
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



FELINE LEPTOSPIRAL INFECTION 

with particular emphasis on 

leptospira interrogans serovar baZZum. 

A thesis presented in partial fulfilment of the 
requirements for the degree of Master of Philosophy 
in Veterinary Pathology and Public Health at Massey 
University. 

Rashel Shophet 

1979 



i .  

SUMMARY 

Different aspects of feline lep tospirosis including a study of the 

bac teriology , serology ,  his topa thology and clinical pathology were 

investigated by inducing experimental infec tion by the oral and intra

peritoneal (I.P.) routes . 

Experimental inoculation with f ive of the six Leptospira interrogans 

serovars which are known to exist  in New Zealand , revealed a symptomless 

infection in cats . A carrier s tate developed with pomona and bal lum 

whereas with hardjo and tarassovi the infected cats showed only a 

serological respons e .  A ca t inoc:ulated with balcanica did no t respcnd , 

even serologically , to infection . Suscep tibility of  ca ts to different 

serovars was thought to be due to individual ca t variatio n .  

A further series o f  experiments was conducted , infecting cats 

with serovar ba Uwn. 'fhe infectiv ity studies using two-fold increasEs 

in do se from 1 02 to 1 08 by the oral route es tablished a carrier s tate in 

cats given more than 1 02 leptospires . Three cats with urinary carrier 

s tates did no t have a detec table micro-agglutination (M . A . ) ti tre at the 

t ime of euthanasia two and three weeks pos t-infection (p . i . ) and there 

was a decreas e in the t itre �vith lowering the infec tive dose . 

The longes t durat ion of the c arrier state was 1 22 days af ter oral 

infection and this was obtained with an infec t ive dose of  10 8 lep tospir es . 

L ep tosp iruria commenced a t  1 3  days p . i . A direct correlation between 

s ero logical titre and urinary carrier s tate was hypo thes ised after 

demonstrating a consis tently high titre in one cat which �-.ras r elated to 

a long duration of  lep tospirur ia and observing in ano ther cat a low titre  

which disappeared by  the 1 2th week p . i . and in '\vhich no  lep tosp ir ·,.ria 

couid be detected . Serological response in the cat consis ts of  the 
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primary produc tion of  IgM and subs equent es tabl ishment o f  I gG and this  

latter immunoglobulin appeared to  be  related to  the carrier state . 

Compara tive s tudies of histological, s erological and cultural 

f indings revealed that the I . P .  route of infec tion produc ed more severe 

inf ection than the oral route . Leptospiraemia was d etected a fter the 

same t ime interval for bo th routes with the longest duration being 

s even days in an intraperitoneally inf ec ted cat. Lep tospir es weLe 

r ecovered from some lymph nodes and the brain only during Lhe lepto-

spiraemic phase . 

All the cats had M . A .  ti tres by the l Oth day p . i .  and h igher init ial 

ti tres were recorded in the cats infec ted by the I . P .  route . By the 

third week p . i  . . the M . A .  tit res of the cats infected by the oral route 

reached the same l evel as those infected by the I . P .  route . Eleva tion 

of  rectal te�perature coinc id ed with the f irst isolation of  lep tospires 

f rom urine and kidney seven to nine days p . i .  There was also a 

concur r�nt decrease in spec if ic gravity of urine . This  was thought to 

be due to invasion of the kidneys by leptospires and consequent tissue 

damage . 

11 
His tological s tudies showed disseminated foci of fatty change in 

the s traight por tion of proximal tubules in the inner cor tex of the 

kidney one week p . i . Inf il tra tion of lymphocy tes occurred around the 

urinary tubules two and three weeks p . i . and early tubular nec rosis 

was seen by the four th week p . i .  Thes e  his topathological changes are 

r elated to the m igration of the lepto spires into the kidney , invasion 

of the tubules by these organisms and subsequent reac t ion of the hos t . 

Prey-predator transmission s tudies showed tha t more severe 

infec t ions were produced in cats when small por t ions of infec ted mice 

were fed as  compared with feeding >vhole infec ted mic e . This is most 



likely to b e  due to the longer contac t  of  inf ected inges ta with the 

pre-gas tr ic portion of the alimentary tract . All the cats showed 0 . 5  

to 1 degree eleva tion of  temperature 9- 1 2  days p . i .  whi�h appeared to 

b e  due to the kidney invasion and rela ted tissue d�mage by l ep tosp ir es . 

Neutrophils were first seen in f oci o f  interstitial nephritis  a t  47 

days p . i . in addi tion to lymphocyte s ,  macrophages and plasma cells . 

Duration of lep tospiraemia was longer in the cats infected with the 

smaller por t ions of ingesta ( �nfected mouse kidneys and bladder ) than 

in the cats infected with whole infec ted mice . 

i i i .  

No inhibi to ry effect was observed using the growth inhib i t ion tes t 

even when the serum had a very low M .A .  t i tre , thes e results are d if ferent 

from those obtained in o ther animals . Gel f il tration tests on serum 

samples of the infec ted cats showed the spec ific an tibody to be 

comprised of  I gM and IgG in those cats  which showed kidney lesions 

h is tologically , but in the cats with no detectable kidney les ions the 

only immunoglobulin detected was of IgM clas s .  In all these experi_,�nts 

the cats showed a rap id decl ine in their M . A .  titr es after reaching a 

maximum level . 

A serological survey of  225 cats from various sources in the North 

Is land using 1 1  live lep tospiral serovar ant igens detected 25 ( 1 1 . 1 1 %)  

of sera with an M . A .T. of  1/ 1 2  or grea ter . The prevalence o f  serological 

reac t ions to the dif ferent serovars which exist in New Zeal and was 

determined . These were as follows : eight ( 3 . 55%) to bal lum� six ( 2 . 55%) 

to copenhageni , five ( 2 . 22%)  to hardjo , four ( 1 . 77%) to pomona , two 

( 0 . 88%) to ba lcanica and one ( 0 . 44%)  to canico la . No tarassovi t i tres 

were recorded at 1 / 1 2  or grea ter . 



iv . 

I t  is of interest that titres to ba llum and copenhageni showed 

the g reatest  prevalenc e ,  bo th of which have rodents as their maintenance 

host s . I t  is  hypo thes ised that prey-predator transmission has been 

responsible for infection with these serovars , while with the o ther 

serovars direct contac t with infected animals or a contaminated 

env ironment is presumed . There was no obvious relat ionship be t>veen 

the t i tr e  and the c linical disease as the maj or ity of the cats with 

pos i t ive titres were apparently heal thy . The resul ts of  this survey 

comb ined wi th experimental studies suggests that in f el ine serological 

surveys a low init ial dilution should be used . 
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INTRODUCTION 

Following a review o f  the literature this thesis a t tempts to 

s tudy the suscep t ibil ity of the cat to different leptospiral serovars .  

Pa rticular s tudies were conduc ted to investiga te the pathogenicity , 

development of the carrier state and the serological response of  the 

cat infected by the oral and intraperitoneal route with Leptospira 

interrogans serotype baZ Zum. 

x. 

To investigate the hazard of  the cat as a carr ieY and to s imulate 

the f ield situat ion of p rey-pLedator chain as a likely source of  

inf ec t ion cats  were fed infected mice . A serological survey was also 

conducted to determine the mos t  commonly occurring leptospiral infection 

in the ca t .  



CHAPTER l 

LITERATURE REVIE\v 

The f ir s t  isolation of lep tospirae from a cat was reported in 

1 938 in Indones ia by Hertens according to Murphy et al . ( 1958 ) . 

l 

Esseveld , Collier and Mochtar ( 1 940)  also conduc ted extensive 

serological and cul tural s tudies of  approximately 500 cats in Indones ia . 

They recovered 1 4  isolates frvm 343 cats ' kidneys ,  e ight of  which were 

Leptospira interrogans serovar bataviae and s ix L. javanica . Approxima tely 

30 per cent of the cats \vere serologically posi tive for bataviae and/or 

javanica. The results suggested tha t nearly one third of all adult 

cats in Java were infected , and over one quar ter of all adult cats in 

Batavia were carrier s of inf ec' tion . The authors concluded tha t  cats 

were only infrequently responsible for human leptospir os is . 

S chmidt ( 1 936)  examined the kidneys of 40 ca ts which had died 

f rom various c auses . All kidneys from the se cats \vere cons idered tc 

be not infected with leptospires . 

Wirth ( 1 937 ) observed no clinical symp toms in eight week-old 

kit tens which were subcutaneously infec ted with icterohaemorrhagiae but 

three weeks af ter inf ection, leptospir uria was noted . 

Klarenbeek and Winsser in 1938  e licited a sero logic response in 

kittens experimentally infected wi th canic o la and demonstr a ted 

leptospiruria in these cats 15 to 78 days post infec tion (p . i . )  • 
. There was a slight serological reaction in a second group of cats which 

were inoculated wi th icterohaemorrhagiae . No clinical symp toms were 

noted in these infec ted animals . van den Brekel ( 1 938)  claimed a cat 

to be che sour ce of  infection for a human case of Weil ' s  disease . 
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Greene ( 1 9 4 1 )  in a survey of  lepto spirosis in Southern California 

us ing the macroscopic agglutination tes t examined sera from lOO cats , 

all were negat ive for canicola at 1 : 30 and one gave a posi tive rea c tion 

to icterohaemorrhagiae a t  1 : 90 .  

Alica ta and Breaks ( 1943 ) carried out a s imilar s erological survey 

us ing canico la and icterohaemorrhagiae antigens on serum samples 

collected from 100 cats in Hm..raii. All were said to be "negat ive" . 

The sera o f  1 65 cats from Hamburg were serologically examined by 

Weis sflog ( 1 952 )  f or the presence of  agglut inins against  icterohaemor:r>hagiae. 

One hundred and twenty four of these serum samples were also tes ted f o.c 

antibodies agains t canico la and g1'ippotyphosa and 24 v1ere tes ted for 

bataviae ant ibodies . No posi-t ive reactions were reported . 

van der Hoeden ( 1 953)  inf ected a young cat by the subcutaneous 

route with a cul ture of grippotyphosa which was isola ted from a goat 

in Israel. The cat excreted a large number of lep tospires in the ur ine 

and when killed 26 days p . i .  showed an agglu tinin titre  of 1 : 2000 . 

Leptospira were cultivated from its urine but not from the l iver or 

kidney . In the his tolog ical section the kidney showed a glomerulo

nephritis and clumps of Leptospi:r>a in the tubules . 

Semmel ( 1 954)  found one of 128  serum samples taken from healthy 

and diseased cats in Hunich dis tric t had a positive ( 1 : 640)  t i tre to 

canicola and sejroe . He fa iled to produce clinical symptoms in s ix 

cats which he inf ec tec subcu taneously with canico la, icterohaemorrhagiae, 

grippotyphosa, sejroe and pomona, al though there was a temporary r is e  in 

t i tre . He concluded that lep tospiros i s  in cats was rare or could be 

overlooked as the infection can be symp tomless . 



The sera o f  236 cats from Hamburg were tested for lep tospiral 

antib odies by O tten, Henze and Goethe ( 1 954)  using a complement 

f ixation tes t .  None o f  these sera were positive howeveY , when the M . A .  

test  was used , eight out of 86  ca ts had t i tres qf from 1 : 10 to 1 : 1 00 

against canicola and icterohaemorrhagiae . These authors also failed 
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to produce clinical symptoms in 2 1  cats experimen tally inf ec ted with 

these same serovars and were unable to detect  lepto spir ur ia in the 

urine , bladder , pelvis or the kidney of their exper imental cats . But in 

Levaditi s tained sections the organisms were detected in two cas es , 

on the 7 7 th and 98th day p . i .  In the opinion o f  these inves tiga tor s , 

the ep idemiological importance of  lep tospirosis in cats canno t be 

ignored , even though ca ts are apparently r ef rac tory to many lep tospiral 

infections . 

Mochmann ( 1 955)  cited by Murphy e t  a l . ( 1 958) recorded two positive 

s erological reac tions against canico la among 15 cats in Germany but the 

t itres were no t g iven . 

In a survey by Broom ( 1 9 5 5 )  ci ted by Hemsley ( 19 5 6 ) , 180 s erum 

samples f rom cats , which were des troyed for various reasons during 

the period between 1 94 9  to 1952 ,  were tes ted agains t icterohaemorrhagiae� 

canico la� sejroe� pomona� grippotyphosa and bataviae . Five cats  included 

in this survey showed evidence of nephr itis , thr ee of which gave negative 

agglutination reactions . Broom recorded 15 t i tres between 1 : 30 and 

1 : 3000 , f ive of tho se were 1 : 1 00 or higher . He sugges ted that t i tres 

of  1 : 1 00 and g reater could be cons idered as s ignif icant . 

Als ton and Broom ( 1 958)  make mention of  unpublished data from a 

survey by Joshua and Broom in which they found low agglutination t itres 

to ic�arohaemorrhagiae or canicola but fai led to isolate lep to spires 

f rom a few cases of acutely j aundiced ca ts . 
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Amosenkova ( 1 955)  car:ried out a serological inve.s tiga tion of 358 

cats in Leningrad , Russia , using icterohaemorrhagiae and canico la 

antigens . Three o f  the cats (0 . 83%) showed ti tres to icterohaemorrhagiae 

with the highes t a t  1 : 500.  The results of an inves tigation of 1 7 6  

kidneys from these cats were all negative microscopically and 

bact er iologically . In order to elucida te the suscep tibility of cats to 

icterohaemorrhagiae� 12 kittens aged from three to s ix weeks were 

infec ted with this serovar . Infec tion in the kit tens resulted in a 

less acu te infec tion than puppies and no charac teris tic pathological 

chang es Here detected . As a result of her f inding s ,  Amosenkova ( 1 955 )  

claimed that ca ts ar� relatively insusceptible t o  icterohaemorrhagiae . 

Back ( 19 54 )  d escr ibed a case of  grippotyphosa infec tion in a 

female human patient who apparently was infected from a cat . 

Hernsley ( 1 95 6 )  described six cases of chronic nephri t is in cats . 

Serological examina tions were carried out on f our of these cases . 

Three of them gave a positive reaction to canicola by the M . A . T .  He 

speculated tha t the prevalence of  nephritis due to lep tospirosi s  in 

cats is unknown but appears to be low . 

Fennes tad ( 1 956)  recorded infec tion of cats in Denmark , due to 

icterohaemorrhagiae� poi� saxkoebing and ba taviae but this was based on 

s er ological evidence alone . 

In an at temp t to determine the prevalenc e  of lep tospirosis in 

America, Murphy e t  al . ( 1 958)  examined 350 sera collec ted f rom one to 

four year-old rural cats which were tested agains t f ive antigens , pomona� 

djasiman� sentot� autumna lis and grippotyphosa.  Lep tospiral agglu tinins 

were presen t  in 1 7  ( 4 . 9% )  of these cats . The use of  a further 1 2  

antigens did no t produce additional positive serological reactions . 



Vyso tskii e t  al . ( 1 959) examined 3 0  cats ' serum in Vladivos tok 

us ing up to 1 1  antigen s ,  one sample had a titre of 1 : 1 000 to 

grippotyphosa . This cat \vas living with a herdsman '"'ho tended calves . 

Ano ther cat , \vhich was f rom a food warehouse in a town , had a canico la 

titre of 1 : 6400 . Gr•ippotyphosa was isolated from the kidney o f  a wild 

cat f rom a forest and had a titre of 1 : 100  to this ser o type . These 

authors failed to  ob tain an isolate f rom any of the cats  which they 

cons idered to have significant ti tres . They conc luded that the cat is 

no t important in the ep idemiology of lep tospiro s is , but in isola ted 

cases , because of close contact with man , could act as a source of 

infection . 
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In Kwangtung , China , 28 cats were examined in fur ther s tudies o f  

animal hosts of leptospirosis  (Anon, 1 9 60) . Three of them gave pos i tive 

C . F .  tests but attemp ts to isola te lepto spir es from the kidney and l iver 

f ailed . 

Clark ( 19 6 1 )  failed to isola te lep tospires f rom 56 feral ca ts in 

Pennsylvania even though endemic bal lum infection occurred in house mice 

in the same region. 

Fessler and Mor ter ( 1 9 64)  exper imen tally inf ec ted two groups of  

cats  with pomona and ba l lum by the subcutaneous route . Clinical illness 

was not observed in either group of cats , but lep tospires were r ecovered 

from the kidneys of all the cats which wer e  infec ted with pomona . They 

concluded that cats are susceptible to exper imental infections with b o th 

these sero types of lep tospire and tha t  the establishment of  a lep to

sp iruria ind icated that these animals could play a role in the t ransmis s ion 

o f  pomona. 



Rees ( 1 9 6 4 )  repo rted a titre of 1 : 3000 to pomor� from a cat in 

New Z ealand , which was being treated for inters itital nephritis but 

no leptospires were seen in h is tological sections of  the kidney . 

Jones ( 1964)  infec ted three groups of cats with formalin-killed 

prep arations of canico la, pomona and icterohaemorrhagiae . There was 

no detec table antibody response to any of the antigens in the cats . 

Sub sequently he used proven pathogenic s trains of these serovars and 

even these failed to produce detectable antibody titres in cats . No 

l ep tosp ires were recovered from the urine or kidney cul tures . Jones 

( 19 64 )  examined 139  cat sera and a titre  of 1 : 100 to pomona was f ound 

in one cat , while ano ther had a titre of 1 : 100  for icterohaemorrhagiae . 

He concluded from this evidence tha t the domestic cat  possesses species 

immunity to these three ser o types . 

Ferris and Andrews ( 19 6 5 )  isola ted pomona from the urine of one 

of 2 1  feral cats in Southern Illinois . This cat also had a microscoptc

agglutina tion reaction to pomona ( 1 : 1 000 ) . They also infected three 

cats with their isolated ( " intraperi toneally , on the conj unc tival 

surface and conj unc tival inoculation" ) and recovered leptospires f rom 

b lood and urine of  all thr ee ca ts . No organisms were recovered from 

the kidneys of any of the cats at necropsy which was conduc ted 60 days 

p . i . They concluded from these findings tha t  cats may be impor tant in 

the spread of infection to domes tic animals and humans .  

Lucke and Crowther ( 19 65 )  carried out a serological survey in the 

Bris tol area during an inves tigation of spontaneous nephritis in cats . 

The sera from 1 1 8  cats were examined . The highes t agglutina tion t i tres 

of 1 : 1 000 to canicola, mini-mini and bratis lava were found in three 

cases . Altogether eigh t  of the cats ( 6 . 8%)  had titres of 1 : 30 to 1 : 1000 . 

They concluded that cats may b e  inf ec ted by a variety of lep tospiral 

s erotypes . The authors were undec ided as to whether leptosp irosis was 

.. - .�-.-·:_-...... 
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associa ted with nephritis o r  o ther clinical diseases al though they 

believed tha� cats may ac t as carriers.  

Freudiger ( 19 6 9 )  tes ted 1 06 ca ts from Berne and its neighbourhood 

against dif ferent leptospiral serovars known to occur in Switzerland . 

Only four showed positive reactions , each one agains t three to four 

serotypes . He discus sed the reasons for the infrequency of leptospirosis 

in cat s  compared with the dog and o ther animals .  R e  suggested thr ee 

possib ilities : -

1 .  High natural resis tance of the cat agains t Leptospira infection . 

2 .  .Less opportunity for exposure to infection as cats are more or 

less  housebound . 

3 .  Rapid decay cf convalescent antibody titres .  

He also discussed the result of his experimental inf ections with 

pomona , where he was not successful in isolating leptospires f rom the 

ur:i.ne or kidneys of his tw·o experimen�al cats . 

The first time an isolat ion of Leptospira serovar pomona f rom 

cats has b een recorded in New Zealand was by Harkness et  al.  ( 19 70 )  

who reported i t s  isolation f rom a domestic farm cat .  Three cases o f  
c t,,"( !.-...I �*�loJ. c:;.c.. �·�d) 

huma lept spirosis occurred on this farm 1 and all the animals of this 
(it\K� \,-..,.. � � �( ...., ¥ ..... . · �4 ...... �( <;(!'�, I' 

farrrjl were b led and their serological reac tions determined agains t eight 

s erotypes of Leptospira. The cat was found to have a t itre of 1 : 3000 

aga inst  pomona. Lep tospirae were seen on dark ground microscopy of  the 

urine sediment .  The cat  which was in good condi tion �vas destroyed and 

leptosp irae pomona i solated from both urine and kidney cultures . The 

cat had been brought to the farm recently from ano ther farm on which 

an outbreak of bovine abo rtion had occurred and �·7hich had been at�ributed 

to pomona . It would appear tha t the cat was infec ted prior to June 1 9 6 8  

and remained a carrier of pomona until i t s  death i n  December 1 9 68 .  
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Michna ( 1 970)  found agglutinins to sejroe in a d ilut ion of 1 : 1000 

in the serum o f  a S iamese cat from a rural district which became fatally 

ill shm·ling f ever and j aundic e .  

Lep tospiral isolation was attemp ted o n  eight febrile and ic teric 

domesticated cats by Carlos et al .  ( 1 97 1 )  in the Phil ippines . 

Grippo typhosa was isolated from one ur ine sample . The M . A . T .  on the 

eight sera was negative for all cats except for the serum sample taken 

from the lep tosp iruric cat .  

Mason et aZ. . ( 1 972 )  described two cases o f  suspected feline 

leptospirosis , one involved a dairy farm cat which became ill  and showed 

j aundice .  It  had a titre of 1 : 1 000 to p0mona and a focal inters titial 

nephr itis was detected histologically . In sec tions o f  kidney stained 

by a s ilver s ta ining techniqu e ,  some leptospiral-type organisms were 

observed . The second case wa s a S iamese cat \vhich died after an acute 

illness .  Bo th the clinical and cl inicaJ.-pathological f indings were 

indicative of nephritis .  No  s erological react ion to  any of s ix 

lep tospiral serotypes tes ted was obseryed , but in the kidneys 

degenerated leptospiral bodies were observed . 

Pavlov et  al.  (1972 )  s tudied the host-parasite immunologic 

rela t ionship s in cats and some o ther animals experimentally infected with 

pomona and tarassovi . Agar gel-immune-elec trophoresis was used to trace 

the quant itative and qualitative changes in the protein spec trum. In 

cats the mos t  obvious change s  were seen in the gamma glob ul in fraction. 

The New Zealand Nat ional Health Institu te ( 1 9 7 2 )  examined sera 

f rom s even dogs and one cat in contact with a human case with evidence 

o f  both leptospirosis and toxoplasmosis . A titre of 1 : 200 t o  hardjo was 

ob tained from tl�e cat which also had a toxoplasma dye tes t  t i tre of 1 : 32 .  

Two of the dogs had positiv e  ti tres to hardjo . 



