i s  

a maintenance h o s t  for Ballum serogroup organisms in New Zealand . 
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The p revalence o f  infect ion in Norway and ship rats in d i f f

erent b iotopes p rovides some important  information on the epidemiology 

o f  Ballum sero group infect ion in these species . No rway rat s f rom 

different rubb ish t ips in the Manawatu had prevalences o f  infect ion 

ranging from 3% to 43% , while those from suburban and farm locat ions 

were negative . The different rubb ish tips sampled represented very 

s imilar biotopes and therefore the differences in prevalence o f  

infect ion were independant o f  environmental conditions . Population 

dens it ies on dif ferent t ips were very different however ,  due to 

diff erences in t ip management , and the p revalence o f  infect ion was 

directly associated with populat ion density . High dens ity populations 

of Norway rat s were capable o f  maintaining a high prevalence o f  

in fect ion , whereas low density populat ions had either a low ( Palmer

ston North tip ) or zero prevalence of infection (Linton and suburban 

Palmers�on North) . These results indicate that a high frequency o f  

contact i s  necessary t o  ensure transmission o f  the organism and 

hence maintenance o f  an endemic focus o f  Ballum serogroup infect ion 

in Norway rats . Such contact , both sexual and non-sexual ,  is 

maximal in crowded environment s  ( Calhoun , 1962 ) . 

In comparison to Norway rats , the preval ence of  infection in 

ship rats was independant of population dens ity and was maintained at 

a high level in all but one o f  the populat ions sampled . Thus ship 

rat populat ions of mode rate and low dens it ies were capab le of main

taining an endemic focus of Ballum serogroup in fect ion , and the 

prevalence of infect ion was independant of dif ferent environmental 

condit ions in dif ferent b iotope s . 

In contast to ship rat s , the Norway rat may not b e  a typical 

maintenance host for leptospires of the Ballum serogroup and therefore 

a high frequency o f  contact between individuals in a populat ion i s  

needed to maintain the d iseas e . The hypothesis  that the Norway r a t  i s  

n o t  a typical maintenance hos t  for leptospires o f  the Ballum serogroup 

is supported by several observat ions . 



P late 1 2 . 1 .  High dens i ty popula tion of Norway 

rats at Feilding dump . 



1 .  The prevalence of  infection has been shown to be dens ity

dependant , with an ab sence of  infection at low population 

dens ities . 

2 .  The Non·my rat is a recognised hos t for copenhageni . This 

serovar appears to be main tained independant of high population 

densities . 

3 .  Copenhageni appears to be ma intained preferentially to 

baUum. 

4 .  Norway rats are a maintenance population of bal lum only 

in syanthropic foci . 

5 .  Lep tospires were isolated f rom very young Norway rats . 

This is a typical of  inf ec tion in a maintenance hos t  population 

of  Norway rats ( Babudieri , 1958 ; Kallai et al,  1 962 ; Schnurren

berg er et al , 1 9 7 0) . 

6 .  The GMT of  ballum ti tres was very low ( less than half 

the GHT for ship rats ) . This is atypical of the s erological 

criteria def ining rodent species as maintenance hos ts for  

l ep to sp ir es (Chernukcha et  a l ,  1 9 74 ) . 

7 .  Surveys of  Norway rats in countries Hhere these rodents 

share  a common b iotope with house mice with endemic bal lum 

infection have shmvn tha t Norway ra ts are only sporadically 

inf ected or else remain uninfec ted in such b io topes . (Brown 

and Gorman , 1 9 60 ;  Clark, 1 96 1 ;  S chnurrenberger et  al , 1 9 70 ) . 

Thus the presence of bal lum in wildlife in a particular 

b io tope does not result  in endemic inf ection in No rway rats . 
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Although the above-mentioned observations suppor t  the hypo thesis  

tha t the Norway rat is no t a typica l  maintenance hos t  for  leptospires 

of the Ballum serogroup , this hypo thes is can only be tes ted by 

experimental inves tigations in the laborato ry .  

The absence o f  l ep to spiral infection in both Non·my and ship 
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rats f rom suburban Palmerston North support s the findings o f  previous 

New Zealand workers who failed to f ind leptospirosis in rats in 

suburban and urban environments ( Blakelock and Allen , l 9 5 6 ; B rockie , 

19 7 7 ) . The high level o f  predation by man and domes tic animals 

in such environments ensures that rat populat ions are generally very 

low an d this is the probable reason why endemic foci of Ballum 

serogroup in fect ion are not maintained .  ( A  similar s it uat ion was 

reported for a variety of serovars and rat species in urban compared 

wi th rural environment s in Malaya by Gordon-Smith et al� 1 9 6 1 ) . Thes e  

findings indicate that , even in a maintenance host populat ion , some 

min imum populat ion density is necessary to maintain an endemic focus 

of i n fect ion of a particular serovar . This concept has been put 

fo rward by other workers investigating leptospirosis in free-living 

species ( Brown and Gorman , 1960 ; Roth et a l , 1 9 6 3) and Gordon-Smith 

et aZ ( 1 9 6 l c ) reported that in Mal aya a minimum population density o f  

two rats /ha was necessary t o  maintain leptospiral infect ion . 

Ship rats f rom Linton were found to be  infected with leptospires 

of  the Ballum serogroup whereas Norway rats sharing the same biotope 

were negative . I t  is  unlikely that different species sharing the 

same b iotope have sufficient contact of the type that is necessary to 

t ransmit the disease between species . Gordon-Smith et aZ  ( 19 6 1 c) 

inves tigating leptospiral infect ion in a variety of species of  rat s  

in several b iotopes in Malaya , expressed a similar opinion . If  any 

transmiss ion does  occur between species , it is probab le that it is via 

the environment and as such is a rare occurrence . 

The epidemiology o f  Ballum serogroup infect ion in Norway and 

ship rats is summarised s chematically in Figure 1 2 . 4 .  The present 

investigat ion has demonstrated that the epidemio logy of leptosp irosis  

in  rodent populations has mult iple  determinants and can only b e  def ined 

in terms of loca l  conditions . The maintenance o f  an endemic focus o f  

leptospiral in{ect ion depends on continued t ransmis s ion o f  the organism 

and this is only achieved under the following conditions : 

1 .  suitable hos t  

2 .  suitable host habitat 

3 .  suff ic ient populat ion density 

4 .  int roduction o f  a part icular serovar . 
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A f avourable environment for the survival o f  the infect ing 

serovar is rela t ively unimportant for the maintenance o f  the focus 

under these condit ions . This is in contrast to the opinions of many 

worker s  who have regarded a favourab le environment to be important in 

the maintenance o f  an endemic focus of  leptospirosis in a free-living 

populat ion ( Ferris et al , 1 96 1 ;  Gordon-Smith et al , 196 l b ; Turner , 196 7 ;  

Twigg et a Z , 1969 ) . A favourab le environment is  much more important 

for the t ransmission of the infect ious agent to domestic animals and 

man . In most cases , the serovars that are endemic in free-l iving 

rodent populations are not endemic in domest ic animals ,  due to the 

limitat ions of  environmental transmiss ion (Martin et aZ , 1 96 7 ;  

Fennestad and Borg-Peters en ,  1 9 72 ; Twigg et a l , 1 9 7 2 ) , however an 

increase in the populat ion dens ity o f  infected rodents in a biotope 

may result in an increase in the prevalence of sporadic infect ions 

in domestic  animals and man sharing that biotope . 

SUM¥ARY AND CONCLUS IONS 

1 .  Norway rat s were only trapped in syanthropic foci , whereas ship 

rat s were found to occupy both syanthropic and natural foci in New 

Zealand . 

2 .  The prevalence of  leptospiral titres in Norway and ship rat s was 

very low .  BaZ Zum t itres were found in 3% o f  Norway rat s  and 24% o f  

ship rat s .  

3 .  Leptospires o f  the Ballum serogroup were isolated f rom 6 3  o f  232  

Norway rats (27%)  and 1 7  of  52  ship rats ( 33%) . 

4 .  I solat ions were restricted to the Ballum serogroup . Two isolates 

were identi f ied by cross�agglutinat ion absorpt ion as serovar baZ Zum. 

There was no evidence of infect ion with organisms of the Icterohaemorr

hagiae serogroup . 

5 .  I solat ions were obtained f rom ship rats from rural and forest 

environment s  and the prevalence of infect ion was independant o f  

populat ion density . 



6 .  The ship rat is considered a maintenance host for serovar 

ballv� in the s outhern half of the North Is land of New Zealand . 

7 .  The p revalence o f  infect ion in No rway rats was directly related 

to population density.  

8 .  Evidence i s  p resented t o  support the hypothesis that the Norway 
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rat i s  not a typ ical maintenance host for Ballum serogroup infection , 

however an endemic focus can be  maintained in a syanthropic focus where 

there is a high populat ion dens ity . 

9 .  Cross-species t rans fer o f  Ballum serogroup infect ion is considered 

unimportant in the maintenance of an endemic focus of leptospirosis in 

several species sharing a biotop e . 

1 0 .  The epidemiology of lep tospi ral infection in rat s  has mul t iple 

det erminants and can only be  defined in terms of  local condit ions . 



CHAPTER XII I 

LEPTOSPIROSIS IN SMALL M�l�LIAN SPECIES, FERAL UNGULATES 

AND PUKEKOS (PORPHYRIO MELANOTUS) IN NEW ZEALAND . 

INTRODUCTION 

Lep tospiral infec t ion o c curs in a large number o f  f ree-living 

sp ecies throughout the world and it  is  well  es t�b lished tha t a 

par ticular free-l iv ing species may ac t as a maintenance hos t  for 

dif ferent serovars in different countries . The European hedgehog 
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i s  a maintenance hos t for bratis lava in Great Britain (Michna and 

Campbell ,  1 9 70 )  and canico la in Israel ( Shenberg et a l ,  1 9 7 7 ) , and 

the house mouse i s  a maintenance hos t for ba Z Zu� in the U . S . A .  (Clark , 

1 9 6 1 )  and sejroe and bataviae in Europe (Fennes tad and Borg-Petersen ,  

1 9 7 2 ;  Mateev and Manev , 1 97 4 ) . In addition, a species with endemic 

leptospiral infec tion in one country may be f ree of  infec tion in 

ano ther . Surveys in Nor thern Ireland (McCaughey and Fairley , 1 9 7 1 )  

and Colarado ,  U . S . A .  (Al Saadi and Pos t ,  1 9 7 6 )  have failed to 

demons trate lep tospiral infec tion in house mice in these regions . 

New Zealand , unl ike mos t countrie s ,  has a very l imited number of 

free-living mammals and mos t  of those that  are es tablished in this 

country were introduced f rom Great Bri tain in colonial times (see 

Chap ter XI) . This chap ter describes an investigation o f  lep tospirosis 

in these introduced species . Particular emphas is was p laced on the 

collection of mus telids as no information is available on lep tosp iros is 

in these species in New Zealand and very few of thes e animals have been 

examined in o ther countries ( Clark , 1 9 6 1 ;  Twigg et aZ , 1 9 68 ;  Michna and 

Campbel l ,  1 970) . The f indings in free-liv ing species d�scribed in this 

chap ter provide an interes ting comp ar ison to the s i tua tion described 

for the same species in Grea t B ritain . 

MATERIALS AND METHODS 

The methods o f  collectio� fer the different species have been 

descr ibed in Chap ter XI . Animals  were collected f rom a variety of 

loca tions and in general were obtained f rom those  b io topes from 

wh ich possums and rats were also s ampled ( Table 1 3 . 1 ) . Hic e  were 
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trapped in the same forest ecosystems (Manawatu Gorge and Tiritea 

Reserve) f rom which ship rats were t rapped and a t rapping p rogranune 

was also carried out in the s ame environment at Linton from whi ch 

Norway and ship rats were obtaine d .  Two mice were trapped in subur

ban Palmerston North. 

Mustelids were trapped on White Rock and Otawhao farms 

( descr ibed in Chapter IV) and also at Linton . Individual animals 

were t rapped at Dannevirke , Manawatu Gor&e and Akatarawa Forests , 

and Tangimoana . Individual feral cat s were trapped on White  Rock 

and Otawhao farms and also at Dannevirke and Linton during trapping 

programmes for other spec ies . S ix feral cats inhab it ing the 

Feilding t ip were shot by spotl ight ing .  

Hedgehogs were obtained from the grounds of Massey University , 

Palmerston North t ip and farmland around L inton . Individual hedgehogs 

were captured on Otawhao farm and in suburban Palmers ton North . 

Several rabb i t s  and hares were shot on farmland around 

Dannevirke during night-shoot ing operat ions for possums . A sample  

of  35 sera  from feral ungulates and a feral pig , from various 

localities in the North Island (Tab le 1 3 . 2 ) , were subj ected to 

serological examinat ion . Thirty-four pukekos collected from the 

North and South Islands were also examined serologically . 

The animals were weighed and sexed at the time of capture and 

blood was taken for serology . Sera were tested in the MAT against 

12  ant igens , viz . � austraZis� autumna Zis� baZ Zum� bataviae� biflexa� 

canicola� copenhageni� grippotyphosa� hardjo� pomona and pyrogenes� 

at a minimum serum d ilut ion o f  1 : 24 . 

Two methods were used for kidney culture , depending on the 

species of animal . Kidneys of ferrets , stoat s , feral cat s ,  

hedgehogs , rabbits  and hares were homogenised us ing the Stomacher 

technique described in Chapter Ill . Kidneys from weasels and house 

mice , because of  their  small size , were homogenised using the 

syringe t echnique described in Chapter XII for ship rat kidneys . 

Mouse kidneys were homogenised us ing a t�berculin syringe f rom which 



the needle had been removed .  Weasel kidneys were homogen ised in a 

2ml d isposable syringe . 

Culture of  kidney homogenates and serogroup identification o f  

isolates were carried out according to the methods described in 

Chapter Ill . 

RESULTS 
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Trapping programmes for house mice resulted in only a smal l  

number of  animals being caught (Tab le 1 3 . 1 ) . Five mice were t rapped 

in forest areas during 660 trap-nights ,a  t rap-night average o f  0 . 8  

per lOO t rap night s .  A further f ive mice were trapped at Linton during 

574 t rap-ni ght s ,  a t rap-night average o f  0 . 9  per 100 trap nights . 

Mustel ids also proved difficult to capture . Specific t rapping 

programmes for these species resulted in only eight animals  being 

captured , however a further 12 must elids were captured during surveys 

of  o ther species . Capture o f  other snall mammals was sporadic as these 

species were not subj ected to int ens ive trapping programmes . 

Serological and cultural results are p resented in Tab le 1 3 . 3 .  

No lep tospiral agglut inins were detected in sera from house mice , 

however two isolates o f  the Ballum serogroup were obtained from this 

species . Both isolates were from adult mice , one from Manawatu 

Gorge Fores t  and one from Linton . The ove rall bacteriological 

prevalence in mice was 1 7 % .  

The nine ferrets , eight stoats and three weasels that were 

captured showed no serological evidence of leptospiral infect ion and 

no isolates were ob tained from these species . 

Two o f  1 1  feral cats were found t o  have serological evidence · 
of  lep tospiral infection.  One adult male f rom Whi te Rock Farm had a 

t itre o f  1 : 9 6  to pomona and an adult female f rom Ota,vhao farm had a 

t it re o f  1 : 24  to baUwn. No isolates were obtained from feral cat s . 

Bal lum ti tres were found in 4 o f  1 3  h�dgehog sera ( 3 1% )  and the 



Tab le 1 3 . 1 Collect ion data for small  mammal ian species and b irds 

investigated for leptospiral infect ion . 

Order Species Date Location S ex Weight 
( g) 

RODENTIA House Mouse 1 0 . 7 . 76 Hanawatu Gorge M 1 9  
(Mus musculus) 15 . 6 . 76 " M 1 2  

15 . 9 . 76 Tiritea Reserve F 1 6  

2 8 . 9 . 76 " F 14  
" " M 1 7  

1 2 . 4 .  7 7  Linton F 1 7  

30 . 9 . 7 7 t o  
1 6 . 10 . 7 7  Linton M 12  

" F 20  
" M 9 

1 3 . 1 1 . 7 7 " M 12  

2 5 . 6 .  77  Palmerston Nth City M 15  

2 0 . 1 1 . 7 7 " M 2 3  

Kiore 30 . 1 1 .  76  Arapawa Island M NT 
(Rattus exulans) " " M NT 

CARNIVORA Ferret 10 . 3 . 76 to 
( Pu tJorious putor- 1 6 . 3 . 76 White Rock Farm F NT 

ious) " F NT 
" " M NT 
" " M NT 
1 1  " M NT 

1 0 . 8 . 76 Otawhao Farm M NT 

1 8 . 5 .  7 7  " F NT 

2 3 . 6 .  7 7  " F NT 

14 . 8 . 7 7 Lint on M NT 
S toat 10 . 8 . 75  White Rock Farm F NT 

(Mustela erminea) 
1 3 . 3 . 76 11 F NT 

1 6 . 3 . 76 11 M NT 

1 0 . 4 . 76 Dannevirke F NT 

3 . 6 . 76 Manawatu Gorge M NT 

1 0 . 8 . 76 Otawhao Farm M NT 
11 11 M NT 

18 . 10 .  7 7  Linton M NT 

322 
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Table  1 3 . 1 cont . 

Order Species Date Location Sex Weight 
(g ) 

CARNIVORA Weasel 1 6 . 1 2 . 7 6  Tangimoana M 140 
( cont . ) (Muste la nivaZis) " " F 165  

1 5 . 5 .  77  Akatarawa Forest F 190 

Feral cat 1 1 . 3 . 76 White Rock Farm M NT 
(Fe lis catus ) 1 5 . 3 . 76 " F NT 

19 . 5 .  77  Otawhao Farm F NT 

20 . 7 .  77  Dannevirke F 1600 

2 5 . 1 0 .  7 7  Feilding tip M 12 10  
" " F 2950  

2 7 . 10 . 7 7 " M 1575  
" " N 1 240 
" " F 1 140 
" " F NT 

2 . 3 . 78 Linton M 1875  

INSECTIVORA Hedgehog 9 . 1 0 .  76  Massey University M 3 1 0  
(Erinaceus 1 5 . 1 0 . 7 6  " M 375  
europaeus) 

3 .  3 .  7 7  " F 525  
" " F 4 30 

1 5 . 5 . 7 7 Palmers ton Nth t ip M 5 10 

7 .  1 0 .  7 7  " F 6 3 5  
" " M 4 70 
" " M 400 
" " M 545 

28 . 6 .  7 7  Otawhao Farm M 495  

1 3 . 2 . 78 Lint on F 825 
" " F 2 10 
" " M 540 

1 1 . 10 . 7 7 Palmerston Nth City M 325 

LAGOMOiBPHA Rabbit 29 . 3 . 77 Dannevirke M NT 
(OryctoZagus " " M NT cuniculus) 

28 . 10 . 7 7 " M NT 
" " F NT 
" " F NT 
1 1  1 1  M NT 
1 1  1 1  F NT 



Table 1 3 . 1 cont . 

Order 

LAGOMORPHA 

Species 

Hare 
(Lepus europaeus) 

* Pukeko 
(Porphyria 
me Zanotus) 

Date Location 

2 8 . 1 0 .  7 7  Dannevirke 
" " 

various 

* 34 serum samples only 

Sex 

M 

M 

Weight 
(g )  

NT 
" 

mixed NT 
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Table 1 3 . 2  

Species 

Species of wild ungulates examined for serological 

evidence of leptospiral infect ion . 

Date o f  
Col lect ion 

Locat ion Sex 

*Red deer (Cervus e laphus) ¥.ay ,  1 9 7 7  North Is land Mixed 

Red deer 1 7 . 8 . 7 7 Putorino 

Red deer 20 . 8 . 7 7  " 

S ika deer (Cervus nippon) 1 4 . 5 . 7 7 Taupo 

Feral sheep ( Ovis aries) November , 1976  Arapawa I s . 

Feral sheep 11 " 

Feral sheep 11 11 

Feral sheep " " 

Feral sheep " " 

Feral sheep " 11 

Feral goat (Capra hircus ) " " 
/ 

Feral goat 1 1  " 

Feral pig (Sus scro fa) 14 . 3 . 7 7 Putorino 

* pooled sample of 25 red deer sera f rom various North Island 

locations . 

F 

M 

M 

M 

M 

M 

F 

F 

F 

NT 

NT 

M 
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range in t i tres was from 1 : 24  to 1 : 384 , with a GMT o f  1 . 68 .  

Mul t iple reactions against a variety o f  heterologous ant igens were 

found in the sera of two hedgeho gs (Table 1 3 .  3) . Isolates of the 

Ballum serogroup were cultured from both of these animals . 

Rabb its  and hares were serologically and culturally negative . 

Serum f rom the two kio re were also negat ive and no t itres were 

detected in sera from 36 feral ungulates and a feral p i g .  

No t i t res were demonstrated i n  the 34 pukeko sera that were 

examined . 

DI SCUSSION 
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The isolation of  leptospires of the Bal lum serogroup f rom house 

mic e ,  ship rats , Norway rat s and hedgehogs and the serological evid

ence of infec t ion in possums in New Zealand is further evidence o f  

the ability o f  these organisms to infect a wide range o f  free-living 

species throughout the world .  Unlike most o ther countries , baZ Zum 

is one o f  only two serovars that have been isolated from rodents 

and hedgehogs in New Zealand .  Leptospires of  the Ballum serogroup 

have also been isolated from cattle and humans in this coun t ry 

( see Chapter I ) .  

