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ABSTRAcr 

A survey of bovine sera indi cated that titres to Leptospira 

interrogans serovar hardjo were present in 60% of New Zealand cattle ; 

18% of sera were positive against serovar pomona and 9% against 

serovar tarassovi . Detailed studies were undertaken in a herd with 

a high prevalence of hardjo and pomona titres . It was determined 

that more than 90% of newborn calves acquired titres detectable by 

the microscopi c agglutination test ( MAT ) after suckling sero­

positive dams . The magnitude of the titre acquired by a calf was 

strongly correlated with that of its dam.  These titres declined 

steadily, with a half-li fe of 15 to 17 days ; most calves were sero­

negative after 100 days of age and all by 190 days of age . Following 

natural infection cattle developed peak titres ranging from 1:768 to 

1 : 8689 within fourteen days after sero-conversion . Initially these 

titres fell rapidly, declining on average by 62% in the first year 

and 89% in the first two years after infection .  Thereafter titres 

declined slowly with a mean loss of 5% of residual titre per year . 

Chromotographical studies on sera from cattle of  various ages 

and at various stages of  infection revealed that both IgM and IgG 

were involved in MAT response to leptospiral infection .  Passively 

acquired titres in calves were largely attributable to IgGl anti ­

bodies . The MAT response o f  infected cattle was initially attribut­

able  IgM antibodies but IgGl antibodies were involved within the 

first week after sero-conversion and became the predominant immuno­

globulin within 42 days. In convalescent titres of more than one 

year ' s duration IgM antibodies  frequently were not involved and, in 

some animals apparently infected for some years , IgG2 
accounted for 

up to 14% of the JvlAT response . 

Prospective cohort studies on groups of calves indicated that 

most became infected with hardjo at about 12 months of age during 

the winter and early spring. Analysi s  of c limati c  factors indi cated 

that outbreaks of  infection were strongly correlated with the level 

o f  moi sture in the environment rather than rainfall per se . Sus­

ceptible calves became infected only following c lose contact  with 

other leptospiruric cattle; no other wild, feral or domestic animal 
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reservoir of hardjo infection was detected . Leptospiruria was 

demonstrated to persist for up to 14 months in hardjo-infected 

cattle . The exi stence of  an endemic cycle was demonstrated in 

which calves infected during one winter infected younger,  sus­

ceptible calves in the following winter . 

Evidence was presented to support an hypothesis that bovine 

pomona infection i s  a self-limiting sporadi c disease which is  

attributable to  direct or  indirect contact with infected pigs . 

The survival of pomona for six weeks in an acidic soil ( pH 5 . 5 ) 

under simulated Manawatu winter conditions and the potential for 

spread of this serovar from pigs to cattle via the environment was 

demonstrated . 

The existence of a period of up to three months after the loss 

of  detectable colostral MAT titres during whi ch calves appear to be  

refractory to  experimental inoculation with hardjo was demonstrated . 

It  was also shown that convalescent hardjo titres are protective 

against experimental challenge of cattle with that serovar . On the 

basis of experimental studies it i s  believed that cattle are sus­

ceptible to infection with balcanica and that it is not possible 

to di stinguish between bovine infections with thi s  serovar and 

hardjo except by cultural techniques . 
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CHAPTER ONE 

BOVINE LEP'IDSPIIDSIS IN NEW ZEAIAND: 

A REVIEM OF THE LITERATURE. 

In contrast to the situation in many countries only four 
leptospiral serovars have been recovered from cattle in New 
Zealand . Although the syndrome of icterohaemoglobinuria in 
calves , now attributed to infection with teptospi ra i nterrogans 

serovar pomona , had been observed in New Zealand over the 
Ie; ( 

previous 30 years ( Sali sbury, 1954; Dodd , 1955; Jamieson, 
----

Davidson and Salisbury , 1970 ) -this organism was first isolated 
- -
from infected calves and sheep in 1951 ( Anon, 1951a ) .  Sub-
sequently pomona was associated with outbreaks of bovine abort­
ion in 195 3  and was recovered from tissues of aborted foetuses  
( Te Punga and Bishop , 195 3; Anon, 1954a ) .  

The isolation of serovar copenhageni from a rat was first 
reported in 1949 ( Anon, 1950 ; Kirschner and Gray , 1951; Kirschner, 
1960 ) ,  but the first i solates typed at a W .H . O, . Reference Lab­
oratory were obtained from calves , exhibiting a syndrome of 
hyperacute kidney failure and sudden death , on several properties 

* in the South Auckland district in 1960 ( Dodd lnd Brakenridge , 
1960 ) .  More recently copenhageni was recovered from an apparently 
healthy three-month-old calf in the Hauraki Plains ( Ris , Lake 
and Holland 1 973 ) .  '} 

\....::::=::= � 

Serovar ballum ,  first isolated from two Hauraki Plains' 
dairy fa�eTs in 1968 ( Ti ll ,  1968; Christmas , Till and Bragger , 
1974b ) ,  was subsequently recovered from two healthy three-month­
old calves in the same district in 1971 ( Ri s ,  Lake and Holland , 
1973 ) .  Serovar hardjo was first recovered from four dairy 
farmers , again in the Hauraki Plains , in 1968 ( Till,  1968; 
Christmas et al , 1974b ) and three years later from a healthy 
calf on a nearby farm ( Lake , 1972 ). Two other leptospiral' 
serovars are known to occur in New Zealand ; tarassovi , isolated 
from pigs ( Ryan and Marshall,  1976 ) and man (Till , 1977 ) and . 

* Geographical regions and locations referred to in the text 
are indicated in Figures I and I I .  
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bal canica isolated from the possum, Tri chosurus vulpecul a  

( Marshall et al , 1976 ) .  Neither have been recovered (rom 
cattle but there is serological evidence of bovine infection 
by the former ( Kirschner , 1954; Ryan and Marshall , 1976 ) .  

2 .  

Since 1951 there have been many reports in this country on 
the occurrence of leptospiral titres to various serovars in 
cattle . Although the serovars most frequently employed in test­
ing have been pomona and hardjo , in addition andaman , australis , 

a u t umna l i s ,  bal l um ,  ba tavi a e ,  bifl exa , bra tislava , cani cola , 

copenhageni , grippotyphosa , medanensis ,  pyrogenes,  tarassovi and 
other unspecified serovars have been used ( Tables 1 . 1 ,  1 . 2 ,  1 . 3 
and 1 . 4 ) .  Unfortunately there has been no nation-wide survey to 
estimate the prevalence of titres based on a substantial random 
sample of bovine sera . Some early reports on the prevalence of 
pomona titres were based on random samples of dairy cattle ( Anon , 
1952 ;  Kirschner,  1954; Salisbury and McDonald ,  1955 ) and beef 
cattle sera ( Blunt , 1959; Young, 1965 )  from selected districts . 
However most  of the reports in Tables 1 . 1  to 1 . 3  relate to sera 
submitted from cases of bovine abortion . Those sera submitted 
for the export testing of cattle would appear to provide a more 
valid  sample for the estimation of the national prevalence of 
leptospirosis  but , curiously, there was a higher prevalence of 
titres to both hardjo and pomona in that sample than in sera 
submitted concurrently from cases of bovine abortion ( Roach , 1973 ) .  
Two factors may explain this higher prevalence .  Export tests 
are read more rigorously than routine diagnostic tests and sera 
from export tests generally come from cattle in pedigree herds 
and thus represent a small biased sample of the New Zealand 
c attle population . 

MOre relevant results may be those obtained from two large 
samples of bovine sera submitted for a variety of reasons in­
cluding suspected leptospiral abortion to the Ruakura Animal 
Health Laboratory . These submissions came from an area contain­
ing approximately half of New Zealand ' s  dairy cattle ( Anon, 1974a; 
1974b ) .  The small random sample of 100 sera from 20 Taranaki 
dairy herds taken in 1974 ( Brockie , 1976 ) and Ryan and Marshall ' s  
( 1976 ) sample of 300 sera , from a nation-wide serum bank , appear 



Table 1.1 

Prevalence of Pomona titres in New Zealand cattle 1951-1975. 

Year
Q 

Serovar Titre 

1951-52 
1951 
195) 
::'953 
1953 
::'953 
_953 
:'954 
::'954 
:'952-55 

;,(""::cna 
po:nona 
pomona 
pomona 
pomona 
pomona 
pomona 
pomone. 
pomona 
pomona 

1958 pomona 
1967 pomona 
1967 pomone. 

1968 pomona 
1%7-69 pomone. 
:. 969-71 pomona 
1971 pomona 
1971 pomona 
1970-72 pomona 
1972 pomone. 
1972 pomona 
1972 pomor-a 
1972 pomona 
1972 pomona 
1973 pomona 
1973 pomona 
1973 pomona 

1974 pomona 
1974 pomona 
1974 pomona 

1974 pomona 
1975 pomona 

?c 
>1 : 200 
;'1:150 
�1:20 
>::.2:J 
';'1:20 
!1:200 
;:.1:20 
�1:2oo 

';:'1:200 
? 

> 1 :200 
�1:2oo 
�1:200 
,;:,1:200 
�1:200 
> 1:20 
� 1:20 
> 1:200 
� 1:200 
> 1:200 
;' 1: 200 
;' 1: 200 
'; 1 :2000 
';' 1:100 
;' 1: 200 
;' 1:2000 
;' 1: 100 
;- 1:100 
� 1:2000 

134 
379 
IJ::J 

4 9 1 
4 9Ll 

102 
lOS 

13 031 
13 OJI 
40 000 
1 101 

728 
LOJ 

1 207 
890 

1 015 
1 IJJ 
2 416 
6 08J 
1 516 
1 573 

12 888 
12 888 

102 
6 607 
6 607 

112 
100 

1 J05 

Year in which survey conducted 
Number of animals tested 
+ve = positive 
% +ve = % positive 

34 
68 
20 

780 
50L 
73 
66 

1 909 
1 285 

95 

o 
116 
71 
69 
L5 

142 
o 

7L1 
987 
2JL 
170 

557 
245 
10 

406 
IJ9 

5 
l. 

111 

% +ve
4> Comment 

25.4% 
17.9% 
20.0% 

. 15.8% 
10.2% 
67.6% 
61.1% 
14.7% 
9.9% 

10.0% 
8.6% 
0.6% 
0.0% 

16.0% 
17.5% 
5.7% 
5.1% 

14.0% 
0.0% 

JO.6% 
16.2% 
15.5% 
10.8% 
14. J% 
4.J% 
1.9% 
9.8% 
6.1% 
2.1% 
4.5% 
4.0% 
8.5% 

R.S.
A 

Waitara Freezing Works 

Abattoir survey 
Dunedin Abattoir survey 
Wallacevil1e A.H.L.

K
sera 

Cattle in contact to abortion outbreak 

Wallaceville A.H.L. sera 

Wal1aceville A.H.L. sera all reasons" 

Gisborne district beef cows 
Gisborne district wet-dry heifers 
R.S. 20% of pregnant heifers 
Wal1aceville A.H.L. abortion sera 
�assey University clinical sera 
Lincoln A.B.L. sera all reasons 
Hauraki Plains survey 
Ruakura A.H.L. abortion sera 
R.S. Southland brucella test sera 
Wal1aceville A.B.L. export sera 

" 

abortion sera 
non-export sera 

Lincoln A.B.L. abortion sera 
Ruakura A.B.L. sera all reasons 

Taranaki herd with human hardjo case 
Ruakura A.H.L. sera all reasons 

Taranaki herd with human hardjo case 
R.S. 5 sera from 20 Taranaki herds 
Whangarei A.H.L. abortion sera 

E ? = not specified 
A R.S. = Random sample 
K A.H.L.= Animal Health Laboratory 

Reference 

Anon (1952) 
Salisbury and 1.lcDonald (1955) 
Kirschner (195L) 
Salisbury (1954) 
Salisbury (1954) 
Te PQ�a and Bishop (195J) 
Te Punga and Eishop (195J) 
Salisbury alld McDonald (1955) 
Salisbury and .. lcDonald (1955) 
McDone.ld and Rudge (1957) 
Blunt (1959) 
Young (1967) 
Young (1967) 
Anon (1969c) 
Marshall (1978) 
3mi th (197 J ) 
Lake 0973a) 
Gardner (197J) 
Porter (197J) 
Roach (197J) 
Roach (197J) 
Roach (1973) 
Roach ( 197J ) 
Smith (197J) 
Anon (19748) 
Anon (19748) 
Brockie (1976) 
Anon (1974b) 
A.TJon (1974b) 
Brockie (1976) 
Brockie (1976) 
Anon (1975d) 

v submissions for all reasons including abortion 



Table 2..2 

?!-evalence of Hebdomad;s, Icterohaemorrhagiae and Ballum ti:res in NeVi Zealand cattle 1953 - 1974. 

�earo. Serova:- Ti1.re Samplec .ve� % +ve¢ Comment Reference 

1967-69 
1972--72 
1971 
1972 
:!.972 
2.972 
1972 
1973 
197:; 
197; 
1971. 
19'i.!.. 
:971., 
1971., 
1975 
1975 

1953 
1971 
1972 
1972 
1972 
1973 
1973 
1974 
197L. 
1974 

1967-69 
1971 
1973 
1973 
1974 
197t: 
1974 

hardjo 

medanensis 

mecianensis 

hardjo 

hardjo 

hardjo 

meda;]cnsis 
hardjo 
hardjo 

hardjo 
hardj() 
hardjo 

hardjo 
hardjo 
hardjo 

hardjo 

copenhageru P 
cOF€nhageni· 

copenhagfmi 

cOJ1ienhageni 

copenhageni 

copenhageni 

copenhageni 

copenhageni 

copenhageni 

copenhageni 

ballum 

ballum 

ballum 

ballum 
ballum 
ballum 

1",111 um 

1:200 
1:20 
::100 
1:20 
:":200 
::200 
1:200 
1:200 
1:2000 
1:100 
1:100 
1:200 
1:2000 
1:100 
1:200 
1:2000 

1:150 
1:100 
1:20 
1:200 
1:200 
1:200 
1:2000 
1: 100 
1:200 
1:2000 

1:200 ?E 
1:200 
1:2000 
1:200 
1:2000 
1:100 

1.,03 
1 IJ3 

9LS 
91.,2 

1 1.,91 
583 

12 S88 
12 882 

102 
100 

6 385 
6 385 

112 
77 

1 305 

100 
890 

2 413 
6 OAO 

983 
12 888 
12 888 

100 
6 422 
6 1.,22 

1.03 
A90 

10 680 
10 680 

6 1.09 
6 409 

100 

12 
67 

161 
530 
1.,56 
592 

86 
1 610 

180 
59 
1.,9 

1 739 
281 

55 
39 
28 

8 
I., 

26 
44 

8 
11 

2 
o 

24 
4 

o 
:3 
1 
:3 
o 
o 

3.0% 
6.0% 

18.0% 
56.0% 
48.0% 
39 . 7% 
lL.8� 
12.5% 

1.4% 
57.8% 
49.0% 
27.2% 

4.4% 
51.8% 
50.8% 

2.2% 

8.0% 
0.4% 
1.0% 
0.7% 
0.8% 
0.1% 
0.0% 
0.0% 
0.4% 
0. 1% 

0.2% 
0. 0% 
0.0% 
0.0% 
0.1% 
0 . 0% 
0.0% 

For symbols a, S. �, �, E, A, <, v. see Table 1.1. 

Massey University clinical sera 
R.S.A Southland brucella test se�3 
Eauraki Plains survey 
Wal1aceville A.H.L.K export test sera 

n " " 

abo!"-tion sera 
non-export se!"a 

Ruakura sera all reasons v 

Taranaki herd with human hardjo case 
R.S. 5 sera from 20 Taranaki herds 
Ruakura A.H.L. sera all reasons 

Marshall (1978) 
Porter (19'13) 
Lake (1973a) 
Roach (2.973) 
Roach (2.973) 
Roach (1973) 
Roach (1973) 
Anon (1974a) 
Anon (1974a) 
Brockie (1976) 
Brockie (1976) 
JU10n (1974b) 
A!1on (1971.,b) 

Taranaki herd wi tl: huma."1 hardjo case ilrockie (1976) 
Wanganui herd in contact with possums de Lisle et a1 (1975) 
ITnangarei A.B.L. abortion sera Anon (1975d) 

Dunedin abattoir survey 
Hauraki Plains survey 
Wallacevil1e A.H.L. export sera 

non-export. sera 
Ruakure sera all reasons 

R.S. 5 sera from 20 Taranaki herds 
Ruakura A.H.L. sera all reasons 

Ma ssey Uni versi.ty clinical sera 
Hallraki Plains su!"vey 
Ruakura A.H.L. sera all reasons 

R.S. 5 serA from 20 Taranaki herds 

o = icterhaemorrhagiae AB 

Ki rschner (1954 ) 
Lake (1973a) 
Roa�!1 (1973) 
Roach (1973) 
Roach ( 1973) 
P_'1on (19748) 
Anon (197La) 
Brockie (1976) 
Anon (1974b) 
Anon (1974b) 

Marshall (1978) 
Lake (l973b) 
Anon (1971.8) 
.Anon (1974s) 
Anon (1974b) 
Anon (197L,b) 
(Brockie ( 1 976) 



Table l. 3 

Prevalence of titres in New Zealand cattle sera to various serovars not isolated 
from cattle in that country_ 

Serovar 

1953 tarassovi 
1967-69 tarassovi 
:971 tarassovi 
1973 tarassovi 
1973 tarassovi 

:'.971. tarassovi 
1976 tarassovi 

Titre 

1:150 
1: 200 

?£ 
1:2OC 
'-:2000 
1:10:) 
1:50 

1954 
1971 

grippotyphosanl:20 
grippotyphosa 

1971 
1973 
1973 

1967-69 
1971 
1973 
1973 

::. 951-51. 
1966 
1966 

1974 

canicola 
canicola 
canicola 

autumnalis 
aucumnalis 
autumnalis 
autumnal is 

andaman 

"various" 

"lepto" 
"lepto" 

bratislava 

1967-69 biflexa 
1967-69 bataviae 
19 7-69 australis 
1967-69 pyrogenes 

1:200 
1:2080 

1:200 
1:100 
1:20J 
1:2000 

1:100 

1:5000 
1:5000 

1:100 

1:200 
1:200 
1:200 
1:200 

lOCi 
30J 

83 
890 

89C 
13 
1:; 

1.03 
890 

11. 
11. 

89C 

IIseveral 
thousands" 

172 
266 

100 

403 
403 
403 
403 

3 

c 

o 
o 

18 

o 
o 

o 
1 
o 

1 
8 
2 
1 

8 
o 

:0 
32 

1 

9 
1 
2 
1 

3.0% 
0.2% 
0.0% 

20.0% 
0.0% 
0.0% 
6.0% 

Dunedin abattoir survey 
Massey Uni versi ty cli!-,ica1 sere 
Hauraki Plains

K
survey v Ruakura A.H.L. sera all reasons 

R.S.
A

5 sera fro� 20 Taranaki herds 
R.S. from N.Z. serun bank 

0.0% Wallaceville A.H.L. sera 
0.0% Hauraki Plains survey 

0.0% 
7.5% 
0.0% 

0.2% 
0.9% 

11..3% 
7.1% 

0.9% 

0.0% 

5.8% 
12.0% 

1.0% 

Haur��i Plains survey 
Ruahcrra A.�.L. sera all reasons 

1�ssey University clinical sera 
Hauraki Plains survey 
RuahlITa A.H.L. sera all reasons 

Hauraki Plains survey 

Wallacevil1e A.H.L. sera 

Huntly dairy cows with long returns 
Abortion sera Huntly district 

R.S. 5 sera from 20 Taranaki herds 

2.2% Massey University clinical sera 
0.2% 
0.5% 
0.2% 

For symbols a, 5, W, �, E, A. K, v, see Table 1. 1 .  n = L .  bovis 

Reference 

Kirschner (1954) 
Io.!arshall (1972) 
Lake (1973b) 
JL'1on (197I.a) 
Anon (197I.a) 
Brockie (1976) 
P.yan and J.�rshall (1976) 

Salisbury and HcD::m.ald (1955) 
Lake (1973b) 

Lake (1973b) 
Anon (1974a) 
i'-'1on (1974a) 

Marshall (1978) 
Lake (19730.) 
Anon (197f.a) 
Anon (197I.a) 

Lake (1973a) 

Salisbury (1954) 

Moller (1967) 
Moller (1967) 

Brockie (1976) 

��rshall (1978) 
Marshall (1978) 
Marshall (1978) 
Marshall (1978) 
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to be the only attempts in  recent years to determine the true 
prevalence of agglutinati ng titres against some serovars. The 
data from the 1971 Hauraki Plains' survey ( Lake, 1973a; 1973b ) 
is also of interest, though this sample was based on properties 
with known human cases and cannot be taken as a true random 
sample. 

Nevertheless, there does appear to be a declini ng trend in 
the prevalence of pomona ti tres in cattle from the early 1950's 
to the middle 1970's ( Table 1.1 ). Initial reports indicate that 
10-25% of cattle had titres against pomona of 1:200 or more, 
whereas more recent reports based on generally much larger 
samples indicate that the current prevalence i s  more like 5-10%. 

a. 

Since Hebdomadi s serogroup antigens were not routinely 
employed in  agglutination tests on bovine sera until the late 
1960's ( Table 1.2 ) and since medanensi s was the serovar used in  
some of  the first surveys, it  is difficult to  comment on possible 
changes in the prevalence of hardjo titres in cattle. Serovar 
medanensi s was used routinely for some human serology conducted 
during the 1950's and 1960's ( Josland et al , 1957; Tennent and 
Philip, 1964; Philip and Tennent, 1966 ). The first human 
medanensi s titres were reported i n  1957 and at that time they 
were much less prevalent than pomona titres ( Josland et al, 1957 ). 
Since then there has been an increasing human prevalence reported 
( Philip and Tennent, 1966; Christmas et al , 1974b ) and currently 
hardjo ti tres are twi ce as common as pomona titres ( Christmas 
et al , 1974a; Robinson, 1975; Brockie, 1976 ), though this change 
may have resulted partly from improved diagnosis. 

A reported J% prevalence of hardjo titres, of 1:200 or more , 
in  bovine clinical sera from the Manawatu region, for the period 
1967-1969 ( Marshall, 1978 ),  is very low when compared with the 
prevalence of 45-55% of some more recent reports ( Roach, 1973; 
de Lisle et al , 1975; Brockie, 1976 ). Also initial reports in 
1967 and 1968 indicated that only 13% or 14% of dairy herds in 
the Hauraki Plains contained Hebdomadi s reactors ( Anon, 1968a; 
Jamieson et al , 1970 ) compared with 48.4% of 240 herds with 



abortion problems in 1974 ( Cordes , 1975 ). Internationally, 
hardjo titres are found at a prevalence in excess of 50% in 
many areas ( Amatredjo and Campbell, 1975 ). The suggestion has 
also  been made that the prevalence of hardjo infection has 
recently increased in parallel ,  in both cattle and man, in 
Australia ( Stallman, 1972; Sullivan, 1974 ), where maj or out­
breaks of hardjo infection occurred in 1969-70 ( Hoare and 
Claxton, 1972 ). 

7.. 

Sullivan ( 1974 ) further commented that the prevalence of 
bovine serological reactions to hardjo appeared to be increasing 
in the United States and that hardjo had emerged as a disease of 
cattle more or less simultaneously in North America,  Italy, 
Australia and New Zealand . On balance the evidence for a rising 
prevalence of hardjo infection in New Zealand i s  suggestive only . 
There is  no doubt however ,  that it now constitutes the most pre­
valent serovar infecting cattle in this country . 

The limited serological evidence available on the other two 
serovars known to infect New Zealand cattle , bal l um and 
copenhageni , indicates that the prevalence of both i s  low, with 
much fewer than 1% of surveyed cattle having titres of 1:200 or 
more against either ( Table 1.2 ). 

Of the other serovars tested ( Table 1.J ) all except 
tarassovi have such a low prevalence of titres of 1:200 or more 
that they may be readily explained as cross-reactions with 
pomona , hardjo , copenha geni and bal l um infections . However , 
tarassovi titres may represent actual infections . Serological 
reactions to tarassovi have been widely reported in Australian 
cattle , and in U . S . S .R .  there have been a number of reports of 
bovine i solations ( Amatredjo and Campbell , 1975 ). 

Apart from the cultural and serological evidence, th�re 
have been a number of published clinical reports and impressions 
on the prevalence of leptospiral infection in New Zealand cattle . 
A 1952 survey in Northland based on a farmer questionnaire 
produced 82 farms reporting redwater in calves . Seventy-six of 
these were claimed to be due to leptospirosi s  though only 11 



were laboratory-confirmed ( Enfor and McClure, 195 3 ). In 195 3, 
the zoonotic risk of leptospirosis was considered sufficiently 
severe for the government veterinarian in Whangarei to advise 
cancellation of calf club shows that year ( Anon, 1954b ) . 

. ' 

McDonald and Rudge ( 1957 ) reported a personal communication 
from Ensor and McClure that up to 10% of Northland herds were 
experiencing outbreaks of redwater in calves each year. 
Harris ( 1977 ) reports, however, that clinical leptospirosis 
has markedly diminished in the Kaitaia district over recent 
years, with only 18 cases diagnosed from approximately 200 
farms over the period 1972-77. His opinion agrees with that of 
practitioners in Hauraki Plains, Waikato and North and South 
Taranaki, who all regard redwater in calves as a now uncommon 
and declining disease ( Dobinson, 1967; Cagienard, 1977; 
McPherson, 1977; Peterson, 1977 ). 

Abortion due to leptospiral infection was first reported 
in 1953 when a number of abortion storms were attributed to 
pomona infection ( Te Punga and Bishop, 1953 ). McClure ( 1961 ), 
though producing no supporting data, attributed 20% of bovine 
abortion in Waikato to leptospiral infection. Shortridge 
( 1966 ) stated that 12% of abortions investigated at Ruakura 
over a two year period were caused by pomona . This figure 
agrees with the 12% of 266 aborting cattle, with titres of 
1:5000 or more for "leptospirosis", reported by Moller ( 1967 ) 
from dairy cattle in the Huntly area, and the 142 of 1015  
( 14.0% ) cases of  bovine abortion investigated at Ruakura, in 
1971, with pomona titres of 1:200 or more ( Gardner, 1973 ). 

Cagienard ( 1973 ) reported, from his practice data in North 
Taranaki, that leptospirosis was responsible for an increasing 
proportion of bovine abortion, rising from 11% of all abortions 
in 1969-70, to 29% in 1972-73, but his diagnostic criteria are 
not given. The overall abortion rate that he reported, of about 
1% of susceptible cattle, agrees with the 1.2% incidence of 
abortions that Moller e t  al ( 1967 ) observed in 18, 000 dairy 
cattle in the Huntly area, but is lower than the 2.8% of 255, 891 
cattle reported by the New Zealand Dairy Board ( Anon, 1957b ). 

B. 



In the early 1970's nation-wide data on bovine abortion 
became available for the first time as an indirect result of 
the National Brucellosis Eradication Scheme. In 1974, 850 of 
7422 herds, from all over New Zealand, reported four or more 
abortions and in 229 ( 26 . 9% )  of these there was evidence of 
recent pomona or hardjo infection, though approximately one 
third of these ( 81 herds ) were also infected with Brucel la 

abortus ( Cordes, 1975 ) .  Examination of results from 63 herds 
with suspected leptospiral abortion during 1976, in which sera 
and urines were taken from samples of 10 in-contact cows, in­
dicated that in two cases  abortion was probably associated with 
hardjo infection; only six herds were free of leptospirosis 
( Anon, 1976d ) .  

9. 

During 1975-76 a study of sera from aborted foetuses in­
dicated that 133 of 164 ( 81 . 1% ) had experienced in u tero in­
fection, but only three had leptospiral agglutinating titres of 
1:200 or more; two to hardjo and one to pomona ( Kirkbride, 
Martinovich and Woodhouse, 1977 ) .  Thi s finding is interesting 
in view of Fennestad and Borg-Peterson's ( 1962 ) report that 
calves will respond to i n  u tero infection with leptospires, by 
producing agglutinating antibody as early as the 132nd day of 
gestation .  In spite of more than 80% of Northland herds being 
under brucellosis test and thus subjected to c ompulsory abortion 
surveillance in 1976, only one leptospiral abortion storm, 
caused by pomona , was recorded in that year ( Anon, 1976b ) .  

With changes in laboratory criteria and Ministry of 
Agri culture policy, the rate of diagnosi s of leptospiral 
abortion has fluctuated during the last few years. As hardjo 

titres in particular are so prevalent in New Zealand cattle, 
serologi cal findings in cases of bovine abortion must be inter­
preted with great care ( Anon, 1974c; Hodges, 1975; Lake, 1975; 
Anon, 1976c ) .  At present serological reactions in the aborting 
animal, in the absence of other signs of infection, are con­
s idered insufficient evidence for a diagnosis of leptospiral 
abortion ( Gardner, 1976 ). 

The syndrome of acute kidney failure and sudden death in 
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calves, caused by copenhageni infection, was stated to be wide­
spread in South Auckland and the Waikato during the period 
1956-59 ( Dodd and Brakenridge, 1960' ). More recently a copenha geni­

induced syndrome of photosensitisation in calves was stated to 
be common in Waikato during the years 1965-1977 ( Anon, 1974d; 1977d ). 
But apart from Kirschner's initial reports of human farm-
associated copenhageni infecti on, rat infections ( Anon, 1950'; 
Kirschner, 1960' ) and titres to copenhageni in pigs and cattle in 
the Dunedin district ( Kirschr-er, Miller and Garlick , 1952; 
Kirschner, 1954 ), there have been no reports of copenhageni in­
fection in other parts of New Zealand. It is therefore likely 
that nation-wide prevalence of copenhageni infection of cattle 
is very l ow. 

There has been only one report of c linical disease in cattle 
attributable to ba l l um, a case of severe nephritis and haematuria in 
a calf ( Anon , 1977d ) .  The cultural and serological evidence also 
indicates a very low prevalence of bovine bal l um infection, though 
some farms appear to experience sporadic outbreaks ( Ris et a l ,  1973 ). 

Although Blunt ( 1959 ) found in a survey in the Gisborne 
district that 2 of 45 ( 4.4% ) beef cows that aborted had pomona 

titres of 1:20'0' or more, Fielden and McFarlane ( 1959 ) did  not 
regard leptospirosis as a common c ause of abortion in East 
Coast beef cattle. This opinion was supported by a SUbstantial 
survey in the same region, whi ch showed that 0'.6% of those beef 
cows whi ch failed to rear a calf had pomona titres ( Young , 1965 ). 
More recently Hanly and Mossman ( 1977 ), conducting as invest­
igati on into the causes of beef cattle infertility in the Wairoa 
district, considered leptospirosis of little significance , based 
on extensive c omparisons between those cows which fai led to rear 
calves and those which succeeded. They found many low titres to 
hardjo and pomona and considered infection with both serovars 
was endemi c in many herds in the distri ct; they stated that the 
introduction of a new serovar into a susceptible herd is followed 
by an abortion rate of 2.5%. 

Reg-<-ona.l V-iAbU..bution 06 Lep.to.6p.vW.6-iA -<-n New Zeo..la.n.d. 

Ministry of Agriculture reports over the past 25 years probably 
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reflect the varying interest of state veterinarians in lepto­
spiral infections but they state that the prevalence of pomona 

infection increased notably in 1952 ( Anon, 1953 ) and that there 
were widespread outbreaks of pomona infection in cattle, sheep 
a�d calves in 195 3  ( Anon, 1954b ) .  Pomona infection was also 
reported to be increasing in pigs and humans in 1954 and 195 5  
( Anon, 1955; 1956 ), though there were few livestock losses reported 
( Anon, 1955 ). The only regi on reporting an increased incidence 
in 1956 was Northland ( Anon, 1957a ). Outbreaks of leptospirosis' 
in the South Island were first noted in 1962 ( Anon, 1963 ). In 
1964, large numbers of sheep kidneys showing lesions attributed 
to leptospirosis were reported from abattoirs all over the 
country ( Anon, 196 5 ). Abortion and economic loss caused by 
leptospirosis in both Islands were reported in 1967 ( Anon, 1968b ) 
and the number and severity of outbreaks of bovine leptospiral 
abortion increased in 1968 ( Anon, 1969a ). In 1970, sporadic 
outbreaks of pomona in cattle were first reported in Otago and 
Southland, following the introducti on of infected calves from 
Golden Bay ( Anon, 1971; Smith, 1973 ). Apart from these out­
breaks, leptospirosis was reported to be rare south of Temuka 
at that time ( Smith, 1973 ). 

Even in 1954 human and bovine cases of pomona infection had 
been reported from all parts of New Zealand except Canterbury, 
though the prevalence appeared to be higher in the north of New 
Zealand ( Salisbury, 1954 ). In Canterbury, during the years 
1956-61, pomona infections of humans and cattle, though of low 
prevalence, were reported by Cook ( 1964 ). However, the prevalence 
of human and bovine pomona infecti ons was still regarded as low 
in Canterbury , compared with Nelson and the West Coast, in 
1970-71 ( Porter, 1973 ). A later survey of mainly beef herds, in 
Otago-Southland, showed many herds with titres to  hardjo and a 
few with pomona titres ( Anon, 1974f ) though Williams ( 1976 ) re­
garded hardjo infection as uncommon in his practice based on 
Invercargill. 

In 1975, 1949 of the 45, 546 cases submitted to Animal 
Health Laboratories for all reasons were diagnosed as lepto­
spirosis; 4.2% from Northland and Central Auckland, 63.9% from 
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South Auckland, 12.3% from Taranaki, Wanganui and Manawatu, 4.4% 
from Gisborne, Hawkes Bay and Wairarapa, 12.4% from the upper 
half of the South Island and the West Coast and 2.9% from Otago 
and Southland ( Arion, 1976a ). 

Epide.nU.ofoglJ • 

It has been stated that there is an increased incidence of 
clinical leptospirosis in New Zealand during wet spring and 
summer months ( Anon, 1973b ). Also a number of authors have 
commented on the association between periods of high rainfall 
in the spring and a high human ( Kirschner et ai , 1952; Tennent 
and Philip, 1964; Philip and Tennent, 1966; Brockie, 1976; 
Phi lip, 1976 ) and bovine ( Kirschner et ai , 1952; James, 1954; 
Philip, 1976 ) incidence. However the contrary opinion has also 
been expressed. Salisbury ( 1954 ) thought there was no real 
variation in seasonal incidence and that cases were only more 
apparent in the spring following the appearance of new sus­
ceptibles at calving. Blackmore, Marshall and Ingram ( 1976 ) 

�bserved a large outbreak during a period of hot dry weather. 
j However, in at least one season ( 1968 ), a substantially in­

creased bovine incidence ( Anon, 1969b ) followed a dry autumn 
and a particularly wet cold winter and spring ( Anon, 1969a ) 
and in 1972 a decline in bovine leptospirosis was attributed to 
a dry spring ( Anon, 1973a ). 

Regarding the source of infection, various species of wild 
and domestic animals have been suggested as reservoirs for the 
different serovars. During the 1950's pigs were to be found on 
most New Zealand dairy farms and were considered to be the major 
source of pomona infection ( Kirschner et ai , 1952; Anon, 195 3; 
Salisbury, .1954; Dodd, 1955 ). This belief was supported by re­
ports of outbreaks where pomona infection in calves almost in­
variably followed direct contact with pigs ( Bruere, 1952; 

/Ensor and McClure, 195 3 ). Subsequently there has been a rapid 
�decline in mixed pig/dairy cattle farming resulting from the 

cessation of skim milk production on most dairy farms. As a 
consequence pigs hnve now been largely discounted as the source 
of bovine pomona infection ( Tennent and Philip, 1964; Jamieson 
Et a i ,  1970; Christmas et ai , 1974a; Marshall, 1975 ). Also 
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pomona outbreaks have been reported where pigs were absent 
( Webster , 1957; Blackmore et ai , 1976 ). However , it is still 
possible that pigs are indirectly responsible for pomona in­
fection of cattle . A recent pomona epidemi c  on a calf-rearing 
property was attributed to the introduction of calves from a 
farm where there had been contact with pigs ( Anon, 1974a ). 
Nevertheless, there is no doubt that the transmission of pomona 

from cow to cow does occur ( Dodd, 195 5; Blackmore et ai , 1976 ) .  

Wildlife do not appear to act as a reservoir for pomona in 
New Zealand as a number of workers have failed to detect any 
evidence of infection with this serovar in rodents, possums, 
hedgehogs, muste1ids and birds ( Salisbury, 1954; Smith , 1965; 
Anon, 1975a; Blackmore et ai , 1976; Brockie , 1976; Anon , 1977a; 
Brockie and Til l ,  1977; Hathaway, 1978 ) .  The sole report of 
pomona infection in New Zealand hedgehogs ( Webster , 1957 ) was not 
fully substantiated by isolation and typing nor subsequently 
supported by other workers. In another survey one of 100 red 
deer sera was reported to have a titre of 1:200 against pomona 

( Daniel , 1966 ) .  

While sheep in this country do experience pomona in-
fection ( Hartley, 1952; Te Punga and Bishop , 195 3; Webster , 195 5; 
Webster and Reynolds, 195 5; Anon, 1956; 1965; Jamieson et ai , 

1970 ) the limited contact between sheep and dairy cattle on most 
farms, and the relatively low prevalence of pomona in beef cattle , 
would suggest that they are not a major reservoir for bovine in­
fection . It has also been shown that sheep did not contribute to 
bovine outbreaks in one investigati on ( Blackmore et ai , 1976 ) .  

With the exception of possums, no other wildlife species has 
been shown to have cultural or serologi cal evidence of hardjo 

infecti on in thi s  country in spite of extensive surveys 
( Blackmore et  al , 1976; Brockie , 1976; Hathaway, 1978 ) .  The initial 
reports of widespread hardjo infection in possums ( de Lisle , et ai , 

1975; Brockie , 1976 ) and a postulated association between possum 
and bovine hardjo infection appear to be erroneous ( Anon , 1977b ). 
All the evidence to date indicates that it is bal cani ca in­
fection which is widespread in the possum populati on ( Marshall 



et al , 1976; Hathaway, 1978 ) and it  appears that earlier 
workers were misled by the almost total serological cross­
reaction between balcanica and hardjo . Although there i s  con­
vi�cing serological ev idence of hardjo infection in New 
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Zealand sheep ( Ri s, 1975 ), their role in the epidemiology of 
bovine hardjo infection is still not defined . It appears most 
likely that hardjo is spread, at least among dairy cattle, from 
cow to cow ( Blackmore et al , 1976 ) .  

Apart from human and bovine infection, copenhageni has 
been isolated only from the Norwegian rat ( Ra ttus norvegi cus ) 

in New Zealand ( Anon, 1950; 1951b; Kirschner and Gray, 1951; 
Kirschner, 1960; Shortridge, 1960; Anon, 1961a; 1961b ) .  There 
i s  strong evidence that cattle have been infected by rat contact 
( Dodd and Brakenridge, 1960; Anon, 1961b ) .  Similarly it appears 
that the mouse ( Mus muscul us ) ,  the black rat ( Rattus ra t tus ) ,  and 
the hedgehog ( Erinaceous europaeus ) ,  serve as reservoirs for the 
sporadic bovine infections of bE.l l um observed in thi s country 
( Brockie and Till, 1977; Hathaway, 1978 ) .  In two �f the , three re­
corded cases of bovine ballum infection were in calves being fed 
meal ( Ris  et al , 1973 ) and i t  i s  likely, therefore , that there 
could have been close c ontact with rodents . 

Infected cattle have been shown to shed leptospires in 
milk ( Anon, 1952 ) and urine . Experimentally-infected calves 
have been shown to shed pomona in their urine for six to nine 
weeks p . i .  ( Anon, 1952; 1958; 1968a ) though i t  has been stated 
that naturally-infected cattle will shed pomona for 100 days 
or more ( Salisbury, 1954 ) .  Salisbury ( 1954 ) suggested that 
clinically normal carriers were in fact responsible for carry­
ing over infection on a property from one season to the next 
and other authors have reported infection and shedding in 
clinically normal calves and cows ( Kirschner et al , 1952; 
Te Punga and Bishop, 1953; Webster and Reynolds, 195 5; Lake, 
1972; Anon, 1973b; Ris et al , 1973; Anon, 1976a ) even when they 
have very low ti tres ( McDonald and Rudge, 1958; Hodges and 
Ekdahl, 1973 ) .  However, Ensor and McClure ( 1953 ) stated that 
pomona epi demic s  in closed herds generally occurred only once 

every three to five years and very rarely in successive seasons . 
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Since pomona vaccines were not available in New Zealand at that 
time , each year ' s  calves must have become susceptible following 
the loss of maternal immunity . Thi s  fact suggests that more 
frequent epidemic s  should have occurred in closed herds if 
asymptomatic adult carriers were present . 

There i s  also the question of whether shed leptospires in­
fect susceptible hosts by direct contact or via the environ­
ment. Direct  contact is favoured by Blackmore et al ( 1976 ) , 
Christmas et al ( 1974a ) ,  Jamieson et al ( 1970 ) and Brockie 
( 1976 ) ,  with the latter three authors particularly stressing 
the large herds , intensive management and high pasture stocking 
rates , which characterise New Zealand ' s  dairy husbandry, as 
major factors in facilitating thi s spread.  Blackmore et al 
( 1976 ) suggested that the urine-licking involved in male bovine 
behaviour was the maj or transmission factor in the bull herd 
they studied. 

Kirschner and McGuire ( 1957 ) felt that indirect spread via 
the environment was a major factor and conducted a series of 
studies to deteTImne survival times of pomona organism in various 
physical environments. They were particularly concerned with the 
short survival time of pomona in undiluted bovine urine or milk , 
which they determined to be not more than 90 and 30 minutes re­
spectively. De Jong ( 1968 ) reported pomona-infected urine to be 
still infective for guinea pigs six hours after collection and 
Marshall ( 1975 ) reported three day survival of pomona in whole 
milk. Kirschner and McGuire ( 1957 ) emphasised the maj or sig­
nificance of rainfall in rapidly diluting urine and milk there­
by greatly enhancing leptospiral survival. They experimentally 
demonstrated the survival of pomona for up to 35 days in urine 
diluted to 1 in 100 with rainwater , 10 days in diluted sewage and 
60 days in milk diluted 1 in 80 with tap water ( Faine and 
Kirschner ,  195 3; Kirschner and McGuire , 1957 ) .  They also demon­
strated that pomona survived 21 days in a mixture of soil and 
water and remarked that many outbreaks occurred when soils  were 
waterlogged ( Kirschner and McGuire , 1957 ) .  

Both direct and indirect spread of hardjo and pomona have 
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been experimentally tested in this country without success . 
Three susceptible calves were kept wi th a hardjo shedder in a 
concrete pen which was hosed out every second day, yet they 
fa�led to become infected ( Anon, 1975b ) .  Because of concern at 
the risk of infection following the spraying of dairy shed 
effluent onto pastures, effluent was experimentally contamin­
ated with cultures of pomona and hardjo .  Pregnant heifers were 
grazed on the sprayed areas without infection occurring ( Anon, 
1974g ) .  This experiment however , appears to have a number of 
weaknesses; the degree of pasture contamination, virulence of 
cultures used and the susceptibility and stocking rate of the 
intended hosts were all undetermined .  There have been overseas 
reports of humans acquiring infection following contact with 
contaminated sewage ( Wray, 1975 ). ( One outbreak of leptospiral 
haemoglobinuria in calves, in the Waikato, was attributed to 
grazing on a pasture which had been sprayed with piggery 
effluent ( Anon, 1974a ) .  

Summary 
1 .  Of the four serovars infecting cattle in New Zealand only 

hardjo and pomona are widespread with the former being by 
far the most prevalent . 

2. There is some evidence that the prevalence of pomona in 
cattle has declined since 1951 and that of hardjo has in­
creased since the middle 1960 ' s .  

3. Within New Zealand it appears that leptospiral infection 
has spread more recently into the far south of the 
country and is still at a lower prevalence there and in 
Canterbury than in the West Coast of the South Island and 
in the North Island. 

4 .  The four serovars isolated fTDm cattle each appear to have 
their own reservoir hosts . Though cattle can undoubtedly 
transmit pomona to other cattle i t  is likely that the pig 
is the major host for this serovar and that bovine out­
breaks are either directly or indirectly associated with 
porcine carriers . Cattle are the major hosts of hardjo 

though the role of sheep in the transmission of this sero­
var is still unknown . The black rat, house mouse and 
hedgehog are the major reservoirs of bal l um and the 



Norwegian rat the reservoir of copenbageni . 

5 .  The main factors considered to contribute to the high 
prevalence of bovine leptospiral infection in this 
country are periods of high rainfall favouring trans­
mission via the environment and the management practices 
adopted by the New Zealand dairy industry based on large 
herds and high stocking rates . 

17 . 



PREVALENCE STUDIES ON BOVINE LEP'I'a3PIRJSIS 

As was discussed in the previous chapter, the published 
information on the cultural and serological evidence of lepto­
spirosis in New Zealand cattle fails to provide defini tive data 
on a number of points . In particular, since no nation-wide 
random sample surveys have been conducted, the true nati onal 
prevalence of bovine infection by various leptospiral serovars 
is still unknown . It was therefore decided to commence this 
study by defining the prevalence of serologic al reactions in 
bovines to the serovars known to occur in New Zealand . This 
study was followed by further surveys in the Manawatu region 
in preparation for the selection of suitable herds in which to 
undertake detailed investigations of the epidemi ology of 
bovine leptospirosis . 

18 . 

Four surveys were undertaken : the first a national survey 
of leptospiral titres in a randomly-selected sample of beef and 
dairy cattle sera, the second and third, of leptospiral titres 
in dairy cattle from the Manawatu region at different times of 
the year, and the fourth a cultural survey of leptospiral in­
fection in a randomly-selected group of typical Manawatu dairy 
cattle . In addition the three Massey University dairy herds 
were sampled to see if they conformed to  the typical serologi cal 
pattern observed in cattle in the surrounding Manawatu region . 

Materials and Methods . 
Random .6amp.te 0 0  .6 eJta oJtom New Zealand dahtlj and beeo c.a.ft1.e . 

Sera were obtained from the b ovine serum bank maintained 
by the Ministry of Agriculture and Fisheries at the Central 
Brucellosis Laboratory, Wallaceville . This serum bank contains 
sera whi ch were randomly colJ ected from dairy and beef herds at 
the time of whole herd brucellosis tests . Sera are held at _20oC 
and the sample selected for this study came from herds sampled 
during 1973 and 1974. The ages of cattle sampled were not indiv­
idually specified but the serum bank sample was randomly selected 
from adult cattle more than 18 months old . 
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A sample of 480 sera was selected . The sample si ze was 
based on the previously-reported prevalences of bovine titres to 
the five serovars to be tested, the logistics of the micro­
scopic agglutination tests ( MAT ) as conducted in the Massey 
University laboratory and the recommendations of the W . H . O . 
Study Group Report on Serological Surveys ( Anon, 1959 ) . The 
composition of the sample was based on the New Zealand distrib­
ution of  cattle by statistical region ( Anon, 1975e ) . As  there 
were insufficient herds represented in the serum bank sample to 
provide one sample from each herd, samples of three sera were 
selected from each of 152 herds and samples of four sera from 
each of a further six herds . The numbers of herds and sera sel­
ected from each region as proportions of  the national herd, com­
pared with the actual distribution of New Zealand cattle in 1975 
are given in Table 2 . 1 .  

Random .6 amplu 0 0  .6 eM. oJtom ManCWJatu daA.Jr..1j heJtd.6 . 

Two stratified random samples,  each of 480 sera, were obtained 
from 1funawatu dairy cattle; the first in the winter of 1975 and 
the second in the spring of 1976 . On each occasion 24 sera were 
collected by the use of random number tables  ( Remington and 
Schork, 1970 ) from each of 20 herds chosen during a 14 day period . 
The sample was stratified by selecting equal numbers of town­
supply and factory-supply dairy herds from herds which had been 
submitted for whole herd blood sampling for brucellosis testing . 

Aba;t;to.vr.. .6 al1lple. oOJt .the. c..uU:wta1. .6 uJtve.1j 0 0  the. pJte.vale.nc..e. 0 6  

l e.pto.6p.vr..al ino e.c..tio n  in ManCWJatu daA.Jr..1j c..a.t.tle. . 

During the early winter of 1976, 113 cull dairy cattle from 
the Manawatu region sent to the Longburn abattoir, were bled prior 
to slaughter . Sera were immediately tested by the MAT and the 
cattle stratified according to leve l  of titre . Kidneys, with 
their capsules intact, were collected from the first ten cattle 
slaughtered with each level of titre and taken to the laboratory 
for processing . 

SuJtve.1j 0 0  pJte.vaie.nc..e. 0 0  le.pto.6 p1Jr..a1. tdJtu in the. MaM e.1j 

UMV e.MUIj daA.Jr..1j heJtd.6 . 

Random serum s amples were collected from 24 cattle in  each 



Table 2.1 

Regional representation of herds and sera in the random sample of New Zealand 
bovine sera compared wi th the officially reported distributi on* of New Zealand 

cattle in the same year ( 1974 ) .  

Statistical 
Region 
Northland 
Central Auckland 
South Auckland 
Bay of Plenty 
Taranaki 

.'. , ' I .  
• 

East Coast-Hawkes 
.' �, . _c\: :_ _. , : ' 
Wellington 

No . of 
herds 

18 
9 

34 
19 
16 

Bay 19 
18 

Nelson-Marlborough 4 
Canterbury 10 
Otago 6 
Southland 5 

North Island IJJ 
South Island 25  
New Zealand 158 

* Anon ( 1975e ) 

% of 
total 

11 
6 

22 
12 
10 
12 
11 

J 
6 
4 
J 

84 
16 

100 

No . of % of Offi cial 
sera total % of total 

54 11 11 
28 6 6 

103 21 
57 12 }JO 

48 10 9 
58 12 14 
5 5  1 1  14 

12 J J 
31 6 6 
18 4 4 
16 3 3 

40J 84 84 
77 16 16 

480 100 100 

+ Expected number of  sera based on offi cial distributi on of cattle by 

Expected 
no . of sera + 

52 . 8  
28 . 8  

144 . 0  

4J . 2  
67 . 2  
67 . 2  

14 . 4  
28 . 8  
19 . 2  
14 . 4  

40J . 2  
76 . 8  

480 . 0 

region . 

t\) 0 . 



of the three Massey University dairy herds . In each herd cows 

were assigned a rank number according to the sequence in whi ch 

they were milked and 24 rank numbers were chosen by the use of 

random number tables ( Remington and Schork, 1970 ) .  