Wat son and Wannan ( 1 97 3 )  in Austra}_ia , tested the serum from 100 

cats against 12 serotypes ,  one of  the samples reacted with a titre of  

1 : 30 to grippotyphosa while f ive o thers gave reactions a t  1 : 30 to both 

hebdomadis and hardjo. These latter f ive also reacted with wo lfi .  

9 

Modr ic ( 1 97 4 )  experimentally inf ec ted cats using icterohaemorrhagiae� 

pomona� sejroe and grippotyphosa. His work described the clinical , 

immunological and pathoanatomical reactions. He iso la ted lep tospires 

from the blood , kidney and urine . Infec ted cats produced agglutinins 

from the 4th to the 1 1 9 th day p . i. 

Bryson and Ellis ( 1 9 7 6 )  i solated lep tospires from thoracic fluid 

aqueous humour , and kidney of .a cat which at necrop sy had widespr ead 

haemorrhages and an excess of straw-coloured fluid in the thoracic and 

peritoneal cavities.  

In the s tained sections with fluorescein iso thiocyanate conjugated 

ant isera to f ive leptosp iral serotypes known to occur in Britain namely , 

baUwn� bratislava� canico la� hardjo and icterohaemorrhagiae� " strong 

f luorescence" was observed in lung , liver , bra in and kidney with the 

bratislava labelled anti serum.  

From this review of the l iterature it can be  seen tha t mos t  

informa tion relates t o  serological survey and f ield s tudies . They 

indicate that the cat appears to be liable to infect ion by a number of  

d ifferent leptospiral serotypes . The inc idence and prevalence of  

serotypes  d iffer considerably , according to  the country and even from 

district to d istric t .  However , most of  the workers are in agreement 

tha t  the role of the cat in the ep idemiology of leptospiros is is not 

very itr.por tant . 



The lack of published informat ion on exp erimental infection of 

cats with dif ferent leptospiral serovars makes the interpretation of 

serological surveys difficult .  The subsequent chapters of this thesis 

will attemp t to provide some of this information . 

1 0  
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CHAPTER 2 

COMPARATIVE INFECTIVITY STUDIES WITH F IVE DIFFERENT SEROVARS 

INTRODUCTION 

S ix pathogenic serovars of Leptospira have been i sola ted from farm 

l ivestock and wildlife in New Z ealand . The serovars mainly associa ted 

wi th cat tle and sheep are hardjo and pomona; with p igs pomona and 

tarassovi; with rodents ba llum and copenhageni , and with pos sums 

ba lcanica . The latest repor t on the prevalence of these serovars is 

as follmvs : 

In domestic animals pomo�a is the mos t common serovar. I t  was 

i solated from 45% of the kidneys of young p igs and from 2% of the adult 

p ig s '  kidneys from an abattoir with pos itive serological titres of 87% 

and 8 6% respec t ively in the lowes t  serum dilution of  1 : 1 2 (Ryan, 1 9 7 8) .  

The prevalence of tarassovi as determined by cultural studies was 

found to be 1% in the young p igs and 5% in the adult p ig s  with a positive 

serological titre of  21% and 25% respec t ively (Ryan , 1 9 78 ) . The 

prevalence of titres at 1 : 24 or greater to hardjo� pomona and tarassovi 

t itres in a random survey of New Zealand bovine sera was reported by 

Hellstrom ( 1 9 7 8 )  to be 60% , 18% and 9% respectively . 

In wildl ife , Brockie ( 1 9 7 7 )  reported that 12 . 7% o f  the Norway rats , 

2 5% of the shiprats (Rattus rattus ) and 1 4 . 9% of the mice (Mus muscu lus )  

which were tested had suffered a recent infec tion o f  the ballum sero type 

or were renal carriers . The s erological evidence of bal lum in h edgehogs 

(Erinaceus europaeus ) from dairy farms was reported to be as high as 5 6% 

by !3rockie and Till ( 1 9 7 7 ) .  Hatha\vay ( 1 9 7  8) isolated leptosp ires of the 

Ballum serogroups from 27% of Norway rats and 33% of shipra ts . He also 

isolated it from housemice and hedgehogs . 
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The prevalence of  baZcanica i n  possums reported by Ha thaway ( 1 9 7 9 )  

was as  high a s  8 5 %  (serological) and 65% (bacteriological ) . 

Brockie ( 1 9 7 7 )  reported evidence of  current or recent infection 

with copenhageni in 32% of Waikato Norway rats (Rattus norwegicus) ,  while 

Hathaway ( 1 9 7 8) did no t isolate this serovar in his survey of rats and 

mice conducted in the southern half of the Nor th Island . 

In New Zealand the role of farm l ivestock in the spread of 

lepto sp irosis to humans has been well  demonstrated. In 1 95 1 ,  the f irst  

case  of  human leptospirosis reported by Kirschner and Gray was in a 

dairy farmer . S inct then there have been yearly reports  of human 

leptospirosis which have resulted from contact with farm l ivestock. 

The sero types which have so far been· iso lated from human pat ients are 

pomona> hardjo and bal lum. 

Insufficient investigative work into l eptospirosis in cats has b een 

carri ed out to determine their role in the spread of this disease . As 

the cat is on€ of the mos t  popular pets , diseases of this animal are of 

great importanc e ,  espec ially if they are transmissible to humans . Back 

( 1 954 )  described a case of grippotyphosa infection in a human female 

patient who was apparently infec ted from a cat.  

Harkness et a l .  ( 1 9 7 0 )  reported the first isolation in New Zealand 

of  serovar pomona f rom a cat which had been recently transferred from one 

farm to ano ther . On the original farm an outbreak of bovine abortion 

had occurred which had been attributed to pomona . The cat  appeared to 

introduce the disease to the new farm where three cases of  human illness 

were diagnosed clinically as lep to sp irosis . ---.,-[,[t.,L...- t1 � 
. , ·N s-L' 

�C· 'J- c..-· 
Because o f  lack of knowledge o f  the pos sib l e  role of  cats 6S a 

source of leptospiral infection, it  was decided to ini t ially invest igate 
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the infectivity and pathogenic ity to cats of f ive of the s ix serovars 

pr esently found in Ne\v Zealand , namely pomona� ba lcanica� bal lwn� hardjo 

arid tarassovi . Copenhageni was excluded from this s tudy b ecause at 

present in New Zealand this serovar i s  less prevalent in animals than 

the others (Hathaway , 1978 )  and also o ccurs only rarely in man (Chr is tmas 

e t  a l. ,  1 9 7 4 ) . 



EXPERIHENT ONE 

A P ILOT STUDY WITH DIFFERENT SEROVARS 

MATERIALS AND HETHODS 

This exp eriment was performed with f ive adult cros sbred ca ts o f  

different age s  (Table 1 ) . For two weeks prior to infection the cats 

were kept under the same conditions in an isolated room and fed with a 

canned commercial cat food . All the cats were examined for the 

1 4  

presence of leptospiral agglutinins and all were negative pre-inf ection .  

The method used f or Jetecting leptospiral antibodies was the  microscopic 

( 
agglut ination test  (MAT) using live lep tosp iral antigens with the 

lowest dilut ion of 1:1 2 .  Detail s of · the procedure are described in 

Appendix I I .  

The ca t s  were infected with f ive d ifferent serovars namely pomona� 

baUwn� hardjo� ba lcanica and tarassov-.: by the intra-peritoneal ( I . P . )  

route, using a dense 6-8 day old cul ture (app roxima tely 1 08 lep tosp ires/ml) . 

(Table 1 ) . Rec tal  temp eratures were taken daily for the four \veeks 

duration of the s tudy , and the cats were observed closely for any change 

in behaviour . Blood and urine samples were collec ted on days  3 ,  5 ,  8 ,  

1 1 ,  1 4 ,  1 7 ,  2 1  and 3 1  post-infec t ion ( p . i . ) .  The blood was cultured 

during the first  two weeks p .  i .  Haemo globin, packed cell volume (PCV ) , 

white and red b lood cell count , dif fer.ent ial leucocyte count , total 

plasma pro tein , I cterus Index , and plasma f ibrinogen were e s t imated.  

Micro-agglutination tests (M . A . T . ) were performed for the duration of 

the experiment .  

Urine samples were cul tured . Othe� urine examina tions included the 

measurement o f  pH , spec if ic gravity ,  protein ,  glucose , bloo d ,  urobilinogen , 

bilirub in and ketones . Urinary sediment was also examined . 

� [ r 
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Table 1 

Cat 
Reference 

Numb er 

1 

2 

3 

4 

5 

DETAILS OF CATS AND LEPTOSP IRA SEROVARS 

USED IN EXPERIMENT N0 . 1  

Sex Age 

Female 
Approx . 
one year 

Male More than 
s ix months 

Female Approx. 
s ix months 

Female 
Hore than 
s ix months 

Male More than 
s ix months 

Body 
Weight 

k . g .  

3 

2 

1 . 1  

2 

2 

S erovar 
Inoculated 
I . P .  route 

pomona 

baUwn 

hardjo 

baZcanica 

tarassovi 

1 5  
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Urine and b lood samples were taken under anaesthesia . The drug used 

was a 2% solution of Rompun* intramuscularly ( i .m . ) 0 . 1 5  mg per kilogram 

of body weight .  This drug was found effective for inducing light 

anaesthesia .  Af ter inj ec t ion the cats were returned to their cages for 

f ive minutes unt il anaes thes ia had commenced and samples could be taken . 

With the regular use of  Rompun,  the dose required for anaesthes ia had 

to be gradual ly increased . The animals were not fed for a half  to one 

hour b efore the drug was administered to avoid vomiting . 

Ob taining and processing the urine samples 

Urine was ob tained by manual pressure on the bladder . The area 

around the vulva or penis was swabbed with alcohol and the urine . 

collected into a s terile bottle . One drop of fresh vo ided urine was 

inoculated into one of the three b o t tles of DfJH (D ifco) ** semi-solid 

media containing 5-fluorouracil (5Fu) ( Sigma ) ***· Then a ten-fold 

dilution of  urine was made into a 9 ml 3terile S tuar t ' s  basal medium 

** 
( SBM) �* From this dilut ion ( 10-1 ) two to three drops were inoculated 

into each of  the other two bottles of media . Ur ine was also immediately 

examined for the presence of leptosp ires by direct darkf ield microscopy . 

Obtaining and process ing the blood samples 

The blood samples were collected while the animals were anaesthetised . 

Both sides of  the neck were shaved and swabbed with alcohol and b lood 

samples obtained from the j ugular vein . 

* Bayer Leverkusen , Germany . N . Z .  impor ters 
P . O .  Box 38-045 , Petone . 

** Difco Laboratories ,  Detro it , Michigan, U . S . A.  

Henry H.  York & Co . Ltd , 

*** S igma Chemical Co . ,  P . O . Box 14 508 , S t  Louis , Mis souri 6 3 1 7 8 , U . S . A .  

** 
** Div . Becton , Dickinson & Co . ,  Cockeysville , Maryland 2 1030 , U . S . A .  
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One drop of b lood was inoculated into each of two bot tles of EMJH 

semi-solid media containing 400 mg 5Fu (Appendix I) as a selec t ive agent 

for growth of  leptospirae (Johnson and Rogers , 1 9 64 ) . The cultures 

were incubated at 2 9°C and examined for lep tosp iraL growth at two weekly 

intervals .  The lep tospiral antibody level o f  the serum was determined 

by the M . A . T .  using l ive antigens (Appendix I I ) . 

Necropsy procedures and the cultural examination 

After one month the exper iment was terminated and the cats were 

killed by intra-peritoneal inj ection of Euthesa te* (pentobarbitone sodium 

inj ec tion for euthanasia a t  a dose rate of  5 ml per 4 . 5  kg body weight ) . 

At  necropsy the abdominal . cavity was opened in all the cats using 

aseptic techniques to avo id contaminat ion . The r ight kidney and a portion 

o f  l iver (approximately 1 0 g) was removed for bacteriological examinat io n .  

The skull w a s  opened using an aseptic technique and half of  the brain 

was removed for cul tural examinat1on . Urine samples were taken dir ec tly 

from the bladder . Aqueous humour from the r ight eye was r emoved using 

a ster ile 1 6  gauge needle for cul tural examina t ion . A susp ension of 

kidney , liver and brain were cul tured using the method described by 

Hathaway et  al. ( 1 9 7 8 )  (Figure 1 )  : a portion of  each t issue was 

removed asept ically , flamed , transferred to a s terile plas t ic bag to 

which was added approximately f ive t imes the tissues weight of S tuar t ' s  

basal medium ( SBM) and then homogenised for one to two minutes in the 

S tomacher** · For each suspens ion two bo t tles of  9 ml SBM and four 

bottles of EHJH sem i-solid media were inoculated . Two of them contained 

200 mg of 5Fu and the remaining two wer e without 5Fu . For each d ilution 

one bottle of EHJH semi-solid media conta ining 200 mg of 5Fu and one 

without 5Fu were inoculated . 

* \-Jillows Franc i s ,  T,esthoughton , England. N . Z .  importers 
Products Ltd , Wiri S ta t ion Road , Auckland . 

** Colworth S tomacher . A. J. Stewart & Co . Ltd,  London. 

VET CO 



Figure 1 .  

C.UL TURE METIIOD 

A por tion of tissue removed aseptically ( lOg ) 

1 
Flamed Off 

1 
Gamma-s terilised plas tic bag + 50 ml S tuar ts basal medium 

1 
Homor.2nised for one to two minutes 

1 
1 ml + 

9 ml SBM 

( 10-1) 

t 
1 ml 

9 ml SBM 

( 10- 2 ) 

in the s tomacher 

�containing 200 

media "-
"'-. wi thout 5Fu 

mg 5Fu 

� containing 200 mg 5Fu 

media � 

� without 5Fu 



One millilitre of the suspension prepared in the s tcmacher was 

added aseptically to 9 ml of SBM ( 10-1) .  Two to four drops of this 

dilut ion ( 10-1) were inoculated into each of two bo t tles of EMJH 

medium.  A further dilut ion was made by transferri?g 0 . 5  ml of the 

( 1 0
-1) dilution into 9 ml of SBM,  and two to four drops of thi s  medium 

were delivered into two more bot tles of EMJH . Aqueous humour was 

cultured ]n the same manner as the urine , but using EMJH medium either 

containing 200 mg SFu or  witho•1t 5Fu . 

1 8  

For histological examination, half of the left kidney , a portion 

of l iver , a po rtion of the apical lobe of the lung , hal f  of the brain ,  

and the urinary bladder were f ixed in 10% formalin . After f ixation the 

tissues were trimmed and embedded in paraff in wax.  Sect ions were cut 

a t  5�m and s tained with haematoxylin and eos in.  L iver and kidney 

sections were s tained by the War thin S tarry method (Armed Forces 

Ins t i tute of Pa thology , 1 9 60)  to demonstrate lep tospires . One of the 

eyes , usually the lef t ,  was removed and fixed in the Bouin ' s  f ixativ� . 

Af ter 24 hours this was changed to 75% alcohol and later the eye was 

trimmed , embedded in paraffin and was s tained with haematoxylin and 

eos in .  

Haerna tological tests 

Blood samples for haematological tes ts were collected into 4 ml 

vacutainers* containing 5 . 5  mg EDTA. 

Red and white cell counts (RBC , WBC )  were performed using a 

haemocytometer counting chamber and the usual as socia ted techniques 

( Schalm et al . ,  1 9 7 5 ) . 

* Bec ton , Dickinson & Co . ,  Rutherford,  New Jersey 07070 , U . S . A .  
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l1acNeal (Tetrachrome stain* ) was used for s taining the b lood smears 

for the differential leucocyte count . 

Haemoglobin (Hb ) was est imated by the cyanmethaemoglobin method .  

A microhaematocr it method used for packed cell volume (PCV ) determina tion 

and the total plasma pro teins were measured by refractometer . For the 

icterus index the colour of the plasma '"as compared to the co lour of 

potass ium dichromate s tandards . 

The tests on the urine for pH , protein ,  glucose,  ketones , b ilirub in 

and the presence of bloo d were performed by using appropriate tes t  

s tr ips  (Bili-Lab stix** ) . The specific gravity of urine samples was 

determined by using a refractometer . 

* Curr Tetrachrome s tain, Searle Diagno s tic , High Sycombe , Bucks , 
England . 

** Ames Company , Div��ion,  Miles Labora tories ,  Aus tralia P ty Ltd . 



RESULTS 

Clinical symp toms 

Lack of sheen and dull co lour of the coat was observed in the cat 

inoculated with pomona. (No . 1 ) .  This  occurred a few days af ter 

20 

commencement of the study and las ted for the duration of the experiment . 

Three cats (No . ' s  1 ,  3 and 5 )  had mild resp ira tory symptomo a week 

p . i .  \vhich lasted a fe\v days and resolved without any treatmen t .  No 

other clinical s igns were no ted . 

Temperature 

0 Exc ept for cat No . 5  which had an elevated temperature (40 . 7  C )  one 

day p . i . lasting only one day , no obvious changes in temper a tu re were 

observed . 

Haemato��gical examination 

Although the leucocyte counts o f  all the ca ts showed some fluctuation 

(Table 2 )  ther e  was some ind ication of a leucocytosis between the 14th 

and 2 1s t  day p . i . in all the animals . 

Urine analys is 

The spec if ic gravity of the urine of  cat No . 1  (pomona ) increased 

from 1 . 0 1 2  to 1 . 04 5  af ter two weeks p . i . and s tayed at this level unt il 

the end of the experiment . Although no abnormal urinary sediment was 

no ted , the amount of sediment was greater for this ca t than for the 

o thers . 



Table 2 

LEUKOCYTE COUNTS OF THE BLOOD SAMPLES PRE AND POST INFECTION 

Ca1 Leukocyte 
Days Pos t Infec tion 

Reference S erovar count pre-
Numb er Inoculated Infection 3 5 8 1 1  1 4  1 7  2 1  24 28 3 1  

1 pomona 1 1 . 35xl09 1 1 . 5xl09 7 . 7 5x 1 09 1 1 . 35x l09 1 1 . 1xl09 2 0 . 7x109 1 3 . 1x109 7 . 95x 1 09 1 0 . 8xl09 14 . 7xl09 1 2 . 55x l 09 

2 baUwn 1 3 . 0xl09 

3 hardjo -

4 balcanica -

5 tarassovi 1 2 . 0x 1 09 

- 10 . lx 1 09 1 0 . 3 2xl09 1 2 . 8xl09 1 4 . 25x l09 1 6 . lxl09 1 0 . 75xl09 1 3 . 45xl09 9 . 5 5xl09 1 5 . 0x l 05 

1 0 . 35xl09 - 9 . 6 5x l 09 7 . 4x l 09 1 1.3xl09 1 8.45x l 09 1 3 . 45xl09 1 7 . 2xl09 1 0 . 95xl09 1 2 . 95xl09 

5 . 7x l09 8 . 55x l 09 7 . 7 5xl09 7 . 7 5x l 09 1 2 . 7xl09 a. 7 5x 1 09 14.7x109 1 2 . 35xl09 10 . 4x 1 09 9 . 4xl09 

9 .lxl09 1 0 . 4 5xl09 9�8x l09 9 . 8x l 09 2 1 . 9xl09 1 7 . 4x l09 1 2 . 2x 1 09 1 2 . 1x109 

Note : - = Blood samp les were clotted and the results  were not considered . 

12. 3x109 1 5 . 58x109 

1'.: 
1-
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O n  the 1 1 th day p . i .  the ur ine o f  cat No . 2  (baUwn) was darker in 

colour than that of the o ther cats and appeared turbid.  The specific 

gravity was 1 . 03 2  which was the highes t recorded for this cat throughout 

the experimen t .  C a t  No . 3  (hardjo ) had 0 . 5% glu cosuria o n  the 1 1 th and 

24th day p .  i .  

Isolat ion o f  leptospires 

The leptosp ires isola ted from the cats inocula ted are shown in 

Table  3 .  Pomona was recovered from the blood o f  ca t No . 1  three days 

p . i .  BaZ Zum was recovered from b lood cultures in Ca t No . 2  three and 

f ive days p . i . , pos i t ive urine cultures were also obtained 28 days p . i .  

f rom ca t No , 2 .  No further pos i t ive cul tures >vere ob ta ined f rom these 

two cats or f rom any of  the others .  Approximately hal f  the cul tures were 

contaminated in sp ite of the precautions taken. This obviously decreased 

the accuracy of these cultural examina tions . 

To 20nfirm the identity of  the isolates they were all tes t ed against 

serial dilut ions of all 12 sera of known serogroups ,  namely aus tra�is� 

autwnnaZis� ba Z Zum� bataviae� bifZexa� canico la� copenhageni� grippo

typhosa� hardjo� pomona and pyrogenes supplied to the labora tory f ron the 

C entre for D isease Control ( C . D.C . ) ,  Atlanta , Georgia . 

Serological response 

All the cats excep t cat No . 4  which was infected with baZcanica 

r esponded serologically (see Table 4 ) . In cat No . 3  the micro-agglut ination 

(H .A. ) t i tre occurred earlier than in the o ther cats . The }f . A .  t i tres of 

all responding cats reached their maximum peak before 14 days p . i . with 

the seroJ .ogical t itres of ca t No . 1  being the highest (Fig . 2 ) . 



Table 3 

ISOLATION OF  LEPTOSPIRES FROM CATS 

Cat 
Reference 

Number 

1 

2 

S erovar 
Inoculated 

pomona 

baUwn 

3 hardjo 

4 baZcanica 

5 tarassovi 

B lood 

3 

3 and 5 

Pos t Infection Day o f  I solation 

Urine 

28 

Kidney 
O ther 

Tissues 

23 



Table 4 

Cat 
Reference 

Numb er 

1 

2 

3 

4 

5 

SEROLOGICAL RESPONSE OF THE CATS DURING THE PERIOD OF EXPERIMENT 

Serovar 
Inocula:ted 

Micro-Agglutination titres days pos t infection 

3 5 8 1 1  14  1 7  2 1  24 

pomona 
1 / 9 6  1 / 768 1 / 768 1 / 768 1 / 384 1 / 384  1 / 7 68 -

* ( 1 / 1 2 ) . ( 1 / 19 2 )  ( 1 / 9 6 )  ( 1 / 24 )  ( 1 / 24 )  ( 1 / 24 )  

baUwn - 1 / 9 6  1 / 384 1 / 384 1 / 384 1 / 1 9 2  1 / 9 6  1 / 19 2  

hardjo 1 / 24 1 / 3 84 1 / 1 9 2  1/ 1 9 2  1 / 1 9 2  1 / 1 9 2  1 / 9 6  1 / 9 6  

ba lcanica 

1 / 9 6  1 / 9 6  
-tarassovi 1 / 1 2  1 /9 6  1 / 19 2  1 /9 6  1 / 1 9 2  * *  ( 1 /  1 2 )  ( 1 / 1 2) 

* F igures in parenthes is ind icate cross-agglu t ination titres to copenhageni . 