The house mouse is recognised as a maintenance for baZ Zum ip 

many regions throughout the world , (van der Hoeden , 1958 ; Brown and 

Gorman , 1960 ; Mart in et aZ� 1 9 6 7 ) .  B rockie ( 19 7 7 )  t rapped 73 mice 

from dairy farms and count ry rubbish t ips in the North Island of  

Nevl Zealand and isolat ed leptospires o f  the Ballum serogroup from 

nine ( 12% ) , so establishing the p resence of these organi sms in 

house mice in this country . Only two mice in that sample had baZ Zum 

t i tres at  a minimum serum d ilution o f  1 : 200 . These results were 

similar to thore found in the present investigation and so the house 

mouse can be considered a maintenance host for leptospires of the 

Ballum serogroup in New Zealand . (This conclus ion is supported by 

the resul t s  f rom the culture of  5 8  mice described in Chapter XV} .  

The isolation o f  leptospires from a mouse in a natural focus 

(Manawatu Gorge Forest ) demonst rat es that Ballum serogroup infection 

in house mice is not restricted to syanthropic foc i .  



Tab le 1 3 . 3  : _ Serological and cul tural evidence o f  leptosp iral infect ion in small ffiammal ian species . 

Species Locat ion Sex Weight ( g )  Ti t re Cul ture 

House mouse Manawat u  Go rge M 1 9  - + 

Linton F 1 7  - + 

Feral cat Whi t e  Ro ck Farm M NT 1 : 9 6  pomona 

Otawhao Farm F NT 1 : 2 4  ba Z. Z.wn 

Hedgeho g Palmers ton �o rth t ip M 545 1 : 384 baUwn + 

1 � 4 8  copenhageni 

1 : 48 canico la 

1 . 24 pomona 

Otawhao Farm M 495  1 : 9 6  ba Uwn + 

1 : 24  copenhageni 

1 : 2 4  pyrogenes 

Massey Uni versity F 5 2 5  1 : 24 baUwn 

Lint on F 825 1 : 24  baUwn 

Isolate 
sero group 

Ballum 

Ballum 

Ballum 

Ballum 

l..V 
N 
....., 



Species 

House mouse 

Kiore 

Ferret 

Stoat 

Weasel 

Feral cat 

Hedgehog 

Rabbit 

Hare 

Total 

Table 1 3 . 4 : Summary data for leptospiral infection in small mammalian specie s .  

No . collected Sex No . s erum 
M F samples 

1 2  8 4 4 

2 2 0 2 

9 5 4 9 

8 5 3 8 

3 1 2 3 

1 1  5 6 1 1  

1 4  9 5 1 3  

7 4 3 6 

2 2 0 2 

6 8  5 8  

* a l l  is olat ions were o f  the Ballum serogroup 

** two s era had t i tres to more than one antigen . 

No . positive Isolat ions* 
sera M F 

0 1 1 

0 NT NT 

0 0 0 

0 0 0 

0 0 0 

2 0 0 

4** 2 0 

0 0 0 

0 0 0 

6 3 1 

Total 

2 

NT 

0 

0 

0 

0 

2 

0 

0 

4 

w 
N 
00 



The house mouse does not appear to be a maintenance host for 

baZZum in Great Britain , although only small numbers have been 

investigated (Twigg et  a� 1968 ; Michna and Ellis , 1 9 74 ) . (  Twigg 

et al ( 1 9 7 2 )  refer to "the well-known association of L. baZ Zum 

with the house mice" but do not s tate whether they are referring 

to the s ituation in count ries other than Britain or the the local 

situat ion ) .  The house mouse is a maintenance hos t  for sejroe in 

Europe ( Fennestad and Bo rg-Petersen , 1 9 72 ) . These authors isolated 

sejroe f rom 25 of  2 20 house mice ( 1 1% ) . Only one bal lum isolate 
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was ob tained in that survey . Parnas et al ( 1 96 1 )  cultured 17 isolates 

from 1090 house mice , none of wh ich were ballum. Thus the 

epidemiology of leptospirosis in house mice in New Zealand i s  

cons iderably different from that i n  Great Britain and Europe . 

The 20 muste lids that were examined revealed no evidence 

of  lep tosp iral infect ion . This is an interesting finding in view 

of the fact that an important part o f  the diet of these carnivores 

in New Zealand cons ist  of  rodents ( see Chapter XI ) .  Despite the p res

ence of endemic Ballum serogroup infect ion in ship rat s ,  house mice , 

and some high density popu1ations of  Norway rats , there appears t o  

be no p redator-chain t ransmission o f  this infection to must elids . 

Predator-chain transmiss ion has been demonstrated experimentally 

from bal lum-infected mice to hedgehogs (van der Hoeden , 1 9 64) and 

evidence o f  infec t ion by this route was reported by Reilly ( 19 70 ) , 

who fed grippotyphosa-infected mice to skunks and red foxes . 

Other workers have failed to demonst rate experimental p redator-chain 

t ransmiss ion (Kiktenko et al, 1 9 7 6 ) . Although several workers have 

postulated that predator-chain t ransmission occurs in natural foci o f  

leptospirosis  ( Catchpole , 19 34 ;  Medinski i , 1959 ; Schnurrenberger e t  al, 

1 9 70 ) , there is little f ield evidence available supporting this 

hypothesis . 

Relat ively few mustelids have been investigated in other countries . 

Michna and Campbell ( 19 70) found one o f  eight weasels in Great Britain 

serologically positive to sejroe and Twi gg et al  ( 1968)  found a t itre 

of  1 : 100 to bratis lava in one o f  three weasels . No isolations were 

made by these workers . Fennestad and Bo rg-Petersen ( 19 72 )  cultured 

serovars poi, pomona and sejroe from 3 of 37 stoats , however 1 1  polecats 



(!1Uste Za putorius) and 16  weasels were negative . Two weasels 

cul tured in the U . S . A .  by Clark ( 1 96 1 )  were also negative whereas 

house mice sharing the same biotope as the weasels had endemic 

baZ Zum infect ion . It  there fore appears that mustelids are not 

sign i f icant carriers of  leptosp iro sis . 

Feral cats have not been previously investigated in New 

Zealand . No isolates were obtained from this spec ies in the 

present survey , however serological evidence of infec tion was 

found in two cat s . One feral cat had a t it re of 1 : 9 6  to pomona , 

a serovar that has been isolated from a domest ic cat in New 

Zealand (Harkness  et aZ , 1970) . The epidemiological s i gnificance 

of these  pomona infect ions for domestic stock is unknown , however 

it should be noted that evidence o f  pomona infection has not been 

found in any other small free-l iving species in New Zealand ; 

Andrews and Ferris ( 1 966 ) isolated pomona from a feral cat in the 

U . S . A .  
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The t i t re of 1 : 24  to baZ Zum in a feral cat from Otawhao Farm 

may have been due to predator-chain transmission from endemically

infected ro dents on this property , but the absence of baZ Zum t itres 

in the six  feral cats from Feilding t ip mit igates - against this 

possib i l i t y .  Five of  the six cats from Feilding tip had rat t is sue 

and fur in the ir stomach content s and there fore , despite  the high 

level of  p redation on a Norway rat population with endemic Ballum 

serogroup infection , there was no evidence of  transmission o f  the 

disease to cat s . Clark ( 1 9 6 1 )  also failed to isolate leptospires 

from 56 cats in Pennsylvania , U . S . A . , even though endemic baZ Zum 

infect ion o ccurred in house mice in the same region . 

Ano ther free-living species shown to be infected with lepto

spires of  the Ballum serogroup was the European hedgehog ,  with 

isolations being obtained from one adult from Otawhao Farm and 

an adult from Palmerston North rubbish tip . Brockie and Till ( 19 7 7) 

isolated o rgan isms o f  the Ballum serogroup from 5 of  72  hedgehogs 

from dai ry farms in the North I sland ( 7% )  and four isolates were 

typed by cross-agglutinat ion absorption as being serovar baZ Zum. 

Only females in that sample were bacteriologically posit ive ,however 

both isolates  in the present survey were from males . 



3 3 1  

These  results demons trate  tha t the hedgehog i s  ano ther free

l iving sp ecies in New Zealand with endemic Ballum serogr oup infection . 

The ra t ios  of serological to bacteriolog ical prevalence in the s tudy 

by Bro ckie and Til l  ( 19 7 7) and the present s tudy were 28 : 5  and 2 : 1  

respectively and therefore,  according to the criteria o f  Ro th e t  aZ 

( 1 963 ) , the hedgehog appears to be a less eff ic ient  maintenance hos t  

for Ballum serogroup infec t ion than the house mouse and ship rat . 

A considerable  number of heterologous ti tres were found in the 

sera f rom hedgehogs with Ballum serogroup infection and i t  i s  

considered tha t these were due to cross react ions rather than 

representative of mul tiple inf ec tions . Brockie and Til l  ( 19 7 7) 

reported an even higher degree of cross-reac tivity in hedgeho g s era 

with pos i t ive ba llum citres . Thi s  cross-reactivity inc luded he tero

logous t itres to pomona antigen . 

Webs ter ( 1 9 5 7 )  c laimed · that hedgehogs may be impor tant in 

the epidemiology of pomona infect ion in bovines in New Zealand . 

Pomona t i tres were reported in two hedgehogs found on a dairy farm 

on which there had been an outbreak of  pomona infec t ion in cattle 

and one of these hedgehogs had a l ep tospiruri a .  No attemp ts were 

made at iso lation of the infecting leptosp ires and the screening 

of sera agains t antigens o ther than pomona was not attemp t ed . This  

worker experimentally infec ted j uvenile and adult hedgehogs with 

pomona and produced a fa tal infection in the young animals and 

severe c l iLical disease in adul ts . Severe manifestations of  disease 

are atyp ical of leptospiral infec t ion in a maintenance hos t  and this  

indicates tha t it  was unlikely that pomona was the cause of the 

natural infections . Therefore the assump tion tha t Webs ter ( 1 95 7 )  

was dealing with endemic pomona infection in hedgehogs o n  d a iry farms 

is open to question.  

The hedgehog in Great Br i tain and Europe is a recognised 

maintenance hos t  for bratis Zava , with a range in bac terio logical 

p revalence of from 8% to 2 6% having been repor ted (McDiarmid ,  1965 ; 

Ho lff and Bohlander , 1 9 65 ;  Michna , 1 9 7 0 ) . A summary by Wol ff and 

Bohlander ( 1 9 65 )  detailing the l ep tospir al serovars isola ted from 

hedgehogs in Europe showed that bal lum isolations were very r ar e ,  

a coi1trary s ituation to that occurring i n  New Zealand . 



The rabbit s and hares examined in the present survey were 

serologically and cultural ly negat ive . The numbers examined were 

small and therefore the potent ial ability of Lagomorpha to carry 

leptosp i res in New Zealand remains in question . Blackmore et  al  

( 19 7 6 )  isolated a n  organism belonging to the Ballum serogroup from 
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1 of  1 7  rabb its collected near Palmerston North , further illustrating 

the ub iquitous nature of these organisms in New Zealand wildlife . 

Five hares collected from the same locality were serologically and 

culturally negat ive . Serological surveys o f  Lagomo rpha by workers 

in other countries have demonstrated titres agains t several antigen s , 

including bratislava� bataviae and sejroe (McDiarmid ,  1965 ; Twigg 

et al� 1 968 ; Fennes t ad and Borg-Fetersen , 19 72 ) . The s igni ficance 

of these ti tres rema ins largely undetermined . 

Ballum serogroup infect ion desc ribed in house mice , hedgehogs 

and ship rats (Chapter XII) in New Zealand has s imilar characteristics 

in all species . I s olations were made only f rom adult animals  and 

this is characteristic of  endemic infect ion in maintenance host 

populat ions . The bal lum ti tres recorded in each species were very 

low ( the maximum t it re was 1 : 384 ) and this supports the suggestion 

put forward in earlier chapters that Ballum serogroup leptospires have 

low ant igenicity for f ree-living species . Serological and b acterio

logical evidence of infection was not present in animals  from suburb 

an environment s except hedgehogs and s imilar f indings were reported 

by Smith ( 1 964 )  and Brockie and Till ( 1 9 7 7 ) . Hedgehogs are p resen t  

in re la t ively high numbers in suburban environments and therefore 

populat ion dens ity would not be a limiting factor in the maintenanc e  

of endemic infect ion . The contrary situation occurs i n  rodents in 

suburban environments , as these animal s  are subj ected to heavy 

predation by domestic animals and ' man , and therefore lack of endemic 

Ballum serogroup infection in these species may be due to discontin

uous , low-density populat ions . 

It  is  p robable that interspecies t ransmission is not necessary 

to maiutain Ballum sero group infect ion in the free-living species 

found to be carriers . The prevalence of infection in different species 

ranged from 1 4% in hedgehogs to 50% in ship rats ( Chapter XII )  and this 

ind icates t hat endemic infect ion was present in each species . The 



ub iquitous presence of these organisms in wildlife in New Zealand 

is no t found to the same extent in o ther countries where Ballum 

serogroup in fect ion occurs in free-living populat ions . Workers 
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in the U . S . A .  have reported a s imilar p revalence of  infection in the 

house mous e ,  a recognised maintenance host of bal lum in many count

ries , however the prevalence of  ballum infection in other free-

living species sharing the same ecosystem was less than 3% (Brown 

and Gorman , 1 960 ; Clark , 1 96 1 ;  Schnurrenberger et al , 1 9 70 ) . This 

may have been due to the p resence of  endemic infect ion wi th other 

serovars in species other than the house mouse , which were pre fer

ent ially maintained compared with bal lum , and thus prevented more 

than only s poradic bal lum infect ion . The reason for the relat ively 

high p revalence o f  ballum in hedgehogs , ship rats and some Norway 

rat populat ions in New Zealand may be due to the absence o f  lep to sp

ires from other serogroups ( except copenhageni in Norway rats in 

isolated foci) . This concept of " compet it ive exclusion" o f  a 

serovar from a part icular f ree-living species in an ecosyst em where 

several serovars are present has not been advanced by other workers , 

although cross-immunity betweeen some serovars has been experimentally 

demonst rated (Kemenes , 1964 ; Plesko , 19 74) . 

The absence of  t itres in sera f rom feral ungulates f rom various 

localities supports the work of Daniel ( 1966 ; 1967 ) , which is 

summarised in Chapter I .  It i s  probable that feral ungulates are 

unimportant in the epidemiology of  leptospirosis in domestic  animals  

and man in New Zealand . Extens ive serological surveys of deer in 

the U . S . A .  have shown high prevalences of  pomona and grippotyphosa 

titres (Trainer et  a l , 1963 ; Andrews et al , 1964 : Sho tts  and Hayes ,-

1 9 70 )  however the few cultural surveys that have been attempted 

have revealed only very low bacterio logical prevalences of  infection 

(Abdulla et a l , 1962 ; Reilly et a l , 1 962 ) . Thus deer appear to be  

only accident al hos t s  fo r leptospires . Very few titres have been 

reported in serological surveys o f  deer in Great Britain (Twigg 

et al , 1 9 7 3 )  and Tasmania (Munday , 1 9 72 )  

Pukekos are one o f  the most common wading birds o n  farmland in 

New Zealan d .  The absence o f  t i tres i n  these species is further 

evidence o f  the insusceptib ility of  b i rds to leptospiral infection 

(Torten et  a l, 1965) . 
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SUMMARY AND CONCLUSIONS 

1 .  Leptospires of the Bal lum serogroup were isolated from house 

mice in natural and syanthropic foci . The house mouse is considered 

to be a maintenance host for organisms of  the Ballum serogroup in 

New Zealand.  

2 .  Mustelids were serologically and culturally negative and therefore 

there was no evidence o f  predator-chain transmission of leptospires 

from infected rodents to these species . 

3 .  Serological evidence o f  pomona and bal lum infection was found 

in two feral cat s . 

4 .  Ballum serogroup leptosp ires were isolated from hedgehogs and 

these animals are also cons idered maintenance host s for leptosp ires 

of  the Ballum serogroup in New Zealand . 

5 .  The concept o f  " competitive exc lusion" is put forward as an 

explanat ion for infect ion with di f ferent serovars in the same 

species in different ecosystems . 

6 .  Rabb its  and hares were serologically and culturally negative . 

7 .  No serological evidence o f  infect ion was found in feral 

ungulates and thes e species are cons idered unimportant in 

the epidemiology o f  leptospirosis in domestic animals and man 

in New Zealan d .  

8 .  Thirty-four pukekos were serologically negative . 



CHAPTER XIV 

THE NIDALITY OF LEPTOSPIROSIS  IN AN INTENSIVE FARMING 

ENVIRONMENT 

INTRODUCTION 

The prevalence of leptospiral infect ion in various free-

l iving domestic animal and human populat ions in New Zealand has 

been s tudied in a variety of surveys but there have b een very few 

invest igat ions to determine the specific factors affecting intra-
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and interspecies transmission in a part icular environment .  

Epidemio logical studies at an art ific ial b reeding cent re and a 

commercial piggery (Blackmore et  a l , l 9 76 ; Buddle and Hodges , l9 7 7 )  

have described some of  the factors affecting intraspecies trans 

miss ion o f  particular serovars , however , there has been l it t le 

comprehensive e f fort made to determine the importance o f  interspecies 

transmission in such nidi in New Zealand . 

Circumstantial evidence o f  interspecies transmission between 

wildlife  and domestic animals of a variety of serovars has b een 

reported in several investigations in other countries ( Clark , l 96 1 ;  

Martin e t  al , l96 7 ; Twigg et al , l 9 6 9 ; Twigg et al , l 9 72 ) . Very l ittle  

can b e  extrapolated from these  investigat ions to  the s ituat ion exist-
. 

ing in New Zealand . There has been no long-term evolut ion o f  lepto-

spiral sercvars in natural ecological niches in New Zealand and it 

has been shown in p revious chap ters that the pattern of leptospiro s is 

in wildlife i s  very different to that occurring in other countries . 

The presence o f  a commercial piggery and an adj acent town supply 

dairy farm at Massey University provided an ideal opportunity to 

study interspecies trans fer of  l eptosp irosis between wildlife  and 

domestic animals  in a rest ricted environment over an extended period 

of  time . The invest igat ion o f  wildlife  inhab it ing a syanthropic 

focus that is described in this chapter  was part of  a collaborative 

study invo lving wildlife , cat tle (Hellstrom, l 9 7 8 )  and pigs (Ryan , 

1978) . The dynamics o f  leptospiral infection in each species was 

monitored over a p eriod of two years . 



MATERIALS AND METHODS 

Descript ion of Massey Pig Research Centre and Number 1 Dairy Farm. 

The Mas sey Pig Research Centre is an intensive commercial p ig 

unit  managing approximately 600 p igs . The herd is made up o f  two 

groups ; the growers (b irth to eight months )  and the b reeding herd 

(sows and boars ) . The grower population is maintained b y  piglets 

from the b reeding herd , whereas replacement gilts and boars for 
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the b reeding herd are bought in from other farms . Approximately 20% 

of the sow herd is rep laced annual ly . Pigs in the b reeding herd 

are occas ionally grazed on paddocks surrounding the p iggery build

ings while growers are maintained indoors at all t imes . Replacement 

gi1 t s  are also grazed on paddocks for l imited periods . 

The Massey No . 1 Dairy Farm milks a town supply herd o f  

approximately 1 30 cows . The cows calve in autumn and spring and 

replacement calves for the milking herd are raised on the p roperty . 

The two batches of  calves that are raised each year are meal-fed in 

a calf batt ery adj acent to the milking shed . The herd is maintained 

virtually as a c losed unit by the use of an art ificial b reeding 

programme . 

The layout of  the piggery and the dairy farm is shown in 

Figure 1 4 . 1 .  The pastureland is generally flat and well-drained 

al though cons iderab l e  surface water is present during periods o f  

winter rain . Buildings , shelter belt s , plantat ions and an extens ive 

area of t rees and grass alongs ide the Manawatu River provide shelter 

for free-living spe c ies . 

A potent ial opportunity fo r interspecies trans fer of lepto

spirosis between cattle and pigs occurred when these animals were 

grazed in adj acent paddocks and also when the milking herd was moved 

along the raceway on the boundary of the p iggery . In addit ion , 

surface wat er from the environs o f  the p iggery drained into a 

large depression cont aining an eastward-flowing creek which b isects  

the dairy farm .  



F igure 14 .1 . >ms s eY P ig Re s earch Ceritre and No . l Dairy F arm show ing trapp ing and env ironmen tal 

samp ling loca t ions . 
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Figure 14 . 1  Key to t rapping and environmental sampling locations 

Piggery 

P l . Bluegum and macrocarpa shelter belt . Extens ive ground cover o f  
long grass , shrubs and debri s .  

P2 . Effluent drain from piggery . 

P3 . Grower house . 

P4 . Weaner house . 

PS . Farrowing hous e .  

P6 . Sow and boar pens . 

P7 . Meal store . 

PS . Poorly drained grass paddock with standing surface wate r . 

No . 1 Dairy Farm 

D1 . Pine shelter belt . Well drained and very little  ground cove r .  

D2 . Poorly drained , swampy depression surrounded by  wil lows . Large 
pond forms here in winter . 

D3 . Pine plantat ion . Well drained and very little ground cover . 

D4 . Sawdust dump . 

DS . Cal f-rearing bat tery . 

D6 . Grain store . 

D7 . Milking shed yards . 