S�ofog�eat P�oeedun� . 

21 . 

All serum samples were tested using a modi fication of the 

MAT described  by Cole , Sulzer and Pursell ( 1973 ) .  Serial doub­

ling di lutions of sera , which ranged from 1 : 24 to 1 : 3072 after 

the addition of antigen , were prepared in  plast i c ,  round-welled , 

mi croti tre plates ( Microtitre� using a semi-automated minidiluter 

( I).,ma "becih ) . Each we 11 contained 2 5  �l of diluted serum and 

25  �l of antigen . Any serum reacting at a dilution of  1 : 3072 
was further tested by taking out to titre . Known positive con­

trol antisera to each antigen being used were included in each 

set of tests . Plates were incubated at 370C for 90 minutes .  

The antigens used were living cultures of serovars bal l um,  

. copenhageni , hardjo , pomona and tarassovi grown in liquid EMJH 
medium .  These cultures were grown for five to seven days to an 

estimated density of 108 organi sms/ml . 

Tests were read by transferring a drop from each well onto 

a glass microscope slide , using a multiple dipper designed by 

Ryan ( 1978 ) .  The slides  were examined by dry dark-field micro­

scopy at a magnification of 120x . A posi tive reaction was re­

garded as one in whi ch 50% or more of the leptospires were 

agglutinated . The titre endpoint was ei ther taken as the last 

well in whi ch 50% or more agglutination was observed or , in 

those cases where there was much more than 50% agglutination in 

the penultimate well and much less than 50% agglutination in 

the final well , as half-way between those two wells . 

Since titres are geometric measurements , for example doub­

ling di luti ons in this study, some appropriate mathematical 

transformation must be applied to them to allow statisti cal 

analysi s .  Titres can be averaged to determine a geome tric mean 

ti tre ( GMT )  ( Paul and White , 1973 ) but there can be no s tandard 

deviation of a GMT .  Thus all titres in this study were recorded 

* Details  of all ml-lnufacturers adresses are given in Appendix I .  
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and processed in a logarithmic coded form where the code is  the 

rank of  the well in which the endpoint occurre d .  I n  this  form 

titres can be subjected to all normal statistical procedures such 

as comparis on of means and regression analysi s  and can be pre­

sented graphically . Since thE' actual ti tre of the first well i s  

1 : 24 ,  coded titres can b e  converted t o  true titres b y  the ex-

pression T . t 1 re = 
1 

The relationship between true titres and coded titres i s  i llus­

s trated in Table 2 . 2 .  In those cases where the endpoint occurred 

between two wells the coded titre was recor'ded as a half  unit 

more than the penultimate well . For the sake o f  clari ty ,  ti tres 

are given in conventional notation whenever compari sons are made 

with other workers ' data . Data on the repeatabili ty o f  the MAT 

procedure used in this s tudy are given in Chapter �ive . 

Ki dneys were processed wi thin four hours of the animal being 

s laughtered . The capsule was removed from each kidney and a 20 

to 30 gram portion was taken asepti cally and placed in a gamma­

steril ised plastic bag containing 100 ml of sterile Stuart ' s  

Basal Medium ( B .  B-:L .) . The portion of kidney was homogenised in 

thi s  medium by placing the bag in a stomacher ( Col wO'L'th ) 400 ) 

until  i t  was completely disrupted . This  usually took three to 

five minutes .  Thr'ee serial tenfold dilutions of this homogenate 

were made imme diately in 15 ml glass bottles containing steri le 

Stuart ' s  Basal Medium . Aliquots of 0 . 5  ml of e ach dilution were 

inoculated into culture tubes containing each of two media : EMJH 
( Di fco ) ,  0 . 15 %  agar ( Di fco ) and 1 . 0% bovine serum albumin ( Di fco ) 

e ither with or without 200 �g/ml 5-Flourouracil ( 5FU ) ( Sigma ) .  

These medi a  wi ll be referred to as EMJH or EMJH plus 5FU re­

spectively . 

The tubes of culture media were incubated at 300C for 12 

weeks and examined by dark-field microscopy at the 14th, 28th ,  

56th and 84th days after inoculation and then discarded . Isolates 

were subcultured into a liquid medium ( liquid EMJH ) which 



Table 2 . 2 

The relationship between coded titres and true titres . 

Coded Titre True Titre 

0 < 1:12 
.l. 1:17 2 

1 1:24 

H 1:34 
2 1:48 
2� 1:68 
3 1:96 
3� 1:136 
4 1:192 
4� 1:272 
5 1:384 
5t 1:543 
6 1:768 
6� 1:1086 
7 1:1536 

n 1:2172 
8 1:3072 
8� 1:4344 
9 1:6144 
9� 1:8689 

( { d O l C } ) 
T = 12 x 10 

where T = reciprocal of true titre 

c = coded titre 

2 3 .  
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consisted of EMJH ( Di fco ) basal me:dia and 1% bovine serillll albillllin 

( Di fco ) and passaged weekly into fresh tubes of liquid EMJH until  

they were at a sufficient densi ty to be serologically typed ,  

gen�rally in the order of 1 x 108 leptospires/ml . 

S�olog�Qal Typ�ng . 

Serogroup typing was conducted using sera of  known sero­

group specificity supplied to this laboratory from the Centre for 

Disease Control ( CDC ) ,  Atlanta , Georgia . Microtitre plates were 

set up using these standard anti sera against the following sero-

vars : aus tral i s ,  autumnal i s , bal l um ,  bataviae , bi fl exa , cani cola , 

copenhageni , grippotyphosa ,  hardjo , pomona and pyrogenes . 

Each i solate was tested against serial dilutions of all 12 

antisera and classified as belonging to the serogroup whose anti­

serillll reacted to the highest titre . Since the isolation of sero­

var bal canica at this laboratory ( Marshall et al , 1976 ) it has 

become apparent that isolates belonging to the Hebdomadis sero­

group require further testing to distingui sh between hardjo and 

balcani ca . Absorbed anti sera were prepared by exhaustively ab­

sorbing high-ti tre anti-hardjo sera with bal cani ca and anti­

balcanica sera with hardjo . These absorbe d  antisera react mono­

specifi cally with hardjo and balcani ca respectively ( Hathaway, 

1978 ) .  All Hebdomadis serogroup i solates were typed against 

these absorbed antisera to di stinguish between isolates of 

these two serovars . 

StaWUQal Muho d6 . 

The stati stical methods used in the analysis of the results 

obtained in this chapter are given in Appendix I I . 

Results . 

Random .6ample .6 uJtvey o n  ;the pJteval enQe o n  lep-to.6 pVta.1 :tU:Jtu -<..n 

New Zealand c.a:Ute . 

A compari son between the nillllber of  herds and animals 

sampled in e ach statistical region and the census figures for 

cattle in those regions in 1974 ( Anon, 1975e ) is given in Table 

2 . 1 .  Inspection of this  table indicates that the sample closely 

follows the official census di stribution of livestock in those 

regions . The small di fferences between the observed ( sample ) 



distribution and the expected ( official ) di stribution are not 

signifi cant ( p  > 0 . 50 ) .  

The proportions of cattle reacting serologically against 

the five serovars tested are given in Table 2 . 3 . The data pre­

sented in thi s table indicate that 60% of New Zealand cattle 

sera had titres to hardjo ,  18% to pomona, 9% to tarassovi , 2% 

to copenhageni and 4% to bal l um .  Inspection of  the table 

suggests that hardjo , copenhageni and bal l um were more pre­

valent in the North Island while pomona and tarassovi were 

equally prevalent in both North and South Islands . When these 

differences were tested statistically it was found that sig­

nifi cantly more cattle in the North Island had hardjo titres 

( p  < 0 . 01 )  and that the prevalence of copenhageni and ball um 

ti tres combined was approaching a signifi cantly greater level 

in the North Island ( p  <0 . 10 ) .  

Confidence limits  for the prevalence of titres were cal­

culated using the expression that the standard error of the 

percentage of serological positives in a population, based on 

a large random sample , i s  100/( Pq ) .  In thi s expression n 

25 . 

p = proportion positive , q = proportion negative and n = 

sample size ( Anon, 1959 ) .  These 95% confidence limits were 

56 . 0% to 65 . 0% for hardjo titres , 14 . 0% to 21 . 0% for pomona 

titres , 6 . 5% to 11 . 5% for tarassovi ti tres , 1 . 0%  to 3 . 5% for 

copenhageni titres and 2 . 0% to 5 . 0% for bal l um titres . 

To allow the results of this survey to be compared with 

other publi shed data on the prevalence of ti tres to those sero­

vars tested in this study, the proportions of animals with 

titres �3 and �4 , whi ch are approximately equivalent to 1 : 100 

and 1 : 200 respectively, are presented in Table 2 . 4 .  The table 

shows the numbers of animals reacting at different titres . The 

mean positive titre s ,  together with their standard errors , are 

also given . The significance of the differences between these 

mean titres was tested by a one-way analysi s of variance . Highly 

significant differences were found between all means except those 

of bal l um and copenhageni . Reactors to pomona had the highest 

mean titre , then in descending order hardjo ,  tarassovi , 



Table 2 . 3 

Proportions of herds and animals from different statisti cal regi ons with MAT titres � 1 : 17 to serovars 

hardjo , pomona , tarassovi , copenha geni and bal l um in a random sample of New Zealand cattle sera collected 

in 1973-74 . 

Statisti cal hardjo 

Region Herds Animals 

Northlar;d 1§=89% 1 8  
3 5-65% � 

Central Auckland-
_ 
�-100% ��-82% 

South Auckland 

Bay o f  Plenty 

Taranaki 
East Coast-
Hawkes Bay 
Wellington 

Nelson-
Marlborough 
Canterbury 

Otago 

Southland 

North Island 

South Island 

New Zealand 

5t-91% 1&80% 
-!t=84% �-61% 
W88% 3 2 -67% 4 8  
i�-89% ��-57% 

i§-61% �g-36% 

-1:25% 4 1�-17% 

1�-80% �i-5 5% 
%=0% n=0% 

�-100% U-69% 

1 1 4 -86% 26 0 -65% 1 3 3  · 4 0 3  • 
1 4 - 56% 2 5  

3 0 -39% 7 7  
1 2 8 -81% 2 9 0 -60% 1 5 8  • 4 8 0 0 

pomona 

Herds Animals 

1� =39% 5� =17% 

-1 =33% 2� =11% 

-* =56% 1* =29% 

It =47% it =23% 
2. =31% ...2 =15% 1 6  4 8  
2. -26% 2. =12% 1 9 5 8 

l§ =17% 5� =7% 

.-Q. =0% 4 
.-Q. =0% 1 2  

J =30% 2. =16% 1 0  3 1  
f =0% It =0% 
1. =60% ...2 =44 % 5 1 5  

1�� -38%4b� =18% 

J.. =24% 11.. =16% 2 5  7 7  

1 �r =36%4�5 =18% 

tarassovi 

Herds Animals 

l� =33% sf =13% 

-1 =33% 2� =21% 
� =9% TIJt =5%  

It =42% it =19% 
.-Q. =0% 1 6  

.-Q. =0% 4 8  
2. =26% -2. =10% 1 9  5 8  
1§ =6% st =2% 

£ =50% -2. =17% 4 1 2  
-2. =20% -2. =6% 1 0  3 1  
t =33% Ii =11% 
l =20% _1 =6% 5 1 6  

l�� =20%4g� =9% 
...2 =28% ...2 =9% 2 5  7 7  
3 3 -21% 4 3  -9% 1 5 8 - "4 8 0  - 0 

copenhageni 

Herds Animals 

l� =11% sf =4% 
-t =0% 2� =0% 
� =121u-rrl =5% 

IT =5% s+ =2% 
_1 =6% 1 6  --f.. =4% 48  
1§ =5% 5� =2% 

Ig =0% 5g =0% 

Q. =0% 4 
.-Q. =0% 1 2  

.-Q. =0% 1 0  
.-Q. =0% 3 1  

� =0% rt =0% 
Q. =0% 5 .-Q. =0% 1 6  

9 -7% 1 1  -3% 1 3 3  - 0 4 0 3  - • 

.-Q. =0% 2 5  
.-Q. =0% 7 7  

9 -6% 1 1  -2% 1 58 - • 48 0 - 0 

bal l um 

Herds Animals 

"Ii =11% � =4% 
-t =11% 2§ =4% 
� =12%n!t =4% 

It =11% st =5% 

1�-6% 4§ =2% 

1 �-ll% 5� =3% 

1§-17% 5� =5% 

0 -0% 4 
--.JL =0% 1 2  

16 -10% _1 =3% 3 1  
� =0% rt =0% 

t =0% .-Q. =0% 1 6  

1 5 -11% 1 6  -4% 1 3 3  - "4 0 3  - • 
_1 =4% 2 5  

_1 =1% 7 7  
1 6 -10% 1 7 -4 % 1"5]" ;- °4 8 0  - 0 

l\.) 0' . 
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Table 2 . 4 

The numbers and proportions of  sera from a random sample of New 

Zealand bovine sera reacting to serovars hardjo , pomona , tarassovi , 

copenhageni and bal l um at various titres ( n  = 480 ) .  

Titre 

o 
� 
1 
I! 
2 
2! 
3 
3� 
4 
4�  
5 
5 � 
6 
6� 
7 
7� 
8 
8� 
9 

hardjo 

190 
20 
31 
25 
45 
23 
44 
22 
38 
14 
14 

7 
5 
1 
1 

pomona 

39 5 

11 
3 

10 
7 

16 
1 

14 
6 
9 
1 
3 

1 

2 

1 

tarassovi 

4 37 
6 

11  
3 
7 
3 
8 
1 
3 
1 

> 0 ��� = 60% 4�� = 18% 4�� = 9% 

t�� = 30% 4�6 = 11% 4it = 3% 

> 4 S 
4�� = 17% 4�b = 8% 

Mean ti tre 2 . 77BW 3 . 39A 
of +ves 

4> S . E .  0 . 08 
A 

G . M . T . +ves 1 : 82 

0 . 19 

1 : 126 

4 86 = 1% 

1 . 95C  

0 . 17 

1 : 46 

copenhageni 

469 
3 
6 
1 

1 

1 1  - 2% 4 8 0  -
0 

--1. = 0% 4 8 0  

4 8� = 0% 

1 . 09Dd 

0 . 21 

1 : 26 

a � 3 i s  approximately equivalent to a titre of  1 : 100 
S � 4 " " " "  " " " 1 :  200 

bal l um 

462 
8 
5 
2 
2 

1 7  - 4% 4 8 0  -
0 

4s% 
= 0% 

4 8� = 0% 

0 . 94Dd 

0 . 13 

1 : 23  

W Notation :  Duncan ' s  lettering ; mean values with a capital letter in 
common are not significantly different at the 1% level of probability 
and those with lower case letters in common do not significantly 
differ at the 5% level . 

4> Standard error of the mean . 
A G .M . T .  = Geometric mean titre . 
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copenhageni and bal l um reactors . 

The association between serological reactions occurring in 

in(iividual animals to two or more serovars was ·examined . The 

distribution of single and multiple reactions to the five sero­

vars i s  given in Table 2 . 5 .  Of the 480 animals tested 316 

( 66% ) reacted to at least one serovar . The proportion of all 

animals tested reacting to only one serovar was 42% , to two 

serovars 20% , to three serovars 4% and to four serovars 0 . 4% . 

Using the data from Table 2 . 5 ,  95% confidence limits were est­

ablished for each serovar, whioh'� sfiow the expected proportions of 

reactors to one sermCa..r. react·j.:v.g . . to other serovar.Q � . J ;)ased·: �I:l, chance 

al.one . � -.:'�Th.e,s-e .confid.ence limits ,and :ith.e obE erved', pr.oportions of 

multiple reactions occurring in cattle reacting to each serovar 

are shown in Table 2 . 6 .  In each case the observed proportions 

of multiple reacti ons lie just within or beyond the upper limit 

of each confidence interval , indicating near-significant or 

significant differences between the observed levels and those 

expected by chance alone . 

The sizes of multiple reaction titres are presented in 

Table 2 . 7 .  Thi s table was constructed by consi dering each group 

of reactors to a given serovar as a sub-sample from the population 

of 480 sera tested . The means and standard errors of the titres 

to the other serovars occurring in those samples were then com­

pared with those calculated for all 480 sera . Inspection of this 

data ( Table 2 . 7 )  indicates that tarassovi , ball um and copenhageni 

reactors had mean hardjo and pomona titres which were greater 

than those observed in the whole population . Stati stically sig­

nificant differences  are indicated;  all other differences were 

non-significant at the 5% level of probability .  

Random �ampfe o n  � �  n�om d�y eattte �n the Manawatu �egio n .  

The numbers o f  sera in each sample reacting at different 

titres to the five serovars tested are shown in Table 2 . 8 .  A 

higher proportion of sera from the spring 1976 sample were 

posi tive against all serovars tested . The numbers and pro­

portions of sera reacting against one or more serovars are shown 

in Table 2 . 9 .  The proportion of sera with multiple titres was 



Table 2 . 5  

The numbers of animals tested in a random sample of New Zealand 

bovine sera with titres to one or more serovars ( n = 480 ) .  

Total number of 

Reactions to one serovar . 

hardjo 165 
pomona 23 
tarassovi 9 
bal l um 2 
copenhageni 1 

Reactions to two serovars . 

hardjo & pomona 60 
hardjo & tarassovi 21 
hardjo & bal l um 8 
hardjo & copenha geni 4 
pomona & tarassovi 1 
pomona & bal l um 1 

Reactions to three serovars . 

hardjo , pomona & tarassovi 9 
hardjo , pomona & bal l um 5 
hardjo , pomona & copenhageni 4 
hardjo , tarassovi & bal l um 1 

Reactions to four serovars . 

hardjo , pomona , tarassovi & copenhageni 2 

animals with leptospiral titres 3 1 6  
= 66% 

4alJ 
Number of animals with titres to 2 0 0  

42% one serovar 't1ro'" = 
If I f  I f  If If I f  two serovars� � 20% 
If If I f  If If If three I f  m = 4% 
If  I f  I f  If If  I f  four If ifo = 0% 

29 . 
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Table 2 . 6 

Multiple reactions occurring in a randomly selected sample of New 
* Zealand bovine sera showing the expected ( 95% CL ) and observed 

proportions of reactors to each serovar reacting to one or more 
additional serovars . 

Serovar 
tested 

95% CL fer expected 
proportion of multiple 

reactions 

Observed proportion 
of multiple reactions 

* 

hardjo 
pomona 
tarassovi 
bal l um 
copenhageni 

26 - 37% 
51 - 72% 
48 - 78% 
.39 - 87% 
3.3  - 91% 

95% CL 95%  Confidence Limits 

Table 2 . 7 

43% 
7.3% 
77% 
89% 
91% 

Multiple reactions : mean coded titres ' to other serovars occurring 
in reactors to hardjo , pomona , tarassovi , copenhageni and bal l um 

from a random sample o f  New Zealand cattle . 

Sample hardjo pomona tarassovi bal l um copenhageni 

population 1 · 6 7 ±O . o sB O . 6 0 ±O . 0 7  O o l S ±O . 0 3  O . O 3±O . O l  O . O 3±O . O l  

hardjo O . 7 2 ±O o l O  O . 2 2 ±O . O 4  O . O 4±O . O l  O . O 4±O . O l  
reactors 
pomona 1 · 9 1 ±O · O S* 

lji 
O · 2 1 ±O · O 6  O · O 7±O · O 3  O · O S ±O · 0 4  

reactors 
tarassovi *** 
reactors 2 . 2 2 ±O · O S  O . 9 S ± O . 2 6  Q . 0 4 ±O . 0 3  O · O S ±O . O S  

bal l um 
reactors 2 · 32 ±O · 3 S 1 · 3 2± O · 4 9  O · 2 7±O · 2 6 O · O O ±O · O O  

copenhageni *** * 
reactors 3 · 4 6 ±O · l O 3 · 1 S ± 1 · 0 9  O · 3 2 ±O · 2 4 O · O O ± O · O O  

CL sample size 
8 = mean ± standard error 
lji notation :  * = P<0 . 05 signi ficance level compared with population mean 

***= P<O . OOl " " " " " " 

a n 
480 

290 

85 

43 

17 

11 



a 
S 
1jJ 

Table 2 . 8  

The numbers and proportions of sera in two random samples of Manawatu dairy cattle conducted in wint.er 1975 

and spring 1976 reacting to the serovars indi cated ( for each sample n = 480 ) .  

Titre 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

> 0 

> 
= f' 

S 
� 4 

GMTI/! 

�3 
�4 

GlvIT 

hardjo 

July October 
1975 1976 

128 115 
74 57 
78 73 
81 92 
71 67 
33 46 
10 23 

2 6 
1 

3 

m =73% & =76% 

2.Q.Q. =42% 2 3 4 =49% 4 8 0 0 4 8 0  0 
� =25%  1 4 3 =30% 4 8 0  4 8 0  

1 : 53 1 : 65 

� 1 : 96 
� 1 : 192 
geometric mean titre 

poJlX)na 

July October 
1975 1976 

456 435 
.3 16 
6 8 
6 6 
6 4 
1 8 

2 
1 1 

-2l -5%  .....!±2. -9% 4 8 0  - • 4 8 0  - • 

1 4 -3% -.ll -4% 4 8 0  - 0 4 8 0  - 0 
_8 =2%  � =3% 4 8 0  4 8 0  

1 : 13 1 : 14 

tarassovi 

July October 
1975 1976 

470 426 
7 47 
1 5 

1 
1 1 

� =2% 4 �6 =11% 

4 86 =0% 4 8� =0% 

_1 =0% _1 =0% 4 8 0  4 8 0  
1 : 12 1 : 13 

copenhageni 

July October 
1975 1976 

474 460 
5 18 
1 3 

6 -1% 2 1 -4% 4 8 0  - • 4 8 0  - • 

4 8� =0% 4 8� =0% 

._0 =0% _0 =0% 4 8 0  4 8 0  
1 : 12 1 : 13 

ball um 

July October 
1975 1976 

474 448 
5 29 

3 
2 

7 -1 % 32 -7% 4 8 0  - _ < 4'80 - • 

4 8� =0% 4 8� =0% 

_0 =0% _0 =0% 4 80 4 8 0  
1 : 12 1 : 12 

w f-l . 
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Table 2 . 9 

The numbers of animals tested in two random samples  
of Manawatu dairy cattle with titres to  one or  more 

serovars ( n = 480 for each sample ) . 

Winter 1975 . Spring 1976 

hardjo 
pomona 
tarassovi 
copenhageni 
bal l um 

hardjo/pomona 
hardjo/tarassovi 
hardjo/bal l um 
hardjo/copenhageni 
pomona/ tarassovi 
pomona/bal l um 
pomona/copenhageni 
tarassovi/bal l um 
tarassovi /copenhageni 
ball um/copenhageni 

hardjo/pomona/ tarassovi 
hardjo/pomona/copenhageni 
hardjo/pomona/bal l um 
hardjo/tarassovi /copenhageni 
hardjo/tarassovi/bal l um 
pomona/ tarassovi /ballum 

hardjo/pomona/tarassovi/bal l um 
hardjo/pomona/copenhageni/bal l um 
hardjo/tarassovi/copenhageni/ba l l um 
pomona/tarassovi/copenhageni /ball um 

Total number of sera with titres 

Reactions to one serovar 

" " two serovars 

" " three serovars 

" " four serovars 

Reactions to one serovar 
326 273 

8 
2 2 
2 3 
1 

Reactions to two serovars 
10 19 

4 32 
5 9 
3 5 

1 
1 2 

Reactions to three serovars 
3 
1 

1 
2 
5 
1 
3 
2 

Reactions to four serovars 
9 
3 
2 
1 

..l§.2. = 76% 37 5 _ 4 8 0  4'80 -
..l.li = 71% 1ll = 4 80 4 80 
-2l.. = 5% 6 8 
4 8 0  1f8O 
� = 1% 1 4  = Tt80 
48� = 0% 1 5  = 4 8 0  

78% 

58% 

14% 

3% 

3% 



significantly greater ( p  < 0 . 001 ) in spring 1976 ( 20% ) when 

compared with winter 1975 ( 6% ) .  The proportions of reactors 

to each serovar expected to have multiple reactions and the 

pr9Porti ons of such reactions observed for both samples are 

given in Table 2 . 10 .  The proportions of multiple reactions 

observed in winter 1975 all lay within the expected range 

( 95% CL ) but-.:thi s waS., not . the. case in �prinff! 1c:;l'76 .' ·' . 

Table 2 . 10 

Multiple reactions occurring in sera collected in two 

random samples of Manawatu dairy cattle conducted in 

winter 1975 and spring 1976 , showing the expected ( 95 %  

CL ) and observed proportions o f  reactors to each sero­

var reacting to one or more additional serovars . 

Winter 1975 

33 .  

Serovar Tested 95% CL l s  for expected 
proportions of mult­

' iple . reactors . . .  

Observed proportions 
of multiple reactors 

hardjo 
pomona 
tarassovi 
copenhageni 
bal l um 

Serovar Tested 

hardjo 
pomona 
tarassovi 
copenhageni 
bal l um 

6% - 1 3% 
53% - 91% 
37% - 96% 
30% - 98% 
32% - 97% 

Spring 1976 

95% CL l s  for expected 
proportions of mult­

i�le :re�ctcirs : . . , 

17% - 27% 
63% - 89% 
64% - 88% 
55% - 93% 
60% - 91% 

7% 
65% 
78% 
67% 
86% 

Observed Proportions 
of multiple reactors 

25% 
100% 

96% 
86% 

100% 

The mean titres to each of the other serovars observed in 

reactors to hardjo,  pomona , tarassovi , copenhageni and bal l um 

are shown for both samples in Table 2 . 11 . Signifi cantly lower 

hardjo titres ( p  < 0 . 05 )  occurred in pomona and copenhageni 

reactors when compared with the mean hardjo titre of the winter 

1975 sample , but all other mean titres in that sample were not 

s ignificantly different from the populati on means . In the spring 



Table 2 . 11 

Manawatu dairy cattle random samples : mean coded titres to other serovars occurring 

in reactors to hardjo,  pomona , tarassovi , copenhageni and bal l um .  

Serovar tested for multiple reaction 
Sample hardjo pomona tarassovi ball um copenhageni Sample Si ze Season 

Population 2 ' 1 3  + a 
0 · 0 8 0 ' 1 4 ± 0 · 0 3  0 · 0 3  ± o · 0 1  0 · 0 2 ± o · 0 1  o • 0 1 ± o · 0 1  480 Winter 1975 

hardjo Reactors 0 · 1 3  ± 0 ' 0 4  0 · 0 3  ± o · 0 1  0 · 0 2 ± o · 0 1  0 · 0 1  ± o · 0 1  352 " " 

pomona Reactors 1 · 3 9 ± 0 ' 3 1
* S 

0 · 1 7  ± 0 · 1 0 0 · 0 4  ± 0 · 0 4  0 ' 0 4  ± o • 0 4  23 " " 

tarassovi Reactors 2 ' 44 ± 0 ' 5 8 l '  0 0 ± 0 · 5 8 o • 0 0  ± o · 0 0 0 ' 0 0  ± o · 0 0 9 " " 

bal l um Reactors 2 ' 0 0  ± 0 ' 4 1  O '  5 0  ± 0 ' 4 3  o . 0 0  ± o • 6 0  0 ' 0 0  ± o • 0 0  7 " " 

copenhageni Reactors + O · 3 9
* + 

1 ' 1 7  - 0 ' 5 0  o • 5 0  0 ' 0 0  ± o '0 0  0 ' 0 0  ± 0 ' 0 0  6 " " 

Population 2 · 4 3  ± 0 · 0 9  0 · 2 6 ± 0 · 0 4 0 · 1 3 ± 0 · 0 2 0 ' 0 7  ± o · 0 1  0 ' 0 5  ± o · 0 1  480 Spring 1976 

hardjo Reactors o • 3 0  ± 0 · 0 5 0 · 1 6  ± 0 · 0 2 0 · 0 8  ± 0 · 0 2 0 ' 0 5  ± o · 0 1  365 " " 
** *** 

pomona Reactors 2 · 5 1  ± 0 · 22  o • 3 6  ± 0 · 0 9 0 · 5 3 ± 0 · 0 9  0 ' 1 3  ± 0 ' 1 0 45 " " 
** *** 

tarassovi Reactors 3 · 2 2  ± 0 · 24 0 · 5 7 ± 0 · 1 8 o · 3 7 ± 0 ' 0 8  0 ' 0 9  ± o . 0 5  54 " " 
*** *** * 

ball um Reactors 3 · 0 0 ± 0 · 3 1 1 ' 7 8  ± 0 · 2 6 0 · 7 2 ± 0 ' 1 6 0 ' 3 3 ± 0 ' 1 3 32 " " 
* ** * 

copenhageni Reactors 3 · 3 8 + o • 5 1  1 · 1 0 + 0 · 4 6  o · 3 8 + 0 · 2 1 0 · 3 3 + 0 · 1 3  21 " " -

a = Mean ± standard error . 

S Significant differences from population means in each season are 
* ** 

indicated by = P < 0 . 05 ,  = P 
*** w < 0 . 01 ,  = P < 0 . 001 .t--. 
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1976 sample there were a number of s ignificant differences .  
Notably,  higher mean hardjo titres were observec in tarassovi 

( p  < 0 . 01 )  and copenhageni ( p  < 0 . 05 ) reactors , higher mean 
pomona titres in bal l um ( p  < 0 . 001 ) and copenhageni ( p  < 0 . 01 )  

reactors and higher mean tarassovi titres in bal l um reactors 
( p  < 0 . 001 ) when compared with the mean hardjo , pomona and 
tarassovi titres occurring in the whole sample of 480 sera . 
There was also a significant association between ba l l um 

copenbageni titres ( p  < 0 . 05 ) in this sample . 

Mean titres against all serovars were significantly higher 
in the spring 1976 sample when compared with the one taken in 
the winter of 1975 : hardjo , pomona and copenhageni at the 5% 

level of probability, bal l um at the 1% level and tarassovi at 
the 0 . 1%  level . 

Both samples of Manawatu dairy herds had significantly more 
( p  < 0 . 01 ) and significantly higher ( p  < 0 . 001 ) mean hardjo 

titres and significantly less ( p  < 0 . 01 )  and significantly 
lower ( p  < 0 . 001 ) mean pomona titres than observed in the 
random sample of New Zealand c attle . The mean tarassovi titre 
in the winter 1975 sample of Manawatu dairy cattle was also 
significantly lower ( p  < 0 . 001 ) than that of the national 
sample . 

Each sample consisted of ten town supply and ten factory 
supply herds . In both there was no significant difference 
between the numbers of reactors or their mean titres in either 
class of herd . The sizes of the herds sampled ranged from 68 

to 303 cows ( mean 146 . 5  ± 13 . 2 )  in winter 1975 and 78 to 262 

cows ( mean 149 . 2  = 11 . 3 ) in spring 1976 . In both years there 
was no significant difference between the mean sizes of the 
town and factory supply herds nor were there significant diff­
erences  in herd sizes between the two samples .  Therefore the 
results from all 40 herds were pooled and the correlation 
between herd size and mean hardjo titre was calculated .  The 
corrected . correlation coefficient , r = 0 .41 ,  was significant 
( p  < 0 . 01 ) indicating that larger herds tend to have higher mean 
hardjo titres ,  and that approximately 17% of the variation in 
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mean hardjo titres may be explained by variation in herd size . 

The mean coded titres and the herd sizes are shown graphically 

in  Figure III  with the fitted regression line ( y  = 1 . 24 + 0 . 007lx ) .  

The 99% confidence limits of the mean herd titre are also shown 

and it  c an be seen that approximately one third of the herd mean 

titres  were below these limits  and approximately one third above , 

indicating that there are significant differences between herds . 

Plte.vale.n.c.e. o n  le.pto.6 p-Uta1. in.ne.c.tion. in. Marr.awatu. c.a.ttle. .6ample.d 

a.t a.n. a.ba.tioilt . 

One hundred and thirteen cull dairy cows were available for 

sampling during the study period from 26th May to 6th June 1976 . 

The hardjo ti tres of these cattl e  are given in Table 2 . 12 .  

Table 2 . 12 

Numbers of cows from an abattoir survey with different 

hardjo coded t itres ( n=113 ) .  

Titres 

No . of 
cows 

0 1 2 3 4 

22 17 31 23 10 

5 

9 

6 7 8 

o 1 o 

The distribution of t itres in  thi s sample was significantly 

different ( p  < 0 . 05 ) from that observed in the random sample of 

Manawatu dairy cattle conducted in July 1975 ( Table 2 . 8 ) ,  there 

being relatively fewer serologically negative animal s  and 

relatively more with titres of 3 and 4 in the abattoir sample . 

However, the geometric mean hardjo titre of the animals in the 

abattoir sample ( 1 : 52 )  was not s i gnificantly different from that 

observed in the earlier survey ( 1 : 53 ) .  

Four groups of ten animals with coded titres of zero, one , 

two and three respectively, eight with a ti tre of four, nine 

with a titre of five and one with a titre of seven, making a 

total of 58  cows , were sampled for kidney culture, and i solation . 

Two cows ( 3 . 4% ) yielded isolates which were provisionally 

typed as hardjo by their reaction with absorbed antisera . One 

of these i solates was submitted to the W . H . O . Laboratory at the 

C . D . C . and was confirmed as hardjo on the basis  of its  reaction 

with absorbed antisera to all members of the Hebdomadi s serogroup . 



The i solates came from cows with titres of 1 : 96 and 1 : 192 . 

Both i solates were obtained in pure culture in plain EMJH and 

EMJH plus 5FU inoculated with 1 : 100 dilutions of kidney 

homogenate but not in any tubes inoculated wi th the 1 : 10 or 

1 : 1000 dilutions . There were 27 of 348 ( 8% )  contaminated 

37 . 

tubes j  21 of 116 ( 18% ) inoculated with 1 : 10 dilutions of kid­

ney homogenate , 4 ( 3% )  of 116 with 1 : 100 and 2 ( 2% )  with 1 : 1000 . 

There was no significant difference between the numbers of con­

taminated tubes in plain EMJH or EMJH plus 5FU and in no case 

were more than two of the six tubes inoculated with homogenate 

from each kidney contaminated . 

PJteva£enc. e 0 0  lep.:to.6 p..i.JLa1. .t.LtJte.6 in -.:the Ma.M etj UYLiveMdtj heJtci6 . 

Twenty-four cows were sampled at random from each of the 

three Massey dairy herds in spring 1975 . The hardjo and pomona 

titres of these cows are given in Table 2 . 13 .  All cows were 

negative to serovars tarassovi , bal l um and copenhageni . 

The No . 1 and No . 4 herds had mean hardjo titres which were 

not significantly different from those observed in the random 

samples of 1�nawatu dairy herds but the No . 3 dairy herd had a 

significantly lower mean hardjo titre ( p  < 0 . 001 ) .  The mean 

pomona titre of the No . 1 dairy herd was significantly greater 

( p  < 0 . 001 ) than that of the Manawatu sample but those of the 

No . 3 and No . 4 dairy herds were not . 

Titre 

0 
1 
2 
3 
4 
5 
6 
7 
8 

Table 2 . 13 

Numbers of cows in random samples from the three 

Massey University dairy herds with different hardjo 

and pomona coded tires ( n  = 24 ) .  

Herd 

No . 1 Dairy No . 3 Dairy No . 4 Dairy 

hardjo porilona hardjo pomona hardjo pomona 

8 5 21 23 
3 5 9 7 
9 1 5 2 5 
5 6 3 1 5 1 
4 2 2 4 
3 2 3 



Discussion . 

It has been suggested, by the W .H . O . ,  that the ideal 

sampling method for determining the level of infection or 

immunity in the population of a whole country is to select 

individuals from all localities wi thin that country in pro­

portion to the population in each locality on a random basis 

( Anon, 1959 ) .  In this study the sample of sera studied com­

plies with the first condition of locality representation 
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( Table 2 . 1 )  though not in the strictest sense with the second 

condition of randomness . Herds were selected at random from 

each region for inclusion in the serum bank sample and sera from 

within those herds were also randomly selected . But once the 

herds were selected for the present study three samples were 

taken from each herd . This survey was undertaken to investigate 

the prevalence of serological titres to an infectious disease . 

The presence of one reactor in a herd implies an increased 

probability of other members within the herd al so possessing 

titres . Thus i t  should be appreciated that the results of this  

survey may overestimate the true prevalence of  leptospiral titres 

in New Zealand cattle . However,  the results summarised in Table 

2 . 3  indicate the widespread and common occurrence of titres to 

hardjo , pomona and tarassovi in thi s country . It i s  l ikely that 

the re sults reported in Tables 2 . 3  and 2 . 4 provide far more 

accurate estimates of the prevalence of titres to the five sero­

vars tested than have been previously reported ( Tables 1 . 1  to 

1 . 3 ) .  The proportion of cattle with titres � 1 : 200 to hardjo 

( 17% ) is  lower than in most previous reports though the pro­

portion with any titres ( 60% ) agrees closely with the 56% of 

sera tested for export in 1972 which had titres > 1 : 20 ( Roach, 

1973 ) .  The proportions of cattle with titres > 1 : 200 against 

pomona ( 8% ) , tarassovi ( 1% ) , copenbageni ( 0% )  and bal l um ( 0% )  

observed in the present study are similar to those summari sed 

in Tables 1 . 1  to 1 . 3 .  

Because of variation in the appli cation and interpretation 

of MAT results in different countries , any compari son with the 

results obtained in this survey should be interpreted with 

caution.  However ,  the prevalence of hardjo titres in the present 

survey appears to be similar to those reported to hebdomadis and 
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sejroe ( now attributed to hardjo ) in Flori da ( Galton e t  al , 1956 ; 

Alexander and Evans , 1962 ) ,  Scotland, Northern Ireland ( Coghlan 

and Norval , 1967;  Ellis and Michna , 1976a ) and Panama ( Murnane 

et . al ,  1963 ) and to hardjo in Italy ( Farina e t  al , 1972 ) ,  New 

South Wales ( Hoare and Claxton, 1972 ) ,  Argentina and Bolivia 

( Anon, 1975f ) .  They are higher than those reported to hebdomadi s 

in U . S . S . R .  ( Lyubashenko et al , 1966 ) and Malaysia ( Arunsalem, 

1975 ) and to hardjo in Queensland ( Spradbrow, 1964 ) ,  the U . K .  

( Twigg , Hughes and McDiarmid ,  1972 ) and U . S .A .  ( Anon, 1974e ) .  

Prevalences of pomona titres similar to those dete cted in the 

present study have been reported in Queensland, Peru, U . S . S .R .  

and U . S .A .  ( Spradbrow, 1964 ; Fernande z and Acosta, 1966 ; 

Lyubashenko et al , 1966 ; Anon, 1974e ) .  Similar prevalences of 

tarassovi have been reported in Queensland and U . S . S . R . ; of 

copenhageni titres in Panama , Scotland , U . K .  and U . S .A . ;  and of 

ball um titres in Peru, Scotland and U . K .  ( Murnane et al , 1963 ;  

Spradbrow, 1964 ; Fernandez and Acosta, 1966 ; Lyubashenko e t  al , 

1966 ;  Twigg et al , 1972 ; Anon, 1974e ; Ellis  and Michna , 1976a ) .  

However ,  Winks ( 1962 ) reported a higher prevalence of pomona and 

tarassovi titres in Queensland than those detected in the present 

survey . 

The sample was designed to estimate the national prevalences 

of titres to the serovars tes ted , rather than to assess regional 

di fferences .  However,  the data presented in Table 2 . 3  does 

indi cate the pos sibility of real differences existing between 

some regions . Apparently higher prevalences of titres to most  

serovars were detected in sera from the more northern regions . 

There were significantly ( p  < 0 . 01 ) more hardjo reactors in the 

North Island ( 65 % ) compared with the South ( 39% ) while pomona 

( 18% ) and tarassovi ( 9% )  reactors were equally prevalent in both 

Islands . There was a non-significant ( p  < 0 . 10 )  tendency, re­

flecting their low overall prevalence ,  for copenhageni ( 2% )  and 

bal l um ( 4% )  reactors to be more prevalent in the North Island . 

The detection of significant differences between the mean 

titres of serologi cal reactors to each serovar ( Table 2 . 4 ) is  

in agreement with reports that animals respond to pomona infection 

with a more marked serologi cal response than they do to hardjo 



infection ( Hodge s ;  1975 ; Anon, 1975c ) .  The low mean titres of 

reactors to the other three serovars sugge sts the possibility 

that many of these titres represent low cross-reaction titres . 

This possibility,  that most of the titres to tarassovi , bal l um 
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and copenhageni were caused by cross-reactions , is corroborated 

by the data presented in Tables 2 . 5  to 2 . 7 .  The associations of 

titres against tarassovi , bal l um and copenhageni with higher than 

average hardjo and pomona titres does not prove that titres to the 

former three serovars are entirely due to cross-reaction . 

It could be argued that causal associated factors shared by 

any, or all , o f  these serovars would equally explain the excessive 

occurrence of  cows with multiple titres . However, only one of  

the 480 sera tested in  the present survey had a titre � 1 : 100 to  

either copenhageni or bal l um .  Also Ryan ( 1978 ) observed that 

certain strains of pomona produced high titre cross-reacticns to 

copenhageni in pigs . Consideration of the se facts in conjunction 

with the earlier evidence for bovine infec tion by these two sero­

vars in New Zealand ( Chapter One ) appears to establi sh a strong 

case for regarding all the titres to bal l um and copenhageni in 

this survey as  cross-reactions . The situation with tarassovi 

is less clear . Since both tarassovi and pomona occur in pigs in 

thi s country and would be expected to present a cornmon source of 

bovine infecti on ,  it  was expected that these titres would be  

associated, yet this  was not so . Instead tarassovi titres are 

very strongly associated with hardjo titres ( Table 2 . 7 ) .  It is  

suggested that tarassovi titres represent two populations : a 

population of low titres representing cross-reactions with hi gh 

hardjo titres and a population of moderate and low titres 

representing true convalescent tarassovi reactions . 

The higher prevalence and mean level of hardjo titres in the 

two Manawatu dairy cow samples ( Tables 2 . 8  and 2 . 11 )  when compared 

with the random sample of New Zealand sera ( Tables 2 . 3  and 2 . 7 )  is  

not unexpected . The lower figures obtained for New Zealand cattle 

reflect the lower prevalence of hardjo in the South Island and 

possibly a lower prevalence in beef cattle in some areas . Also  the 

selection of 24 samples per herd may have introduced a herd bias 

into the Manawatu samples . The lower pomona and tarassovi titres 
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in the Manawatu samples may indi cate an actual lower prevalence 

of infection with these serovars in this  regi on . There is  also 

strong evidence that all of the tarassovi titres detected in 

Manawatu dairy cattle may in fact represent cross-reactions . 

Those Manawatu dairy cows sampled in spring 1976 had 

significantly higher mean titres , against all five serovars , than 

the winter 1975 sample , and it is likely that these increases are 

associate d .  The prevalences of multiple titres ( Table 2 . 9 )  were 

substantially higher in the spring sample and in general exceeded 

thei r expected values ( Table 2 . 10 ) ,  suggesting that an increased 

amount of cross-reactivity was occurring in the sera collected in 

the spring . This suggestion is further strengthened by the data 

presented in Table 2 . 11 . This table shows that there was a con­

siderable increase in the degree of asssociation between titres 

to different serovars in the spring sample . It is  likely there­

fore , that an increased incidence of hardjo and pomona infection 

in the spring accounts for the increased prevalence of titres to 

all five serovars . This hypothesis is in agreement with the ob­

servation that there were relatively greater proportions of higher 

titres to both pomona and hardjo in the spring sample . 

The fact that there were no differences between the prevalence 

of titres to each serovar detected in town or factory supply herds 

nor between mean titres i s  interesting . The management practices 

applied in these two types of herds differ markedly . Town supply 

herds have two main calving periods each year , generally in the 

spring and autumn, with some movement of cows between these groups , 

to maintain a relatively constant level of milk production .  

Factory supply herds , on the other hand, have a highly seasonal 

calving pattern, with most cows calving in a six to eight week 

period in the spring following an approximately three months long 

period when none are milked . Town supply herds also have at least 

twi ce as many groups of  young animals being reared as replacements ,  

with a resultant greater opportunity for contact between different 

age groups of cattle than occurs in factory supply herds , which 

tend to be managed on an " all-in all-out " basi s ,  with separate age­

groups generally being reared in isolation . It  would therefore 

seem likely that there i s  a greater opportunity for transmission 
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of infection within town supply herds ,  favouring the establish­

ment of endemic leptospirosis . Yet the absence of a difference 

between the prevalence of infection in these two types of  herds 

indicates that similar causal associated factors are acting in 

both . 

The significant association between herd mean titre and 

herd s i ze ( Figure III ) ,  supports the impression of Jamieson et al 

( 1970 ) ,  Christmas et al ( 1973 ) and Brockie ( 1974b )tbat the large 

dairy herds which occur in this country are one reason for the 

high prevalence o f  bovine leptospirosis observe d .  It  i s  likely 

that there i s  an increased opportunity for transmission of in­

fection in larger herds . 

A large number of herds in the pre sent survey had mean titre s  

whi ch lay outside the 99% confidence limi ts for herd mean titre 

( Figure I I I ) .  Thi s  indicates that there are real diffe rences 

between individual herds whi ch require further investigation to 

add to the knowle dge of the epidemiology of bovine leptospirosi s 

in the Manawatu . 

The significant difference in the distribution of hardjo in 

the abattoir samples of dairy cows , when compared wi th Manawatu 

dairy cattle , in the absence of a s ignifi cant difference between 

mean titre s ,  may reflect the age structure of this s ample which 

contained few young cows . The prevalence of convalescent titres 

would be expected to increase with age , providing the majority of 

cows retain these titres for life . 

The recovery of two hardjo i solates from the 58 cows," 

sampled ( 3 . 4% ) agrees with the report of Lyubashenko et al ( 1966 ) ,  

who reported that 2 %  to 5%  o f  those cattle , with titres to a 

varie ty of  serovars ,  were shedding leptospires . Marshall ( 1976 ) ,  

in a cultural survey of two-year-old beef cattle , obtained a much 

higher proportion of hardjo i solates ( 47% ) though these  animals 

had probably been infec ted much more recently than the cattle 

sampled in the present survey . 

The two isolates were obtaine d  from cows with titres which,  

/ 
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on normally accepted criteria , would be considered to have no 

di agnostic significance , and which were pos sibly of many months 

or even years duration . Their recovery indicates the probability 

that a proporti on of adult cattle may carry leptospires ,  and 

constitute a reservoir , from which new sus ceptibles brought into 

the herd may become infected .  The combined evidence of the 

present survey, and that of Marshall ( 1976 ) ,  suggests that either 

a small proportion of cows remain infected with hardjo for a 

much greater period than their peers , or that some cows may become 

reinfected in later life . Both these possibilities were invest­

igated in the course of the present study . However,  it  can be 

argued that the source of the infection detected in adult cows 

is  of considerably less epidemiological significance than the fact 

that adult cow infection exists . 

The question of the sensitivity of the cultural methods used 

in thi s survey is difficult to resolve . It is considered that the 

contamination rate was so low that it  is  unlikely that i solates 

were mi ssed for this reason . Since only two isolates were obtained,  

and these in both media, it is  not pos sible to  assess the superiority 

of either . Similarly, though both isolates were obtained from only 

the 1 : 100 dilutions of kidney homogenate , there is insufficient 

evidence from this study to exclude either the 1 : 10 or 1 : 1000 

dilutions from further surveys . Ryan ( 1978 ) ,  using similar isolation 

techniques for a cultural survey of pomona infection in porcine 

ki dneys , concluded that the 1 : 1000 dilution could be omitted without 

a loss of sensitivity, but Hathaway ( 1978 ) ,  working wi th pos sum 

kidneys infected with bal canica , obtained some isolates from the 

1 : 1000 diluti on only . The experiences of these two workers and those 

of Marshall ( 1976 ) ,  when considered in as sociation with the facts 

discussed above , indicate that the sensitivity of the technique 

used is sufficiently great to suggest that the observed prevalence 

of leptospiral kidney infection in adult cows is not substantially 

different from the true prevalence . 

The results obtained from random samples obtained from the 

three Massey dairy herds ( Table 2 . 13 )  indi cated that both the No . 1 

and No . 4 herds had prevalences of hardjo titres similar to the 

average occurring in the Manawatu, though the prevalence of pomona 



titres was significantly greater in the No . 1 herd . Since the 

No . 1 Dairy Farm i s  a town supply herd , with an associated 

piggery,  it was decided to investigate in greater detail the 

epidemiology of leptospirosis on this unit . 

Summary . 
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1 .  In a random sample of sera from beef and dairy cattle selected 

to allow equal representation from all regions of New Zealand , 

81% of herds and 60% of animals had hardjo titres ,  36% and 

18% pomona titres ,  21% and 9% tarassovi titres , 6% and 2%  

copenhageni titres and 10%  and 4%  bal l um titres � 1 : 17 . 

2 .  These prevalences are equivalent to or greater than those 

reported from most other parts of the world . 

3 .  Significantly more North Island cattle had hardjo titres , bl1t 

there was no di fference in the prevalence of both pomona and 

tarassovi ti tres in either the North or South Islands . 

4 .  Evidence i s  presented that most bal l um and copenhageni titre s ,  

and probably a proportion o f  tarassovi titres , represent 

cross-reactions occurring in sera with high titre s against 

either hardjo or pomona . 

5 .  In two random samples of Manawatu dairy cattle an average of 

75% had hardjo titre s ,  8% pomona titres , 7% tarassovi titre s ,  

6 %  copenhageni titres and 4% bal l um titres � 1 : 17 .  The 

prevalences of hardjo and pomona titres were significantly 

different from those observed in the national sample . 

6 .  The prevalence , in Manawatu dairy cattle, of titres � 1 : 17 

against all five of these serovars was higher in spring 1976 

than in winter 1975 . It was considered that this  was due to 

an increased incidence of hardjo and pomona infection wi th an 

accompanying rise in cross-reacti ons to tarassovi , copenhageni 

and bal l um .  

7 .  In spite of  major di fferences i n  the management of town and 

factory supply herds , there was no di fference between the 

prevalence of leptospiral titres in these types of herds . 