** F igures in parenthesis indicate cross-agglut ination titres to pomona . 

28 3 1  

1 / 768 1 / 1 9 2  

1 / 7 68 1 / 96 

1 / 9 6  1 / 9 6  

1 / 48 1 / 48 

N 
Note : All the cats showed no agglutination t itres pre-infec tion to all serovars mentioned plus copenhageni . :.· 
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Necropsy findings 

At necropsy the cats appeared normal . There \vas no evidence of 

gross lesions in any of them. 

Histological Findings 

Liver 

Small accumulat ions of inflammatory cells wer e  seen in all f ive 

cats (Fig . 3 ) . These changes were mos t  severe in cat No . l  (pomona) 
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where a mild diffuse neutrophil accumulation was seen a round the  portal 

area.  The other cats showed mainly por tal accumulat ion of small numbers 

of lymphocytes and plasma cells .  Mild fatty change was seen in  two of  

the cats  (No . l �nd No . S ) . 

Kidney and Urinary Bladder 

A subacute focal inters titial nephritis was seen in the cat 

inocula �ed with pomona (cat No . l ) (Fig . 4 ) . This animal also had a small 

area of epithel ial hyperplasia in the urinary bladder . Apart f rom 

occasional calcified casts in both the proximal and distal tubules of 

cat No . S , no s ignif icant changes  were observed in the remaining animals .  

No leptospires were observed in the kidney a�d l iver sections by silver 

s tain .  

The lung o f  cat No . 3  was oedematous and conges ted wi th a n  increased 

. number of macrophages in the inters titial tissue together with focal 

accumulation of lymphocytes and neutrophils , suggest iv e  of a low grade 

pneumonia . There was also a bronchio lit is wi th necrotic leucocytes in 

the bronchioles and a small number of  plasma cells  around them. 

I 
i 
I 



Figure 3 .  

Figure 4 .  

Cat 5 
Small 

Intraperitoneal tarassovi infection . 
accumulations of mononuclear cells 

around portal area in the liver . (HE X 250)  

Cat  1 Intraperitoneal pomona infection . 
Subacute foci of interstitial nephritis . 
(HE X 250) . 



His tological examina tion of eye t issue in ca t No . 1  revealed a �  

acute necro t is ing conjunc tiv itis with inf iltration of pclymorphs and 

deposition of f ibr in in the lymphoid follicles . 

DISCUSS ION 

In discussing the results of this  preliminary experiment ,  two 

impor tan t reservat ions mus t be· cor,sidered : -

1 .  The value of infec tivi ty s tudies based on the use of  only one 

ani�al are obviously of extremely limi ted value and negat ive 

results mus t be treated wi th extreme cau tion .  
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2 .  The ca ts which were used in this experiment were no t sp ec ific 

pathogen free (SPF ) and their previous d i sease status was unknown . 

Therefore it  is very difficult to interpret some of the his to

logical findings . 

Excep t for the ea t which was inocula ted �vi th balcanica , all the 

cats responded serologi cally (Tab le 4 ) . 

either : -

This  response could b e  due to 

1. Infec tion which was no t confirmed by b lood or urine cul tures 

owing to the high contamina tion rate . 

2 .  Purely antigenic s t imulation �vithout  infec tivity. 
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The individual peak titres appeared a t  different t imes ( Table I I  

and g raph 1 )  which may b e  explained by f ir s tly , the d if fering ages o f  

the c a t s  involved and secondly , perhaps more impor tantly , b y  the 

different serovars used in ino culation . In  the p�mona infected ca t ,  

serological titres were higher than the o thers .  Bo th pomona and bal lum 

def ini tely caused infection . Pos i t ive blood cul tur es in the cat 

ino culated with pomona� and posi tive blood urine cul tur es in the cat 

inoculated with bal lum p rove �ha t these cats were infected , al though 

there were no clinical symp toms . O ther resear chers have also produced 

symp tomless infec tions in cats with pomona (Fessler and Hor ter , 1 9 64 ; 

Ferris and Andrews , 1 9 65 ;  and Modric , 1 9 7 4 ) . 

I t  is possible that the ·leukocytosis observed in this  exper iment 

was due to infection however , physiological leukocy to sis  in which 

lymphocy tes of ten equal or even exceed neutrophils is common in 

frigh tened or s tressed young cats ( Schalm e t  al . ,  1 9 7 5 ) . In  this 

experiment leuko cytos is occurred on different days and in different 

degrees (Table I I )  and there was no t an associated l�pho cy to s is . 

Therefore it was probably no t related to excitement and s tress . The 

increased produc tion o f  leucocy tes by an ac celeration o f  leukopo ies is in 

the dog oc curs only af ter a delay of three or four days ( Schalm e t  al , 

19 7 5 ) . Assuming that dogs and cats have relat ively similar respons es , 

leukocytosis in these cats could have b een rela ted to active inf ect ion . 

In human lep tosp irosis , although the propor tion o f  neutrophi ls o f ten is  in 

the range of 75-90 % ,  Lhe white blood cell count may be within the normal 

limi ts or below 5000/cu .mm .  (Turner , 1 9 69 ) . 

The only cat which exhibited pathological signs o f  disease likely 

to b e  celated to lep tosp iral ::..nfec tion \vas the pomona inf ected ca t .  The 

subacute focal inters titial nephr itis and his to logical changes in the 
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l iver were s imilar to tho se des cribed by  Fessler and Mor ter ( 1 964 ) 

although their cats were infec ted subcu taneous ly (s . c . ) .  In thi s  

exp eriment lep tospiraemia was reco rded a t  a n  earlier s tage ( three d ays 

p . i . )  which might be associated wi th an I . P .  route. of infection . 

Lack of further recovery of leptospires in thi s  s tudy was probably 

due to contamina tion of the cultur es . The common bacterial contaminants 

of cul tures are known to prevent the grm..rth of  lep tospires ( Turner , 1 9 7 0 ;  

and Ris , 1 9 74 ) . Fess ler and Mor ter ( 19 64 )  repor ted the iso la tion o f  

lep tospires from the urine of  only two of their six experimen tally 

inf ected adult ca ts , whereas the organisms �..rere isolated from the 

kidney of all the s ix ca ts 12 to 6 1  days p . i .  

Of the f ive sero types tes ted in thi s  experiment , pomona was shown 

to be a def ini te pathogen . The pa thog enic i ty of pomona for cats i s  wel l 

documented (Fessler and Mor ter , 1964 ;  Ferris and Andrews , 1 965 ; and 

Modric , 1 9 74) . Fessler and Mor ter ( 1 964 )  have also demons trated the 

suscep tibil i ty of c -ats to experimental infection Hith bal lv.m. 

The lack of coa t  sheen which was ob served in cat No . 1  has no t been 

repor ted by o ther res earchers . I t  was more obvious in this ca t than the 

o thers because of the black co lour of the eat ' s  coat . The only r eferen�e 

found which mentions any change in the cond i t ion of  the eat ' s  coat is by 

Modric ( 1 974 )  who repor ted bristl ing of the hair in his exper imental cats 

which were infec ted wi th dif ferent sero types including pomona . According 

to him the hair b r is tling las ted for one day . The la ck of sheen observed 

. in the present case may have possibly been due to the regular use of 

Rompun .  Thi s  lack of sheen would be less obvious in the cats ino cula ted 

with the o ther serovars because o f  their paler coa t  colours . 
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Body temperature is  no t a reliable ind ica tor i n  lep tosp iral 

infec tions as the disease is of ten subacute and symp tomless  in cats . 

S tress will of ten cause a rise in temperature . Even normal ca ts whi ch 

are no t used to being handled by s trangers may experience a rise in 

temperature greater than one degree celsius . I t  is therefore difficult 

to interpret the slight temperature changes which wer e recorded in the 

experimental cats . The rectal  temperatures were within accep ted norn1al 

ranges in experimentally infec ted cats with pomona in the s �udies by 

Fessler and Mor ter ( 19 64 )  and Ferris and Andrews ( 1 9 6 5 ) , whereas Modri c ' s  

( 1 9 74 )  experimental kit tens had eleva ted tempera tures 1-2°C with pomona , 

0 . 5-1 . 0°C with icterohaemorrhagiae and 0 . 5°C with sejroe recorded on the 

th ird and fourth day p . i .  

O cular and resp irato ry symptoms and related his to logical changes 

of the lungs were present in each experimental ca t to a differing 

degree . As previous ly mentioned these cats were no t SPF and the colony 

from whi�h these cats were ob tained had a record of respiratory diseas e .  

The calcified cas ts whi ch were seen in the kidney sect ions o f  one 

cat app eared too long standing to be rela ted to the infec tion . 

The f indings ob tained in this experiment indica te tha t bal lum� 

hardjo and tarassovi are of low pa thogenicity in the individual animals 

ino culated . Fur ther experiments are needed to conf irm whe ther the cat  

is  suscep tible to  infec tion with ba lcanica. 

However , a point well demons tra ted by Fess ler and Morter ( 1 9 6 4 )  

is  that individual variation ielated to the sus cep tibility of cats to 

di fferent serovars is very impor tant . 
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CHAPTER 3 

INFECTIVITY STUDIES hi'ITH BALLUM 

INTRODUCTION 

Leptospira interrogans serovar baZ Zum was isolated for the f irst  

t ime from the urine of a mouse (Mus muscu lus spici Zegus) by Borg

P eterson in 1943 near Ballum in Denmark. It  has been found in o ther 

countries s ince then , chiefly in Europe.  

The f irst human infected by this serovar was a laboratory worker 

in Ams terdam who handled a laboratory mouse .  The mouse had superficially 

scratched his finger wi thout �aking a visible wound . The illness 

developed nine days la ter producing a high fever and severe headaches .  

There were j o int pains , mild conj unc t ivitis ,  exacerba tion of lab ial 

herpes anrl severe d i�zines s .  The fever subsided a ft9r five days whereas 

relief from the headache occurre2 only gradually and extended througn 

the p eriod of convalescence \vhich took abou t three weeks . Further 

investigation revealed tha t prac tically all mice f rom this colony were 

excreting baZ Zum in the ir urine (�-lolff et a Z . , 1 94 9 ) . 

So far baUum has been found in at least 2 9  mammalian species from 

all cont inents of the world (Anon , 1 9 66 ) . 

In New Zealand ba Z Zum was f irst isolated as a human infec tion in 

Nor thland ( 1 9 67 ) . Later in 1 9 7 3  it was isolated f rom heal thy symp tomless 

. calves from the Hauraki Plains (Ris et  a Z . , 1 9 7 3 )  and Brockie and Till  

( 1 9 7 7 )  isolated it from f ive healthy hedgehogs (Erinaceus europaeus ) 

out of the 7 6  caught on Nor th Island da iry farms . Serological evi dence 

showed a large po rtion ( 56% )  of these h edgehogs had had contact with th is 

s erovar . They considered this animal was a maj or reservo ir for baZ Zum. 
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Brockie ( 1 9 7 7 )  carr ied out a cul tural and serological survey o f  

ba llum in rats and mice . He found ten ( 1 2 . 7% )  of the Norway rats 

(Rattus norvegicus) ,  nine ( 25%)  of  the shiprats (Rattus rattus) , and 

ten ( 1 4 . 9 % )  of the mice (Mus musculus) tes ted were _ renal carr ier s o r  

had suffered a recent infect ion with this  sero typ e ,  although s ix o f  the 

thirteen infec ted Norway rats , three of four shiprats and eight of nine 

actively inf ected mice were seronega tive (an original titre of < 1 : 1 00 

was used ) . Our labora tory serological tes t using an initial dilu t ion of 

1 / 1 2 provides evidence that Eallum serogroup lep tospires have low 

ant igenic i ty and comb ined cul tural and serological techniques are very 

impor tant in surveying rodent populations for lep tospirosis (Ha thaway , 

p ersonal communica tion) . Birnbaum et  a l .  ( 1 9 7 2 )  discussed the effec t 

of  maternal antibodies in r elation to establishment of the carrier state 

in  mic e  and rat s .  The female mice with high t itres o f  antibod ies would 

t rans fer immunity to the young thus making them insuscep tible to the 

d is ease fGr a relatively long period of their life. The transpl�cental 

�� or colos tral transf 2r of antibodies confers immunity for several weeks . 

'-------
' Mice which were infec ted at  a very young age serve as  a potential · 

ha zard in the ma intenance of the d isease in nature . When young mice 

a re infected with low doses of leptosp ire they become carriers , but 

b ecause of low immunocompe tency their antibody titre soon drops thus 

they are unable to transfer any pass ive pro tection to their of fspring . 

Female mice infec ted at  a la ter stage of  life,  al though becoming 

carriers , are unab le to trans fer the disease to their offspring , because 

they have hj_gh titres of at least  1 :  104 which would be transf erred to 

the newborn as passive pro tec tion. 

F�thaway ( 19 7 8 )  found a high prevalence of infect ion wi th ballwa 

amongs t  ra t and mice populations in the North Island . He isolated ba llum 



32 

from 27%  of Norway ra ts , 33% of shiprats , from two of twelve housemice 

(Mus musculus ) and two of four teen hedgehogs .  He cons idered the shipra t ,  

the housemouse and hedgehog to b e  maintenance hosts for organisms of 

the Ballum serogroup . In Norway rats , he found the prevalence was 

d irectly related to population dens i ty .  Al though the percentage of 

leptospiral i solation wa s h igh,  the prevalence of  leptosp iral titres in 

rats was very low (3%  in Nonvay ra ts and 24% in shiprats) .  These re sul ts 

again emphas ise the impor tance of comb ined serological and cul tural 

s tudie s .  

Lep tosp iro s is is a wor ldwide disease a f fec ting peop le who come 

into contact with animals as part of the ir occupation as well as people 

who are engaged in ou tdoor f ield activities (Tor ten , 1 9 70) . It  can be 

transmitted f rom many d ifferent animal carriers to humans (Anon, 1 9 6 6 ) . 

However , because of  the high percentage of rodents and hedgehogs 

inf ec ted with bal lum in New Zealand and their close relationship with 

cats on the one hand and the close contac t of cats with humans on the 

o ther hand , it is important to inves t igate the epidemiology of ballum 

infection in cats . 

There have been f ew studies in New· Zealand to determine dietary 

preferences of wild and semi-wild cats , however , it is  well known tha t  

ca ts , even well fed domestic ones , will hunt wild rodents .  

Marshall ( 19 6 1 ) s tud ied the hab its o f  feral ca ts on Little Barr ier 

Is land in New Zealand . He found evidence of predat ion o f  the Maor i Rat 

"(Rattus e�ulans ) in 7 3% of 44 cats dro�p ing s in winter , but in only 1 0% 

o f  50 cats droppings in  summer . 

Daniel ( 1 97 2 )  in s tudying the bionomic s  of  shipra ts (Rattus �·�ttus ) 

in New Zealand found out that feral cats are a signif icant  predato r and 

the maj or cause of mor tality of shiprats in indigenous fores t .  
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Collins ( 1 9 7 8 ,  personal communica tion) in a survey on feral cats 

found that they are widespread in New Zealand and that they breed in all 

types of terrain. In fac t  there are likely to be few rural areas 

without  a res ident populat ion . Feral ca t populations are formed in many 

very remo te areas where it might b e  expec ted that escaped or abandoned 

cats would no t occur. These ca ts feed on a wide variety of foods 

including the carcases of domes t icated and wild animals. 

The climate and vegetation of  the New Zealand countrys ide makes it 

very easy for the rodent and feral cat populations to survive and increase. 

For this reason any disease which is asso ciated with these  groups of 

animals are of great importance ,  especially if ther e is a possibility 

that these infections may spill over into the domestic animal or human 

populat ions. 
\ 
I I 
\ As baZ Zum is widespread in wildl ife  popula tions , especially rats , 

mice and hedgehogs , it  was chos en for  f�rther research. The second 

experiment was under taken to observe the clinical s igns , lep tosp ir al 

carrier s tate , immunological response ,  . and the gross and histopathological 

changes in cats infec ted with different doses of baZ Zum . Attempts  were 

made to determine the infec t ive dose of this organism for cats and the 

smal lest dos e  \-7hich is capab le of es tab lishing the urinary carrier s tate 

in the cat. Any relat ionship between i nfec tive dose and serological and 

bac ter iological response would also be of spec ial interest. The o ral 

route vJas chosen because it is cons idered to be the mos t. likely na tural 

route of infection . Parallel s tudies u sing the I . P. route of infection 

were carri.ed out in o rder to compare these two routes of  infection and 

to provide a known pos itive control. 



EXPERIHENT TWO 

DEFINITION OF INFECTIVE DOSE AND 
ITS RELATION TO CARRIER STATE 

MATERIALS AND HETHODS 

S ixteen crossbred cats from domestic sources were used , 14  of 

which were four months old and the o ther two , 10 weeks old . These 

wer e kept and fed in the same manner as described in Exper iment one .  
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The cats were divided into four groups of three , and two groups of 

two as shown in Table 5 .  Each cat was checked for the presence of 

agglut inins agains t baZ Zum pr�or to infection. 

The cats were infec ted with a seven day cul ture of baZ Zum which 

o rig inally was isola ted from a Norway rat captured at the Longburn 

rubb ish tip by Hathaway ( 1 978 ) . I t  had subsequently been passaged 

through hams t ers . The culture was counted us ing a Petrof f-Hauser 

counting chamber* . The orig inal culture was then diluted with Stuarts 

basal med ium to ob tain the required dilutions . The inf ec tive do se and 

route of infec tion used are shown in Tab le 5 .  

In order to ver ify the viab il ity o f  th8 inoculum, on the same day 

as the cats were infec ted , one ha�s ter was inj ected by I . P .  route with 

0 . 1 ml of the original culture . This animal died six days pos t-infectio n .  

Ano ther hams ter was inoculated with a dilution o f  the cul ture estima ted 

as having no o rganisms in i t .  This animal survived . 

* C .  A .  Hauser and Son,  Philadelphia , U . S . A .  



Table 5 

Group 
Number 

� 1 
---

2 

3 

4 

5 

6 

EXPERIHENT TWO : DETAILS OF EXPERIMENTAL ANIMALS , 

DOSE AND ROUTE OF INFECTION 

No . of cats 
involved 

3 

3 

3 

3 

2 

2 

Cat ' s  
Reference 

Number 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10  
1 1  
1 2  

1 5  
1 6  

1 3  
1 4  

Sex 

F 
M 
F 

F 
H 
M 

F 
M 
M 

F 
M 
M 

M 
F 

M 
F 

Age 

4 months 
4 months 
4 months 

4 months 
4 months 
4 months 

4 months 
4 months 
4 months 

4 months 
4 months 
4 months 

10 weeks 
10 weeks 

4 months 
4 mon ths 

Infec tive 
dose of 
baUwn * 

10 8 lep/ml 

10 6 lep /ml 

104 lep /ml 

102 lep /ml 

108 lep /ml 

Control 

* Each cat had 1 rnl of the infective dose .  

j .)  

Route of 
Infec tion 

Orally 

Orally 

Orally 

· Or ally 

I/P  



The temp eratures of the cats were recorded daily and ur ine was 

collec ted from one or two cats in each group . The cats from which 

urine was collec ted were al terna ted each day . Their b lood was 

collec ted for the �L A . T .  at the terminat ion of the . exper imen t .  The 

lowe s t  d ilution employed for the �l . A . T .  was 1 / 1 2 .  
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Two weeks p . i . one cat from each gYoup was killed by I . P .  inj ection 

of Euthesate . Urine , aqueous humcr and suspensions of  kidney , l iver , 

brain and salivary gland were cul tured by the same methods described 

in Experiment One . 

The same procedure was used three and four weeks p . i . with the 

remaining ca ts . In the control and the I . P .  infected g roups , one cat 

was des troyed a t  a fortnight and ano ther one a month a f ter the 

b eg inning of the experiment . 

RESULTS 

Clinical f indings 

The tempera ture of bo th the ca ts which were inf ec ted by I . P .  route 

within five days p . i . were higher than no rmal (40 . 5°C)  but gradually 

returned to a normal temperature of 38 . 8°C .  Ca t No . 3 , which was 

infec ted by the oral route with the same number of lep tospires ( 10 8 ) 

as th� I . P .  infected group , also had a rise in temperature on the 

second and third day pos t  inf ec tion . 



One cat  (No . 6 ) from the second group showed a def inite elevation 

in temperature nine days p . i . Three days p . i .  this ca t appeared 

depressed and the sclera of the eyes were j aundiced . There were no 

signs of icterus in the o ther cats and thi s  cat recovered three to 

four days later . 
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No  observab le changes in  behaviour or  appetite were no ted in any 

of the cats and they appeared normal throughout the experiment which 

las ted for a month . The only s ignificant change was a slight ab sence 

of sheen on the fur which was no t observed in the contro l cats . 

In fresh voided urine from bo th of  the I . P .  infec ted cats , 

leptospires were seen by direct da rkfield examination as early as 

seven days p . i .  No lep tosp ires were s een in the urine from the orally 

infected cats . 

Cultural f indings 

The cultural findings are summar ised in Table 6 .  L ep tospires 

were isolated from the urine of two of the cats in group one , seven 

days p . i .  Pos i tive urine cul tures were also ob taine d from two of the 

cats in group two and one of the cats in group three . Pos itive urine 

cul tures were ob tained from bo th the I . P .  inf ec ted cats as early as 

three days p . i .  The orally inf ected cat  yielding a pos itive cul ture 

at necropsy was cat No . 1  from group one ( 10 8 lep tospires ) in which 

organisms were recover�d from kidney and retropharyngeal lymph node . 

However,  bo th cats in the I . P .  inf ected group yielded posi tive 

cultures from the kidney two and four weeks p . i . respectively . No 

positive cul tures were ob tained from any of the ca ts in group four or the 

contro l group . In this experiment the number of contamina ted cul tures 

was reduced to app roxima tley 1-2 per cen t .  