D8 . Creek enclosed by embankment s .  Long grass cove r .  

D9 . Macro carpa shel ter belt . Cons iderab le ground deb ris . 

D 10 .  River bank . Extensive area o f  long grass , wil lows and poplars . 

D1 1 .  S ilage pit . 

Envi ronmental sampling locations 

A Gilt grazing paddocks . 

B Piggery effluent drains . 

C Sow and gilt grazing paddock con taining stagnant pond . 

D Sow and gilt graz ing paddock.  

E Flat dairy farm paddock . 

F Standing surface water in poorly drained dairy farm paddock. 

G Raceway used by milking cows . 



Invest igation o f  Leptospiral Infection in Wildlife 

The trapping locat ions for wildlife are shown in Figure 1 4 . 1 .  

A variety of  methods were used and these are described in general 

terms in Chapter XI . Eighteen cage t raps and 16  snap traps were 

ut ilized for the cap ture of rats and 6 cage-traps ( "Katch-Al l " )  and 

18 snap traps were uti lized for the capture of mice . Possums were 

captured by the use of 14  steel t raps . Hedgehogs were collected 

by spotlighting on open pas ture and around farm buildings at night . 

Spotlighting was also used in an attempt to shoot rabb its which 

inhab ited the river bank which constituted the northern boundary 

of  the No . 1 Dairy Farm . 

Wild grey ducks (Anas superci liosa) and mallard ducks (Anas 

platyrynchos )  were f requently observed in and around the piggery 

from May until December each year . They fed on pig meal that was 

washed int o ef fluent drains during hosing down operat ions , and 

also in a stagnant pond located in a sow paddock at the rear o f  the 

p iggery . It  was considered that this feeding behaviour would 

subj ect the ducks to a maximal challenge from leptospires shed by 

penned and grazing pigs and therefore this spec ies was also 

inves tigated for evidence of infection . 

Ducks were captured in a large , two-chambered , wire-mesh 

t rap (Plate 14 . 1 ) . One-way funnels leading into each chamber 

prevented trapp ed ducks from escaping and they were removed from 

the trap via folding roof sec tions . The trap was pre-baited with 

pig meal and wheat without the funnels in place for eigh t  days 

before setting.  
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Free-living animals were cap tured during four main t rapping 

periods of four weeks each which took place in June and July 1 9 76 , 

January and February 1 9 7 7 , June 1 9 7 7  and November and December 19 7 7 .  

Traplines were checked daily . Initial attempt s  to trap ducks in May 

1 9 7 6  resulted in only a small  number being t rapped and the maj ority 

of ducks were trapped in December 1 9 7 6 .  

Particular attention was paid to the trapping o f  wildlife that 

inhabited areas where there was a maximum opportunity for either 
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Plate 14 . 1 .  Double-chambered duck trap in use 

at  the Massey Pig Research Cen tre . 



direct o r  indirect t ransmission o f  leptosp irosis to and from 

dome s t i c  stock .  Thus the maj ority of the t rapping ef for t was 

focused on the piggery buildings , calf battery ,  milking shed and 

around e f fluent drains and areas of standing wat er . The number o f  

trap-nights at each locat ion durin g  dif ferent t rapp ing periods are 

given in Tab le 1 4 . 1 . 

The serological and cultural techniques used for examinat ion 

of each species of free-l iving animal have been describ ed  in prev

ious chap t e rs . Al l sera were t e s t e d  against ba l lum� copenhageni� 

hardjo� pomona and tarassovi ant igens at a minimum serum dilut ion 

of 1 : 24 . Pos sum s era were also t e s ted against  baZcanica ant igen . 

Ducks were anaesthetised with ether and b led by severing 

the b lood vessels in the neck . Both kidney and liver from ducks 

were cul tured . Approximately one gram portions of these organs 

were asepti cally removed and homogenised by forcing through a 

five-ml , s t erile disposable syringe int o  nine ml s .  o f  Stuart ' s  

base medium .  Dilution o f  the primary homogenate and inoculation 

of media was carried out as describ ed in Chapter Ill  for the 

Stomacher t echnique . 
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At t empts to  trap mice in snap traps during the f irst t rapping 

period in June and July , 1 9 7 7  met with l it t le success and b ecause 

mice were killed when trapped , no s era w�s available for serology . 

Imported "Kat ch-Al l "  traps were int roduced in January 1 .9 7 7  and 

the e f f i ci ency o f  these traps compared with snap traps is reflected 

in the t rap-night ave rages achieved after their int roduct ion . 

Analysis o f  cultural data required that mice , ship rats  and 

hedgehogs be dif ferentiated into j uvenile and sexually-mature age

groups . Ship rats weighing less than 82  g .  were clas sed as j uveniles 

(see Chapt e r  XI) . In the absence o f  s c ient ific dat a  on the wzight o f  

house mice a t  the onset of  s exual maturity ( see Chapter X I ) , immature  

mice  were subj ectively asses sed t o  be thos�  weighing less than 1 3  g .  

There i s  a s imilar lack o f  data o n  the onset o f  sexual mat urity in 

the hedgeho g under New Zealand condit ions and there fore the criterion 

used to dif ferentiate j uveni le and sexually-mature hedgehogs was tha t 

used by Wol f f  and Bohlander ( 19 6 5 )  in Holland . Tnese workers classed 

hedgehogs weighing less than 500 g .  as immature . 



Inves t igat ion of lept ospiral in fect ion in domes t ic animals  

Leptospiral in fection in  pigs was monitored by  the testing of  

random s amples o f  s era obtained eve ry four months from the grower 

and b reeding populat ions . In addit ion , selected groups o f  sows , 

boars and gilts were subj ected  to  s erological examinat ion and urine 

samples were cul tured for leptospires . Representat ive samp les of  

serum and urine were also obtained from bought-in gilts when they 

arrived on the property.  

A total  of  700 sera ob taine d by  the  serial bleeding of  1 3 1  

cows over the durat ion o f  the s tudy were t e sted for leptospiral 

agglutinins . Representative samples  of  spring and autumn calves 

were s e rially b l ed at three month intervals for 18 months t o  

determine the age at which dairy cattle first be came infect e d .  

Serial urine samples from these animals were cultured and also 

monitored by darkfield microscopy . 

Envi ronmental sampling 
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Thi rty envir onmental samp les of  piggery ef fluent , soil  and 

surface water from paddocks grazed by pigs and cattle were processed 

for the isolat ion o f  leptospires . The locat ions from wh ich 

environmental samples were t aken are given in Figure 1 4 . 1 .  Soil  

samples were suspended in physiological saline and one ml of  

supernatant was ino culated int ra-periton�ally into each o f  two 

weanl ing hamsters . Effluent and surface water samp les were 

ino culated directly into hams ters and also subj ected to the float ing 

memb rane t echnique of Fowler ( 1 97 0 )  to remove contaminant s  before 

cultur in g .  The culture of kidneys  from hamsters has been described 

previously . Al l hamsters s till  a l ive three weeks pos t-inoculation 

were ki lled and also cultured . 

RESULTS 

Wildli fe 

The result s  o f  the t rapping programme for wi ldlife are given 

in Tab les 1 4 . 1 and 14 . 2 .  A total  of 58 hcase mice , 1 3  Norway rats , 

1 1  ship rats , 1 3  hedgehogs , 8 possums , 2 feral cats , 2 rabb its , 
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Table 1 4 . 1  Trapping data fo r rodents  from the Massey Pig Research 

Cent re and No . 1 .  Dai ry Farm.  

Dat e  Species Trap Trap- No . caught Trap-night average 
location night s 

June/ Mice P 1  105  1 1 : 105  
July , 

P2 2 8  0 0 
19 76  

P3  100  2 1 : 50  

P4  84  1 1 : 8 4  

PS 84  0 0 

P6 4 2  0 0 

P 7  84  0 0 

D 1  2 8  0 0 

D3 28 0 0 

Rat s  P 1  250 . 5 S*  1 : 50 s 
P2 100 2 N* 1 : 50 N 

P3  100  0 0 

PS  1 2 5  1 5 , 1 N 1 : 1 2 5 5 , 1 : 1 25  N 

P6 8 4  1 N 1 : 84 N 

D 1  6 3  0 0 

D2 63 1 s 1 : 6 3  s 
D3 28  1 s 1 : 2 8  s 
D8 2 1  0 0 

D9 6 3  0 0 

D10  100 1 s 1 : 10 0  s 

Jan /Feb Mice** P 1  2 8  1 1 : 28 
1 9 7 7  

P 3  5 2  1 0  1 : 5 

P4 6 3  12  1 : 5 

PS  63  3 1 : 2 1  

P6 4 2  0 0 

P 7  4 2  3 1 : 14 

DS 42 1 1 : 4 2  

D6 6 3  4 1 : 1 6 
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Table 1 4 . 1 c ont . 

Date Species Trap Trap- No . caught Trap-night ave rage 
location n ights 

June Mice D3 8 0 0 
19 7 7  

D4 3 2  2 1 : 1 6 

DS 4 2  0 0 

D6 84 5 1 : 1 7 

D7 42 1 1 : 4 2 

D9 1 2  0 0 

Rats D4 1 2 4  3 N 1 : 4 1  
' 

DS 1 12 4 N 1 : 2 8  

D6 6 3  0 0 

D7 84 1 N 1 : 84 

D8 56  0 0 

D9 28  0 0 

D l l 4 2  0 0 

Nov/Dec Mice P3 36  4 1 : 9  
19 7 7  

P4 36  5 1 : 7 

PS 32 1 1 : 32  

P6 22  1 1 : 22 

P7 2 2  0 0 

DS 2 4  1 1 : 2 4  

D6 2 4  0 0 

Rats  P1  84  1 s 1 : 8 4  

P 2  5 6  1 N 1 : 56 

P3 84  0 0 

PS 2 1  1 s 1 : 2 1  

P6 7 0 0 

D4 5 6  0 0 

DS 56 0 0 

* s = ship rat 

* N = Norway rat 

**Mice f rom this t ime on were trapped in "Kat ch-All"traps only 
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1 stoat , 29 grey ducks and 29 mallard ducks were captured during 

the four t rapping periods . Kidneys were cul tured from all spe cimens . 

The trap-night averages for dif ferent trapp ing locations revealed 

that mice were the most  common roden t s  inhab it ing the farm buildings 

and the highest  numbers were present  in the weaner and grower 

houses at the piggery . Only two ship rats were trapped in buildings , 

howeve r she l t er belts  suppo rted high numbers compared with other 

rodent spe c ie s . A fo cus of Norway rat infestat ion oc curred in the 

calf battery and adj acent sawdus t  p i t  at those times of the year 

when calves were being grain-fed and eight rats were t rapped in this 

area . No ship rats were trapped in this No rway rat focus . Only 

three Norway rat s were trapped on pas ture and in shelter  b e lt s ,  two 

of whi ch were cap tured alongs ide the effluent drain running from 

the piggery . 

Seven possums were trapped in shelter belts  during the first  

t rapping period in  June and July 1 9 76 . Only one possum was t rapped 

dur ing sub s equent t rapp ing periods of equivalent trap-nights and it 

was cons idered that this species was trapped to ext inction .  Although 

at least five rabb i ts  were known t o  inhab i t  the dairy farm paddocks 

alongside the Manawatu River , only two were shot . Thirteen hedgehogs 

were caught by spotlighting over all areas of  the piggery and dairy 

farm .  Ducks were t rapped only in the immediate vicinity of the 

piggery . 

Serological evidence o f  leptospiral infect ion was found in sera 

from all species except feral cats , rabb its  and the stoat ( Tab l e s  

14 . 3  t o  1 4 . 6 ) .  Titres against bal lum ant igen occurred in 3 o f  35 

mice from wh ich sera was availab le ( 9%) and the maximum t itre was 

1 : 19 2 .  One adult mouse trapped in a shelter b elt  on the dairy farm 

had a pomona ti tre o f 1 : 48 .  No t it res were detected against other 

ant igens . 

Bal lum titres were presen t  in three o f  eight s era from ship 

rats ( 3 8 % ) . One male ship rat t rapped at the piggery had a t i t re 

o f  1 : 2 4  t o  tarassovi and a t i tre o f  1 : 2 4  t o  copenhageni was reco rded 

in a bacteriologically-posit ive raL with a bal lum t i tre of 1 : 9 6 .  

The only t it re detected in s e ra from Norway rats was 1 : 24  t o  ballum 

in a r a t  t rapped in the milking shed yards o n  the dairy farm. 



Table 14 . 2  Trap-night averages for rodents trapped in farm buildings and on farmland at the Massey Piggery 
Research Centre and Number 1 Dairy Farm. 

Trapping Hice * Ship rats Norway rats 

area t rap-nights No . caught T . N . A. ** trap-nights No . caught TNA trap-nights No . caught TNA 

Piggery 420 39 9 . 3  4 2 1  2 0 . 5  42 1 2 0 . 5  
buildings 

Dairy farm 
buildings 353 14 4 495 0 0 4 9 5  8 1 . 6  
and yards 

Pas ture and 
she lter 48 1 2 1 0 2 3  9 0 . 9  1 0 2 3  3 0 . 3  
belts 

. . . 

* excludes tr.apping data for mice in initial survey in June and July , 1 9 7 6 .  

** T . N . A. • t rap-night average p e r  100 t rap-nights .  

w 
� 
Vl 
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Twelve hedgehogs were examined serologically and s ix had 

bal lum t i t res (50%) . Het erolo gous cross-reactions to  o ther ant igens 

( d iscussed in Chapter XIII )  were present in two sera with bal lum 

t it res . Hebdomadis serogroup t i t res were p resent in three o f  

eight possum sera ( 35%) . 

A t i tre of  1 : 9 6  to pomona was p resent in the serum from one 

of 29 grey ducks ( 3%) . Sera from mal lards were negative . 

Leptospiral isolates were cultured from house mic e ,  ship rat s ,  

hedgehogs and possums (Tab les 1 4 . 3  t o  14 . 6 ) . All isolates from 

rodents and he dgehogs were typed as b elonging to  the Bal lum sera

group and one iso late from a mouse was typed at the W . H . O .  Re ference 

Laboratory in Atlanta , U . S . A . as be ing serovar bal lum. Three isolates 

obt ained from possums were typed as b elonging to the Heb domadis 

serogroup and haemo lysin and ab sorbed ant isera test ing of the s e  

three isolates ( Chapter X) gave resul ts characteristic  o f  serovar 

balcanica . One isolat e was typed by cross-agglutinat ion ab sorp tion 

at  the W . H . O .  Reference Laborato ry in At lanta , U . S . A .  as  serovar 

balcanica. 

The bact eriological prevalence of  Bal lum sero group infect ion 

in house mice , ship rats and Norway rats , was 16% , 36% and 2 3 %  

respect ively (Tab l e  1 4 . 7 ) .  The ratios  of  sero logical to bacterio

logical p reva lence for house mice and ship rats were 1 : 2  and 3 : 4  resp

e ctive ly and these results reinforced the hypotheses put forward 

in Chap t e rs XII and XIII that these species are maint enance hos t s  

f o r  lepto spires o f  the Ballum s erogroup i n  New Zealand . The ratio 

of serological to  bact eriological p revalence of  Ballum serogroup 

infect ion in hedgeho gs was 6 : 3  and t hus thi s species is a less 

e fficien t  maintenance host for these organisms . A s imilar rat io 

( 2 : 1 ) was reported fo r the hedgehog in Chap ter XII I .  

No isolations were made f rom f eral cat s ,  rabb it s ,  ducks o r  

the s t oat . 

Bal lum infect ion was pres ent in wildlife throughout the study 

a rea ( Figure 1 4 . 2 ) . Analysi s  o f  relative density o f  mice and ship 

rat s ( derived from t rap-night averages ) and prevalence of infection 



Table 14. 3 Serological and cul tural results for animals trapped in June and July , 1 9 7 6 .  

· Trap Species Sex Weight (g) reciErocal of titre Culture Serogroup 
Location balcanica ba l lwn copenhageni hardjo pomona tarassovi 

P 1  Poss.um F 2870 192  0 0 768  0 0 + Hebdomadis 

P 1  " M 2200 0 0 0 0 0 0 

P 1  " F 2950 768 0 0 3072  0 0 + " 

D3 " F 1640 0 0 0 0 0 0 

D3 " F 2250 1 5 36 0 0 3072 0 0 + " 

DlO " M 1 050 0 0 0 0 0 0 

D9 " F 1 750 0 0 0 0 0 0 

P2 Norway rat F 240 0 0 0 0 0 0 

P2 " F 145 0 0 0 0 0 0 

P6 " M 1 30 NT NT NT NT NT NT 

PS " F 520 " " " " " " 

P 1  Ship rat F 1 10 0 0 0 0 0 0 + Ballum 

P l  " F 1 20 0 9 6  0 0 0 0 + 11 

P l  11 F 75 NT NT NT NT NT NT 

P 1  " M 1 75 0 24 0 0 0 0 + 11 

P 1  " F 165  0 0 0 0 0 24 

PS 11 F 85 0 0 0 0 0 0 

D2 1 1  M 1 30 0 0 0 0 0 0 

D3 11  F 65 NT NT NT NT NT NT 

D 1 0  
'· " M 1 20 " " " " " " 

P 1  House mouse M 22  " " " " " " + 1 1 •  

P3 " F 1 3  " " " " " " 

P3 " F 1 2  " " " " " " w - ..,... 
-....J 

P4 " M 1 8  " 11  11  1 1  11  1 1  



Table 14. 3 cont . 

Trap Species S ex Weight (g)  
Location baZcanica 

• o '  ' '  ' '  ' • '  ' ' ' I ' ' '  

P 1  Stoat F 360 0 

P 1  Feral cat F 2 1 25 0 

PlO 1 1  M 3450 0 

P 1  Hedgehog M 750 0 .  

PS 11  F 700 0 

A 11 F 670 0 

P2 11 M 720 0 

E . 1 1  F 1 90 0 

D lO 1 1  F 260 0 

Dl l 11 F 350 NT 

D4 11 M 9 1 0  0 
11 M 1050 0 
11  F 480 0 

DS 11 F 5 10 0 

., ' 

reci2rocal of t i tre 
baUwn copenhageni hardjo 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

48 0 0 

0 0 0 

24  0 0 

0 0 0 

0 0 0 

NT NT NT 

0 0 0 

24 0 0 

384 48 0 

24  0 0 

pomona 

0 

0 

0 

0 

24 

0 

0 

0 

0 

NT 

0 

0 

96 

0 

tarassovi 

0 

0 

0 

0 

0 

0 

0 

0 

0 

NT 

0 

0 

24 

0 

Culture 

+ 

+ 

+ 

Serogroup 

Ballum 

Ballum 
11 

w 
""'" 
00 



Table 1 4 . 4 : Serological and cultural results for house mice trapped in January and February , 19 7 7  

Trap Sex Weight (g) reciErocal of titre Culture Serogroup 
Location baZcaniaa baUwn copenhageni hardjo pomona tarassovi 

P4 F 1 3  0 0 0 0 0 0 

P4 F 20 0 0 0 0 0 0 

P4 M 1 3  0 0 0 0 0 0 

P4 M 2 1  0 0 0 0 0 0 

P4 F 20 0 0 0 0 0 0 

P4 F 14  0 0 0 0 0 0 + Ballum 

P4 M 1 5  0 9 6  0 0 0 0 + 11 

P3 M 15  NT NT NT NT NT NT 

P3 M 14  1 1  1 1  11  11  11  1 1  

P3 M 1 2  11  11  11  1 1  11  " 

P3 F 1 2  11  11  11  11  11  1 1  

P3 M 1 2  0 0 0 0 0 0 

P3 M 1 2  NT NT NT NT NT NT 

P4 F 2 6  0 0 0 0 0 0 + 1 1  

P3 F 1 1  NT NT NT NT NT NT + 11 

P3 F 1 9 . 0 0 0 0 . 0 0 

P3 F 14  NT NT NT NT NT NT 

P3 M 10 0 0 0 · 0 0 0 

P7 M 1 6  0 0 0 0 0 0 + 11 

P7 F 1 9  NT Nr NT NT NT NT + 11 

P4 M 1 6  0 0 0 0 0 0 ' 
w 

P4 F 1 4  0 0 0 0 0 0 - .s;,-
1.0 



Table 14 . 4  cont . 