8 .  There was a s ignificant trend ( p  < 0 . 01 )  for larger herds to 

have higher mean hardjo titres . 

9 .  In a cultural survey in the Manawatu, hardjo isolates were 

obtained from 2 of 58 ( 3 . 4% ) cull dairy cows . These cows had 

low, presumably long-standing , titre s . 
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10 . A comparison between samples obtained from the three 

Massey University dairy herds and the Manawatu dairy cow 

samples indicated the sui tability of the No . 1 dairy herd 

for a detailed investigation into the epidemiology of bovine 

leptospriosi s . 
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CHAPTER THREE 

SEROLOGICAL OBSERVATIONS IN THE NEDNATE . 

Having established that there vJas a high prevalence of  hardjo 

MAT titres in the Massey University No . 1 dairy herd, comparable 

with other surveyed herds in the 1�nawatu region, a long-term 

surveillance of titres in various classes of cattle in the herd 

was undertaken . The observations made during a two and a half 

year period of surveillance are presented in Chapters Three ,  Four 

and Five . Each chapter covers the serological observations made 

in different age groupings of cattle ;  Chapter Three is concerned 

with neonates , Chapter Four with young adults and Chapter Five 

deals wi th adult animals . 

Introduction . 

Calves which have experienced no anti genic stimulati on i n  

u tero are born virtually agammaglobulinaemic and passively acquire 

immunoglobulins from their dams ' colostrum ( Butler, 1969 ; Brambell , 

1970 ) .  Absorption of the colostral immunoglobulins ingested by 

the calf is restricted to the first 24 to 48 hours of life 

( Lascelle s ,  1963 ;  Kruse ,  1970b ) .  These immunoglobulins appear in 

the serum within one to three hours of the first meal of colostrum, 

and reach a peak level from six to twenty-four hours later ( Butler , 

1969 ; Husband et ai , 1972 ) .  Thi s peak level declines logarithmically 

wi th a half-life of approximately 20 days , but increasing production 

of autogenous immunoglobulins ensures that relatively constant serum 

levels are e stablished by three to six weeks of age ( Brambell , 1970 ; 

Husband et ai , 1972 ; Porter ,  1972 ) .  Absorbed immunoglobulin has 

been reported to remain detectable in serum for up to 67 days 

( Butler , 1969 ) .  However , passively acquired antibodies against 

Brucella  abortus have been shown to persist in  calves for up to six 

months ( 1�Diarmid,  1946 ) and against rinderpest persi stance for up 

to 10 . 9  months has been calculated ( Brown, 1958 ) .  Passively 

acquired antibody ti tres in  calves will sometimes exceed those of 

their dams but very rarely those of colostrum ( Brambell , 1970 ) .  

Many factors influence the level of immunoglobulins obtained 

by calves including their age at first feeding , the length of time 
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for whi ch they suckle ,  the volume of colostrum ingested, the 

colostrum immunoglobulin concentration,  calf weight , season, 

calving management and breed ( Butler , 1969;  Kruse ,  1970a ; 1970b ; 

Sel�an et  al , 1970 ; 1971 ) .  An analysis of the total variation 

between individual calf immunoglobulin levels demonstrated that 

5 5 %  could be accounted for by variation in the actual mass of 

immunoglobulin fed, a further 10 to 15%  by variation in the age of 

the calf at first feeding and 2 to 3% by variation in the birth 

weight of the calf ( Kruse , 1970b ) .  This still leaves a residual 

unexplained variation of approximately 30% . Computer predictions 

based on thi s and other data suggest that a theoreti cal 10% of 

new-born calves will be hypogammaglobulinaemic even after re­

ceiving a colostrum meal ( Kruse , 1970c ) .  This figure i s  in close 

agreement with experimental observations and survey reports 

( Klaus et  al , 1969; Selman et al , 1970 ; 1971 ;  Bailey and McLean, 

1972 ; McGuire et al , 1976 ) .  

The passive acquisition of agglutinins against leptospirae 

was first documented by van der Hoeden ( 1955 ) ,  in calves born to 

dams experiencing a natural outbreak of canicola infection .  Thi s 

observation has been confirmed in calves born to vaccinated ,  and 

naturally, or experimentally infected dams ( Fennestad and 

Borg-Petersen,  1956 ; McDonald and Rudge , 1957; Kiesel and Dacres ,  

1959 ; Hanson e t  al , 1964 ) .  Similar observations have also been 

reported for horses , pigs and mice ( Bryans , 1955 ;  Chaudhary et  al , 1966 ; 

Kemenes and Szecky, 1966 ; Mitchell et al , 1966 ; Birnbaum et  al , 

1972 ) . 

Calves born to dams with antileptospiral titres are sero­

negative before suckling ( Bohl et al , 1954 ; Fennestad and 

Borg-Petersen, 1956 ; Cacchione et al , 1968 ; Sa ski and Arima , 1971 ; 

Ellis  and Michna , 1977 ) .  After suckling they rapidly develop 

ti tres which reach peak levels  by 48 hours ( Fennestad and 

Borg-Petersen , 1956 ) .  Peak anti leptospiral titres in the new­

born c alf are generally equivalent to , or greater than, maternal 

serum titres though both are lower than colostral titres ( Fennestad 

and Borg-Petersen, 1956 ; Hanson et al , 1964 ; 1litchell et al , 1966 ) .  

Titres decline logarithmically from birth and are reported to 

persist for two to three months in horses , pigs and mi ce ( Bryans , 
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195 5 ;  Chaudhary et  al , 1966 ; 1litchell et al , 1%6 ; Birnbaum et al , 
1972 ) and three to six  months in cattle ( Fennestad and Borg-Petersen ,  
1956 ; McDonald and Rudge , 1957;  Hanson et al , 1964 ; Mi tchell et  al , 

1966 ) . 

These agglutinating titres appear to be associated with pro­
tection . Cook ( 1964 ) claimed that vaccination of sows with a 
pomona bacterin reduced perinatal losses of piglets caused by 
pomona . J�tchell et al ( 1966 ) observed that piglets with passively 
acquired titres against pomona failed to become infected , even 
though their in-contact dams were experiencing leptospiruria , while 
Chaudhary et al ( 1966 ) found that passively-acquired antibody 
protected piglets against experimental challenge with pomona . 

Rudge ( 1956 ) demonstrated that the passive administration of an 
antiserum against pomona gave calves sUbstantial protection against 
challenge with that serovar . Passively-acquired agglutinating 
titres to pomona in calves born to vaccinated dams protected them 
against pomona challenge ( McDonald and Rudge , 1957 ;  Kiesel and 
Dacres ,  1959 ) .  Hanson et al ( 1964 ) noted that calves possessing 
colostral titres against hardjo and pomona did not become infected 
with these serovars , even though they were grazing with their 
actively-infected dams , and Farina et al ( 1972 ) found that calves 
born to hardjo-infected dams obtained antibody against this sero­
var from colostrum and were protected against experimental 
challenge with hardjo for two to two and a half months . Birnbaum 
et al ( 1972 ) could not experimentally infect  mice born to 
grippotyphosa-infected dams , even though controls born to non­
infected dams were fully susceptible .  They attributed this result 
to the passive acquisition of immunity , in u tero or via colostrum, 
but their experimental design did not rule out the possibility that 
these mice were protected by actively-acquired immunity . 
Actively-acquired titres have been demonstrated in calves 
following experimental or natural infection in u tero ( Fennestad 
and Borg-Petersen , 1962 ; Kirkbri de et al , 1977 ) .  

Hanson ( 1977 ) has also -stated that passively-acquired 
immunity in calves will cause a poor response to vaccination . 
Gillespie and Kenzy ( 1958 ) failed to produce a vaccinal response 
in a calf which had a titre which may well have been passively-
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acquired . They als o reported a generally poor antibody response 

to a va c c ine used in calves l e s s  than three months old when com­

pared t o  that of c
'
alves s i x  to eight months old , a fac t  whi ch may 

have been due to low levels of pa ssive immuni ty in the younger 

calve s . 

Aims of thi s Investigat i on . 

A series of serum sample s  were taken from c alves b orn each 

spring and autumn from spr ing 1975 to autumn 1977 . In some 

ins tanc e s  thei r  dams were also sampled wi th the aim of answering 

the following que sti ons : 

1 .  Do new-born calves i n  a her d  wi th a high prevalence of adult 

s erologi c al reactors have antileptospiral antibody? 

2 .  I s  thi s antib ody acquired actively or pas s i ve ly ?  

3 .  What i s  the ti tre of thi s antibody and how long doe s i t  remain? 

4 .  What i s  the s i gni fi c ance of some spe c i f i c  fac tors on the 

pass ive acqui sition of antibody by neonate s ;  name ly maternal 

t i tre , colos tral titre , suckling time , c alf we i ght and age 

of d am? 

Materi als and Methods . 

The. HVtd . 
The herd cons i sts of approximately 200 Fri esian cows of 

whi ch 100 to 1 30 are lactat ing at any given time . C ows c alve 

during two peri ods each year : spring ( July to September ) and 

summer /autumn ( January to May ) . The length of lac tation and 

length of dry period are flexible to meet the commercial require­

ments of a mi lk produc ti on quota and s ome animals change from the 

spring t o  the autumn calving groups each year and vi c e  versa . 

Mating i s  ei ther by natural servi ce or artifi c i al i nsemination, 

the l atter method be ing used on the bulk of adult animals whi le 

mos t  mai den animals are mated naturally . Teaser bull s  are run 

with the milking herd during each mating peri od to aid i n  the 

detec t i on of cows in oes trus . 

The herd is basical ly run as a c ommercial unit whi ch i s  also 

used for teaching purpose s . Some grazing e,xperiments are run from 

t ime to time whi ch result in the herd be ing divi ded i nt o  sub­

groups for management by d i fferent grazing prac t i ces . All animals 
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are run at pasture on the main farm throughout the year and 

calves are born outdoors . Some groups of younger animals are 

sent to other properties when pastures cannot cope with feeding 

all , age groups . 

Calves are reared in pens for the first three to four weeks 

of life . They are then run in small groups on pasture while still 

being fed milk until the whole calf crop from one calving period 

is  formed into a single group . Each group is then run at pasture 

in isolation from other animals for approximately six months . 

After this time mixing with other cattle s ix to eighteen months 

older may occur as regrouping takes place on basis of body weight . 

These animals are generally mated at be �ween fifteen ru!d eighteen 

months of age and calve down int(J), the herd at 24 to 27 months of age . 

Sampling P�oQedune . 

Calves born at each calving period were sampled at regular 

intervals ranging from weekly to every three months . A more 

detailed study in the spring o f  1976 and the autumn of 1977 was 

conducted on a sample of approximately 50% of calf/dam pairs . 

Blood samples were taken from each calf when its dam was brought 

in from the calving paddock for the first milking . At this time 

the calf was separated from its dam and penned without feeding for 

a further 36 hours before being fed whole milk , which generally 

consisted of pooled colostrum from freshly calved cows . The calf ' s  

birth date,  weight and sampling dates were recorded . 

During the more detailed study both calf and dam were b led 

when the dam was brought in for her first milking and a 40ml 

sample of colostrum was collected from a proportion of dams . In 

these cases the calf was weighed and the period for which the calf 

had been suckled was recorded . Cows were milked into individual 

buckets and the colostrum sample was taken after mixing the contents 

of the bucke t . 

Two groups , each of ten dams , were selected from the spring 

1976 and autumn 1977 calving groups and kept under close observation 

until they calve d .  Presuckling blood samples were taken from the ir 

calves , in addition to the range of samples described above . 
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Sampl� P�o���ing . 

All blood samples were collected into 10ml , evacuated , 

rubber-stoppered glass tubes ( Vacutainer ) using 20 guage , 25mm, 

douQle-ended needles ( Vacutainer ) .  Cows were bled from the middle 

coccygeal vein and calves from the jugular vein until three months 

old and thereafter from the middle coccygeal vein . Blood samples 

were left to clot at room temperature for 24 hours , the clot re­

moved and the serum centrifuge d  at 2000G for five minutes . 

Serum samples were decanted into sterile bijoux bottles and stored 

at _200C .  Aliquots were removed before freezing for serological 

examination . 

Colostrum samples were held at 40C for 12 hours before oeing 

centrifuged at JOOOG for 15  minutes to remove milk fat and 

cellular material . Aliquots were then taken for serological 

examination before the colostrum was decanted into screw-capped , 

20ml , glass containers and stored at _200C .  

S �ologi�al Examination .  

Sera and colostral samples were subjected t o  serological 

examination against serovars hardjo ,  pomona , copenhageni , ball um 

and tarassovi as described in Chapter Two . 

C�ulo� �- A��� El�ctnopho��� . 

Serum samples from a number of calves with suspected hypo­

gammaglobulinaemia following suckling, and from a number of calves 

thought to have normal levels of serum immunoglobulins , were tested 

by cellulose-acetate electrophoresis . Serum samples were tested 

using cellulose-acetate strips ( Titan Zipzone , Helena Laboratories ) 

and analyses were run in Sodium Barbitone buffer , pH 6 . 8  ( Appendix 

III ) and read at 500nm in a densitometer ( Atago ) .  

The statistical procedures applied to test observations are 

given in Appendix II . 

Results . 

1 .  P��val�n�� 0 6  antil�ptM p�al antibody �� in ne.w- bo�n �alv� . 

Titres were detected to hardjo and pomona but not to 
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copenhageni , tarassovi or ballum in new-born calves tested over 

four consecutive calving periods ( Table 3 . 1 ) .  Over the first two 

calving periods a large proportion of animals tested were three 

to six weeks old when first tested and hence the mean ages at 

sampling were 29 and 35 days respectively but during the last two 

calving periods most calves were sampled from one to three days 

after birth . Overall 109 of 1 36 calves tested ( 80% ) were sero­

positive to hardjo and 33 ( 24% ) to pomona . 

Table 3 . 1  

Prevalence of MAT titres � 1 : 24 to hardjo and pomona 

in new-born calves . 

Calving 
Period 

26/7/75 
-16/9/75 

16/2/76 
-20/4/76 

30/7/76 
-21/9/76 

26/12/76 
-4/5/77 

Total 

No . calves 
Sampled 

38 

17 

38 

43 

136 

No . calves 
seropositive 

hardjo pomona 

31 17 

9 o 

34 14 

35 2 

109 3 3  

% calves 
seropositive 

hardjo pomona 

82% 45% 

5 3% 0% 

89% 37% 

81% 5%  

80% 24% 

2 .  MagrU.tude and dWta.Uo n 0 6  .ti..;tJr.eA in neJIJ- bol1.n c.a.lVeA . 

Mean age at 
Sampling ( days ) 

29 

35  

2 

5 

14 

Mean coded titres ,  coded standard deviations of the means , 

geometric mean titres and mean ages at sampling for the four 

calving periods are presented in Table 3 . 2 .  These statisti cs refer 

to all members of each calving group , including the sero­

negatives . Individual titres at first sampling varied considerably 

ranging from less that 1 : 24 to 1 : 3072 . 

All hardjo titres for those calves which were sequentially 

tested and their ages when sampled are given in Tables 3 . 3 ,  3 . 4 ,  

3 . 5  and 3 . 6 .  In  every case titres declined as the calves grew 

older and the periods for which the titres persisted were strongly 

correlated with the titre at the commencement of the period 
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( r = 0 . 85 ,  r = 0 . 75 ,  r = 0 . 76 for spring 197 5 ,  spring 1976 and 

autumn 1977 respectively, P < 0 . 00 1  in each case ) . Plots of titre 

versus duration in days with their fitted regres sion lines  and 99% 

confidence limits  are shown for each set of observations in Figures 

IV, V and VI . The coefficients calculated for the three regression 

lines  are not s ignificantly different ( p  > 0 . 4 ) .  

Table 3 . 2  

Mean hardjo and pomona :MAT ti tres at initial test 

in new-born calves . 

Mean S . E .  
* Geometri c 

Calving No . calves coded ti tre coded MAT mean titre 
period sampled hardjo pomona hardjo pomona hardjo pomona 

26/7/75 38 3 . 76 0 . 94 0 . 39 0 . 21 1 : 163  1 : 23 
-16/9/75 

16/2/76 17  0 . 79 0 0 . 17 
+ 

N .A .  1 : 21  0 
-20/4/76 

30/7/76 . 38 4 . 05 1 . 05  0 . 18 0 . 27 1 : 199 1 : 25 
-21/9/76 

26/12/76 43  3 . 52 0 . 14 0 . 35 0 . 10 1 : 138 1 : 13  
-4/5/77 

* S . E .  standard error of the mean . 

+ N .A .  not appli cable 

A histogram showing the combined proportion of calves which 
were still sero-posi tive ( titre � 1 : 17 )  at various times after 
birth is presented in Figure VII .  Thi s shows that 75% of calves 
were still sero-posi tive at 50 days of age , 50% by 100 to 110 days 
of age and 25% by 130 to 140 days of age . No calves more than 190 
days old still had detectable titres . 

Pomona titres were generally lower than hardjo titres and 

persisted for shorter periods ; none of the calves had a pomona 

titre of � 1 : 24 more than 80 days after birth . 

3 .  E6 6 ec.t 0 6  6illt .6 uc.llin.g o n. appeaJtan.c.e 0 6  MAT :tU:!te.6 in. n.e.w­

bo.ltn. c.a..tve.6 . 

Ten calves were sampled immediately following birth, but prior 

Mean 
age ( days ) 

29 

35 

2 

5 



54 . 

Table 3 . 3  

1975 spring ' calve s : c oded hardj6 ti tres at various ages . 

� '  0 
'rl 
+' 
cO ---- ---- ----
C) en en en en en en 

'rl ttl> � � � ttl> � 
c.... cO cO ro ro 'rl 'd 'd 'd 'd 'd 'd 
+' � Q) Q) ----- Q) Q) Q) Q) 

c.... � +' Q) H H H H H H rl Q) H +'  .p Q) +' Q) +' Q) +' Q) +' Q) +' Q) ro 'd  'rl ro 'rl � 'rl � 'rl � ·rl � 'rl � 'rl bD U H  p::) � E--< E--< E--< E--< E--< E--< � 

32M 26/7/75 0 42 0 74 0 107 0 1 30 ex 

33M 31/7/75 4 37 3 67 2 100 1 123 0 176 
33  23/7/75 2 45 1 77 0 110 0 133  0 186 0 218 
34 26/7/75 2 42 2 74 0 107 0 130 0 183 0 215  
35  26/7/75 4 42 3 74 2 107 0 130 0 183 0 215 
36 28/7/75 5 40 3 72 1 105 0 128 0 181 0 213 
37 30/7/75 2 38 1 70 0 103 0 126 0 179 0 2ll 
38 1/8/75 5 36 4 68 2 101 2 124 0 177 0 209 
39 3/8/75 5 34 3 66 1 99 0 122 0 175 0 207 
40 5 /8/75 3 32 1 97 0 120 0 173 0 205 
41 6/8/75 4 31 2 63  1 96 1 119 0 172 0 204 
42 6/8/75 0 31 0 6 3  0 96 0 119 0 172 0 204 
43 7/8/75 2 30 .1. 62 0 95  0 ll8 2 
45 9/8/75 2 28 0 60 0 93 0 116 0 169 0 201 
46 10/8/75 6 27 4 59  1. 92 1 115 0 168 0 200 2 '2 
47 10/8/75 0 27 0 59 0 92 0 115 0 168 0 200 
48 1l/8/75 2 26 � 58 0 91 0 114 0 167 0 199 
49 12/8/75 3 25 2 57  3 90 0 113 0 166 0 198 
50 14/8/75 6 23 3 88 1 III 0 164 0 196 
51  15/8/75 6 22 5 54 3 87 1 110 0 163 0 195 
52 17/8/75 3 20 4 52  2 85 1 108 0 161 0 193 
5 3  19/8/75 5 18 3 50 2 83 1 106 0 159 0 191 
54 28/8/75 7 9 5 41 3 74 3 97 1 150 0 182 
55 29/8/75 7 8 7 40 5 73 4 96 � 149 0 181 
56 31/8/75 7 6 6 38 4 71 3 94 1 147 0 178 
57 4/9/75 8 2 6 34 5 67 2 90 1 14J 0 175 
5 8  7/9/75 4 31 3 64 2 87 0 140 0 172 
59 8/9/75 0 30 0 63  0 86 0 139 0 171 
60 9/9/75 0 29 0 62 0 85 0 1 38 0 169 
61 1 3/9/75 6 25 3 58  1 81 0 134 0 165 
62 17/9/75 6 21 4 54  3 77 1 130 0 161 0 191 
63 16/9/75 5 22 4 5 5  3 78 � 131 0 162 0 192 

ex - = not tested . 
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Table 3 . 4  

1976 autumn calves : coded hardjo ti tres at various ages . 

s:: 0 'rl -P 
ro -----

C) (f) (f) (f) 
·rl :» :» :» 
c,..., ro ro ro 
'rl '0 '0 '0 
-P ..c: (J) (J) (J) 

c,..., s:: -P (J) H H H 
rl (J) H -P  -P (J) .p (J) .p (J) 
ro 'O ·rl ctl 'rl � 'rl � 'rl � U H  o:1 c:::l E-i E-i E-i 

6 10/3/76 0 47 0 84 0 141 

7 1 1/3/76 ' 1 46 1 83  0 140 2 

8 12/3/76 0 45 � 82 0 139 

9 1 3/3/76 0 44 0 81 0 138 

10 14/3/76 0 43 0 80 0 137 

11 14/3/76 H· 43  .1. 80 0 137 2 

12 14/3/76 2 43 1 80 0 137 

1 3  20/3/76 1 37 ! 74 0 131 

14 21/3/76 2 36 0 7 3  0 130 

15 2 3/3/76 0 34 0 71 0 128 

16 2 5/3/76 0 32 0 69 0 126 

17 29/3/76 1 28 0 65 0 122 

20 16/4/76 2 10 .1 47 0 94 2 

21 17/4/76 3 9 1 46 0 93 

22 20/4/76 0 6 0 4 3  0 90 
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Table 3 . 5  

� 
1976 spring calves : coded hardjo titres at various ages . 

0 
'rl 
+" 
ro ---.. ---... ---.. ----- ----- -----
C) (J) (J) (J) (J) (J) (J) (J) 

'rl � » » » » » » 
4-; ro ro ro ro ro ro 
'rl '0 '0 '0 '0 '0 '0 '0 
+" ,q ClJ ClJ ClJ ClJ ClJ ClJ ClJ 

4-; � +" ClJ H H H H H H H 
rl ClJ H +" +" ClJ +" ClJ +" ClJ +" ClJ +" ClJ +" ClJ +" ClJ 
ro 'O  'rl ro 'rl � 'rl bD 'rl bD 'rl � 'rl � ·rl bD 'rl � U H  m Q  E-; E-; � E-; � E-; E-; E-; � E-; 

23 29/7/76 6 1 4 28 3 47 2 76 ; 110 0 144 
25 5/8/76 2 4 2 21 1 41 H 69 0 103 0 1 34 

27 8/8/76 3 1 .3 18 2 38 2 66 } 100 0 131 

28 7/8/76 5 2 4 19 2 39 t 67 0 101 0 1 32 

29 8/8/76 4 1 .3 18 1 38 0 66 0 100 0 131 

OF 8/8/76 5 1 3 22 1 66 0 100 0 131 0 171 

O J  10/8/76 4 4 .3 16 1 63 0 97 0 128 0 168 

30 10/8/76 1 4 0 20 0 36 0 64 0 '98 0 129 

31 11/8/76 4 3 3 19 2 35 0 63 0 97 0 128 

32 11/8/76 0 3 0 19 0 35 0 63 0 97 0 128 

34 13/8/76 2 12 1 33  1 61 0 95 0 126 0 166 

35 22/8/76 6 3 4 24 2 52 1 86 1 117 0 157  

36 21/8/76 5 4 4 25 3 5 3  1 87 0 118 0 158 

37 24/8/76 7 1 6 22 6 50 3 84 2 115 1 155  0 195 

38 27/8/76 3 3 4 19 3 47 0 8r. 0 112 0 152 

39 1/9/76 4 1 4 14 3 42 t 76 0 107 0 147 

40 4/9/76 5 1 5 11 n 40 2 74':· 0 135  

41  4/9/76 6 1 4 23  4 40 2 T4 · 1 105 0 135 

42 7/9/76 5 1 5 20 4 36 1 70 1 101 0 131 

43 9/9/76 5 1 4 18 3 34 t 6'7- 0 98 0 128 
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Tab le 3 . 6  
l=: 
0 1977 autumn calves : c oded hardjo ti tres at various 'rl age s . 

-P 
ctl 
C) CIJ CIJ CIJ CIJ CIJ CIJ CIJ CIJ CIJ CIJ CIJ CIJ 

'rl >.. >.. >.. >.. >.. >.. >.. >.. >.. >.. >.. >.. 
c:.-. ctl ctl ctl ctl ctl ctl ctl ctl ctl ctl ctl ctl 
'rl 'd 'd 'd 'd 'd 'd 'd 'd 'd 'd 'd 'd 
-P .r:: Q) Q) Q) Q) Q) Q) Q) Q) Q) Q) Q) Q) 

c:.-. l=: -P Q) H H H H H H H H H H H H 
rl Q) H -P  -P Q) -P Q) -P Q) -P Q) -P Q) -P Q) -P Q) -P Q) -P Q) -P Q) -P Q) -P Q) 
ctl 'd  'rl ctl 'rl � 'rl � 'rl � 'rl � 'rl � 'rl � 'rl � 'rl � 'rl � 'rl � 'rl � 'rl bD O H  o:l �  E--< E--< E--< E--< E--< E--< E--< E--< E--< E--< E--< E--< <:t: 

W3 26/2/77 0 2 0 11 0 5 3  0 76 0 118 0 144 0 188 
W4 28/2/77 5 0 4� 10 3 52 2 75 0 117 0 143 0 187 
W5 1/3/77 0 1 0 15 0 50 0 73 0 115 0 141 0 185 
w6 1/3/77 2 1 1 15 0 50 0 73 0 115 0 141 0 185 :2 
W7 28/2/77 3 2 1� 16 J.. 51 0 74 0 116 0 142 0 186 2 
W8 3/3/77 3� 6 1� 48 � 71 0 113 0 1 39 0 183 
W9 5/3/77 5 4 4 2 3  3� 46 2 69 1 III 0 137 0 181 :2 
WI0 7/3/77 4 2 3 21 2 44 1 71 0 113 0 139 0 183 
Wll 10/3/77 3! 6 2 27 1� 41 1 64 0 106 0 136 0 180 
W12 23/3/77 4 5 4 14 4 2 3  3� 37 3� 51  1� 93 .1. 119 0 163 2 
W13 26/3/77 4� 2 4� 11 4 20 4 34 3 48 J.. 90 0 116 0 160 2 
W14 31/3/77 0 1 0 16 0 30 0 44 0 86 0 112 0 156 
W15 31/3/77 5� 1 5 15 2 29 4 43 2 85 � 111 0 155  
W16 3/4/77 6 1 5 12 4 26 4 40 1� 82 0 108 0 152 
W17 4/4/77 4 1 3� 11 3 2 5  It  39 1 81 0 107 0 151  
VGl 13/4/77 6 2 5�  9 5 16 5 23  5� 30 3� 37 3 44 3 58 2� 72 1 98 � 123 0 150 
VG2 15/4/77 3 0 1 7 1 14 1� 21 0 28 0 35 0 42 0 56 0 70 0 96 0 121 0 148 
VG3 17/4/77 6 2 6 5 5 12 5 19 5! 26 3� 33 3 40 3 54 3 68 1 94 0 119 0 146 
VG4 19/4/77 0 0 0 3 0 10 0 17 0 24 0 31 0 38 0 52 0 66 0 92 0 117 0 144 
VG5 22/4/77 4 7 5 14 4 21 1 28 1 35 0 49 0 63 0 89 0 114 0 141 :2 
VG6 24/4/77 0 2 0 5 0 12 0 19 0 26 0 33  0 47 0 61 0 87 0 112 0 139 
VG7 25/4/77 5 1 4 4 4 11 4 18 3 25 H 32 3 46 1 60 1 86 0 111 0 138 :2 
VG8 26/4/77 3� 0 3� 3 3 10 3 17 1 24 1� 31 H 45 1 59 0 85 0 110 0 1 37 
VG9 24/4/77 1 2 1� 5 0 12 0 19 0 26 0 33 0 47 0 61 0 87 0 112 0 139 
VGI0 8/5/77 5�  2 6 5 3� 12 3 19 3� 33 H 47 � 73 0 98 0 125 \J"l --J 
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to first suckling , in spring 1976 and again in autumn 1977 . 

Table 3 . 7  shows }AAT titres , before and after suckling , for the 

calves in these two groups . Prior to suckling no calves had 

det�ctable titres at a dilution of 1 : 24 but after suckling nine 

of the ten calves , in spring 1976 , and eight of the ten calves , 

in autumn 1977, had developed titres . The calf born to cow 28 

on 22/4/77 had no:t suckled when " ,it , was __ :taken from its dam ! 

and bled prior to being fed two litres of its dam ' s  colostrum 

through an arti fi cial teat . It was sero-negative prior to artificial 

feeding but developed a ' titre of 1 : 384 following ingestion of ' 

the arti fi cially-fed colostrum . 

4 .  Fac.toM -<-nM·ue.nung .:th e.  ac.quA.-6U-<..on o n  MAT titAu b y  nw­

boltn c.a1.v u .  

Thirty-eight calves were sampled within a few days of birth 

during spring 1976 ; 34 had titres of 1 : 24 or greater and four were 

sero-negative . The geometric mean titre ( m.IT )  of the sero­

positives was 1 : 277 with 95% confidence limits  ( 95% CL ) of 1 : 183 -

1 : 419 and for all 38 calves the GMT was 1 : 199 ( 1 : 123 - 1 : 32 3 ,  

95% CL ) .  Forty-one calves were sampled wi thin a few days o f  birth 

during autumn 1977 and of these 33 had titres of 1 : 24 or greater . 

The m.IT of the sero-positives was 1 : 302 ( 1 : 208 - 1 : 438 , 95% CL ) 

and of all 41 calves 1 : 161 ( 1 : 98 - 1 : 264 , 95% CL ) .  Detailed in­

formation for both groups is given in  Tables 3 . 8 and 3 . 9 .  

A total of 12 calves were sero-negative after suckling ,  four 

born in spring 1976 and eight in autumn 1977 . Five of these were 

born to sero-negative dams ( 43 ,  116 ,  120 , 147 and 158 ) and seven 

failed to develop titres even though born to , and apparently 

suckling sero-positive dams ( 70 ,  89 , Ill , 139 , 146 , 178 and 193 ) .  

Cellulose-acetate strip electrophoresis carried out on sera from 

these seven calves showed six to be deficient in gammaglobulins 

and the seventh, born to dam 178 , to have a level of 11 . 50g/1,  

equivalent to  the bottom of  the normal range of  11 . 22 - 36 . 20 gil 

whi ch i s  the 99% CL range based on the data of Williams et al . ( 1975 ) .  

These levels are given in Table 3 . 10 �long with those of four 

positive control sera ( from calves born to dams 134 ,  160 , 171 and 

173 ) whi ch had titres following suckling . The sera from posi tive 

controls had levels of gammaglobulins which lay within the normal 

range . 
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Table 3 . 7 

Coded hardjo titres in new-born calves before and 
after suckling . 

Spring 1976 
Dam Birthdate Presuckle titre Postsuckle titre 

30 1/9/76 0 5 
93 1/9/76 0 4 

219 3/9/76 0 4 
165 4/9/76 0 5 
124 4/9/76 0 6 
95 6/9/76 0 2 

106 7/9/76 0 2 
1 9/9/76 0 5 

120 9/9/76 0 0 
223 21/9/76 0 6 

Autumn 1977 
Dam Birthdate Presuckle titre Postsuck1e titre 
139 3/3/77 0 0 

72 9/3/77 0 5 
115 5/4/77 0 6 
121 5/4/77 0 8 
124 6/4/77 0 6! 

26 7/4/77 0 3 
147 19/4/77 0 0 
28 22/4/77 0 5 

207 24/4/77 0 1 
172 25/4/77 0 5 



Figure VII 

Proportion of Calves with Colostral Titres at Various 
Times After Birth . 

Days after 
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Spring calves 1976 : 

bD 
titres 

I=: Q) 
'rl rl 
:> Q) 

� � � rl -P  cd cd o A  (f) A  
23.7 30.7 
24 . 7  30 . 7  
26 . 7  30 . 7  
29 . 7  30 . 7  

2 . 8  5 . 8 
2 . 8  5 . 8 
3 . 8  5 . 8 
4 . 8  5 . 8 
4 . 8  5 . 8  
4 . 8  5 . 8 
5 . 8  9 . 8  
7 . 8  9 . 8  
8 . 8  9 . 8  
8 . 8 9 . 8 
8 . 8  9 . 8 
8 . 8  9 . 8  

10 . 8  18 . 8  
10 . 8  18 . 8  
11 . 8  18 . 8  
11 . 8  14 . 8  
13 . 8  2 . 9  
14 . 8  18 . 8  
21 . 8  25 . 8  
22 . 8  2 5 . 8  
24 . 8  25 . 8  
27 . 8  30 . 8  
30 . 8  1 . 9  
1 . 9  2 . 9 
1 . 9 2 . 9  
3 . 9 4 . 9  
4 . 9 5 . 9  
4 . 9  5 . 9 
6 . 9  6 . 9  
7 . 9 7 . 9  
9 . 9  10 . 9  
9 . 9  10 . 9  

21 . 9  22 . 9  
20 . 9  22 . 9  

Table 3 . 8  

sampling data and coded hardjo 

of dam and calf . 
Q) 

rl 
4-< Pt Q) rl � +' cd cd O (f) A  
30 .7 
30 . 7  
30 . 7  
30 . 7  
5 . 8 
5 . 8 
5 . 8 
5 . 8 
5 . 8  
5 . 8 
9 . 8  
9 . 8 
9 . 8 
9 . 8  
9 . 8  
9 . 8  

14 . 8  
14 . 8  
14 . 8  
14 . 8  
25 . 8  
14 . 8  
25 . 8  
25 . 8  
25 . 8  
30 . 8  
1 . 9 
1 . 9  
2 . 9 
3 . 9  
5 . 9 
5 . 9 
6 . 9 
7 . 9  

10 . 9  
10 . 9  
22 . 9  
22 . 9  

Q) 
H 

� �  A H 
4 
6 
5 
5 
4 
2 
3 
1 
3 
2* 
2 
3 
2 
3 
1 
3 
3 
2*  
1*  
2 
1 
4* 
2 
3 
5 
1 
2 
4 
2 
2 
4 
4 
2 
0 
3 
0 
2 
5 

rl 
cd 
H 

-P 
Q) C/) Q) 

4-< H o H 
rl -P  rl -P  cd 'rl o 'rl O H  O H  
7 
8 
8 
6 
5 
3 
5 
3 
7 
0* 
3 
5 
3 
4 
3 
4 
4 
1* 
0* 
4 
2 
0*+ 
5 
6 
7 
3 
3 2 
5 6 
4 5 
4 5 
5 6 
6 4 
2 >8 
2 6 
5 6 
0 0 
6 5 
6 5 

60 

� ce  
(J\ 

4-< rl  
0 

:>:. 
Q) rl  

�� 
2 
2 
2 
3 
2 
5 
4 
5 
4 
9* 
6 
4 
9 
7 
8 
10 
5 
6* 

12* 
4 
5 
9* 
4 
5 
5 
7 
8 
3 
9 
4 

. "  7. 
12 
9 
6 
7 
9 
4 
2 

These data omitted from correlation and regression analyses . 
Calf died after 72 hours . 
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. Table 3 . 9 

Autumn calves 1977 : · s ampling · data and coded haidjo 

titres '6f dam and c alf . 

rl � l:'-
ro A t'-

tlD H ()'\ 
0 >=: (1) (1) -P 4-< rl  

Z 'r-! rl rl <l> (1) rn <l> 0 ? (1) 
� � � 4-< Pi (1) H 4-< H o H ?, 

!'1 rl -P  rl !'1 -P � �  rl -P  rl -P  (1) 3  ro ro ro ro ro ro ro 'r-! O 'r-! 
A Cl A  A CI) A  Cl Cf.l A  A E-<  O E-i  Cl E-i  � 'J  

146 26 . 2  28 . 2  28 . 2  2 *  0 *  n 9* 
19 2 8 . 2  28 . 2  28 . 2  4 5� 5 6 
41 28 . 2  1 . 3  1 . 3  2 4 5� 5 

116 28 . 2  28 . 2  28 . 2  0 0 0 5 
173 28 . 2  28 . 2  28 . 2  3 5 6 8 
188 1 . 3  2 . 3  2 . 3  4 3 3t 6 
193 1 . 3  1 . 3 1 . 3  4* 0* 6 5 *  
206 1 . 3 1 . 3  1 . 3  2 3 4t 6 
215 1 . 3  2 . 3  2 . 3  3 5 4 6 

43 2 . 3  2 . 3  2 . 3  0 0 0 5 
117 2 . 3  2 . 3  2 . 3  2 2 6 9 

11 3 . 3  9 . 3  7 . 3  4 3� 7 
1 39 3 . 3  4 . 3  4 . 3  �* 0* 3� 9 *  
160 5 . 3  9 . 3  7 . 3  2 5 7 
134 7 . 3  9 . 3 9 . 3  1 4 9 

72 9 . 3  9 . 3  9 . 3 2 5 6 5 
68 10 . 3  16 . 3  16 . 3 2 3� 5 

181 23 . 3  28 . 3  28 . 3  3 4 7 
157 26 . 3  28 . 3  28 . 3 3 4! 5 
178 31 . 3  6 . 4 1 . 4  2�* 0* 8* 
218 31 . 3  6 . 4  1 . 4 3� 5� 5 

27 3 . 4  4 . 4 4 . 4  3 6 8 
65 4 . 4  6 . 4  4 . 4  1 4 5 

113 4 . 4 6 . 6 6 . 6  5� 6 5 2 
115 5 . 4 6 . 4  6 . 4  3 6 5 2 
121 5 . 4 6 . 4  6 . 4  4 8 5 2 
124 6 . 4  7 . 4 7 . 4  4t 6t 4� 2 

26 7 . 4  7 . 4  7 . 4  1 3 4� 7 
96 8 . 4 1 5 . 4  15 . 4  H 2� 7 

156 1 3 . 4  1 5 . 4 15 . 4  3 6 4 6 
174 1 5 . 4  1 5 . 4  15 . 4  1 3 5 9 

20 1 7 . 4  19 . 4  19 . 4  4� 6 4! 3 
147 19 . 4  19 . 4  19 . 4  0 0 0 9 
130 20 . 4  21 . 4  21 . 4  2t 5 5 9 

28 22 . 4  22 . 4  22 . 4  2 5 5i 8 
158 24 . 4  25 . 4  26 . 4  0 0 0 8 

6 26 . 4  26 . 4  26 . 4  2 4 7 1 3 
207 24 . 4  2 5 . 4  26 . 4  i 1 2 6 
172 2 5 . 4  25 . 4  26 . 4  2 5 8 7 

84 3 . 5  4 . 5  4 . 5  4! 8 6 6 
78 8 . 5  10 . 5  10 . 5  4 6 3 12 

* Thes e  data omi tted from corre lation and regression analys i s . 
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Table 3 . 10 

Serum gammaglobulin levels determined by cellulose­
acetate strip electrophoresi s . 

Dam 
11 

70 

89 

111 

134 

139 

146 

160 

171 

173 

178 

180 

188 

193 

Dam titre 
4 

4 

2 

1 

1 

� 

2 

2 

3 

3 

2 

4 

4 

Calf immuno­
Calf titre globulin level* 

3� 12 . 00 

o 0 . 75 

o 6 . 75 

o 1 . 50 

4 20 . 50 

o 3 . 50 

o 2 . 75 

5 29 . 50 

4 17 . 50 

5 18 . 50 

o 11 . 50 

1 7 . 50 

3 12 . 50 

o 1 . 50 

* Units grams per litre . Normal range = 

11 . 22 - 36 . 20 gil ( Williams et al , 197 5 ) .  

62 . 

With the exception of three calves , all others had titres 
equivalent to or greater than those of their dams . The exceptions 
were calves born to dams 11, 180 and 188 and sera from them were 
also submitted to cellulose-acetate strip electrophoresis . One , 
the calf born to dam 180, was hypogammaglobulinaemic and the other 
two had levels of immunoglobulins near the bottom of the normal 
range ( Table 3 . 10 ) .  

A comparison of calf post-suckle titres and dam titres i s  
given i n  Figures VII I  and IX for the spring 1976 and autumn 1977 

calves respectively . In both groups correlation coefficients 
between the titres of sero-positive calves and their dams were 
calculated . The data for dams 70 , 89, 111 and 180 were omitted 
from the calculations for spring 1976 and for dams 139 ,  140,  178 

and 193 from the calculations for autumn 1977 since their calves 
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were hypogmrunagl obul inaemi c ( Table 3 . l0 )
"

and were thus c onsi dered 

to repre s ent a s eparate populati on from the re s t  of the c alves in 

e ach group . The correlati on coeffi cients o f  0 . 8 5  and 0 . 81 for 

spring 1976 and autumn 1977 respe ctively are h ighly s i gni fi c ant 

( ? < 0 . 001 ) . The calculated regression line s , fi tted to the data 

for both groups of c alve s ,  are y =-0 . 334 + 0 . 676x a...'1d y = 0 . 096 + 

D . 56 3x re spectively . The regres s i on coeff i c i ents of these lines 

are not s i gni f i c antly di fferent ( p  > 0 . 60 ) . 

Correlation coeffic ients were also calcul ated to test the 

associat i on between dam ' s age and dam ' s  ti tre or calf ' s  ti tre . 

For the spring 1976 data the c orrelation coeffic ient b etween dam ' s 

age and dam ' s ti tre was -0 . 54 ( p  < 0 . 001 ) and be tween dam ' s  age 

and c alf ' s  ti tre was -0 . 47 ( p  < 0 . 01 ) . For the autumn 1977 data 

dam ' s age was s i gni f i c antly correlated wi th dam ' s titre ( r = -0 . 34 ;  

P < 0 . 05 ) but dam ' s age was not s i gni fi c antly c orrelated wi th 

calf ' s  t i tre ( r = 0 . 27 ,  � > 0 . 10 ) . 

Data from both samplings was pooled for those cases where the 

calf ' s  t i tre and wei ght , the dam ' s titre and age , colostral ti tre 

and suckling time were all re corded ( Table 3 . 11 ) and a multiple 

regres s i on analysi s  c onduc ted usi ng the BAR 3 programme on an 

IBM 1620 . Thi s showed that although there were signi fi c ant 

correlations between the t i tre of the calf and that of the darn 

( r = 0 . 735 , P < 0 . 001 ) , the age of the dam ( r = "  -0 . 336 , P < 0 . 05 ) 

and suckling time ( r = 0 . 5 69 ,  P < 0 . 001 ) , the small negative 

c orrelations between the t i tre o f  the calf and c olos tral titr e  

( r = -0 . 057 ) and calf ' s  b irth wei ght ( r = -0 . 197 ) were not 

s i gnifi c ant . In the multiple regre ssion analysi s  52 . 5 % o f  the 

vari ation in c alf ' s  ti tre was predi cted by var i ation in dam ' s 

titre and the addit i on of any other factor into the analysi s  

reduced the strength o f  this prediction . .  

Di scus s i on .  

In agreement wi th the findings o f  Bohl e t  a l  ( 1954 ) , 

Fennestad and Borg-Petersen ( 1956 ) , Cac chi one e t  al ( 1968 ) and 

Saski and Arima ( 1971 ) , i t  was found that c alve s  born to sero­

positive dams are s ero-negative prior to s uc kling ( Table 3 . 7 ) , 
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Table 3 . 11 

Data used in a multiple regression analysis of the 
factors involved in the acquisition of hardjo titres 

in newborn c alves . 

Dam ID Calf Dam Colostral Dam ' s  age Suckle time Calf weight 
titre titre titre ( years ) ( hours ) ( kilos ) 

30 5 4 6 3 24 34 . 5  
93 4 2 5 9 24 29 . 9  

219 4 2 5 4 20 32 . 7  
124 6 4 4 12 36 36 . 3  
165 5 2 6 7 27  34 . 0  

95 2 2 9 9 12 39 . 5  
106 2 0 6 6 11  38 . 6  

1 5 3 6 7 32 31 . 8  
223 6 2 5 4 1 5  30 . 4 

29 6 5 5 2 32 34 . 0  
41 4 2 5� 5 27  40 . 8  
19 5 �  4 5 6 14 44 . 5  

173 5 3 6 8 14 39 . 0  
188 3 4 3� 6 38 34 . 0  
206 3 2 4� 6 15 41 . 3  
215 5 3 4 6 26 36 . 3  
117 2 2 6 9 14 39 . 5  

72 5 2 6 5 14 44 . 0  
113 6 5t 5 2 48 31 . 3  
121 8 4 5 2 36 36 . 7  
115 6 3 5 2 36 33 . 6  

1124 6t 4� 4� 2 24 33 . 1  
26 3 1 4� 7 18 44 . 0  

156 6 3 4 6 48 33 . 6  
174 3 1 5 9 14 42 . 6  

20 6 4� 4! 3 52  34 . 5  
130 5 2i 5 9 14 36 . 3  

1128 5 2 5i 8 16 34 . 5  
6 4 2 7 13 12 37 . 6  

207 1 .1. 2 6 14 34 . 0  2 
172 5 2 8 7 15 34 . 9  

78 6 4 3 12 30 40 . 8  
84 8 4! 6 6 36 41 . 3  
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but develop peak titres after suckling a s  soon as 11 hours after 

birth ( Table 3 . 11 ) . A single feed of colostrum is all that i s  

necessary for the development o f  the usual level of agglutinating 

antibody found in new-born calve s . This was shown when two litres 

of colostrum, with a hardjo titre of 1 :  543 , were fed to a _.calf : 

resulting in the development of a titre of  1 : 384 . 

The finding that 80% of new-born c alves had hardjo titres 

and 24% had pomona titres of 1 : 24 or greater ( Table 3 . 1 )  probably 

underestimates the true situation . A proportion of the calves 

sampled,  particularly from the first two c alvings , were up to 47 

days old when first s ampled , and may have lost low titres present 

at b irth . The regression lines fitted to the data for spring 197 5 ,  

spring 1976 and autumn 1977 predi ct  that 1 0n average , titres o f  2 . 5  t o  2 . 7 

� : 68 - 1 : 92) at birth will be lost by about 45 days ( Figures IV , V 

and VI ) .  The more detailed data from the last two calvings 

( Tables 3 . 8  and 3 . 9 ) shows that of 79 calves s ampled within a 

few days of birth, 67 ( 85% ) had titres of  1 : 24 or more against 

hardjo and of those born to sero-positive dams 67 of 74 ( 91% ) 

had such titres . This result is  in close agreement with that of 

Cacchione et al ( 1968 ) ,  who observed hardjo titres in 90% of 

three-day-old calves  b orn to 103 sero-positive dams and is simi lar 

to the report that 95% to 100% of approximately 100 calves in a 

herd with endemi c hardjo and pomona infec tion had passive1y-

acquire d  titres ( Hanson et al , 1964 ) .  Passively-acquired titres 

have also been reporte d  in 16 out of 16 calves  ( 100% ) born to dams 

experimentally-infected with various serovars ( Fennestad and 

Borg-Petersen, 1956 ) and 25 of 26 calves ( 96% ) born to dams 

vaccinated with a pomona bacterin ( McDonald and Rudge , 1957 ) .  

A number of studies have shown that approximately 10% of new­

born calves are hypogammaglobulinaemic after suckling is completed 

( Klaus e t  al , 1969 ; Selman e t  al , 1970 ; 1971;  Bailey and McLean, 

1972;  Mohamad, 1975 ; McGuire et al , 1976 ) .  A similar result was 

obtained in this study where seven calves failed to develop titres 

following suckling from sero-positive dams and another calf 

developed only a very low titre . All these animals were hypogamma­

globu1inaemi c ,  making a total of eight out of 74 calves ( 11% ) 

where there was an apparent failure of colostral transfer of 
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immunoglobulin . 

A number of explanations have been given by different 

authors for the failure of calves to acquire colostral immuno­

globulins or speci fic antibody . Kruse ( 1970b ) demonstrated that 

a low level of immunoglobulin in colostrum was a maj or factor , 

and Cac chione et al ( 1968 ) believed that this was the reason for 

10% of 103 calves failing to acquire hardjo titres from sero­

posi tive dams . }futching colostrum samples were taken from three 

of the eight dams of hypogammaglobulinaemi c calves detected in the 

course of the present study ( dams 146 , 193 and 139 ) .  In these three 

cases ,  colostral titres were similar to those which produced titres 

in many other calves ( Table 3 . 9 ) , indicating that the failure of 

these calves to acquire passive titres was not associated with 

colostral levels of antibody . 

Th,e premature loss of absorptive capacity of immunoglobulins 

by the c alf has also been - reported as the c ause of hypogamma­

globulinaemia ( Kruse , 1970b ; Selman e t  al , 1970 ) .  In contrast 

recent s tudies on hypogammaglobulinaemic calves in the Massey No . 

1 dairy herd showed that their absorptive c apacity was normal 

( Mohamad ,  1975 ) .  Mohamad ( 1975 ) considered that neonatal calf 

hypogammaglobulinaemia resulted ' from a low intake of colostrum and 

was caused by such factors as parent rej ection , environmental 

conditions and udder conformation ,  and McGuire et al ( 1976 ) 

claimed delayed suckling,  which could result from these factors , 

was the maj or cause . A calf examined in the present study was 

sero-negative when removed from its dam 16 hours after birth and 

appeared not to have suckled . When c olostrum was taken from the 

dam and fed to the c alf it sero-converted . This case supports the 

conclusions of Mohamad ( 1975 ) and McGuire e t  al \ ( 1976 ) .  

Geometric mean titres against l1ardjo at time of first sampling 

ranged from 1 : 138 - 1 : 199 for the three calvings spring 1975 , spring 

1976 and autumn 1977 ( Table 3 . 2 ) with the GMT for autumn 1976 of 

1 : 21 being very sub stantially less than observed at the other 

calvings . Thi s  i s  probably explained by the greater mean age at 

sampling of this group as no other factor could be found to explain 

this difference .  
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The strong positive correlation between dam titre and calf 

titre observed in thi s study confirms the impressions of Fennestad 

and Borg-Petersen ( 1956 ) and Hanson et al ( 1964 ) that new-born 

calf titres are generally equal to or greater than maternal titres . 