Tab le 6 

Group Cat 
Number Number 

1 
1 2 

3 

4 
2 5 

6 

7 
3 8 

9 

1 0  
4 1 1  

1 2  

1 5  
5 1 6  

1 3  
6 14  

EXPERIMENT TWO : CULTURAL AND SEROLOGI CAL FINDINGS AFTER INFECTION WITH BALLUM 

Infective Pos t  infec tion day Time of  
Infection dose of isola tion euthanasia 

route lep/ml* Urine Urine Urine Kidney Other tis sues post-infec tion 

oral 10 8 7 + retropharyngeal 2 weeks lymph node 
oral 10 8 7 - - 3 weeks 
oral 10 8 - - - 4 weeks 

oral 1 0 6 7 - - 2 weeks 
oral 1 0 6 - 4 weeks 
oral 1 0 6 7 1 0  1 6  - - 3 weeks 

oral 10 4 - - - 2 weeks 
oral 1 0 4 7 20 3 weeks 
oral 1 0 4 - - - 4 weeks 

oral 10 2 - - - 4 weeks 
o ral 1 0 2 - - - 2 weeks 
oral 1 0 2 - - - 3 weeks 

I . P .  1 0 8 3 days until P .M .  + - 4 weeks 
I . P .  1 0 8 " + 2 weeks -

: 

control 2 weeks 
control 4 weeks 

�' All the cats '"ere infected with 1 ml 

Serological 
response 

1/ 768 
1 / 96 
1 / 2 84 

neg . 
1 / 1 2  
neg . 

neg . 
neg . 
neg . 

neg . 
1 / 1 2  
neg . 

1 / 384 
1 / 9 6  

w 
neg . ():) 

neg . 



Serologi cal titres 

All the cats in groups one and f ive responded serologically 

(Table 6 ) . In group two and four only one ca t f rom each group ha d 

a pos i t ive titre . No positive titres were found in group three 

( infec ted with 104 orgs/ml) or group six (control ) .  The H . A .  titres 

in group one (orally infec ted ca t s )  were higher than group f ive 

( I . P .  inf ec ted cats ) , although both had the same infective doses . 

Three of  the cats which had lep tospiruria had no serological titres 

( Table 6 ) . 

Histological f ind ings 

The his tological find ings have been summarised in Table 7 .  In 

all groups  the histological changes in the kidney and liver sections 

were mos t  pronounced in the cats necropsied a t  two weeks p . i .  The 

most severe ki dney les ions were seen in the I . P .  inf ec ted group . 

Cat 1 6  had several very dif fuse foci of infiltra ting lymphocytes , 

plasma cells and macrophages around the tubules in both the cor tex 

and medulla (Fig . S) .  Liver sec tions f rom this  cat had small foci of 

lymphocytic infiltra tion around the portal areas . In the orally 

inf ec ted group two cats shmved focal interstitial kidney les ions , one 

o f  which (cat No . l l ) had the larg es t focal kidney lesion seen in this 

experiment (Fig . . 6) .  This ea t also had l iver lesions s imilar to those 

s een in the I . P .  infected g roup . Ca t No . 2  had t'vo foci of  

g ranulation tissue in the liver bu t these  were no t rela ted to any 

par ticular par t of the organ . Lep tospires were demons trated wi thin 

the kidney tubules o f  one of the intraperitoneally infec ted cats 

( Ca t  No . l S) using the �.Jarthin-S tarry s taining technique (Fig . 7 ) . 
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Apart from the liver and kidney les ions the o ther tissues examined 

did no t show any s ign�_.dcant changes which could be rela ted to the 

experimental infec tion . 



Tab le ·  7 EXPERIMENT TWO : BALLUM INFECTION : S UMMARY OF HISTOLOGICAL FINDINGS 

Kidney Liver 

T ime of Inters titial Cloudy Focal fatty Scattered lymphocytes , 
Group Route of Infective euthanas ia foci of cellular swelling of change of plasma cells and 
Number Ca t No . Infec tion dose lep /ml week p .  i . inf il trat ion tubular cells tubular cells neutrophils 

1 oral l O B 2 -H- + + + 
1 2 o ral l O B 3 - - - + 

3 oral l O B 4 - - - + 

4 oral 10 6 2 - + + + 
2 5 oral 1 0 6 4 - - - + 

6 oral 1 0 6 3 - - - + 

7 o ral 10 4 2 - + - + 
3 8 oral 1 0 4 3 - - + ± 

9 oral 1 0 4 4 - - - + 

10 oral 1 0 2 4 - - - ± 
4 1 1  oral 10 2 2 + + - ± 

1 2  oral 1 0 2 3 - - - ± 

1 5  I . P .  1 Q B t... ++ - - + 
5 

1 6  I . P .  lO B 2 ++++ + - -

6 1 3  control - 2 
14  control - 4 

: 

No s ignificant change ± Very mild + Mild � 0 
++ Hoderate +++ S evere ++++ Very sev er e  



Figure 5 .  Intrap eritoneal ballum infec tion , 1 0 8 leptospires 
(cat 1 6 ) , two weeks post-infec tion . A large focus 
of inf il trat ing lymphocy tes , plasma cells and 
macrophages around cortical tubules in the kidney. 
Several tubules contain necro tic leucocytes . 
(HE X 250) . 

Figure 6 .  Oral bal lum infec t ion, 1 02 lep tosp ires (cat 1 1 ) 
two weeks post infect ion . One of the largest 
foci of inter s titial nephritis seen in this 
experiment .  (HE X 1 25 ) . 



Figure 7 .  Intraperitoneal ba Z Zum inf ec t ion , 1 0 8 lep tospires 
(cat 1 5 )  one month post  infec t ion. Leptosp iral 
organisms in the lumen of tubules of the kidney 
cor tex . War thin S tarry X 900 .  
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DISCUSS ION 

This experiment confirmed that leptospira of BaZ Zum serogroup is 

capable  of producing a carrier state in cats infected with more than 1 02 

organ isms . . No clinical evidence of disease resulted from infec t ion by 

e ither the oral or intraperitoneal route . 

The results  of the serolog ical tests indica ted tha t there was a 

decrease in agglut ina tion titre with the lowering of the in�ective do se . 

However , an equal serological response \vas. ob tained with two different 

do ses ( 102 and 1 06 ) thus emphas is ing the impor tance of ind ividual 

varia tion in the immune response . In spite of the fact tha t the same 

infec t ive Jos e was used , a higher serological response was ob ta ined two 

weeks p . i .  wi th orally infected cats ( 1 / 768 ) compared to the response 

ob tained with the I . P .  route ( 1 /9 6 ) . This  might be due to firstly , the 

younger ages of the I . P .  infec ted cats as it is known tha t younger 

animal s  are usually les s s ero logically �espons ive than adults (Herb ert , 

1 9 7 4) ; secondly, with the I . P .  route of infection the serolog ical response 

may b egin earlier and dec line more rap.idly . S ince the H . A .  titre  of each 

cat was only measured at the t ime of euthanas ia it is no t pos s ible  to 

reach a f irm conclus ion . However, a month after infection the s erological 

response with bo th routes was the same ( 1 / 384) . 

The fact tha t three of  the cats failed to produce a ser olog ical 

response even though they were shedd ing leptospires in the ir ur ine , 

demonstrates the importance of us ing both urine cul �ure and serological 

r o  " dent if infec ted animals . 

Another no table resul t of  this s tudy was the dura t ion of the 

c arrier state which appeared to be �hor ter in the orally infected cats 

than in those i�fected by the I . P .  route . Leptosp iruria started ea rlier 

in the ca ts infec ted by the I . P .  rou te (3 days p . i . '  and persis ted until  



4 2  

the end o f  the experiment . The shedding of the leptosp ires was both 

heavier and more consis tent so that af ter seven days p . i .  the leptosp ires 

could be seen in direct  urine examina tion by darkfield micro scopy . 

The lack of  sheen on the coat observed in all o f  the inf ec ted 

ca t s  in this experiment supports the hypo thes �s sugges ted in Exper iment 

one that this was due to the effec t of the regular use of Rompun for 

ana es thesia . 

Jaundice was seen in only one cat (Ca·t No . 6 , inf ec ted with 1 06 

orgs/orally) and cannot be clearly explained . However , j aundice with 

Ba Z Zum s erogroup has been produced in hams ters (Frenkel , 1 97 2 ; and 

Thompson , 1 9 78 ) . 

With the I . P .  route of inoculation,  the histological changes 

obs erved were more severe than with oral exposure . The inf lammatory 

response in cats inf ec ted by both routes and at all infective doses was 

greatesL at two weeks post  infection . Those  cats necrops ied one month 

p . i .  showed comparatively less obvious his topatholog ical changes , however ,  

i t  cannot defini tely be concluded tha t the tissue damage which occurred 

was transient and disappeared within this time or whe ther the varia t�on 

seen was just  due to individual response . In this regard it is worth 

no ting that the foci of interst itial nephr itis were small and l imited 

in distr ibution,  so some les ions could have been missed in the tis sue 

s ec tions selec ted . 

This s tudy agrees with the find ings of Lucke ( 1 968 )  who showed that 

chronic inter s titial nephritis in cats which resembles that seen in aogs , 

is  no t caused by leptospiral organisms . 



EXPERIMENT THREE 

STUDIES ON THE DURATION OF THE CARRIER STATE 

IN CATS INFECTED BY THE ORAL ROUTE 

This experiment was carried out to investiga te the duration of 

lepto spiraemia and to de termine the leng th of time the cat can remain 
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a carrier o f  serovar baZ Zum .  The experiment also included an examination 

of the serological changes which occur in the cat following inf ection . 

MATERIALS AND METHODS 

Five crossbred s ix month old cats were div ided into two groups of  

two ca ts each (one male and one female ) with one male cat remaining as 

a control . A month prior to infection �11 the cats were treated with 

p iperazine . S erum samples were collec ted one week b efo re inf ec tion and 

checked for lep to sp iral agglut inins . Infec tion was induced by the o ral 

rou t e .  T�o of the cats were infec ted wi th 10 8 lepto spires (cats No . 1  

and No . 2 ) and the other two with 1 04 organisms (cats No . 3  and 4 ) . TI1ese 

two infec tive doses were chosen af ter consideration of the resul ts ob tained 

in previous inocula tion experiments (Chap ter 3 ) . The cul ture used was 

a seven day old culture of ba Z Zum from the s�e origin a s  the previous 

exper iment , s tandardised by count ing in a Petroff Hauser counting chamber . 

Al ternate cats from each group were bled daily until two weeks p . i .  

and the blood ob tained was used for both serology and leptospiral cul ture . 

Af ter two weeks the cats were bled weekly until one month p . i . and 

following this per iod blood samples were co llected every fortnight f or M . A . T .  

Gel-filtrat ion tests were performed on all serum samples positive to the 



M . A . T .  using Sephadex G-200 (Pharmac ia*) columns (Append ix I l l ) . The 

accuracy of the IgN and IgG frac tions ob ta ined by the gel- f il tration 

technique was conf irmed by immunoelectrophoresis (Appendix V) . Growth 

inhib ition tes ts (GIT) using the modified method of Tr ipathy e t  al . 

( 1 9 7 3 )  (Appendix IV ) were performed on the las t seru� sample obtained 

at the time o f  euthanasia ( 19 weeks p . i . )  from the two cats which 

produced a serolog ical response . Blood samples for culture were 

ob tained from the j ugular vein but ,.,hen a larger amount was required 

cardiac puncture was u sed . Urine was co llec ted at the same time as the 

bloo d samples until two weeks p . i . af ter which it was ccllec ted twice 

\\Teekly . 

The s tudy was car ried out f o r  132  days . Af ter thi s  per iod of time 

the cats were killed with Euthesate and necropsied . All the procedures 

for  cul turing the tissues and urine and for his tological process ing were 

the same as prev iously described . Because of  the contamina tion problem 

exper i enced in the fir s t  experimen t ,  a modified technique was used f •Jr 

cul turing b lood . One drop of b lood was inocula ted into each of two 

b o t tles of EMJH semi-solid media containing 400 mg 5Fu . In addition ,  

0 . 2 - 0 . 5  m l  o f  b lood was diluted into a 9 ml s ter ile S tuar ts basal 

med ium ( SNB) and from this dilution 3-5 drop s were inoculated into 

each of two bottles of EMJH semi-solid containing 400 mg 5Fu . 

The method of urine collection r outinely used in these experiments 

was manual pressure on the bladder as  described in Experiment one . In 

order to compare the effect of this manipula tion on the b ladder with the 

technique used by mos t overseas workers , namely ; asp iration from the 

b ladder through the abdominal ,.,all  (bladder tap ) , the latter technique 

was performed three to four times on the control cat in the las t week 

of the exper iment .  

* Pharmac ia Fine Chem��als AB , Uppsala , Sweden . 
( 
I 
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RESULTS 

Blood and urine culture 

Only one of the four cats ( No . 2 )  showed a leptospiraemia (Table 8) . 

It  commenced at  seven days p . i .  and lasted for a period of f ive days . 

Leptosp iruria also occurred in this cat s tarting at  the 1 3 th day p . i .  and 

shedding o f  organisms cont inued regularly until 1 22 days p . i .  Urine 

specimens f rom the cat were always negat ive v;hen examined by direc t 

darkfield examina t ion . None of the o ther ca ts had positive blood or 

urine cultures.  

Serology 

Bo th the cats tha t were infec ted with 1 0 9 organisms responded 

serologically but one of these (No . l )  responded earlier than the other 

( Figure 8a&b ) . The serological titres of serum samples from cat No . l  were 

cons is ten':ly low and became negat ive at 12 weeks p . i . ' The f irst pos i t ive 

titre in cat No . 2  was detected three weeks p . i .  and this persisted until 

the end of  the experiment . The cats >vhich were inf ec ted with 1 04 • .  
leptospires did no t produce a serological respons e .  

The gel-f il tra tion technique established that the ant ibody respons e 

b egan with an IgM response (Figure 8a&b )and ant ibodies remained in the IgM 

peak unt il the 8th week p . i .  In ca t No . 2  IgM reached its highes t peak at 

the four th week p . i .  and thereafter decreased until 1 2  weeks p . i .  In this 

ca t IgG was detec ted �rom the 8 th week p . i .  with a IgG : IgM ra tio of 3 . 5 : 1 .  

At the 1 2 th week p . i .  the IgG : IgM ra tio was 5 : 1 and a t  the end of the 

experiment ( 19 th week p . i . ) all the response >vas in IgG peak . In cat  No . l  

the s erological response remained in the IgH peak throughou t the experiment . 

The f tndings of immuno-el ec troph8res is conf irmed the accuracy of the gel

f i l tration test  (Figure 9 ) .  



Table 8 

CULTURAL FINDINGS 

FOLLOWING ORAL BALLUM INOCULATION 

eat ' s  
Reference 

Number 

1 

2 

3 

4 

Control 
Cat 

Infec t ive 
dose  

1 0  8 

1 0  8 

10 4 

10  4 

Nil 

negative 

N . D .  not done 

Route of 
Infection 

Oral 

Oral 

Oral 

Oral 

Nil 

Lepto
s piraemia 
days p . i . 

7-1 1  

N . D .  

Lep to
spiruria 
days p . i .  

1 3- 1 22 

4 6  

Kidney 
and tissue 

culture 
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HICROAGGLUTINATION T ITRE OF WHOLE SERUM ( - ) OF CAT NO . 2 AND 
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Figure 9 .  

Cathode 

Cathode 

Immuno-elec trophoretic reac tion of conc entrated 
gel-filtrat ion fractions of cat serum with goat 
anti cat serum and goat ant i cat IgG . 

Anode 

The goat anti cat IgG was not spec if ic for y 
chains therefore , it  cross reacted with IgM 
(peak I ) . 

goat ant i  cat serum 

peak I I  

goat ant i cat IgG 

goat ant i cat serum 

p eak I ( IgM) 

goat ant i cat IgG 

goat ant i  cat s erum 

p eak II  (IgG )  

goat anti cat IgG 

Anode 
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Growth inhib it ion t e s t s  (GIT) us ing sera obtained from c a t  No . 2  

inhibited the growth of lep tosp ires completely whereas the serum from 

cat No . l  produced only par t ial clump ing of the organisms without 

inhibiting their growth . 

Necropsy findings 

No gross les ions were found in any of the infec ted cats . The bladder 

of  the control cat was moderately hyperaemic and dif fuse haemorrhagie was 

no ted in the ventral wall around areas presumed to be sites of aspiration . 

Histologi cal findings 

Despite long term sheddi
.
ng of lep tospires cat No . 2 showed no signif icant 

his tological changes in the kidney . 

The sec tions of b ladder from the control cat showed congestion and 

oedema of the submucosa.  There were also areas of diffuse haemorrhage 

containing occas ional neutrophils in the lamina 1• rop r ia and a large focus 

of haemorrhage extended between smooth· muscle bundles at one p o int in the 

bladder wall (F igure l Oa ) . 



Figure l Oa .  Bladder from a cat following collect ion of 
ur ine by aspiration through the abdominal 
wall . Areas of diffuse haemorrhage and 
oedema are present in the submucosa . (HE X 125 ) . 

Figure l Ob .  Bladder o f  the cat No . 2  following collection 
of urine by manual pres sure throughout the 19 
week period of the experiment . No histological 
abnormalities were observed . (HE X 125) . 
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DISCUSSION 

Oral inf ec tion of 108 lep tospires successfully produced a carrier 

state in one of  the two cats infec ted which las ted unt il 1 22 days p . i .  

Although several workers have previously produced carrier states 

experimentally in cats , dif ferent serovars an� rou tes of  infec tion have 

been used (Table 9 ) . The infection with baZ Zum in the present exp eriment 

has produced the longest carrier s tate as yet recorded in cats . 

The cats which were infected with 10 4 leptospires did no t respond 

serologically or yield positive cultures . This conf ir�s the importance 

of the infec t ive dose  in producing an experi�ental infection as previous ly 

demons tra �cd in Experiment Two where only one of three cats became inf ec ted 

at this dose rate ( 1 04 ) .  One possible reason for fa ilure of  inf ec tion a t  

this dose  rate is the age o f  the experimental animal used and this has been 

discussed earlier in Experiment Two . Although the animals used in this 

experiment were six months old ( two mon :..hs older than those in the second 

experiment) , their relatively young age canno t be d is counted as a fac to r 

affec t ing their abil ity to be infec ted . 

The s erological results obtained in this exper iment are rather 

d ifficult to interpret because two different pat terns were obtained with 

the same infec tive dose . These results also emphas ised the role of 

indiv idual varia tion in response to infec tion (HathaHay , 1 9 7 8; Hell s trom , 

1 9 7  8) .  

F ractiona tion of  the sera using Sephadex G-200 demonstra ted tha t both 

· the cats cesponded to baZZum infection init ially with product ion of  only 

IgH agg lutinins . Af ter the 8th week p .  i .  agglutinins of IgG class were 

identified in the serological response of cat No . 2  with a decreas ing 

lg}l : IgG ratio and termination of the response with IgG . In one cat the 

serological response was 1 00% IgM. 



Tab l e  9 

THE DURATION OF LEPTOSPIRURIA REPORTED 

IN EXPERIMENTAL FEL INE 

LEP TOSPIROSIS  

Author 

Hirth ( 1 9 3 7 )  

Klarenbeek & Winss er 
( 1938)  

O tten et  al . ( 1 954 ) 

Fess ler and Morter 
( 1 9 64 )  

Ferris and Andrews 
( 19 6 5 )  

Leptospira serovar 
Route of  
Infection 

icterohaemorl'ha.giae * 

canicola * 

canico la and * 
icterohaemorrhag-: ae 

pomona s . c .  

pomona I . P .  and 
conj unc tivally 

4 9  

Pos t- infec tion 
identif ication 
lep tospires in 

urine 

3 weeks p . i .  

15-78 days p .  i .  

+ 
7 7  and 9 8  days 

p .  i .  

**55 days p . i .  

**45 days p .  i .  

Modric ( 1 9 7 4 )  pomona I . P . , s . c . , i .m .  * * 1 4  and 34 days 
p . i .  

* No t given 

+ By Levad iti  s tain 

** By cul ture 
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Hellstrom ( 1 978 )  founJ that in ca ttle responding to natural hardjo 

infect ion the initial  agglut inin was also only IgM, but later 90 to 1 00% 

of the agglutinins were in the IgG class . He also found that some low 

t itred animals had a higher ra tio of IgM : IgG than the higher titred 

animals . 

In the rabbit ,  infection with d iff erent leptospiral serovars has 

also resul ted in IgM as the ini t ial agglutinin (Graves and Faine , 1 9 7 0 ;  

Kadlcik e t  a l . , 1 9 7 3 ) . Produc t ion of only IgM agglu tinating antibody has 

b een reported by Rocker and Bever ( 1 965)  in rabbits challenged repeti tively 

over an 18 month period \olith serovar bifZexa. 

Since the cat in which a car rier s �ate '"as es tablished \ola S  also the 

only cat producing IgG it is temp t ing to postulate tha t the oc currence 

of  a carrier s tate may b e  related to the produc tion of IgG . However , it  

i s  diff icult to draw f irm conclusions in  this experiment because of  the 

l imit ed number of cats used .  

Roth et  a Z .  ( 1 963)  have describ ed lepto sp iral infection with a 
. j  

spec if ic serovar in  a reservoir ho st as  having the following characteristic s : -

1 )  P�rity of  clinical symp toms . 

2 )  Long duration of  leptosp iruria with cons tant and heavy 

shedd ing of organisms . 

3 ) Ratio of serologica l : bac ter iological prevalence is 

approximately unity or below i t .  

They also state tha t a maintenance (reservoir ) hos t for a particular 

serovar can only be catagorically def ined as such by experimental infec tion . 

Ro th e t  a l . ( 1 963)  descr ibed the following def init ion for acc idental 

( inc idental ) hosts : 



1 )  They may or may not show symp toms following infection.  

2) They usually become bacter iologically nega tive in a short  

3 ) 

4 )  

time and a s  a r esult they a re no t effective shedders of  

lep tosp ires . 

They may remain serologically possitive for several years .  \ 

They a re not necessary for the cont inual existance of the 

disease . 

5 )  They may b e  o f  minor ep izoo t iological impor tance and serve 

as temporary transport hos t s . 

These  criteria are mo s tly appli cable to wild animals , but because 

of the ea t ' s outdoor life and i ts relationship to other wildlife these 

criter ia may be app lied to al1 of the present experiments with bal lwn. 
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The ratio ' s  o f  positive bac teriological and serological results to 

the numbers of animals infected are shown in Table 1 0 . · The comb ina tion 

of the results of Exper iments Two and Three produced a mean bac ter io logical : 

serological ratio of  60% for an infec tive dose of 108 lep tos pires and 20% 

for. 1 0� o rganisms . Combined analysis �f the bac ter iological and s2ro-

log ical resul t s ,  excluding the resul ts of the infec t ive doses less than 

1 06 l eptosp ires , reveals a 62 . 5% bac teriologic ra te and 7 5% serologic rate 

for infec ted cats . These ratios according to the criter ia of Ro th et a l .  

( 1 9 6 3 )  indicate that the c a t  could b e  a maintenance hos t  for ba Z lwn. 

However , the field s tud ies by Ha thaway and the author of feral ca ts from 

areas with rodents having a high prevalence of baZ lwn infec t ion showed a 

very low prevalence of ba l Zwn titre in these cats . In fac t only one of 

' the eleven mostly mature ca ts examined by Ha thaway ( 19 7 8)  had a titre 

( 1 : 24 )  to bal Zum and no leptospiral isolates were obtained . 