Trap Sex Weight (g)  
Location balcanica baUwn 

P4 F 5 NT NT 
P4 M 1 2  11  1 1  

P7 F 1 8  11 11  

P5 M 1 2  0 0 

P5 M 1 2  0 0 

P5 M 1 6  0 4 8  

P 1  F 8 0 0 

DS M 8 0 0 

D6 M 9 0 0 

D6 . M 14 NT NT 
D6 F 1 2  11  " 

D6 M 1 1  11  1 1  

rec iErocal of t itre 
copenhageni hardjo 

NT NT 
11  1 1  

11  1 1  

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

NT NT 
11  11  

1 1  1 1  

pomona 

NT 
11  

" 

0 

0 

0 

0 

0 

0 

NT 
" 
11 

taras sovi 

NT 
11  

1 1  

0 

0 

0 

0 

0 

0 

NT 
11 

11  

Cul ture S erogroup 

v> 
V1 
0 



Table 14 . 5  : Serological and cultural results for animals trapped in June , 1 9 7 7  

Trap Species Sex Weight (g) reciErocal of t itre Culture Serogroup 
Location baZ.canica baUwn copenhageni hardjo pomona tarassovi 

D6 House mouse M 1 7  .0 0 0 0 0 0 

D4 11 F 14 0 0 0 0 0 0 + Ballum 

D4 1 1  M 1 7  0 0 0 0 0 0 

D6 1 1  H 1 0  NT NT NT NT NT NT 

D6 11 F 6 11 11 11 1 1  11  11  

D6 11 M 9 1 1  11  1 1  11  1 1  1 1  

D6 . 11 M 8 0 0 0 0 0 0 

D 1  1 1  M 20 0 0 0 0 48 0 

D4 Norway rat F 425 0 0 0 0 0 0 

D4 11 . M 120 NT NT NT NT NT NT 

D4 11 M 375 0 0 0 0 0 0 

D7 11 M 450 0 24 0 0 0 0 

DS 11  F 5 1 0 . 0 0 0 0 0 0 

DS 11 " F 120 0 0 0 0 0 0 

DS 11 M 1 70 0 0 0 0 0 0 

DS 11 F 2 10 0 0 0 0 0 0 

D3 Hedgehog M 980 0 96  24  0 24  0 

D 1 0  11 F 6 10 0 0 0 0 0 0 

D10 Rabbit F NT 0 0 0 0 0 0 

DlO 11 M NT 0 0 0 0 o · 0 

D9 Possum M 2050 0 0 0 0 0 0 

Lt..l 
V1 
I-" 



Table 1 4 . 6 : Serological and cultural results for animals trapped in November and December , 1 9 7 7  

Trap Species Sex Weight (g) reciErocal of t itre 
Culture Serogroup 

location 
ba Lcaniaa baUwn aopenr.ageni hardjo pomona tarassovi 

P2 Norway rat M 320 0 0 0 0 0 0 

P 1  Ship rat F 1 30 0 9 6  24  0 0 0 + Ballum 

P5 11  F 6 5  0 0 0 0 0 0 

P3 House mouse F 1 7  0 0 0 0 0 0 

P3 " M 18 0 0 0 0 0 0 

P3 1 1  F 13 0 0 0 0 0 0 

P3 11 M 1 3  0 0 0 0 0 0 

P4 " M NT 0 0 0 0 0 0 

P4 " M 14 0 0 0 0 0 0 

P4 " F 1 6  0 0 0 0 0 0 

P4 " F 8 NT NT NT NT NT NT 

P4 " F 7 1 1  " " " " " 

P5 " M 1 2  0 0 0 0 0 0 

P6 " F 1 7  0 0 0 0 0 0 + Ballum 

P7 11 F 1 3  0 192  0 0 0 0 

w 
VI 
N 
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indicated tha t , in general , populat ions of  higher densities experien

c ed a higher prevalence of infect ion than populations of lower 

densit ies . However ,  when imma ture mice and rat s  were excluded 

from the analysis , this appa rent t rend was found to be incorrect 

an d the prevalence of infection was not associated wi th the relat ive 

abundance o f  rodents in different  t r apping locations . 

The characterist ics o f  Ballum s erogroup infec t ion in the 

free-living species samp led were very similar to  thore described 

in earlier chapt ers for the same species inhab it ing dif ferent 

e cosys tems . The range of ti tres in mice was 1 : 48 to  1 : 19 2  with a 

GMT o f  1 : 1 1 4 .  Ship rats had t it res ranging from 1 : 24 to  1 : 96  and 

a GMT of 1 : 60 . Only one low t i tre was found in sera f rom Norway 

rat s .  The range o f  bal lum t it res in hedgehogs was 1 : 2 4 to 1 : 384 

with a GMT of 1 : 54 . I s olations were often made from seronegative 

mice and ship rats  ( 83% and 25%  respectively) . One o f  three 

culture-posit ive hedgehogs ( 33%) was serological ly negat ive . 

There was a marked difference in prevalence o f  infect ion 

b e tween j uvenile and adult animals  ( Table 1 4 . 8 ) . Only 1 of 2 3  

house mice was bacterio logical ly pos i tive (4%)  whereas leptosp ires 

were recovered from 8 of 34 sexual ly-mature house mice ( 24%) . No 

isolat ions we re made from the three j uvenile ship rat s of four 

j uvenile hedgehogs that were t rapped . The b act eriolo gical prevalence 

in mature animals of these species was 50% and 33% - respect ively . 

Domestic  Animals 

Infect ion with serovar pomona was found to be endemic in 

pigs at the Massey Pig Research Cent re , with the main focus o f  

in fection b e ing  in animals 6 t o  1 2  months o l d  (Ryan , 1 9 7 8 ) . Some 

groups o f  pi gs in this age-group had a serological p revalence o f  

pomona t i t res exceeding 80% .  Bought-in gilts  also had a high 

p revalence o f  pomona infect ion . 

T i t re s  against  bal lum and hardjo ant i gens were detected in a 
' 

small number o f  pig s era with pomona titres . These t i t res never 

exceeded 1 : 2 4  and it was cons idered that they were cross react ions 

to pomona agglutinins . Two s ows  had pers istent titre s  of 1 : 2 4  and 

1 : 4 8  to tarassovi. 



Table 14 . 7  : Summary data for Ballum serogroup infection in free-living species t rapped at Massey 

Piggery and Massey Number 1 Dairy Farm. 

'· 

Species Sex No . sero . Eosit ive Sero . prevalence* No . bact .Eositive Bact . prevalence Sero : bact . * 
M F To tal M F Total (% )  

House mouse 33 25 58 2 1 3 9 

Norway rat 6 7 1 3  1 0 1 10 

Ship rat 3 8 1 1  1 2 3 38 

Hedgehog 6 7 1 3  3 3 6 50 

Po ssum 6 2 8 0 3 3 38 

Feral cat 1 1 2 0 0 0 0 

Stoat 0 1 1 0 0 0 0 

Rabbit 1 1 2 0 0 0 0 

Grey duck 8 7 29** 1 0 1 3 

Mallard duck 10 9 29*** 0 0 0 0 

* calculated for those animals from which sera examined . 

** 14 j uveniles not sexed . 

*** 10 j uveniles not sexed.  

M F Total (% )  prevalence . 

3 6 9 16 1 : 2 

0 0 0 0 

1 3 4 36 3 : 4  

3 0 3 23  6 : 3  

0 3 3 38 1 : 1  

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 



Tab l e  14 . 8  

Species 

House mouse 

Ship rat 

Hedgehog 

Prevalence of Bal lum serogroup infection in j uvenile 

and mature house mice , ship rat s and hedgehogs  from 

the Massey Pig Research Centre and No . 1 Dairy Farm .  
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Prevalence of Bal lum serogroup infect ion ( % )  

Juvenile Mature Whole sample 

4 24 16 

0 50  36 

0 3 3  23  



Sero logical results from the No . 1 dairy herd revealed that 

Hebdomadis serogroup infection was endemic in cattle  on the dairy 

farm (Hellst rom, 1 9 7 8 ) . Hardjo t itres  were present in 9 7 % o f  

adult cat t le . Hiefers were in fected from the age o f  eight months , 

and hardjo was isolated from urine f rom several o f  the s e  animal s .  

Pomona t itres were found in 3 1 % of cattle sera at  the 
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beginning of the s t udy and this had dropped to 18% by the end .  These 

pomona t it res were low and all oc curred in animals mo re than five 

years o l d .  Ti tres of 1 : 24 to  bal � were found in seven cows . Titre s  

o f  the same level to  both tarassovi and copenhageni were found in 

three cows and one cow respect ively . These low titres were recorded 

only in s e ra with t i t res to  hardjo or pomona of  >.- 1 : 384 and were 

never reco rded in more than one serum from serial samples from any 

one cow . I t  was therefore concluded that they were cros s-reactions . 

Environment a l  sample s  

Lep t o sp ires o f  the Pomona s erogroup were recovered from a 

sample o f  e f fluent from the drain running through the centre o f  the 

piggery and also from surface water in the gilt paddock (Locat ion A) . 

Hellstrom ( 1 9 78 )  recovered an isolate of  the same serogroup from 

a pond that lay in a depression on the dairy farm below the sow and 

gilt grazing paddocks ( location F) . 

DISCUSS ION 

Mos t  o f  the common small mammal i an species of wildlife p re sent 

on New Zeal and farmland were found to inhab it the Massey Pig Research 

Centre and the No . 1 Dairy Farm .  The distribution o f  each f ree

living species in d i f ferent biotopes in the study area was charact

erist ic of the preferred-biotope dis t r ibution describ ed in earl ier 

chapters for different ecosyst ems . Ro dents were the mo s t  common 

animals encountered , a lthough their re lat ive abundance fluctuated 

during the period of the invest igat ion . Factors affecting  relative 

abundance were sporadic poisoning operations by farm staff  and 

seasonal a c t ivities such as grain -feeding o f  calves . Trap-night 

averages fo r rodents indicated that r-opulation densities were 



comparab le o r  higher t o  those on dairy farms invest igated by 

Brockie ( 1 9 7 7 ) . Thus the presence o f  relatively high numbers o f  

several species of  wildlife in an area of  intensive pig and dairy 

farming provided a very suitab l e  ecosystem in which to study the 

nidality of leptosp i ro s is . 

Leptospiro sis was endemic in cat t le , pigs and wildlife in 
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the study area . Four different se rovars were isolated and each 

serovar formed a res ervoir of  in fect ion in a particular host species . 

These maint enance host-paras ite  relat ionships were ve ry we ll define d . 

Serogroup Ballum in fect ion was endemic in hous e mice , ship 

rat s  and hedgehogs and prevalences of infect ion were similar t o  

those found i n  other �nvironment s  i n  New Zealand . These species 

were undoub tedly the ma intenance hos t s  for these organisms in the 

ecosystem under invest igat ion . Except for one house mous e , in fect 

ion was rest ricted to  sexually-mature animals o f  all species . An 

age different iation in prevalence o f  infect ion has been no ted b y  

workers inve s t igat ing the same species in o ther countries ( Clark , 

1 9 6 1 ;  Wol f f  and Bohlander , 1 9 6 5 )  and is also evident in the possum 

in New Zealan d .  Thi s  phenomenon i s  further discussed in o ther 

chapters . It was al so found that a high prevalence of Ballum sera

group infection occurred in three free-living species inhab i t ing 

the same ecosys t em.  This situat ion has not been reported in o ther 

countries . A s imilar s ituation was describ ed and discussed for a 

dif ferent ecosys tem in Chapter XII I .  

Trapp ing  data revealed that the relat ive abundance o f  roden t s  

in this syanthropic fo cus was higher t han that in natural foci 

invest igated in earlier chapters , and t he high prevalence of Ballum 

infection was maintained despite  cont ro l measures and subsequent 

fluctuat ions in the population density .  The lack of a dependance 

on a high population density to  mainta in Ballum serogroup infect ion 

in free-living populat ions (other than the No rway rat ) and the 

rap id repopulat ion of  a specific b iotope following control operations 

indi cates that a nidus o f  infect ion would always be p resent  in the 

environment b e ing  inves t igat ed . 
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S erovar pomona was endemic in the pig populat ion . The high 

p revalence of infect ion in young p ig s  and bought -in gil t s  ensured 

cont inued t ransmi ssion of the disease and pomona infect ion in the 

p igs was characteris tic  of leptosp iral infect ion in a maintenance 

host . No  c l in ical symptoms att ributable to  pomona infect ion occurred 

in pigs during the study � 

A very high p revalence o f  hardjo in fect ion was found in cows 

on the dairy farm .  Cattle  are recognised in New Zealand and other 

countries as the maintenance hose fo r hardjo. Hie fers with 

asymptomat ic infect ion were shown to excrete hardjo for periods o f  

up t o  a year (Hell s t rom,  1 9 78) . 

Possums in shel t er belts  were infected with balcanica and 

this species has been des cribed previously as a maint enance ho st for 

this serova r .  Thus four , well-defined maint enance hos t-parasite 

relat ionships were found t o  b e  present in the int ensive farming 

environment under s tudy. 

There was virtually no evidence o f  cross-species t ransmission 

o f  leptosp i res throughout the two year durat ion of the invest igation . 

Cl inical records of  dairy farm cat tle  revealed that an outbreak o f  

pomona had occurre d in the herd five years previously and the pomona 

t i tres in c at t l e  were all attributab le to this outb reak . Pomona 

outb reaks are wel l-recognised in cat t le in New Zealand although there 

is no evidence that they main tain this serovar (Hells t rom,  1 9 7 8 ) . 

Titres to  ant igens o ther than pomona in pigs and cat t le , and hardjo 

in cat tl e , were low and infrequent and were considered t o  be  c ross

reactions (Ryan , 1978 ; Hell s t rom , 1 9 7 8 ) . It was pos s ib le that 

pers istant  but low tarassovi t i tres in two sows indicate d  past 

infect ion w ith t his serovar , however no isolates were mad e . 

The only evidence of  in fection in wildlife with leptospires 

o ther than balcanica and tho s e  of the Ballum serogroup was a t itre 

of 1 : 48 to pomona in a mouse , a t i tre of 1 : 24  to tarassovi in a ship 

rat and a t it re of 1 : 96  to pomona in a g rey duck . Parnas e t  a l ( 19 6 1 ) , 

summarising leptospiro sis in house mice in Europe , reported that 

pomona has b een recovered from this spec ies , although it  was a very 

rare occurrence . It is  therefore possible that the pomona t it re in 



a mouse on the dairy farm may have represented a past in fec t ion 

with this serovar . Emanuel ( 1 959 )  experiment ally produced lepto

spiruria in l aborato ry mice with pomona , however Chernukcha et aZ 

( 19 74)  were unab le t o  repea t  these results .  The t i tre t o  

tarassovi i n  a ship rat from the p iggery is  of  unknown s ignif icance . 

Similar t i tres were detected in sera from two Norway rats shot 

on the Palmerston North rubbish tip and this serovar has b een 

sporadically isolated from Norway rat s in other countries (Anon , 

1966 ) . I t  is therefore pos s ible  that rat s may be suscep t ib le t o  

infect ion with tarassovi in New Zealand . 
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The ti tre of 1 : 96  to pomona in 1 of  58 ducks ( 1 .  7%) indicates 

that ducks may be sus ceptible to  chal lenge by this organism , however , 

no isolat ions were made from l iver or  kidneys . Pomona was isolated 

from piggery e f fluent and the feeding behaviour of  the ducks ens ured 

maximal challenge under natural conditions . The very low serological 

prevalence and lack of isolat ions from ducks inhab it ing the piggery 

demonstrates  that they are o f  no epidemio logical s ignif icance in the 

t ransmiss ion of pomona . This finding is in co��on with reports  

from workers invest igating b irds inhab iting foci  o f  endemic lepto

spirosis in other countries (To rten et aZ , 1965) . Kenzy and 

Gillespie ( 19 5 7 )  found pomona t it res in 12 of 20 chickens ( 60%)  

on a farm where an epi demic o f  pomona occurred in cat t le , however 

no isolations were made from thes e  o r  experimental ly challenged 

chickens . 

The lack of  inte rspecies t ransmission o f  leptospirosis  in the 

intensive farming environment that was studied provides some 

important  informat ion on the nidality o f  this disease under New 

Zealand conditions . I t  was cons idered that environmental  contam

ination with leptospires and the potent ial for interspecies t rans

mis s ion were very high because of the following factors : 

1 .  Endemic infect ion in the respective maintenance hos t s  for  

each serovar was of  high prevalence and all  species have b een 

shown t o  shed these leptospires for long periods . 

2 .  As a consequence o f  t he int en s ive nature o f  the farming 

systems pract ised in the s tudy area , excret ion of leptospires 
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by domestic animals was concentrated over a small geographical 

area . 

3 .  Environmental condit ions , and in particular the amount 

o f  s ur face water , were favourab le for the survival o f  lepto

sp i res . Water has been widely reported as a vehicle o f  

int erspecies t ransmission o f  leptospirosis ( Babudieri , 1958 ; 

Doherty , 1 96 7 ;  Baker and Baker , 1 9 70 , Buddle and Ho dges 

1 9 7 7) and pomona was re covered from piggery effluent and 

surface water in paddocks . No other serovars were recovered 

by environmental sampling . Pomona has often been recovered 

from water in the U . S . A .  ( Gillespie , 1 95 7 ; Gi llespie and 

Ryno , 19 6 3 )  and bal lum has also been recovered from surface 

water in an environment where endemic bal lum inf�c tion 

occurred in house mice ( Clark , 196 1 ) . 

4 .  The geographical dist ribut ion o f  species infected wi th 

dif ferent serovars invo lved considerable over lap ( �igure 1 4 . 2 ) . 

Domest ic animals grazed on adj o ining paddo cks , some o f  which 

had common drainage , and wildlife  were present on pasture and 

in farm buildings and grain s to res . Rodents were even seen 

in p ens  with calves feeding out of cal f meal buckets . 

There are three important ep idemiological factors which mus t  

b e  evaluated when cons idering the lack of interspecies t ransmission 

in the face o f  this widespread environmental contaminat ion and an 

apparent high potent ial for t ransmiss ion . These are the res istance 

o f  dif ferent species to  challenge with a part icular serovar , species 

behaviour and ability of dif ferent serovars t o  survive in the 

environment . 

l . The resis tance of di fferen t speci es to cha l l enge wi th a parti cul a r  

serova r .  

It has been well document ed by var ious workers that d i f ferent 

animal species have widely . dif ferent susceptib i l i t ies to  

experimental challenge with dif ferent s erovars ( Emanuel , 1959 ; 

McGowan and Karstad , 1965 ; Stalheim , 1966a ;Reilly , 19 70)  and some 

species are resistant to challenge with cert ain serovars 
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( Chernukcha et al , 1 9 7 4 ) . Woods et al ( 1962)  failed t o  

isolate bal lum from 18  experimental-challenged pigs and 

the t i t res that were detected in seven pigs were low and 

t rans i ent . In contrast , calve s have been successfully 

infected by experimental challen ge with ballum (Anon , 19 7 3 ) � 

2 . Species beha vi our . 
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Host b ehaviour may limit or  enhance the possib ility o f  a 

part i cular species contacting the infect ious agent . For 

example , house mice pre fer a dry environment and there fore , 

although they are common in piggery buildings , they would not 

come into contact with effluent which is cons idered t o  b e  an 

important vehicle for the t ransmission of pomona. Norway rat s  

o n  the other hand frequently inhabit wet biotopes and therefore 

would probably have cons iderable contact wi th e f fluent at the 

pi ggery ( several were t rapped within the immedia t e  area of  the 

e f fluent drains ) �  

] . Abi l i t y of di fferent serovars to s urvi ve i n  the envi ronmen t .  

Direct contact is  probab ly the mo st important factor in the 

int raspec ies t ransmission of leptospiro s is . However dif ferent 

species are unl ikely to have the contact necessary for direct 

t ransmiss ion . Therefore , ind irec t  t ransmission via the environ

ment is  of more importance . Pomona is known to survive for 

at least  6 weeks outs ide of an aniMal host (Hellstrom,  1 9 78 ) , 

however l ittle  i s  known about the survival of bal lum, balcanica 

or hardjo in the environment .  I t  is  possible that at  least for 

hardjo , environment survival is short as this serovar is diffi

cult t o  grow in art ificial media compared with o ther serovars . 

It  is also  very dif ficult to  reco ver from mater ial conta ining 

o ther micro-organisms . There fore , although environmental con

taminat ion by leptospiruric cat t le may be high , a short survival 

t ime o f  shed organisms would mean that the pot ent ial for 

interspecies t ransmission of hardjo was low . I t  i s  o f  interest 

in the present study that t he only evidence of interspecies 

t ransmis sion of leptospirosis  was with pomona , an organism 

kno�1 to survive for long periods in the environment .  



Although there was no bacteriolo gical and very l i t t le 

serological evidence o f  interspecies t ransmission in the p resent 

investigat ion the results  must be  int erpreted with some degree 

of caut ion . Leptospiral infect ion in an accidental host usually 

resul t s  in only low and t rans ient t i tres ( Chernukcha et aZ� l 9 7 4 )  

and a short renal phase o f  infect ion . Cros s-sect ional sampling  

o f  wil dlife may fail t o  detect a low p revalence of  ac cidental 

infect ions , as may serological sampling  of  domestic an imals at 

four month ( or longer ) intervals .  The low antigenic ity of  baZ Zum , 

that has been discussed in earlier chapters , may be especially 

important in this respect . The very s imilar serological cross

reactivity of hardjo and baZcanica agglut inins also present s 
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problems when attempt ing to determine the occurrence o f  cross-species 

t ransmission o f  these serovars by serological techniques .  However ,  

if sporadic and undetected infect ions do o ccur outside the des c ribed 

maint enance ho st -paras ite relat ionship s ,  they are unl ikely t o  be o f  

any ep idemiological si gnificance in the maint enance o f  a part icular 

nidus . 

The results  o f  the p resent inves t igat ion for evidence o f  inter

species t ransmission of leptospiro s i s  support the general survey data 

availab le fo r the same species in dif ferent farming areas of New 

Zealan d .  The dist rib ut ion of  serova rs in wildlife has b een dis cus sed 

in earl ier chapt ers . Ballum serogroup infect ion appears to  be  rare 

in cattle  with very low serological and bacteriological prevalences 

having been report ed ( see Chap ter I )  and ba Z Zv� has no t been isolated 

from pigs . The sporadic Ballum sero group infect ions in catt le are 

most l ikely due to  t ransmission from wildlife .  No such t ransmission 

was demonst rated in the p resent s t udy , however several workers in 

other coun t ries have described concurrent baZ Zum infect ion in cat t l e  

and house mice sharing a specific eco system ( Clark , 1 96 1 ;  Mart in 

et  aZ , 1 96 7 ;  S chnurrenberger et aZ , 1 9 70) . BaZ Zum infection is  very 

rare in pi gs in other countries . Kmet y  et aZ ( 1956 )  isolated baUum from 

1 of 460 pi gs in Slovakia (0 . 2%) and Chung ( 1 968) reported only 1 o f  

2 8 1  sera f rom pigs in Aust ralia to b e  sero -positive to baZ Zum at a 

minimum dilut ion o f  1 : 100 . 