Similarly, the fact that the small negative correlation between 

colostral titre and calf titre is non-significant agrees with both 

the observation of Fennestad and Borg-Petersen ( 1956 ) that c alf ' s  

serum generally has a lower titre than does the corresponding 

colostral whey, and the finding of McGuire et al ( 1976 ) that 

colostral immunoglobulin levels were not correlated with calf serum 

immunoglobulin levels . Since the dam ' s colostral levels of  

speci fic antibody and immunoglobulin decline very rapidly after 

calving ( Porter , 1972 ) and since there is also considerable 

variation in the amount of colostrum ingested by indivi dual calves 

( Mbhamad, 1975 ) ,  sampling a dam ' s colostrum after a variable 

suckling period, as occurred in this study ( Table 3 . 11 )  is likely 

to produce highly variable results and explain the non-significant 

correlation obtained . 

Although both dam titre and calf titre are significantly 

correlated with dam age , the multiple regres sion analysis showed 

that maternal titre alone is the best predi c tor o f  calf titre . 

This suggests that the age effect results from the fact that 

younger dams generally have higher titres . 

Passively-acquired titres in calves decline logarithmically 

from birth ( Tables 3 . 3 , 3 . 4 ,  3 . 5  and 3 . 6  and Figures IV, V and VI ) . 

The length of time over which a calf remains sero-positive is  

positively correlated with the size of the ini ti al titre . The 

fitted regression lines ( Figures IV, V and VI ) indicate that a calf 

with a titre of 1 : 3072 will on average remain sero-positive for 

125 to 135 days and that the half -li fe of a titre is 15 to 17 days . 

Since the sampling of calves at that age has been carried out only 

at approximately monthly intervals the actual day on which in­

dividual calves became sero-negative cannot be determined . 

However ,  on average at least 50% of those c alves serially sampled 

are still sero-positive at :1;00 days of age and approximately 25.% at 

l�O days ; all are sero-negative by 190 days of age ( Figure VII ) . 

These results agree very closely with those previously reported 
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for calves by  Fermestad and Borg-Petersen ( 1956 ) ,  McDonald, 
.and Rudge ( 1957 ) ,  Hanson et  al ( 1964 ) and Cacchione et al ( 1968 ) .  

The prevalence of pomona titres in new-born calves was always 
less than that of hardjo titres ( Tables 3 . 1  and 3 . 2 ) ,  and declined 
over the two year study period , particularly between spring 1976 

and autumn 1977 . The reason for this i s  discussed more fully in 
Chapter Five but i s  a direct result of the removal of pomona 

positive dams from the herd . Persistance o f  pomona 1�T titres in 
young calves was also shorter than for hardjo reflecting their 
initial substantially lower titres . 

Swnmary . 

1 .  New-born calves passively acquired MAT titres from their dams . 
2 .  Initially these titres were higher than those of their druns 

but lower than those of their dams ' colostrum . 
3 . The titres declined  logarithmically from the first days of 

life , with a half-life of 15 to 17 days . 
4 .  Half of the c alves had lost their titres by 100 days of age 

and all by 190 days of age . 
5 .  Although dam titre , dam age and suckling time were all 

significantly correlated with calf ' s  initial post-suckle 
titre , only dam titre had any value as a predictor of calf 
titre in thi s study and variation in dam titre accounted for 
52 . 5% of the observed variation in calf titre . 



CHAPl'ER FOUR 

SEroWGICAL RESl'CNSE OF CA'lTLE 'ID NATURALLY-
CXX::URRING INFECTION WITH Leptospira interrogans 

SEROVAR hardjo . 

Introduction .  

69 . 

Cattle have been shown to develop titres 4 to 23 days after 
experimental infection with hardjo though in most cases they are 
first detected 7 to 14 days post infection ( p . i . ) ( Roth and Galton, 0 1960 ; 
Sullivan, 1970a; 1970b ; 1972 ; Sullivan and Callan, 1970 ; Farina 
et  al , 1972 ; Hodges and Ris ,  1974 ; Ellis and Nli chna, 1977 ) . Peak 
titres ,  generally in the range of 1 : 1000 to 1 : 30 , 000 , occur within 
10 to 23 days p . i . ,  though peak titres as low as 1 : 30 ( Ellis and 
Michna, 1977 ) , 1 : 100 ( Hodges and Ris ,  1974 ) and 1 : 300 ( Sullivan, 
1970a ) and as high as 1 : 100, 000 ( Ellis and Hichna, 1977 ) , 1 : 300 , 000 
( Sullivan, 1972 ) and 1 : 500 , 000 ( Farina et al , 1972 ) have been re­
ported in some individual animals . 

All these authors report that after only a few days ti tres 
decline . Titres ranging from 1 : 30 to 1 : 1000 have been reported as 
early as 37 days p . i . ( Sullivan, 1970a ) . Almost invariably 
experimentally-infected c attle were still sero-positive when the 
various studies were terminated at times ranging from 37 to 174 
days p . i .  Two authors reported a diphasi c  serological response . 
Secondary peaks occurred 77 tc 133 days p . i . in four heifers 
experimentally infected by Ellis and Mi chna ( 1977 ) and 77 to 98 
days p . i .  in six cows experimentally infected by Sullivan ( 1972 ) . 
In the latter report secondary peak titres exceeded initial peak 
titres in two animals .  

In naturally-occurring outbreaks of bovine hardjo infection 
peak titres as high as 1 : 300 , 000 have been reported in some animals 
( Sullivan, 1972 ; Elli s  et al , 1976 ) , though most  develop peak 
titres of 1 : 1000 to 1 : 10 , 000 ( Sullivan and Callan, 1970; Sullivan, 
1972 ; Johnson et al , 1974 ; Hoare and Claxton , 1972 ; Ellis et aI , 

1976 ) . Titres then fall though persisting for at least 126 to 
322 days when titres ranging from 1 : 30 to 1 : 1000 have been observed 
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( Sulzer et a i , 1964 ; Sullivan, 1972 ; Johnson et ai , 1974 ) .  

Convalescent titres in the range of 1 : 1000 to 1 : 10 , 000 have been 

reported ( Roberts on e t  ai , 1964 ; Cacchione e t  ai , 1968 ;  Sullivan 

and Callan, 1970 ) ,  though the actual ages of these titres ( i . e .  

the times elapsed since the animals sero-converted ) were not 

known . 

During the course of the two and a half year surveillance 

of the Massey No . 1 dairy herd a number of outbreaks of hardjo 

infection were observe d .  Thi s chapter reports the serological 

changes occurring in cattle becoming infected during these out­

breaks as assessed by the microscopic agglutination test ( MAT ) . 

The epidemiologic al factors involved in these outbreaks are 

di scussed in Chapter Seven . 

Materials and Methods . 

The AnhnaU . 
Two crops of calves are reared in the herd each year, one 

born in spring and the other in autumn . Each group is generally 

reared in isolation from all other stock until about six months 

of age when some contact occurs with older stock, initially with 

the immediately preceding calf crop and later with in-calf heifers 

and a few older dry cows . Each of the groups of calves in this 

study experienced outbreaks of hardjo infection at between six 

months and one year of age while at the No . 1 dairy farm, Best ' s  

farm or 1�thew ' s  farm . 

Sample CoUec..lion and PJtoc..e6J.J.,tng . 

Blood sampling and serological testing were conducted as 

described in Chapter Two . 

Sampf.-Lng FJtequenc..y .  

Blood sampling was generally carried out a t  monthly intervals 

when calves were available for testing, and then following sero­

conversion at monthly and later approximately three-monthly inter­

vals . Frequently, for management reas ons , animals were not avail­

able for testing on a p articular day, and on some occasions were 

not tested for two to three months while grazing away from the 

main farm . Two groups of calves were sampled repetitively at 
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seven-day intervals before , during and after sero-conversion . 

S.ta.;tU:,tic.iLl AnOvttj�AA . 
Stati stical analyses were conducted as detailed in Appendix I I . 

Results . 

SeJtoiog-<-c.iLl !teJ.>po � e. to hardjo .  

For the 16 calves sampled at seven-day intervals ,  peak titres 

ranged from 1 : 768 to 1 : 8689 ( Table 4 . 1 )  with a geometric mean titre 

( G1IT )  of 1 : 2528 ( 1 : 1603 to 1 : 3987, 95% CL ) .  In all cases the peak 

titre was detected within 14 days of sero-conversion and for ten 

animals the peak titre was the first detected . Titres declined 

rapidly for the first three months after infec tion and then at a 

slower rate over the following six to twelve months . All 16 

calves were still sero-positive when finally s ampled .  Mean titres , 

with standard errors , for these calves are shown graphi cally in 

Figure X. 

The titres observed at various times in six other groups of 

calves which experienced outbreaks of hardjo infection are given 

in Tables 4 . 2  to 4 . 7  and are summarised graphically in Figure XI . 

Peak titres range d from 1 : 48 to 1 : 6144, and although mean titres 

at different times after infec tion varied between the six groups 

of calves , they generally declined as time elapsed .  The only 

exception occurred in the group whi ch sero-converted while at 

Mathew ' s  farm ( Table 4 . 4 ) .  This group had a higher mean titre 

( 1 : 416 ) 241 days p . i .  than at 157 days p . i .  ( 1 : 310 ) but thi s rise 

was not significant ( p  > 0 . 10 ) .  This declining trend in con­

valescent titres is  emphasised by the data presented in Table 4 . 8  

which shows ti tres recorded from four calves over 13 approximately 

one-monthly intervals . 

During the s tudy period 38 calves were finally sampled 11 to 

14 months ( mean 404 days ) after" infection ( Tables 4 . 1  to 4 . 5 ) .  By 

this time only three had become sero-negative ( Table 4 . 5 ) and the 

GMT of all 38 calves was 1 : 102 . The possibility of an association 

between the initial and final titres of these calves was invest­

igated .  Final ti tres were strongly correlated with initial titres 

and the correlation coefficient ( r = 0 . 674, P < 0 . 001 ) indi cated 



Table 4 . 1  

MAT reponse of calves naturally infected with hardjo . 

Coded titres . 

Estimated time s ince s ero-conversion ( cays ) . 
Calf 0 

0 

G39 0 

G40 0 

G42 0 

Gi4 1 

G55 0 

G56 0 

G57 0 

G62 0 

G63 1 

024 � 

028 1 

029 0 

031 1�  

035 0 

037 0 

039 0 

number 16 

mean 0 . 3  

standard 
0 . 13 error 

7 
7-8 

7 

6 

8 

8 

8 

9 

8 

9} 

7 

6 

8 

6 

9 

8 

9 

15 

7 . 8  

0 . 30 

14 25  
13-15 20-29 

7 6 

5 4 

9 7 

5�  7 

8 6! 

7 8 

7 

9 

8 7 

6 5 

5 

6 8 

4� 

7�  

6 
6� 

12 13 

6 . 9  6 . 4  

0 . 41 0 . 35 

GMT 1 : 15 1 : 2528 1 : 1409 1 : 1003 

Ct. = not tested . 

35 51 91 188 
34- 36 42-60 75-106 170-206 

7 7 5� 6 

4 
a 

4 4� 

5 6 5� 5 

6 7 5� 4 

5! 6 6 4 

6 5t 5 

5 7 

5 6 

7 6 4� 5 

5 4� 5 3 

3� n 4� 

5� 6 3 

5 3} 3 

6 4� 2 �  

5 5 4 

5 5 3� 

9 11 16 16 

5 . 7 5 . 5  4 . 9 4 . 4  

0 . 32 0 . 32 0 . 23 0 . 32 

1 : 610 1 : 560 1 : 352  1 : 249 

72 . 

357 mean 
342-371 range 

5 

2! 

4 

3 

3 

5! 

4 

2! 

8 

3 . 7  

0 . 40 

1 : 155 
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Table 4 . 2  

:MAT response of autumn calves born 1975 which sero-converted 

during 1975-76 at Hassey Dairy Farm No . 1 .  

Coded titre s . 

Estimated time since sero-conversion ( days ) .  
Calf 21 53 96 112 141 190 221 351 

1-41 36-69 62- 129 92-132 111-171 168-228 205-238 332-365 

Gl 9 

G2 5 

G22 6 

GNT 6 

number 4 

mean 6 . 5  

standard 
0 . 87 error 

GMT 1 : 1086 

6 

6 

2 

6 . 0 

0 . 00 

1 : 768 

7 7 

6 5 6 3 

7 6 5 5 

5 5 6 5 

4 2 3 3 2 

6 . 3  6 . 0 5 . 7  5 . 3  4 . 0  

0 . 48 1 . 00 0 . 33 0 . 33 0 . 78 

1 : 913 1 : 768 1 : 610 1 : 484 1 : 192 

Table ' 4 . 3 

�..1AT response of ' autumn calves born 1975 'whi ch ' sero-converted 

at Best ' s  farm . 

Coded titre s . 

Estimated time since sero-conversion ( days ) .  
Calf 34 78 134 210 295 407 mean 

1-67 37-119 101-167 168-257 258-363 364-434 
--

range 

G3 4 5 5 5� 4� 4 

G4 5 6 5 4� 5 4� 

G6 3 3 3 3 2 1 

G7 6 5 5 5 5 4 

G9 5 4 5 3� 5 4 

Gl2 6 5 5 5� 4} 4 

G28 6 6 6 6� 5 4 

number 7 7 7 7 7 7 

mean 5 4 . 9  4 . 9  4 . 8  4 . 4  3 . 6  

standard O . L.4 0 . 40 0 . 3L, 0 . 46 0 . 41 0 . 45 
error 

GMT 1 : 384 1 : 348 1 : 348 1 : 331 1 : 258 1 : 150 

2 

5 

2 

3 . 5  

1 .  50 

1 : 136 

mean 
range 
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Table 4 . 4  

Calves born 1975 wbich sero-converted at P .  Mathew ' s  farm. 

Coded ti tres . 

Estimated time since sero-conversion ( days ) . 
Calf 36 93 157 241 424 mean 

1-70 58-127 122-191 192-289 389-458 
--
range 

Gl0 4 5 4 3! 2 

G13 9 6 5 6 5 

G21 9 6 5 5 4 

G29 8 5 6 8 5� 

G32 8 5 5 6 4� 

G33 7 7 6 5 4 

G36 7 5 5 5 4 

G37 8 6 5 6 4 

G38 4 4 3 3� 2 

G45 7 6 5 4� 3 

G46 7 6 4 5 H 
G47 5 6 6 5 3 

G52 4 2 2 4 1 

number 1 3  13 13 13 13 

mean 6 . 7  5 . 3  4 . 7  5 . 1  3 . 3  

standard 0 . 51 0 . 35 0 . 32 0 . 34 0 . 39 
error 
G1vIT 1 : 1241 1 : 475 1 : 310 1 : 416 1 : 122 
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Table 4 . 5  

Autumn calves born 1976 whi ch sero-converted at 

Massey Dairy Farm No . 1 .  

Coded titre s . 

Estimate d time since sero-conversion ( days ) .  
Calf 35 123 236 315 441 mean 

1-68 88-16 3  200-275 277-352 403-478 range 

01 5 4 4 3� 

02 6 7 6 4l 

03 3 2! 2i 1t 2 

04 5 5t 5 3� i 
06 5 6 5 4 

07 2 1 2 0 

08 6 4! 4 4 3 

09 2 1 0 i 0 

011 4 3 4 4 1 

012 4 6 4 4 

013 4 4 3 4 H 
014 5 4 4 

015 5 4 4 4 

016 5 5 t 4 4 3 

017 3 3 2 H 
018 4 1 0 0 
021 n 5 5t 4t 

022 5 4t 3! 3 1 

number 18 18 18 17 8 

mean 4 . 5  4 . 0 3 . 5  3 . 0  1 . 5  

standard 0 . 33 0 . 42 0 . 39 0 . 39 0 . 39 error 
GMT 1 : 266 1 : 188 1 : 133 1 : 94 1 : 34 



Table 4 . 6  

Spring c alves born 1976 whi ch sero-converted at 

1fussey Dairy Farm No . 1 . 

Coded Titres . 

76 . 

Estimated time since sero-conversion ( days ) 
Calf 21 86 134 mean 

1-40 1 5 - 5 5  118-157 range 

023 6� 5 4 

027 6� 5 3 

040 4 4 3 

041 6� 6 4� 

042 5! 5 :H 
043 5 �  5 4 

number 6 6 6 

mean 5 . 8  5 . 0  3 . 7  

standard 
0 . 40 error 

0 . 26 0 . 25 

GMT 1 : 646 1 : 384 1 : 152 
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Table 4 . 7  

Autumn calves born 1977 which sero-converted at 
Massey Dairy Farm No . 1 .  

Coded Titres . 

Estimated time since sero-conversion ( days ) . 
Calf 31 46 116 mean 

1-60 16-75 86-145 range 
WI 7 5! 5 
W2 5 3! 4 
W3 6 5 5 
W4 4! 3 3 
W5 4 5 3 
W6 5 4 4 
W7 4! 4 5 
W8 5! 5 4 
W9 6! 4 3 
W10 5 4 4! 
Wll 4! 4! 3 
W14 4 3! 3 

number 12 12 12 
mean 5 . 1  4 . 3 3 . 9  
standard 

error 0 . 28 0 . 21 0 . 25 

GMT 1 : 419 1 : 228 1 : 176 



7 

1 
6 - .... 

ijI (!) 
H 

+' 5 ·ri +' 
0 

........ I � I-t 
11 4 
'0 (!) '0 0 <:) 

§ 
3 

� ..... 

2 

1 

4 0  

Figure XI 

Mean Coded hardjo Titres ± S . E .  of Calves at Various Times 
After Sero-Conversion . 

I 
I 1 

I I I I 

I 
I 
I 

I 
I 

8 0  1 0 1 6 0  

Days after sero-conversion 

I I I I I 
I 



Table 4 . 8  

Re ciprocal hardjo MAT ti tres of 4 calves s ampled at frequent intervals . 

Test Dates . 

Calf 1 3/12/76 26/1/77 10/3/77 20/4/77 12/5/77 27/5/77 10/6/77 24/6/77 8/7/77 20/8/77 3/9/77 · 23/9/77 27/1/78 
08 768 384 272 384 272 136 96 192 192 96 192 96 
016 384 543 543 768 768 192 192 192 192 192 96 
021 12 12 2 172 768 543 272 384 384 384 96 192 543 272 
022 384 136 272 384 384 136 96 96 136 96 96 24 
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Figure XII 
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that 45% of the variation in final titres could be explained by 
the variation in initial t itres . This association i s  shown 
graphically in Figure XII with the fitted regression line 
( y  = -0 . 09 + 0 . 53x ) .  

� .  

At the time that serological studies  commenced on the Massey 
No . 1 dairy herd , there was a group of yearlings on ' the farm whi ch 
had apparently experienced an outbreak of hardjo shortly before 
testing commenced . The serological findings for this group are 
presented in Table 4 . 9 .  Over the two years that the members of 
thi s  group were under test the group mean titre showed a gradual 
decline though rising non-significantly ( p  > 0 . 10 )  in August/ 
September 1976 and again rising non-significantly ( p  > 0 . 05 ) in 
May/June 1977 . Their mean titres at each sampling with their 
standard errors plotted against the estimated mean age of the 
titres are shown graphically in Figure XII I . This figure again 
shows the declining trend in group mean titres as time from 
sera-conversion increases . The only animal which was sero­
negative at the final sampling had never possessed a titre 
greater than 1 : 48 . The GMT for these animals ,  observed an 
estimated 780 days after the group had sero-converted ,  was 1 : 89 .  

Seventeen animals sampled in December 1975 were sampled 
again in September 1977 and analysis of these titre-pairs 
measured 639 days apart again shows a strong correlation between 
initial and final titres ( r  = 0 . 714, P < 0 . 001 ) and indicates 
that 51% of ' ,the variation in final titre can be explained by 
variation in initial titre . Figure XIV shows final coded titre 
versus initial coded titre and the fitted regression line 
( y  = -0 . 24 + 0 . 65x ) for these data . 

C�o�� -�ea�O n6 ob� eAved �n ealv � �n6ected with hardjo . 

All sera collected from eight calves which were sampled 
weekly during an outbreak of hardjo infection in September 1976 
were tested against nine serovars : a us trali s ,  bal l um,  canicola , 

copenhageni , grippotyphosa ,  hardjo, pomona ,  pyrogenes and 
tarassovi , and some positive reactions were observed to all sero­
vars except a ustral i s ,  grippo typhosa and pyrogenes . These results 
are recorded in Table 4 . 10 .  
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Table 4 . 9  

Spring and autumn calves born 1974 which sero-converted 

winter 1975 . 

Coded MAT titre s .  

Month o f  test . 
Calf Sept 75 Dec 75 March 76 June 76 Sept 76 Feb 77 May 77 Sept 77 

B2 5 �  5 3i 3 4 3l 
B3 6 6 41 6 5 
B5 5:t 5 5 4i 3i 
BB 6 6 4 4 5 4 
B9 4i 3 2i 3 3i Ii 
BI0 4 5 3 3 2 
Bll 4 5 3 6 5 3i 
B12 7 3� 4 4i 4 4i 2 
B13 4l 4:t 5i 5 4i 4 5 3 
B14 6 6t 5 4! 4 
B22 5 3 4 4 5 3i 3 
B23 4 5 4 2i 31 2 
B2B 51 4 3 5 3i 
B29 4 3 31 3 4i 1 
B39 5 3� 4 4 4 3i 4 
B41 6 6 5 5 5t 4 
B43 4i 2� 4 3 2i 3 
B50 7 5t 5 5 3 4 
B52 6 4� 21 3i 2 
B54 6 5 5 4i 5 3� 
B55 5� 5 4 3 4 4 5 2! 
B56 6 4 5 l  5 5 3 
B63 5 4 4 1 4 3 3 -
B64 1 0 0 1 1 2 0 
B65 4� 5 3 3 2 
B7l 7 6 5 

est . mean 
age of 40 141 243 328 411  562 653 7BO 

ti tre ( days ) 

number 12 2 1  2 2  23 2 3 11 21  22  
mean 5 . 5  4 . 5  4 . 4 3 . B  4 . 1  3 . 4 4 . 2  2 . 9  
standard 0 . 30 0 . 27 0 . 30 0 . 27 0 . 23 0 . 35 0 . 24 0 . 26 

error 
GMr 1 : 543 1 : 263 1 : 2 5 1  1 : 170 1 : 210 1 : 127 1 : 226 1 : B9 
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Figure XIV 

Association Between Coded hardjo Titres in 17 Hei fers Observed at an 

Interval of 639 Days . 

2 3 4 5 6 7 8 
Coded hardjo titre 140 days after sera-conversion 
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Tahle 4 , ] 0 

C:'oss-Heac !. i on Pa ttern - Coded MJ\T Ti tre,; , 

Test Date 

lD SerOVlI I' 29/7 /'/6 26/8/76 2/9/76 9/9/76 1 6/9/76 30/9/'76 7/1 0/76 1 0/1 2/76 

039 ha rdjo 0 0 7 7 6 7 7 5,  
pomona 0 0 2 1 1 0 0 0 

copenhageni 0 0 0 0 0 0 0 0 

tarassovi 0 0 2 0 0 0 0 0 

ba l l um 0 0 1 0 0 0 0 0 

ca n i col a 0 0 0 0 0 0 0 0 

0/,2 hil l'djo 0 0 8 9 '7 5 6 5,  
pomona 0 0 2 '1 2 0 0 0 

copenhageni 0 0 0 0 0 0 0 0 

tarassovi 0 0 3 2 2 0 0 0 

ba l 1 um 0 0 0 0 1 1 0 0 

can i co l a  0 0 0 0 0 0 0 0 

05/, hardjo 0 1 8 5 ,  7 6 7 5 ,  
pomona 0 0 3 3 0 0 0 0 

copenhageni 0 0 2 1 0 0 0 0 

tarassovi 0 0 3 1 2 0 0 0 

ba l l um 0 0 0 0 0 0 0 0 

ca n i co l a  0 1 4 1 0 0 0 0 

05) ha rdjo 0 0 8 8 6, 5,  6 6 

pomona 0 0 2 0 2 0 0 0 

copenhageni 0 0 0 0 0 0 0 0 

ta rassovi 0 0 2 0 0 0 0 0 

bJ l 1 11111 0 0 1 0 0 0 0 0 

canicola 0 0 0 0 0 0 0 0 

056 hardjo 0 0 0 9 7 8 6 5; 
pomona 0 0 2 2 2 0 0 0 

copenha geni 0 0 0 0 0 0 0 0 

tarassovi 0 0 0 1 1 , 0 0 0 

ba l l um 0 0 0 0 0 0 0 0 

canicola 0 0 0 0 0 0 0 0 

05'7 hardjo 0 0 0 0 0 8 '/ 5 
pomona 0 2 3 2 2 0 0 0 

copenhagen i 0 0 0 0 0 0 0 0 

ta rasso v i  0 0 0 0 0 3 2 0 

ba l 1 um 0 0 0 0 0 1 2 0 

ca n i co l a  0 0 0 0 0 2 0 

062 hal'djo 0 0 0 0 0 91 9 5 
pomona 0 0 2 2 2 0 0 0 

copenhageni 0 0 0 0 0 0 0 0 

tarassovi 0 0 0 0 0 3 2 0 

ba l lum 0 0 0 0 0 1 1 0 

ca n i cola 0 0 0 0 0 2 2 0 

063 hardjo 0 1 '7 8 7 '1 6 4� 
pomona 0 0 J 2 3 0 0 0 

copenhageni 0 0 0 0 0 0 0 0 

tarassovi 0 0 2 ,- 0 0 0 0 

ba l l um 0 0 0 0 0 0 0 0 

can i col d 0 0 0 1 0 0 0 0 

A l l  se!'o wcr'e IIcgu t.. i V� 1.0 a us t ril l i s ,  y L'i ppo t y [lhosa and py royenes , 
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Di scussion . 

MOnitoring the serological parameters of animals experiencing 

a series of natural outbreaks of leptospiral infections presents 

considerable difficulties .  An outbreak can only be detected once 

some or all the animals within the group have sero-converted , and 

the date of onset of infection of an individual within the group 

can only be estimated . The infection will have occurred not 

earlier than a few days before the previous negative test and not 

later than a few days before the first positive test . Thus in 

order to obtain more precise estimates of the average serological 

response , all susceptible animals must be tested at frequent inter­

val s ,  ideally every few days , not only until all the animals have 

sero-converted but until all titres have reached a stable level . 

Unfortunately, there were commercial and logi stical restrict­

ions which prevented repetitive testing at very short intervals in 

this dairy herd and testing of most animals was carried out at 

approximately monthly intervals . Also groups of susceptible 

young cattle were removed for periods of up to four months for 

graz�ng on areas where blood samples could not be taken and some 

of these groups experienced outbreaks before returning to the 

home farm. Therefore much of the data which is  recorded and 

discussed in this chapter was obtained from , animals whi ch sero­

converted whilst not acces sible for testing . These animals had 

ti tres of unknown duration, possibly some months , when first de­

tected . Therefore , to detect any trends in these groups ' sero­

logical parameters , the approach taken in the analysi s  of the 

data obtained from them has been to compare group GMT ' s  for each 

occasion on which the groups were tested . 

On two occasions , in spring 1976 and again in spring 1970 

there were opportunities to sample groups of calves at weekly 

intervals ,  before , during, :and for a short period , a£ter , , each 

had experienced an outbreak of hardjo infection . The day on 

whi ch any animal sero-converted in these two outbreaks can thus 

be estimated with a maximum error of only seven days . The ages 

of these animals ' titres at subsequent tests can also be defined 

accurately . One group, consisting of eight calves ,  had been run 

in isolation for some months prior to mixing with a larger group 

of recently-infected calves in spring 1976 , Two of these eight 
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calves , G54 and G63 ,  had low titres 17 days later and five of the 

eight had developed titres by 24 days . Although the actual days 

on which indivi duals became infected cannot be known, the range 

of 17 to 24 days to sero-conversion lies at the upper end of the 

range observed in experimental hardjo infections by Roth and 

Galton ( 1960 ) ,  Sullivan ( 1970a, 1970b and 1972 ) and Ellis and 

Mi chna ( 1977 ) .  

In order to  provide the estimate in Table 4 . 1  of the mean 

serologi cal response , at various stages of infection, of indivi duals 

naturally infected with hardjo, it was necessary to make some 

approximations . In a naturally propagating epidemic ,  where new 

cases occur at different times , some individuals will have ri sing 

titres whilst others have constant or declining titres depending 

on their stage of infection .  It  is  therefore inappropriate to 

determine group mean titres at various times during the outbreak . 

Instead a method of analysis  is  required in whi ch all individuals 

that are to be compared are at nearly the same stage of infection . 

As the 16 calves studied in Table 4 . 1  were usually being 

sampled at seven-day intervals the day on which they sero-converted 

was known with a maximum error of seven days and the first ti tre 

observed was generally at near peak levels . Five of these calves 

had titres of up to 1 : 34 on the first occasion on whi ch sero­

conversion was detected and did not have near peak titres unti l  

seven days later . These findings indicate that the phase o f  

rapidly climbing titres occupies less than seven days o f  the sero­

logical response . Therefore Table 4 . 1  was constructed aligning the 

low pre-peak titres along with the negative pre-peak titres for all 

the other 11 calves on day zero . Thi s presents the data as though 

all the calves experienced their infection on the same or nearly 

the same day . 

Thus the mean data in Table 4 . 1  and Figure X are approximations 

whi ch still suffer to some extent from the fact that mean peak 

titres will be masked . Nevertheless , i t  can be argued that without 

daily testing for an extended period of a group of animals ,  whi ch 

may be expected to experience an outbreak, they represent the best 

estimate of the response of cattle to a natural hardjo infection 

that is  logi stically feasible . 



The data in Table 4 . 1  and Figure X indi cates that the mean peak 

MAT response to hardjo occurred seven to eight days after sero­

conversion had commenced and that an ini tial rapid decline of 

GMT from a peak of 1 : 2613 ( 1 : 1789 - 1 : 3998 , 95% CL ) to 1 : 610 

( 1 : 402 - 1 : 967 , 95% C1 ) occurred in only three to four weeks 

and was followed by a gradual decline to 1 : 15 5  ( 1 : 91 - 1 : 269 , 

95% C1 ) over the next 11  months . 

The serologi cal data from the other six groups of calves 

experiencing hardjo outbreaks ( Tables 4 . 2  to 4 . 7  inclusive ) 

summarised in Figure XI suffers to a far greater extent the 

problems discussed above , since they were tested at less fre­

quent interval s  and were therefore aligned with less precision .  

Thus i t  i s  not unexpec ted that the mean peak titres are lower 
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for these groups than that presented in Figure X nor ; �hat mean 

ti tres at various times show some variation . Nevertheless , the 

same trends are apparent in both Figure s X and XI ; titres decline 

relatively quickly from peak levels over the first 50 days from 

sero-conversion and then tend to decline more gradually, with the 

range of mean titres in Figure XI being distributed symmetrically 

about the means presented in Figure X .  Thus the data from these 

latter six outbreaks c onfirm the relevance of the titre decay 

curve presented in Figure X.  

The relatively short period of rising titre observed in 

this study is in agreement with the range of 3 to 14 days in 

experimentally-infected cattle reported by most workers ( Roth and 

Galton, 1960;  Fennestad, 1963 ;  Sullivan, 1970a; 1970b ; 1972 ; Farina 

. et .al ) 1972;  Hodges and Ris ,  1974; Ellis and Michna, 1977 ) .  The 

peak titres generally lie nearer to  the lower limits of  the range 

most frequently reported for animals experiencing both experimental 

and natural hardjo infection ( Roth and Galton, 1960 ; Sullivan, 1970a ; 

Sullivan and Callan, 1970 ; Hoare and Claxton, 1972 ; Hodges and Ris ,  

1974; Johnson e t  aI , 1974 ; Ellis and Mi chna ,  1977 ) and none developed 

titres as high as those occurring in some individuals observed by 

Sullivan ( 1970b ) , Farina etal� 1972 ) Sullivan ( 1972 ) ,  Elli s  e t  al ( 1976 ) 

and Ellis and Michna ( 1977 ) .  

It had been observed in studies  involving experimental 
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infections of calves with various leptospiral serovars that 

members of the Hebdomadis serogroup provoke lower peak agglutinating 

titres than members of other serogroups ( Fennestad, 1963 ;  

Robertson and Boulanger , 1963; Hodges and Ris ,  1974 ) .  It has also 

been reported that peak homologous titre s in hardjo infections are 

generally lower than those occurring in natural infections with 

other serovars in New Zealand ( Hodges ,  1975 ; Anon, 1975c ) .  Data 

presented by the Ruakura Animal Health Laboratory from two 

studies also show that a much higher proportion of pomona reactors 

( 34% and 44% ) than hardjo reactors ( 16% and 16% ) have titres in 

excess of 1 : 2000 ( Anon, 1974a; 1974b ) and s imilar result s  were 

obtained from the random surveys reported in Chapter Two . In this 

study, of the 76 calves observed to sero-convert to hardjo only 18 

( 24% ) developed peak titres greater than 1 : 2000 and 41 ( 54% ) had 

peak titres lower than 1 : 1000 . Thi s fact demonstrates that the use 

of an MAT titre of 1 : 2000 or even 1 : 1000 as a diagnostic level for 

bovine hardjo infection is inappropriate . It is  strongly believed 

that these facts indicate that under New Zealand condi tions the use 

of the MAT on either single sera, or paired sera taken a few days 

apart , i s  of little use in the detection of recent cases of hardjo 

infection . Additional support for thi s  arguement can be found in 

the data presented in Tables 4 . 1  to 4 . 9 which show that although 

high ti tres ( greater than a coded ti tre of seven or 1 : 1536 ) 

generally occur in recently-infected animals , they occasionally 

occur more than 200 days after infection, and that peak titres 

are reached so rapi dly that it i s  rare to observe a ri sing titre . 

Coded titre s in the range of four to six ( 1 : 384 - 1 : 768 ) commonly 

occur in animals at all stages of infection . These observations 

are in conflict with the opinion of Ellis and Nnchna ( 1976b ) that 

bovine sejroe titres ? 1 : 300 indi cated recent infection . 

Very few animals became sero-negative during the s tudy period 

and the persistance of hardjo titres for as long as an estimated 

780 days ( Table 4 . 9 ) considerably exceeds the previous maximum of 

322 days reported by Johnson et al ( 1974 ) .  The estimated age of 

titres in Table 4 . 9  is based on observations on the epidemiology 

of hardjo infection in thi s herd ( Chapter Seven ) which indicate 

that virtually all new cases oc curred in the winter months of July 

to September and also by extrapolating back from the group mean 

• 
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titres observed in this  group of cattle by comparing their titre 

decay curve ( Figure XIII ) with the standard curve presented in 

Figure X .  Thus it can be estimated that the mean time of sero­

conversion for these animals was about 40 days earlier than their 

initial test in September 1975 . Even if thi s  estimated date for 

the onset of infection is  not taken into account , some of these 

animals remained sero-positive for 740 days . 

Although there are stati stically non-significant fluctuations 

in the mean titre of these animals , their titre decay curve 

( Figure XII I ) shows a continuing declining trend and i s  hyperbolic 

over the period studied .  It would appear reasonable to  extrapolate 

onwards and suggest that most animals will remain sero-positive ,  

with low declining titres and possibly with minor fluctuations for 

many years . Since only 30% of New Zealand dairy cattle are more 

than five years old ( Anon, 1951c ) it  is  likely that many cows in­

fected at about one year of age wi ll remain sero-positive for li fe . 

The question of the biological signi ficance of the fluctuations of 

ti tre observed is di scussed in Chapter Five , but it may be noted 

here , that apart from fluctuations in group mean titres ,  indivi dual 

animals show small fluctuations at different times ( e . g .  Table 4 . 8 ) .  
It is  likely that much of thi s fluctuation is  attributable to the 

precision of the MAT . 

The highly signifi cant correlations between initial and final 

titres for calves sero-converting shortly before or during the 

study period indicate that the degree of the initial serological 

response also influences the magnitude of the residual titre . The 

fitted regression lines , shown in Figures XI I and XIV, relating 

initial and final titres in two groups of calves , indicate that ­

mean c oded titres in these groups declined by different amounts . 

The coded titres shown in Figure XII declined by an average 62% 

over the 404 days study period while those shown in Figure XIV 

had declined by an average 89% over 639 days . These observations 

indicate that the overall rates of titre decay were di fferent in 

these two groups and this comparison further suggests that titres 

decline relatively more slowly in the second year after sero­

conversion . It should be noted that these rates of decay refer 

to logarithmically coded ti tre s ,  not true itres , and that a 
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decline of  50% in say a coded titre of eight to  a coded titre of 

four represents a 94% decline in true titres from 1 : 3072 to 1 : 192 . 

Rates of decay cannot be determined for true titres without a 

logari thmi c transformation as true titres decline logari thmi cally . 

Thus both time from infection and the degree of initial sero­

logical response are major factors in determining the residual 

titre in a given individual at a given time . The range of host 

and organism factors influencing this latter component were not 

investigated in this study . However, the investigation does con­

firm their importance in influencing the length of the sero­

positive phase of convalescence as previously discussed by 

Turner ( 1968 ) .  

Cross-reactions were not subjected to a detailed investigation 

in this study, but were observed in eight calves intensively 

studied at the time· leading up to and immediately subsequent to 

sero-conversion ( Table 4 . 10 ) .  Low titres in the range of one to 

four ( 1 : 24 to 1 : 192 ) to serovars pomona , copenhageni , tarassovi , 

ball um ,  or canicola , never lasted longer than 21 days . Also two 

calves , 062 and G57 ,  developed low titres to pomona , lasting two 

and four weeks respectively, immediately prior to sero- converting 

to hardjo . Alexander and Evans ( 1962 ) demonstrated that although 

calves with hardjo titres at unknown stage s of infection cross­

reacted strongly with , other members of the hebdomadi s subgroup 

they did not appear to cross-react wi th members of other sero­

groups . Sullivan ( 1970b and 1972 ) did not observe cross-reactions 

to members of other serogroups in hardjo-infected calves . In 

contrast serogroup cross-reactions occurring in the early stages 

of infection have been reported in calves experimentally-infected 

with sejroe and hardjo ( Fennestad, 1963; Hodges and Ris ,  1974 ) .  

These cross-reactions may explain in part the association of low 

ti tres to serovars copenhageni , tarassovi and bal l um with higher 

hardjo titres observed in the surveys reported in Chapter Two . 

They indicate that the detection of a small number of low titres 

to some serovars in serological surveys of cattle populations 

with a high prevalence of hardjo titres should be interpreted with 

considerable caution . 



Summary . 

1 .  Calves naturally infected with hardjo commence sero­

converting within 17 to 24 days of exposure to infection . 
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2 .  Peak ti tres in the range of 1 : 768 to 1 : 8689 appear within 

7 to 14 days after sero-converting though it is likely that 

some animals develop peak titres even lower than 1 : 768 . 
J .  It i s  considered that the }AAT has very little value in the 

detection of new cases of hardjo infection except in those 

few animals d�tected with titres of more than 1 : 2000 . 

4 .  An initially logarithmic rate of decline in hardjo titres 

during the first few months after sero-conversion appeared 

to slow by the end of the second year after sero-conversion 

and tended to become linear . 

5 .  Titres persist at low and declining levels for at least two 

years and probably for life in the maj ority of cows becoming 

infected during the first two years of life . 

6 .  Both the level of the ini tial titre and the length of time 

since infection have maj or influence on the level of a 

convalescent titre in a given individual at a given time . 

7 .  During the first few weeks of bovine hardjo infection low 

�AAT cross-reaction titres to members of unrelated serogroups 

occur . 



CHAPI'ER FIVE 

SEROL<X;ICAL OBSERVATIONS IN ADULT CATI'LE . 

Introduc tion . 

Leptospi ral agglutinins have b een reported to persist i n  

some cattle for four t o  t e n  years a fter sero-conversi on ( Morse 
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et al , 195 5 ;  Roberts , 19 58 ; Hanson , 11ansfield and Andrews , 1964 ) .  
Hanson ( 1977 ) attributed thi s persi stanc e for lengthy periods to 

the possible stimulation o f  I gM production by re lated antigens . 

Consi derable vari ati on in the length o f  pers i s tance of pomona 

t i tres was reported by 1brse et al ( 19 5 5 ) who ob s erved ti tres 

ranging from 1 : 100 to 1 : 10 , 000 29 months after i nfec tion . How­

eve r ,  it appears that pers i s tant titres are usually substantially 

l ower than those initially ob served ( Morse et al , 195 5 ;  Roberts , 

1958 ) . 

In order to determine i f  changes occurre d in the serologi cal 

s tatus of adult cattle wi th pers i s tant hardjo ti tres a survei llanc e 

programme was undertaken a t  the Mas sey No . 1 Dai ry Farm . In 

addition ,  serologi cal changes occurring at calving and the relation­

ship of ti tre to age were examined . 

l\:fa terials and Methods . 

The. H Vld .  

The �.fassey No . 1 dairy herd has b een fully described in 

previ ous chapters . In thi s s tudy c attle were s elected to test 

possible di fferences b e tween spring and autumn c alving groups . 

Ini ti ally two groups of adul t cattle were selected from the mi lking 

herd to provide random s amples o f  those c attle c alving in spring 

and in autumn , and as animals were culled from each group they were 

replaced by random selecti on from o ther members of thei r  groups . 

These c attle were s ampled at approximately three-monthly inter­

val s , though these intervals vari ed during c alving periods , when 

some animals calved up to two and a half months b efore others . 

Before the spring 1976 and autumn 1977 c alving periods s ample s  

of cattle were selecte d ,  and they were sample d  six weeks prior t o  

c alving , at calving and approximately six weeks after calving . 



These sampling times were chosen in order to determine whether 

serologi cal changes in the dam ac companied the producti on of 

colostral immunoglobulin . 

S�oiogi�al Examination .  

The serological procedures used were those described in 

Chapter Two . A proportion of sera tested at a previous test 

were included with those examined at each new test ,  in an 

attempt to ensure that the serological changes observed were 

real changes and not artefacts of poor test precision . 

S;taw ti�al MeA-hod6 . 

The stati stical methods used in thi s study are described 

in Appendix I I . 

Results . 

Comp� olU between �OW.6 �alving in .6 pfting and au.tumn . 

The mean coded hardjo ti tres of sera collected from cows 

whi ch had calved in the spring , or in autumn, were compared in 

September 1975 , October 1976 and September 1977 ( Table 5 . 1 ) . 
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On each occasion there was no significant difference between the 

two groups ( p  > 0 . 30 ,  P > 0 . 20 ,  P > 0 . 30 respectively ) . 

Table 5 . 1 

Mean coded hardjo titres of cows calving in spring or in autumn . 

Test Period Cal ving Group Mean Titre S .E .  of Mean Sample Size 

September - Spring 2 . 96 0 . 33 24 
October 1975 Autumn 2 . 75 0 . 26 24 

October 1976 Spring 3 . 25 0 . 23 36 
Autumn 3 . 07 0 . 21 28 

September 1977 Spring 1 . 96 0 . 18 42 
Autumn 2 .07 0 . 20 41 



Pftevalenc.e 0 6  ;t,iJ:Jtu to .tepto.6 p-Utal .6 eftO vaM .{.n adut:t c.a.t.t.e.e at 
the No . 1 Vaifty FaJtm . 
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All s era c ollected from cattle throughout the study peri od 

were tested against hardjo , pomona , ball um, copenhageni and 

tarassovi . Over the two year survei l lance period approximately 

700 sera were collected from l �J : different c ows . Seven s era 

reac ted at a ti tre of 1 : 24 to ball um, three to tarassovi and one 

to copenhageni . In no case were the s e  l ow ti tre s  dete cted in more 

than one serum sample of a seri es taken from any indi vi dual c ow .  

Titres to hardjo were de tected i n  almost every cow at s ome 

time . Only four cows ( 3 . 0% ) were c ons i s tantly s ero-negative to 

hardjo, but a further eight cows ( 6 . 0% ) had low fluctuating 

titres whi ch were undetec table at vari ous times during the s tudy 

peri od . Any sample of adult cow s era , t aken at any time during 

the study peri od, had well in exc ess of 95% sero-positive s  to 

hardjo ( Table 5 . 2 ) . Ti tres to pomona were found in 40 ( 30 . 1% ) of 

the cows s ample d  throughout the study peri o d ,  though the i r  

prevalence declined as the study a dvanc e d  and only 15 of 83  c ows 

( 18 . 1% )  had pomona ti tres in September 1977, when this part of the 

study was terminated ( Table 5 . 3 ) .  There was also a relative ly 

hi gher proportion of c ows with pomona ti tre s that had l ow 

fluctuating ti tres that became undetectable at various time s ( 43% ) .  

Apart from these animal s ,  with l ow level fluctuating t i tres 

to hardjo and pomona , no adult cow was observed to sero-c onvert 

throughout the s tudy peri od , and none developed a ri sing ti tre 

indi cative of reinfection or an anamnes t i c  response . 

Pftevalenc.e 0 6  hardjo and pomona ;t,iJ:Jte,6 ,[n di6 oeJtert.t ag e gftou.p.6 . 

Sera we re c olle cted from 13"13 c ows whi ch had experi enc ed one 

or more gestations ( Tab l e  5 . 2 ) .  The c ows sampled repres ented all 

age groups pre sent i n  the herd . The numbers of ar�mal s sampled 

in each age group and the proportions whi ch were sero-po s i t ive and 

sero-negative are shown in Table 5 . 4 .  Ti tres to hardjo were 

evenly dis tributed amongst all age groups but pomona ti tres only 

occurred in cows age d  five years , or o lder , in July 1976 . Thi s  

distributi on i s  signi fi c antly different from one whi ch would b e  

expected b y  chance alone ( p  < 0 . 001 ) .  However, the ii s tributi on 



Table 5 . 2 .  ----

Coded hardjo titres by month of sampling 

Month in whi ch serum sample was 
1976 ' 76 

ID Age S  0 N D J F t!. A M J J A S 
1 6 3 4 4 5 3 
2 5 1 
3 2 3 
4 5 
5 c 1 2 2 
6 l'  2 2 

10 3 6 
11 6 
12 L. 2 K 
13 2 
17 8 5 
18 2 .. 6 5 
20 10 4 5 3 K 
21 9 4 6 6 3 
25 6 3 5 3 
27 7 5 7 3 
28 2 3 5 
29 2 5 
JO 3 5 4 
31 2 
32 11 1 4 3 1 3 
34 2 5 

36 2 3 
37 4 3 
38 6 3 2 3 2 4 
39 8 5 7 K 4 *  
42 11 3 3 1 2 
43 4 
44 2 4 
4 5  2 4 
46 1 3 2 3 K 5 *  

4 9  2 5 

47 8 5 6 3 
K culled 
* = replacement 2 year old , 

in cows from the No . 1 dairy farm. 
collected 

' 77 
0 N D J F H A AI J 
4 3 4 2 
2 2 3 2 

:3 
5 4 5 3! 
2 1 2 1 
3 3 3 2 4 :3 

4 4, 
3* 5 
2, 3, 

4 3 4 K 

4 4 4 3 
4 K 
5 4 5 3 3, 3 
4 3 4 2 3 2 ,  

4 4 5 :3 
4 5 

2 K 1 * 2 

4 3 4 4 3 
2 K 

0 0 0 

K 
2 K 

J A S 

3 2 
:3 H 

2 
3t 
1 
2 

:3 :3� 
3 3 

3� 
2 

3 3 

3 
2 ,  
:3 

5 K 
2, 
0 

3, H 
1 
1 

0 
5 2 

3, 
3, :3 

Calving 

Date 

75 76 77 
IY9 � 2� - s " s  

_ 1 9/7 % - 2 "17 117 
7/8 % 1 % % 2% 2 "17 1 % 

% 29/j 22h 
_ 1 '1" 817 2 0/" 
% %  

_ 27/ .. % 
- I Sf.. % 22/4 2% 1 % % 1 9/1 _ 1 % 2'11 1 617 

"h 1 % 
- GS -

3 /3 2% 1 % % 2% - % - ' %  
_ 1 9/8 1% 1 617 

ts 
_ 2617 Y9 I� -- 2 7s 

� N 



Table 5 . 2  ( continued ) 

Month in whi ch serum sample was collected Calving 

1976 T 76 ' 77 
Date 

I D  Age S 0 N D J F M A M J J 1'. S 0 N D J F H A M J J A S 75 76 77 
51 2 4 5 Z 17h 1 % 
52 2 I, 2 2 317 ? 
5 3 7 L 5 5 5 5 5 5 4 4 3 ljs "% 1/3 
54 7 1 ;. K 5 ¥  4 ;  3, 7/S 

1 % 
57 9 - 1 K 
58 6 2 I, 2 3 J 3 2! 3 H 2

% 
I "Ie % 

60 8 2 2 2 1 2 2 2� 2 H K 2% 
61 7 3 L J 4 2 K % -

67 4 5 6 3 4 4 4 , 3 K 1 % 1 % 
68 3 4 3 4 2 3� 2 ,  2 1 2,1 1 % 
69 3 5 4 3 L 4 4 4 4 K 6 I 2 1i3 

1 /3 
70 8 4 6 4 4 4 5 I, 5 4 % I's % 
71 3 3 3 5 3� 4 3 2 % % 1 % 
72 3 3 4 2 3 1 9/1 % 
73 11 6 5 K 1 % 
75 7 3 2 K 1 5/4 -

76 5 1 2 1 2 2 K 1 % -

77 2 3 4 2 ,  - - 26/1 
79 C 2 2 2 2 I, 2 2 % 2% 
80 8 3 L K 5 *  6 4 - 2 0/  
82 7 3 3 1 2 2 3 1 2 S/1 1 7 1 

/5 
85 9 3 2 I, 3 3 2 3 K 1 % 1 % 
87 3 4 5 2, 3 2, % 1 'VI 
88 6 2 2 2 3 1 1 % % 
92 1 5 4 1 % 
93 9 I, 2 3 2, 3 2 3 1 % 2 %, 
95 9 6 2 5 5 5 a K % 
97 1 5 I, - 2% 

101 6 4 3 2 2% % 
103 1 5 4 - 7/ 
104 1 5, I, 2 5 3 

13 
106 6 3 0 4 3 4 2 3 1 % % 
109 1 4 I, 3, - 2/4 
110 6 3 0 4 3 4 2 3 1 2% 1% 
III 11 0 0 1 ;. 1 2 0 1 K % 1 % 
K ; culled 
* = replacement 2 year old .  � W 

. 