The resul ts of the present invL· c; tigation indicate that ca. t:s are 

pot ential carriers of lep tospires of the Bal Zwn serogroup , although the
' 



Table 10  

Infect ive dose 
leps/ orally 

Experiment 2 

10 8 

106 

1 0'+ 

102 

Exper iment 3 

1 o�+ 

RATIO OF POSITIVE BACTERIOLOGICAL 

AND S EROLOGICAL RESULTS . 

Experiments two and three 

Bac ter iological 
p revalence 

2 / 3  6 6 . 6% 

2 / 3  6 6 . 6% 

1 / 3  3 3 . 3% 

0 / 3  0 

1 / 2  50% 

0 / 2  0 

Serological 
prevalence 

3 . 3  100% 

1 . 3  3 3 . 3% 

0/ 3 0 

1 / 3  33 . 3% 

2 / 2  100% 

0/2  0 

5 2  

• I  
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f ield studies do no t support this view . This disagreement can be f irstly 

due to the age of the experimental cats which were young , none of them 

being older than six months , while the f eral cats were mos tly mature.  

It  has been repor ted by Chernuckcha et  a Z .  ' ( 1 974)  that young animals are 

more suscep t ible to the es tablishment of lep tosp iral infec tion than mature 

animals . Secondly , the longest duration of  the carrier s ta te was achieved 

in a cat receiving 1 08 organisms by the oral route.  Challenge with this 

number of viab le lep tosp ires would be unl ikely in the f ield . 

To investigate the apparent disparity between the exper imental 

resul ts r epor ted in this chapter and the results of f ield surveys ,  it is 

necessary to conduct more extens ive experimental investigation in ma ture 

cats . 

• I  



EXPERIMENT FOUR 

C OMPARATIVE STUDIES WITH INTRA-PERITONEAL 

AND ORAL ROUTES OF BALLUM 

54· 

The recovery of  lepto spires f rom the re tropharyngeal lymph node of 

a cat in Exper iment No . 2  highl ighted the need for a fur ther experiment 

to de te�ine whe ther leptospires are found in the lymph node only during 

the leptospiraemic phase of inf ec t ion or for a more prolonged perio d .  

The lymph nodes were cul tured and examined for leptosp ires and for 

his topathological changes that might be consis tent with baZ Zwn inf ection. 

An addit ional aim of this exper iment was to define the serological changes 

more prec isely than could be achieved in the second experiment . 

HATERIALS AND HETHODS 

The ten cats which were used in this experiment were d ivided into 

three groups (Table 1 1 ) .  All cat s were sero logically negat ive to b2Z Zwn 

pre- infect ion and also negative to the following serovars - pomona� 

copenhageni� baZcanica� tarassovi� hardjo� canicola� austra Zis� javanica 

and pyrogenes .  

Bo th oral infection and intraperitoneal ( I . P . ) inoculation were 

performed to compare the results of these  routes of infection. Four ca ts 

wer e used for each route ;  three of these  cats were ma ture and one was 

b etween f ive and s ix months old . Cats number 1 to 4 (Group 1 )  'vere 

infec ted I . P .  and cats 5 to 8 (Group 2)  were infec ted by the oral route . 

Two further ca ts , one mature ( cat No . 9 ) and the other approximately 

four months old (cat No . 1 0) (Group 3) were given a sub cutaneous ( s . c . )  

inj ec tion of formalised culture of ba Z Zum for serological s tudy . All 



cats were treated with piperazine one week before commencing the 

experiment except the two cats in Group 3 .  
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A seven day old  culture of  baZZu� was u sed to inf ect all  the cat s . 

This cul ture was from the same origin as those  used in the previou s 

experiments , and had been passaged through hams ters . 

One millil itre of  the culture was used for I . P .  inoculation and oral 

feeding . The cats were dosed orally using syringes  without needles . No 

particular feeding regime or fasting was carried out before the infec tion . 

One millilitre of the formalised culture was inj ec ted s . c .  To tes t the 

inf ec tivity of the cultures one hams ter was inoculated I . P .  with 1 ml of 

the live cul ture . This animal died six days post-infection (p . i . ) .  

Another hamster inoculated I . P·. with 1 ml of the formalised cul ture did 

no t die. 

The rec tal temperatures of the ca ts were recorded every day and daily 

blood samples were ob tained from the j ugular vein for cul ture over a p eriod 

of two weeks . Haematological tests such as haemoglob in , packed cell volume 

(PCV ) , \vhite blood cell count , different ial leukocytes , to tal plasma 

protein, icterus index, and pla sma f ibr inogen were carried out weekly . 

Serological tests were performed every al ternate  day for two weeks and 

thereaf ter weekly for the duration o f  the exper iment . 

One cat f rom both the I . P .  and orally infec ted groups was killed 

every week and the following fluids and tissues were collec ted for cultur e ;  

urine , aqueous humo r ,  suspens ion of  kidney , l iver , brain and salivary 

gland . The following lymph nodes were also obtained for cul ture ;  mandi

bular , medial retropharyngea l ,  superf ic ial cervical , accessory axillary , 

mesen t �ric and external iliac or poplitea l .  

The above tis sues were also collec ted for his tological s tudy a s  wel l  

as cul ture . The procedures used for culture and histological proces s ing 

were the same as used in the previous e:�periment s .  



RESULTS 

Clinical f ind ings 

The temperatures of cat No . 1  on the 8 th and 1 1 th day p . i . were 

higher than normal (40 . 2°C and 39 . 5°C respectively ) . (The normal 

0 
temperature range es tablished for cats in this study was 38 . 0  C to 

39 . 0°C ) . Cat No . 6  had a high temperature at seven days p . i . ( 39 . 7°C)  

and cat No . 5  had an eleva ted temperature nine days p . i .  
0 ( 3 9 . 6 C) . 

Haema tology 

Three cats (No .  ' s  1 ,  5 and 6 )  had a neutrophil ia one \veek p . i . 

( 72% ,  78% and 82% respec tively) . All the cats excep t cat No . 8  had an 

increase in white blood cell count two weeks p . i . 

Urine analys is 
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The specific gravity ( S . G . ) of the cats ' urine , although fluc tuating , 

showed a def inite decrease a t  one week and then again a t  28  days p . i .  in 

two cats . Two weeks p . i .  a decrease in S . G .  was seen in the urine of 

cats No . ' s  3 ,  4 ,  7 and 8 .  

Blood and Ur ine cul ture 

Leptospiraemia 

Lep tospiraemia was detec ted by blood cultures in all the infec ted 

cats except cat No . 7  (Table 1 1 ) .  In those  cats inf ected by the I . P .  route , 

· lepto sp iraemia was first de tec ted two days p . i .  while the orally infected 

cats had positive b lood cul tures on the third day p . i . In the cats 

infected by the I . P .  route po sitive blood cultures were ob tained for 

longer perio ds compared \vith the orally infec ted ca ts . The longest  

leptospiraemic period of  seven days occurred in cat No . 1 .  Ca t No . 3  



Table 1 1  CULTURAL AND SEROLOGICAL FINDINGS FOLLOWING I . P .  AND ORAL BALLUM INOCULATION 

Pos t-infec tion day of isolation Serological t itres 

Ca t '  s Time of Initial Terminal 
Group Reference Route of Inoculum Age o f  euthanas ia titre ti tre a t  
Number Number Infec tion (1 ml) the cats Blood Urine Kidney Other tissues week p .  i .  ( days p . i . ) euthanas ia 

live 8 th till 
1 / 384  1 I . P .  5-6mth 2-8 th the end 3 1  - Lf wks 1 / 384 cul ture of exp . 6 

2 I .  p .  live 
3rd 1 wk 1 / 38 4  1 / 384 mature - - -� cul ture 6 z 0 

3 I . P .  live 3-7 th 
1 3th ,  1 9 th ,  

.2 1 3 wks 1/ 384 1 / 1536  ma ture -
culture 2 1 s t  7 

4 I .  P .  
live 

mature 3rd 2 wks 
1 /384 

1 / 1 9 2  - - -
7 culture 

5 Oral live 5-6mth 3rd 
20th till 

3 1  4 wks 1 / 24 1 / 24 cul ture end of exp . 
-

10 

live brain , external 
6 Oral mature 3-4 th - 7 iliac LN , man- 1 wk 1 /  2l: 

culture dibular LN , medial 7 

0 retropharyngeal LN 

� 7 

7 Oral 
live 2 wks 

1 / 24 
1 / 384 mature - - - -

7 cul ture 

8 Oral 
live 6th 1 9 th 3 wks 

1 / 48 
1 / 19 2  mature - -

cul ture 9 

9 
formal ised 4 wks 1 / 48 1 / 9 6  V1 s . c .  ma ture - - - -� cul ture 7 " 

� � 
formal i sed 1 / 4 8 :n 

10 4 mth 4 wks 1 / 9 6  H s . c .  - - - -
cul ture  7 



had po sitive blood cultures for f ive days . Blood cultures of the two 

o ther cats in the I . P .  group were positive only on the third day p . i .  

The longest period of leptospiraemia detec ted in the orally infec ted 

cats was two days (cat No . 6 ) .  

Leptospiruria 
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The first urine cul tures were positive on day e ight p . i .  (cat No . l ) 

( Table 1 1 ) the las t day of the leptosp iraemia phase while lcptospires 

were detec ted by darkfield mic roscopy in the fresh voided ur ine two 

weeks p . i . In cat No . 3  positive ur ine cultures d id no t occur until 1 3  

days p . i . In the orally infec ted group leptospirur ia was detec ted in 

urine cul tures from two of the cats on the 1 9 th and 20th days p . i . 

Serology 

A serolog ical response was first  detec ted five days p . i .  and all the 

cats  which were infec ted I . P .  were posi �ive to the M . A . T .  by seven days 

p . i .  (Fig . 1 1 ) .  However ,  the orally inf ec t�� cats had pos itive 

t i tres seven days p . i .  and two of these (No . 8  and 5) had pos itive M . A . T .  

a t  9 and 1 0  days p . i .  The I . P .  infec ted ca ts had higher initial 

serological responses ( 1 /384 )  than the orally infec ted cats whose  titres 

s tarted lower ( 1 /24 and 1 /48 ) . By the third week p . i . these M . A .  titres 

gradually increased to the same level as those in the I . P .  group (Fig . 1 2 ) . 

Although ca t No . 7  showed a very good serological response it had no 

positive cultures . Both of  the cats which were inoculated with killed 

bal lum also had positive titres seven days post  s. c. inj ec tion . However ,  

the rna tur2 cat (No . 9 ) was serologically nega tive at 1 4  days p . i .  while the 

kit ten ( ca t  No . lO )  which had the same dose of killed bal lum as the ma ture 

cat had a positive M . A .  titre of 1 / 0 5  until the end of the experiment (Fi g . l 3 ) . 
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Necropsy and cul tural f ind ings 

The mesenter ic and external il iac lymph nodes  f rom one o f  the two 

ca ts killed at seven days p . i . (No . 6 ) appeared swollen and hyp2raemic . 

Lep tospires were recovered from the cultures of kidney , brain and the 

following lymph nodes : mandibular , mediaretropharyngeal and external 

iliac of cat No . 6 , but no po sitive cultures were obtained from the tis sue 

of cat No . 2 . 

The two cats that were examined at two weeks p . i .  showed no gross 

lesions apart from a pale fatty liver in one animal (No . 4 ) . No pos i t ive 

cultures were ob tained from either of these cats . 

At thr ee weeks p . i .  the kidney cultures f rom cat No . 3  were pos itive , 

while those of cat No . 8  were contamina ted . One mill ilitre from each of  

the contam inated cultures wa s inj ected into hams ter s I . P .  The hams ters 

were killed after ten days and all cultures ob tained from the kidneys o f  

the hams rers were negative . 

Cats No . 1  and No . S  which were younger than the o thers were • I  

necrops ied four weeks p . i . Posi t ive cul tures were ob tained from their 

kidneys and urine but no t from o ther or gans . 

Histological changes 

The main his tological find ings are summarised in Table 1 2 .  

Kidney 

All the kidneys examined showed a moderate degree of fatty change 

in the outer cor tex which has been considered as normal (Bloom, 1954 ) . 

In addition, focal areas of severe : atty change and moderate cloudy 

swel ling were observed in the s traight port ion of the p roximal tubules 
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Tab le 1 2  EXPERIMENTAL BALLu.M INFECTIONS SUMMARY OF HISTOLOGICAL FINDINGS 

Group 
Number 

� z 0 

0 
� 

� 
� ::X:: � -

Cat ' s  
Reference 

Numb er 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Route of 
Infection 

I .  p .  

I . P .  

I . P .  

I .  P .  

Oral 

Oral 

Oral 

Oral 

s . c . 

s .  c .  

- No significant  change 

Time of 
Euthanas ia 

4 wks p . i . 

1 wk p . i .  

3 wks p . i .  

2 wks p . i .  

4 wks p .  i .  

1 wk p .  i .  

2 wks p . i .  

3 wks p .  i .  

4 wks p .  i .  

4 wks p .  i .  

Focal fatty change in 
s traight port ion of 
proximal tubules 

± 

+++ 

-

+ 

-

+++ 

+ 

-

-

± very mild 

Kidney 

Cloudy 
S-.;.;relling of 

Tubular cells 

± 

-

+ 

± 

-

± 

-

-

-

+ mild 

Interstit :ial 
Focal of 
Cellular 

Inf iltration 

± 

-

-H-

± 

± 

-

± 

-H-+ 

-

Necro tic 
Tubules 

-H-

-

+ 

-H-

± 

-

-

-

-

-H- moderate 

Liver 

Dif fus e 
mononuclear 
Inf iltra t ion 

+ 

+ -

-H-

++ 

+-H-

++ 

-H-

++ 

+++ severe 

(j\ 0 
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in the inner cortex o f  bo th ca ts which were killed o�e week p . i .  (Fig . 1 4a&b ) . 

One or two small foci of lymphocy te inf il tra tion were seen around ur inary 

tubules in the cats killed two weeks p .  i .  but at three weeks p .  i .  the 

kidney of one cat (No . 8 ) contained several large foci of lymphocyte and 

macrophage inf iltration in the interstitium (Fig.  1 5) . Severe c loudy 

swelling , with disrup t ion of the cytoplasm and early necrosis was also 

s een in some g roups of  urinary tubules in the I . P .  inf ected cats at 

three and four weeks p . i .  (Fig . 1 6) .  

Liver 

The hepatocytes of both of the cats killed at one week p . i . showed 

a moderate degree of universal fa tty chang e .  A few small d is seminated 

foci of lymphocytes and plasma cells number ing less than ten cells were 

also present around portal areas . A s imilar but more m ild cellular 

reac t ion was seen in the cats killed at t"Yro , three and four weeks p .  i .  

and thi� appeared to be consis tently mo re severe in the I . P .  inf ec ted 

animals . 

• I  

The ca ts wh ich were inocu lated subcutaneously wi th formalised bal lum 

bo th contained occas ional focal granulomas consisting o f  lymphocytes , 

p lasma cells and macrophages which were not related to any particular 

part of  the l iver . 

Lymph nodes 

At one week p . i .  the germ inal centres of  the lymph nodes of bo th 

cats were active with proliferating blastocytes and macrophages . The 

germinal centres at two and three weeks p . i . were larger than those  killed 

at  one "2ek and an early cellular respons e was visible in the paracortical 

ar.ea . Increased numbers of plasma cel ls \vere also seen in r:he medulla . 

The largest germinal centres seen in this experiment were found at  four 



Figure 1 4a . Intraper itoneal bal lum infec tion , one week 
po st- infec tion (ca t 2 ) . Focal fatty change 
in the straight portion of the proximal 
tubules in the inner cortex. (HE X 1 25 ) . 

Figure 14b .  Higher magnifica t ion of kidney shown above . 
(HE X 400 ) . 



Figure 1 5 .  

Figure 1 6 .  

Oral bal lum infec t ion,  three weeks post
inf ection (cat 8) . A focus of lymphocyte 
and mac rophage inf iltra t ion in the inter s t it ium 
of the kidney cortex .  (HE X 250) . 

Intraper itoneal bal lum infec t ion , four weeks 
post-infec tion (cat 1 ) . Severe cloudy swelling 
of cor t ical tubular epithelial cells with 
f ragmentat ion of cytoplasm .  



Figure 1 7 . 

' · 

Int raperitoneal bal lum infect ion , 4 weeks 
post-infec t ion (ca t 1 ) .  Hyperplasia of germinal 
centres 
make up 
cells . 

in the mandibular lymph node . Macrophages 
a large proportion of the p roliferating 
(HE X 1 25) . 



weeks p . i . in cat No . 1 . Mac rophages made up a large proportion o f  the 

proliferating cells (F ig . 1 7 ) . The medulla was also very active and 

plasma cells extended up into the paracortical area . The lymph nodes 

f ram the second ea t killed at f our weeks p .  i .  (No . 5 )  >vere also active 

but  contained fe>·ler plasma cells than cat No . 1 .  

DISCUSS ION 

62 

From the his tolo gical , serolcgical and cul tcral findings it can be 

concluded that the I . P .  route of baZ Zwn inoculation is more effec t ive in .j 
producing an experimental infection than the o ral route . The mos t obvious 

reason for this is that wi th the I . P .  route of infec tion the�e is no loss 

o f  organisms , while wi th the oral route there are at l eas t two hos t  factors 

which may reduce the number of the viab le organisms . These ar,: f i·i' s tly ,  

s aliva . Li ttle is known o f  the specific effect o f  saliva on l ep tospires . 

· I 

However , i t  is known that saliva contains numerous antibacterial factors -

including lyso zymes , local immunoglobulins , various enz;�es and has a 

high pH . Leptospires can survive for long er periods in an alkaline rather 

than in acid pH . Garden-Smith and Turner ( 1 96 1 )  found that the survival 

t ime of a variety of lep tospiral sero types ranged from 2 1  to 1 5 2  days a t  

p H  7 . 2  t o  8 . 0  and 10  tc 1 1 7 days at pH ' s  5 . 3  t o  6 . 8 .  Okazaki and Ringen 

· ( 1 95 7 )  found tha t l ep tospires can remain mo tile a t  tempera tures b e tween 

34° C to 36°C for 6 . 8  and 2 . 0  days a t  pH of 7 . 2  and 8 . 4 respectively . 



The pH of saliva in the cat was es timated by the autho r to be 

b e tween 7 . 5  and 8 . 0 .  I t  therefore seems unlikely tha t  salivary pH 
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has any effec t on the via�ility of  these organisms . If  some of the o ther 

factors mentioned are responsible for reducing the viability of the 

organisms then the leng th of time tha t leptospires are exposed to saliva 

and the amount of saliva to which they are exposed wil l  be importan t in 

reducing lep tospiral infect ivi ty . However , i t  is a common ob servation 

that the amount of saliva which each cat produces and the leng th of the 

time which a cat may keep a small volume of l iquid in its mouth var ies 

considerably between individual animals . 

The second fac tor likely to affect viability of  lep tospires 

adminis tered via the oral route is the acidic pH of  the stomach . This 

is dis cussed more fully in the next chap ter . S ince only one ml of 

inoculum was used in this experiment the effect of this fac tor may be 

mitigated by the likelihood of absorp tion before the s tomach is reach�d . 

On the 7 th to 9 th days p . i .  high temperatures were recorded in two 
_ ,  

cat s ,  one from the orally and one f rom the I . P .  inf ected groups . These  

temperature rises co incided wi th the initial isolation of leptosp ires 

from the kidney and urine of these cats on the 7 th and 8 th d ay p . i .  

Marshall ( 19 73)  used the e lec tron microscope to investigate 

lep to spiral migration in kidneys and rela ted tis s ues damaged during 

experimental infection of suckling mice . He demons trated that migration 

of lep tosp ires occur� between two and 14 days p . i .  Lep tospires migra ted 

. from the capi llary lumen to the inters titial tissue within the f irs t four 

days p . i .  and this produced cap illary endo thelial damage.  The migration 

of lep tospires between the ep i thelial �ell j unc t ion of the proximal 

convoluted tubules occurred by the lO th day after infec tion . By the 1 9 th 

day p . i .  many lep tospires had ar rived wi thin the tubular lumen and those  

within the lumen had started to  multip ly . 



64 

In these experimental cats a s imilar pattern of t issue damage 

occurred . I t  can therefore b e  concluded tha t the rise in temperature o f  

the c a t s  at this time was due t o  invasion of lep tospires into the 

kidney together with the t issue damage related to the mul tiplica tion of 

the organisms . The decrease in S . G .  o f  urine samples observed a t  this 

t ime may also be rela ted to this tis sue damage . 

Although Fessler and Mor ter ( 1 964 )  did no t observe any changes in 

the temperature of experimentally inf ected cats in their s tudies with 

ba Uum and pomona� Hodric ( 1 97 4 )  has reco rded some degree of elevation 

in the tempera ture three o r  four days p . i .  in cats infected with four 

different serovars ex cluding ba l lum .  

Lep tospiraemia in bo th routes s tarted at approximately the same 

t ime ( two to three days p . i . ) .  The dura tion of lep tospiraemia by 

haemocul ture was recorded to be as long as five and six days in two of 

the four cats in the I . P .  inf ected grou? ( Table  1 1 ) , while in the o rally 

inf ec ted g roup only one o f  the cats ( cat No . 6) h2d pos i t ive b lood cul tures 

fo� two days duration . However , recovery of lep tosp ires from a number of 

tis sues from cat No . 6  a t  necropsy one week p . i . ,  desp i te nega tive and 

contaminated blood cul tures a t  this time conf irmed a lep tospiraemia o f  

five days duration . This  illustrates that recovery of lep tosp ires us ing 

the present techniques is no t one hundr ed per cent accurat e ,  especially 

when dea ling wi th a small  sample su ch as a drop of blood containing 

relative ly small numbers of organisms . For this reason i t  canno t 

def ini tely be concluded that the lep tospiraemia in the orally infected 

· ca ts was ·�horter than tha t obs erved wi th the I . P .  route of infec tion . 

I f  these resul ts are cons idered in conj unc tion wi th thos e  ob tained 

in the p revious experiment (ExperimE:.:1t 3) in \.Jhich an orally inf ected cat 

y ie lded positive haemocul tures for five days dura tion, then i t  seems 



65 

l ikely that the leptosp iraemia p roduced by bo th routes of infec tion was 

of s imilar duration.  

Leptospiruria appeared to s tar t earlier in the I . P .  infec ted cats , 

but s ince posi tive kidney cultures were ob tained from one of the orally 

infec ted cats  (No . 6 )  one week p . i . ,  it  could be pos tula ted that lep to

spiruria may s tar t at the same t ime with b o th the rou tes of infection . 