The n idality o f  other serovars inves t igated in the s tudy area 

was different to that reported in other countries . Pomona is o ft en 
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present in both wildlife and domestic  animals shar ing a specific 

ecosys tem and interspec ies transmission of this serovar in b o th 

dire c t ions has b een sugges ted by several workers , (Blood e t  aZ , 1 9 6 3 ;  

Ro th et  aZ ,  1 9 64 ;  Hitchel l  et a Z , 1 9 66 ; Fennes tad and Borg-Petersen , 

1 9 7 2 ) . �fucGowan and Kars tad ( 1 9 65) successfully transmit ted pomona 

from ground hogs (Marmota monax) to cattle and p igs via infec ted 

drinking water . BaZcanica has b een isola ted from pigs , cat tle and 

humans in Eas t Eur ope but no wildlife reservo irs have b een identif ied 

(Hatveeva et a Z ,  1 9 7 7 ) . This is  in contrast to the s itua tion that is 

recognised in New Zealand . 

Copenhageni was no t present in the eco sys te� under s tudy . I t  is 

l ikely that if  this serovar had been endemic in Norway rats inhabi ting 

the p iggery and dairy farm ,  inter-species transmiss ion may have been 

demons t ra ted . Mice can ac t as accidental hos ts for copenhageni 

(Alexander et aZ , 1963 ; Ro th , 1 9 70 ;  Urquhar t ,  1 9 73)  and this serovar 

is o f ten transmit ted from Norway ra ts to domestic  s tock and man . It is  

inter e s t ing to no te tha t Norway rats from the p iggery were all bac terio

lo gically nega tiv e ,  desp ite an environment heavily contaminated wi th 

pomona . This species appears to be resis tant to pomona infection , al though 

it is an excellent maintenance host  f or copenhageni . 

The f ind ing o f  maj or impor tance in the present inves t igation was 

the very well def ined main tenance hos t-paras i te relationships tha t were  

ma intained in the face of a widespread po ten t ial for interspec ies 

trans fer . This i llus trated the natural aidal ity of lep to spir osis  in 

an int ens ive farming environmen t .  It was wel l demonstrated that the 

serovars of maj or pub lic hea l th s ignif icance in New Zealand , hardjo 

and pomona , were independently maintained in domestic animals ,and baZ Zum 

and baZ canica infec tion was r e s tr ic ted to  wildlife .  BaZ Zum infection in 

humans in New Zealand is very r are and the occurrenc e o f  baZcanica 

inf e c t io n  in humans has ye t to b e  determined . Brockie ( 19 7 7) sugges ted 

tha t humans were mos t  probab ly infec ted with ba Z Zum via the agency of 

cat t l e . In l ight of  the results of the present work, it  is more l ikely 

tha t humans are infec ted v ia direc t or indirec t con tac t wi th wild life . 

The general s itua tion in New Zealand is  cons iderably differen t  f rom 

that i n  o ther countries wher e  serovars of public hea l th importance are 

o f ten main tained by free-l iv ing sp ecie s . 
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SUMMARY AND CONCLUSIONS 

1 .  A var ie ty of po tential f ree-living carriers of lep tospiro s is were 

found to be presen t in an intens ive pig and dairy farming ecosys tem . 

2 .  Four o f  the s ix serovars that have been isolated in New Zealand 

were found to be endemic in different hos t  spec ies : baZ Zum in house 

mice ,  shiprats and hedgehogs ; ba Zcanica in possums , hardjo in c a t t le 

and pomona in p igs . 

3 .  Very wel l def ined maintenance hos t-parasite rela t ionships were 

demons tra ted in each animal species . 

4 .  Norway r ats , ducks , rabb i ts and feral cats were bacteriolog ic ally 

negative . 

5 .  There was no bacteriological and very l i t tle serolog ic al ev idence 

of interspecies transfer of lep tospires during the two year s tudy 

per iod . Retrospec t ive ev idence of  a pomona outbreak tha t o c curred 

f iv e  years previou s ly was detec ted in c a t t l e  sera . 

6 .  Pomona was rec overed on three occas ions from environmental 

samples . 

7 .  The nidal i ty o f  lep tospirosis in the ecosys tem under s tudy is 

discus sed in terms of the epidemio logic a l  factors inf luencing inter

species trans f e r . 

8 .  The s tudy es tabl ished tha t the two mo s t  importan t serovars in 
New Zealand from a pub l i c  hea l th point o f  v iew , hardjo and pomona� 

were maintained independ ently in dome s t ic animals . 



CHAPTER \XV 
THE MAINTENANCE HOST 

INTRODUCTION 

The original concept of  a maintenance ho st  for an infectious 

agent was put fo rward by Audy ( 1 9 5 8 ) . He described a maint enance 

host as an animal which c arried a part icular agent for long enough 

to allow t ransmission of infec t ion from generat ion to generat ion . 

Babudieri ( 1 95 8 )  not ed that in leptospiral infection o f  rodent s ,  

some serovars exert e d  only a minimal pathological e f fect on the 

tubular epithel ium during the renal carrier phase and he considered 

such s erovars to be in a state of "biological e quilibrium" with. 

their host s .  These  rodents were categorised a s  res ervo ir hos t s  for  

part icular serovars . 

Ro th et aZ ( 19 6 3 )  extended the concept o f  maint enance hos t s  

3 6 6  

for part icular serovars to  explain part icular host-parasite  

relat ionships whi ch oc curred in  skunks infected with a variety o f  

serovars in the U . S . A . Thes e workers established serological and 

bacte riological crit eria which served to define leptosp iral infec t ion 

in a maintenance hos t . Seve ral subsequent workers have applied these 

criteria to  field data t o  ident ify maintenance host s  for particular 

serovars in specific ecosystems (Torten et a Z� 19 70; Fennestad and 

Borg-Petersen , 1 9 7 2 ; Chernukcha et aZ�  19 74 ) . 

I t  has been e s t abli shed that the pathogen icity o f  a particular 

s erovar varies for d i f fe rent animal species (McGowan and Kars tad , 1 9 6 5 ; 

Stalheim , 1966a ; Rei l ly , 19 70)  and that different s erovars vary in 

patho gen ic ity for a part icular animal species (Emanuel , 1 9 5 9 ; Chernukcha 

et aZ�  1 9 74) . Such experiment al invest igation is necessary t o  

confirm whether a particular f ree-living species is  a maintenance 

o r  accidental hos t  for a spec ific serovar . By det e rmining the 

characteristics of in fect ion in an animal species , the potential 

role of  that species in the nidality of  lepto sp iro s is in a specific  

ecosyst em can be better  estab lishe d .  

Previous chapters have des cribed endemic baZcanica in fect ion 
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in possums and endemic Ballum serogroup infection in house mice , ship 

rat s  and hedgehogs .  Experimental inf ect ions in possums conf irmed 

that this species was a maint enance host for balcanica and serological 

and bacteriological evidence of Ballum serogroup infection in o ther 

species , ac cording to the criteria of Roth et al ( 19 6 3 ) , was 

characteristic  of  leptospirosis in a maintenance host . · The house 

mouse has also been shown to be a maintenance host for bal lum in 

other count ries (van der Hoeden , 1 9 5 8 ; Clark� 196 1 ) . 

This chapter describes t he use o f  laboratory mice as an 

exper imen tal mo del to determine the relat ive patho genicity o f  

ballum� balcanica� pomona and hardjo in this species and a s  a 

consequence define t he characteris t i c s  o f  leptospiral infect ion in 

a maintenance host . The crit eria use d  by previous workers t o  

define leptospiral infect ion in a maintenance host compared with 

an acciden tal hos t  have been relat ive patho genicity in c l in ical 

terms (Emanuel ,  1 9 59 ) , characterist ics  of lepto spiruria and 

rat io of sero logical to bact erio logical p revalence in a population 

(Roth et al� 1963)  and age suscept ib i lity and immunological response 

to infect ion ( Chernukcha et al , 1 9 7 4 ; 19 75 ) . In this study , these 

criteria , as well  as the infective dose of a particular s e rovar and 

the demons t ration of int ra species t ransmis sion , are invest i ga t ed 

in a series o f  experiments in a labo ratory mouse model . The model 

is also used to investigate age differences in the prevalence of 

infect ion in a population.  By comb ining the experimental result s  

with field data from maintenance hos t  pcpulations , the concept o f  

a maintenance host i s  redefined in t e rms o f  individual animals  and 

maint enanc e  populat ions . 

}�TERIALS AND METHODS 

Endemic leptosp i ral infect ion has b een reported in laboratory 

mouse colonies in the U . S . A. and Europe ( Stoenner et a l , 1 9 5 8 ; 

Kemenes and Szeky , 1 9 66 ) . A random sample  o f  30 mice from the 

Massey University Laboratory An imal Unit were screened serologically 

and cul t urally for evidence of leptospiro s is . Serogroup Ballum 

infect ion was found t o  b e  endemic in the colony , with isolates b eing 

obtained from four o f  ten adult mice  ( 40%) . Three adul t s  ( 30%)  and 

one weanling mouse ( 5%) had bal lu� t itres ranging from 1 : 2 4  to 1 : 19 2 .  



(No titres wer e detec ted against copenhageni3 ha�djo, pomona and 

tarassovi antigens ) . As a consequence , s to c k  mice for exper imental 

inves tigations were ob tained from a specific pathog en f ree ( SPF)  

colony at  the Au ckland Hedical School . 

infe c t ion was found in these animals . 

No ev idence of leptospiral 

The bal lum3 balcanica, ha�djo and pomona isola tes used to 

inoculate experimental mic e had been isolated respe c t ively from a 

house mouse ,  pos s um ,  cow and pig from the Mas sey Pig Research C entre  

and Massey Number  1 Dairy Farm . These isola tes wer e identif ied by  

cross-agglutina tion ab sorp tion a t  the WHO Ref erence Labora tory , 

Atlan t a , U . S . A .  
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Several workers have repor ted a loss in virulence of leptosp iral 

cul tures ser ia lly pas saged in liquid media (van Thiel ,  1 9 4 8 ;  S ta lheim ,  

1 966b ; Tripathy e t  aZ , 1 9 7 4) . O ther workers have f ound little  lo s s  

in viru lence o f  isola tes pas saged f o r  periods of  up to 1 2  months 

(Ellinghausen and Painter , 1 9 7 6 ) . The isola tes used in th e present 

s tudy had been serial ly pa ssaged for more than a year in liquid media . 

To ensure that the isolates had a s im ilar po tential to infect  mic e , 

they were fir s t  s er ially pas saged in weanling hamsters . Each s e rovar 

was ino culated initially into three hamsters and these were observed 

daily for c l in ic al  symptoms . Kidneys from d ead or coma tose hams ters 

were homogenised using the syringe technique describ ed in Chap ter V 

and one ml of homogena te was inoculated IP into one of  ano ther 

group of three hams ters . At the termina t ion of the hams ter pas sages , 

kidney homogena tes were cultured in s emisolid EMJH and primary 

is olates were sub cultured into l iquid EMJH . The density of liquid 

cultures used for ino culation of experimental mice was estab li shed 

by the mean of  three counts in a Petrof f-Hauser counting chamb er . 

Exper iment 1 :  Infec t ive dos e ,  clinical response and serological and 

bac te riological parameters of ba Z Zum) balcanica, ha�djo and pomona 

infec tion in mice . 

Liquid cul ture s  o f  the above scrovars were counted in a Petro ff

Hause r  chamber and s e r ia l  ten-fold dilutions from 1 08 to 1 0
1 

organisms/ml were made in l iquid med ium . One ml of each cul ture 

dilut ion was inoculated IP into ea�h of  a group of 3 ix labora tory 



mice (mean we ight 2 3 . 9  � 2 . 1 g ) . Four groups of  s ix mice were 

inoculated wit h media and maintained as cont ro l s .  The virulence 

of each s erovar was t i trat e d  by IP inoculat ion of 1 0
8 

o rganisms 

int o  groups of four hamste r s . Dilut ions o f  each serovar used 

for mouse inoculations were cultured back in liquid media . 

Inoculated mice were obs erved daily for c l inical symptoms . 

The experiment was te rminated  at  1 7  days p . i .  so as to  minimise 

the chance of secondary spread of infect ion within t reatment 

groups . Al l mice were anaesthet ised with ether and b led by 

cardiac punct ure . Sera were tested against bal lum� balcanica� 

hardjo and pomona ant igens a t  a minimum serum dilut ion o f  1 : 12 .  

Kidneys were cultured as p reviously described. 

Experiment 2 : Charact erist ics o f  leptospiruria and long-term 

kidney in fect ion in mice ino culated with bal lum� balcanica� 

hardjo and pomona. 

The 4 8  mice that were inoculated with dif ferent numbers o f  

3 6 9  

each serovar i n  Experiment 1 were monitored b y  dark- field micro

s copy at days 1 1 ,  14 and 1 7  p . i .  Urine was collected on microscope 

s l ides and one bacteriological loop o f  urine was diluted with one 

loop of  physiological saline before examinat ion . The in tensity o f  

shedding was s cored a s  shown in Table 15 . 1 . The mot il ity of  the 

lept ospires was also noted . 

Tabl e  1 5 . 1  S coring  sys t em for int ens ity of  leptospiruria in 

experiment al ly-infe cted  mice . 

No . 
per 

� 1  

�10 

leptosp ires 
dark field 

0 

< 1 

< 10 

< �  

> 30 

Score 

0 

1 

2 

3 

4 



3 7 0  

A second part o f  this experimen t involved che monito ring o f  

urine from chronically infected mice for a period o f  s ix months p . i .  

Group$ o f  six mice were ino culated with 10
8 

leptcspires o f  each 

s erovar as in Experiment 1 .  Leptospiruria was mon itored by dark

field microscopy at weekly intervals  for the first fou� weeks p . i .  

and then at monthly int e rvals . At the t erminat ion o f  this 

e xperiment , kidneys were c ultured from all mice  and sera were 

t es t ed against the infect ing  serovar 2t a minimum serum dilution 

o f  1 : 12 . The sensi t ivity of dark-field micro scopy relat ive to 

kidney culture for the detection of leptospiral infect ion with 

the four serovars used in this experiment was also determined . 

Experiment 3 : In fec t ivity o f  leptospires shed in mouse urine 

and natural t ransmission of ba Uum> balcanica) hardjo and pomona . 

This experiment was carried out to  determine i f  leptospiral 

infect ion in mice with . the above-ment ioned serovars was artificially 

o r  natural ly t ransmi s s ible  to  the same species . Urine samples were 

collected from each of group s of two mice that had been inoculated 

with the respective serovars 2 1  days previously . These were exam

ine d  by dark-field mic ro scopy and also cultured according to 

s tandard t echniques . Each of  t hree mice was then inoculated wi th 

0 . 2  ml of each urine sample . Kidneys from these mice were cultured 

at  2 1  days p . i .  

Natural t ransmiss ion was invest igated by the int roduct ion o f  

three males :into cages containing three females that had been inoc

ulated eight weeks p revious ly with the above-ment ioned serovars . 

The urines from the female mice were examined by dark- field 

microscopy at the time of int ro duct ion of the males . Urine from 

mal e  mice was examined at  four weeks and six weeks after int roduct ion 

to the female mice and kidneys from all mice were cultured at  eight 

weeks after introduct i on .  

Experiment 4 : Age sus cept ib ility of mice to  infect ion with bal lum, 

balcanica) hardjo and pomona . 

+ 
Six groups o f  three adul t mice (mean weight 3 3 . 4  4 . 5  grams ) 

were inoculated with 1 0
1

, 1 0
2

, 10
3

, 10
4

, 10
6 

and 10
8 

bal lum lepto-

spires by the  IP  route and this was repeated using pomorza. The 



3 7 1  

same procedure was applied t o  weanling mice (mean weight 7 . 7  � 1 . 2  

grams ) . The age susceptibility t o  ba Zccnica and hardjo was inve s t 

igated using  four groups o f  three adult mice inoculated with 10
3

, 

104
, 10

6 
and 10

8 
lept osp ires and this procedure was repeated using  

weanling mice . Two group s  o f  three a dult mice  and two group s  of  

three weanl ing  mice were maint ained a s  controls . Al l dilut ions 

o f  inoc ulating  serovars were cultured back in liquid media and 

the virulence of  each serovar was t i t rated in groups of three 

weanling hamst ers ino culated wi th 108 organisms . Kidneys from all 

mice were cultured according t o  standard te chniques at 17  days p . i .  

Experiment 5 : An inve s t igation of d i f ferences in age prevalence 

o f  infect ion using a laborat ory mouse model . 

Field s tud ies demonstrated a marked difference in prevalence o f  

Ballum se rogroup in fect ion between s exually-immature and mat ure 

house mice . Similar findings have been repo rted in endemic 

leptospiral in fect ion in a variety of free-l iving species serving 

as maint enance hos t s  for a part icular serovar and it  has been 

suggested that this d i fference in age prevalence of  infect ion is  

due to  a venereal route of  t ransmis s ion ( see Chapters VI and 

VIII) . Such a route o f  t ransmis sion would restrict infect ion t o  

s exually-mature anima l s  only . 

The f irst part o f  this experiment was designed to  invest igate 

the role of maternal ant ibody and the role of  a venereal route o f  

t ransmission a s  det e rminants o f  a n  age di fference in prevalence 

of infect ion . The rol e  of maternal antibody was invest igated by 

inoculation of three groups  of five mice with 0 . 5  ml o f  a 1 0
8 

baZ Zum cult ure by the IP rout e .  Each of the three groups o f  mice 

were from l i t t ers from dams that were shedding baZ Zum in their urine 

at  the t ime of parturi t ion and subsequent to this . Group 1 mice were 

two weeks o f  age , group 2 mice were four weeks of  age and group 3 

mice were ei ght weeks o f  age . Groups  2 and 3 had been removed f rom 

t heir dams at  four weeks of age . Lit t e rmates that were not 

ino culated wi th baZ Zum served as controls . All mice  were cultured 

at 17 days p . i . 
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For a n  invest igation o f  venereal t ransmiss ion , ten mal e  and 

t en female adult mice were infected with baZ Zum and all were 

det e rmined to  be leptosp i ruric by dark-field micro scopy at  day 16 p . i . 

Each mouse was then individually caged and ear-clipped and one non

in fected mouse was introduced to each cage according to the protocol  

detailed in Table 1 5 . 4 .  This involved in fected males with non-

infected females and vice-versa and also involved same-sex pairs 

of infected and non-infected mic e .  Four pairs of cont ro ls  were 

maintained . After  a period of  four weeks , urine from all mice 

was examined by dark-field microscopy and kidneys were cultured 

acco rding to stan dard techniques . 

A second part o f  the experiment invest igat ing vene real 

t ransmiss ion involved the in fect ion of  newb o rn mir.e wi th baZ Zum 

and the surve illance of  lit ter-mates and dams to determine the 

t ransmission pattern of  leptospirosis . Three ,  two week old males  

in  each of  two l i t ters ( 9 and 10  mice respectively) were inoc

ula ted with 0 . 5  ml o f  a 1 0
8 

organi sms /m! cul ture o f  baZ lum .  

Urine from in fected males ,  litter-mates and dams were monito red 

according to the schedule shown in Figures 1 5 . 5  and 1 5 . 6 .  .The 

experiment was t e rminated when the young mice were 60 days o f  age ; 

kidneys were c ul t ured according to  standard techni ques . This 

exp eriment was dupli cated  us ing two lit t ers of mice  ( 8  and 1 0  

resp ective ly )  and pomona. 

Experiment 6 : Rat io s  o f  sero logical ahd bacte rio logical preval ence 

for  the respect ive serovars . 

Dat a  to determine t hese rat ios was t aken from Experiment 1 and 

Experiment 2 .  The durat ion of Experiment 1 was 1 7  days and therefore 

this experiment p rovided both sero logical and bacteriological prev

alences for short-term infect ion . Chronically-infected mice in 

Experiment 2 were maintained fo r s ix months and therefore the 

rat io of serological and bacteriolo gical prevalence for each 

serovar in these mic e  was based on long-term infec tion . 

RESULTS 

Death t imes o f  hamsters serially infected wi th differen t  serovars 



showed a small degree o f  fluct uation ( Figure 1 5 . 1 ) . The range o f  

death t imes was 5 to 7 days for  baZ Zum ,  4 to  8 days f o r  pomona and 

3 7 3  

1 1  t o  1 5  days f o r  baZcanica . Mean death t imes and standard deviations 
+ + 

for the respec t ive serovars were 5 . 55 - 0 . 60 days , 5 . 5 3 - 0 . 9 2 days 
+ 

and 1 3 . 1 - 1 . 29 days . In fect ion was not t ransmitted after  the 

second pas sage with pomonx in one hams ter and the first passage 

with baZcanica in one hams t e r . Hams ters inoculated with hardjo 

showed no clinical sympt oms and therefore kidney homo genates were 

passage d  int o  ano ther group o f  hams ters after three weeks . Kidney 

homo genates from this group were cultured after three weeks and 

hardjo isolates were recovered from two of the three hamsters . 