Tab le 5 . 2 ( continued ) 

1.!Dnth in whi ch serwn sample was collected r."l ving 

1976 ' '/6 ' 77 Date 

ID Age S 0 N D J F lA A M J J A S 0 N D J F II A M J J A S 75 76 77 

112 4 5 7 J 4 3 3 2 1 �7t9-roi 
11 3 8 2 2 1 K 2 % 
114 5 3 2 1 2i 2 �  K - 2 °/1 �1 

1 1 5  1 1  4 K 3*  I. � 4 2� 
116 I, 0 0 
1 17 S 2 3 3 K 213 
118 7 3 2 3 3 2 1 1 6", 

3 �3 
120 9 0 0 0 0 0 0 0 0 % 'Al 
124 12 4 2 K 1 % '1< 
126 7 4 5 4 5 K 7 g  Iz 
127 7 2 4 3 2 3 2 3 2 3 2 26;, 3 % % 
129 8 1 2 2 2 1 2 1 % % 
1 30 8 4 3 4 2 ,  J J H l Si! 2}, 

' 1 34 '7 2 J 3 J 4 1 2� 2 2 1 % 13 

1 35 7 1 " 1 £1 
1 39 ';' 0 0 1 1 3 � , � 0 2 0,lt 13 

141 II 3 2 3 K 2 " I" -
144 7 J 5 J 2 4 3 4 2 2 7/0 2 3/s "It 
145 4 1 K 

I 1/� -
146 2 2 :3 J 3 2 J 2 2 2 % 2 % 
147 8 G 0 J 2 1/5 1 g, ,4 

148 (: 2 K 1 "13 
152 4 5 7 5 6 5 5 L 5 . . 4, 2"18 'g 

156 3 3 4 :3 2 4; �� 157 4 
:3 4 I 7 3  - 2 {,I 

158 6 0 1 1 2 1 1 J 0 0 ::i s  1 /6 2 'i4  
159 4 3 4 K 2 �/7 -
160 6 2 4 !< 513 
�61 5 2 2 K 
165 7 4 2 3 ? '  4 2 fg % - !  
166 4 3 L�  3 % Z % 
171 5 3 L 3 4 3 4 2 1 % "Is 
172 6 3 5 4 3 4 2 " 2 �  2 1 "I, 2 51 ' "  

173 7 2 4 3 4 J 3 3 2 1 V; 2 % 
174 7 2 3 0 1 1 2 2 1 2% 1 St , 4  

K culled 
* replacement 2 year ol d .  ...0 +'-



Table 5 . 2  ( continued ) .  

M:mth i n  which serum sample was collected Calving 
Date 

1976 ' 76 ' 77 
ID Age S 0 N D J F I I  A 1.1 J J A S 0 N D J F H A M J J A S 75 76 77 

175 6 2 3 3 25h2 
177 6 3 5 K % -
178 7 21 3 3 2 YI 3% 
180 6 2 2 2 3 2 2� 1 1 "A 2 4 -18 1.8J 6 3 3 3, 2 8 8 2 113 - 15 
187 5 3 '3 3 1 % 
191 5 3 4 3 4 3 3 2 2% 1 % 
192 (; 3 5 Y. 26h 
195 7 1 2 2 3 H 2 - 2% Va 
199 ;, 3 2 3 2 H 1% 1% 
202 5 2 c 1 0 2 K 3% 
206 L. :< 2 2 2 2 4 2 2, 2, 1 % % 
207 5 , 2 1 1 1 3/1 2"14 
208 4 4 3 K 

214 11 2 K 
215 > 3 4 3 4 3 L. 2! 1 Y3 % 216 5 2 2 2 0 3 3 2 3 2, 1 1 7/4 "A 
218 4 3l 4 4 3 2 0A, 3 1 8 - 2 {3 221 4 2 3 2 4 H 2, H ! l/8 2�: 222 /, 2 2 2 3 2 1 2 % 
223 4 3 2 3 2 3 2 K - 2 Yg 
224 3 0 2 2 1 1 3 1 H 0 12,.'! 2 % % 
225 3 5 6 4 5 5 6 4 5 4 1 4 8 1 % ! l/8 18 
K � culled 

• 



Table 5.:3 ----

Codec pomona ti tres by month of samp1ine i" cows from the No . 1 dai ry  farm . 

� lo::::,; in whi �h serum sample was collected Cal vinrr 
1975 " /6 ' 7 7 De. t" 

ID Age S 0 N ) J ?.': A " J J A S 0 N D J F J.l A H J ,T A S 75 76 77 ,'. 

7 I, 6 I, :3 3 2 2 7/6 % 1 % 
oS J 3 3 2 2 1 ' 3 3 3, 4� 2 & ' 

,- l /4 
32 lJ 2 2 2 K(). 1 013 24;1 
38 5 L. 3 2 3 I, 4 :3 H 3 2! I, 3 )13 2% 
46 12 :3 I, K 
1,7 7 3 ::. 2 K 2% 
5 3  6 3 3 0 2 2 2 1 2 3 %  1 % % - -' 

5L 6 5 L K 
5 7  S 1 0 K 
6:. 7 ::. 0 0 0 1 0 0 � 1 2 % 
7'= /. 1 2 0 0 0 K 1 �8 
79 7 1 2 2 2 1 2 2 12 

2% 
80 7 0 1 K 2 5  
62 6 :3 :3 2 :3 2 1 0 :3 

2 8/1 1 7 1 
1'5 

85 S 2 2 2 0 0 0 0 K 1 9/8 1�8 -
88 5 3 :3 0 2 2 2 5 (,8 2�  
93 8 0 2 1 0 0 0 0 0 � 95 8 4 4 4 4 I, 3 K -

104 6 2 0 K 
llJ  7 :3 2 0 K 2� -
114 4 5 I, 2 .:, J K 2 1'1 11 
1 1 5  10 :3 K -
120 8 J :3 2 2� 2 1 0 3 91l % 
124 11 2 1 K 1 % % -
126 6 1 1 0 0 K 712 
127 6 2 5 3 2 2 2 2 1 2 ,  2 2617 3% % 
129 7 3 4 0 0 H 0 3 % �& 1 30 7 4 1 2 0 3 2 0 I Sh 2 :14 

(). = Culled 

..0 0' 



Table 5 0 :3  ( c ontinued ) 

�·1QD�� in '.vhich serum sarn]21e was collected Calving 

1975 ' 76 ' 7'7 Date 
ID Age S 0 N D J :- !< A l·� J J.. S 0 N D J F J.! A II. J J J.. S 75 76 77 

1 34 6 1 2 0 2 0 2 1 2� I ";  713 
139 6 J 2 0 0 0 0 2 0 20 3 % - /{. 
ILl ::.C: L 2 L KCl 2/4 -

1L6 6 1 3 3 2 1 0 2 3 3! 2 % 2 % 
1L8 5 3 K 1% 
160 5 ! 2�  o .  % 
165 6 1 1 1 0 0 0 0 % % 
171 L 3 3 3 2 2 3� 3 1 0  J ",\ 218 17L. 6 1 1 0 2 0 - 0 1 0 1 Y2 1 �/ .. 
199 L, 5 3 L 3 L, 1 % - 1 % 
202 1. 2 0 0 1 K 30/4 
21": 10 1 K -

Cl = Culled 
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of pomona titres in cows aged five years or more is not sig­

ni ficantly different from one expected by chance alone ( p  > 0 . 20 ) .  

Table 5 . 4 

Numbers of cattle sampled in each age group and 

proporti ons sero-positive and sero-negative based 

on their notional age at July 197ti. 

hardjo pomona 
Age( years ) Sample Sero- Sero- Sero- Sero-

Si ze positive negative positive negative 

1 <j 100% 0% 0% 100% 

2 17 100% 0% 0% 100% 

3 10 100% 0% 0% 100% 

4 18 89% 11% 0% 100% 

5 15 100% 0% 42% 58% 

6 18 100% 0% 22% 78% 

7 19 100% 0% 52% 48% 

8 12 92% 8% 67% 3 3% 

9 7 86% 14% 86% 12% 

no 11 100% 0% 64% 36% 

Total 133- 97% 3% 30% 7,0% 

During the course of this study 21 of the 40 cows wi th pomona 

titres were culled from the herd for reasons of age or poor pro­

duction . 

Chang e.o in leptoJ.J p-Uta1. WAe.o 0 6  c.oWJ.J whic.h welte J.Jampled 

Jtepetitive.tlj . 

The precision of the MAT procedure used in this laboratory 

was estimated on the basis of titres recorded for 600 sera tested 

on two separate occasions . In addition the precision of reading 

indivi dual test results was tested on 73 sera tested twice,  using 

a double blind technique . The results of these repeated tests 

( Table 5 . 5 )  indi cate that the precision between tests is lower 

than the preci sion of reading a given test . However ,  in both 

cases more than 90% of sera had titres at the second test which 

were within one dilution of that obtained at the first . The 

result implies that the 90% confidence limit of titre estimation 



is  within ± one dilution . Also there were almost equivalent 

numbers of higher or lower titres recorded at the second tests 

so that the mean coded ti tres at each test were virtually 

identical . 

Table 5 . 5  

Precision of MAT technique . 

99 . 

Numbers and proportions of sera 

Change in Tested on two separate Read twi ce at the 
coded ti tre . occasions ( n = 600 ) .  same test ( n = 73 ) .  

0 3 4 5 57 . 5% 5 4  73 . 9% bll1J IJ 
+ :t 8 7  14 . 5% 1 0  13 . 7% blJO 73 
± 1 1 2 0  20 . 0% 8 11 . 0% 600 TI 
+ H .J.l 2 . 2% 0% -

6 0 0  

± 2 3 0  5 . 0% 1 1 . 4% 
6 0 0  73 

± 2:t or more 5 0 . 8% 0% 
6 0 0  

Hardjo titres of sera collected from 131  cows at various 

times over the two year period September 1975 to September 1977 
are shown in Table 5 . 2 .  Inspection of thi s table , and also Table 

5 . 3 , whi ch recorded sequential pomona titres observed in 40 animals 

over the same period , demonstrates that titres in indivi duals were 

relatively constant . MOst of the fluctuations observed in these 

titres were generally within the range of plus or minus one titre 

di lution as was predicted by the estimate of the test precision;  

the very occasional fluctuations of  plus or minus two dilutions 

which were observed were no more frequent than was predicted by the 

precision estimates .  

There was , however, a slight declining trend in titres over 

the period of observation . There were 20 cows , first sampled in 

September and October 1975 , which were finally sampled in September 

1977 . Their mean coded titres had declined from 2 . 85 ! 0 . 33 to 

1 . 85 ± 0 . 28 ;  the regression equation of 1977 titres ( y ) on 1975 
ti tres ( x ) was y = 0 . 07 - O .62x . Similarly, 37 cows sampled in 

August 1976 were again sampled in September 1977 and mean coded 

MASSEY UNIVERSITY 
L IBRARY 
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ti tre s of the se animals had declined from 2 . 97 : 0 . 20 to 1 . 86 : 0 . 19 ;  

the regres s i on equation o f  1977 ti tres ( y ) on 1976 ti tres ( x ) was 

y = 0 . 08 - 0 . 60x . In b oth c ases the regressi on c oeffi ci ents were 

highly signi ficant ( p  < 0 . 001 ) .  The mean ages o f  animals in these 

groups at the c ommencement of the study peri ods were 5 . 56 : 0 . 44 

years and 5 . 08 : 0 . 38 years respec tively , and there were relatively 

many more two and three-year-old animals in the second group . 

Twenty-two c ows whi ch calved in spring 1976 and autumn 1977 

were sampled four to six weeks be fore calving , wi thin 48 hours of 

calvi ng and four to eight weeks after calving ( Table 5 . 6 ) .  In 

only four c ows was there no dec line i n  titre obs erved at calving 

and three of these c ows were sero-negative throughout . Mean 

c oded hardjo ti tres were s i gni fi cantly ( p  < 0 . 05 ) lower than 

before or after by a one-way analysis of vari anc e . 

A6J.J oc.�atiO J1 be/twe en hardjo :tJJtu and ag e 0 6  c.ow . 
�AAT titres were ob tained for 127 c ows between Apri l  and 

September 1977 . A correlati on and regression analysi s  was con­

duc ted between the c oded ti t res of serum samples taken c losest 

to July 1977 and the ages o f  the c ows at July 1977 . 

The c orrected c orrel ati on coe ffi c i ent obtained was -0 . 49 and 

was hi ghly signi fi cant ( p  < 0 . 001 ) .  Thi s degree of c orrelation 

indi cates that older animals tend to have lower ti tres and that 

approximately 24% of the variation in c ows ' ti tres may be attribut­

abl e  to vari ation in age . The fitted regres s i on line ( coded hardjo 

ti tre = 4 . 39 - 0 . 23  x Age ) i ndi cates that the decline in ti tre wi th 

age is gradual wi th an average decline of only 0 . 23  coded uni ts of 

titre per year of age . 

Di scussion . 

It was apparent , at an early s tage in thes e  investigations of 

the Massey No . 1 dairy herd, that the management of the spring and 

autumn calving cattle was not i denti cal . Although som� cows moved 

between these groups in alternate years , and although there were 

frequent periods of c ontact between the two groups , they were 

largely grazed as separate groups and calved under very di fferent 

c limatic c ondi tions . ,  I t  was there fore consi dered nece ssary to 
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Table 5 . 6 

Changes in coded hardjo titre s  occurring at calving . 

Coded hardjo Titre 

Cow 3 - 6 Weeks Within 48 Hours 4 - 8 Weeks 
Identification Before Calving Of Calving After Calving 

1 5 3 4 
27 5 3 3� 
30 5 4 4 
43 0 0 0 
68 4 2 3� 
72 4 2 3 
93 4 2 3 
95 6 2 5 

106 3 0 4 
113 5 5� 4� 
116 0 0 0 
120 0 0 0 
121 5 3� 5 
124 5 41 5 
127 3 2 3 
134 4 1 2� 
139 3 � 1 
146 3 2 3 
165 4 2 3 
173 4 3 3 
215 4 3 4 
223 3 2 3 

Totals 22 animals 79 47 67 
* 

Means 3 . 59 Aa 2 . 14 Ab 3 . 05 Aa 

* 
Notation : Duncan ' s lettering ; those means with a capital letter 

in common do not differ at the 1% level of probability and those 

with a lower case letter in common do not differ at the 5% level . 
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select sufficient samples of animals from both groups at various 

times during the study period to allow a statistical compari son 

between the prevalence and mean of hardjo titres . The prevalence 

of ti tres � 1 : 17 to hardjo was consistently in excess of 95% in 

both the spring and autumn calving groups and the mean titres in 

each group were not significantly different . Therefore , all other I 

inv�stigations of adult cattle leptospiral titres were conducted 

on pooled data from spring and autumn calving cattle . 

The only significant leptospiral titres detected in this 

study were against serovars hardjo and pomona . The small numbers 

of very low titres ( all � 1 : 24 ) to serovars bal l um,  copenhageni 

and tarassovi appear to represent cross-reactions since all were 

detected in sera whi ch also had titres of up to 1 : 400 against 

hardjo or pomona . No sero-conversion to these former three sero­

vars were detected in any cattle during the course of this study 

except for the low titre cross-reaction titres reported in Chap­

ter Four in yearlings recently infected with hardjo . Also the 

low titres detected to these serovars in adult c attle were never 

detected more than once in the same animal . 

There were distinctly different age-related distributions of 

titres to pomona and hardjo in adult cow sera . No true sero­

conversion to ei ther serovar was observed in adult cows throughout 

the two year study period , though fluctuations of low titre sera 

above and below the threshold of serological detection were ob­

served in some cows . 

Titres to pomona were detected in only 30 . 1% of cows tested 

compared wi th hardjo in 9� .O% .  No pomona titres were detected in 

cows less than five years old at July 1976 but they were detected 

in 22% to 86% of all older age groups ( Table 5 . 4 ) .  This  most 

signi ficantly skewed distribution implies that no new cases of 

pomona infection have occurred in the herd since the 1971 - 1972 
season . However, it is possible that new cases in the adult herd 

continued until  1974 when the two-year-old cattle introduced failed 

to become infected . Moveover, a major outbreak of pomona occurred 

in the herd in 1971, with accompanying bovine abortion , and a case 
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o f  human pomona infection i n  a dairyshed worker .  

I t  i s  therefore believed that the pomona titres detected in 
cows aged five years and older , represent convalescent titres re­
maining from a major pomona outbreak which occurred five years 
earlier, and which was self-limiting . This belief is reinforced 
by the absence of any new case of pomona infection in any animal 
born between September 1971 and September 1977, and by the fact 
that the v ariation by age in the prevalence of pomona titres 
amongst animals aged five years or older is not statistically 
significant . The declining prevalence of pomona titres in adult 
animals observed during the study period is almost entirely 
attributable to the culling from' the herd of older cows with 
pomona titres . 

This conclusion i s  in direct contrast to the opinion ex­
pressed by Hanson ( 1976 ) that persistant titres are attributable 
to chronic infection . Nor i s  there any evidence from this study 
to support Hanson ' s  ( 1977 ) suggestion that these persistant titres 
are caused by infection with related antigens . The skewed age 
distribution of pomona titres in the No . 1 dairy herd and the ab­
sence of any evidence of new cases of pomona infection, or sero­
conversion to pomona , implies that these titres are simply per­
sistant convalescent titres . It is apparent that Hanson ' s  need 
to find a consistently available antigen to explain these per­
sistant titres stems from his misconception of the role of IgG 
in the MAT response of cattle to leptospiral infection ( Hanson, 
1973 ; 1976 ; 1977 ) .  Hanson has argued that the MAT response i s  
primarily an IgM response and that the continuing presence of 
antigen is  therefore necessary for the maintenance of MAT titres . 
The evidence presented in Chapter Six clearly demonstrates a 
maj or role for IgG antibodies in the persistant MAT reaction . 

The prevalence of hardjo titres in the No . 1 dairy herd 
ranged between 86% and 100% in all age groups . This consistently 
high prevalence in all adult age groups in the absence of any 
evidence that these animals experience new infections , clearly 
indicates that life-long persistance of hardjo titres is the rule . 
Mathematically expressed, prevalence ( p )  i s  a function ( f )  of the 



product of incidence ( I ) and the duration ( D ) of a condition; 

P = f( I x D )  ( MacMahon and Pugh, 1970 ) .  Amongst adult animals 

P ( prevalence of hardjo titres ) is very high in all ages and 
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I ( incidence of new cases ) i s  very low beyond 18  months of  age , 

therefore D ( duration of titres ) must take high values approaching 

the life-span of each age group in which titres were detecte d .  

Thi s predicted persistance o f  most convalescent leptospiral 

titres for more than nine years i s  in agreement with the observ­

ations of Roberts ( 1958 ) and Hanson et al ( 196� ) .  The persistance 

of these titres , when consi dered in the light of the 15 to 17 day 

half-life of passively-acquired bovine immunoglobulin reported in 

Chapter Three , indi cates a continuing synthesis of anti-leptospiral 

immunoglobulin throughout the li fe of most cows . Ti tres to pomona 

persist though the antigen is apparently absent from the population , 

and simi larly, the evidence presented in Chapter Seven indicates 

that there is relatively little exposure of adult cows to hardjo 

antigen . It is also demonstrated in Chapter Nine that animals with 

hardjo titres show a very slight or no anamnestic response to 

massive challenge with this serovar . 

These facts raise some intriguing questions about the nature 

of the immune response to leptospiral infection . Ryan ( 1978 ) has 

demonstrated that B lymphocytes ,  specifically sensitised to pomona 

antigen, are found in sows up to five years after they experi enced 

pomona infection, and long after leptospir.uri a�� cea.sed.  The mech­

anism by which these B cells continue synthes ising low levels of 

anti-pomona antibodies i s  unknown but it i s  likely that s imilar 

mechani sms apply in the bovine . 

The long-term fluctuations obs erved in individual titres are 

extremely hard to interpret .  I t  i s  apparent that the precision of 

the MAT procedure used  in thi s laboratory i s  not suffi ciently great  

to exclude the possibility that many of these fluctuations are 

attributable to the tes t ,  rather than to biologi cal phenomona . 

However ,  detailed inspection of Tables 5 . 2 and 5 . 3 does suggest 

a tendency for long-term fluctuations to occur in some individuals 

with relatively higher titres being more prevalent in the spring 

and relatively lower titres in the summer . 
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It appears that at least some of the observed long-term 

variation in titres is  attributable to the loss of maternal 

immunoglobulin i nto colostrum just before and at calving . The 

data presented in Table 5 . 6 indicates a signi ficant dec line in 

maternal ti tres accompanying calving followed by a rise in titre , 

returning to near to pre-calving levels . Thi s  result is  in c lose 

agreement with the report of Brandon, Watson and Lascelles ( 1971 ) 
that the concentration of serum IgG dropped by up to 50% in cows 

two to three weeks before calving . They also observed that levels 

returned to those observed before the decline , by four weeks after 

parturition . 

The other confirmed change in adult cow titres observed in 

thi s study was the long-term trend for titres to  gradually de­

cline . Thi s observation appears to explain the highly signi ficant , 

negative correlati on between titre and age observed in this study . 

The correlation coeffi ci ent of -0 . 49 between cow ' s  age and titre 

obtained in thi s series agrees well with the value of -0 . 54 ob­

tained for similar data from different animals in Chapter Three . 

These findings confirm and extend the observations reported 

in Chapter Four whi ch indicated that the rate of decline in 

hardjo titre became less as time after infec tion increased . The 

fi tted regression equations calculated for 1975 and 1977 ti tres , 

and 1976 and 1977 titres , indicate that mean coded hardjo ti tres 

declined by 31% and 32% respectively . The 32% decline observed 

between 1976 and 1977 represents a more rapid rate of decline , 

but thi s is probably attributable to the presence of relatively 

more young animals in this group . These  animals were probably 

still experiencing logari thmic rates of decay in true titres . 

Nevertheless , these rates of decay in coded titre are considerably 

lower than the 62% and 89% reported respectively for the first 

one year and first two years after sero-conversion ( Chapter Four ) . 

The regression of coded hardjo titre on age obtained in this 

study indi cates an average decay rate of approximately 5% per 

year in older animals .  

These combined findings clearly demonstrate that the ini tial 
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logarithmic decline in convalescent titres is  tending to become 
linear as time after infection elapses ,  and that on average , titres 
could persi st for at least 19 years . Thus convalescent hardjo 

titres are life-long in almost all cows and as suggested by 
Kiktenko et al ( 1977 ) all titres , even those which are very low, 
are relevant in defining the history of leptospiral infection in 
a herd . A high prevalence of ti tres in all adult age groups 
implies that the endemic level of infection is  close to 100% , 
though further studies are necessary to define the ages at whi ch 
infection actually occurs . 

An interesting corollary to these observations is the fact 
that all animals in the herd have become infected at s ome time . 
However,  the concept of herd immunity implies that not all sus­
ceptible members of a population will become infected in an epi­
demic ( Fox et ai , 1971 ) .  Thi s  contradiction may well be unique 
in the study of the epidemiology of infectious diseases . It 
implies that the susceptibility of  the herd i s  equivalent to, 
rather than less  than, the summed  susceptibilities of individuals 
within the herd . This in turn implies that infectives ei ther re­
main susceptible or that there i s  a very long period before in­
fectives cease shedding and become immune , thereby ensuring the 
infection of all susceptibles . 

The detection of a very low number ( 3 . 1% )  of sero-negative 
animals in this herd appears to contradict the arguement presented 
above . However ,  other evidence presented in Chapter Four and 
Chapter Nine indicates that these animals had probably lost titres . 
Cows have been observed to lose titres in the course of  this study 
( Tables 4 . 5 ,  4 . 9 ,  5 . 2  and 5 . 3 )  and the four consistently negative 
animals were aged four, eight and nine years . A serologically 
negative cow resisted experimental challenge ( Chapter Nine ) and 
this observation may be explained  by persistence of  antibody not 
detected by the MAT as has been suggested to occur in neonates 
( Hathaway, 1978 ) and vaccinates ( Negi , Meyers and Segre , 1971 �) 
Hanson, 1973 ; 1977 ) .  

The precision estimate of the MAT technique used at this 
laboratory indicates that 90% of titres were repeatable to within 
± one doubling dilution . This degree of precision i s  the same as 
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that obtai ned by Ryan ( 1978 ) and Graves and Faine ( 1970 ) .  A study 

on the precision of the MAT conducted by Graves and Faine ( 1970 ) 
indi c ated that up to a 40% variation in antigen concentration and 

incubation times between 20 and 140 minutes produced no variation 

in test precision . Antigen concentration was always held within 

these limi ts in the present study and a standard 90 minute incub­

ation time was always used . The data on MAT precision presented 

in Table 5 . 5  indicates that there is a greater variation in test 

results between tests than between readings within the same test . 

Thi s suggests that while reading errors account for some of the 

variation observed,  errors in serum identifi cation,  serum dilution ­

and in antigen concentrati on account for most of the observed 

variation . 

Swnmary . 

1 .  More than 95% of adult cows in the No . 1 dai ry herd had 

hardjo titres � 1 : 17 and 30 . 1% had pomona titres . 

2 .  No significant titres  were detected to serovars bal l um, 

copenhageni and tarassovi . 

3 .  No adult animal was observed to sero- convert to any lepto­

spiral serovar or to develop an anamnestic response . 

4 .  Pomona titres were observed only in cows aged five years or 

more and appeared to be convales cent ti tres resulting from 

a major outbreak of infection which had occurred in the herd 

five years earlier . 

5 .  Convalescent leptospiral titres appear to persist  for life 

in most cows and it appears that the continuing presence of 

anti gen is not necessary to maintain these titres . 

6 .  There is some indication that long-term low-level fluctuations 

in convalescent titres  may occur though these could be ex­

plained by the precision of the MAT . 

7 .  Titres fall at calving and rise again four to eight weeks 

later .  Thi s appears to be  caused by the loss of maternal 

immunoglobulin into the colostrum . 

8 .  The rate of decline of titres slows as time after infection 

elapses from a geometric to a linear rate of decay and the 

regression of titre on age predicts that convales cent titres 

should persist for 19 years . 

9 .  The extremely high prevalence of convalescent titres in 
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adult cows indicate s that the endemic level of infection in 

this herd is close to 100% . The impli cations of this  ob­

servation wi th regard to the concept of herd immunity are 

di scussed . 

10 . The precision estimate of the 1�T technique used in thi s 

study indicates that 90% of titres were repeatable within 

± one doubling dilution . 
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CHAPI'ER SIX 

IMMt.JN(X;I1)BULINS AND LEP'IOSPIRAL INFECTION 

Animals normally respond to experimental or natural infection 
with leptospiral serovars by producing antibodies . These anti­
bodies have been detected by a variety of serological methods but 
most emphasis has been placed on the use of agglutination tests , 
particularly by the microscopic agglutination test ( MAT )  ( Turner , 
1968 ;  Hanson, 1973 ; 1977 ; Alexander , 1976 ) .  A number of studies 
have been conducted to establish the class of host immuno­
globulin involved in agglutinati on reactions . 

Hocker and Bauer ( 1965 ) reported that only IgM agglutinating 
antibody was produced by rabbits challenged repetitively over 
an 18 month period with serovar biflexa . However ,  Pike and 
Schultz ( 1965 ) and Pike et  a i  ( 1965 ) found that a proportion of 
the agglutinating activity in serum from rabbits experimentally 
challenged with serovars pomona , gri ppotyphosa and sejroe was 
attributable to IgG antibody , and that this proportion increased 
as time after infection elapsed . At 44 days post infection 
( p . i . ) 83% of anti-sejroe activi ty was IgG antibody . The 
transi tion from an initial pure IgIA: to a later mixed IgH/lgG or 
solely IgG response has since been confirmed by observations made 
on rabbits experimentally infected with a variety of  serovars 
including bifl exa , grippotyphosa and copenhageni ( Samedov and 
Sharabchiev, 1969 ; Graves and Faine , 1970 ; Kadlcik et ai , 1973 ) .  
Graves and Faine ( 1970 ) observed ,  in a single rabbit repeatedly 
inoculated with bifl exa , that at 216 days p . i . 33% of agglutinating 
antibody was of the IgM class though Samedov and Sharabchiev 
( 1969 ) reported that the transition to a total IgG response could 
occur as early as 42 days p . i .  Similarly , the agglutination 
reaction of guinea pigs experimentally infected with serovar 
kennewicki was initially entirely attributable to IgM but by 50 
days p . i .  IgG was the predominant immunoglobulin involved 
( Crawford, 1972a;  1972b ) .  Morris  and Hussaini ( 1974 ) observed 
in serum from three cows with natural infections of L .  canicola 

and L .  icterohaemorrhagiae of unknown duration that agglutinating 
activi ty was present in both IgM and IgG classes . They further 
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demonstrated that this activity was in the IgGl but not in the 
IgG2 subclass . 

A number of investigators have studied immunoglobulin 
classes involved in leptospiral agglutinating responses of humans 
following both vaccinations and natural infections . Initial re­
ports stated that only 19S antibody was involved ( Hartmaan et al , 
1964 ; Lataste-Dorolle et al , 1964 ) although in 10 of 36 cases with 
agglutinating titres of less than 1 : 1000, 19S antibody with anti­
leptospiral agglutinating activity was not detected ( Lataste-Dorolle 
et al , 1964 ) .  These authors did not state the stage of infection 
at which serum was taken . Tong et al ( 1971 ) reported that Igl1 was 
the predominant immunoglobulin involved in the �JAT in three human 
cases during the first three weeks of infection .  

A study by Gsell �t al!� I ( l�71)ofl a humffid:n u tero infecticn showed 
IgM to be the predominant leptospiral-agglutinating antibody until 
the 26th day after birth when IgG became predominant , remaining so 
until the study was terminated at the 110th day after birth . In a 
study on sera taken from 669 human patients at various stages of 
infection and convalescence both IgM and IgG antibodies were shown 
to participate in leptospiral agglutination ( Chernukha et a l ,  1976 ) .  
They reported that the initial reaction up to the time of peak titre 
development , at about 20 days p . i . , was predominantly due to IgM 
and that an increasing proportion of the reaction was attributable 
to IgG as time from infection increased .  Conversely, in humans 
vaccinated with a heat-treated polyvalent vaccine , only low levels 
of IgG antibodies were formed ( Shishkina et a l , 1976 ) .  These 
authors postulated that the appearance of these largely IgM titres 
i s  attributable to the heat-treatment of the vaccine leaving only 
thermostable carbohydrate antigens . It has been previously reported 
that whi le carbohydrates s timulate the production of IgM, proteins 
are necessary to stimulate IgG production ( Pike , 1967 ) .  

The tendency of sera from infected animals ,  particularly in 
the acute phase of infecti on ,  to cross-react with a variety of non­
infecting and even unrelated serotypes has been reported by many 
authors ( Turner, 1968; Fei gin and Anderson, 1975 ) .  Most evidence 
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now indic ates that such cross-reactivity i s  largely or entirely 
confined to the IgM component of  the host immunoglobulin ( Pike 
et  al , 1966 ; Kadlcik et al , 1973 ; Chang and Faine , 1974 ; 
Chernukha et  al , 1976 ) .  

The maj or immunoglobulin c lasses of the cow are IgG, IgA 
and IgM ( Butler, 1969 ) ;  IgG i s  further subdivided into IgGl and 
IgG2 on the basis of antigenic arld electrophoretic differences 
( Nansen, 1970 ) .  There is also evidence for the occurrence of 
serum IgE ( Williams et  al , 1975 ) .  Bovine IgM comprises less than 
10% of serum immunoglobulin ( Butler, 1969 ; Williams et  al , 1975 ) .  
It is elute d  in the first peak from Sephadex G-200 ( Butler, 1969 ; 
Duncan e t  al , 1972 ; Fey et al , 1976 ) ,  it i s  a most effective 
agglutinating antibody ( Rose and Roepke , 1964 ) and i t  predominates 
in the complement-fixation reaction ( Butler, 1969 ) .  

Bovine IgGl and IgG2 comprise 85% - 90% of serum immuno­
globulins ( Klaus et al , 1969 ; Nansen,  1970 ; Williams e t  al , 1975 ) .  
These sub-classes are eluted from Sephadex G-200 in the second 
peak ( Nansen, 1970 ; Duncan et al , 1972 ) and can be i solated by 
anion-exchange chromotography ( Nansen, 1970 ; Fey et al , 1976 ) or 
zone electrophoresis  ( Duncan et  al , 1972 ; Fey et  al , 1976 ) .  IgG 
also has agglutinating activity and a progression from IgH to IgG 
agglutinating activity can be observed for up to 18 months after 
infection with various micro-organisms ( Butler , 1969 ) .  IgGl has 
complement fixing activity ( Butler,  1969 ) which may be blocked by 
IgG2 which does not appear to be complement fixing ( Plackett and 
Alton , 1975 ) .  In addition IgGl i s  selectively concentrated in 
colostrum and is the predominant immunoglobulin in this secretion 
( Brandon et al , 1971 ; Porter ,  1972 ) .  

This study was undertaken i n  order to define the sequence of  
appearance of the various immunoglobulins during the course of  
natural leptospiral infection of the bovine . A series of serum 
samples obtained from cattle, at various times after they became 
naturally infected with ha rdjo , were fractionated . These sera were 
subjected to gel filtration or to anion exchange chromotography 
in order to determine which immunoglobulins were associated with 
leptospiral agglutinating activity at the various stages of 
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Materials  and Methods . 
Gel F il;tJw.tio Yl .  

112 . 

Bovine sera were fractionated on Sephadex G-200 ( Pharmacia ) 
columns . The gel beads were swollen at room temperature for 48 
hours in the solution used for elution, namely,  0 . 85% sodium 
chloride ( Analar ) containing 0 . 02%  sodium azide ( Analar ) and 
buffered  to pH 7 . 2  with 0 . 05M phosphate buffer ( Appendix III ) .  
During the swelling period fines were removed two or three times 
according to the manufacturers ' recommendations . The swollen gel 
was degassed under a vacuum of 700 mm Hg until it ceased boiling 
after five to ten minutes . The gel was poured as a slurry , 
consisting of approximately two parts of gel to one part of buffer , 
into a column measuring 70 x 2 . 5cm  ( Pharmacia ) and packed in one 
batch by using an attached reservoir ( Pharmacia ) with a constant 
pressure head of five to ten centimetres of buffer , 

The column was operated at room temperature , under a constant 
pressure head ranging from five to fi fteen centimetres of buffer , 
at a flow-rate of approximately 20ml/hr . One ml of serum was 
carefully applied to the top of the column at the start of each 
fractionation run . Approximately 24 fractions , each of 6ml , 
were collected by using an automated fraction collector ( ISCO ) 
in drop-counting mode . The optical density of protein in the elute 
at 280 nm was continuously monitored and recorded graphically 
using an automated system ( ISCO ) .  

Fractions were held at 4°C until subjected to the MAT , usually 
within 24 hours and always within 72 hours of fractionation . 
Pooled fractions from each peak were concentrated to one ml by 
dialysi s  against polyethylene glycol ( M . W . 20 , 000 ) .  

Anion Exehang e C�omotog4aphy . 

Anion exchange chromotography was performed using preswollen 
diethylaminoethyl - cellulose ( DEAE ) ( DE52 - Whatman ) .  The 
cellulose was equilibrated to a pH of 8 using 1 . OM phosphate 
buffer ( Appendix III ) and degassed under a vacuum of 700 mm Hg . 
Fines were removed two or three times according to manufacturers ' 
specifi cations . 
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The column which measured 40 x 2 . 5  cm ( Pharmacia ) was packed 
under a pressure of 100 cm of starting buffer , O . OIM phosphate 
buffer pH 8 ,  and run continuously until the elute had reached a 
molarity of O . OIM as assessed by the measurement of conductance 
using a conductivity meter ( Yellow Spring Instrument Company ) . 
Elution was carried out under a continuous gradient at a con­
stant pH of 8 using a multiple chamber mixing device ( Varigrad ) 
wi th 5 5  mls of O .  OUf buffer in chambers one to seven incl usi ve 
and 55  mls of 0 . 60M buffer in chambers eight and nine . Serum 
was dialysed against starting buffer for 24 hours at 4°C before 
2 ml was applied to the c olumn . Fractions , each of 10 rol , were 
c ollected using the same collection system described above . 
Fractions from each peak were tested for agglutinating activity 
and then pooled and concentrated as described above . 

After each run the anion exchange resin was re-equilibrated 
by using one litre of l . Q1I,1 sodium chloride followed by suffi cient 
O . OlM phosphate buffer to return the elute to starting buffer 
molarity as assessed by c onductance readings . 

AYla1.tJ6-W 0 6  SVtoi.og..tc.a1. Re6 ut:t6 . 

Eight serial doubling dilutions of each fraction were prepared 
in isotonic saline in microtitre plates ( 1li crotitre ) and equal 
volumes of live antigen were added to each dilution . Since one ml 
of  serum had been applied to the column and 6 ml fractions were 
collected the dilutions of each fraction ranged from 1 : 12 to 
1 : 1572 . Titres were read as described in Chapter Two and were 
converted into 1�T units per fraction by taking the reciprocals 
of the fraction titres and rounding them to the nearest 10 units 
( e . g. a titre of 1 :  96 converted to · 100 }.�T units ) . Whole serum 
was also tested with each set of fractions and the reciprocal of  
the whole serum titre was taken as a measurement of the number 
of MAT units applied to the column . }AAT units in the fractions 
of each peak were totalled to determine the number of units re­
covered in each peak and the amounts of the activity in each 
peak expressed as percentages of total activity recovered .  The 
total number of units recovered were also expressed as a per­
centage of the number o f  units applied to the column to provide 
an estimate of the efficiency of recovery following fractionation . 
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Immuno elec�opho��� . 

Plates for immunoelectrophoresis  ( IEP ) were prepared by pour­

ing 1% Ionagar ( Difco ) dissolved in 0 . 5% sodi um barbitone buffer , 

pH 8 . 6  ( Appendix I I I ) ,  onto glass plates which were left overnight 
o 

at 4 C before wells and troughs were cut . Plates measured 12 x 9cm 

and five troughs , measuring 6 x 0 . 5 cm running across the plate , 

and six wells ,  0 . 5 cm in diameter , arrayed down the longitudinal 

axis , were cut at 1 . 0  cm centres and agar plugs were removed from 

the wells . 

Aliquots of pooled and concentrated fractions , representative 

of the protein peaks obtained by gel filtration and cellulose 

chromotography , were placed in the wells , and the plates were run 

at 100 volts and 15 milliamps ( 10 volts/cm ) for three to four 

hours . Agar was then removed from the troughs and anti-serum was 

added to the troughs and the plates left at room temperature for 

24 hours for prec ipitin lines to develop . The anti-sera used were 

anti-bovine IgM ( Hiles Laboratories ) ,  anti-bovine IgG ( kindly 

supplied by Mr D . V .  Timbs , Central Brucellosis Laboratory, 

Wallaceville ) ,  and anti -bovine whole serum prepared in this 

laboratory ( Appendix IV ) .  

Svr.um Sa.mp.e. � .  

Representative samples were taken of  the sera collected from 

the various groups of animals described in the three preceding 

chapters . In the cases of both neonates and recently-infected 

animals a series  of samples was taken from selected individuals .  

For the adult animals samples were selected from animals  with a 

range of ages and titres . 

Results . 

Gel FJ.1.tJtaJ:J..o n .  

A consi stent three-peaked elution profile was obtained from 

each serum fractionation . Fractions 1 to 6 inclusive comprised 

peak I ,  fractions 7 to 15 peak I I  and f'ractions 16 to 24 the peak 

I I I  ( Figure XV ) .  Pooled fractions were concentrated for some of 

the sertm fractionations and were submitted to IEP . The typical 

precipitin reaction with anti -bovine whole serum is shown in 

Figure XVI . The precipitin lines indicate that IgM was found in 

peak I ,  and IgG in peak I I . To confirm this observation , 



Figure XVI 

Immunoelectrophoretic Reaction of Concentrated Gel Filtration 
Fractions of Bovine Serum with Rabbit Anti-Bovine Serum. 
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concentrated samples  of peaks I ,  II  and I I I  and whole serum were 

again run in IEP . Anti- sera to bovine Ig}{ and IgG were used to 

produce the precipitin lines shown in Figure XVII .  Anti-bovine 

IgM only produced precipi t in lines against peak I and whole serum .  

However , while anti -bovine IgG produced strong precipitin lines 

against peak I I  and whole serum , there were trace amounts of IgG 

present in peaks I and I I I . 

MAT �eactio� 0 6  g et 6�ation 6�actio � .  

The results obtained by fractionating sera taken from calves 

aged between one and 52 days , are given in Table 6 . 1 .  Only sera 

from calves whi ch had suckled were frationated . All five samples 

taken from one-day-old calves had MAT activity in some peak I 

fractions . The amount of peak I activity for these calves ranged 

from 17% to 55% of the total HAT activity recovered . Only two 

other serum samples  from neonatal calves had peak I activity . 

The calves from whi ch these sera were taken ( W15/23 and G62/2 ) 

were aged 15  and 21 days and the proportions of  peak I activi ty 

detected in these samples were 12% and 2% respectively . The 

results obtained by the fractionation of pai red serum samples 

taken from calves W4 , W13 , W1 5 ,  W16 and W17 shortly after birth 

and again 10 to 20 days later indicate that the activity in peak 

I fractions was lost more rapidly than in peak II fractions 

( Table 6 . 1 ) .  

The results obtained by frationating sera taken at various 

t imes from five animals whi ch experienced natural hardjo in­

fection and sero-converted on 2/9/76 are given in Tables 6 . 2  to 

6 . 7 .  The first day on whi ch titres were detected was taken as 

the seventh day of infection and stages of infection at sub­

sequent tests are based on thi s approximation .  On day seven 

( Table 6 . 2 ) , 88% to 100% ( mean 97% ) of the total }�T activity 

of these sera was found in peak I fractions , on day 21 ( Table 6 . 3 )  

73% to 93% ( mean 80% ) ,  on day 42 ( Table 6 . 4 ) 29% to  66% ( mean 40% ) ,  

on day 105 ( Table 6 . 5 )  14% to 30% ( mean 21% ) ,  on day 204 ( Table 

6 . 6 )  15% to 39% ( mean 21% ) and on day 385 ( Table 6 . 7 )  0% to 23% 

( mean 8% ) remained . In every case the balance of ��T activity 

was in peak I I ; some tailing of  antibody activity occurred in 

peak I I I  ( Figure XVI I I ) .  



Figure XVI I 

Imrnunoeletrophoretic Reaction of Concentrated Gel Filtration 
Fractions of Bovine Serum with Anti-Bovine Ig:M and IgG . 
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Table 6 . 2  

Distribution of leptospiral agglutinating units in gel filtration 
fractions of sera taken from naturally-infected cattle on 

approximately the seventh day after sero-conversion . 

Fraction Animal Identification 

Number G39/13 G42/13 G54/13 G55/13 G63/l J Total Mean 

1 50  30 40 20 20 160 32 

2 120 100 150 100 150 620 124 

3 190 320 640 440 190 1780 356 

4 290 870 190 420 70 1840 368 

5 160 ' 320 30 130 20 660 132 

6 40 30 10 40 120 24 

7 20 20 4 

8 10 20 30 6 

9 10 20 30 6 

10 20 20 4 

11 20 20 4 

12 10 10 2 

13  10 10 2 

14 10 10 2 

15  10 10 2 

16 10 10 2 

17 

18 

19 

20 

21 

22 

2 3  

24 

Unfractionated 770 2300 3070 1540 1150 8830 1766 
whole serum 
Peak I 850 1670 1060 1150 450 5180 1036 

Peak I I  20 150 170 34 

Total recovered 850 1670 1080 1300 450 5350 1070 

Recovered % 110% 73% 35%  84% 39% 61% 

Peak I % 100% 100% 98% 88% 100% 97% 

Peak II % 2% 12% 3% 
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Table 6 . 3  

Di stribution of  leptospiral agglutinating units in gel fi ltration 

fractions of sera taken from naturally-infected cattle on 
the 21st day after sero-conversion . 

Fraction 
Animal Identification 

Number G39/l4 G42/l4 G54/l4 G55/14 G63/l4 Total Mean 

1 100 20 0 0 120 24 

2 100 260 50 70 180 660 132 

3 130 220 380 140 510 1380 276 

4 60 130 380 100 160 830 166 

5 20 60 100 50 40 270 114 

6 50 50 20 10 130 26 

7 40 40 10 90 18 

8 10 70 30 110 22 

9 20 70 40 130 26 

10 20 100 30 1 50 30 

11 20 40 70 10 20 160 32 

12 20 40 20 10 90 18 

13 20 30 50 10 

14 20 10 30 6 

15  20 20 4 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Unfractionated 770 1 540 1540 580 2300 6730 1346 
whole serum 

Peak I 310 820 980 380 900 3390 678 

Peak II  60 240 370 30 130 830 166 

Total recovered 370 1060 1350 410 1030 4220 844 

Recovered % 48% 69% 88% 71% 45% 63% 

Peak I % 84% 77% 73% 93% 87% 80% 

Peak II % 16% 23% 27% 7% 13% 20% 
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Table 6 . 4  

Di stribution of leptospiral agglutinating units in gel fi ltration 
fractions of sera taken from naturally-infected cattle on 

the 42nd day after sero-conversion . 

Fraction 
Animal I dentification 

Number G39/16 G42/l6 G54/16 G55/16 G63/l6 Total Mean 

1 10 30 40 8 

2 20 100 20 100 240 48 

3 30 30 100 50 180 390 78 

4 50 50 70 20 80 270 56 

5 50 30 50 10 40 180 36 

6 40 40 20 100 20 

7 30 50 40 120 24 

8 40 20 100 50  210 42 

9 60 50 190 70 370 74 

10 100 80 190 20 40 4 30 86 

11 1 30 50 100 40 30 350 70 

12 60 20 50 50 180 36 

13 20 20 50 90 18 

14 20 20 4 

15 40 40 8 

16 20 20 4 

17 

18 

19 

20 

21 

22 

23 

24 

Unfractionated 770 380 1150 380 770 3450 690 
whole serum 

Peak I 200 110 360 100 450 1220 244 

Peak I I  440 220 700 240 230 1830 366 

Total recovered 640 330 1060 340 680 3050 610 

Recovered % 83% 87% 92% 89% 88% 88% 

Peak I % 31% 33% 34% 29% 66% 40% 

Peak I I  % 69% 67% 66% 71% 34% 60% 
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Table 6 . 5  

Di stribution of 1eptoapira1 agglutinating uni ts in gel filtration 

fractions of sera taken from naturally-infected cattle on 

the 105th day after sero-conversion .  

Fraction 
Animal Identification 

Number G39/18 G42/18 G54/18 G55/18 G63/18 Total Mean 

1 20 20 40 8 

2 20 10 20 10 10 70 14 

3 20 20 30 20 20 110 22 

4 10 20 50 30 20 130 26 

5 10 20 50 40 20 140 28 

6 10 10 40 30 20 110 22 

7 10 10 20 20 10 70 14 

8 20 20 20 30 40 130 26 

9 90 50 40 70 50 300 60 

10 130 40 50 130 100 450 90 

1 1  140 30 60 100 70 400 80 

12  100 20 70 140 50 380 76 

1 3  40 10 80 80 40 250 50 

14 10 10 80 30 10 140 28 

1 5  60 10 70 14 

16  50 50 10 

17 10 10 2 

1 8  

1 9  

2 0  

2 1  

22  

23  

24 

Unfractionated 580 380 770 770 580 3080 616 
whole serum 

Peak I 90 80 210 130 90 600 120 

Peak I I  540 190 540 610 370 2250 450 

Total recovered 630 270 750 740 460 2850 570 

Recovered % 109% 71% 97% 96% 79% 93% 

Peak I % 14% 30% 28% 18% 20% 21% 

Peak II % 86% 70% 72% 82% 80% 79% 
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Table 6 . 6  

Di stribution of leptospiral agglutinating units in gel filtration 
fractions of sera taken from naturally-infected cattle on 

the 204th day after sero-conversion .  

Fraction 
Animal Identification 

Number G39/22 G42/22 G54/22 G55/22 G63/22 Total Mean 

1 

2 20 10 10 10 50 10 

3 50 50 20 10 20 150 30 

4 50 20 20 20 20 130 26 

5 40 10 10 10 20 90 18 

6 10 10 10 30 6 

7 50 20 10 20 20 120 24 

8 150 40 20 50 40 300 60 

9 380 50 50 80 40 600 120 

10 190 20 50 50 30 340 68 

1 1  100 10 30 40 40 220 44 

12  50 10 10 20 90 18 

1 3  20 10 30 6 

14 10 10 20 4 

15  

16 10 10 2 

17 

18 

19 

20 

21 

22 

23 

24 

Unfractionated 1150 380 380 270 380 2560 512 
whole serum 

Peak I 170 90 50 60 80 450 90 

Peak II 950 140 170 250 220 1730 346 

Total re�arerai 1120 230 220 310 300 2180 4 36 

Recovered % 97% 61% 58% 115% 79% 85% 

Peak I % 15% 39% 23% 19% 27% 21% 

Peak II % 85% 61% 77% 81% 73% 79% 
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Table 6 . 7  

Distribution of leptospiral agglutinating units in gel fi ltration 
fractions of sera taken from naturally-infected cattle on 

the 385th day after sero-conversion 

Fraction Animal Identification 

Number G39/37 G42/37 G54/37 G5 5/37 G63/37 Total Mean 

1 

2 10 10 20 4 

3 10 10 20 4 

4 10 10 20 4 

5 

6 

7 10 10 20 4 

8 10 20 10 20 60 12 

9 10 10 20 40 20 100 20 

10 20 20 30 20 20 110 22 

1 1  50 20 10 20 10 110 22 

12 50 20 10 10 90 16 

1 3  70 10  SO 14 

14 40 10  50 10  

1 5  20 20 4 

16 10 10 2 

17  10  10  2 " 

1 8  

1 9  

20 

21 

22 

23 

24 

Unfractionated 380 140 190 190 140 1040 whole serum 

Peak I 30 0 0 30 0 60 

Peak I I  290 90 90 100 90 660 

Total recovered 320 90 90 130 90 720 

Recovered % 84% 64% 47% 68% 64% 69% 

Peak I % 9% 0% 0% 23% 0% 8% 

Peak I I  % 91% 100% 100% 77% 100% 92% 



Figure XVII I 

Mean Distribution of  Leptospiral Agglutinating Activity in 

Gel Filtration Fractions of Bovine Sera , at Various Times 

After Infection . 