Lack o f  posi tive urine cul tures in the ora�ly inf ec ted cats may have been 

due to  fewe� numbers of organisms in the ur ine . 

All the cats had pos i t ive serological titres by the l O th day p . i .  

The I . P . infec ted cats had h�gh initial titres while the orally infec ted 

ca ts s tarted with low ti tres ( 1/ 24 and 1 / 48 )  bu t by the third week p . i . 

their ti tres had reached the same level as the I . P .  inf ec ted group . 

Although o ne cat (No . 7 )  had a very good serological response no pos i t ive 

cultu res �ere ob tained . 

Fes s l er and Mor ter ( 1 96 4 )  found demons trable agglutinins in five 

of the s ix s . c .  infec ted cats . They described the s erological response 

as being moderate in degree bu t gave no specific details . They recorded 

a p eak titre of 104 from one of the ca ts 26  days p . i .  which was 1 2  days 

later than that ob tained in the present experiment . 

Pos i t ive sero l ogical resul ts were ob tained from cats inoculated wi th 

bo th killed ba ZZum as well  as those  inoculated with live cul tures . This 

differs f rom the results ob tained by Jones ( 1 9 64 )  who was no t able to sho\v 

pos itive titres in his  experimental cats ino culated with ei ther killed or  

pathogenic  leptospiral serovars . A higher and longer serological respons e 

was ob tained in the ki t ten inocula t �d wi th formalised ba ZZum t�an in the 

ma ture cat .  This could be explained by the age o f  the cat and the gr eater 

amount o f  the antigen adminis tered in relation to i t s  bod�veight and size . 



------- --- -------- ·-··---------- - ------- --- - ---

66 . 

According to Bloom ( 1 954)  fat occurs :i.n the upper half or t\vO 

thirds of the proximal convoluted tubules in the cat and the terminal 

portion is fat free . The p resence of  normal lipids in these areas of  eat ' s  

kidney is  r ela tively constant and they are no t irregularly dis tributed 

as they are in the dog . The local ised fatty change seen in the s traight 

por t ion of the proximal tubules of b o th cats killed a t  a week p . i .  was 

dis tinc t in dis tribution and appearance f rom these normal lipids and was 

no t ob served in any of the o ther cats . I t  is possib le therefore tha t 

this change may be rela ted to lep tospiral infection . 

Based on Parshall ' s  ( 1 9 7 3 )  find ings the following hypothes is may 

be sugges ted to explain the his to logical changes in the kidney . 

(a )  At a week p . i . focal fatty changes and cloudy swelling were seen 

in the epithelial cells of proximal tubules which -.;.ms l ikely to be 

due �o sys temic reac tion and migra tion of leptospires into . the 

kidney inters ti tium . 

( b )  At t\vo weeks p . i .  early lymphocyte infiltration was seen arou�d 

cor tical tubule s .  This may be due to the arrival of lep tospires 

in the tubular lumen . 

( c )  At three and four weeks p . i .  there was severe cloudy swelling , some 

necro tic changes in the tubules and foci of lymphocyte and macrophage 

infiltra tion . This was probably due to the r eaction of kidney agains t 

lep tospiral localisation . 

During the bacteraemic phase the lymph nodes appeared to be swollen 

and congested at necropsy . His tologically the germinal cnetres at two 

weeks p . i . were more active than those examined a t  one week p . i .  After 

this t- 2riod all the lymph nodes were active and shmved some degree of 

response in germinal centres , paracor tex and medull a .  It  has been well 

documented that germinal centres and medullary areas are associa ted vTi th 

humoral antib ody production whereas paracortical areas are associa ted 



with cell mediated immuni ty (Roi tt , 1 9 75 ) . This evidence therefore 

suggests  tha t bo th these f orms of immuni ty contribute to the immune 

respons e to lep tospiral infect ion in the ca t .  

The his tological changes in the l iver o f  the cats inoculated wi th 

formali zed baZZum cul ture did no t appear to be related to lep tospiral 

infe c t ion as they had an appearance characteristic o f  parasitic 

granulcmas due to migrating toxo cara larvae . 

b /  
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CHAPTER 4 

EXPERIMENT F IVE 

STL�IES OF THE PREY-PREDATOR CHAIN 

INTRODUCTION 

The acquisition of leptosp iral infec tion by inges t ion of food and 

water contaminated with the urine of carr iers has been described in many 

r ep orts . Experimental inf ec t ion has been demonstrated in guinea pigs 

( Inada et  a l . , 1 9 1 6 ) , hedgehogs (van der Hoeden, 1958a ) , pupp ies (Cys s ,  

1 95 1 ;  Michna , 1 96 2 ) , cats (Cyss , 1 9 5 1 ) ,  wild marsup ial ia and carnivora 

(Re illy et al . ,  1 9 7 0 ) . Natural infec t ion by inges t ion has been repor ted 

in s ilver foxes (Catchpale ,  1 9 34 ) , \vild carnivores (Vyos tskii et al . ,  

1958 ) , and aquatic b irds (Ardeidae) (Babud ieri,  1958) . 

Despite these repor ts it  is generally agreed that the alimentarv 

tra c t  is  an unimpor tant route of inf ection due to low pH of the stomach 

which is capable of destroy ing the lep tosp ires (Als ton and Broom , 1 958 ) 

Reilly e t  al .  ( 1 9 68 )  exp er imentally demons tra ted the enter ic route 

o f  infec t ion with grippotyphosa. The lep to sp ires were pro tec ted from 

gastric acidity with gelat in capsules and deposited into the duodenum 

where they were capable of invading and producing infec tion.  By feeding 

infected mice the same resear chers (Reilly et al . ,  1 9 7 0 )  were able to 

es tabl ish leptosp iral infec t ion in t\vo of seven opo ssums , three of eight 

skunks and two of ten red foxes , but raccoons could no t be infec ted . 

In the previous experimen ts (Chap ters 2 to 4 )  i t  was shown tha t the 

c a t  ca: 1 eas ily be inf ec ted orally . Hmvever ,  it mus t  be acknm-..1ledged tha t 

the experimental feeding of one ml of liquid media d if fers from na tural 



acquisition o f  the disease through the eating of prey . According to 

Alston and Broom ( 1 958)  lep to sp ires given in l iquid med ia may r eadily 

enter the tissues of the upper alimentary trac t and produce infec t ion . 

69  

The purpose of this  s tudy wa s to  ascer tain whether a cat  can be  

experimentally infected via the alimentary trac t and to determine 

whether or not an intersp ecies rela tionship is involved in transmission 

of ba Z Zum serovar from mouse to cat . 

HATERIALS AND HETHODS 

Experimental animals 

Four s ix-month-old cros s-bred cats were kept  in an isola ted room 

f rom the age of one week , together with their seronegative dam . The 

cats wer e  fed canned food and were dewormed before the experiment 

commenced . 
•I 

Before inf ec ting these ca ts , blood samples were collec ted for M .A . T .  

and growth inhibi t ion tes ts (G . I . T . )  and all wer e serolog ically negative 

to the H . A . T .  and G . I . T .  at  the beginning of the experiment .  One week 

before infec t ion the cats were transferred to fibreglass cages in ano ther 

isolated room. They wer e d ivided into two groups and their temperatures 

taken daily from one week pre-infec tion to the end of the experiment which 

las ted 47 days . A control ca t ( the same animals as  used for the third 

experimer. t )  was kep t in the same environment .  
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Method of  Inf ec t ion 

S ix ,  young , white  laboratory mice from an SPF group were inoculat ed 

with 1 ml of a 7-day cul ture of baUwn as used in the previous experiments . 

To check the viab il ity of the cul ture one hams t er was inocula ted I . P .  with 

the same volume of cul ture . It  died five days post-infec tion. 

The mice were made to ur inat e  on glass sl ides by app lying s light 

abdominal pressure . Their ur ine samples wer e  immed iately examined by 

darkfi eld microscopy and at thir teen days pos t-inocula t ion when all were 

f ound to be shedding lcp tospires in the ir ur ine they were killed . Four 

of them Here used f :>r inf ecting the cats and the other two were cul tured 

for lep tosp ires and their kidneys processed for his to logy . The sections 

were s tained by the War thin-S tarry technique as desc rib ed p reviously 

(Chapter 2 ) . 

All cats wer e deprived of food and l iquids for at lea s t  four hours 

b efore being fed the inf ec ted ma ter ia� . Two ca ts (cat No . ' s  1 and 4) \vere 

fed one whole mouse each . The o ther two ca ts (No . ' s  2 and 3 )  were each 
· l  

fed two kidneys and the bladder from one mouse . The cats were separated 

while they were fed the infec ted ma terial af ter which each pair was kept 

in the same cage . 

Collec tion of spec imens 

Al ternate cats from each group were bled daily for two weeks p . i .  

and thereafter b lood was collec ted weekly b y  cardiac punc ture o f  via the 

j ugular vein for M . A . T .  and gel fi ltra t ion t e s t .  The resul ts of gel 

f iltra tion test were conf irmed with the imrnunoelec trophoresis technique . 

Growth inhib i t ion tests  were p erformed on serum samples ob tained a t  the 

t ime of euthanas ia. 
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Urine samples were ob tained from the cats by manu al pressure wi thout 

the a id o f  anaes the s ia . The urine samples uere used for determination 

of  the chemical properties of urine such as : pH , pro tein , blood , 

bilirubin , urobilinogen , ketone , g lucose and nitrite which '"ere 

extima ted by using reagent s tr ip s * .  The specific gravity o f  the urine 

samples was determined by us ing a refrac tome t e r .  A l l  p ro cedur es us ed 

for cul turing bloo d ,  urine or tissues collected at necropsy '"er e the 

same as in previous exp eriments . 

* BH tes t ,  Combuar 7 Tes t Boehringer Hannheim Gmbh , Mannheim , G ermany . 
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RESULTS 

Clinica l findings 

All cats  showed a slight r ise  in temperature bf 0 . 5 to 1 . 0°C a t  

9- 1 2  days p . i . , but apart from thi s the infection was symptomless . There 

was a signif icant drop in the specif ic g ravi ty of the ur ine of all cats 

at two \veeks p .  i . ,  al though a mild degree of fluctuation was no ted 

throughou t the experiment . 

Blood and urine cul ture 

Lep tosp iraemia was de tec ted in all the cats (Tab le 1 3 ) . It was fir s t  

seen i n  those cats which were ·  each fed the kidneys and bladder from one 

mouse (No . ' s  2 and 3) at s ix and seven days p . i . and the cul tures remained 

positive for seven days . In those cats \vhich \vere fed a \vhole mouse  each 

(No . ' s  4 and 1 )  lep tospiraemia s tar ted at nine and ten days p . i .  and the 

cultures were positive for a period of three days in one (No . 4 ) and �ne 

day in the other . 
• I  

Leptospiruria was al so detected in all the ca ts (Table 1 3 ) . It  

commenced at 12  days p . i .  in the cats fed mouse kidneys and b ladder but 

appeared at 15 days af ter ingestion in the animals fed \vho le mice . Cat 

No . 1 3 was the f ir s t  cat in \vhich lep tospires \vere de tec ted by darkf ield 

microscopy . This  o ccurred at 1 8  days p . i .  One t o  two lep tospires were 

seen per darkf ield examination at a 1 2 . 5 X obj ec t ive ( to tal magnification 

X 1 5 6 ) . Sub sequent counting and d ilu tion of leptospiral cul tures in the 

Petrof f-Hausser counting chamber ind icated that this number of lep tos pires 

was equivalent to 1 04 organisms per ml . 
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Table 1 3  

CULTURAL FINDINGS  FOLLOWING INGESTION OF BALLUM INFECTED PREY 

Ctt ' s  
Re erence 

Number Age S ex 

1 6 months Male 

2 6 months Male 

3 6 months Female 

4 6 months Female 

Infected 
Inges ta 

One whole 
mouse  

Kidneys ,  
bladder of 
one mouse 

Kidneys , 
b ladder of 
one mous e 

One whol e . 
mouse 

Isolation of the lep tosp ires 

Days 
Blood 

9 th 

7 , 9 , 1 1 , 
& 1 3th 

6 , 8 , 1 0 ,  
& 12th 

8 ,  l Oth 

J2. i .  
Urine 

1 6 th till 
end of 

exp . 

1 5 th till 
end of 
exp . 

1 2 th til l 
end of 

exp . 

1 5 th t il l  
end of 

exp . 

O ther 
Kidney Tis sues 

At eu thanasia 4 7  
days p .  i .  

+ 

+ 

+ 

, ,  
+ 
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Serology 

lwo weeks p . i . all the cats  wer e  pos i t ive to M . A . T .  and their titres 

were similar ( Table 1 4 ) . Their t itres reached a peak f ive weeks p .  i .  and 

dec lined thenafter (Fig . 1 � . In one cat (No . 1 )  the t i tre declined more 

rapid ly than the o thers . 

The G . I . T .  ' s  conducted on the b lood samples ob ta ined a t  euthanasia 

were pos i t ive for all ca ts excep t No . 1  which had the lowest titre ( 1 : 48 ) . 

The resul ts ob tained for this cat  showed par tial clump ing and s l igh tly 

less leptospiral growth than the contro l .  The serum from this cat was 

compared with the serum from ca t No . l  in Exper ime11 t 3 in which the titre  

declined rapidly and disappeared . Al though both these sera were considered 

to be non- inh ibitory the cat w i th no detec table titre (No . 1 Exp . 3 ) had 

sl ightly more leptosp iral growth than the o ther (No . 1  Exp . S ) .  Fra c t iona t ion 

of serum shmved that all the cats ini tially produced Ig:t-: at t�vo weeks 

p . i .  (Fig . 1 9 &20) .Those cats which were f ed infec ted kidneys and b ladder 

subsequently produced IgG a t  f ive to s ix weeks whereas vJith thos e fed \vhole 

mouse , the response remained in the IgM peak . These resul ts were confirmed 

by the immunoelec trophores is technique (Fig . 2 1 ) .  

Necropsy and cultural f ind ings 

No gros s  les ions were found in any o f  the ca ts . All the cats  had 

pos i t ive kidney cul tures , bu t all  o ther t issues cul tured wer e negative 

( Table 1 3 ) . 

His tological changes 

The mos t  severe histological changes were seen in the cats which 

were f2d infec ted kidneys and bladder . These cats bo th showed focal areas 

of inter s t i t ial nephritis in the kidney cor tex . They cons is ted of 



Table 14  

eat ' s  
Reference 
Numb er 

1 

2 

3 

4 

SEROLOGICAL RESPONSE OF THE CATS DURING THE PERIOD 

OF EXPERIMENT 

M . A . Titres day p . i . 

7 1 4  2 1  28  35 4 2  

1 / 1 9 2  1 / 7 68 1 / 384 1 / 1 5 36 1 / 1 9 2  

1 / 24 � / 9 6  1 /384 1 / 1536  1 / 1536  

1 / 9 6 1 / 384 1 / 1 9 2  1 / 1536  1 / 1 53 6  

1 /48 1 / 192  1 / 768  1 / 1536  1 / 1 9 2  

All cats showed no agg lut inat ion titres pre-inf ect ion 
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4 7  

1 / 4 8  

1 / 384 

1 / 1 92 . 
I 
I 

1 / 1 9 2  �� 
, , r 



1 / 7 68 

1 / 384 

1/ 1 9 2  

1 / 9 6  

1 / 4 8  

1 / 24 

1 / 1 2  

' .  

Figure 1 8 .  

M . A .  T ITRE OF CATS IN THE PREY-PREDATOR CHAI:.; . 

Ca t 4 ) Cats fed tvhol e  
- - - Cat 1 ) inf ec ted mice 

Cat 3 ) Cats fed kidneys and 
- - - Cat 2 ) bladder o f  infec ted mice 

o ���=���=��+Y------��-----�--·----�r 
- 1  0 1 2 3 4 5 6 7 

Weeks p . i .  



1 / 1 536 

1 / 768  

1 / 38Lf 

1 / 1 9 2  

(!) ,_. .IJ ·.-1 f-1 1 / 9 6  
.:X: 
....: ..:.. 

1 / 48  

. .  1 / 24 

1 / 1 2  

0 

• • 1 

Figure 1 9 .  

1 

}!ICROAGGLUTINATION TITRE OF l·HIOLE SERUM (-) AND OF IgN AND 
IgG FRACTIONS FROM CATS vlHICH WERE FED HITH KIDNEYS AND 

BLADDER OF AN INFECTED MOUSE . 

2 3 

Heeks p .  i .  

D IgG 

� IgH 

,, 
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, J Figure 20 . 

I 
1 / 1 536 

1 / 768  

1 / 384 

1 / 19 2  

1 / 96 � 
1 / 48 J 
1 / 24 

1 / 1 2  

MICROAGGLUTINATION TITRE OF �.JHOLE SERlJM ( - ) AND M . A .  TITRE OF IgM FRACTIONS • 

FROH CATS lvlUCH '\>!ERE FED HHOLE INFECTED MICE .  

0 1 2 3 

Heek s  p .  i . . 



Figure 2 1 . 

Immuno-elec trophore t ic reaction of concentrated 
gel-fil tra tion fract ions of cat seru� with goa t 
cat serum and goa t anti cat IgG . 

Ca thode 

ant i  

Anode 

goat ant i  cat serum 

whole ca t serum 

goat ant i  cat  IgG 

goat ant i  ca t serum 

p eak I ( IgM) 

goat anti cat I gG 

r.· goat ant i  ca t serum �- ---.:.::. 

Cathode 

peak II ( IgG) 

goat anti cat  IgG 

Anode 

The goat ant i cat IgG was not spec ific for y 
chains therefore i t  cross  reac ted with p eak I ( IgM) . 

· J 
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macrophages , lymphocy tes and plasma cells  but those lncated i n  the 

outer cortex also conta ined neu trophils ( Fig . 22 ) . No foci of cell 

inf i ltra tion were seen in the ki dneys of the cats fed whole mice and 

no lep tosp ires were seen with Warthin-S tarry s tains of kidney sect ions 

f rom all cats . 

The liver of one cat (No . 2 ) fed infected bladder and kidney 

contained mild per ipor tal inf iltration of lymphocytes and plasTia cell s . 

The retropharyngeal and mes enteric lymph nodes from this animal also 

shov-7ed b igger germina l  centres than those seen in the o ther cat s .  

DISCUSSION 

This experiment has demons trated that cats can become infected 

with Bal lum serogroup by ingest ion of infec ted prey . The infection 

was successful desp i t e  the inhib itory effec t of low stomach pH induced 

by a period of starvat ion on the leptospires within the inge s ta . The 

his tological , serological and cultural f indings showed that�he cats 

f ed whole mice exhibi t ed less severe changes than those fed with 

infec t ed b ladder and kidney tissues . This may b e  due to two factors , 

f ir s t ly it  is l ikely that a small por t ion o f  inf ected food would have 

greater contact with the pregastric mucosa during mas ticat ion and 

swallowing than a whol e  mouse .  Secondly , a small por t ion o f  inges t a  

will pass more  rap idly through the s tomach than a large bolus o f  prey 

containing tissue which are difficult to  digest (Thomas , 1 9 5 7 ) . 1 �u s  

leptospiral organisms \vi thin a large bolus o f  prey �-.-rill be exposed t o  

gas tric ac ids over � longer period than those within a small por t ion 

of tissue . 

' I  



Figure 2 2 . Ca t 2 ,  47  days af ter inges t ion of kidneys 
and bladder from an infec ted mouse . 
Neutrophils are present within the foci 
of interstitial nephritis  as well  as 
macrophage s ,  lymphocytes and plasma cells . 
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The leptospiraemic phase o f  infec tion las ted seven days in the cats 

fed kidneys and bladder from infec ted mice but was of shor ter dura t ion in 

the cats  which were fed a whole infec ted mous e each . These f indings  

when taken in  conj unc tion with the  prev ious r esults  (Experimen t  4 )  indicate 

tha t the duration of leptosp iraemia is likely to be related to the number 

of organisms which es tab lish the infec tion . In the present experiment the 

microb iological resul ts were more reliable than those prev iously ob ta ined 

becaus e con tamina tion of blood cultures \vas avoided . 

The carrier s tate began a t  1 2  to  1 5  days p . i .  and this coinc id ed with 

a rise in body temp erature of 0 . 5  to 1 . 0°C .  This was presumably due t o  

invas ion o f  the kidney b y  leptospires and the associated tissue damage 

p ro duced . The s ignificance df this temperature elevation was greater 

than those ob tained previously because the cats in this experiment were 

more adapted to handling and bet ter acquainted with their environment . 

By the third week p . i . all ca ts Wtre microscopic shedders of the 

organism and the numbers seen were equivalent to those observed 

previously with the I . P . �oute of infec t ion (Exp . 2 and 4 ) . 

All the eat s  had pos i t ive serological ti tres a t  tHo weeks p .  i .  

Their t i tres w�re s imilar and showed a sharp decline after s ix weeks 

(Table 1Lf) . The serum samples examined for growth inhib i t ion ac tiv i ty 

a t  the time of euthanasia showed tha t  the sample with the . lowes t t itre 

( 1 : 48 )  had no inhibitory effect on the grm.;rth of lep tospires . I t  can be 

concluded from these results and those in Experiment 3 tha t sera from 

cats  with low dec lining serological t itres or titres which have recently 

disappeared are no t able to inhib i t  the growth of leptosp ires . Thi s  

d if fers from the s i tua tion in o ther species which are able t o  inhib i t  

lep tosp iral growth follm·ling immunL:;ation al though they n o  longer produce 

detectable }� t i tres (Tripathy et  a l . ,  197 2 ;  Tripathy et  al . ,  1 973 ; 

and Ha thaway , 1 9 7 8) .  

I ' ' -,. 
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Although insuffic ient sera was availab le t o  carry o u t  gel fil tra t ion 

tes ts on every sample the assump t ion regarding the rela t ionship between 

IgG and the o ccurrence of a carrier s ta te made in the third experiment 

was r e inforced by the f indings in the present experiment .  The first  cat 

to s how lep tospirur ia culturally and microscopically also produced IgG 

agglutinins earl ier than the o thers . I n  add i tion, those cats  \vhich 

exhib i ted the mo s t  severe his tological changes also produced IgG 

agglut inins as well as  I gM,  whereas the two cats wi th insignificant 

les ions produ ced only IgM . The IgG response commenced three t o  four 

weeks earlier in this experiment than in Experiment 3 .  The ear lier 

presence of I gG may be due to the g reater numbers o f  organisms adminis tered . 

On the o ther hand , as the leng th of  the presen t  study was only seven weeks 

the pos sib ility that IgG could have ' subsequently been produced canno t 

be excluded al though i t  is unlikely . 