These i solates required two pas sages in liquid mP.dia to  reach a 

dens ity of 1 0
8 

organisms/ml . 

Experiment 1 : Infect ive dos e ,  clin ical response and serological 

and bacteriological parameters of  infect ion with baZ Zum2 baZcanica, 

hardjo and pomona. 

Cl inical s ymptoms were not  observed in any mice ino culated with 

the four serovars . This was in marked contrast to  the s it uat ion 

in hamsters inoculated with the same cultures . Hams t ers in fected 

with baZ Zum and pomona had mean death t imes o f  5 . 25 and 4 . 7 5 days 

resp e c t ively . Hamsters inf e c t ed with baZcanica showed characteristic 

cent ral nervous system symp t oms (see  Chapter V) and had a mean death 

time of 1 3 . 25 days . No c l inical symp toms were ob served in hamsters 

ino culated wi th hardjo. 

The serological and cultural results o f  mice inoculated with 

dif ferent numbers of leptospi res of each serovar are given in 

Tab l e  1 5 . 2 .  The minimum inf e c t ive dose (MID ) for baUurn and pomona 

was ten organisms . In fect ion with baZ Zum within groups o f  mice 

was very consistent , with a l l  mice in all t reatment group s b eing 

cul t ure-positive at day 17 p.i .  This also demon s t rated the ef f ic iency 

of the cult ural technique for recovering baZ Zum from in fected mice . 

Three o f  six mice rece1v1ng 1 0
1 pomona organisms ( 50 % )  and one o f  

2 
s ix mice  receiving 1 0  pomona organisms ( 1 7%)  wer.e bacteriologically 

negative . 
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The MID for balcanica and hardjo was 1 0
7 

o rganisms . Infection 

with these serovars within groups was inconsistent  (Table  1 5 . 2 ) , 

h 50% f . . h .  . . 10
7 

1 0
8 . wit .( o o mlce Wlt ln groups recelvlng or organlsms 

becoming in fected.  

375 

Serological results  (Tab le 1 5 . 2 ) revealed that baZZum t i t res in 

in fected mice were very low and the GNT o f  po sitive sera was 1 : 29 . 

I s ol at ions were made from 2 7  mice that had no titres (56%) . There 

was no co rre lat ion between level of t i tre in infected mice and 

numbe r  o f  organisms in the ino culum .  

Pomona t i tres were considerably higher than baZ Zum tit res . 

Mice in fected with pomona had a GMT of  1 : 2 85 for posit ive sera .  

No is olations were made from seronegat ive animals . As with mice 

infected with baZZum there was no correlation be tween level o f  

t it re and number o f  in fecting o rganisms . 

Serological evidence o f  balcanica infect ion was found in mice  

recelvlng 10
3 

to  10
8 

lep tospires , although iso lat ions were l imited 

t o  mice receiving 10
7 

and 1 0
8 

l eptospires . Hardjo t i tres were 

present only in mice inoculated with 10
7 

or 10
8 

organisms . Titre s  

t o  b o t h  these Hebdomadis serogroup leptospires were low ( GMT ' s  for 

po s i t ive sera o f  1 : 54 and 1 : 8 1  respectively) and 1 1  o f  1 7  mice with 

balcanica t i t res ( 6 5 % )  and 3 o f  4 mice with hardjo t i t res ( 75 % )  

were bacteriologically negat ive . No isolat ions we re obt ained from 

s eronegative mice . 

No c ross-react ions were observed in sera from mice  infected with 

baZ Zum or  pomona . Cro ss-reactivity occurred in s era o f  mj ce  infected 

with balcanica and hardjo, however , t itres to  the homologous ant igen 

were higher or equal to  those against the heterologous antigen . 

There was no serological o r  bacteriological evidence o f  lepto

sp iral infection in contro l  groups o f  mice . Leptospires were 

cultured back from all dilut ions o f  the respective serovars used as 

ino cula e:xcept the 1 0
1 

dil ution of  hardjo. 

Experiment 2 : Characteris t i c s · o f leptospiruria ar.d long..:.term 

kidney infect ion . 

... 



Table 15 . 2  : Serological and cultural results o f  mice ino culated with d i f fe rent do ses o f  baZ Zum� 

baZcanica� hardJo and pomona. 

Inoculum Mouse numb e r  
1 2 3 4 5 6 

t i tre cul t . t i t re cult . t it re cult . t i tre cul t . t i t re cul t .  t it r e  cul t . 

10
1 

baUwn 0 + 0 + 0 + 0 + 0 + 0 + 
10

2 
0 + 0 + 0 + 0 + 0 + 0 + 

1 0
3 

24* + 0 + 0 + 1 2  + 0 + 0 + 
1 0

4 
1 2  + 24  "+ 24  + 1 2  + 0 + 1 2  + 

10
5 

1 2  + 1 2  + 1 2  + 0 + 0 + 1 2  + 
10

6 
1 2  + 0 + 1 2  + 1 2  + 0 + 0 + 

1 0
7 

0 + 0 + 1 2  + 0 + 2 4  + 1 2  + 
1 08 

24  + 0 + 0 + 1 2  + 24  + 1 2  + ,. 

1 
0 96  0 0 9 6  + 9 6  1 0  pomona - + - - + 

1 0
2 

1 9 2  + 384 + 1 9 2  + 1 9 2  + 0 - 1 9 2  + 
10

3 
1 9 2  + 1 9 2  + 9 6  + 96  + 1 9 2  + 9 6  + 

1 0
4 

1 9 2  + 4 8  + 384 + 48 + 9 6  ' + 96  + 
10

5 
96  + 384 + 9 6  + 1 9 2  + 3 84 + 4 8  + 

1 0
6 

9 6  + 9 6  + 192  +- 1 9 2  + 96  + 384 + 
1 0

7 
768  + 9 6  + 9 6  + 9 6  + 48 + 9 6  + 

w 

1 08 ""-l 192  + 384 + 9 6  + 4 8  + 384 + 192  + 0\ 



Table 15 . 2  cont . 

Inoculum Mouse number 

1 2 3 

t itre cul t .  t it re cul t . t i t re 

1 0
1 

batcanica 0 - 0 - 0 

1 0
2 

0 - 0 - 0 

10
3 

0 - 2 4  - 0 

1 0
4 

0 - 0 - 48 

1 0
5 

0 - 0 - 0 

10
6 

24  - 1 2  - 0 

1 0
7 

0 - 0 - 24  

1 0
8 

0 - 96 + 4 8  

10
2 

hardjo 0 - 0 - 0 

1 0
4 

0 - 0 - 0 

10
6 

0 - 0 - 0 

1 0
7 

2 4  - 0 - NT 

1 0
8 

0 - NT + 1 9 2  

* recip ro cal o f  t it re . 

4 

cult . t i t re cul t . t it re 

- 0 - 0 

- 0 - 0 

- 0 - 0 

- 0 - 4 8  

- 1 2  - 0 

- 1 2  - 0 

+ 4 8  + 4 8  

+ 0 - 48 

- 0 - 0 

- 0 - 0 

- 0 - 0 

+ 0 - 0 

+ 0 - 48 

5 

cult . 

-

-

-

-

-

-

-

+ 

-

-

-

-

-

6 

t i t re 

0 

0 

1 2  

1 2  

0 

0 

1 2  

48  

0 

0 

0 

1 2  

NT 

cul t . 

+ 

(..J 
-....1 
-....1 



The characteris t ics of  leptospiruria in mice infec ted with 

dif ferent serovars showed cons id erable varia tion . Lep tosp iruria in 

mice infec ted with baZZum and pomona was ob served for s ix mon ths 

(at  which time the exper iment was termina ted) whereas leptospiruria 

was not detec ted at any time in mice ino culated with hardjo . Only 

one urine sample f rom mice ino culated with baZcanica was p o s i t ive 

and this was taken on day 30 p . i .  from a mouse inocula ted with 1 0
8 

lep tospires . 

378  

The preva lence o f  lep tospiruria in  groups of  six mice  infec ted 

wi th 108 ba Z Zum� baZcanica and pomona o rganisms and ser ia l ly monitored 

for s ix months is given in F igure 1 5 . 2 . Shedding was maintained in 

1 00% o f  ballum-infec ted mice at all  sampl ing times excep t for one. 

mouse sampled on day 1 20 p . i .  The prevalence o f  leptospirur ia in 

groups of mice infecte� with pomona varied between 3 3 %  and 8 3% a t  

different samp ling times . 

The time of  onset and intens ity of  l ep tospiruria relative to  

serova r and infective dose is  shown diagramma tically in Figure 15 . 3 .  

The t ime of onse t  o f  lep tospirur ia in mice infected wi th b o th ba ZZum 

and pomona was inversely related to the inf ec t ive do s e .  All mice 

receiv ing more than 1 03 ba Z Zum organisms were leptospirur ic by day 

1 1  p . i . , wher eas only 5 of 1 6  mice in the 1 0
3

, 1 0 2 and 1 0
1 

groups 

( 3 1 % )  were lep tospiruric a t  th is time . By day 14 p . i . ,  all  ba l lum

inf e c ted mice were l ep tosp iruric . Only f our mice that had been 

inoculated with pomona 'vere lep tospiruric on day 1 1  p . i .  (9%)  and 

thes e  were i� groups that had received 105 to 10
8 

organisms . By 

day 1 4  p . i . , lep to spirur ic mice were detec ted in all groups inocula ted 

with pomona� al though the preva lence of  shedding within groups was 

cons iderably lower than was the case f or ba ZZum .  

The intensi ty of  shedding o f  baZ Zum was high and was ma intained 

throughout the experiment .  The intensi ty of shedding o f  pomona was 

c on siderably l ower (Figure 1 5 . 3 . ) . BaZ Zum organisms sh ed in urine 

were mo tile throughout the experiment .  Mo tility was a l s o  maintained 

by pomona , however leptospires in 1 6% o f  urine samples collec ted from 

pomona-inf ec ted mice a f t er day 60 p . i . were non-mo tile . The single 

urine sample  f rom mice inocula ted with ba Zcanica tha t was posi tive 

contained one mo tile leptospire per ten dark-f ields . 
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All mic e  were b led and cultured at the terminat ion o f  the 

s ix-month experiment . Only one ballum t itre ( 1 : 24)  was detected 

3 8 1  

i n  sera from the six mice in fected with ballum , however  this organism 

was recovered from all animal s . Isolates were obtained from 4 o f  

6 mice that had been ino culated with pomona and titres o f  1 : 9 6 , 1 : 2 4  

and 1 : 2 4  were present i n  three o f  these mi ce . Balcanica was iso lated 

from one of  six mice that had been ino culated with this serovar and 

th is animal had a t itre of 1 : 2 4 .  All mice in the group that had 

b een inoculated with hardjo were s erologically and bacteriologically 

negat ive . The se rogroup o f  isolates recovered at the terminat ion o f  

the experiment was con firmed by cros s-agglut ination . 

A comparison of  the s ens i t ivity o f  dark-f iel d mic roscopy relative 

to ki dney cul ture for the detection of short and long term infect ion 

with ballum3 balcanica3 hardjo and pomona gave contras ting resul ts . 

Dark-field examinat ion o f  urine on day 1 7  p . i . identi fied 4 1  o f  45  

mice that were infected with ballum . Thus the sens it ivity o f  dark

field microscopy re lat ive to culture was 9 1 % .  All mice  from which 

ba l lum was isolated on day 1 80 p . i .  we re posit ive by dark- field 

microscopy ( 1 00% sensitivity) . These dark-field microscopy reul t s  

reflected the high inten s i ty and constancy of  shedding o f  bal lum. 

Dark-field microscopy was considerably less sensi t ive for the 

ident i fication of  mice infec ted  with pomona . The range in sensit ivity 

for d i f ferent groups of  mice at day 17 p . i . was 17 to  80% . The 

sensit ivity of dark-field mic roscopy for de tecting long-term pomona 

in fect ion at  180 days p . i .  was 75% . This lower sens i t ivity reflected 

the lower int ensity of  shedding o f  pomona than ballum. 

The sensitivity o f  dark-f ield microscopy for detecting leptospiral 

in fection in mice in fected with balcanica and hardjo was 0 .  This  did 

not r�le out t he poss ib i l ity that mice infected with these serovars 

may have had a low intensi ty , t rans ient leptospiruria , however it  was 

appa rent that there were s ignificant differences in leptospiruria 

in mice infected with bal lum and pomona compared with ba lcanica and 

hardjo. 



Experiment 3 : Infect ivity of  lept ospires shed in mous e urine and 

natural t ransmiss ion o f  ba ZZum� balcanica� hardjo and pomona. 

Int raperitoneal ino culat ion o f  urine from mice that had been 

inoculated with t he above-ment ioned s e rovars 2 1  days previously 

resulted in trans fer of infect ion of  baZ Zum and pomona but no t 

balcanica and hardjo . Al l the mice ino culated with mouse urine 
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containing baZ Zum or  pomona were  culture-posit ive at  day 2 1  p . i .  

Dark-field examination o f  urine ino cula from mice that had been 

p revious ly inoculated wi th ba Zcanica and hardjo failed to demons t rate  

the pre s ence of  l eptospires . Ba lcanica was cul t ured from one urine 

inoculum ; urine inoc ula from hardjo-inoculated mice were negat ive . 

Natural t ransmi ss ion o f  leptospiral infect ion be tween mice 

was demonst rated with ba Zlum .  The three males caged with bal lum

infected females were  found to b e  leptospiruric by dark-field micro

scopy four weeks after  introduct ion and ba Z Zum was isolated from all 

kidney c ultures . Pomona was not t ransmit ted to the three males 

int roduced to in fected f emale s .  All dark-field examinat ions of  urine 

and kidney cultures from male mi ce were negative . Female mice 

were found t o  be shedding pomona over  the durat ion of this experiment 

and pomona was cultured from two o f  the three females at the termin

at ion o f  the experiment . There was no evidence of infection in males 

that were int roduced t o  females that had been inoculated wi th 

baZcanica and hardjo . BaZcanica was recovered at the terminat ion 

o f · the experiment from one of the three females inoculated wi th 

this serovar . Females that had been inoculated wi th hardjo were 

negat ive on kidney cul ture .  

Exper iment 4 : Age suscept ibility t o  in fection with baZ Zum� 

balcanica� hardjo and pomona. 

The results o f  t his experiment are g iven in Tabl e  1 5 . 3 .  No 

difference in age suscep tib i l it y  was shown with baZZum or balcanica . 

A smal l  dif ference in age suscep t ibility was shown with pomona. 

Weanling  mice were infec ted with 10
1 

o rganisms , however adults were 

insuscept ible to inf e c t ion by this inoculum .  Only one of  the adult  

mice ino culat ed with 1 0
2 

pomona organisms became infected whereas 

all weanlings were infected at  this dose rate . Nei ther weanlings nor 



rabl e  1 5 . 3  Age suscept ib ility o f  mice t o  infection with bal lum� pomona� balcanica and hardjo . 
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adults were suscep t ible  to  hardjo in this experiment . This hardjo 

cul ture also failed to infect hamsters . Mean death t imes o f  hamsters 

infected with 1 0
8 

organisms of  the bal lum� balcanica and pomona 

cultures used in this experiment were 5 . 0 ,  1 3 . 3  and 4 . 7 days 

respectively . 

Leptospires were cult ured back from all dilut ions o f  cul tures 

used in this experiment . Control groups o f  mice were negat ive . 

Experiment 5 : Invest igat ion o f  difference in the age preval ence 

of in fect ion . 

Four o f  f ive two-week old mice from a bal lum-infected dam were 

found to  be resistant to challenge w i th bal lum (80%) . One mouse was 

positive by kidney c ulture 2 1  days p . i .  Similarly , 4 of 5 four 

week old mice were res istant to  cha l lenge ( 80%) . Bal lum was 

recovered from 4 of 5 mice that had been chal lenged at eight weeks 

of age ( 80 % ) . All l i t termates maintained as controls we re negative 

on culture . Thus there was no natural  t ranmiss ion from the dams t o  

their o ffsprin g ,  despite the fact that large numbers o f  leptosp i res 

were shed in urine . 

The resul ts o f  the experiment t o  invest igate sexual  t ranmiss ion 

o f  bal lum in adult  mice are given in Table 1 5 . 4 .  Infe c t ion was 

t ransmitted in all  groups of mice . All males paired with in fected 

females became infected and 4 o f  5 females paired wi th infected 

males became infected (80%) . S imilarly , bal lum was t ransmit ted  

between all  pairs o f  infected and non-in fected males and 4 of  5 

pairs o f  infected and non-infected f emales ( 80% ) . Thus t ransmissi on 

was not l imited t o  vene real t ransmi s s ion . Control pairs o f  mice  

were n egat ive . 

F igure 1 5 . 4  describes the p a t tern o f  t ransmission o f  ballum 

within l i t t e r s  o f  mice in whi ch two-week old  males were inoculated 

with bal lum. Lep t ospiruria was f irst observed in infected males  

s ix days after  inoculat ion .  Al l inoculated males were leptosp iruric 

by day 1 2  p . i .  No infect ion was detected in female l i t ter-mates 

unt il they were 39 days of  age , when urine from one femal e  in th� 

litter was posi t ive . By 50 days of age , in fect ion had b een 



Table 1 5 . 4  Tran smission o f  ballum in fect ion between dif ferent 

sex and same-sex pairs o f  laboratory mice . 

Pair No . 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

F = female 

H = male 

Infected 

F *  

F 

F 

F 

F 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

F 

F 

F 

F 

F 

Non-infected Transmission 

M *  + 

M + 

M + 

M + 

M + 

F + 

F 

F + 

F + 

F + 

M + 

M + 

M + 

M + 

M + 

F 

F + 

F + 

F + 

F + 
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t ransmit �ed to both dams �nd by 60 d ays o f  age , all l i tter-mates 

were infected . Thus t ransmission o f  ba Z Zum did no t occur un til 

infec ted mic e had reached sexual matur ity . 

The same exper iment was repeated us ing pomona-infected , two

week o ld males and the r esults  are presented d iagramma tically in 

Figure 1 5 . 5 .  Lep tospiruria was f irs t detected in male mice a t  12  
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days p . i . By day 25  p . i . pomona was be ing shed by all  inoculated 

mice . The only transmiss ion of th is infect ion was to one female 

litterma te who was p o s i t ive on kidney culture a t  the termina t ion o f  

the experimen t .  Cul tures o f  other lit terma tes and dams were negative . 

Experiment 6 : Ra tios o f  sero logical and bacter iologi cal pr evalenc e .  

These ra tios varied cons id erab ly for d i f ferent serovars ( Tab le 

1 5 . 5 . ) .  Ratios calculated a t  day 1 7  p . i .  and day 180  p . i .  were uni ty 

o r  less for baZZum and pomona . The ratios a t  day 1 7  p . i .  f o r  

baZcanica and hardjo were cons iderab ly higher than unity ( 2 . 7  : 1  and 

4 . 3  : 1  r espe ctively ) . Only one mous e was s t ill inf ected with 

baZcanica at day 1 80 p . i .  The ratio of  sero logical to bacteriolog ical 

prevalence of ba lcanica infe c t ion in th is group at this tim e  was 1 : 1 .  

DIS CUS SION 

Serial pass age demons tra ted tha t  ba Z Zum� ba lcanica and pomona 

were highly virulent for hams ters . The small  variat ions in death 

t imes during the ser ial pas sa ge of these s erovar s was probab ly due 

to  var ia t ion in the number o f  l eptospires in the inocula of kidney 

homogena te rather than change s  in the virulence of the infecting 

serovar . Baker and Baker ( 1 9 7 0 )  demons tra ted an inverse relationship 

b e tween the log inf e c t ive dose of lep tosp ir es and d eath t ime in 

hams ter s . Similar f indings were reported by Ellinghausen and Painter 

( 1 9 7 6 ) . 

Hardjo wa s o f  low infectivity f or hams ters . Infection was 

demons tra ted in only a smal l propor tion o f  inocula ted hams ter s  and 

no c l inical symp toms were seen in these anitnals . 
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Figure 15 . 4 .  : Transmission of ba l lum with in family groups of laboratory mice . 
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Figure 1 5 . 5 .  : Transmission of pomona wi th in family groups of labora tory mice . 
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Table 15 . 5  

Serovar 

baUum 

baZaaniaa 

hardjo 

pomona 

Serological and bacteriological prevalence o f  experimental baZ Zum, baZaaniaa, 

hardjo and pomona infect ion in mic e .  

Day 1 7  p . i .  Day 1 80 p .  i .  

sero prev. bact . prev. ratio sero prev . bact . prev. ratio 

44 100 0 . 4 : 1  1 7  100 0 . 2 : 1  

35 1 3  2 . 7 : 1  1 7  1 7  1 : 1 

1 3  3 4 . 3 : 1  0 0 0 

9 2  9 2  1 : 1  50 6 7  0 . 8 : 1 

w 
00 
\0 



There was a marke d  difference in the response o f  laboratory 

mic e  t o  infect ion with baZ Zum� balcanica� hardjo and pomona� and 

this species provided an ideal mo del to evaluate the criteria 

used by Emanuel ( 1 9 5 9 ) , Roth et al  ( 19 6 3 )  and Chernukcha et a l  

( 1 9 74 )  t o  define a maintenance hos t for a part icular serovar . 