7 days p . i .  

Peak I Peak I I  Peak III  
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Peak I Peak II  Peak III  
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A number of sera taken at various times from five heifers 

prior to , and shortly a fter , their introduction into the milking 

herd were also fractionated . It was estimated that these animals 

had becrrme infected during a period of up to 60 days before they 

were first sampled ( see  discussion on blue tag calves , Chapter 

Four ) and all were consistently sero-positive when they were 

tested approximately every three months during the next year . 

The di stribution of �AAT activity in serum fractions from these 

animals and the estimated ages of their titres are given in Table 

6 . 8 .  One animal with an infection of an estimated 40 days 

duration had 23% of its  r.1AT acti vi ty in peak I ,  four animals with 

ti  tres estimated to be 140 days old had 7% to 22% of �AAT acti vi ty 

in peak I and six serum samples taken from two animals at various 

times between 260 and 420 days after infection had from 0% to 10% 

of their MAT acti vi ty in peak I .  Apart from occasional tailing 

of  high titres into peak I I I , all remaining HAT activity was 

found in peak II for all of these animals .  

The final series of  gel filtrations were conducted on sera 

from seven adult cows between two and six years old and possessing 

�AAT titres ranging between one and six . The result s  of these 

fractionations are given in Table 6 . 9 . These animals had 0% to 

33% of  their �1AT activity in peak I and the balance in peak I I .  
The three animals with relati vely large proportions o f  peak I 

activity ( C2l8/37 , C121/37 and C156/37 with 29% , 33% and 25% 

peak I acti  vi ty respectively ) had low total �AAT acti  vi ty . 

Anion EXQhang e C�omotog�aphy . 

A consistent elution profile composed of six peaks was obtained ; 

thi s i s  shown in Figure XIX with the molarity of the fractions 

a s  assessed by conductivi ty meter readings superimposed . 

In order to assess the di stribution of immunoglobulins in 

t he eluted fractions , pools of peaks I to VI inclusive from a 

representative fractionat ion were concentrated down to 2 ml , 

e quivalent to  the starting volume of whole serum, and subjected  

t o  IEP . The precipitin lines produced against these concentrated 

pools by rabbi t  anti-bovine whole serum indicate that while peak 

I contained IgGl , peaks II to V contained varying amounts of IgGl 
and peaks IV to VI varying amounts of IgM ( Figure XX ) .  



Table 6 . 8  
Distribution of leptospiral agglutinating units  in gel filtration fractions of sera 

Fraction 
Number B1/1 

1 10 
2 20 
3 20 
4 30 
5 20 
6 10 
7 20 
8 20 
9 30 

10 50 
11 140 
12 70 
13  10  
14  10  
15  10  
16 
17 
18 
19 
20 
21 
22 
23 
24 

Unfractionated 770 whole serum 
Peak I 
Peak I I  

Total Recovered 
Recovered % 
Peak I % 
Peak I I  % 

110 
360 
470 

61% 
23% 
77% 

Days after s_ca 40 

taken from heifers 

B1/5 B4/5 B22/5 

10 
20 20 20 

100 70 40 
140 100 20 
100 100 10 
140 140 20 
190 100 20 
380 290 50 
380 580 100 

1 540 380 100 
1 540 580 20 

770 140 10 
190 20 
100 

20 
10 

6140 3072 580 
370 290 90 

5260 2230 320 
5630 2520 410 

92% 82% 71% 
7% 12% 22% 

93% 88% 78% 
140 .140 140 

a estimated days after sero-conversion 

at various times up to 420 days after sero-conversion . 

Animal Identification 

B50/5 B50/7 B50/10 B50/13 B56/7 B56/10 B56/13 

10 10 
20 10 20 10 
70 20 20 10 10 
20 30 20 10 
10 20 10 
20 40 20 
20 20 20 10 100 10 20 
40 30 70 20 180 20 20 

140 60 80 30 190 40 30 
190 80 100 50 160 90 50 
140 90 70 40 60 50 50 

50 60 50 30 10 30 50 
20 50 20 20 40 50 

20 10 30 
20 
10 

770 380 580 290 1150 380 770 
120 20 40 80 30 40 
620 410 410 200 740 290 350 
740 430 450 200 820 320 390 

96% 113% 76% 69% 71% 84% 51% 
16% 5%  9% 0% 10% 9% 10% 
84% 92% 91% 100% 90% 91% 90% 

140 260 340 420 260 340 420 

f-' l\) +'-. 
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Table 6 . 9  

Di stribution of leptospiral agglutinating units in gel fi ltration 

fractions of  sera taken from adult cows of various ages . 

Fraction Animal Identification 

Number C1l9/37 C25/37 C218/37 C121/37 C156/37 C51/24 C172/24 

1 

2 10 

.3 10 10 10 

4 10 10 10 

5 10 

6 10 

7 10 10 

8 10 20 10 20 

9 20 50 10 20 10 40 

10 50 50 10 40 10 50 10 

11 70 30 20 20 10 20 10 

12 90 20 10 10 10 

1 3  90 

14 10 

15  

16 

17 

18 

19 

20 

21 

22 

23  

24 

Unfractionated 770 290 70 100 40 100 20 
whole serum 

Peak I 0 10 20 50 10 0 0 

Peak I I  350 180 50 100 .30 140 20 

Total Recovered 350 190 70 150 40 140 20 

Recovered % 45% 66% 100% 150% 100% 140% 100% 

Peak I % 0% 5% 29% 33% 25% 0% 0% 

Peak I I  % 100% 95% 71% 67% 75% 100% 100% 

Age ( years ) 3 4 5 3 6 3 6 



Figure XIX 

Elution Profile of Bovine Serum Fractionated by Cellulose Chromotography . 
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MAT Reaction6 0 6  Anion Ex�hang e Chnomotog�phy F�a�tion6 . 

The MAT activity of fractions obtained by anion exchange 

chromotography of sera from ten adult cows and two new-born 

calves are presented in Table 6 . 10 .  Five animals ( C39/3 , C53/3 , 

C125/3 , C 38/8 , C73/8 ) had low levels of activity,  ranging from 

4% to 14% of the total activity recovere d ,  in peak I .  All other 

MAT activity was found in fractions 33 to 49 , compri sing peaks I I  

t o  V I  with the highest levels  of  activity found i n  fractions 33 

to 40 . Histograms indi cating the distribution of ��T activity 

in different fractions are presented in Figure XXI . Two animals  

( C1 5 8/3 and C139/8 ) which had no  ��T a-c'.ti  vity in  whole serum at 

a titre of 1 : 20 had no activi ty in any fractions . 

Discussion . 

The immunoelectrophoretic  studies indicated that while gel 

filtrati on separated IgM into peak I fractions and most  of  the 

IgG into peak I I  fractions , smal l  amounts of IgG were present in 

peak I and �ak III . In all cases leptospi ral agglutinins 

occurred exclusively in peaks I and II  apart from the occasional 

tailing of some activity of high titre sera from peak I I  into 

peak I I I . The se observations were interpreted to mean that 

agglutinating antibody detected in peak I was of the IgH class , 

and that in peak I I  of the IgG class . It i s  apparent that small 

amount s  of  IgG agglutinins wi ll  have been attributed to the Ig�� 

class by thi s approach . However , inspection of Tables 6 . 2  to 

6 . 9  and Figure XVII I  indi cates that thi s approximation wil l  have 

had only a minor effect on the calculated di stributions of  

agglutinins reported in this study . 

The results obtained from gel filtration of sera taken from 

new-born calves after suckling ( Table 6 . 1 )  indi cate that 19% to 

55% of leptospiral agglutinins in the sera of one-day-old calves 

were of the IgH class but that these agglutinins were lost more 

rapidly than IgG agglutinins . It  appears that IgM contributes 

a signi ficant proportion of the ��T activity in neonatal calf 

sera for just a few days after birth . The presence of  only 2% 

IgM agglutinins in the high titre serum of calf G62/2 at 21 days 

of age indicates that thi s i s  likely to be near to the upper 

limi t for the persi stence of passively-acquired 19B antibody . 



Figure XX 

Immunoelectrophoretic Reaction of Concentrated Cellulose Chromo­
tography Fractions of Bovine Serum with Rabbit Anti-Bovine Serum . 
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Table 6 . 10 

Di stribution of leptospiral agglutinatng units  in 
anion exchange chromotography fractions of sera 

from cows and calves of various ages . 

Animal Identi fi cation 

Fraction Calf Calf 
Number 30/13 93/13 C1l2/3 C216/8 C1 52/3 C 38/8 

1 
2 
3 
4 

H 5 

..'xl 6 20 10 
ro 7 20 (l) 0-0 8 10 

9 10 
10 10 

33 10 10 30 10 
34 40 80 30 20 10 
35 120 120 30 30 40 10 
36 160 80 30 10 160 20 

H 37 240 40 30 10 120 20 
:> 38 160 20 20 10 60 20 
$ 39 80 10 10 10 30 30 
H 40 60 10 20 30 
H 41 20 10 20 40 
00 42 10 20 30 40 ..'xl 
� 43 10 10 20 10 30 
0-0 44 20 10 10 10 10 20 

45 20 10 10 
46 40 10 
47 10 10 10 
48 10 10 
49 10 
50 

Whole 1280 480 320 120 1280 320 
serum 
Peak I 0 0 0 0 70 10 
Peaks II  1000 400 240 100 570 270 

to VI 
Total 1000 400 240 100 640 280 
recovered 
Recovered % 78% 83% 75% 83% 50% 88% 
Peak I % 0% 0% 0% 0% 12% 4% 

Age 1 day 1 day 3 yrs 4 yrs 4 yrs 5 yrs 
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Table 6 . 10 ( contd . ) 

Animal Identifi cation 

Fraction 
Nwnber C53/3 C39/3 C75/8 C73/8 Cl58/3 C139/8 

1 
2 
3 
4 
5 

H 6 30 30 10 
� 7 20 40 30 
ttl 8 10 10 Q) 

p., 9 
10 

33 10  10  20 
34 10 20 30 
35 40 40 80 
36 40 120 10 60 
37 60 120 10 80 

H 38 60 160 20 40 
>- 39 60 120 10 30 
.£ 40 30 60 10 10 
H 41 20 60 10 
H 42 30 30 10 
� 43 2 0  60 10 
� 44 20 10 

p., 45 10 
46 10 
47 10 
48 10 
49 
50 

Whole 
serum 640 960 120 320 0 0 

Peak I 60 80 0 40 0 0 
Peaks I I  380 850 70 370 0 0 to VI 
Total 

440 930 70 410 0 0 recovered 
Recovered % 69% 97% 58% 128% 0% 0% 
Peak I % 14% 9% 0% 10% 0% 0% 

Age 6 yrs 7 yrs 7 yrs 10 yrs 5 yrs 6 yrs 



Figure XXI 

Distribution of Agglutinating Activity in Cellulose 

Chromotography Fractions of Some Bovine Sera at Various Times 

After Sero-Conversion .  
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The half-life of  IgM acquired from colostrum is  apparently 

shorter than the 15 to 17 days half-life calculated for colostrum­

derived HAT t i tres in Chapter Three . However , insuffi cient data 

was obtained in thi s study to calculate the actual value of the 

half-life for IgH.  

IgG i s  the predominant immunoglobulin passively transferred 

to calves in colostrum ( ��urphy et al , 1964 ; Pierce and Feinstein,  

1965 ; Brandon et  al , 1971 ; Husband et al , 1972 ) .  IgM has also 

been reported  to be passively transferred to calves though in 

smaller amounts than IgG ( Husband et a l , 1972 ; Hohamad ,  1975 ) .  

A half-life o f  four days has been reported " for maternal IgM in 

the calf ( Husband et  al , 1972 ; Porter , 1972 ) ,  compared with a 

half-li fe of  16 to 32 days for IgG ( Husband et al , 1972 ; 

Williams et al , 1975 ) .  These data are consistent wi th the 

observation made in thi s study . 

The series of fractionations conducted on the sera from 

five calves whi ch sero-converted in September 1976 ( Tables 6 . 2  

to 6 . 7 )  demonstrate a consi stent pattern of  transition of 

agglutinins from the IgM to the IgG class of immunoglobulins 

with increasing time after infection . The initial agglutinin 

response is probably exclusively IgM i f  an allowance is made 

for the fact that the sera described in Table 6 . 2  came from 

animals which sero-converted during a seven-day period between 

the last negati ve and first positive tests . Thi s early phase 

was followed immediately by the appearance of IgG agglutinins . 

As the level of  IgM agglutinins declined , the level of IgG 

agglutinins rose and they became the predominant agglutinins 

between 21 and 42 days after sero-conversion ( Tables 6 . 3  and 

6 . 4  ) .  

These observations are consistent with those made in 

experimentally-infected guinea-pigs by Crawford ( 1972a ; 1972b ) 

and in cattle by Hodges and Ris ( 1974b ) .  These authors re­

ported an initial IgM response which had become predominately 

an IgG response by 24 to 50 days p . i .  Graves and Faine ( 1970 ) ,  

reporting observat ions on a single experimentally-infected 

rabbit stated that 50% of anti-biflexa agglutinins resided in 

the IgG class  as early as the tenth day p . i .  However , as this 
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rabbit  had a titre to bifl exa before challenge , it i s  possible 

that it was responding anamnestically . If thi s was s o  a more 

rapidly developing and predominately IgG response would be 

expected ( Uhr , 1964 ) .  

At later stages i n  the serological response to hardjo , the 

proportion of agglutinins residing in the IgM class of immuno­

globulins appears to stabi lise . At 105 and 204 days after sero­

conversion an average 21% of serum agglutinating activi ty in the . 

five calves was associated with the IgM class ( Tables 6 . 5 and 6 . 6 ) .  

The proportion of  Ig�1 activity declined to 8% by 385 days after 

sero-conversion and by thi s time three of the five calves had no 

detectable IgM agglutinins ( Table 6 . 7 ) .  Thi s degree of transition 

from a predominately IgM response in the early stages of infection 

i s  considerably more marked than that observed by Graves and 

Faine ( 1970 ) .  The rabbit whi ch they were sampling sequentially 

after multiple doses of antigen still had 33% of IgM agglutinin 

activity 216 days p . i .  There are no other reports of animals 

being tested over such an extended period . 

The results obtained by fractionating sera from hei fers whi ch 

had been sero-positive for periods ranging between 40 and 420 days 

conform to the general pattern outlined above ( Table 6 . 8 ) .  In 

these animals ,  the titres were all predominately IgG response s .  

Also the proportion of total agglutinating activity contained in 

the IgM component became smaller as time after sero-conversion 

increased . On average IgM provi ded 23% of the agglutinating 

activity at 40 days p . i . ,  about 14% at 140 days p . i . ,  about 8% 

at 260 and 340 days p . i .  and 5% at 420 days p . i .  

The seven adult animals tested with titres of presumably 

long-standing duration ,  showed a greater variation in the pro­

portion of IgM activi ty with a mean of 13% and range of 0% to 

33% ( Table 6 . 9 ) .  However , the total amounts of leptospiral 

agglutinins in the sera from most  of these animals was low . In 

such sera low levels of IgM, near to the threshold of detection , 

can produce big changes in  the values of proportions . Thus 

proportions have greater inherent errors in low-t itre serum and 

should be regarded as less reliable . It  i s  apparent that the 
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absolute levels of IgM agglutinins may stabilise at low values 

in older animals but that many will have no remaining IgM 

agglutinins as soon as one year after sero-conversion . 

It has been argued that the leptospiral HAT primarily 

measures the IgM content of convalescent sera ( Hanson, Tripathy 

and Killinger , 1972 ; Hanson , 1973 ; 1976 ; 1977 ) .  Thi s claim i s  

not supported by either the more recent reports in the literature 

( reviewed in the introduction to this chapter ) nor by the present 

study which clearly indicates that often MAT titres are solely 

attributable to IgG and that primacy of IgM in the leptospiral 

MAT occurs only during the initial stages of natural hardjo 

infection ;  up to six  weeks after sero-conversion .  

There is  some evidence that antigen must persi st in  the host 

to allow the continued synthesis  of Ig}� antibody ( Uhr , 1964 ; Pike , 

1967 ) .  Some of the cattle in the present study shed hardjo for 

peri ods of up to fourteen months and may well have shed organisms 

for much longer periods ( see  Chapter Seven ) .  It E also possible 

that leptospiral antigen may persi st in the host beyond the t ime 

when shedding ceases . In these animals i t  i s  clear that the 

maj or transition from an IgM to an IgG response occurred well 

before shedding terminated . It is possible that the total 

disappearance of IgM agglutinins from some convalescent sera 

occurred at about the time that shedding may have terminated 

( e . g .  G42/37 , G54/37 and G63/37 ) but other , older , cattle still 

had IgM agglutinins ( Table 6 . 9 ) .  

The results of this study have added significance as they 

are parameters of the situation pertaining in natural field 

infections rather than studies  on experimentally-infected animals . 

The findings from the five calves which are reported in Tables 

6 . 2  to 6 . 7  were made during a period of more or less continuous 

exposure to other actively-shedding cattle ( see Chapter Seven ) .  

At present there i s  no serologi cal test which can consistently 

determine whi ch cattle in a group have recently become infected . 

The complement fixation test ( CFT ) appears to  identi fy those 

animals which have compari tively recent infections ( Robertson 

and Boulanger ,  1963 ; Palit and Sharma , 1971 ; Hodges and Ris ,  1974 ) 
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but i s  a more diffi cult test to apply than the ��T . The ��T 

itself i s  not a sat i sfactory test to detect acute cases ( see 

Chapter Four ) . However , the results of thi s study indicate that 

a simple modification to the �:�T should provide a method to detect 

recent infections . 

The application of a procedure which selectively inactivates  

the IgM antibody in  whole serum, would enable the ratio of  IgM 

and IgG agglutinins to be determined by comparing ���T titres 

before and after IgM inactivation .  Such procedures currently 

available are heat-inactivation ,  2 - ME inactivation or Rivanol 

precipitation ( Rose and Roepke , 1964 ; Brindley-Morgan , 1967 ; Anon , 

1977c ) . Based on the results presented in  Tables 6 . 2  to 6 . 9 , high 

ratios of  IgM: IgG activity ranging from 100 : 0  down to 80 : 20 would  

indicate titres of up to three weeks durati on and lower ratios 

would indicate progressively longer-standing titres down to 40 : 60 

by six weeks and 20 : 80 by approximately three months and sub­

sequently . Such a test  could be performed in any laboratory able 

to conduct the ��T and would have considerable epidemiologi cal 

significance in i denti fying recent cases . Thi s  information would 

facilitate more detailed investigations of  the dynami cs  of lepto­

spiral infection in a group of cattle . The detection of new 

cases by the detection of IgM leptospiral agglutinins has been 

suggested previously , though only in general terms ( Samedov and 

Sharabchiev , 1969 ) . 

The results obtained from immunoelectrophoretic  examination 

of proteins in fractions obtained by cellulose chromotography of  

cattle sera indi cate that immunoglobulins were distributed as  

previously reported ( Nansen , 1970 ; Duncan et  ai , 1972 ) . The only 

fractions containing a single type of immunoglobulin were those 

of peak I which contained IgG2 . The other peaks contained mix­

tures of immunoglobulins with most of the IgGl contained in 

peaks I I  and I I I  and most of the IgM in peaks IV and V ( Figure 

XX ) .  

The di stributi on of  ��T units amongst  the peaks obtained 

by cellulose chromotography ( Table 6 . 10 ) indicates that the 1�T 

activity of one-day-old calves resides predominately in the IgGl 
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component with the balance in the IgM component ; there was no 
IgG2 activity . This i s  consistent with the findings from the 
gel filtration studies reported above and the reports of other 
workers that little IgG2 is passively transferred to new-born 
calves ( Husband et ai , 1972 : Mohamad ,  1975 ) .  The adult cattle 
studied all had predominantly IgGl responses and though it was 
not possible to distinp:ui sh clearly between IgGl and IgM 
activity in peaks I I I  to VI because of the mixtures of immuno­
globulins present , i t  appears that most had low levels of IgM 
agglutinins ( Table 6 . 10 ) .  Five animals also had some IgG2 
activity . There i s  some evidence that IgG2 agglutinins occurred 
in older animals ( the mean age of the five cattle with IgG2 
agglutinins was 6 . 4  ± 1 . 0  years compared with 4 . 7  ± 1 . 2  years 
for those lacking IgG2 antibody ) but insufficient animals were 
s tudied to be certain of this trend . This result is  consi stent 
with reports that IgG2 appears at a later stage in the irrrnune 
response than IgGl , and that IgG2 is a more important immuno­
globulin in older animals ( Beh, 1974 ; Williams et ai , 1975 ) .  
This i s  the first report of leptospiral agglutinins occurring in 
the IgG2 subclass of immunoglobulins . Morri s  and Hussaini ( 1974 ) 
investigating leptospiral agglutinins in three cows , at unknown 
stages of infection ,  reported that no agglutinins occurred in 
this subclass .  The presence of IgG2 agglutinins in the sera of 
older cows may be attributable to the progressive increase in 
antibody quality whi ch has been reported to occur during the 
development of an immune response ( Uhr , 1964 ) .  

The ratio of serum IgGl : lgG2 antibody varies  in ruminants 
( Nansen , 1970 ; Williams et ai , 1975 ) .  Relatively high levels of 
serum IgG2 occur at the time of parturition when IgGl is selectively 
lost into the colostrum ( Brandon et ai , 1971 ) while relatively low 
levels occur in animals experiencing secondary antigenic stim­
ulation ( Margni , Castrelos and Paz ,  1973 ) .  Plackett and Alton 
( 1975 ) have demonstrated an inhibitory interaction between IgGl 
and IgG2 antibodies resulting in negative Brucel la CFT reactions 
in infected cattle . In the present study there were no cases 
where separation of IgGl and IgG2 into di fferent fractions resulted 
in an apparent increase in agglutinating activity compared with 
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that of whole serum . Neither were agglutinins detected in 
cellulose chromotography fractions of sera from two cows which 
had negative whole serum tests ( Table 6 . 10 ) . 

Summary . 
, 1 .  New-born calves passively acquire both IgH and IgG anti­

leptospiral agglutinins . The IgG agglutinins are ex­
clusively of the IgGl subclass . 

2 .  The IgM agglutinins acquired by new-born calves are 
catabolised within three weeks of birth and the persisting 
agglutinin titres observed in these calves belong to the 
IgGl subclass . 

3 . Cattle responding to natural hardjo infection initially 
produce only IgM agglutinins but within a week IgGl 
agglutinins appear . These represent 20% of the total 
agglutinating response by about three weeks after sero­
conversion ,  60% by six weeks and 80% by three minths . 

4 .  Later in the serological response 90% to 100% o f  the 
agglutinins are in the IgG class though some low-titred 
animals have higher proportions of IgH.  

5 .  It i s  suggested that by modifying the MA.T , by the use of 
an appropriate Ig�� inactivation technique such as heat , 
2-�ill inactivation or Rivanol precipitation , the ratio of 
IgM: IgG agglutinins in a serum sample can be calc.ulated . 
This ratio will provide a good estimate of the sta�e of 
infection during the first three months after sero­
conversion and would have considerable value as an epi­
demiological tool . 

6 .  Cows with long-standing MAT titres possess some agglutinins 
in the IgG2 class . It i s  suggested that this may , in part , 
reflect the refinement in antibody quality which occurs as 
the immune response progresses . 

7 .  Thi s  i s  the first report that anti leptospiral agglutinins 
may occur in the IgG2 subclass of immunoglobulins . 

8 .  There i s  no evidence for an inhibitory interaction between 
the IgGl and IgG2 subclasses occurring in the leptospiral 
agglutination reaction . 



CHAPI'ER SEVEN 

OBSERVATIONS ON NATURALLY-OCCURRING hardjo EPIDEMICS 

IN A HERD OF CATrLE . 

Introduction .  

135 .  

The results of an observational study of the epidemiology of 
an infectious disease are determined by the opportunities which 
are presented when outbreaks occur . The problems in detecting 
outbreaks in this type of study also render it extremely difficult 
to precisely define infection times  for individuals , or even 
groups ( see Chapter Four Di scussion ) .  Nevertheles s ,  the value of 
the information obtained by studying naturally-occurring epidemics  
i s  sufficiently great to  outweigh the limitations which accompany 
this approach . In the present study a number of outbreaks of 
hardjo infection were investigated , and the results of  these in­
vestigations are presented in this Chapter . This appears to be 
the first report of an attempt to observe in detail the epi­
demiology of  bovine hardjo infection in the field . 

One outbreak of bovine pomona infection was also studied . 
Observations made during thi s outbreak and other information 
obtained concerning the epidemiology of bovine pomona infection 
are presented in Chapter Eight . 

Aspects of the epidemiology .oJ bovine hardjo infection have 
been the subjects of studies by various authors . Infection of 
young cattle with hardjo , before nine months of age , has seldom 
been reported and it  appears that in herds with endemic hardjo 

that the first cases are observed af.ter calves have lost colostral 
titres ( Hanson et ai , 1964 ; Cacchione et a i ,  1968 ) .  Ellis and 
Michna ( 1976c ) ,  discussing three outbreaks of hardjo abortion in 
Scotland , reported that on two of the farms involved ,  there was 
a high prevalence of hardjo infection in adults , but not in young 
stock grazed in isolation .  Earlier they had reported  a rapid rise 
in the prevalence of hardjo infection in cows between the second 
and third years of life ( from 37% to 72% ) ,  coinciding with their 
first gestation and introduction into the adult herd ( Ellis and 
Michna , 1976a ) .  After this time relatively constant proportions 
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of  adult cattle were serologically positive to hardjo ( Ellis and 
Michna , 1976a ) .  They considered that epidemics  of hardjo abortion 
followed either the introduction of the infection into a susceptible 
population, or the introduction of susceptible cattle into an in­
fected population ( Ellis and Michna, 1976b ) .  Hoare and Claxton 
( 1972 ) had earlier reported that epidemics  of hardjo mastitis 
followed the initial introduction of infection into susceptible 
herds , but that subsequently asymptomatic infection became in­
creasingly common, owing to changes either in host resistance , 
or in the virulence of the organism. 

Bovine hardjo infection has been widely reported to follow 
recent periods of heavy rainfall , or to occur in wet seasons or 
environments ( Hanson et ai , 1964 ; Martin et  al , 1967 ; Sakula and 
Moore , 1969 ; Sullivan and Callan , 1970 ; Hoare and Claxton , 1972 ; 
Johnson e t  al , 1974 ; Elli s  and Michna , 1976b ; Gordon , 1977 ) .  
However , a number of workers have reported outbreaks which occurred 
during dry periods or without any apparent seasonal association 
( Hanson et  ai , 1964 ; Schnurrenburger et  al , 1970 ; Hoare and Claxton, 
1 972 ; Blackmore et  al , 1976 ; Elli  s .eo al,  1976.. Close 
confinement on muddy wet pastures has been suggested as the factor 
responsible for outbreaks under wet conditions ( Hoare and Claxton, 
1972 ; Elli s  and Michna , 1976b ) ,  and the behavioural trait of urine 
l icking amongst bovines has been cited to explain transmission 
under dry conditions ( Blackmore et  ai , 1976 ; Elli s  and Wdchna , 
1976b ; Ellis e_t __ al ',_:1976. 

Other suggested modes of transmission include direct contact 
with shedding cattle at pasture ( Sullivan,  1970a ; 1972 ) ,  spread 
through milking machines ( Elli s et all , : 1976 . Introduction 
of carrier cattle into a susceptible population ( Sullivan and 
Callan ,  1970 ; Hoare and Claxton, 1972 ) and exposure to contaminated 
drinking water ( Ellis and Michna , 1976b ) .  The possibility that 
hardjo may be transmitted to cows by either natural or artificial 
mating , suggested by Michna et  a l  ( 1974 ) ,  has been supported by 
the work of Kiktenko et al  ( 1976 ) .  

In spite of extensive investigation in many countries 
( Hanson et  ai , 1964 ; Martin et  al , 1967 ; Hoare and Claxton, 1972 ; 
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Twigg e t  al , 1969; 1972 ; Sullivan, 1974 ; Blackmore et  al , 1976 ) 

there i s  no evidence , or suggestion ,  that any feral or wildlife 

species acts as a reservoir host for hardjo infection . There is  

some evidence that sheep become infected with hardjo ( Hoare and 

Claxton, 1972 ; Ris , 1975 ; 1�rshall ,  1976 ) but until  isolates are 

obtained and typed the significance of Hebdomadis serogroup 

titres in sheep remains unknown . Low levels of hardjo ti tres 

have been reported to occur in pigs ( Lyubashenko et al , 1966 ; 

Schnurrenburger et al , 1970 ; Farina et  al , 1972 ; Anon, 1974e ; 

Ryan, 1978 ) .  It  i s  likely that these titres represent cross­

reactions , resulting from infections either with other members 

of the Hebdomadis serogroup or, more commonly, with serovars 

from unrelated serogroups ( Ryan , 1978 ) .  There appears to be 

total agreement in the literature that bovine hardjo inf�ction 

is  transmitted exclusively from cow to cow . No author has 

commented on the role of sheep in the epidemiology of hardjo 

infection and this aspect i s  still unresolved .  

Experimentally-infected cattle have been reported to shed 

hardjo for various times between 17 and 153  days p . i . ,  generally 

for short periods ranging from j ust  a few days up to two months 

( Sullivan, 1970a j 1970b ; 1972 ; Farina et al , 1972 ; Hodges and 

Ris ,  1974 ; Ellis and Michna, 1977 ) .  However,  Farina et  al ( 1972 ) 

observed three of nine experimentally-infected animals consi stantly 

shedding for about 100 days , at which time they were slaughtered,  

and Ellis  and Michna ( 1977 ) i solated hardjo from the kidneys of 

two hei fers slaughtered 153 and 174 days after infection .  Sullivan 

( 1972 ) observed shedding for 35 days in a naturally-infected cow .  

With the aim of more pre c isely defining thE: epidemiology of  

hardjo infection in  an endemically infected herd,  a two and a half 

year investigation was undertaken o f  the No . 1 dairy herd at 

Massey University . Cultural and serologi cal studies were conducted 

on di fferent groups of cattle to determine the pattern of spread 

va thin the:-h�rd ; · : Specific studies were undertaken on selected 

groups to investigate the possible role of some factors in 

modifying ·the rate of transmission of  hardjo infection at different 

times  of the year . 
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Materials and Methods .  

The H�d .  
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The animals observed  in thi s study were members of  the Massey 

No . 1 Dairy Herd and the conditions under which they were managed 

have been described earlier ( see  Chapters Three to Five ) .  Records 

of mating and calving , movements of stock about the farm, and 

periods of contact between dif ferent groups of animals , were 

maintained throughout the study period . 

The Fanm P�op�y . 

The farm is located on river flats in a bend of the Manawatu 

River ( Fi gure XXI I ) .  The soil i s  an alluvial sandy or silty loam 

of recent geological origin and is free-draining . Although one 

or two low-lying areas become water-logged at times during the 

winter these areas are generally fenced off from the cattle and 

are only grazed during the dry seasons ( Fi gure XXI I ) .  On one 

oc casi on during the study period , June 28th 1976 , part of the farm 

was flooded by the Manawatu River for approximately 12 hours and 

large areas of standing water remained in some paddocks for several 

days ( 28a to 28f,  32 , 50 , 52 and 54 in Figure XXII ) .  

The full length of  the river boundary has a mixed vegetation 

of rank weeds ,  fern and wi llow trees  as do the fenced areas 

bounding the large drain which runs through the farm. There are 

also several small pine plantations on the farm . All the se areas 

of plantation and wasteland support small populations of possums 

( Trichosurus vulpecula ) ,  black and brown rats ( Ra ttus ra t tus and 

Ra t tus norvegi cus ) ,  mice (Mus muscul us ) ,  hedgehogs ( Erinaceus 

europaeus ) and rabbi ts ( oryctolagus cunicul us ) .  Mustel i ds and 

hares ( Lepus timi dus ) are probably also present from time to time 

but onlv one stoat (M ustela erminea ) was dete cted during the study 

period . In addition there is  a small population of feral cats 

( rel is ca ti s ) living in the barns and out-bui ldings . 

A large pi ggery i s  located in the centre of the dairy 

farm, and though run as a separate uni t ,  there i s  contact between 

pigs and cattle through a single fence , and some drainage from 

the pig farm runs onto dairy pastures . There are also two large 

paddocks at the western end of the farm on whi ch sheep and 
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occasionally beef steers are graze d . Some dogs are occasionally 

housed in large concrete kennel s  in the kennel area . With these 

e xceptions there is  no contact wi th any other livestock and the 

farm i s  entirely bounded by the river, highways or cropland . All 

the waterways flowing through or beside the farm have no stock 

pastured near them for at least two kilometers upstream of the 

farm . Effluent from both the piggery and the dairy shed i s  

discharged directly into the Palmerston North muni cipal sewer .  

S�ofog�Qal S�v�nQe . 

As described in Chapter Four , blood samples were taken from 

all groups o f  sero-negative cattle at  approximately monthly 

intervals , though the intervals between consecutive tests  i n  

some groups ranged from one to  ten weeks . Sera were tested by 

the MAT as previously des cribed ( Chapter Two ) , against serovars 

bal l um ,  copenhageni , hardja,  pomona and tarassavi . 

S�v�nQe o n  Lep�o� p��a . 

Urination was induced by manual stimulation of the perineum 

and 10 ml samples of  mi d-stream urine were colle cted i nto sterile 

containers . Urine samples were occasionally contaminated wi th 

small amounts of faecal materi als . 

All urine samples collected were routinely examined by dark­

fi eld microscopy using a simple technique . Urine was c entri fuged 

at 3000G for five minutes to bri ng parti culate material out of  

suspension and a loop full of  the supernatant was transferred onto 

a glass slide and 20 to 50 fields examined for the pres ence of  

motile l eptospires . The presence of non-motile organisms was 

always recorde d,  but low numbers of non-motile leptospires was 

regarded only as suspicious . 

Urine diluti on and culture was c arried out in the laboratory 

within one to  three hours of collection . Two ten-fold di lutions 

of urine were made in sterile Stuart ' s  basal medium ( BBL ) and 50 �l 

( two drops from a pasteur pippette ) of  undiluted urine and of each 

dilution Were inoculated into separate tubes containing 5 ml of 

medium .  In the earlier part of the study urine samples were also 

filtered through a IJmm x 0 . 22� cellulose filter ( Millipore ) 
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held in a sterile swinnex filter holder ( �llllipore ) .  The first 
2 ml of fi ltrate of undiluted urine was discarded and then 
successive 0 . 5  ml aliquots were inoculated into tubes containing 
5 ml of medium .  

Initially the culture medium used was commercially prepared 
llJJH ( Di fco ) to whi ch was added 0 . 15%  agar ( Difco ) and 1% bovine 
serum albumin ( BSA ) ( Difco ) .  This was used on its own or .· 
after the addition of 200 Ilg/ml of 5FU ( Sigma ) prepared according · 
to the technique of Johnson and Seiter ( 1977 ) .  Later there were 
problems in supply of the commercially prepared BSA and it was 
replaced by a supplement prepared in this laboratory according to 
the method of Johnson and Seiter ( 1977 ) ( Appendix V ) from a 
purified Fraction V bovine albumin preparation ( Pentex ) .  From 
that time EMJH basal medium was also prepared from basic reagents 
in this laboratory according to the method of Johnson and Seiter 
( 1977 ) ( Appendix V ) .  

Urine s amples were collected from a stratified random sample 
of animals representative of the different age groups of cattle 
managed on the farm . In addition some animals were repeti tively 
sampled for approximately 18 months to estimate the persistance 
of the leptospiruric state in selected individuals . 

During 1976 ,  a series of urine s amples were also tested by 
hamster inoculation . Pairs of weanling golden hamsters ,  
obtained from a leptospire-free c olony ,  were each inoculated with 
0 . 5  ml aliquots of urine collected one to three hours previously . 
Twenty-one days later the hamsters were bled by cardiac puncture 
and euthanased . Kidneys were removed aseptically and forced 
through a lcm x l8G hypodermic needle into 10 ml of sterile 
Stuart ' s  basal medium to form an homogenate . Two further ten­
fold dilutions of this homogenate were prepared in the same medium 
and 0 . 5  ml aliquots of each dilution inoculated into both EMJH 
and EMJH plus 200 Ilg/ml 5FU . Serum from the hamsters was tested 
by the MAT . 

All culture tubes were incubated at 300C for three months and 
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were examined as previously described ( Chapter Two ) at three­
weekly intervals . I solates were passaged in liquid �1JH con­
taining 200 �g/ml 5FU prepared according to the method of Johnson 
and Sei ter ( 1977 ) ( Appendix V ) .  When isolates were growing at 
a density of approximately 1 x 108 organisms/ml they were tested 
against a range of known antisera and , if applicable , cross­
absorbed anti-hz.rdja and anti-balcanica sera as described in 
Chapter Two . 

Meteo�oiogiQai ReQo�� . 

Meteorological data relevant to the study period was obtained 
from a recording station at the Department of Scientific and 
Industrial Research ( D . S . I . R . ) laboratory, adj acent to the No . 1 
Dairy Farm ( FigureXXII ) . Daily rec ords and weekly means of  rain­
fall , pan evaporation,  hours of sunshine and humidity ,  and grass 
minimum, soil and air temperatures were available . 

Env�onmental Sampling . 

Samples of water from puddles , drains and streams were 
collected from time to time in s terile 20 ml bottles and taken to 
the laboratory for processing . All samples were centrifuged at 
JOOOG for 15 minutes to sediment particulate material and the 
supernatant inoculated into culture media and/or golden hamsters . 
Samples inoculated directly into media were filtered through 
membrane filters using the same technique described for the 
filtration of urine samples .  Media used were EMJH plus 200 �g/ml 
()!' 400 �g/ll.l 5I'U .  Illul:ulatea. hamsters were euthanased after 
three weeks and processed as described before . All cultures were 
incubated at JOoC for three months and examined by darkfield 
mi crcscopy at three-weekly intervals . I solates were typed as 
previously described . 

WildU.6e Sampling . 

An extensive survey of wildli fe on the farm was undertaken 
during the c ourse of thi s survey by Hathaway ( 1978 ) .  Possums , 
black and brown rats , mice , hedgehogs , feral cats and a stoat 
were captured on various parts of the farm , and in most cases 
cultural examinations were carried out . Sites sampled included 
the piggery and the calf-rearing area on the dairy farm . 
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O-thVt Vome!.JUc. Spe.c.ie!.J . 

The No . 1 Dairy Farm is solely a dairying unit .  Sheep are 
only occasionally run at the western end of the farm ( Figure XXII) , 
and during the only period when cattle in that part of the farm 
experienced a hardjo epidemi c ,  there were no sheep on those 
paddocks . The piggery was under intensive surveillance through­
out the period during whi ch these bovine studies were under­
taken ( Ryan, 1978 ) .  

Results . 
The. patt�n 0 6  oc.c.�e.nc.e. 0 6  n0W c.� e!.J 0 6  hardjo in6ec.tion . 

1 .  A6�oc.iauon wi-th age. 0 6  ho�-t.  

During the two and a half year study peri od at the Mas sey 
No . 1 Dairy Farm , the combined crude attack rate of hardjo in­
fection was 89% ( 78 of 88 susceptibles ) .  All the new cases , 
whi ch were detected when cattle under surveillance sero-converted , 
occurred in calves between 5 and 18 months of age ; no new cases 
were observed amongst neonates or adults . In addition two other 
groups of cattle , consisting of a total of 41 animals aged 12 to 
18 months , had apparently experienced outbreaks of hardjo just 
prior to the start of this study , as both had GMT ' s  to ha rdjo 

greater than 1 : 400 . 

The age s  at which all members of each group of susceptible 
cattle became infected were similar ( Table 7 . 1 ) , since each group 
experienced propagating epidemics rather than a succession of 
sporadic cases . It  should be noted that based on serological 
evidence the endemic level of hardjo infection in the adult herd 
was close to 100% , whilst amongst calves with colostral immunity 
it was 0% . 

The accepted meanings of " endemic " and " epidemic "  are the 
usual frequency and the excessive frequency of a disease in a 
population respectively ( MacMahon and Pugh , 1970 ) .  However , 
there are diffi culties in applying these terms to a situation 
such as that occurring in the No . 1 dairy herd where different 
endemic levels apply in di fferent age groups . In this discussion 
the term ' epidemi c ' refers to the propagating epidemics  observed 
in 6 to 18 month old heifers and ' endemic '  refers to the situation 
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Table 7 . 1  

Ages of animals at the time of  sero-conversion and 
the season in which sero-conversion occurred . 

Age ( months ) at which 
sero-conversion occurred Season of peak 

Calf Group Range Mean ± S . E .  sero-conversion 

Autumn 1974 12_18a N/A 
Spring 1974 9_12a N/A 
Autumn 1975 5-17 . 5  14 . 1  ± 0 . 9  
Spring 1975 12-13 . 5  12 . 4  ± 0 . 1  
Autumn 1976 8-10 9 . 0  ± 0 . 2  
Spring 1976 12-15 13 . 4  ± 0 . 3  
Autumn 1977 7-11 9 . 0  ± 0 . 3  

a Estimates based on titres and birth dates 
N/A = not applicable 

Winter a 

Winter a 

Winter 
Winter 
Spring 
Winter 
Spring 

143 . 
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applying in the adult herd . 

2 .  M.6ou<Lt-ton.6 wi.th .6 ea..6 OYl . 

New cases of hardjo infection were detected more frequently 
in  the winter and spring ( Table 7 . 1 ) . Throughout the study 
period five calves sero-converted during the six-monthly periods 
between December 1st and May 31st , and 73 calves between June 1st 
and November 30th . There were two periods during whi ch most 
infections occurred : late June to August and October/November 
( Tab Ie 7 . 2 ) . 

Table 7 . 2  

Distribution "by "month " of o·ccurre"nce of new cases of  
hardjo infection in  the No . 1 dairy herd " during the 

"period 5/9/75 to "27/1/78 . 

December January February March April May 
1 1 1 0 0 1 

June/July August September October November 
21  12 4 19 18 

3 • M.60 u<Lt-to n.6 w,Uh expo.6 uJt e :to 0 th eJt iYl n e c.li v e c.o;t.;tl e 

1 .  Epidemiologic.at Studie.6 . 

In order to attempt to explain the uneven occurrence of  
new cases in  time , it is necessary to  mathemati cally define the 
propagating epidemics  whi ch were observed in each group of  calves . 
Two measurements are employed for this purpose . The term 
"exposure ratio"  is used to expres s  the varying ratio of in­
fectives to susceptibles occurring

" 
in  groups of calves , and the 

term nincidence ration to express those new cases occurring 
during a defined period,  as a proportion of the total number of 
animals in their group ( i . e .  Exposure ratio infectives  

susceptibles 
Incidence ratio = New cases 

susceptibles + old cases 

All outbreaks of hardjo observed in this study occurred 
following contact with known or suspected shedder cattle during 
the winter and spring . Details of new cases and periods of 
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contact are summari sed in Tables 7 . 3  to  7 . 8 .  Several observati ons 

can be made from the se tables .  Firstly ,  when contact with in­

fectives  occurred whi le any member of a group of. calves  still had 

c olostral t i tre s , no sero-conversion occurred ( Tables 7 . 4 ,  7 . 5  

and 7 . 7 ) .  Secondly, though frequent contact occurred between 

susceptibles and infectives at  all times  of the year , trans­

mi ssion of infec tion did not routinely occur .  Thi rdly , no new 

cases occurred in groups of susceptible calves run in i solation 

through the winter unti l contact wi th infective cattle occurred 

in the late winter and early spring ( Tables 7 . 5 ,  7 . 6  and 7 . 8 ) .  

The data contained in Tables 7 . 3 to 7 . 8  i s  summarised in Figure 

XXIII . Exposure ratios varied , at di fferent times of the year , in  

di fferent groups of  susceptible calves . Changes in  exposure 

rati os occurred when infective cattle were introduced t o ,  or 

removed from, each group . The infectives  introduced ,  whi ch were 

animals confirme d  or suspected to be leptosiruruic , were generally 

cattle six to twelve months older than the susceptibles in  e ach 

group . The informati on shown in Figure XXIII indicat�s that high 

e xposure ratios failed to establi sh propagating epi demi c s  in 

January and February 1976 and May and July 1977 , whereas relatively 

low exposure ratios established propagating epidemics  in September 

1976 and September and October 1977 . 

These findings are clearly apparent in the observations made 

on the two groups of calves  whi ch were kept under more detailed 

survei llance : some spring calves born in  1975 ( 1975 Group Two ) 

( Table 7 . 5 )  and all spring calves born in  1976 ( Table 7 . 7 ) .  The 

1975 calves fai led to become infected j n  the autumn of 1976 during 

a prolonged peri od of contact with suspected infectives . They 

later experienced an epi demi c shortly after exposure to a large 

group of suspecte d  infectives , whi ch included a number of con­

fi rmed leptospiruri c animals in August/September 1976 . The 1976 

calves were exposed to a varying number of infectives continuously 

from December 17th 1976 unti l November 2nd 1977 , but no cases 

occurred unti l  the main  epi demi c commenced in August/September 1977 . 

I I  . Bac.truol..og..tc.al Stu.diu . 
No lept.ospires were detected in the urines from 26 neonates 



Figure XXI I I  

Summary o f  the Oc currence o f  hardjo, Epidemi c s  a t  the 
Mas sey No . 1 Dairy Farm in 197b and 1977 . 
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Sus ceptibl e s ) in successive cohort s  o f  calves at the 1fus s ey No . 1 
Dairy Farm . 
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Table 7 . 3  

Autumn calves born 1975 : Summary of the appearance of  new cases within the group 

and exposure to other infective cattle . 

Number of Number of  Cumulative Exposure Ratio  
Number with susceptibles new cases total of infectives Test Date in group colostral titres during period during period cases susceptibles 

6/9/75 16 3 13 0 0 0 
8/10/75 16 0 13 1 1 1 . 8  
11/11/75 16 0 15 1 2 0 . 1  
16/12/75 16 0 14 0 2 0 . 1  
26/1/76 16 0 14 1 3 2 . 3  
27/3/76 16 0 13 0 3 2 . 5  
26/4/76 16 0 13 0 3 0 . 1  
22/5/76 16 0 13 1 4 0 . 1  
16/6/76 15(( 0 12 1 4 1 . 9  
11/8/76 15 0 11 11 15 2 . 1  

ct one death 

Incidence Ratio 
new cases 

susceptibles + old cases 

0 
0 . 06 
0 . 06 
0 
0 . 06 
0 
0 
0 . 06 
0 . 06 
0 . 69 



Test Date 

6/9/75 
9/10/75 
11/11/75 
16/12/75 
27/1/76 
27/3/76 
26/4/76 
2/6/76 
11/8/76 
7/10/76 

a 9 births 
13 1 death 
$ 16 sold 
<I> 3 sold 

Number 

Table 7 . 4  

Spring calves born 1975 ( Group One ) :  Summary of the appearance of new cases within 
the group and exposure to other infective cattle . 

Number of Number of Cumulative Exposure Ratio 
Number with susceptib1es new cases total of infectives 

in group colostral titres during period during period cases susceptibles 

20 18 2 0 0 0 
290. 2 5  4 0 0 0 
2813 18 10 0 0 0 
28 13 15  0 0 0 . 1  
12$ 0 12 0 0 0 
12 0 12 0 0 0 . 1  
9<1> 0 9 0 0 0 . 1  
9 0 9 0 0 0 . 1  
9 0 9 8 8 2 . 4  
9 0 1 1 9 2 . 6  

Incidence Ratio 
new cases 

susceptibles + old cases 

0 
0 
0 
0 
0 
0 
0 
0 
0 . 89 
0 . 11 

I-' +'---.J 



Table 7 . 5 

Spring calves born 1975 ( Group Two ) : Summary of the appearance of new cases within 
the group and exposure to other infective cattle . 

Number of Number of Cumulative Exposure Ratio Incidence Ratio 
Test Date Number Number with susceptibles new cases total of infectives new cases 

in group colostral titres during period during period cases susceptibles susceptibles + old cases 

6/9/75 6 5 1 0 0 0 0 
9/10/75 8a 7 1 0 0 0 0 
11/11/75 8 7 1 0 0 0 0 
16/12/75 8 6 2 0 0 0 . 1  0 
27/1/76 8 6 2 0 0 0 0 
27/3/76 8 0 8 0 0 0 . 1  0 
26/4/76 8 0 8 0 0 0 . 1  0 
16/6/76 8 0 8 0 0 0 . 1  0 
11/8/76 8 0 8 0 0 0 0 

26/8/76 8 0 8 2 2 2 . 6  0 . 25 
2/9/76 8 0 6 3 5 3 . 3 0 . 38 
9/9/76 8 0 3 1 6 7 . 0  0 . 12 
16/9/76 8 0 2 0 6 9 . 7  0 
30/9/76 8 0 2 2 8 9 . 7  0 . 25 

a t-' 
2 births +'-00 . 



Table 7 . 6  

Autumn calves born 1976 : Summary of the appearance of new cases within the group 
and exposure to other infective cattle . 

Test Date 

27/4/76 
2/6/76 
30/7/76 
5/10/76 
13/12/76 
26/1/77$ 
10/3/77 

(1 1 death 
J deaths 

Number 
in group 

22 
22 
21(1 

1813 
18 
18 
18 

Number of Number of 
Number with susceptibles new cases 
colostral titres during period during period 

7 1 5  0 
8 14 0 
0 21  0 
0 18 0 
0 18 17 
0 1 0 
0 1 1 

Group dispersed on this date and remaining susceptible run 
with new group . 

Cumulative Exposure Ratio 
total of infectives 

cases susceptibles 

0 0 
0 0 
0 0 
0 0 

17 0 . 3  
17 0 . 1  
18 0 . 1  

Incidence Ratio 
new cases 

susceptibles + old cases 

0 
0 
0 
0 
0 . 94 
0 
0 . 06 



Table 7 . 7  

Spring calves born 1976 : Summary of the appearance of new cases within the group 
and exposure to other infective cattle . 