The his tological changes were s imilar to those described in the 

p revious s tudies with one s ignificant ry if ference namely the presence of  

neutrophils wi thin the f oci  of  inter s ti t ial nephritis . As  this exper iment 

was the only one of seven weeks duration, i t  is tempt ing to pos tulate tha t 

the presence of neutrophils may b e  rela ted to the longer period of  

i nfec t ion . However , the small numbers of animals involved makes i t  

difficul t to draw f irm conclus ions . The existence of the neutrophils in 

foci of inter s t i t ial  nephritis has been report ed with variety of serovars 

in animals such as cattle (Cordy and Jasper , 1 952) , and dogs  (Bloom ,  1 94 1 ;  

}1onlux,  194 8 ;  Mclntyre and Nontgomery , 1952) . 

In �onclu s ion , this s tudy has demcns trated the possib i l i ty of  

p rey-predator transmis sion of lep tospirosis  f rom mice to  cats and that 

desp ite the inhibi tory effect of low pH in the stomach the number of the 

organisms which survive in the inges ted prey are enough to produce 

inf ection which resul t s  in a carrier s ta te . 
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CHAPTER 5 .  

A SEROLOGICAL SURVEY OF FELINE LEPTOSPIROSIS 

INTRODUCTION 

A number of seroiogica l  s tudies have bee� undertaken to define the 

relat ionship between lep tospirosis  in the cat and wildlife (Es s eveld and 

Collier , 1 9 3 8 ;  Clark,  1 9 6 1 ; Ferris and Andrews , 1965 ; Hathaway , 1 9 7 8) 

and thes e have revealed a prevalence of  pos itive titres between 0 - 1 8% 

in the cats surveyd (Table 1 7 ) .  O ther surveys have inves tigated the 

relationship between l ep tosp irosis and fel ine nephri tis (Hemsley , 1956 ; 

Lucke and Crowther , 1965 ; and Joshua, 1 9 60 ) . 

The experjmen ts described previously in Chap ter 3 have shmvn tha t 

serological tes ts such as the M . A . T .  are no t by thems elves suff icient to 

confirm lep tospiral infection , because aniMals may shed the organism in 

thei r  urine without having a s ignificant s erological titre .  O n  the other 

hand these s tudies have also demons trated tha t the cat does no t respond to 

lep tospiral infection wi th a very hig� t i tre and the titre tends t� decline 

rapidly . This  strongly sugges ts tha t a serological survey to determine the 

prevalence of feline lep tospirosis should be based on lower serum dilutions 

than thos e  used by earlier resear chers in many overseas countries who have 

failed to identify any pos i t ive ti tres . Jones ( 19 6 4 )  s tated that the cat 

is res is tant to infection by  canicola� pomona and icterohaemorrhagiae . 

In his experimentally infec ted cats he did no t ob tain any posi t ive ti tres 

even with " proven pathogenic s trains of these serovars . In a subsequent 

survey of 139 cats Jones ( 19 6 4 )  recorded only two positive ti tres of 

1 : 100 , i t  seems likely that he missed low titres by choosing a high 

ini tial serum dilution of 1 : 100 . 
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Broom ( 1 955) sugges ted tha t in the cat a ti tre of 1 : 100 and greater 

indicates infection . Freudiger ( 1 969)  sugges ted that the infr�quent 

f inding of positive lep tosp iral ti tres in cats could be due to the rapid 

decline of the titre and the resul ts ob tained in previous experiments 

( Chap ters 2, 3 and 4) support thi s  sugges tion . As infection is symp tom

less however , it is diff icult to determine pas t or p resent infection and 

sub sequent production of ac tive immuni ty in the cat .  S ince no inforffiation 

is available on lep tospiral titres in ca ts in New Zealand a serological 

survey was conducted to compare their prevalence with tha t  repor ted f rom 

o ther countries . 

N.ATERIALS AND HETHODS 

The blood samples were ob tained from a number of sources in the 

North Island . De tailed his tories of the ea ts v1ere no t available btJ t 

the maj ority of samples were ob ta ined f rom house cats and only occasional 

samples were from farm or feral animals . The serum samples were all 

subj ec ted to  the H . A . T .  (Appendix 1 )  us ing the live antigens pomona� 

bal lum� hardjo� ba lcanica� tarassovi� copenhageni� canico la� pyrogenes� 

bataviae� javanica and aus tralis . The ini tial dilution in the H·. A .  T 

was 1 : 1 2 .  S ix to ten day old cultures of lep tospires in EHJH liquid 

media which contained approximately 1 to 5 x 10 8 lep tosp ires per ml were 

used . 
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RESULTS 

The posi tive serological reactions ob tained together with the titres 

and details of  the animals ' samples are shown in Table 1 5 .  Twenty f ive 

of  225 cats ( 1 1 . 1 1 % )  were positive to one or more serovar s ranging in 

t itre from 1 : 1 2 to 1 : 768 .  Eight s era ( 3 . 55%)  were posit ive to baZ Zum , 

s ix ( 2 . 6 6%)  to cop enhageni ,  five ( 2 . 22%)  to hardjo , four ( 1 . 7 7 %)  to 

pomona , two ( 0 . 88%)  to baZcanica and one (0 . 44 % )  to canico la . In those 

s era where multiple reactions were ob tained , low titres were cons idered 

to be cross r eactions and were disregarded (see discus s ion) , whereas the 

equal ti tres were accep ted for both serovars .  

The other serovars for which positive ti tres \ver e obtained were 

javanica� pyrogenes and austraZis. All positive ti tres to these serovc.rs 

cross-reacted with o thers (Tabie 1 6 ) . No titres were ob tained with 

tarassovi and bataviae. 

DISCUSSION 

In interpreting the r esults , reactions with homologous antigen are 

considered to be the dominating ones (Borg-Peterson, 1 94 9 ) . The 

serological results of the previous experiment s  (Chap ter 2 and 3 )  have 

shown that c ross  reac tion is not very common in cats . The cross reactions 

seen in pomona and tarassovi infected cats were always in the lower t itres 

(Chapt er 2,  Table 4) and in the ba ZZum experiments cross  reactions w ith 

heterologous ant igens were seen only occasionally and did no t follow a 

regular pattern. For Lhis reason the highest  titre ob tained in multip le 

r eac tions was cons idered to represent the homologous antigen .  



Table 1 5  TITRES OBTAINED IN LEPTOSPIRAL SEROLOGY 
SURVEY OF NORTH ISLAND CATS 

Reciprocal of  Titre 

8 2  

Source and 
Sex Age Heal th S tatus Bal .  Pom. Cop. Har. Bale.  Can.  Jav. Pry. Aus . 

M 8yrs P . N . town cat
healthy 

M heal thy 

1 2  

4 8  

M 3yrs Feilding-healthy 1 2  

M 3yrs dairy farm - 48 
healthy 

F P . N .  town cat 1 2  

F 1 2yrs healthy 48  

M 9yrs Tauranga town ea 1 2  

NM 1 3yrs P . N . town cat  68  

NH 

F 

Rangiwahia 24 

adult Linton Army Camp 1 2  
- healthy 

M P . N.  town cat -
healthy 

1 2  1 9 2  

NM 7yrs Feilding 

NM 1 2yrs P . N .  town cat -
s uspec ted 

nephri t is 

F 

F 

adult Piggery - healthy 

18mth P . N .  town cat -
healthy 

192  

384 

24 

1 2  

48 

12 

48 

48 

24 

F S  1yr P . N.  town ca t -
healthy 

192  

M 

F 

3yrs P . N . town cat -
heal thy 

6mth Tauranga country 
area-healthy 

Aged Feilding 

NM 1 6yrs Feilding 

NH 8�r s  P . N .  town cat 

NM 1 2yrs Rangiwahia 

N 1 6yrs Feilding 

N Aged P . N .  town ca t 

healthy 

BaZ .  
Har. 
Jav .  

baUum 
hardjo 

javanica 

Pom. = 
Ba le. = 
Pur. 

pomona 
balcanica 
pyrogenes 

48  

4 8  

48 

192  

24 

48 

192 

Cop. 
Can. 
Aus . 

M = Male F = Female NM = Neuter male 
P . N .  = Palmers ton North.  

9 6  

9 6  

4 8  

1 2  

48 

48 

1 2  

1 2  

24 

24 

12  

copenhageni 
canico la 
austraZis 

1 2  

.; 

1 2  

F S  = Speyed female 

1 2  



Table 1 6  

REACTION OF POSITIVE TITRES TO D IFFERENT SEROVARS 

Reac tions to one serovar 

ba Z Zwn 

pomona 

balcanica 

copenhageni 

React ions to two serovars 

hardjo/balcanica 

hardjo/javanica 

ballum/australis 

bal lum/aus tralis 

bal lwn/canicola 

copenhageni/bal lum 

Reac tions to three serovars 

bal lwn/copenhageni/pyrogenes 

hardjo/bal lum/javanica 

pomona/bal lwn/copenhageni 

pomona/copenhageni/javani ca 

pomona/copenhageni/pyrogenes 

hardjo/balcanica/pyrogenes 

Total number of  sera with 

Reac t ion to one serovar 

Reaction to two serovars 

Reac tion to three serovar s  

pos�tive 

5 

1 

2 

4 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

titres 1 1 .  1 1% 

5 . 33% 

3 . 1 1 %  

2 . 6 6% 
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1 .  Ba Z Zum s erogroup 

This was the mos t  common serovar encountered in the present survey. 

More than three per cent (3 . 55%)  of  sera examined showed positive titres 

and this included the highest titre 1 : 768  recorded in the survey . The 

positive sera came from animals of different ages and f rom a variety of  

sources . 

Hathaway ( 1 9 7 8) recorded a positive t i tre 1 : 24 to baZ Zum in one of 

eleven feral cats which he examined culturally and serologically . 

Initially he hypo thes ised that the titre may have been due to predator 

chain transmission from endemically infected rodent s on the farm. But 

further work revealed no positive t itres or cul tures in s ix feral cats 

which he captured from the FefldinL rubbish tip where the prevalence of 

baZ Zum infec tion in the rats was 4 3 % .  I n  addition f ive o f  these cats had 

rat tissue and fur in their stomach content . He therefore considered the 

possib ility of predator chain transmission was unlikely. Clark ( 1 9 6 1 )  

also failed t o  i solate baZ Zum from 5 6  f eral cats in P ennsylvania , al though 

baZ Zum occurred in house mice in tha t reg ion . 

The results ob tained in the previous experiment (Chap ter 4 )  have 

demonstra ted that cats may easily become infected by ingesting infected 

mice .  In  view of  these f indings it  may be hypothes ised that the predator 

chain was the route of infection in the cats in the present survey . 

However , the number of feral cats which wer e  examined from endemically 

infec ted areas in bot�1 the present s tudy and by Hathaway ( 1 9 7 8) were not 

large enough to reach a f irm conclus ion. 

A fur ther problem in interpreting these results  i s  the po s s ib ility 

of  fl11ctuation of titres as experienced in Exp eriment Three (Fig . 8u) and 

the consequent d iff iculty in rela ting the s ingle sample ob taine d to the 



s tage of infection of the animal . Fluc tuat ion in titre could also b e  

expec ted with sub sequent exposures t o  the organism but the serological 

r esponse of the cat to repeated exposure has not been s tudied . 

2. Copenhageni serovar 

This was the second most common serovar detected in this survey 
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with six ( 2 . 55%) positive titres recorded. The reservoir of  copenhageni 

serovar in New Zealand is known to be rat s ,  and it was firs t isolated from 

these animals by Kirschner and Gray ( 1 9 5 1 ) .  These authors ( 1 95 1 )  also 

r ecorded the f ir s t  human infect ion with copenhageni in a farmer.  This  

serovar has also  b een isolated from young calves showing sudden onset o f  

clinical s igns and acute toxaemia (Dodd and Brackenridge , 1 960) , a s  well 

as from heal thy calves (Ris et al . ,  1 9 7 3 ) . Hells trom ( 1 978 )  recorded 

sporadic evidence of positive sera-infec tion in a random survey of cattle 

in New Zealand and Mackintosh ( 1 978 , unpubl i shed data ) has observed 

positivf_ seroreaction with copenhageni in a survey of hunt dogs . Brockie 

( 19 7 7 )  isolated copenhageni from the kidneys of Rattus norvegicus 

collec ted in rural rubbish tip s near Tirau and Morrinsvill e .  

Although Hathaway ( 1 9 7 8) found no evidence o f  infec tion with this 

serovar in his wildl ife survey covering the southern par t of the North 

I sland , it nevertheless seems likely that a predator chain was the cause 

of infection in the present s tudy . 

Infectivity of  copenhageni serogroup to the ea� has been experimentally 

demonstrated (Wirth , 1 9 3 7 ;  Otten et al . ,  1 9 5 4 ;  and Modric ,  1 9 74 ) . 
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3 .  Hebdomadis serogroup 

Serovars har�1o and baZcanica are members of the hebdomadis 

serogroup both of which have been isolated in New Zealand . They are 

ant igenically closely related and routine s erological tests cannot 

differentiate between the two organisms . In this survey 2 . 22% of sera 

were positive to hardjo and 0 . 8 8% positive to balcanica . Hardjo serovar 

has been isolated from cattle (Lake , 1 9 7 3 )  and humans (Christmas et al . ,  

1974b ) . Balcanica serovar has so far only b een isolated from the pos sum 

(Trichosurus vuZpecuZa ) (Marshall et al . ,  J 9 7 6 )  and this species is the 

maintenance hos t  for the serovar (Hathaway , 197 8) . Three of the hardjo 

positive samples were ob ta ined f rom a country area (Feilding) and hardjo 

has been reported to be prev�lent in farm an�als in this area (Hells trom ,  

1978 ) . A t itre o f  1 : 200 to hardjo has been recorded previously from a 

farm cat (Anon , 1 9 7 2 )  in New Zealand and po sitive titres to hebdomadis 

serogroup have been reported in cats by numerous over seas workers 

(Table  1 7  ) . 

The two titres to balcanica which did not cross-react with hardjo 

were low 1 : 48  and 1 : 1 2 but may be regarded as indicative of presen t  or 

past infec tion . In Experiment One the cat inf ected with hardjo produced 

a good serological response , but the cat infected with ba lcanica d id not 

respond serological ly and no positive cultures were ob tained . Further 

experiments should therefore be undertaken to inves tigate the suscep t ibility 

of the cat to this serovar . 

4 .  Pomona serovar 

This s erovar has not been found in any small free living species in 

New Zealand apar t from cats . In th; s survey four cats ( 1 . 7 7%)  showed 

pos itive titres to pomona and the highes t  titre  of 1 : 384 was ob tained 
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from an animal suspec ted t o  have nephri t is by the referring veterinar ian . 

Lep tosp ira pomona was firs t isolated from a domestic ca t in New Zealand 

by Harkness et a l . ( 19 70) . A positive t itre of 1 : 3000 has been reported 

by Rees ( 1 9 64 )  from a cat being treated for nephritis  and a titre of 1 : 9 6  

was found in a feral cat by Hathaway ( 1 9 7 8) .  

In New Zealand pomona infection is usually associated with farm 

animals part icularly the p ig (de Jong and Fowler , unpublished 1 9 6 8 )  as 

well as cattle and dogs  (Te Punga and Bishop , 1953 ) , sheep (Har tley , 1 9 5 2 )  

and humans (Christmas e t  a l . , 1974a) . Ryan ( 19 78) estimated tha t 5 3 %  of  

the p igs  he  sampled had b een infec ted with pomona. In this survey one 

cat with a titre of 1 : 24 came from a p iggery in which pomor� h�d been 

isolated from the pigs .  This. sugges ts that pomona infection might occur 

through contac t with infected animals or farm premises . It has been 

demons trated that this s erovar can survive in an a c idic soil (pH 5 . 5 ) a t  

leas t 42  days (Hells trom and Mars�all , 1 978 ) . 

The infectivity o f  pomona has been discus sed previously (Chapter 2 ) . 

The t itres which have been reported in the maj ority of experimental 

infec tions to date (Ferris and Andrews , 1 96 1 ;  Modric , 1 9 7 4 ;  and Chap ter 2 )  

appe ar to b e  lower than the t itres which were obs erved i n  mos t  naturally 

infec ted cats (Rees , 1 9 64 ;  Harkness et a l . ,  1 970) . 

5 .  Canico la s erogroup 

Two sera were posi t iv e  to canico la , one of which cross reacted with 

bal lum and the other with javanica (Table 1 5 ) . Canicola s ero type has 

not been isola ted in New Zealand but Kirschner and Gray ( 1 9 5 1 )  recorded 

positive sera-reactions to canicola in three  dog s .  

� 3n der Hoeden ( 1 958b ) has shown tha t in the early s tages of some 

leptospiral infec t ions , MA titres are encountered for one or mor e  



heterologous serovars which are as high or higher than the homologous 

t i tre . In the present exp eriments canicola cro ss-reac ted with ba l lum 

several time s .  I t  therefore seems l ikely the t itres ob tained 

represented agglutina tion with heterologous antig�n .  

In conclusion ,  the results o f  this survey show that ballum and 

copenhageni are the mos t prevalent serovars  in cats in New Zealand . 
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The reservoir hosts for both of  these serovar s in this country is known 

to be rodents while the maintenance hosts  for all o ther serovars apar t 

f rom balcanica are domestic animals . Although the maj ority of the cats 

f rom which sera were tes ted in this survey were house cats , these 

r esult s  s trongly emphas ise the relationship between the cat and rodents 

in transmiss ion of lepto spiral infection . 

In comparison with the o ther surveys which have been conduc ted 

overseas (Table 1 7 ) , the prevalence of the positive titres in cats in 

New Zealand is high . Ca ts in this country also appear to be unique in 

having a high prevalence of infec tion with bal lum serogroup as well as 

being infec ted with a variety of o ther serovars .  S ince the maj ority of 

the ca ts with posi tive titres were apparently healthy the resul ts are in 

agreement with those of the previous experiments (Chapter 2 to 4) in 

which no obvious relationship between po sitive titre and clinical disease 

could be es tablished . 

As the cat may become a carr ier without having detectable ant ibodies 

and b ecause titres when present tend to decline rapidly , a posi tiv e  titre 

in the cat is likely to be s ignif icant,  and a negative t itre may no t 

express negation of previous exposure . 



Table 1 7  

Author 

Esseveld , Collier 
& Mochtar ( 1940)  

Greene ( 1 94 1 )  

Alicata & Breaks 
( 19 4 3 )  

Weissflog  ( 1952)  

S emmel ( 1 954 ) 

Otten , Henze & 
Goethe ( 1954 ) 

Hochmann ( 19 5 5 )  

Broom ( 19 5 5 )  

Country 

Indonesia 

U .  S . A .  

U .  S . A .  

Germany 

Germany 

Germany 

Germany 

England 

Amons edkova ( 1955 )  Rus s ia 

Hems ley ( 19 56)  England 

Fennes tad ( 1956 )  Denmark 

Murphy et al . ( 1958)  u . s . A. 

Vyso tskii et aZ . ( 1 9 60 )  Russ ia 

Anon ( 1960)  

Clark ( 1 9 6 1 )  

China 

u . s . A .  

Ferris & Andrews ( 19 6 1 )  U . S . A .  

Jones ( 1964)  U . S . A. 

FELINE SEROLOGICAL SURVEYS OF LEPTOSPIRAL S EROVARS 

Dis tric t 

Java 

California 

Hawa ii  

Hamburg 

Munich 

Hamburg 

Leningrad 

Pennsyl . 

Vladivos tok 

Kwangtung 

Pennsyl . 

S th . Illinois 

Number of 
Cas es tes ted 

500 K + B 
A. T .  

100 macro
s copic A . T .  

lOO A. T .  

1 65 

1 28 C . F . T . 
86  M . A . T .  

236  C . F . T .  

1 5  

180  

358  

180  

A . T .  

350M.A . T 

30 

28 

5 6  

2 1  

1 3 9  M . A . T .  

S erotype used 
for test 

2 , 9  

1 , 3 

1 , 3  

1 , 3 , 7 , 9  

1 , 3 , 6 , 7 , 8a , 9  

3 

1 , 3 , 6 , 7 , 8a , 9  

1 , 3  

1 , 3 , 6 , 7 , 8a , 9  

1 , 2 , 3 , 4 , 5 , 6 , 7 ,  
Sa � 9 ,  1 0 ,  lOa ,  lOb 

1 1  antigens 

4 

1 , 3 , 6  

Pos itive 
Sero type 

2 , 9  

1 

3 ,  8a 

3 , 8a 

3 

] , 3 ,  7 

1 

3 

1 , 2a , 8c , 9  

To tal 
Pos i tive 

1 8/ 3 1 0  Agg+ 
14/343  cul . + 

1 

0 

0 

1 
8 

2 
8 

2 

1 5  

3 

3 

6 , 7 , 10 , 1 0a , 10b 1 7  

3 , 7 

6 

1 , 6  

3 

3 

0 

1 

2 

(cant) . . . • 

Percent . 

5 . 80% 
4 . 08% 

1 %  

0 . 78%  
9 . 30% 

0 . 84% 
3 . 38% 

1 3 . 3% 

8 . 33%  

0 . 83% 

1 . 66%  

4 . 9% 

10 . 0% 

1 0 . 7 1% 

4 . 7 6% 

1 . 43%  

C):) 
\0 



Table 1 7  (cont) 

Number of 
Cases 

Author Country Dis trict Tes ted 

Lucke & Crowther England Bri s tol  1 1 8  
( 1 965)  

Freudiger ( 19 6 9 )  Switzerland Bern 1 06 

Carlos et  a Z . ( 19 7 1 )  Philippines 8 

Watson & Wannan ( 19 7 3 )  100RSAT 

Hathaway ( 1 9 78)  New Zealand P . N .  1 1  K + B 

KEY -
K = Kidney 

B = Blood 

A. T .  = Agglutination test 

C . F . T . = Complement Fixation Tes t 

M . A . T .  = Micro Agglutination Tes t 

Agg . = Agglut ination 

Cul .+  = Positive tissue cultures 

Serotype used 
for tes t 

1 , 2 , 3 , 4 , 5 , 6 , 7 , 8a ,  
8b , 9 , 1 0 , 1 1  a ,  1 2  

1 , 3 , 1 1 , 6 , 7 , 8a , 1 2  

1 , 3 , 4 , 9 , 7 , 5 , 1 0 , 6 ,  
8 , 1 1 , 1 3 , 2 , 10a, 8a 

1 , 3 , 6 , 7 , 8 , 8a , 1 3 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

Total 
Positive S erotype Positive 

1 , 2 , 3 , 6 , 8b , 1 1a 8 

1 , 6 , 7  4 

7 1 

7 , 8d , 8e 6 

4 , 6  2 Agg+ 

icterohaemorrhagiae (copenhageni ) 

javanica 

canico la 

bal lwn 

pyrogenes 

pomona 

grippotyphosa 

Percent . 