Thes e  crit eria were the ( i )  clinical response to in fect ion , ( ii )  

charac terist ics o f  leptospiruria , ( ii i )  s erological response t o  

infect ion , ( iv) s e ro lo gical and bacteriological prevalence o f  

in fect ion and the rat io o f  these parameters and (v) the age 

susceptib ility to  in fe c tion . Addit ional criteria int roduced in 

th is s t udy were (vi)  infect ive dose and (vii ) demonst rat ion o f  

natural t ransmiss ion . 

( i )  Clinical response  t o  in fect ion 

No clinical symptoms were observed in mic e  infected with 
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baZ Zum� balcanica� hardjo or  pomona and therefore infect ion with 

these serovars could no t b e  differentiated by this criterion . 

Laboratory mice are generally insus cep t ib l e  t o  clinical leptospi ro s is 

(Stalheim, 1 966 ; B i rnbaum et a l , 1 9 7 2 ) . The presence o f  unsuspected  

endemic bal lum in fect ion in a laboratory mouse unit is further 

evidence of the lack of a cl inical response to infection . It  has 

been reported that a few se rovars , e . g . australia B, are highly 

patho genic for mic e  (Emanuel ,  1959 ; Faine , 1 9 62 ) . 

(ii)  Characteris t i c s  o f  lepto spiruria 

A detailed invest igat ion of the characteristics of leptospiruria 

in mic e  infected with different serovars revealed wide variat ions 

Roth et al ( 19 6 3 )  de fined leptospirurl.a in a maintenance host as 

bein g  the long-term excret ion of large numbers of viab le . o rganisms . 

Chernukcha et al  ( 1 9 74 )  cons idered constancy and a high p revalence 

o f  leptospiruria in an infected population t o  be addit ional charact

eris t i c s .  

The serovar which mo st adequately sat i s fied these criteria was 

baZZum . High int ens ity leptospiruria was con s t ant in all mic e  for 

t he s ix month durat ion o f  the experiment . Leptospiruria in mic e  

infecte d  with pomona was o f  lower intensity and showed some int e r-



mit tency , however ,  50% o f  mice were still  shedding o rganisms s ix 

months after infect ion . Thus leptospiruria in mice infected with 

pomona was also characteri s t i c  o f  that in a maint enance  host . 

Only one urine sample from mice infected with balcanica was 

pos it ive by dark-field micros copy and no urine samples from mice  

infect ed with hardjo were po s i t ive.  Lep tospiruria in  mice in fected 

with t hese two se rovars was there fore not characteris t i c  of that 

of a maintenance hos t .  

( iii) Sero logical response t o  in fect ion 

39 1 

There was a cons iderable dif ference in the serolo gical response 

o f  mice infected with dif ferent serovars .  Bal lum t i t res were very 

low with a GMT o f  1 : 29  whereas pomona t i tres had a much higher GMT 

o f  1 : 2 85 . Balcanica and hardjo t it res had G�IT ' s  o f  an intermediate 

level ( 1 : 54 and 1 : 8 1  respectively ) . Sera from chronical ly-infected 

animal s  also demonstrated d i f ferences in the persistence o f  t i tres . 

Sporadic low t itres to  ballum, balcanica and pomona were present s ix 

months after inoc ulat ion , whereas hardjo t i t res were no t det e ct ab le 

at this t ime . 

Chernukcha et al ( 1 97 4 )  considered that a characterist ic o f  

leptospiral in fect ion in a ma int enance host was a high and persis tent  

t i tre and  in fect ion i n  an acc idental  ho s t  was characterised by a low 

an d t rans ient t itre . Applica t ion o f  these serological crit eria t o  

laborato ry mice infected with different serovars in the present study 

indicated that mice were ma int enan c e  ho s t s  only for pomona. 

( iv)  Serological and bacte riological prevalence of in fect ion 

Kidn ey culture s revealed that different serovars had dif ferent 

abilit ies to  infect ,  and pers ist in , laborato ry mice . Bacteriological 

criteria established that laboratory mice were ma int enance hosts for 

ballum and pomona and accidental hos t s  for hardjo . Infect ion with 

balcanica was not clearly def ined by bac t eriological c rit eria (one 

of six balcanica-infected mice  was still  pos i t ive s ix months a f t e r  

inoculat ion ) . 
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Rot h  et aZ ( 1 9 6 3 )  suggested that the ratio of serological and 

bacteriological prevalence should be considered when de fining lepto 

spiral infect ion i n  a maintenance host . A maintenance h o s t  would b e  

expected to  have "a high bacterio logic rate of  infect ion n o t  exceeded 

great ly by the serologi c  rate" . An accidental ho st  for a particular 

serovar would have " a high s erologic rate of infect ion many t imes 

greater than the bacteriologic rate o f  infection" . A cons iderat ion 

of the serological and bacteriological prevalences from the laboratory 

mouse model indicated that this species was a maint enance hos t  for 

baZ Zum� baZcanica and pomona . The high ratio of serological t o  

bac teriological prevalence for mice inoculated with hardjo ( 4 . 3 : 1 ) 

ind icated that this species was an accidental hos t  for this serova r .  

( v )  Age sus cept ibility to infect ion 

Chernukcha et al ( 1 9 7 4 )  considered that there was no difference 

in age suscep t ib ility to  in fect ion with a particular serovar in a 

maintenance ho st , whereas j uveniles o f  an acc idental ho s t  species 

were much more suscept ib le than adult s .  An invest igat ion o f  this 

criterion for differentiating maint enance and a ccidental hosts  

gave inconclus ive results  in  the  present study . Juvenile mice 

inoculated with baZcanica and hardjo were no t more suscept ib l e  than 

adul t s  to infection , yet previous criteria had indicated that 

laboratory mice were acc idental hos t s  for these serovars . There 

was a small difference in age suscep t ibility o f  j uvenile and adult 

mice inoculated with pomona , however this was only recognised at an 

infec t ive dose o f  ten organisms . 

(vi)  Infect ive dose 

An addit ional crit erion used in the present study to de fine 

infection in a maintenance host was the infect ive dos e  of  a serova r .  

There was a marked difference in the minimum infective dos e  (MID) 

o f  dif ferent serovars . Infection was established in all  mice inoc

ulated with from 10
1 

t o  1 0
8 

baZZwn organisms . The very low MID and 

consistent nature of  t he prevalence o f  infec tion in each t reatment 

group , indicated that thP. mouse was a good maintenance ho s t  for baZ Zum.  
1 

The MID for mice infect ed with pomona was also 10  organisms , although 

the prevalence o f  infect ion in th2 groups receiving 10
1 

and 1 0
2 

organisms was lower than for baZ Zum .  Therefore a cons iderat ion o f  MID 



indicated that laboratory mice were maintenance hos t s  for pomona. 

The MID o f  balcanica and hardjo was very high ( 1 0
7 

organisms ) and 
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f f . . 10
7 

d 10
8 . the prevalence o in ect ion in groups rece1v1ng an organ1sms 

was considerably lower than was the case for bal lum and pomona. 

Thus the MID o f  balcanica and hardjo ind icated that the lab o ratory 

mouse was an acc idental ho s t  for these serovars . 

A su��ary o f  the app licat ion of  t he serological and bacteriolo gical 

criteria that were considered ind icat ive o f  leptospiral in fection in a 

maintenance ho st  is given in Tab l e  1 5 . 6 .  The maintenance host  

criteria o f  Ro th et al ( 1 96 3 )  were satisf ied in the laboratory mouse 

for bal lum and pomona. The lab o ratory mouse was shown t o  be  an 

acc idental hos t  for hardjo but wa s not clearly de fined as either 

a maintenance or  accidental host for balcanica .  

The s ero logical response and age suscep t ibility criteria 

used , in addit ion to leptospiruria , by Chernukcha et  al3 ( 19 7 5 )  

gave cont radic t o ry results  and i t  i s  cons idered that these criteria 

of leptospiral infect ion in a maint enance  ho st  are ill-defined .  In 

part icular , it has been well established that both labo ratory and 

free-living house mice are maintenance hosts  for bal lum , yet the 

serological response crite rion of Chernukcha et al ( 19 74 )  did not 

support this . The age suscep t ib il i ty crit erion also ind icated that 

laboratory mice were maintenance hosts  for hardjo and balcanica3 

yet this was no t j usti fied by o ther criteria charac terising leptospiral 

in fe ct ion in a maintenance host . 

A cons iderat ion o f  the MID o f  a serovar and the sero lo gical and 

bacteriological criteria of Ro th et al ( 1 9 6 3) indicated that the mouse 

was a maintenanc e  host for bal lum and pomona and an acc idental host 

fo r balcanica and hardjo . Resul t s  of field investigations , both in 

New Zealand and in o ther c ountrie s , support these findings , in respect 

o f  bal lum3 balcanica and hardjo (Babudieri , 1958 ; Clark , 1 96 1 ;  

Parnas e t  al , 19 6 1 ;  Roth , 1 9 70 ; Fennestad and Bo rg-Pet ersen , 19 7 2 ) . 

The appli cat ion o f  t he previous ly de scribed serological and bacterio

logical criteria characterising  infect ion in a maintenance host did 

not support  f ield data in respect of pomona. 



Table 1 5 . 6  

Serovar 

bal lum 

balaaniaa 

hard;jo 

pomona 

App l ic a t ion o f  t he s ero l o g i ca l  and bac teriological c r ite ria de fining a ma int enance 

hos t  f o r  a serovar to expe rimental in f e c t ion with bal lum, ba taaniaa, hard;jo and pomona. 

Crite rion defin ing a ma in t enance host 

Ro th e t  al , 1 9 6 3  Chernukcha et a l , 1 9 7 4  
Inf e c t ive 

l e p t osp iruria rat io s ero : b ac t . p revalence immune response t o  age suscep t ib il i t y  Do se 

: + + 

� + -

+ + 

infect i on 
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(vi i )  Demonst rat ion of  natural t ransmiss ion 

The maint enance o f  an endemic fo cus of lepto spiral infect ion 

in a part icular host species is based on int ra-species t ransmission . 

Therefore , the demonstrat ion o f  int ra-species t ransmission was 

int ro duced in this study as a further criterion o f  leptosp iral 

in fec t ion in a maintenance host . Art ificial int ra-species 

t ransmiss ion by int raperitoneal inoculation o f  urine was demonstrated 

with bal lum and pomona but not balcanica and hardjo . This demon

st rated that bal lum and pomona leptosp ires shed by mice were in fect ive 

for their 0�1 spec ies by art i f i c ial ino culat ion . Balcanica shed in 

mouse urine was not infect ive by arti ficial inocula t ion . This was 

p robab ly a reflect ion o f  the low numbers o f  leptospires present in 

the ur ine o f  mice infected wi th balcanica and the tigh MID ( 10 7  
o rganisms ) needed to  infect laboratory mic e .  

The demonstration o f  natural intra-species transmission between 

adult  mice could be achieved only with bal lum .  Tran smis s ion t o  exposed 

mice o ccurred in all cases and this reinforced the des ignation o f  

the laboratory mouse a s  a maintenance host  for bal lum .  All in-contact 

adult males exposed to females infected with pomona and balcanica 

were b acteriologically negat ive on kidney culture . ( No infect ion 

was demonst rated in females inoculated with hardjo or in-con tact 

males . )  Natural int ra-species  t ransmiss ion of ba l lum was also 

demonstrated within family g roups . Infected males t ransmit ted this 

infect ion t o  all littermates  of both sexes and also to the dams . 

Nat ural t ransmission from pomona- infected males to  l i t termates occurred 

in only 1 of  12 animals ( 8 % )  and t here was no transmiss ion to dams . 

The c riterion of  demon s t rat ion o f  natural t ransmission therefore 

defined the laboratory mouse as a maintenance hos t  for ba l �m and an 

accidental host for pomona . This different iat ion i s  supported by 

field  dat a  but was unab l e  to be demonst rated using the previously 

described s erological and b acteriological criteria . 

Arti fi c ial t ransmission with pomona was demons t rat ed in the 

laboratory mouse mode l but despite the very low MID of pomona by 

int raperitoneal inoculat i on , natural t ranmission did not occur 

( except in one seven-week old mouse ) .  This observat ion suggest s  

that i t  i s  host factors that ul t imately determine if  an animal 



spec ies is a maintenance host for a particular serova r .  Without 

natural transmis sion of a serovar , an endemic focus cannot b e  

maintained.  

The concept of  ma int enance hos t s  for  part icular serovars in 

a specific ecosystem is a complex one . As pointed out by Turner 

( 1 967  ) ,  one host spec ies may act  as a ma intenance host for more 

than one serovar and a particular serovar may have ma intenance  

hosts o f  different species in dif ferent regions . In  addition , 

the maintenance hos t for one serovar may be  an acc idental host  for 

o ther serovars and two or more ma int enance hosts for the same 

serovar may be found in the same ecosystem .  

In l ight of  the result s  obtained from the study o f  lepto

spirosis in both field populat ions and the laboratory mouse mode l , 

both maintenance hos t s  and maintenance populations have been re

de fined in t he fol lowing manner : 

1 .  A maint enance hos t  is  defined as " an animal which is  capab le . 

o f  acting as a natural source of  l eptospiral in fect ion for its  own 

species . "  

Whether an animal is capable o f  act ing as a maintenance ho st  

for a specific serovar depends on host  geno type . Leptospiral 

infect ion in a maintenance host is charac terised by : -

( a )  high susceptib ili ty o f  the ho st to infec tion i . e .  low 

in fect ive dose . 

( b )  low pathogenicity of  t he serovar for the hos t . 

( c )  long-term kidney infect ion relat ive to  the systemic 

phase of infect ion . 

( d )  natural t ransmiss ion within species . 
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2 .  A ma intenance populat ion i s  defined as " a population o f  a species 

o f  animal which acts as a con t inuous res ervo ir o f  a serovar in a 

spe cifi c  ecosys t em . " 

A maintenance population is  charac terised by  : -

( a )  n atural t ranmiss ion o f  infect ion between individuals 



o f  the same generation within the popula t ion . 

(b ) natural t ransmiss ion between successive generations o f  

the populat ion . 

3 .  The estab l ishmen t and prevalence o f  leptospiral infect ion in a 

maintenance populat ion is  dependant on : -

(a)  ini t ial exposure t o  the infect ious agent . 

(b )  the populat ion dynamics operat ing within the populat ion . 

( c )  populat ion behaviour . 

( d )  envir onmental conditions and , in the case o f  domest ic 

animals , husb andry procedure s . 

( e )  concurrent disease and physiological status of the 

populat ion . 

( f )  the s tability o f  the leptospiral serovar involved . 

4 .  I f  unnatural condit ions are operating , it is pos sib le that a 

maint enance populat ion may occur that is  made up o f  individuals 

with atypical a t t ributes of a maint enance host for the serovar 

involved . This situat ion would not cont inue indefinit ely . 

The laboratory mouse model was also used to invest igate d i f f 

erence i n  the a g e  prevalence o f  infect ion which often occurs wi th 

infect ion with a part icular serovar in a maintenance host . 

Maternally-derived ant ibody played an important  ro le in protecting 

j uvenile mice from infect ion by experimental  inoculat ion . Thi s  

protect ion was evident at 1 4  and 28 days post-partum but n o t  a t  

5 6  days . Other workers have report ed that passive immunity 

provided by maternally-derived ant ibodies persis t s  in laboratory 

mice  for at least 30 days (Kemenes and S zeky , 1966)  and 5 1  days 

( Stoenner et al� 1 958 ) . In t he p resent study , pas sively derived 

protec t ion was not absolut e , as 1 of 5 neonates  that were challenged 

(20%)  became infec t e d . It  would appear that such an occurrence is 

rare under natural condit ions however ,  as  S t o enner et al · { l958) 

and Kemenes and S zeky ( 1966 )  did not iden t i fy any j uvenile carriers 

in lab oratory mouse colonies endemically-infected with bal lum and 

sejroe . In an endemically-infected mouse populat ion , the passive 

acquisi tion of  mat ernal ant ibody is  there fore associated with an 

abs ence o f  infect ion in mice o f  less than 30 to  50 days of age . It 
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is during this period that laboratory mice ( and probab ly f ree-living 

populat ions o f  house mice)  reach sexual mat urity (Thieler , 1 9 7 2 ) . 
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Ballum infect ion was transmi t t e d  b etween all  single sex and diff

er ent sex pairs of  laboratory mice . Thus t ransmission was not 

dependant on coitus but it may have b een dependant on behaviour 

patterns associated with sexual maturity . This was con firmed by  

Experiment 5 .  Transmis sion to dams and litt ermates occurred only 

after the period of onset of sexual maturity of  infec ted mice had 

b een reached . An age difference in the preva lence of in fect ion in 

laboratory mice was there fore associated with the on set of s exual 

maturity . S imi lar observat ions have been made in fie ld s tudies o f  

several free-living species (see previous chapters ) . I t  has been 

suggested that such age differences in the prevalenr e o f  infection 

in maintenance hosts  is  due to  vene real transmission o f  the 

part icular  serovar .  Unt il t ransmis s ion in these species is  shown 

to be exclus ively venereal , it can only be  said to b e  associated 

with the onset  o f  sexual maturit y .  Al though t ransmiss ion may b e  

dependant o n  behaviour changes following sexual  maturity , it  has 

been shown in this study that it  is not dependent on co itus . 

The waning o f  maternally-derived p rotection and the ons e t  

of sexual ma turity i n  laboratory mice o ccurs at approximately 

the same t ime . Experimental  result s  in mice with no ma terna l ly

derived ant ibody have indicated that it was the onset o f  s exua l 

maturity that allowed natural t ransmi s s ion o f  ballum to o ccur . 

The importance of passively-derived ant ibo dy in prevent in g  

infection i n  neonates can only b e  inves t igated b y  expos ing  neonates 

from non-infected dams to  leptospiruric dams . This was not at t empt ed 

in the p re s ent study . In animal s  where sexual maturity occurs 

much later  than the waning of passively-derived maternal ant ibodies , 

e . g . in the possum ,  the dependan ce o f  dif ferences in the age

speci fic prevalence of infect ion on s exual maturity is  mo re eas ily 

demonstrated ( see Chapter VIII ) . 

Birnbaum et a l ( l 9 74)  put forward the �1ypothesis that there was 

a cyclic o ccurrence of endemic infect ion with grippotyphosa in f ree

l iving house mice in Israel . This was based on experimen tal studies 

that indicated that the of fspring uf infected dams wi th high t i t res 



were immune to challenge for at least 450 days , i . e .  the e ffect ive 

life-span of house mice . This was not t he case in laboratory mice 

infected with baZ Zum ,  as pro geny o f  recently-infected dams were 

susceptible to infect ion at  eight weeks of age. S imilarly , long

term passive pro tect ion was not found in laboratory mouse colonies 

in fected with sejroe in Europe (Kemene s  and S zeky , 1966) . 

The resul t s  o f  experimental in fect ions with ba Z Zum> balcanica, 

hardjo and pomona in the labo ratory mouse mo del support field 
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data from free l iving �fus musculus popula t ions in New Zealand and 

other count ries ( Chapt ers XIII and XIV) . Ext rapolat ion of the 

experimental findings to free-l iving house mice populat ions indicate 

that endemic in fect ion with serovars o ther than baZ Zum would not 

occur . Because o f  the low MID of  pomona for laboratory mice , it 

is possible that spo radic pomona in fect ions oc cur in free-l iving 

populat ions . Evidence of  this was found at  the Massey Pig 

Research Cent re and Number 1 Dairy Farm (Chap t er XIV) . The lab o ratory 

mouse mo del indicated that this infect ion would not b e  t ransmit t e d  

from mouse to mous e and therefore a n  endemic fo cus would no t b ecome 

estab l ished in this species . 

SUMHARY AND CONCLUS IONS 

1 .  Labo ratory mice were us ed as an experimenta l  mo del to define 

the characteristics  o f  l eptospiral infect ion with a particular 

s erovar in a maintenance host . 

2 .  A maint enance ho s t  i s  de f ined as "an animal which i s  capab le o f  

acting a s  a natural s ource o f  leptospiral infect ion for its  own 

species" . 

3 .  Lep t o spiral infect ion in a maintenance host is charac terised by 

(a) high suscept ib i l ity of the host to  infec tion i . e . low MID .  

(b ) low pathogeni c ity of  the s erovar f o r  the host . 

( c )  long-term kidney infection relat ive to  the syst emic phase 

of infect ion. 

( d )  natural t ransmiss ion within a species . 



4 .  · A maintenance populat ions is  def ined as " 2. populat ion o f  a 

species of  animal which acts as a cont inuous reservoir o f  a s erovar 

in a speci fi c  ecosystem" . This is characterised by natural t rans 

mis sion of  infect ion between individuals o f  the same and successive 

generations in the populat ion . 

5 .  Passive ly-derived maternal ant ibodies  p rotected j uvenile mice  

from experiment a l  challenge with ba Z Zum for up to  eight weeks . 

400 

6 .  An age difference in the prevalence of ba Z Zum in fection in 

laboratory mic e  was associated with t he onset of sexual maturity . 

Transmission o f  infect ion was not proven to be exclus ively venereal 

but was more b roadly cons idered to  be  due t o  a change in behavioural 

patterns that followed sexual maturity . 

7 .  Extrapolat ion o f  the results  of  the experimental study indicates 

that free-l iving house mou�e populat ions may act as ma intenance hosts 

for baZZum , but only accidental ho s t s  for pomona� ba Zcanica and hardjo . 