Number of Nwnber of Cumulative Exposure Ratio Incidence Ratio 
Test Date Number Number with susceptibles new cases total of infectives new cases 

in group colostral titres during period during period cases susceptibles susceptibles + old cases 

13/10/76 20 13 7 0 0 0 0 
16/11/76 20 8 12 0 0 0 0 
17/12/76 20 3 17 0 0 0 0 
26/1/77 20 08 11Cl 0 0 0 . 3  0 
10/3/77 20 6 8 11 0 0 0 . 1  0 
20/4/77 20 3S 11 0 0 0 . 3 0 
12/5/77 20 1 8 11 0 0 0 . 3 0 
27/5/77 20 1 11 0 0 l . 0  0 
10/6/77 20 0 11 0 0 0 . 8  0 
24/6/77 20 0 11 0 0 0 . 8  0 
8/7/77 20 0 11 0 0 0 . 4 0 
15/7/77 20 0 11 0 0 2 . 1  0 
22/7/77 20 0 11 0 0 2 . 1  0 
29/7/77 20 0 11 0 0 0 . 8  0 
5/8/77 20 0 11 1 1 0 . 5  0 . 09 
13/8/77 20 0 10 0 1 0 . 5  0 
20/8/77 20 0 10 0 1 0 . 6  0 
3/9/77 20 0 10 21/1 3 0 . 7  0 . 18 
10/9/77 20 0 8 4 7 l . 1  0 . 27 
23/9/77 20 0 5 �1/1 

7 2 . 0  0 
2/11/77 20 0 5 13 2 . 5  0 . 46 
17/11/77 20 0 0 0 13<jl 27/1/78 20 0 0 0 13 
Cl 9 calves vaccinated t-' 

8 \J1 

vaccinal titres 0 
. 

1jJ includes 1 vaccinate <jl 7 vaccinates failed to become infected by end of study period 



Test Date 

20/4/77 
13/5/77 
24/6/77 
20/7/77 
3/9/77 
2/11/77 
18/11/77 
27/1/78 

Number 

Table 7 . 8  

Autumn calves born 1977 : Summary of the appearance of new cases within the group 
and exposure to other infective cattle . 

Number of Number of Cumulative Exposure Ratio 
Number with susceptible� new cases total of infectives 

in group colostral titres during period during period cases susceptibles 

17 11 6 0 0 0 
17 11 6 0 0 0 
17 7 10 0 0 0 
17 2 15  0 0 0 
17 0 17 0 0 0 
17 0 17 12 12 0 . 2  
17 0 5 1 13  2 . 4  

17 0 40. 1 14 3 . 3  

a. 4 susceptib1es remained at end of study period 

Incidence Ratio 
new cases 

susceptibles + old cases 

0 
0 
0 
0 
0 
0 . 70 
0 . 06 
0 . 06 



aged one to e leven days by dark-field examination or culture . 

These  calves were sampled on two occasions 30 days apart at a 

time when all but three possessed colostral antibodie s . 

Urine samples were collected from 8 3  cows and three bulls 

152 . 

wi th ages ranging from two and a half to thirteen years during the 

course of this study . Only one case of  leptospiruria  was detected .  

This was in a two and a half year old cow which had sero-converted 

one year earlier , and in whi ch lept0spiruria had been observed before . 

The other 33 leptospiruri c animals observed during this study 

were between eight and 22 months old .  Urines from 26 of these 

animals were cultured and i s olates obtaine d from 14 . In the first 

series of  cultures only two i solates were obtained from 56 urines 

taken from eight animals whi ch were observed to shed leptospires 

intermittently . One was obtaine d  by c ulture ffi1d hamster in­

oculation ,  the other by cultural isolation alone . The i solate 

obtained by hamster inoculation came from a urine which was 

negati ve by dark-field examination .  The i solate ob tained by 

direct culture was from a dark-field posi tive urine . Thi s series 

of urines had been cultured by direct inoculati on o f  0 . 5  ml of 

whole , or diluted,  urine into 5 ml of EMJH or EtviJH plus 5FU or 

by Swinnex filtration into the same medi a .  The culture media and 

supplements use d  in thi s series  were commerci ally prepared .  The 

cultural results  from thi s series  are summari sed in  Table 7 .  9�'" 

Subsequently the culture procedure was altere d .  Swinnex 

filtration was discontinued and only undiluted or 1 : 10 di luted 

urine tested by inoculating one to three drops ( approximately 

50 \..11 )  into 5 ml tubes of media . Media and supplement prepared 

in this laboratory containing either 200 \..Ig or 400 \..Ig/ml o f  5FU 

was used routinely. Thi s  culture system was used on all urines  

cultured apart from the 56  s amples di scussed above . In  this 

second series 166 urine samples from cattle between eight and 

22 months of age were cultured .  Sixteen o f  these were positive 

by dark- field examination .  Twelve of these 16 samples produced 

i solates and an additional 22 i solates were obtained from dark­

field negative samples . The cultural results from thi s series  

are summarised in  Table 7 . 10 .  
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Table 7 . 9  

-c, 
Results of urine�cultures obtained from eight 

yearlings whi ch sero-converted in September 1976 . 

Urine dilution 0 

Media additive 5FUa 

'0 positive 0 r-l <lJ <lJ .,., :> contaminated 4 ...... . ,., CJ) 
I +'  <lJ 

� .,., � negative 12 H CJ) .,., 
tU 0 H 

e:::'1 p.. ;:l 

'0 positive 0 r-l <lJ <lJ .,., :> contaminated 4 ...... . ,., CJ) 
I +' <lJ 

� tU � negative 36 H bO ·'" 
tU <lJ H 

e:::'1 � ;:l 

a 200 ).lg/ml 5FU 

Ibb 

Direct inoculation 

1 : 10 

None 5FU 

1 0 

7 2 

0 6 

1 0 

17 2 

3 19 

Table 7 . 10 

None 

0 

6 

2 

0 

12 

9 

1 : 100 

5FU None 

0 0 

0 1 

8 7 

0 0 

1 7 

20 14 

Results of A urine culture from yearling cattle at 

various times before and after sero-conversioIT. 

Semi -solid EMJHa Medium 

Urine Dilution 0 1 : 10 

Media Additive 400 ).lg/ml 5FU 400 ).lg/ml 5FU 

Dark-field Result +ve -ve +ve -ve 

Culture Result 

Positive 10 17  10  17 

Contaminated 3 3 5  1 3 1  

Negative 3 98 5 102 

Swinnex filtration 

5FU None 

0 0 

0 2 

16 14 

0 0 

1 5 

39 35  

1 : 10 

200 ).lg/ml 5FU 

+ve -ve 

5 7 

4 68 

7 75 

a DAJH medium prepared in thi s laboratory according to the 

method of Johnson and Seiter ( 1977 ) ( Appendix V ) . 
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Pairs of  hamsters were inoculated with urine from 20 of  the 

animals studied in the first serie s of urine examinations . Four 

samples were dark-field positive and the remaining 16 negative . 

There were no deaths and only one o f  a pair of hamsters inoculated 

with dark-field negative urine sero-converted ,  with a titre of . 
1 : 192 , 21 days after inoculation . An isolate , later typed as 

hardjo by the W . H . O .  Laboratory , C . D . C . ,  Georgia,  was recovered 

from the kidneys of this hamster . No other hamster yielded 

i solates on kidney culture and thi s method of isolation was 

discontinued owing to its lack of  sensi tivi ty . 

Three i solates were lost when they became overgrown with 

contaminants . Of the remaining 31 isolates two were sent to the 

W . H . O .  Laboratory,  C . D . C . ,  Georgia and were confirmed as serovar 

hardjo . The se two isolate s and the other 29 were typed as hardjo 

using cross-absorbed anti-bal cani ca and anti-hardjo anti sera at 

the Massey University laboratory . 

The length of  leptospiruria was studie d  in 15 calves in 

which leptospiruria  was first detected by dark-field e xamination 

or culture wi thin a few weeks o f  sero-conversion . For all 15  

animals leptospiruria at  the limi t  o f  the shedding period was 

confirmed by cultural isolation and typing . These animals were 

sampled at various time s for up to 14 months after sero­

conversion though some animals were not available for s ampling 

for the entire period . The mean shedding time observed was 

215 ± 26 days and the maximum time observed was 410 days . Lepto­

spiruria in the animal shedding for 4 10 days , and in others still 

shedding 207 to 358 days after leptospiruria was first observed 

was still continuing at the time o f  final sampling ( Table 7 . 11 ) . 

Some of  the se animals may have become infected up to 60 days 

before leptosp�r5a was first detected as they had not been 

sampled in the two months prior to the test at which leptospiruri a 

was first detecte d .  

During the study period none of the cattle on the No . 1 

Dairy Farm were observed to sero-convert to serovars balJ um, 
copenhageni � pomona or tarassovi , nor were any isolates of  sero­

vars other than hardjo recovered from cattle . 



ID 

01 

07 

08 

011 

013 

015 

016 

017 

021 

022 

G9 

G39 

G5 5 

G62 

G63 

1 5 5 . 

Table 7 . 11 

Duration of 1eptospiruria in cattle with natural 

hardjo infections . 

Period for whi ch 1eptospiruria 
observed ( days ) 

165 

207* 

410* 

152 

263* 

270* 

165 

270* 

284* 

165 

358* 

101* 

101* 

274 

47 

Titre when 1eptospiruria 
last detected 

1 : 96 

1 : 4 8  

1 : 96 

1 : 272 

1 : 96 

1 : 96 

1 : 192 

1 : 48 

1 : 192 

1 : 136 

1 : 384 

1 : 768 

1 : 768 

1 : 384 

1 : 768 

mean ± S . E .  215 ± 26 GMT 1 : 192 

* still leptospiruric when last sampled . 



1 56 .  

4 .  AM ocda.:ti..On6 wah c...Umatic. 6adoM . 

Weekly mean meteorological data covering the period during 

1/1/76 to 1/2/77 was obtained for grass minimum temperature , hours 

of sunshine , maximum air temperature , rainfall and pan evaporation . 

The rainfall and evaporati on figure s were combined to provi de an 

estimation of net changes in moisture build-up in the environment . 

Data obtained from the groups of calves in which new outbreaks 

occurred ,  were analysed to determine periods during which there 

had been no transmission of infection, even though there had been 

contact with i nfectives . This analysis  was based on the 

assumptions that no transmi s si on occurred later than five days 

before the start of a period during which there was no sero­

conversion,  and that no animal sero-converted within less than 

five days of becoming infected .  

The oombined meteorological and transmi ssion data i s  shown 

in Figure XXIV. Thi s figure indicates that transmi ssion apparently 

fai led to occur in drier,  warmer periods . All the major out-

breaks occurred when the cumulative moi sture was near peak levels 

indicating an association between transmission and saturated soil 

rather than rainfall per s e . Statisti cal associations between the 

various meteorological parameters and the corresponding logarithms 

of incidence rati os were tested by correlation analyses ( Table 7 .12· ) .  

Table 7 . 12 

Correlation coefficients between mean four-weekly. 
meteorological parameters and their  corresponding 

incidence ratios  ( Logl� 
}kteorological parameter 

Rainfall ( mm ) 

Sunshine ( hours ) 

Maximum air temperature ( oC )  

Grass minimum temperature ( oC )  

Net environmental water level ( mm ) 

. N . S .  = not signifi cant 

Correlati on 
Coeffi cient ( 15df ) 

0 . 15 

-0 . 21 

- 0 . 5 0  

-0 . 34 

0 . 87 

Signi ficance 
Level 

N . S .  

N . S . 

< 0 . 02 

N . S .  

< 0 . 001  



Figure XXIV 

Weekly Means of Grass  Minimum Temperature , Hours of Sunshine , Rainfall and 
Cumulative Moisture at the No . 1 Dairy Farm for the Period 1/1/76 to 1/12/77 . 
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Periods during which no transmission occurred . 
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Owing to a more frequent sampling regime in 1977 more de­

tailed transmi ssion was available for that year . Thi s data i s  

shown graphically with the associ ated dai ly meteorological records 

in Figure XX:V .  The two peri ods when transmission did not occur 

coinc i ded with two periods in which frosting and above average 

sunshine hours occurre d .  

5 • AM 0 c.iatio n6 wdh .to c.�o n . 

It  appears that the occurrence of new cases was not associ ated 

with particular paddocks . New cases occurred while susceptibles 

were pastured in a number of paddocks on different parts of  the 

farm ( Figure XXII) . Some of  the paddocks on whi ch stock were 

grazing when new cases occurred ( 28d ,  28e , 28f,  28g, 87 and 90 ) 

were low-lying and tended to be swampy in the winter but others 

( 24 ,  34a, 34b , 34c , 34d, 36 , 44, 56 , 57,  58, 60 , 78 and 87 ) were 

drier and free-draining . One paddock ( the Kennel Area ) ,  in 

which sus�eptibles were grazed in contact with shedders for about 

10 weeks in May, June and July wi thout new case s occurring was 

e le vated ,  sandy and extremely free-draining . No new cases 

occurred until stock were moved into wetter paddocks in August . 

Two series  of soil and water samples were taken from the 

farm environment in 1976 and 1977 . In 1976 samples were collected 

from various sites adj acent to the piggery and about the dairy 

farm . A pomona isolate was ob tained from a water sample collected 

in an e ddy of the small s tream running between paddocks 13  and 

54 . Thi s i solate was collected shortly after a period of heavy 

rain . 

During June , July and August 1977, 20 susceptible calves born 

in spring 1976 were pastured with cattle shedding hardjo in the 

Kennel Area . On two occasions in June and August soil  and water 

samples were taken from s i x  separate locations in thi s  paddock .  

One leptospiral isolate was obtained in pure culture from a low­

lying area in thi s paddoc k .  Thi s  i solate did not agglutinate with 

antisera against serovars aus tral is , au tumnali s ,  bal l um,  

ba taviae,. bifl exa , canicol a ,  copenhageni , grippotyphosa , hardjo , 

pomona , pyrogenes or tarassovi and was non-pathogenic for 

hamsters . I t  was presumed to be a saprophyti c  form similar to 



Figure x:t::V 

Daily Records of Grass Minimum Temperature , Hours of Sunshine and Rainfall , and 
Weekly Means of Cumulative Moi sture at the No . 1 Dairy Farm for the Period 

1/6/77 to l/11/77 . 
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those i solated at the piggery by Ryan ( 1978 ) .  

During the two periods when outbreaks occurred,  in winter­

spring 1976 and 1977 , there was no close contact with other species 

of domestic animals . No sheep were grazed in the sheep farm area 

but sows were being grazed at pasture adj acent to the piggery 

buildings . Some of the se sows were shedding pomona . Serovar 

pomona was also recovere d  from areas of standing water in the sow 

paddock which were immediately adj acent to areas grazed by cattle 

( Ryan, 1978 ) .  Wildlife trapped within the dairy farm perimeter 

included 15 brown rats , 11 black rats , 16 hedgehogs , 5 3  mice , 

seven possums , two feral cats , one stoat and approximately 100 

ducks . There was no evidence of hardjo or pomona in any wi ld-

life e xcept for a low pomona titre in one feral cat . Two 

possums yielded balcanica isolates , and ball um isolates were 

obtained from four black rats , ten mice and two hedgehogs 

( Hathaway, 1978 ) .  

In two cases , with those calves born in autumn 1975 ( Table 

7 . 3 )  and with some of the calves born in 1976 ( Table 7 . 4 )  mating 

coincide d  with the onset of propagating epi demi c s .  In the other 

five epi demics  observed mating occurre d three to six mDnths after 

sero-conversion of all group members ( Figure XXVU . Leptospiruria 

was not observed in any of the bulls or teaser-bulls sampled 

during the study period . 

Di scus sion .  

Thi s investigation e ssentially consi sted of  a series of 

prospective cohort studie s ,  conducted on suc cessive groups of 

calves b orn on the Massey No . 1 Dairy Farm. Each cohort was kept 

under serologi cal and bacteriological survei llance whi le it was 

subjected to natural ly occurring changes in immune status , 

environmental influences  and exposure to hardjo infection . In 

order to mathemati cally define events involved in the establi sh­

ment and maintenance of a propagating epidemic two new measurements 

were neeaedj  Exposure Ratio and Incidence Rati o .  
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Figure XXVI 

Occurrence of hardjo Epidemics  in Groups of Calves at the No . 1 Dairy Farm. 
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The use of exposure ratios ( i . e .  ratios of infectives to 

susceptibles ) allows compari sons to be made between the varying 

degrees of infective challenge to whi ch cohorts were subj ected 

at di fferent times . Similarly , inci dence ratios were used to 

define the rate of appearance of new cases in thi s study . This 

was necessary since i t  became apparent that the use of the 

measurements "crude attack rate " or "incident rate " , which are 

more commonly used for this purpose ( MacMahon and Pugh , 1970 ) ,  is  

mathemati cally inappropriate for the definition of  propagating 

epidemic s  occurring in small populations . 

Attack rates or incident rates are calculated by expressing 

the number of new cases in a population as a proportion of the 

number of susceptibles  in that population . In large populations 
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the number of susceptibles  remains relatively constant or declines 

slowly as individuals become infected, but in small populations 

each new case significantly reduces the number of susceptibles .  

Thus in a large population the attack rate provides a relevant 

measure of the dynami c s  of an epidemic , higher attack rates implying 

larger numbers of new case s ,  but in small populations , in which most 

or all individuals eventually become infected , as the epidemic pro­

gresses high attack rates may be based on only a few new cases . 

A simple example illustrates thi s point : in a population of 20 

animals the first two cases occur with an attack rate of 2/20 ; 10% , 

but the last two with an attack rate of 2/2 ; 100% . 

The patteh n 0 6  hardjo
.
�nneQtion �n the No . 1 d�y hend . 

A surveillance programme conducted on all ages and classes of 

cattle at the No . 1 Dairy Farm clearly demonstrated that the only 

groups of cattle experiencing new cases of hardjo infection con­

si sted of six to eighteen-months-old calves . Similar observations 

have been made by Hanson et al ( 1964 ) and Cacchione et al ( 1968 ) .  

A consi stant pattern of infection was observed with each group of 

cal ves with the exception of those born in autumn 1975 ( Figure XXVI) . 

Each group of calves still included some animals with colostral 

titres for up to six months after birth and in no group were new 

cases observed until  all members had lost their colostral titres , 

even when contact with infectives had occurred . New infections 

were noted within a few weeks to seven and a half months later 
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though most calves were at least eight months old before they be­

came infected . Two calves became infected at a younger age . One , 

infected at five months of age had been born to a sero-negative 

dam in autumn 1975 and the other , infected at seven months of age , 

was born to a sero-negat ive dam in 1977 and at no stage acquired 

a colostral titre . These observations , and the fact that the autumn 

1975 , and apparently the autumn 1974 calve s , did not experience 

propagating epidemi cs during their first winter , indicate the 

possible persi stance of low levels of protective colostral anti­

body , even when passively-acquired agglutinating antibody i s  no 

longer detectable . 

Of the 88 calves reared on the farm during the course of thi s 

study, only ten had failed to become infected at its  conclusion . 

Seven of these had been vaccinated twice with an experimental 

pomona/hardjo bacterin , and the other three , born in autumn 1977, 

had been the youngest calves in that group and had lost their 

colostral titres only two months prior to contact with infectives . 

Thi s observation ,  the fact that the autumn 1974 and 1975 calves 

failed to become infected shortly after the loss of detectable 

colostral antibody , and the failure to experimentally infect calve s 

of � similar age with hardjo ( reported in Chapter Nine ) lend 

support to the hypothesis  suggested by Hathaway ( 1978 ) that pro­

tective level s  of antibody persist after the loss of agglutinating 

titres . Hathaway observe d ,  in young possums , that after the loss 

of maternal antibody there was a further period of up to two 

months during which they continued to remain refractory to experi ­

mental challenge with balcani ca . Using a modification of the method 

of Tripathy, Hanson and Mansfield ( 1973 ) he demonstrated that sera , 

taken from these animals ,  inhibited the growth of bal canica in 

vi tro . It has been demonstratEd that animals can have antibody pro­

tecting them against leptospiral infection even though they possess 

no detectable agglutinating antibody ( Negi , Meyers and Segre , 1971 ) .  

Hanson ( 1973 ) has noted that vaccinated cattle are frequently pro­

tected in the absence of agglutinating titres and this phenonomen 

was also observed in the present study in some of those calves , 

born in spring 1976 , which were vac cinated prior to contact with 

infectives ( Table 7 . 7 ) .  
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New cases consistently occurred in the winter and spring with 

very few occurring in the summer and autumn . Thus spring-born 

calves , whi ch had lost detectable passively-acquired protection 

in the early summer failed to become infected , even though in 

contact with infective s ,  unti l  the following winter and spring . 

Autumn-born calves , on the other hand , lost their colostral titres 

in the winter and became infected shortly afterwards ,  in the early 

spring , on the first oc casion on whi ch they were in contact with 

infectives . 

The calves born in autumn 1975 did not experience an epi ­

demic during their first winter a s  susceptibles and , on the 

basis of group GMT 1 s ,  it  similarly appears that many of the 

calves born in autumn 1974 fai led to become infected until 18 

months of age . These twin occurrences  are probably explained in 

part by a management change which occurred at the time that thi s 

study commenced . During the period of thi s study there was a 

transition in the mean autumn calving date from May to February . 

Thi s transition iE reflected in the fact that some autumn 1975 

calves still had colostral titres in late September whereas in 

subsequent years these had been lost by the beginning of August . 

Also in 1976 and 1977 there were more frequent periods of contact 

between susceptible calves and infectives present amongst their 

immediate predecessors . 

Each group of calves ,  or heifers as they grew older , was 

generally first exposed to infectives from within the calf or 

heifer group whi ch was six months older . Epidemics  in the younger 

aged groups normally followed �ont�ct with the older hei fers i f  

thi s contact occurred i n  the winter and spring months , but not i f  

it occurred i n  summer and autumn . For thi s pattern of propagating 

epidemic infection to occur every winter , it i s  apparent that a 

significant number of animals must remain as infectives at least 

from one spring to the following winter . From the data presented 

in Table 7 . 11 it appears that approximately 50% of calves infected 

the previous winter and spring fulfil thi s requirement . 

The observation of thi s epidemic cycle amongst calves and 

hei fers indicates the possibility that i f  susceptibles fai l  to 
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become infected unti l  they enter the adult milking herd then the 

cycle may occur one year later . Susceptibles which became infected 

after introduction into the milking herd would then act  as  the 

re servoir of infection for the following year ' s  susceptibles .  Such 

a cycle would be expected under management systems which prevented 

contact between consecutive age groups until  entry into the adult 

herd . Ellis and Michna ( 1976a and 1976c ) have reported such a 

pattern of management in Scottish dairy herds experiencing hardjo 

abortion storms . It  can reasonably be argued that the zoonotic 

ri sk and certainly the risk of bovine abortion will  be sub­

stantially greater in herds experiencing propagating epidemic s  

i n  young adults  rather than i n  calves . 

So��� 0 6  bovin� hardjo in 6e�t1on . 

The wild-life surveys conducted by Hathaway ( 1978 ) and the 

surveillance programme conducted at the piggery by Ryan ( 1978 ) 
conclusively exclude either wild-li fe or pigs as potential hardjo 

reservoirs on the No . 1 Dairy Farm . Similarly, the absence of 

sheep from the sheep farm area during the period when outbreaks 

occurred and the absence of any other species of domestic stock , 

either on the farm , or about its  perimeter , leaves but one 

reservoir of hardjo infection . 

It is  apparent from the observed shedding times ( Table 7 . 1 1 ) 
that hardjo is  well  adapted to the bovine and that long-term 

carriers are to be expected . However , the combined evidence of  

a very low shedder rate in adult cattle in thi s study , and of a 

3 . 4% prevalence of adult carriers in the abattoir survey reported 

in Chapter Two , suggests that the hardjo carrier state is seldom 

or never a life-long condition .  Persistant infection or reinfection 

amongst adult cattle i s  therefore not supported by these results . 

Nevertheles s ,  the maximum unterminated shedding time of 410 days 

recorded in thi s study is substantially greater than the previously 

recorded maximum for hardjo-infected cattle of 153-174 days ( Farina 

et al , 1972 ; Elli s  and Michna , 1977 ) . It i s  believed that the 

results  of thi s study indi cate that few cattle shed hardjo for 

much longer than one year . 
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Pac.toM in 6.tu.enc.iYl.9 the Vtalt6m-< .. M io n  0 6  i n 6 e.c.tio Yl .  

The outbreaks observed in thi s study invariably followed 

contact with infective bovines .  It has been demonstrated in thi s 

study that at least 50% of cattle sera-converting in the previous 

nine months can be regarded as infectives and that the infective 

phase may last longer . However , it  is  also apparent from an in­

spection of the data summarised in Figures XXII I mid XXVI that 

periods of contact with infectives  do not invariably result in 

outbreaks amongst susceptibles . Even high exposure ratios do not . 

result in the development of propagating epidemics in the summer 

and autumn , but relatively low exposure ratios can trigger epi­

demics  in the late winter and early spring ( Figure XXII I 0 .  

The highest incidence ratios observed in epidemic s  during 

the present study occurred during winter and early spring . 

Incidence ratio was not significantly correlated with rainfall ,  

reflecting the fact that rainfall i s  distributed throughout the 

year in the Manawatu , nor with sunshine or mean grass minimum 

temperature ( Table 7 . 12 ) . However ,  a highly significant positive 

correlation was obtained with the net environmental water level . 

Thi s indicates that the greatest occurrence of new cases was at 

the time of the year when the soil and environment was at its  

wettest ; in the late winter and early spring . A signi ficant 

negative correlation between air . tempe-r.at1..ir·e' ··· and inc idence ratio 

was also obtained . It is likely that thi s association is  non­

causal and follows from the fact that outbreaks occur in the winter . 

The strong tendency observed in this study for new cases of 

hardjo infection to occur when the farm environment is at its  

wettest i s  in agreement with the reports of Hoare and Claxton 

( 1972 ) and Ellis  and }lichna ( 1976b ) . However ,  these findings · extend 

the observations of these authors by specifically relating the 

spread of infection to a wet environment rather than rainfall per 

5e . Thi s implies a major environmental role in facilitating the 

spread of hardjo from ·cow to cow . 

The mechani sms whi ch may be involved include a possible build­

up of organi sms in a favourable environment , saturated soi l ,  which 

then provides a reservoir for susceptible cattle . However , there 
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was no evidence in the present study of susceptibles becoming 

infected from the environment in the absence of known or sus­

pected infectives , nor was hardjo i solated from likely environments 

in limited surveys . The possibility that a wet environment favours 

transmi ssion by stimulating an increase in the rate of shedding 

through a diuretic effect fails  to explain why lush autumn and 

spring pastures do not produce a similar effect . This i s  also 

not borne out by dark-field observations on urines taken sequenti ally 

from some animals in thi s study . A third possibility is that pro­

longed exposure to a wet environment renders the host more suscept ­

ibl e ,  possibly due to such changes as a softening of the skin above 

and between the hooves ,  favouring percutaneous transmi ssion .  It 

is  likely that a combination of these and other factors combine 

to produce the increased incidence of hardjo infection observed . 

The cessation of transmi ssion during periods of frosting , 

followed by immediate ressumption when grass  minimum temperatures 

rise ( Figure XXV ) again indi cates that a build-up of organisms 

in the soil and surface water is not a necessary condition for the 

continued propagation of an epidemi c i f  it i s  assumed that frost­

ing has a steri l i sing effect . However , Ryu and Liu ( 1966 ) 

demonstrated 14 day survival of serovars semarang and austra l i s  
o at 0 C .  Other workers have also reported enhanced survival of 

leptospires at low temperatures probably due to reduced growth 

of other inhibitory bacteria ( Chang , Buckingham and Taylor , 1948 ; 

Mi chna , 1970 ) .  

On balance thi s combined evidence indicates that a wet en­

vironment i s  a maj or factor in facilitating the transmi ssion of 

infection . It i s  believed that thi s study suggests that trans­

mission occurs shortly after an infective animal sheds organi sms 

into the environment , probably within only a few hours . 

Although it has been demonstrated that the venereal route of 

infection of bovines is possible ( Kiktenko et ai , 1976 ) most of 

the outbreaks whi ch occurred in thi s study preceded mating . Those 

outbreaks whi ch occurred concurrently with mating can be readily 

explained by the presence of many other infectives in a suitable 

environment . The three bulls examined in thi s study were 
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serologically positive but culturally negative . While it  i s  

possible that mating may contribute to some transmi ssion o f  h�rdjo 
infection it is apparent that the di sease can be transmitted very 

successfully by other means . 

An intriguing aspect of  thi s study was the finding of serovars 

bal l um and bal canica in the wild-li fe hosts which were widespread 

on the farm in the absence of any bovine infection . On a number 

of occasions in the present study , brown rats were observed to 

feed in calf meal buckets and the feed store was heavily infe sted 

with mice , alao possums in a farm environment spend considerable 

periods grazing pasture ( Hathaway, 1978 ) .  Other authors have re­

ported both a lack of correlation between serovars infecting wild­

life and cattle occupying the same environment ( Clark , 1961 ) and 

an association ( Martin et al , 1967 ; Schnurrenberger et al , 1970 ; 
Twigg et ai , 1972 ) .  It i s  believed that leptospiral infection in 

wild-life represents a relatively minor hazard to the bovine 

population in thi s country , 

Baet�lofog�eal F�nding� . 

The cultural results  in this study , particularly those from 

the first series ,  were somewhat disappointing . All but one of the 

16 dark-field positive urines in the first series ( Table 7 . 9 j )  

failed to produce isolates and none were obtained from dark-field 

negative urines . Two reasons may account for the improved re­

covery rate in the second seri es ( Table 7 . 10 )  where 12 of 16 dark­

field positive and 22 of 150 dark-field negative urines yielded 

i solates . The considerably smaller inoculum of urine employed in 

the second series was adopted after a control study indicated 

that larger inoculum volumes severely inhibited leptospiral growth 

in culture ( Appendix VI ) . Also media prepared and monitored in 

the �fus sey laboratory , according to the method of Johnson and 

Seiter ( 1977 ) ,  routinely supported superior growth of  a fastidious 

hardjo isolate compared with the commercially prepared media 

used earlier . 

Hamster inoculation proved an insensitive technique for the 

i solation of hardjo . This finding i s  in agreement with Hathaway ' s  

( 1978 ) observation that even 108 hardjo organisms inoculated into 

hamsters intraperitoneally fai led to consistently produce infections . 



It appears that the culture techniques employed in the second 

series are substantially superior to hamster inoculation . 

Summary . 

166 . 

1 .  In a dairy herd with endemic hardjo infection new cases only 

occurred in calves six to eighteen months old . 

2 .  All the available evidence indicates that infection i s  spread 

from cow to cow ,  each group of susceptibles becoming in­

fected after contact with infectives in the chronologically · 

preceding group of calve s . 

3 .  At least 50% of cattle infected with hardjo experience 

leptospiruria lasting at least nine months and one animal 

was still shedding when last observed 410 days after lepto­

spiruria  was first detected . 

4 .  Calves are apparently protected by colostral antibodies  for 

at least the first six  months of life and probably for up to 

two months after the loss of agglutinating antibodies . 

5 .  There i s  no evidence for continuing hardjo infection in a 

significant proportion of  adult animals nor of  recurrent 

infection . 

6 .  Contact with infectives alone was not a sufficient condition 

for the establishment of propagating epidemi c s . 

7 .  Peak incidence of hardjo infection was strongly correlated 

with those periods when pastures were wettest and there i s  

some evidence that transmi ssion i s  interrupted b y  periods o f  

frosting . However ,  rainfall and sunshine were not correlated 

with the occurrence of new cases . 

8 .  Venereal infection,  or infection associated with mating be­

haviour , was considered to be relatively insigni ficant in 

the epidemiology of bovine hardjo infection . 

9 .  Wild-li fe reservoirs of bal l um and bal canica appeared to 

present no hazard to the bovine population . 

10 . The most successful cultural technique employed on bovine 

urine samples  utilised Johnson ' s  medium containing 1% 

Fraction V bovine serum albumin 0 . 15% agar and 400 �g/ml 

5-Fluorouracil . A small inoculum of approximately 50 �l 

of urine undiluted or diluted 1 : 10 was superior to a 10% 

inoculum . Swinnex filtrati on and hamster inoculation proved 

to be unsati sfactory techniques . 
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11 . The use , in thi s study, of the measurement " Incidence Ratio"  

to define propagating epidemics  occurring in small cohorts ,  

appears to be more appropriate than the use of crude attack 

rates and incidence rates . Thi s epidemiologi cal parameter 

may be of value in the study of other infectious conditions 

in small  populations . 



EPlDE1-lIO:U:X;Y OF BOVINE P01 0NA INFECrION IN NEW ZEALAND 

Introduction . 

During the course of thi s present study of bovine lepto­

spirosis there were only limi ted opportunities for invest­

igations into the epi demiology of bovine pomona infection . 

However ,  those observations which were made suggest that pomona 
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and hardjo infections of cattle have some shared and some di fferent 

causal associated factors . This chapter presents a brief hypo­

thesis  of the epidemiology of bovine pomona infection in New 

Zealand with supporting evidence for some of the points rai sed . 

In addi tion to these observational studie s ,  two experi ­

mental studies were undertaken . The first of these was the 

establishment of a self-propagating pomona outbreak in a group 

of calves and the second a laboratory study into the survival 

of pomona in soil taken from a farm where bovine pomona out­

breaks had occurred . 

In the review of bovine leptospirosis in New Zealand , 

presented in Chapter One , evidence is  cited to demonstrate that 

both the clinical and serologi cal prevalences of pomona infection 

in cattle are declining . Conversely Ryan ( 1978 ) has demonstrated 

that there is a high endemic level of pomona infection in New 

Zealand pigs , with many herds having close to a 100% prevalence .  

Most of the early reports of bovine pomona infection in thi s 

country implicated pigs as the source of infection ( see Chapter 

One ) .  }funy overseas reports have also implicated pigs as the 

major source of bovine pomona infection . In Australia  it has 

been stated that many outbreaks of redwater in calves were 

associated with pig contact ( Stewart , 1934 ; Sutherland , Simmons 

and Kenny , 1949 ; Wellington et ai , 1951 ; 1953 ; Spotswood , 1962 ; 

Emanuel ,  MacKerras and Smith , 1964 ) .  Shield ( 1974 ) reported that 

some outbreaks of pomona infection in beef cattle in Queensland 

were caused by contact with wild pigs . He demonstrated that pigs 

wallowing in cattle water hole s  were shedding pomona . One 



reported outbreak of bovine abortion caused by pomona was 

attributed to the introduction of carrier cattle into a sus­

ceptible herd ( Knott and Dadswell , 1970 ) .  In the United 
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Kingdom, where there has been no publi shed report of pomona in­

fection in pigs ( Ryan , 1978 ) ,  there have also been no reports of 

pomona titres or clinical infection in cattle . In the United 

States both cattle and pigs were considered primary hosts for 

pomona by Bohl and Fergusson ( 1952 ) ,  though they found evi dence 

of pig-to-cattle transmi ssion in three of five outbreaks . 

Burnstein and Baker ( 1954 ) experimentally demonstrated the trans­

mi ssion of pomona from pigs to calves but not from a leptospiruric  

cal£- to susceptible pigs . However ,  Morter and Morse ( 1956 ) did  

succeed in infecting a pig by contact with a shedding calf . In 

hi s extensive review of the epidemiology of leptospirosi s ,  van der 

Hoeden ( 1958 ) considered that pigs were the primary reservoir of 

pomona from whi ch cattle became infected but he stated that cow­

to-cow transmi ssion also occurred .  

Bovine pomona infection has been frequently reported in the 

United States in situations where pigs do not appear to be in­

volved . Little and Baker ( 1950 ) consi dered asymptomatic  carriers 

were the main source of bovine infection . Water-borne infection,  

close confinement on feedlots , and a wet environment were con­

sidered the maj or factors involved in bovine pomona outbreaks by 

Sippel ,  Boyer and Chambers ( 1952 ) ,  Reinhard ( 1953 ) and Hadlow and 

Stoenner ( 19 5 5 ) .  Bovine pomona outbreaks in which no pig contact 

occurred were reported by Hadlow and Stoenner ( 19 5 5 ) ,  Stoenner 

et al ( 1956 ) ,  Clark ( 1961 ) ,  Clark et al ( 1961 ) and Hanson et al 

( 1964 ) . In three of these reports wildlife were also extensively 

studied and pomona was recovered from various wildlife species . 

Pomona infection of cattle has also  been attributed to contact 

with infected wildlife in Europe ( Borg-Petersen and Fennestad , 

1956 ; Kmety , 1957 ) .  

Burnstein and Baker ( 1954 ) considered that pomona was better 

adapted to pigs than cattle . They based thi s claim on their ob­

servation that pigs shed relatively much greater numbers of org­

anisms and for a longer period than did calves . Horter and Morse 

( 1956 ) also considered pigs to be better adapted hosts than calves 
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since pomona was of greater infectivity to pigs . There have been 

numerous reports on the degree and persistance of leptospiruria 

in both pigs and cattle . Shedding rates as high as 108 lepto­

spires/ml have been reported in both species ( Gillespie and Kenzy, 

1958 ; Ryan , 1978 ) but there is a maj or di fference in the reported 

duration of shedding in each species . The reported maximum 

shedding times for cattle infected wi th pomona are in the range 

of one to four months ( Table 8 . 1 ) ,  whereas shedding times of 12 

to 24 months or more have been reported in pigs ( Schmid and 

Giovane11a , 1947 ; 1litchell et ai , 1966 ; Ryan , 1978 ) .  

Table 8 . 1  

Duration of shedding of  L .  pomona by infected bovines .  

Maximum shedding time ( days ) References 

28 �Aorter and Morse ( 1956 ) 

29 Morter et ai ( 1958 ) 

35 Sleight and Williams ( 1961 ) 

37 Hodges and Ri s ( 1974 ) 

41 Reinhard et ai ( 1950 ) 

42 Reinhard ( 1951 ) 

48 Doherty ( 1967a ) 

48 Doherty ( 1967b ) 

53 Baker and Little ( 1948 ) 

55 Sutherland ( 1950 ) 

56 Webster ( 1959 ) 

60 Doherty ( 1966 ) 

69 Reinhard and Hadlow ( 1954 ) 

77 Gillespie and Kenzy ( 1958 ) 

84 Ringen and Bracken ( 1956 ) 

86 Ringen et ai ( 1955 ) 

90 Reinhard ( 1953 ) 

90 Sutherland et ai  ( 1949 ) 

91 Fennestad ( 1963 ) 

94 Had10w and Stoenner ( 1955 ) 

102 Fergusson et ai  ( 1957 ) 

104 Kenzy et ai ( 1958 ) 

118 Doherty ( 1967c ) 
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The transmi ssion of leptospirosis  has frequently been 

associ ated with wet environments and periods of high rainfall . 

Thi s associati on has led several workers to suggest that soil 

survival may be a key factor in the transmi ssion of infection to 

new hosts ( Kirschner et al , 1952 ; Derri ck, 1956 ; Amatredjo and 

Campbell , 1975 ) .  Kirschner and McGuire ( 1957 ) reported that 

pomona survived 21 days in a very wet soil ( 50% water by weight ) 

whi ch had a pH of 6 . 2 .  In the same year Okazaki and Ringen had 

demonstrated the survival of pomona for 183 days in sterile 

water , with a pH of 6 . 9 ,  containing 25% by weight sterile soil . 

Smith and Self ( 19 5 5 ) had earlier demonstrated the survival of 

serovar austra l i s  A for 43  days in a drier and :rrrore acidic soil 

( 34% water by weight , pH 6 . 6 ) .  In a recent study Karaseva et al  

( 1974 ) reported the survival of grippot yphosa in a soil with a 

pH of 7 . 5  and a moi sture content of 70% for 279 days . Various 

other reports had indi cated shorter survival times in a variety 

of soil types under a vari ety of conditions of pH and moi sture 

( Okazaki and Ringen , 1957 ; Ryu and Liu ,  1967 ; Karaseva et al , 

1973 ) .  The studies of Smi th and Turner ( 1961 ) demonstrated that 

an acidic environment , particularly below pH 6 . 0 ,  i s  unfavourable 

for the survival of all serovars and they considered that thi s 

would have a maj or effect on the survival of leptospires in soil . 

Materials and Methods . 

R�o�peQtive � tudy 06 an outb�eaQ 06 bovine pomona abo�on . 

In July 1977 four of seventeen heifers aborted on a Manawatu 

dairy farm servi ced by the Mas sey University veterinary clinic . 

The aborting heifers were four of a group of seventeen which had 

been introduced into a larger group of 60 in-calf hei fers from 

another farm 19 days before the start of thi s investigation . 

Serum and urine samples  were collected from those heifers 

whi ch had aborted as well as from other members of both the smaller 

and the larger groups . Sera were tested by the MAT and urine 

samples were cultured according to the modified technique described 

in Chapter Seven and i solates were typed . In addition sera from 

two -: - or the four cows which aborted were fractionated by gel 

filtration according to the method described in Chapter Six . 
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Additional information was obtained by interviewing the 

farmer to obtain a history of the movements of each group of 

heifers . Records were also obtained of an investigation whi ch 

had been conducted at a piggery on the property where the smaller 

group of hei fers had previously been pastured . 

Ob.6 e!Lvatio YL6 O yl  the YlatWtM tJr..aYL6miM--lO Yl 0 6  pomona 6Jr.om 

expVLimentaltY---lYl 6 ected Qattte .  

As a consequence of  the attempted experimental infections 

reported in Chapter Nine , the opportunity arose to observe a small 

outbreak of pomona infection . Two calves , actively shedding lepto­

spires in their urine , were grazed with eight other calves for a 

four month period . Urine and serum samples were collected from 

all calves at 7 to 14 day intervals and examined as previously 

described . At the termination of thi s study all calves were 

slaughtered and urine , serum and kidney tissue were collected from 

each animal and subj ected to bacteriological and serological 

examination for evidence of leptospiral infection . All isolates 

obtained were typed against known anti sera . 

Soil .6WtvivM 0 6  pomona 

The soil survival time fo'!' pomona was determined in a soil 

found in many part s of the }�awatu district . The soil used 

( Manawatu sandy loam ) was an acidi c  soi l ,  with a pH of  5 . 5 , and 

was representative of the soil s  present on the farms where pomona 

epidemiology was investigated in this study . 

The soi l  was dried in a vaccuum oven at 400C for three days 

and packed into six sterile aluminium pots . Twelve perforated 

cellulose tubes , each measuring 10rnm diameter by 50mrn long , and 

containing 109 of dried soi l ,  were buried in each pot . Sufficient 

sterile di sti lled water was added to produce pairs of pots with 

75% , 100% and 125% of the saturated soil-water level respectively . 

These water levels , equivalent to 23% , 29% and 33% of the total 

wet soil weight , were maintained throughout the experiment . 

An eight-day culture of a low-passage pomona i solate was 

washed by ultra-centri fugation and resuspension in sterile 

physiological saline . Inocula , each of 5 x 108 of thi s organi sm ,  
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were added to each cellulose tube . The pots were sealed and held 

in a controlled environment laboratory under simulated Manawatu 

winter conditions , for the duration of the experiment . The dai ly 

cycle in the labora�ory was 10 hours of artificial sunlight at a temp­

erature of l2 . 50C and 31% relative humidity followed by 14 hours 

at 7 . 50C and 61% relative humidity in darkness . 

Cellulose tubes were withdrawn from each pot at various times 

during the following 70 days . They were examined by suspending the 

soil in 20ml of sterile distilled water , centrifuging the sus­

pension for 5 minutes at 3000G,  and inoculating the supernatant 

into culture media and hamsters . One type of media ,  IDAJH plus 

0 . 15% Agar , was used either without additives or containing either 

400 �g/ml 5FU or a mixture of antibiotics  ( SNA ) .  These antibiotics  

were 50 �g/ml sulfathiazole , 5 �g/ml neomycin and 0 . 5 �g/ml 

actidione prepared according to the technique of Cousineau and 

McKiel ( 1961 ) .  The soil-water supernatants were not inoculated 

directly into culture media . They were subj ected to membrane 

fi ltration of two types ; positive pressure filtration through 

0 . 22 �m x lJmm cellulose membrane filters held in plastic filter 

holders ( SWinnex ) ' � and floating membrane filtration according to 

the method of Fowler ( 1970 ) .  Thus six  replicates of each soi l­

wash supernatant were cultured ,  each of  three media being inoc­

ulated using both filtration techniques . 

Pairs of hamsters were inoculated intra-peritoneally with 

soil-wash supernatants collected on alternate sample days . They 

were cultured from kidney , liver , blood and urine either at the 

time of death or on the 45th day after inoculation . Ti s sues were 

also preserved for histopathological examination and sera collected 

for serologi cal examination . 

Results . 

R�o�peQ�v e �tudy 0 6  a natuAal outb�eaR 0 6  bov�ne pomona abo�o n .  

Four heifers , from a group o f  17 , aborted between 1 2  and 18 

days after they were introduced into a larger group of 60 heifers . 

All 77 hei fers were at a late stage of gestation . 

Urine and blood samples collected from 12 of the 17 introduced 
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hei fers , including the four which had aborted , and also from 12 

of the 60 resident hei fers were examined for evi dence of lepto­

spiral infection . Three urine samples were posi tive on dark­

field examination , and were estimated to contain between 106 and 

108 leptospires per mI . Two of these samples and one other 

yielded i solates on culture ( Table 8 . 2 ) .  All four leptospire­

positive urine samples came from the recently aborted heifers . 

The i polatB£ .:Were " ,-ty'ped as members of serogroup Pomona .. 

The serologi cal results summarised in Table 8 . 2  clearly 

indicate that all but one of the sample of introduced heifers had 

pomona titres whi le none of the sample of resident heifers had 

any evidence of infection . Sera taken from two of the hei fers 

whi ch had aborted ( 06  and G1 5 ) were fractionated by gel filtration 

and the relative amounts of agglutinating activity in their IgM 

and IgG immunoglobulin components were estimated . Heifer G6 had 

86 . 5% of its  agglutinating activity in the 19B class and heifer 

G15 had 71 . 3% .  

The group of 17 new hei fers had spent three months prior to 

their introduction grazing an area adjacent to a piggery . In­

spection of laboratory records pertaining to thi s piggery in­

dicated that there was a high level of endemic pomona infection 

in the pig herd . The piggery was not specifically investigated 

as part of this study . 

The four hei fers whi ch aborted were immediately isolated 

from the main group of hei fers , and following this investigation 

were all culled . In-contact heifers were vaccinated with a 

commercial pomona bacterin on the same day that the diagnosis was 

made and no further cases of abortion.occurred . Unfortunately there 

was no opportunity to continue investigations with thi s group 

of heifers but a random sampl e  of 24 lactating cows from the 

farm were sampled three months later and no pomona titres >1 : 24 

were detected . The farmer reported that he had di sposed of 

most of the 17 heifers and could no longer identi fy those 

remaining . 



Table 8 . 2 

Serological and cultural findings on two groups of 

heifers sampled on 8/7/77 . 

Identification pomona 
titre Dark-field 

G3 1 : 384 

G5 1 : 1536 

G6cx 1 : 6144 

G7 <1 : 24 

Sample of heifers G9 1 : 1536 

introduced on 19/6/77 . G10 1 : 192 

G12 1 : 384 

G13cx 1 : 2172 

G15cx 1 : 1086 

G18cx 1 : 1536 

G24 1 : 68 . : 

G47 1 : 1536 

F1 <1 : 24 

F2 <1 : 24 

F3 <1 : 24 

F4 <1 : 24 

F5 <1 : 24 

Sample of the heifers F6 <1 : 24 

resident on the farm F7 <1 : 24 

19/6/77 . Y2 <1 : 24 

Y5 <1 : 24 

Y6 <1 : 24 

Y13 <1 : 24 

Y15 <1 : 24 

a aborted during the period 4/7/77 to 8/7/77 . 

B all tubes contaminated 

+ 

+ 

+ 
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Culture 

+ 

+ 

+ 



Ob.6 eJtvilio n6 o n  .:the. na.:tWta1. .:tJtan6m-<..6 .6..to n o n  pomona "<'1'1. a .6maii. 

gltoup 0 6  c.a1.Ve..6 . 
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Two calves shedding an estimated 10 5 to 107 leptospires per 

ml of urine were run at pasture with eight other calves whi ch 

were sero-negati ve to pomona . Six new cases were detected by 

sero-conversion 16 , 50 , 50 , 62 , 71 and 71 days later . The two 

remaining calves were removed from the group after 85 days and 

were still sero-negative when they were slaughtered after a 

further 46 days . 

The serologi cal and cultural observations made on these 

calves during the study period are summarised in Table 8 . 3 .  

In none of the calves whi ch sero-converted were peak A�T ti tres 

less than 1 : 6144 and in two ( VGl and VG9 ) peak titres of 1 : 98 , 304 

were detected . Leptospires were observed by dark-field mi croscopy 

at estimated counts ranging from 104 to 108 per ml in seven calves 

and pomona i solates were obtained from all seven . No shedding was 

observed in the other calf which sero-converted nor were i solates 

obtained by urine or kidney culture of thi s animal . 

Using the data reported in Table 8 . 3  estimates were made of  

the minimum and maximum times af.ter infection when leptospiruria 

was detected in each calf ( Table 8 . 4 ) .  Since the actual dates 

of infection were not known for all calves these estimates were 

based on the assumption that there was an average five-day 

period between infection and sero-conversion ( see Chapter Nine ) . 

Two of the animals which shed pomona were still leptospiruri c 

approximately three months after becoming infected and a third 

still had infected kidneys at this time . The actual duration 

of shedding detected by repetitive urine examination and culture , 

ranged from 13  to 69 days with a mean of 45  ± 9 . 2  days . Maximum 

shedding times ranged from 38 to 94 days p . i .  with a mean of 

67 . 0  ± 8 . 5  days . 

Weather records were consulted for the period during which 

these animals were run together . Only one frost occurred ,  on 

25/10/77 , and throughout the period the net environmental water 

level ( see Chapter Seven ) was falling rapidly as evaporation 

generally exceeded rainfall during this period . Three periods 



Table 8 . 3  

Summary of  cultural and serologi cal observations of an outbreak of pomona infection . 

VG10 VG7 VG5 VG1 VG9 VG4 VG3 VG8 VG2 VG6 
Test ttl ttl ttl ro ro ro ro ro ro ro 

.r! or! .r! .r! .r! or! .r! . . . � .r! .r! .r! 