6 . 8% 

3 .  7 7 %  

1 2 . 5%  

6 . 0% 

1 8 . 1 8% 

hebdomadis; serotype a) sejroe; b)mini; 
c ) saxkoebing; d ) hebdomadis; 
e) hardjo; f )balcanica 

9 .  bataviae 

1 0 .  

1 1 .  

1 2 .  

autwnna lis � sero type a)djasiman; b ) sentot 

australis� sero type a )bratis lava 

hyos 1 3 .  tarassovi 

\() 0 



GENERAL DISCUSSION AND CONCLUSION 

The main aim of the present s tudy was to determine the role of the 

cat as a urinary carrier and in the transmission of lepto spirosis to 

both man and o ther animals . The ini t ial  experiment with intraperitoneal 

( I . P . )  infection of f ive of the s ix leptospiral serovars present in New 

Zealand estab lished that the cats  can become infected with a variety of 

these serovar s .  This  f inding was in agreement with the results o f  the 

survey of domes tic and feral ca ts which showed serolog ical reaction to all  

serovars that exist  in this country except tarassovi . The prevalence of 

serological titre appeared to be high in New Zealand compared to o ther 

coun tries . Thi s, i s  probably rela ted to the fact that all titres of  1 : 1 2 

and above were recorded , also these results canno t b e  compared with mos t  

o ther surveys because f irs tly ; many of the overseas  s tudies have included 

feral ca ts only (Esseveld, Coll ier and Ho chtar , 1940 ; Ferris and Andrews , 

1965 ; and Clark , 1 96 1 )  or ca ts with clinical disease such as nephritis 

(Hemsley , 195 6 ;  Lucke and Crowther , 1965) and in some cas es there is no 

accurate data available about the cats which were surveyed . Secondly , 

the init ial dilution of their serum samples were often no t given . However ,  

if i t  is assumed that the initial dilu t ion in the overseas surveys hdd been 

1 : 1 00 the number of  pos i t ive animals  ob tained in thi s  survey ( Chap ter 5 )  is  

reduced from 1 1 . 1 1 %  to  3 . 1 1% which is a s imilar figure to  that found in 

some o ther coun tries (Table 1 7) .  

As ba l Zum infection is common in New Zealand rodents , one would 

exp ec t  a high prevalence of this serovar in cats . Al though the serological 

survey showed that bal lum is the mos t  prevalent serovar in cats , the 

percentage with titres to this  serovar ( 3 . 55%) is no t very high . An 

exper imental food chain transmiss io-.t ( Chap ter 4 )  was successfully 

demons tra ted by feeding infected mice to cats . It  \vas shown that smal l  
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pieces o f  viscera (b ladder and kidneys o f  an infected mouse ) produce 

a more severe infection than a whole  infec ted mouse presumably due to 

closer contact with the upper al imentary tract .  In the natural s tate , 

cats tend to eat their food greedily and consequently it is of ten poorly 

mas ticated . The large boluses of food produced by this type of feeding 

remain in the s tomach for a longer period of time than smaller portions 

(Thomas , 1957 ) ,  these boluses may be large enough to prot ec t  lep to sp ires 

from complete des truc tion by gastr ic acids and the number of organisms 

which survive may be enough to produce a carrier s tate .  The serologi�al 

and cultural s tudies of a l imited number of feral cats in which a 

prey-predator chain was clearly shown by the pre�ence o f  rat fur and 

organs in their s tomachs revealed a very low prevalence o f  leptosp iros is 

(Ha thaway ,  1 9 7 8  and the autho�) . The cats did not yield any positive 

leptosp iral cultures and only two low titres , 1 : 24 and 1 : 96 were 

ob tained agains t ba Z Zum and pomona respectively . 

The success in experimental prey-predator transmiss ion s tudies may 

be due to the age of the cats u sed in the s tudy , these were young animals 

(s ix months ) and younger animals are more suscep tib le than older ones 

(Chernukcha et a Z . , 1 974 ; and Herber t ,  1 9 74 ) . On the o ther hand the 

labora to ry mice which were infec ted by the I . P .  route are different from 

the na turally infec ted r odents . The number of lep tospires in the field 

infec ted rodents may be lower than in experimentally infec ted ones . 

According to the results of the s ec ond exper iment (Chapter 3)  by 

decreas ing the infect;_ve dos e the cats responded serolog ically with 

lower t i tres , although they became carr iers even with this low 

infective dos e .  

The failure to ob tain a higher prevalence o f  feline leptospiros is 

espec ia lly with BaZ Zum serog roup in the f ield survey may be due to a 



number of  f ac tor s .  Firs tly ; mos t  of  the ca ts surveyed were no t very 
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young and the maj ority were house cats . Secondly ; ca ts generally do no t 

respond to a l eptospiral inf ection with a high sero logical ti tre and the 

titres decline rap idly . In the fir s t  experiment with different 

lep tosp iral serovar s all the cats showed a drop in the ir titre a month 

p . i . Al though the limi ted value of the results from one individual 

animal per treatment in this experiment was discussed , it is wor th 

mentioning tha t this decl ine was more rapid f or ba Z Zum� hardjo and 

tarassovi than for pomona . This r ap id decline also has b een previously 

sugges ted by Frendiger ( 19 6 9 )  to b e  a maj or reason for the infrequent 

diagnosis of leptospirosis . BaZ Zum s tudies ( Chapters 3 and 4) showed 

that M. A .  t i tres af ter reaching their maximum level declined rapid ly . 

It  is therefore possib le for cats to become urinary carriers with no 

detectable M . A .  titre or to have a detectable titre for a long per iod 

of time . 

Se� 2 from a variety of animal species r emain capable of inhib iting 

the growth o f  leptosp ires af ter the disappearance of the M . A .  t itre 
. .  

(Tripathy et a Z . , 1 972 and 1 9 7 3 ;  and Hathaway, 1 9 79 ) , whereas s era 

ob tained f rom known infected ca ts in this s tudy produ ced no inhibi tory 

effect even when low titres were presen t .  Therefore ano ther factor 

which mus t  b e  considered is the possibility of reinfection especially 

when cons idering the serological f indings . Al though this has no t been 

s tudied in the cat i t  should be borne in mind . 

With the knowledge of all these facts it  can b e  concluded that the 

r esults cf serological  surveys are of limited value as an ind icator of 

the prevalence of this disease as a negative titre ·might not indicate 

the absence of infection. However , serological f inding s sr.ould wherever 

pos sible be considered in conj unc tion with cultural f indings .  In the 

d iagnosis  of f eline lep tospirosis due to BaZZum serugroup infection , 



c l inical and pathological . data are of l i t tle value . The histological 
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changes are no t severe and the foci of inters titial nephritis are very 

small and can easily be mis sed in random sections of k idney . Although 

eleven kidneys yielded positive cultures , lep tospires could be 

d emons trated in only one by the silver impregnation of tissue sec tions . 

Therefore demonstra tion of the lep tospires using this method (War thin 

S tarry) is of very lit tle value in detec ting an infec t ion . 

The fact that inf ected cats are symptomless means they could be 

considered as a pub lic health ha zard . Babudier i ( 1 958)  postulated that 

in those species of animal which have a s trongly acidic urine , the 

leptospires which are excreted may be e ither killed or rendered non-

pathogenic . According to Kaufmann ( 1 97 6 )  and to the annual report  of 

the Centre for Disease Control (C . D . C . ) ( 19 7 6 )  a large number of cases 

of human lep tosp irosis  are presumed to be transmitted f rom dog s .  If  

this is true then cats  may present an equal hazard s ince dogs and cats 

have the same urinary pH . The cat haf. also been rep or ted to b e  a source 

of  several cases of human leptosp irosis (Back, 1954 ; and Kaufmann, 1 9 7 6 ) . 
;l 

Infec tion in these circumstances could only be explained if one assumes 

that these animals were excreting suf f iciently large numbers of lep tospires 

in their ur ine to allow a few of them to survive and b ecome the source of 

infect ion . 

Different workers have attributed the survival of  lep tospires out side 

the hos t  to a variety of environmental factors , and their individual 

estimates of the time of survival are dependent on which factors they 

considered to be imp or tant . Karaseva et aZ . ( 1973 )  demons tra ted the 

survival of pathogenic lep tospires in the humid soil up to 1 5  days . 

Hells trom and Harshall ( 1 9 7 8 )  found that pomona may survive for up to 

42  days in the soil with a pH of 5 . 5 . Leptospires are also very 
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suscep t ible to  drying and do  no t survive more than 30 minutes in  dry 

conditions (Okazaki and Ringen, 1957 ) . Al though mos t  of the s tudies 

to date have concentrated on the survival of  pomona , i t  seems likely 

that s imilar survival t imes apply for the baZlum serogroup organisms . 

Thus it i s  possible tha t carrier cats may transmit the d isease 

to more suscept ib le animals or even humcns and despite the fac t  that 

the cat is rela tively suscep tible to infection with bal lum serogroup 

and may readily develop a carrier s tate  there are several fac tors that 

minimise the hazard of cats f rom the public heal th s tand point . 

1 .  The ca t is no t a main reservoir hos t  for ballum serogroup 

organisms although the results of exper imental infec t ion and 

field s tudies of feral cats sugges t that this animal may be 

a potential hos t .  

2 .  Intensity and duration of lep�ospiruria is less than for some 

other animals such as mice and ra ts . 

3 .  Acid pH condi tions of cats urine may r educe the inf ectivity of. ,  

4 .  

shed organ isms . 

Cats are very clean creatures in their habits and they usually 

cover their urine and faeces wi th soi l .  Rather than ur inating 

on wet surfaces they appear to prefer dry places whe re 

leptospires would not survive for  very long . 

In conclus ion it is evident that more research into the immunology 

and epidemiology of  feline lep tospiros is is  needed to clarify the role  

of  the  cat as a speci f ic hos t  in  transmit ting different leptospiral 

s erovars to sus cept ib le animals and human b eings . 



EHJH HEDIUM 

APPENDIX I 

This medium was pr ep ared accord ing to the method of the Johnson-

9 6  

Harris modification o f  EHJH (Johnson anci S eiter , 1 9 7 7 ) . All the glassware 

used for formulat ion of the medium and the cult ivation of the lepto sp ires 

was thoroughly washed in an automatic laboratory washing machine and 

f inally rinsed with d is tilled wa ter befor e being autoclaved at 1 2 1°C 

for 20 minu tes . 

S tock solution of the fqllowing chemicals were made for each 

batch of media :  

S tock Solution 

NH4 Cl (B . D . H . ) *  

ZnS04 . 7HzO  (M&B ) ** 

HgC12 . 6H2 0 (Analar ) * ** 

CaClz 2H2 0 (Analar)  

FeS04 . 7Hz O (Analar ) 

CuS04 . 5Hz O (Analar)  

Sodium Pyrurate (B . D .  H . ) 

Glycerol (B . D . H . ) 

Tween 80 ( Sigma) *�H* 

Thiamine. HC l .  (Sigma ) 

Cyanocobalamin ( S igma ) 

* Brit ish Drug Hous e ,  Poole,  England . 

** Hay and Baker L td ,  Dagenham , England . 

*** B . D . H . Chemicals Ltd , Poole , England . 

grams per 100 ml deionised 
distilled water 

25 . 0  

0 . 4  
•• 

1 . 5  

1 . 5  

0 . 5 

0 . 3  

1 0 . 0 

1 0 . 0 

10 . 0  

0 . 5 

0 . 02 

**** S igma Chemical Co . ,  P . O . Box 14508 , St Louis , 1-iis souri 6 3 1 7 8 ,  U. S . A.  
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The pH of these s tock solutions was no t adj us ted and the FeS0 4 

solution were made f reshly every time . 

Albumin supplemen t  was prepared by d issolving 1 00 g Bovine albumin 

f rac tion V powder (Pentex) * in 500 ml deionised wa ter in a one litre 

conical f lask. \Vhile the albumin solution was being s tirred by using 

a magnetic s tirrer the following s tock solutions were s lowly added . 

CaCb 10 Irtl 

MgCl2 10 ml 

ZnS04 10 ml 

CuS04 1 m1  

FeS04 100 ml 

Cyano cobalamin 10  ml  

Tween 80  1 2 5  ml 

*** The pH was adjus ted to 7 . 4  using a pH meter ( Beckman) when the 

powder con�pletely dissolved and the solution brought to one liti;e by the 

addition of dis tilled deionised water . This solu tion was then s terilised 

by f iltra tion using a 0 . 22 �m filter (Millipore) ** and s tored in 50  ml 

batches in s terile glass b o t tles . 

Basal media to 9 9 60 ml deionised dis tilled water the following 

salts  were added (Analar ) . 3  g 

(Analar ) 10 g 

NaCl (Analar) 10  g 

* Pen�ex Divis ion , Miles Laboratories Inc . , 

** Millipore Corporation,  Bedford , Mas sacheusetts 0 1 73 0 ,  U . S . A .  

* * *  Eeckman Ins trument s Inc . , Palo Alto , California , U . S . A .  
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Af ter attaining the sal t solution the following s tock solutions 

wer e  added into it : NH4 Cl 10 ml 

Thiamine HCl 10 ml 

Sodium Pyruvate 10 ml 

Glycerol 10 ml 

The pH was then adj usted to 7 . 4  and batches of 450 ml were autocalved 

at 1 2 1°C for 20 minutes . 

Liquid med ium was prepared by adding 50 ml of albumin supplement to 

450 ml of basal medium. S emisolid medium wa s made by addition of 1 . 5  g 

agar (Difco) * to one litre of basal medium and it was autocalved a t  

1 2 1°C for 2 0  minutes , then cooled i n  a water bath t o  about 40°C before 

adding 50 ml of the albumin supplement with or without 5 fluorouracil 

(5Fu)  ( S igma) . All the media was dispensed in 5 ml sterile bottles 

under ster ile conditions in lamina f low cabinet . ** 

S to ck solution of 5Fu was prepared by adding 1 . 0  g of SFu to SC ml 

of  distilled water . To d issolve the 5Fu i t  \vas put in a 5 6°C water 

bath , then the pH was adj usted to 7 . 4  to 7 . 6 by the addition of lN HCL . 

The solution was made up to l O O  ml of add ing dis tilled water and it  was 

s t er ilised by filtra tion through 0 . 2 2  llm filter (Hillipore) . This 

solution was held at 4°C unt il required . A final concentrat ion of  

4 00 llg/ml and 200 \lg/ml of SFu in  semisolid media was p repared for  use . 

All the media was incubated for three days a t  37° C and three  days a t  

0 
30 C before use,  to check for the presence of contamination.  

All new batches of  media tes ted for checking the growth of s low 

growing lep tospires such as hardjo and balcanica. 

* Difco Laboratories , Detroit , Michigan , U . S .A .  

* *  Bassaire , John Bas • Ltd , Crawley , Sussex . 
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APPENDIX II  

MICROSCOPIC AGGLUTINATION TEST (M . A . T . ) 

Each serum sample was initially dilu ted 1 : 3  with physio logical 

saline in a flat bo t tom microtitre p la te . These plates are called 

s erum reference plates (SRP ) . They were kept at -20°C and sealed with 

cellophane until  required . 

Twenty f ive microlitres (�1)  of saline were dispensed using a 

semi-automatic dispenser (minipipetter) * into a microtitre plate . An 

equal volume of serum ( 25 �1 ) from the SRP ' s  was added and mixed with 

the saline using a semi-auto�atic diluter (minidilu ter ) * .  Eight 

doubling dilut ions ranging from 1 : 1 2 to 1 : 1536  were made and each 

d ilution was mixed for at least f ive seconds . After diluting the sera 

25 �1 of s ix to ten day old lep tospire antigen was dispensed with an 

antigen gun mod if ied Cornwell syringe** which had a minipipetter 

dispensing head a tLached ( Ryan , 1 9 7 8 )  or by using disposable p ipettes . 

The p la tes were then gently shaken to allow the antigen to mix with the 

dilu ted serum and then they were incubated for 90 minu tes in the 37° C 

incubator . Af ter thi s  per iod of  time the results were read by  transferring 

a drop of each dilution onto a microscopic s lide simul taneous ly by using 

a multiple dipper (Ryan , 1 97 8 ) . This was then read without a coverslip 

by d irect darkf ield examina tion at a magnifica tion of  1 5 6  X .  The 

dilu t ion in which 50% of l ep tospires agglutinated was accepted as posit ive . 

* Cook Engineering Co . ,  Alexandria , Virginia , U . S . A .  

** Becton and Dickinson & Co . ,  Rutherford , New Jersey , U . S .A .  
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APPENDIX Ill  

GEL-FILTRATION METHOD 

Ca t s era were fractionated on Sephadex G-200* superfine (Pharmacia) * 

columns . The gel beads ( 1 . 5 - 1 . 7% )  were swollen a t  4°C for three days 

in phospha te buffered saline (P . B . S . )  of pH 7 . 4  to 7 . 5 .  The s tock 

P . B . S .  was at  0 . 01M made o f  the f ollowing recipe : 

60 g BDH 

1 2 . 5 g M&B 

3 - NaCl 4 2 5  g 

4 - Five litre deionized distilled water 

The s tock P . B . S .  was diluted in 1 / 1 0 with deionized dis tilled 

water for u s ing in column. During the swelling period f ines were 

removed two or three time s .  The swollen ·gel was degassed under a 

vacuum of 7 00 mmHg 1 5  minutes . 

The gel was then poured into a column measuring 70 cm high X 2 . 5  cm 

diameter (Pharmacia) using an at tached r eservoir ( Pharmac ia) . A co�s tant 

pressure head of f ive to ten centimetr�s high between outlet and inlet 

tubes was maintained during packing of beads using the mario te f lask 

sys tem .  The column was opera ted a t  room temperature under cons tant  

pressure a t  a flow rate o f  approximately 20  ml/hr . 

At the s tar t of each f rac tion one ml of  serum was dissolved in 200 mg 

of  sucrose and carefully layered onto the top of the column . Approximately 

24 fractions of 6 ml each were collected by using an automatic f raction 

collector ( ISCO) ** · The opt imal density of prote in in the eluent at 280 nm 

was cc 11t inuous ly monitored and recorded graphically using a chart  recorder 

( ISCO) . 

* Pharmacia Fine Chemicals  AB , Uppsala , Sweden . 
** Golden Retriever , Ins trumentation Specialties Co . ,  PO Box 534 7 ,  

Lincoln , Nebraska 68505 , U . S . A .  
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Frac tions were held a t  4°C until tes ted using the M . A . T .  tes t . 

For the M . A . T . , eight serial doubling dilutions of each fractions were 

p repared in isotonic saline in micro titre plates and equal vo lume of 

live antigen were added to each dilution. Since on ml of serum had 

been applied to the column and s ix ml of fractions were collec ted the 

dilut ions of each fraction ranged from 1 : 1 2 to 1 : 1 57 2 .  �fuole  serum 

was als o tes ted with each set of f rac tions . Af ter incubating for 9 0  

minutes a t  3 7°C they were read the same a s  M . A .  tes t .  

• I  

i 

I 
l 



APPENDIX IV 

GROWTH INHIBITION TEST ( G . I . T . ) 

102  

The a im of  this tes t was the inves tigation of the growth inh ib it ion 

ac t ivity of serum for leptospira of bal lum serogroup in cat pos t 

experimental infec tion with us ing mod if ied method of  Tripathy et  a l . 

( 1 9 7 3 ) . 

Me thod 

All the s erum samples were inactiva ted in water bath at 5 6° C for 

30 minutes for removing the complement .  Then they were s teril is ed by 

f iltra tion through 0 . 22 �m membrane ·f ilter , and 0. 05 ml of these s era 

put into each of a s terile cul ture tube .  F ive repl ica tes were used for  

each serum sample .  The media which was used was EMJH l iquid media 

without 5Fu . . One ml of this  media was added into each cul ture tub e .  A 

f ive to seven day old ba llum culture was counted with Petrof f-Haus ser* 

counting chamber and diluted with l iquid media to a density of 1 X 10 7 

organisms per ml . For each of  the culture tube 0 . 05 ml of  this culture 

was used . 

For each set of tes ts f ive replicates of negative and positive 

controls were used . Negat ive control was one ml of EMJH l iquid media 

plus 0 . 05 ml of leptospira cul ture and positiv e  control was a serum o f  

the experimentally inf ected ca t with a high t itre agains t bal lum in M . A . T .  

The .turb idity and darkf ield examin�t ion monitored af ter one and two 

weeks post  inoculation at  2 9° C for presence or absence of leptosp iral 

growth . More than ten lep tospires per darkf ield were considered e s  a 

nega t ive and les s than ten organisms per darkfield were considered as a 

posi t ive for growth inhib i t ion activity . 

* C .  A .  Hauser and Son , Philadelphia , U . S . A .  



APPENDIX V 

IMMUNO-ELECTROPHORESIS  (I . E . )  

For antig en the serum frac tions which were ob tained on S ephadex 

1 03 

G-200 gel-f il tration wer e  used.  Antisera : anticat serum* and anticat 

IgG* produced in goats were used in this experiment .  The modif ied 

technique of Scheidegger ( 1 953) , Graber , Burtin ( 1 9 6 4 )  and Kulshrestha 

et al . ( 1 9 6 9 )  were used as a procedure for I . E . 

The 1 0  X 9 cm glass s lides were thoroughly cleaned and r insed in 

7 0% alcohol to remove fatty materials .  These s lides were placed on a 

level board and 1 5  ml of agar gel ( �onagar**) 60°C was dispensed onto 

their surfaces . For preparat ion of  the agar gel method of  Williams and 

Chase ( 1 9 7 1 )  was used. 

After complete setting troughs of 5 cm long and 2 mm wide were cut 

in the slide parallel to the long axis . In the middle of each two 

troughs one well of 2-3 mm in d iameter was made . These  wells wer e  

f illed with antigens . The electrophoresis using electrophoretic 

appara tus with contact wicks on lOO volts  for 3� to 4 hours . 

After the electrophoretic run, the agar from the troughs were removed 

and they were charged with antiserum . The slides were incubated at room 

temperature in a mois t atmosphere for  24 to 48 hours . By complet ing 

of the antigen-antibody reaction within this period of time the gels were 

washed wi th saline to remove the soluble non-reac ting cons tituents . 

Af ter washing which was continued up to s even days drying was done and 

the dried I . E .  plates were s tained according to Williams and Chase ( 1 9 7 1 )  

me thod with Amido-black. 

* Miles Yeda Ltd , Kiryat Weizmann, Rehovot ,  Israel , dis tr ibuted by 
Res earch Produc ts Miles Laboratories Inc . , E] khar t ,  Ind . 465 1 4 ,  U . S . A .  

,., T':' 1 
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