8 .  Results o f  t he experimental study were suppo rted by field data 

presented in Chap t ers XII I  and XIV .  
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CHAPTER XVI 

GENERAL DISCUSS ION 

Prior to 1 9 7 5 ,  there was l i t tle  inf ormat ion available on the 

prevalence of lep tosp iral infection in free-liv ing animals in New 

Zealand , despite the widespread recognit ion o f  high rates of infec t ion 

in domes tic s tock and an impo r tant pub lic hea l th problem in man . 

Concurrent investig at ions by Bro ckie ( 1 9 7 5 ;  1 9 7 7 )  and Brockie and 

Till ( 1 9 7 7 )  and thos e  detailed in th is thesis have established that 

leptospirosis is widespread in wildlife in this country . 

The inves tigations reported in thi s thesis  can be divided into f our 

main areas : surveys to estab lish the prevalence of lep tospiral inf ec tion 

in free-living animal s  in New Zealand , immunological and bac teriological 

s tudies , experimental infec tions and epidemiological inves tiga tions . 

The results of these  inves t iga tions have led to a wider unders tanding 

of the epidemiology of lep tospirosis in free-living animals in New 

Zealand and a redefin it ion of the charac teris tics  of a maintenance hos t  

for a p ar ticular s er ova r .  

Hebdomadis s er ogroup titres were found i n  high pr evalence in sera 

from pos sum populat ions inhabit ing farmland in the southern half o f  the 

North Is land of New Zealand . A cultural survey resu l ted in 5 7  isolates 

b eing ob ta ined from 1 54 anima ls (37% )  and eight of these were typed by 

cros s-agglutina tion ab sorp tion as serovar balcanica . No evidence o f  

hardjo infection was found i n  pastoral possum populations . Infe c t ion 

with hardjo and ba lcanica canno t be dis tinguished serologically and i t  

i s  cons idered that previous repor ts o f  endemic hardjo infec tion in 

possums in New Zealand ( Bro ckie , 1 97 5 ; d e ' Lisle et al , 1 9 75 )  are open 

to ques t ion . 

The epidemiology o f  balcanica infection in possum popula tions was 

the subj e c t  of  deta il ed investigation . Such ep idemio logical inves t iga tions 

o f  disease in free-l iv ing populations are subj e c t  to prob lems not 

experienced in inves t iga tions of  domes t ic animals , one o f  the mos t  

impor tant o f  which is the l imita tions o f  cross-sec tional s ampling . 

Experimental inves tigations are therefore an impor tant adj unc t to f i eld 



s tudies . Resul ts mus t also be interpreted relative to  a knowledge o f  

the biology and ecology o f  the spec ies being investiga ted . 
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Possums were shown to b e  typical main tenance hos ts for  ba lcanica. 

The high p revalence of t i tres  in pos sum pop ulations was s imila r  to  the 

bac ter iological p revalence and this indicated tha t the possum was a 

long-term carrier o f  this serovar . Experimental inves t igations 

d emons trated tha t  50% of possums were  s t il l  shedding leptospires one 

year af ter infe c t ion . Infec tion was eas ily es tabl ished and asymptoma tic . 

I t  i s  p robable tha t following infection , ti tres persis t in possums for 

considerably longer than a year . The high prevalence of  ti tres in 

adul t  pos sums wa s ref lec ted in the high prevalence of passively-der ived 

antibody titres in sera from pouched-young and j uvenil e  possums , 40% o f  

which were s t i l l  ser o-�o s i t ive a t  s ix months o f  age . Chroma tographic 

s tudies demons tr ated that these pas s ively-derived antibodies were of the 

I gG c las s .  Fol l owing the lo ss  of passively-derived pro tec tio n ,  j uveniles  

were found to  be  f ully suscep tible to  experimental cha ll eng e ,  however , 

s imilar free- living animals remained uninfec ted until s exually mature . 

The res tric tion of  balcanica infect ion in pos sums to s exually 

ma ture animals was independant of popula tion density or  environmen t . A 

s imilar age-differentia tion of  l eptospiral infection has been reported 

in o ther free- l iving species . It is hypo thesised that th is f inding 

reflects  an important adap tion of lep tospires to their ma intaining hos ts 

that ensures the continued transmission and therefore survival of  the 

organism . E�idence is presented tha t  suggests  that tr ansmissio n  of 

balcanica is dep endant on direct contact be tween animal s  r a ther than 

indirec t transmis s ion via the env ironment .  The type of contac t required 

is thought to be  associated with behavioural changes that fo llow the 

onse t of sexual ma turity . Wi th the perpetuation of a specie� b eing 

dependant on repr odu c tion , so  the perpe tuation of a par ti cular leptospiral  

serovar , an  obl iga te parasite , is ensured . If transmis s io n  within a 

maintenance hos t species was dependant o n  the env ironment ,  the ma in tenance 

o f  an endemic foc us o f  lepto sp irosis would be  dependant on environmental 

factors favouring the survival of  l ep tospire s . Such a dependanc e would 

represent a much less ef f ic ient paras itic adaption than tha t described . 
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A consis tent paradoxical reac tion to  hardjo was f ound in  sera 

from possums infec ted with baZcanica. This phenomenon was no t f ound 

in sera f rom o ther spec ies infec ted with th is serovar , a l though 

equivalent cross-reactions between hardjo and ba Zcanica agglutinins 

oc curred . Chroma to graphi c stud ies o f  pos sum sera revealed that  this 

paradoxi cal agglutina tion react ion was attributable exclusively to 

antibodies of  the IgM clas s .  The immunological basis for this f inding 

remains unknown and sugges ts an area for fur ther inves tigatio n . O ther 

workers have reported that ba Zcanica is "antigenically poo rer" than 

o ther serovars of the Hebdomad is s erogroup (Manev and S iromashkova , 

1 9 7 0) , however ,  the re have been no other immunological inves tigations 

o f  infec t ions caused by th i s  serovar . Chroma togra?hic studies also 

indica ted tha t the antibody response of pos sums to ba Zcanica infec tio n  

was somewhat  dissimil ar to tha t o ccurring i n  l ep tosp iral  infection wi th 

o ther serovars in euther ian mammal s .  The tr ansition of agglutina ting 

a c t ivi ty in sera from antib odies of the IgM class to antibodies of the 

IgG c las s was cons iderab ly slower with increasing time after ini tial 

infection than that o cc urring in euther ian mammals . S ignif icant 

proport ions of IgM were still pres ent in sera one year af ter inoculation . 

These dif ferences in the immunological response to leptospiral inf ection 

in possums , compared with euther ian mammals , may be a ref lection of  the 

different phyle tic l ine o f  marsupials . 

The o ccurrence o f  a high prevalence of endemic ba Zcanica infectio n  

i n  possums must b e  cons idered i n  the epidemiology of  Hebdomadis s era

group infec tions in dome s t i c  animals and man in New Zealand . A central 

theme of the investigation detailed in this thesis is that of the 

r emarkabl e  hos t-parasite adap tion displayed by part icular serovar s  for  

their hos t species . Only two serovars of  the Hebdomadis serogroup are 

known to be present in New Zealand and well-def ined ma intenanc e hos t

parasite relationships have been demonstrated for hardjo and cat tle , and 

baZcanica and possums . I t  i s  evident however , tha t al though the continued 

presence of a particular serovar in an ecosys tem depends on continued 

transmission within a ma intenance hos t spec ies , ind ividuals of o ther 

species may become infec ted when they intrude on the habitat of a 

main tenance hos t  population or  a maintenance ho s t  intrudes on the habi tat 

of o ther specie s .  I t  i s  therefore l ikely tha t sporadic , unsuspec ted 

baZcanica infec tion o c curs in domes t ic stock and man in New Zealand . 
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Hebdomadis serogroup t i tres , a l l  a ttributed to hardjo , hav e been f ound 

in ca t tle , ho rses , sheep and humans . Experimental s tudies in sheep 

(unpubl i shed) and c a t t l e  (Hells t rom , 1 9 78 )  have demons tra ted that 

infec t io n  with ba lcanica and hardjo canno t be dis t inguished ser o logically . 

The isolation of balcanica from man , cattle  and pigs in Ea s ter n Europe 

suppor ts  the contention tha t this serovar mus t  be cons idered when 

inves t igating the ep idemiology of  Hebdomadis serogroup inf ec tions in 

domestic  s tock and man . 

Shif ts in the na tural nidality of  leptospiros is may o ccur within 

specific  eco sys tems (Shenberg et al , 1 9 77 ) . The bac teriological 

surveillance of Hebdomadis serogroup infec t ion in cattle , sheep and 

hor s e s  in New Zealand should therefore be an important cons idera t ion . 

In this r espec t ,  the use of the in vitro haemolysin tes t des cr ib ed in 

Chap ter X for the diff erentiation of  ba lcanica andhardjo isolates wou ld 

be of cons iderable benef it . It has been rep orted by Hells trom ( 1 978)  

that the " control and  eliminat ion of  bovine hardjo inf ection within a 

c losed popula tion o f  c a t t le may be  a prac tical possib i l i ty" . If such 

measures are imp lemented in the future , the presence of  endemic ba lcanica 

infec tion in possums may cons ti tute a risk to hardjo- free bovine 

populat ions . At presen t ,  the high preval ence o f  endemic hardjo infect ion 

in bovines may prevent s ignif icant levels of infec t ion wi th balcanica . 

Protec tion agains t the haemolytic effect  of  ba lcanica for red blood cells 

f rom ruminants inf ec t ed with hardjo was demons trated in Chap ter X.  The 

r emova l of endemic bov ine hardjo infec t ion and the close ecological 

association of possums and cattle  could allow the intro duction of  balcanica , 

with s ignif icant economic and public hea l th cons equences . 

Inves tiga tions of free-liv ing populatio ns of small  mammals  o ther 

than possums revealed tha t  Ballum sero group inf ection was endemic in 

ship rat s , house mice and hedgehogs .  Ser o logical s urveys at low minimum 

serum dilutions revealed tha t the prevalence of bal lum titres  in these 

populations was low, however , high bac teriological prevalences were 

r evealed . These species are all considered to be maint enance hos ts for 

l ep tospir es of the Ballum serogroup in New Zealand . S ingle isolates f rom 

all sp ec ies were iden t i f i ed by cross-agglutina tion abs o rp tion as s erovar 

ballum. 
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A consid e ra t ion of  the b iology and ecology of ship rats , house 

mice and hedgehogs in New Zealand  indica ted that lep tospires o f  the 

Ballum s erogroup wer e maintained independantly by the d if ferent species 

in b o th natural and syanthropic foc i . The dif feren tia tion in the age

specific prevalence of leptospiral infec tion found in possums was also 

found in these spec ies and i t  i s  sugges ted that dire c t  contac t be tween 

animals is of mo re impor tance in the maintenance of endemic Ballum 

serogroup inf e c t ion in sh ip ra ts , house mice and hedgehogs than indirect 

transmis sion of  lep tospires v ia the environment . 

The occurrence of No rway rat  populations of dif ferent populat ion 

dens i t ies at dif ferent  suburban and country rubb ish tips prov i ded an 

oppor tunity to inves t igate Ballum serogroup infec tion in this species , 

a rodent not usually infec ted with these organisms . The p revalence of  

infec t ion in different popula t ions was s ignif icantly corr elated wi th 

popula tion dens i ty ,  wi th 43% o f  Norway rats f rom a high dens ity 

popula t ion be ing bac terio logically positive . Ep idemio log ical s tudies 

in o ther countries and those described in this s tudy sugges t tha t the 

Norway rat is no t a true maintenance ho s t  for lep tospires of the Bal lum 

serogroup . I t  is  apparent , however , tha t  a focus of inf e c t ion can be 

maintained in bio topes \vhere l arge mnnbers of  rats are presen t .  

I nves tigat ions o f  free-liv ing carnivores and wa terfowl sharing 

environm ents where endemic lep to sp irosis oc curred in o ther species o f  

wildl ife  and domes tic animals demons trated that they were unimpor tant 

in the epidemiology of  lep to spir o s is in the ecosystems under s tudy . I t  

was also shown that predator chain transmission  o f  lep tosp ires o f  the 

Ballum s erogroup d id no t occur , desp i te the ecological depend ance of 

mus telids and f eral ca ts on endemically-infected rodent popula tions . 

The widespread occurrence o f  Ballum s erog roup inf ec t ion in small 

free-l iv ing mammals in New Zealand , and the failure in the present s tudy 

to isolate  lepto s p ir es other than baZcanica f rom o ther s er ogroup s ,  is a 

unique consequence of the colonis a t ion o f  vacant ecological niches by 

introduced species . Although I cterohaemorrhagiae serog roup infec tion 

is known to occur in Norway rats , the dis tribution of this serovar 



appears to  b e  restric ted to  local ised foc i .  Endemic Ballum serogroup 

inf ection in several free- l iving spec ies sharing the same ecosystem 
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has no t b een reported in o ther countries . I t  is suggested that the 

inadvertent introduc tion of serovars no t alrea dy pr esent  in New Zealand 

tha t are capable of  being ma inta ined by ship rats , hedgeho gs and Norway 

rats , could al ter this s itua tion . However ,  i t  is unlikely tha t  endemic 

Ballum serogroup inf e c t io n  in house mice , the in ternationally recognised 

maintenance hos ts for ba Z Zum� would be af fected . 

Endemic Ba llum serogroup infec t ion in free-l iving species will 

cont inue to result  in sporadic infe c t ions with these organisms in 

domestic animals  and humans in New Zealand.  Unlike transmission 

w ithin a maintenance hos t popula t ion , infec t ion is likely to be 

transmit ted indirec tly via the environment or contam�na ted foods tuff s .  

The l imita tions of  environmental transmiss ion o f  lep to sp irosis are 

p robably the maj or  factors ensuring the Ballum s erog roup infec tion in 

domes tic s to ck and man is a rare oc currence .  

The ab i lity o f  high popula tion densities o f  Norway rats to maintain 

an endemic focus of  Ballum infec t ion ha s pub l ic hea l th impl ications that 

should no t be ignored . Thes e rodents are g eneral ly res tric ted to 

syanthropic foc i .  Changes in the environment supporting a high 

popu lation d ensity of rats 'vould result  in the outward mig ration of 

large numbers of infected animals  and th erefore increase the po tential  

for transmis sion of Ballum s erogroup infection to  humans .  Control 

programmes which are only imposed when populations rea ch high d ens i ty 

should therefore be avo ided . 

Field s urveys and an integrated ep idemio log ical investigat ion o f  

lep tospiro s i s  i n  an intensiv e  farming environment provided detailed 

evidence of the natural nidal i ty of those serovars known to be present 

in New Zealand . The s erovars of  important publ i c  hea l th s ignificance 

in this coun t ry ,  hardjo and pomona , are maintained independantly by 

domest ic animal s .  Thus wildlife i n  New Zealand does no t c ons t i tute  a 
s imilar pub li c  health p roblem to that occurr ing in many o ther countries . 

The f inal inves tigatio n  descr ibed in this thesis was tha t o f  the 

concep t of a ma intenance hos t ,  using a labora tory mouse model . As a 



407  

c onsequ ence of  these  experimental s tudies , a maintenance hos t f or a 

par ticular serovar was def ined as an animal which is capable of ac t ing 

as a natura l sour c e  of infection for i t s  own specie s . The mos t  

important experimental procedure determining that a n  animal sp ecies 

is a maintenance hos t  f or a particular serova r is the demons tration o f  

na tural transmi s s ion be tween individuals . Thu s  a maintenance hos t  

population is def ined a s  a popula tion of  a species o f  animal which a c ts 

as a continuous reservoir o f  a serovar in a specif ic ecosys tem . This 

is characterised by na tural transmission of infection between 

individuals of the same and successive gener a tions in the populat ion . 

I t  is  bel ieved tha t any attemp ts to contro l  leptosp iro sis in domes tic 

animals and man mus t be based on a full knowl edge of  the maintenance 

hos t popula tions in the ecosys tems under considera tion . 
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APPENDIX I 

Pro duc t ion of  Antiserum 

Antis era were produced in adul t labora to ry rabbits , accord ing 

to the following procedure : 

Day 1 

Day 6 

Day 1 1  

Day 1 8  

0 
Heat-fix (30  minutes a t  56 C) a seven day culture grown 

in liquid EMJH . The cul ture should contain > 1 0
8 

l epto sp ires / 

ml . Ino culate , via the ear vein , with 4 mls of  cul ture . 

Repeat procedure for Day 1 .  

Inoculate a s ev en-day ,  live cul ture (> 10
8 

lepto spires/ml ) 
via the ear vein . 

Anaesthetise rabb it with ether and bleed by cardiac 

punc ture . 

S tore an tiserum at  -20°C .  



APPENDIX II 

Preparation of EMJH medium (Difco) 

The components  of  this med ium consis t o f  -

a )  Bacto-Leptospira medium b a s e  EMJH 

b )  . Bac to-Leptospira enr ichment ElUH 

Thes e  components are prepared ac co rd ing to the formulat ions 

described by Ellinghausen and Mc Cullough ( 1 9 6 5 ) , as modified by 

Johnson and Harris ( 1 9 6 7 ) . 

To r ehydrate the med ium , suspend 2 . 3 g in 900 ml of  dis tilled 

water and agitate until c omple tely disso lved.  Autoc lave for 1 5  

minutes a t  6 . 8  kg pressure ( 1 2 1°C ) . Allow the sterile medium ba se 

to cool to  room temperature . Aseptically add 100  ml of  enrichment .  

Mix gently and then d ispense as  r equired . 
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For the preparation of  s emisolid med ium ( 0 . 1 5%) , ad d  1 . 5  g agar* 

to 900 mls of base med ium, before autoc laving . 

Prepara tion of EHJH med ium containing 5FU 

Disso lve 1 . 0 g 5FU** in 5 0  ml of  di s t i lled water and then add 

2 . 0  ml 2N NaOH and heat gently (< 56°C) . Adj us t pH o f  the so lution to 

7 . 5  \vith 1N  HC 1 and b r ing the volume to 100 ml with dis tilled \vater . 

S terilize the solution by 0 . 22pm membrane f il tration . This is  the 

s to ck solutio n ,  which is s tored at 4°C.  2 . 0  ml s tock solution added 

to  100 ml med ium provides a f inal c oncentra tion of 200 pg 5FU/ml . 

* Difco , Detro i t ,  Michigan, U . S . A .  

** Sigma Chemical Co . ,  P . O . Box 1 4 5 08 ,  S t  Louis , Missouri 63 1 7 8 ,  U . S . A . 
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APPENDIX Ill 

Calculation of geometric mean titre us ing coded ti tres 

Ti tres are coded 0, 1 ,  2 ,  3,  . . . •  beginning with the lowe s t  

dilution of serum .  The relationship b e tween X ,  the titre 

expressed as a reciprocal dilution , and the coded titre , is 

coded ti tre log 

where c = reciprocal dilution of  the s erum wh ich is  coded 

as 0 ;  and the bas e of  the logarithms is the same as the dilutio n  

factor ( two) . 

The GMT i s  calcula ted by 

(a)  finding the ari thme tic mean (M) of the coded titres 

(b)  GMT (antilog of  M) X C .  
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Sensitivity and Spec i f ic i ty 

S en si tivity is  the probab il i ty of  a d iagnostic test  correc t ly 

identifying as positive those animals which are truly pos i t ive . Specificity 

is the p robabi li ty o f  iden t ifying as nega tive those anima ls  tha t  are 

truly negative . 

True s t a te o f  popula tion 

Sensi ti·vi ty 

Specificity = 

N++ 

N.+ 

N-

N . -

+ 

Probability of a false po s i t ive 

P�obab ility of  a false nega tive 

= 
N+-

N . 

N-+ 

N . +  
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APPENDIX IV 

Grmvth Inhib i tion Tes t  

Inactive sera i n  a water ba th a t  56°C for 30 minutes . Fol lowing 

0 . 2 2 � membrane f il tration o f  s era , asep t ical ly pu� f ive , 0 . 05 ml 
r eplica t es of each s erum samp le into s terile , s crew-top culture tubes .  

Count tes t cultures in a Petroff-Hauser count ing chamber and 

s tandardise to a dens i ty of 1 x 1 07 leptospires /ml by the addition 

o f  liquid EMJH medium . Add 0 . 05 m1 of cul ture to each se�um sampl e  

and then add one m l  o f  liquid medium . In addi t ion to test  s era , 

maintain pos i tive contro ls (sera contain ing lep tosp iral ti tres ) and 

negative controls (media and cul tures only) . 

Incubate tubes a t  30°C for seven days and then examine by 

dark-f ie l d  mi croscopy for lep tospiral grow th .  



APPENDIX V 

Preparat ion of Gel f il tration Buf fer (PBS) 

Chemical 

Na
2

HPo
4 

NaH
2

Po
4

2H
2

0 

NaCl  

We igh t ( g )  

60 

1 2 . 5  

425  

Dissolve in  5 L of  deionized dis tilled wa ter . Check tha t pH is  

7 . 4  to 7 . 5 .  This is  s tock PB S ( 1 0 X concentration) . To prepare 

working s o lution , take 100 mls of s tock PBS and dilute to  one 

li tre with deionized , dis ti lled water . 

Preparation o f  sod ium barbital buff er 

Dissolve 8 . 52 g of barb ituric acid and 4 7 . 38 g barbi tone sodium in 

2 . 5  l itr e s  of dis tilled wa ter . Dilu te to  5 l i tr es and adj us t pH to  

8 . 6 with 0 . 5  M HCl .  

440 
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