Date I H I H 6 � 6 � 6 � I H 6 � I H 6 � 6 � '0 0) o � '0 0) o � '0 0) '0 0)  '0 0) '0 0) o � '0 0)  '0 0)  o � '0 0) '0 0) 
0) H +" H 0) H +" H 0) H +" H 0) H +" H OJ H +" H OJ H +" H 0) H +" H 0) H +" H  0) H +" H OJ H +" H 

'O +"  Pc .r! 'O +"  Pc .r! 'O +"  Pc .r! 'O +"  Pc 'r! 'O +"  Pc .r! 'O +" Pc .r! 'O +"  Pc .r! 'O +" Pc .r! 'O +"  Pc 'r! 'O +"  Pc 'r! 
O ·r! OJ Pc o .r! 0) Pc o .r! � �  o .r! 0) Pc O 'r! 0) Pc o .r! 0) Pc o .r! 0) Pc o .r! 0) Pc O ·r! 0) Pc O ·r! � �  U E-t  H (f.) U E-t  H (f.) U E-t  U E-t  H (f.) u E-t  H (f.) U E-t  H (f.) U E-t  H (f.) U E-t  H (f.) U E-t  H (f.) U E-t  

17/10/77 7� + 7 + 0 0 0 0 0 0 0 0 

21/10/77 8 + 9 + 0 0 0 0 0 0 0 0 

25/10/77 9 + 8 + 0 0 0 0 0 0 0 0 

2/11/77 8 7 + 6 0 0 0 0 0 0 0 

13/11/77 8 + 8 8 0 0 0 0 0 0 0 

23/11/77 8 8 9 + 0 0 0 0 0 0 N/S 0 

6/12/77 7 7 + 7 + 5� + 5 N/S 0 0 0 0 N/S 0 

18/12/77 7 N/S 7 6� 7i + 9 + 2� + 0 0 0 N/S 0 

27/12/77 6t 6i 7 13  + 8 + 10 + 6 8 0 0 

2/1/78 6 5 6 11t + 1H + 9 Cont 5 + 9 Cont 0 0 

10/1/78 6� 5i 6 12 12 Cont 8 + 7 6 Cont Ocp Ocp 

20/1/78 5i N/S 4 5 N/S 13 1 3  N/S 6 + 1H + 4 N/S 

30/1/78 5 5 5 13 13 Cont 6 + 9� 4 

13/2/78 5� 5 5 12 + 11 + 6 Cont 8 4t 

28/2/78 5� 4 � 5 10 +e: 8 + 6 + 7i 4 

+ = 1eptospiruria ,  - = no 1eptospiruria detected . cp = Removed from group and run in isolation after 10/1/78 f-J ...;J 
N/S = No sample . e: pomona isolated from kidney tissue only . ...;J 
Cont = All culture tubes contaminated . 



Table 8 . 4 

Estimated times after infection when the shedding of pomona commenced and ceased . 

Days p . i . when lepto-
Animal Possible Infection Date Date Leptospiruri a Detected Duration of spi ruria  last detected . 
I dentification Earliest Latest First Last  Leptospiruri a( days ) Minimum Maximum 

VGI0 26/9/77 ex 26/9/77 13/10/77 1 3/11/77 31 48 48 

VG7 26/9/77 ex 26/9/77 17/10/77 6/12/77 50 71 71 

VG5 20/10/77 28/10/77 23/11/77 6/12/77 13  39  47 

VG1 18/11/77 1/12/77 6/12/77 13/2/78 B 69 B 74 B 87 S 
VG9 18/11/77 1/12/77 18/12/77 23/2/78 67 1/1 84 1/1 94 1/1 
VG4 1/12/77 1 3/12/77 18/12/77 23/2/78 67 1jJ 72 1/1 84 1/1 
VG3 13/12/77 22/12/77 2/1/78 20/1/78 18 29 38 

VG8 13/12/77 22/12/77 N/A : N/A N/A 

If 5 . 0  ± 9 . 2 <1>  59 . 6  ± 7 . &  67 . 0  ± 8 . � 
ex Experimentally infected on that date . 

B pomona recovered from kidney ti ssue 10 days later . 

1jJ Still shedding when finally sampled . 

N/A = Not applicable as 1eptospiruria not observed in thi s animal . 

<p Bean ± standard deviation . 
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of heavy rainfall occurred but only one coincided with a period 

when transmi ssion of pomona infection was occurring . On no , 

occasion was there standing water on the area where the calves 

were grazing and they obtained water from cattle troughs 

supplied directly from an artesian well . The calves had no 

contact with any other species  of domestic animal and the only 

wildlife observed in the area were occasional brown rats ,  hedge­

hogs and mi ce . 

StucU.eA on th e. -6U!1.vivctt 0 6  pomona in the. M il .  
The results of  the study to determine survival times of  

pomona in soil  are summari sed in  Table 8 . 5 . Pomona was re­

covered from soil containing both 23% and 33% water by weight 

on the 42nd day after the soils were inoculated with washed 

pomona cultures .  The soil held at the intermediate water level , 

of 29% by weight , yielded a pomona i solate 31  days after 

inoculation . 

As indicated in Table 8 . 5 ,  there was close agreement between 

i solation results achieved using direct culture and hamster 

inoculati on .  Although the hamsters whi ch were inoculated with 

soil-wash supernatants obtained from the wettest and driest 

soils on day 10 did not yield i solates , they developed titres to 

pomona in the range of 1 : 3072 to 1 : 12288 and leptospires were 

observed in Warthin-Starry stained sections from their kidneys . 

A compari son of the cultural techniques used in thi s invest-

19ation is summari sed in Table 8 . 6 . The data presented in thi s 

table indi cates that the addition of antibiotics ( SNA ) to the 

��JH semi -solid medium considerably reduced the number of 

contaminated tubes but also suppressed the growth of lepto­

spires when compared with tubes containing 400 �g/ml 5FU . The 

addition of 400 �g/ml of 5FU to the semi-solid �UH medium 

appeared to have little effect on the i solation or contamination 

results . 

Similar numbers of i solates and contaminated tubes were 

recorded in both the medium containing 5FU and the one that did 

not . However ,  unique i solates were obtained by the use of  each 

medium so their combined use was considered to be j ustifi ed . 



Table 8 . 5  

Leptospiral i solations made by culture from soil­

washings and from hamsters inoculated with soi l­

washings . 
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Time % of 
Soil  Culture 
water by weight 

Hamster Culture 
% of water by weight 

( days ) 23% 29% 33% 

1 c + + 

3 + + + 

6 + c + 

10 + + + 

15 + + + 

22 + + + 

31 + + + 

42 c + 

49 

56 

63 

70 

+ - i s olation 

no i solation 

c = contaminated 

s = serologi cal and/or hi stopathological 
evidence of infection but culturally 
negative . 

23% 29% 33% 

+ + + 

s + s 

+ + + 

+ + 



Days 
elapsed 

1 - 15  

22 - 70 

1 - 70 

Table 8 . 6  

Comparison of isolation and contamination rates using different media additive 

and filtration methods .  

EMJH 
additive 

SNA 

5FU 

SNA 

5FU 

None 

Direct 
Positive* 

1/30 

9/30 

0/42 

2/42 

5/42 

17/186 

Fi ltration 
Contaminated 

3/30 

18/30 

7/42 

15/42 

12/42 

55/186 

Floating Filtration 
Positive 

0/30 

16/28 

1/42 

6/42 

2/42 

25/184 

Contaminated 

19/30 

15/28 

20/42 

37/42 

12/42 

131/184 

Total 
Positive 

1/60 

25/58 

1/34 

8/84 

7/84 

* Tubes yielding i �ates , some of which were also contaminated . 

Contaminated 

22/60 

33/58 

27/34 

52/84 

52/84 
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The two filtraton methods each resulted in unique isolations 

and although an overall higher isolation rate was achieved using 

the floating membrane technique ( 13 . 6% compared with 9 . 1% )  a much 

higher contamination rate also resulted from this technique ( 71 . 2% _ 

compared with 29 . 6% ) . 

Di scussion . 

The retrospective study of a natural outbreak of pomona 

abortion clearly indi cates that the aborting animals were infected 

before they came onto the farm .  The serological findings from the 

two samples of heifers ( Table 8 . 2 ) show that almost all of the 

introduced hei fers had moderate to high titres whereas there were 

no titres in any of the resident hei fers . The detection of high 

proportions of  IgM agglutinating activity in sera obtained from 

two of the hei fers whi ch aborted , suggests that these particular 

animals had sero-converted approximately three weeks earlier . It  

appears likely that they became infected in the last week or  two 

before they were introduced into the larger group of heifers . 

Circumstanti al evidence suggests that the piggery near to which 

they had been grazing at that time was the source of infection . 

Laboratory records indi cate that thi s piggery had a high level of 

endemi c pomona infection .  An intriguing aspect of thi s  outbreak 

i s  that i t  was apparently controlled by the removal of infectives 

and vaccination of susceptibles in spite of the fact that climati c  

conditions were theoreti cally favourable to further transmission .  

The study o f  the outbreak in the calves that were exposed to 

two experimentally-infected peers clearly demonstrates the ease 

with whi ch thi s disease can be transmitted between cattle . There 

was no other apparent source of pomona infection to whi ch these 

calves may have been exposed . The infection was apparently trans­

mitted by direct contact and it i s  believed that urine sampling 

was the most likely mode of infection since it was consi stently 

dry throughout the study period , and environmental factors were 

not thought to play a part in facilitating transmi ssion . This 

conclusi on i s  in agreement with the findings of Blackmore et  al 

( 1976 ) who observed an outbreak of  pomona in young bulls under 

similar conditions . 



The shedding times observed in these calves were all within 

the range previously reported ( Table 8 . 1 )  and the mean shedding 

tilne of 45 ± 9 . 2  days observed in thi s study is similar to the 
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36 . 4 � 3 . 1  days reported for 44 cattle observed by Doherty ( 1967c ) .  

Agglutinating titres to pomona in these calves were substantially 

greater than the homologous titres observed in hardjo-infected 

calves ( Chapter Four ) .  Thi s consi stent observation in naturally­

infected cattle i s  in agreement with previous reports in this 

country ( Anon , 1975c ; Hodges ,  1975 ) .  Taking these two observ­

ations together , it appears likely that pomona leptospiruria is  

generally associated with moderate to  high pomona titres in contra­

distinction to the situation observed with hardjo . 

The experiment to determine the period for whi ch pomona could 

survive in acidic Manawatu soils provided interesting results . 

The soi l ,  climate , laboratory condi tions and a range of soil water­

levels were all chosen to represent conditions experienced during 

a Manawatu winter , ranging from relatively dry to saturated con­

ditions . The results obtained in this study indicate that pomona 

could survive in these soils , and remain infective , for at least 

six weeks during the winter , and that variations within the 

climatic range normally experienced in the Manawatu are unlikely 

to signi fi cantly alter thi s survival time . One obj ection to this 

hypothesis  i s  the fact that no periods of artificial frosting were 

applied in the controlled-environment laboratory . It  has already 

been shown in Chapter Seven that periods of frosting appear to 

interrupt hardjo epidemics and that thi s is probably attributable 

to an effect on some leptospires in the environment . It  i s  likely 

that the top 5-l0mm of soil would be  affected by Manawatu frosts 

( Brook , 1978 ) .  

Since most cows whi ch become infected with pomona remain 

sero-positive for life ( Chapter Five ) and since cows whi ch are 

shedding will have become infected recently , and wi ll have moderate 

to high titres , it  seems that most of the pomona titres detected 

in serological surveys of cattle in thi s country are convalescent 

titres . This interpretation would indicate , based on Table 2 . 4 , 

that the annual incidence rate of  bovine pomona infection is  not 

more than 8% and probably less than 5% . 



It  i s  believed that , in thi s country, bovine pomona in­

fection can be described as a sporadi c epidemic disease whi ch 

generally results from direct or indirect contact between sus­

ceptible cattle and shedding pigs . Ryan ( 1978 ) has confirmed 

the continuing exi stence of a maj or pomona reservoir in the 

184 . 

New Zealand pig population whereas the studies  of Hathaway ( 1978 ) 

have failed to detect any signi ficant wi ldli fe reservoir of thi s 

serovar , even in environments heavily contaminated with pomona 

organisms . These findings are in total agreement with earlier 

reports from workers in thi s country ( Chapter One ) though they 

are not in accord with many overseas reports .  Thi s di fference 

between New Zealand and most other countries may be attributable 

to the paucity of wi ld and feral mammalian hosts in the New 

Zealand environment . 

Based on all avai lable evi dence it i s  clear that the two 

maj or hosts for pomona in New Zealand are pigs and cattle . While 

it is accepted that pomona infection may cycle for short periods 

in cattle it is argued that bovine infection can almost invariably 

be traced to a porc ine source . This opinion i s  in contrast with 

those of Sali sbury ( 1954 ) in New Zealand and Stoenner et al ( 1956 ) 

and Clark et al ( 1961 ) in the United States . 

The reptrospective study of an outbreak o f  bovine pomona in­

fection ,  reported in thi s chapter , revealed recent contact with pigs 

and evidence of pomona infection in these pigs . This report demon­

strates how , following more detailed investigation , an apparent 

case of endemic infection in cattle can be explained by epidemi c 

spread resulting from contact with pigs . The recovery of a pomona 

isolate from a water-way near the piggery on the No . 1 Dairy Farm 

( Chapter Seven ) indi cates how readily pomona can escape from 

shedding pigs and present a risk to susceptible cattle . Circum­

stantial evi dence for bovine pomona infection occurring by such 

a method has been reported previously ( Bruere , 1952 ; Gillespie 

et al , 1957 ; Gillespie and Ryno , 1963 ) .  

As di scussed ,  the other potential source o f  bovine infection 

is  infected cattle . The propagating epidemi c e stablished in a 

small group of calves following the introduction of two infective 
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calves clearly demonstrates the ease of transmi ssion of pomona 

between cattle . These observations are in agreement with other 

studies in whi ch cattle were the only demonstrable source of 

infection for new cases of pomona infection ( Webster , 1959 ;  Doherty , 

1967a ; Blackmore et a i , 1976 ) .  However , it  is  argued that pomona 

i s  by nature a self-limiting di sease in cattle . 

The evidence reviewed and presented in this chapter shows 

that cattle will normally shed pomona for two to three months after 

infection and very occasionally for four months ( Table 8 . 1 ) . 

For an epidemic to continue once all susceptibles in a group have 

become infected , new susceptibles must be introduced within two 

to four months of the last animal becoming infected . As the epi­

demic proceeds , many animals are likely to  cease shedding even 

before all the susceptibles have become infected ( Table 8 . 3 )  and 

thus the total infective challenge to new susceptibles will 'start 

decreasing as the epidemic continues . This situation was observed 

in a bovine pomona epidemi c by Doherty ( 1967a ) .  It is also likely 

that when conditions become very dry little or no transmission will 

occur and epidemi c s  will terminate ( Doherty , 1967a ) .  The climatic 

conditions which applied during the present study were sufficiently 

favourable to allow transmission to proceed ; rainfall was sporadic 

throughout the study period , but extremely dry conditions , which 

may prevent transmi ssi on ,  did not occur . 

In the course of the serologi cal survey of Manawatu dairy 

cattle ( Chapter Two ) only one herd was detected , amongst the 40 

tested , whi ch appeared to have a high level of pomona infection . 

This herd had a 67% prevalence of pomona titres and several sera 

had titres of 1 : 200 or more . Investigation of this herd revealed 

that there was a piggery with endemic pomona infection on the dairy 

farm and that frequent contact between pigs and cattle occurred . 

Apart from this one herd , the prevalence of pomona titres in pomona 

positive herds ranged from 5% to 20% and titres were generally less 

than 1 : 200 . The serological pattern in these herds appeared to be 

similar to that in the �fussey No . 1 herd . It is  believed that this 

serologi cal pattern represents the convalescent pattern in a herd 

which has experienced a self-limiting epi demic .  This certainly 

occurred in the Mas sey No . 1 herd which had experienced an epidemic 



186 . 

several years ago , but subsequently had no further cases ( Chapter 

Five ) . Other authors have also reported that bovine pomona out­

breaks are self-limiting ( Ensor and McClure , 1953 ; Stoenner et al , 

1956 ) .  

Brockie ( 1976 ) demonstrated that human cases o f  pomona in­

fection occur throughout the year in New Zealand , showing no 

seasonal variation in incidence , whereas there i s  an extremely 

marked rise in the incidence of human hardjo cases in October 

and November each year . Thi s  observation indicates  a signi ficant 

difference in the epidemiology of human infection by these two 

serovars . As discussed in Chapter Seven , the cyclical changes in 

the incidence of human hardjo infection are probably related to 

the endemic cycling of  hardjo in the bovine population . However , 

it  appears that either another source of infection , presumably 

porc ine , i s  responsible for human pomona infection or , i f  a 

substantial amount of human pomona infection is  also acquired 

from cattle , that the pattern of pomona infection i s  different 

from that of hardjo infection . 

I f  human pomona infection comes from cattle , then the temporal 

di stribution of new human cases suggests that there i s  no marked 

seasonal variation in bovine pomona infection . Sali sbury ( 1954 ) 

was of the opinion that thi s was the case . Two alternative 

hypotheses could account for thi s .  I f  pomona is cycling endemi cally 

in the bovine population ,  without contact with leptospiruric  pigs , 

then there must be frequent introductions of new susceptibles into 

a group of cattle experiencing a propagating epidemi c .  It i s  

believed that under New Zealand management conditions thi s situation 

i s  very much the exception . The other possibility i s  that bovine 

outbreaks occur throughout the year following direct or indirect 

contact with pigs and that human infection results from these out­

breaks . 

Summary . 

1 .  In a retrospective study of  an outbreak of bovine pomona 

infection ,  pigs were incriminated as the primary source of 

infection . 

2 .  The ability of cattle t o  transmit pomona infection to 



susceptible cattle was demonstrated by running susceptible 

calves with experimentally-infected leptospiruri c calves . 

3 . Calves were observed to shed pomona for up to 94 days p . i .  

and the mean observed period of leptospiruria was 45 . 0  ± 

9 . 2  days . 

4 . The survival of  pomona for 42 days in soil , under simulated 

Manawatu winter conditions , was demonstrated . 

5 .  An argument.' i s  presented to define the epidemiology of 

bovine leptospirosis in New Zealand . The main features of 

thi s hypothesis are : 

- that pigs represent the maj or reservoir of bovine pomona 

infection in thi s country . 

- Outbreaks of pomona infection in cattle are likely to be 

self-limiting except in the unusual si tuation when there 

are frequent introductions of susceptibles into a group 

experiencing an outbreak . 
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6 .  It i s  suggested that human pomona infection in thi s country 

either results from direct contact with pigs or from contact 

with groups of  cattle experiencing epidemics following recent 

direct or indirect contact with pigs . 

7 .  Based on the results of this study and the results of the 

serological survey of New Zealand cattle sera presented in 

Chapter Two it i s  estimated that the annual inci dence rate 

of bovine pomona infection in New Zealand is about 5% . 
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CHAPrER NINE 

EXPERIMENTAL INFECTION STUDIES 

Consequent upon the studies of bovine leptospirosis reported 

in the preceding chapters , were a number of questions requiring 

experimental investigation . In parti cular , four observations whi ch 

have important epidemiological implications in respect of bovine 

leptospirosi s needed to be studied further . 

The isolation of  bal canica from possums at the No . 1 Dairy 

Farm rai ses the question as to whether bovine infection with this 

serovar occurs on that farm . Thi s rerovar has been i solated from 

cattle in the U . S . S . R .  in the course of an abattoir survey ( Zemenova , 

1965 ) .  Following the recovery o f  bal canica from New Zealand possums 

by the Massey University group ( Marshall et ai , 1976 ) its ubi quitous 

distribution in thi s  host has been demonstrated by Hathaway ( 1978 ) .  

In many situati ons in  this country possums and cattle live in close 

association and there is strong evidence for the transmission of 

mycobacterial infection between these species (Anon , 1977a ) .  How­

ever,  if bovine infection wi th bal canica occurs there i s  no simple 

method by which it  can be detected . Titres to different members 

of the Hebdomadi s serogroup cannot be distinguished by routine 

methods and the antibody absorption technique for serological 

distinction between infections to related serovars is expensive 

and time-consuming and is  not definitive ( Alexander and Evans , 

1962 ) .  It was therefore decided to investigate the possibi lity 

of experimentally infecting cattle with thi s serovar and also to 

establi sh if there were any clinical , biochemi cal or serologi cal 

di fferences in the infected animals whi ch would allow a distinction 
.' 

to be made between bovine bal canica and hardjo infection . 

Observations reported in Chapter Seven suggest that , in young 

calves with colostral titres , there may be a period , after the loss 

of detectable agglutinating titre s ,  when calves are still refractory 

to infection .  While most calves have lost detectable colostrum­

derived titres by 120 days of  age and all have by 190 days of age 

( Chapter Three ) ,  hardjo infection rarely occurs before seven to 

eight months of age ( Chapter Seven ) .  It has been argued that this 
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observati on could be partly explained by environmental causal 

associated factors . However , as Hathaway ( 1978 ) has demonstrated , 

young possums are resi stant to experimental infection for two to 

three months after they have lost maternally-derived MAT titres . 

It was therefore decided to experimentally challenge calves both 

at two to three months and at five to six months after the loss 

of pas sively-acquired titres in an attempt to determine whether 

this phenomonon also occurred in calves . 

I t  can be argued that animals observed to be leptospiruric  

many months ,  or even years , after first becoming infected with a 

particular serovar may not be experiencing a persi stant infection , 

but instead have become reinfected,  even thoug h they still possess 

convalescent titre s . There i s  evidence that vaccines of  the bacterin 

type may prevent clinical disease , though not preventing lepto­

spiruria ( Stalheim, 1971 ; Hanson et al , 1972 ) .  This indicates that 

the degree of protection against leptospiral infection may vary . 

Therefore an experiment was undertaken in an attempt to determine 

whether reinfection of animals with convalescent titres can occur 

in the field . Thi s study was conducted in two parts . The first 

part involved rechallenging the animals used for the comparitive 

bal canica/hardjo study and the second part involved the challenge 

of adult cows with naturally-acquired convalescent hardjo titres . 

The final observation whi ch was subjected to further invest­

igation in this chapter was the fact that cattle in the convalescent 

stage of leptospiral infection have relatively constant levels of 

agglutinating t i tres . Since it  i s  very likely that cattle at thi s 

stage of infection wil l  have frequent contact with other cattle 

still in the leptospiruric phase ; it i s  possible that they may 

experience anrunnestic  ri ses in titre . As part of  the study of  the 

effects of experimentally challenging cattle with convalescent 

titres , the serologi cal response was studied in order to determine 

what changes occur . 

Materials and Methods . 

E xpvchne.YL.ta.t AYu.maLo . I .  Ca.fv M . 

Ten Friesian calves were selected at b irth for this study . 

Blood samples were taken from calf and dam , and colostrum samples 
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were taken when the dam was first milked . The calves were born 

between 13/4/77 and 8/5/77 and were kept indoors , individually 

penned ,  and fed on milk and calf meal until 25/5/77 . They were 

then reared as a single group on pasture , and were i solated from 

all other stock from 25/5/77 until 19/9/77 when they were again 

housed prior to experimental challenge . Throughout this time 

they continued to receive a meal supplement . During the first 

four weeks of the experiment they were housed in individual pens 

and were fed dairy meal , chopped hay and some dried grass and 

received water from nipple waterers . Following thi s period they 

were again run at pasture , remaining in i solation from other stock 

for a further four months . They were slaughtered at an abattoir 

when the experiment was terminated on 23/2/78 and kidneys and urine 

were collected for cultural examination . 

Exp�entai A�m� . I I .  Adult Cow� . 

Seven adult dairy cows , of various ages ranging from two to 

seven years , were made available by a commercial dairy farmer . 

These cows were crosses of  the Fri esian and Jersey breeds . Through­

out the study period , between 20/12/77 and 17/1/78 , these cows were 

run at pasture isolated from other stock , and at the end of the 

experiment were slaughtered at an abattoir where blood , urine and 

kidneys were collected for further examination . 

I n ne�ting Lepto�p� S�ov� . 

Strains of three serovars were used in this study . All three 

serovars had been successfully used in transmi ssion studies with 

other host species . The strain of bal canica used  ( M Ul )  was a low 

passage i solate from a possum trapped on the No . 1 Dairy Farm . 

This i solate had been sub� ected to seri al passage through hamsters 

just prior to this study . A dose of 5xl07 �rganisms consistently 

infected hamsters causing death approximately 14 days p . i .  The 

strain of pomona used ( Tl16 ) was a low passage i solate recovered 

from a pig at the Massey Piggery . Thi s i solate had been subj ected 

to 15  serial hamster passages prior to this study and at a dose of  

approximately 5xl02 organisms it was shown to  be consi stently 

lethal for hamsters . The strain of hardjo used  (G 39/l ) had been 

isolated from a cal f  at the No . 1 Dairy Farm about one year 

previously . Thi s i solate had been initially recovered from infected 
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urine by hamster inoculation and it remained infective for hamsters , 

when admini stered intra-peritoneally at a high dose rate ( >108 

organi sms ) although it never produced symptoms or death in hamsters . 

The i denti ty of all three i solates had been confirmed by the cross­

absorption agglutination test conducted at the W . H . O .  Reference 

Laboratory , Centre for Di sease Control , Georgia .  Each isolate was 

recovered from hamster ki dney tissue and passaged for three to five 

times in liquid and semi -sol i d  EMJH media to establish dense growth.  

The hardjo strain , G 39/1 , was inoculated twice , three months apart , 

and was maintained by four passages in semi solid medium and seven 

passages in liquid medium during that three month interval . 

The infecting doses of organi sms were assessed, by dark-field 

examination in a Petroff-Hauser counting chamber, to be between 108 

and 109 organisms/mI . These were all fresh , dense , actively-growing 

cultures .  On each occasion that infection was attempted 5ml of 

semisoli d culture was inoculated intramuscularly and lOml of liquid 

culture was given subcutaneously . These  doses represented approx­

imately 108 organisms per Kilogram live weight for the calves when 

first inoculated and 5xl07 organi sms per Kilogram when rechallenge d ,  

and approximately 2xl07 organisms per Kilogram live weight for the 

cows . 

ExpvvUne.nx.o.1 PJW C. e.dUlLe!.J . I .  Co.1ve!.J . 

Blood samples were taken from the calves at frequent intervals 

from a few days after birth, and urine samples were also collected 

on several occasions and examined by dark-field microscopy as 

previously described ( Chapter Seven ) .  During the four week period 

for which the calves were housed for experimental challeng� blood 

and urine samples were collected every second day . After they 

were released onto pasture , sample s  were collected at seven to 

fourteen day intervals . 

The calves were housed for five days before they were inoc­

ulated , in order to allow them to become accustomed to their new 

environment . Throughout the period during which the calves were 

housed , twi ce-daily rectal temperatures were taken , at 6 a . m .  and 

6 p . m . , and any clini cal changes were noted . 
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The housing used for thi s experiment was a large room with 

concrete floors and walls , whi ch was divided by galvanised steel 

partitions into twelve pens , each of whi ch had a wooden slatted 

floor laid over a concrete base . Each pen drained into centrally­

located collecting drains , not into adj acent pens . The room was 

rodent-proof and the drains were kept sealed and were treated 

with di sinfe ctant ( Medol ) and were emptied twice-daily while the 

animals were being examined and tended . The ten calves were 

individually penned with the two spare pens being used as addit i onal 

barriers to prevent contact between groups inoculated with different 

serovars . 

At the time of the first challenge the calves weighed an 

average 100 Kilograms ( range 82 to 117 Kg ) and were an average five 

months of age ( range 141 to 166 days ) .  Two calves were inoculated 

with pomona , three wi th hardjo and three with balcani ca , and two , 

whi ch were not inoculated ,  were left as controls .  

Three months after the first experimental challenge all ten 

calve s ,  which then weighed an average 200 Kilograms ( range 183 to 

229 Kg ) and were , on average , eight months old ( range 232 to 257 

days ) ,  were challenged with the same total dose of  hardjo as had 

been given originally . Since their weight had doubled during the 

intervening three months this represented a 50% reduction in the 

number of organi sms inoculated per Kilogram live weight . 

Eight weeks after the second experimental inoculation the 

calves were killed and serum, urine and ki dney ti ssue were collected 

at  the abattoir . The kidney samples were cultured using the tech­

niques described in Chapter Two . 
.. 

All urine samples collected were examined by dark-field mi cro­

scopy and were cultured using the techniques described in Chapter 

Seven . The pH , protein, glucose and haemoglobin content ( Multi stix ) 

specific  gravity and gamma glut amyl transferase c ontent ( Merck yGT 

Kit ) o f  each urine sample were also assessed . In addition heparin­

i sed blood samples were collected from the calves every second day 

during the t ime they were housed in order to determine the packed 

cell volume and haemoglobin concentration . 



Figure XXVII 

Twice-Daily Temperatures of Ten Experimentally-Infected Calves . 
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All serllill samples were examined by the �.1AT and all isolates 

obtained were typed using the procedures described in Chapter Two . 

ExpvUme.rz;tal Pltoc.e.duJLe.6 . I I .  Adult Cow!.> . 

Blood and urine samples  were collected from the seven dairy 

cows one week prior to their inoculation ,  again on the day of  the 

inoculation and 7 ,  14 and 21 days after inoculation . Additional 

urine samples were also collected five days prior to inoculation . 

Four weeks after inoculation the cows were slaughtered and serllill , 

urine and kidney samples were obta·ined from each . On each occasion 

that urine samples were collected they were examined by dark-field 

microscopy as well as being inoculated into culture medi a .  Kidney 

samples were examined culturally using the techniques described in 

Chapter Two . 

Results . 

Exp�ne.n��t �n 6 e.c.tion 0 6  c.alv� w�th .6 e.Jtova!t.6 bal cani ca , hardjo 

and pomona .  

I .  I�al c.hatte.ng e. .  

Eight of the ten calves were born to sero-positive dams and 

these calves acquired titres after suckling ; the two calves born 

to sero-negati ve- dams remained sero-negative after suckling ( Table 

9 . 1 ) .  The sero-positive calves lost detectable MAT titres at times 

ranging fron! 43 to 160 days before the date of experimental challenge 

( Table 9 . 1 ) .  One calf ( VG8 ) had acquired a pomona titre after 

suckling . This titre was lost after 26 days , which was 1;37 days 

before its experimental challenge with serovar bal canica . 

On 26/9/77 eight of the ten calves were inoculated with either 

bal canica , hardjo or pomona , the other two calves remaining as con­

trols .  The serological and' bacteriological observations made on 

these calves are presented in Tabies 9 . 2  and 9 . 3  respectively and 

their temperature recordings are shown graphi cally in Figure XXVI I .  

No significant changes  were observed in the P . V . C .  or haemoglobin 

concentration of any blood sample nor in the pH , protein content , 

specific  gravity or gamma glutamyl transferase content of any urine 

sample . All these parameters from all calves remained within normal 

limits  throughout the four week observation period . 



Table 9 . 1  

Coded hardjo titre s in  experimental calves between 

birth and date of infection . 

VGl VG2 VG3 VG4 VG5 VG6 VG7 VG8 

Birth date 13/4 1 5/4 17/4 19/4 22/4 24/4 25/4 26/4 

Dam titre 3 1 4� 0 2 0 2 2 

Post-suckle 6 3 6 0 5 0 5 3! titre 

15/4/77 6 3 

22/4/77 5� 1 6 0 5 

29/4/77 5 1 5 0 4 0 4 3� 

5/5/77 5 H 5 0 5 0 4 3 

13/5/77 5� 0 5� 0 4 0 4 3 

20/5/77 3� 0 3� 0 1 0 3 1 

27/5/77 3 0 3 0 ! 0 H H 

10/6/77 3 0 3 0 0 0 3 H 

24/6/77 2� 0 3 0 0 0 1 1 

20/7/77 1 0 1 0 0 0 � 0 

14/8/77 � 0 0 0 0 0 0 0 

10/9/77 0 0 0 0 0 0 0 0 

26/9/77 8 0 0 0 0 0 0 0 0 

Days from Jast 
recorded ti. tre 4 to experimental 3 144 68 160

Ct 
122 155

Ct 
68 94 

challenge 

Ct never had detectable titre . 
8 date of experimental infection .  

not tested . 
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VG9 VGI0 

24/4 8/5 (1977 ) 

� 4 

1 5� 

H 

0 

0 6 

0 3� 

0 3 

0 3� 

0 H 

0 � 

0 0 

0 0 

0 0 

1 5 0  68 
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Table 9 . 2  

Coded hardjo , balcanica and pomona titres of calves 

inoculated with serovars bal canica or hardjo . 

Calf 

1 4 5 3 6 8 

H B P H B P H B P H B P H B P H B P 

26/9/77* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
27/9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
28/9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
29/9 0 0 0 0 0 0 o . 0 0 0 0 0 0 0 0 0 0 0 
30/9 0 0 0 1. 0 0 0 0 0 0 0 0 H 1 0 2! 1! 0 2 
1/10 0 0 0 2 0 0 2! 0 0 1 1 0 4 3! 0 5! 2 0 2: 
2/10 0 0 0 4 1 0 3 0 0 2 H 0 5! 5! 0 6! 4! 0 
3/10 0 0 0 6! 4! 0 3 H O 3 H 0 7 6! 0 7 5 !  0 
5/10 0 1 0 8 6! 0 2! H 0 3!  3 0 8 9 0 M 3!  0 
7/10 0 1 0 n 5! 0 2! 2 0 3 3 0 8 7! 0 5!  5! 0 
9/10 1 H 0 7 5! 0 2 2 0 3!  4 0 8! 8 0 6! 5 !  0 "2 
11/10 2! 3 0 9 6 0 4 3 0 4! 3! 0 9 8 0 6 5! 0 
13/10 1 3 0 · 8 M O 3! 2 0 5 4 0 9 6 0 6 6 0 
15/10 2 2 0 7 5! 0 3 4 0 4! 4! 0 8 8 0 6 5 !  0 
17/10 H 2 0 6! 5 0 3! 3 0 4! 4 0 8 8 0 6! 6! 0 
21/10 1 2 0 5 5 0 3 3 0 5 4! 0 7! 7 0 6 6 0 
25/10 2 3 0 5 4! 0 3! 3! 0 4! 5!  0 6 7 0 5 5 0 
2/11 2 H 0 4 5 0 4 3! 6a. 5 4! 0 6 7 0 5 5 0 
13/11 2 H 0 4 4 0 3 2! 8 4! 6 0 4 7 0 4! 5 0 
23/11 2 H 0 4 5 0 3! 2! 9 4 5 0 3! 6 0 4! 5 0 
6/12 2 1 5 ! a 3! 4 0 2! 2 7 3 4 0 4 5 0 4! 4! 0 
18/12 2 1 7! 3 3 2!a. 2! 3 6! 3 4 0 4 5!  0 4 4! 0 
27/12 + 1 1 13 2 2! 10 1 H 7  3 4 60. 3 4! 0 3 4! 8a. 

2/1/78 H !  1H 2 2 9 1 1 6 2 4 5 3 4 0 3 5 9 
10/1 2 1 12 3 2 8 3 H 6 3!  3! 7 4 4! 0 2 4! 6 
20/1 2! H 13 3 2! 6 3 2 5 3 3 1B 4 5t 0 4 5 4 
30/1 2 1 13 2! 1 6 2! 1 5 2 3 9! 3 4t 0 3 4 4 
13/2 1 1 12 2! 1 6 3 1 5 2 3 8 3 3! 0 3 4 4! 2: 
23/2 1 1 10 2 1 6 2 ! 5 2 3 n 2! 4 0 2! 4 4 

initial 
challenge hardjo hardjo hardjo bal canica bal canica bal canica 
serovar 

. ,  
* date of initial cha1lenrse 
+ date of second challenge with hardjo 
a. natural infection with pomona 

H, B , P . = hardjo , bal canica , pomona . 
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Table 9 . 2  ( contd . ) 

Coded bal canica , hardjo and pomona titres of calves 

inoculated with serovar pomona , and uninoculated 

controls .  

Calf 

7 10 2 9 
H B P H B P H B P H B P 

26/9/77 
* 

0 0 0 0 0 0 0 0 0 0 0 0 
27/9 0 0 0 0 0 0 0 0 0 0 0 0 
28/9 0 0 0 0 0 0 0 0 0 0 0 0 
29/9 0 0 0 0 0 0 0 0 O· 0 0 0 
30/9 0 0 0 0 0 0 0 0 0 0 0 0 
1/10 0 0 5 0 0 4 0 0 0 0 0 0 
2/10 T 0 5 T 0 5 0 0 0 0 0 0 
3/10 T 0 7 T 0 7 0 0 0 0 0 0 
5/10 T 0 8 T 0 8 0 0 0 0 0 0 
7/10 T 0 8 T 0 8 0 0 0 0 0 0 
9/10 T 0 7i T 0 7 0 0 0 0 0 0 
11/10 T 0 7 1 "2 t 0 n 0 0 0 0 0 0 
13/10 T 0 8 T 0 7 0 0 0 0 0 0 
15/10 0 0 9 T 0 6i 0 0 0 0 0 0 
17/10 1 0 7 T 0 n 0 0 0 0 0 0 "2 
21/10 1 0 9 1 0 8 0 0 0 0 0 0 "2 
25/10 T 0 8 1 0 9 0 0 0 0 0 0 
2/11 2 0 7 2t T 8 0 0 0 0 0 0 
13/11 B- T 8 2i T 8 0 0 0 0 0 0 
23/11 � 0 8 0 0 8 0 0 0 0 0 0 
6/12 ' 0  0 7 0 0 7 0 0 0 0 1 5

0. 

��;i�+ 0 0 7 0 0 7 0 0 0 0 1 9 
0 0 6� 0 0 6� 0 0 0 0 T 8 

2/1/78 6! 6! 5 0 0 6 0 0 0 0 H IH 
10/1 7 5! 5! 5 4 6! 5 4� 0 3 3 12 
20/1 6 6 4 4� 3 5� 6t 7 1 5 5! 13 
30/1 5 5i 5 3� 4 5 5� 6 0 4� 4 13 
13/2 5� 4 5 4 4 5� 6 4! 0 4 4 11 
23/2 6 4� 4� 4 3 5� 5� 5 0 4 3 8 

initial 
challenge pomona pomori'a control control 
serovar 

* date of init i al challenge 
+ date of challenge with hardjo 
a natural infection with pomona 



Table 9 . 3  

Sununary of bact�riologi cal findings in 

infected calves . 

Bate of VGl VG2 VG3 VG4 VG5 VG6 sampling 

19/91.77 
26/9 ' 
27/9 * 
28/9 b -
29/9 
30/9 Cont- Cont-
1/10 Cont-
2/10 
3/10 
5/10 N/S 
7/10 
9/10 
11/10 Cont-
13/10 Cont-
15/10 N/S Cont- Cont+4 
17/10 
21/10 
25/10 
2/11 
13/11 
23/11 N/S + 5 
6/12 p+6 N/S p+4 
18/12\7 p+5 N/S p+ 5 
27/12 p+6 p 
2/1/78 p- + 5  Cont-
10/1 + 5 
20/1 p+4 P N/S 
30/1 h- p+ 5 
13/2 p- N/S Cont-
23/2 p-a h-a p-

+ = leptospires seen by dark-field microscopy 
Cont = all tubes contaminated 
b = bal canica , p = pomona , h = hardjo , cultured 
N/S 
* = 
t 
\7 
a = 

- -

= no sample 
blood isolates 4 
date of initial challenge 5 
date of second hardjo challenge 6 
i solated from kidneys only 7 
negative f indings by dark-field microscopy 
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experimentally-

VG7 VG8 VG9 VG10 

* 
* p* 

P - P 
N/S 

Cont-

N/S 
Cont- Cont-

Cont-:- N/S +4 

p+6  
p+4 Cont+6 
p+4 Cont+6 

Cont+4 p+7 
p+ 5 

+4 

p+4 N/S 
p+ 8 N/S 
+7 

Cont p+ 5 
Cont Cont-

N/S N/S N/S 
h- Cont-

p- h-
h-a p+4 Cont-

and typed .  
4 5 10
5
-106 leptospires/ml 

= 10 -10 " 

= 106-107 " 

107-108 " 
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Seven of the eight inoculated calves developed titres on the 

fourth of fifth day p . i . ; the first detectable titre in the remain­

ing calf was detected on the ninth day . Titres rose rapidly and 

reached high levels within three to six days of first appearing . 

Peak homologous titres occurred between 6 and 25  days p . i .  although 

peak homologous hardjo and balcanica titres appeared earlier than 

peak homologous pomona titres . In the six calves challenged with 

e i ther hardjo or balcani ca ,  peak balcanica titres ranged between 

1 : 96 and 1 : 6144 . There was no consi stent difference between hardjo 

and balcanica titres in these calves regardless  of whi ch serovar 

they were inoculated with . The peak pomona titre was 1 : 6144 in 

both animals challenged with that serovar . Cross-reaction titres 

to hardjo were observed in the calves inoculated with pomona but 

not vice versa . 

Leptospiraemi a was detected in only three calves ;  in both 

calves inoculated with pomona and in one of the three calves in­

oculated with balcani ca ( VG6 ) ( Table 9 . 3 ) .  Leptospiruria was first 

detected on the 17th and 18th days respectively in the two calves 

inoculated  with pomona and a number of isolates , subsequently typed 

as  pomona , were obtained from them ( Table 9 . 3 ) .  Leptospires were 

observed by dark-field mi croscopy in urine obtained from one calf 

inoculated with balcani ca ( VG6 )  but all culture tubes inoculated 

with thi s urine were contaminated ( Table 9 . 3 ) .  No calves inoculated 

with hardjo on 26/9/77 developed leptospiruria . 

All ten calves were run together in i solation after 17/10/77 

and a further six calves became naturally infected with pomona by 

2 3/2/78 ( Chapter Eight ) .  I solates typed as pomona were obtained 

from five of these calve s . 

1 1 .  SeQond Qhalleng e .  

All ten calves were challenged with hardjo on 27/12/77 . The 

six calves which had previously been inoculated with hardjo or 

balcanica showed only small ri ses in titre , the largest increase , 

two doubling dilutions from 1 : 24 to 1 : 96 ,  occurring in one calf . 

The four calves which had not been inoculated previously with hardjo 

or balcanica all sero-converted,  developing peak hardjo titres be­

tween 14 and 24 days p . i .  These titres ranged from 1 : 384 to 1 : 15 36 .  
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Leptospiruria was observed by dark-field examination in one 

of these calves ( VG9 ) but pomona was the only serovar recovered 

from thi s calf ;  it had been shedding pomona at the time of challenge 

( Table 9 . 3 ) .  However ,  serovar hardjo was recovered from urine 

samples from the other three calves and from the kidneys of two 

of them . All culture tubes inoculated from the kidney of the 

third ( VG10 ) were contaminated ( Table 9 . J ) . 

Exp�entai Qhalienge 06 adult QOW� with hardjo . 

Six of the seven cows had hardjo titres  ranging from 1 : 48 to 

1 : 136 when they were inoculated with that serovar and the remaining 

one had a titre of 1 : 17 seven days earlier ( Table 9 . 4 ) .  They all 

showed a transient elevation in titre following inoculation with 

hardjo though no t itre rose higher than 1 : 192 ( Table 9 . 4 ) .  No 

leptospires were observed in any urine sample from any cow, nor 

were leptospires i solated from urine or kidney samples obtained 

when the animals were slaughtered three weeks p . i . ( Table 9 . 5 ) .  

Discussion .  

The two attempts t o  infect young calves with hardjo produced 

di fferent results although they were challenged with the same strain 

of hardjo on both occasions . For both experimental challenges sero­

logically negative calves were inoculated ,  by the same routes , with 

culture s which were shown to successfully infect hamsters .  Ident­

ical isolation and cultural methods were employed on both occasions . 

In spite of thi s ,  the three calves whi ch were challenged at five 

months of age sero-converted without developing detectable lepto­

spiraemia or leptopsiruria ,  whereas all four calves challenged at 

eight months of age sero-converted with at least three developing 

leptospiruria .  The fourth may also have shed hardjo organisms 

in its  urine but this may 'have been concealed by the fact that 

thi s animal ( VG9 ) was shedding pomona at that time . 

Two of  the three five-month-old calves in  whi ch hardjo in­

fection was not establi shed ( VGl and VG5 ) had lost colostral titres 

43 and 122 days prior to challenge . The third ( VG4 ) had never had 

a detectable colostral titre . Following inoculation with hardjo 

the peak serologi cal responses  of VGl and VG5 were substantially 

lower ( 1 : 68 and 1 : 192 respectively ) than that of VG4 ( 1 : 6144 ) .  



Table 9 . 4  

Coded hardjo titres of seven cows inoculated with 

hardjo on 27/12/77 . 

Identification 

9 16 39 54 91 115 191 

20/12/77 1 3t 2 3 2 2 3 2 

27/12/77 
* 

0 3t 2 3t H 2t 2 

3/1/78 4 4t 4 4 2t 4 1 

10/1/78 2 3 3t 4 3 H 3 

17/1/78 2 3t 3 3 2 2t 3 

* date of  experimental challenge 

Table 9 . 5 

Summary of barcterio1ogi ca1 findings in seven cows 

inoculated with hardjo on 27/12/77 . 

Identi fi cation 

9 16 39 54 91 

20/12/77 

24/12/77 

27/12/77 
* 

3/1/78 C 

10/1/78 C 

17/1/780. 

. f  

- - urine dark-field and culture negative 

C all tubes contaminated 

a. = kidneys cultured on thi s date negative 

* = date of experimental challenge 

115 191 

200 . 
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Thi s  provi des some evidence for the presence of persistent colostral 

antibody after the los s  of detectable agglutinating titres . This 

result i s  in agreement with the observations of Doherty ( 1967b ) 

who showed that calves were stil l  refractory to challenge with 

pomona two months after they had lost detectable colostral anti­

body to  that serovar . It  has also  been demonstrated that vaccin­

ated animals can be protected against leptospiral infection even 

when their titres are very low or no longer detectable , although 

in some cases there i s  protection against clinical disease only 

( Negi et a i , 1972 ; Stalheim, 1971 ; Hanson , 1973 ) .  The presence 

of colostral antibody titres has been shown to protect against 

leptospiral infection ( Chapter Seven ) .  

The fact that five-month-old calves did not become infected 

may be due to a non-specific  age-associated factor rather than a 

specifi c persi stent immunity . Two other calves of the same age 

whi ch did become infected when challenged with pomona did not 

have pomona titres at any stage and neither did their dams . 

Thi s observation strengthens the argument that some specific 

factor was protecting the calves against hardjo infection . 

It i s  possible that there were different reasons for the 

failure of any of the three calves challenged with hardjo to dev­

elop leptospiruria .  The high titre detected in calf VG4 , which 

never had a colostral titre , indi cates that it mounted a far 

greater response to experimental challenge than did the other two 

calves ( VGl and VG5 ) ,  whi ch had possessed colostral titres . 

Failure to produce leptospiruria in some or all of groups of cattle 

experimentally challenged with hardjo has been reported previously 

( Hanson and Brodie , 1967 ; Sullivan, 1970a ; Ell i s  and Michna , 1977 ) . 
• 1 

The attempt to infect calves with bai canica produced equivocal 

results . Although all three of the five-month-old calves whi ch 

were challeneed with bal canica sero-converted, with peak titres of 

1 : 786 , 1 : 1086 and 1 : 6144 respectively, only a single i solate was 

obtained from one of these calves ( VC� ) .  The culture used for 

these inoculations was infective for hamsters , causing death . 

Since thi s i solate was obtained from a culture of blood taken just 

48 hours after inoculation it  does not prove that infection was 
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established . It  is quite possible that inoculated organisms had 

not been cleared from the blood by that time . One urine sample 

from thi s calf taken 17 days later was positive on dark-field 

mi croscopy but all culture tubes inoculated with that sample 

were contaminated and no isolate was obtained . 

Two of  the three calves challenged with balcanica had lost 

detectable colostral titres against hardjo two to three months 

prior to challenge . The third calf ( VG6 ) , whi ch had never had 

a colostral hardjo titre , developed the highest peak titre and 

yielded the only isolate . These facts tend to support the ob­

servations and comments relating to the possible extension of 

the protection afforded by colostral antibodies to hardjo . 

Certainly the failure to produce leptospiruria with balcanica 

in this study does not prove that this serovar will not infect 

cattle . A comparison between the results obtained from the 

calves inoculated with hardjo or balcanica indi cates that they 

are similar . 

There was a marked similarity between the serological re­

sponses of calves inoculated with these two serovars . The coded 

titres to hardjo and balcanica shown in Table 9 . 2  are virtually 

identical at all stage s of the serological response regardless 

of  whether the calves were inoculated with hardjo or balcanica . 

The only exception was that more frequent and longer hardjo cross­

reaction titres were observed in the two calves inoculated with 

pomona . 

The virtual identity of the serological responses in the 

calves inoculated with either hardjo or balcanica i s  in contrast 
. .  

to the results  obtained in possums by Hathaway ( 1978 ) .  He found 

a highly repeatable and marked di fference between hardjo and 

balcanica t itres in possums inoculated with balcanica , with the 

heterologous titre being substantially higher than the homologous 

titre in the early stages of infection . The observations made in 

this study clearly indi cate that should bovine balcanica infection 

occur naturally it would be serologically indistinguishable from 

bovine hardjo infecti on .  Thus the question o f  whether bal canica 

infection can escape from the pos sum population into the cattle 

population can be resolved only by extensive cultural surveys 
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followe d by serotyping of isolates using cross-absorbed anti sera . 

A number of reports have shown that experimental inoculation 

wi th some strains of pomona can produce marked biochemi cal changes 

in the urine of the host including e levated b i l irubin and protein 

levels ( Ferme stad , 1963 ; Millar et al , 1977 ) .  Farina et al  ( 1972 ) 

could not demonstrate any marked changes in the blood or urine 

biochemi stry of cattle following experimental hardjo infec t i on . 

Preliminary studi es on the effe c t s  of experimental infec t i on of 

hamsters with balcanica at ��ssey Uni versi ty have indi c ated that , 

in thi s spe c i e s ,  thi s serovar i s  more pathogenic than hardjo and 

the pos s ib i l i ty of changes in blood and urine biochemi stry has 

been considered ( Hathaway , 1978 ; �.�nktelow and Marshall ,  unpub­

li shed ) . Shaw ( 1976 ) has demonstrated that urinary gammaglutamyl 

transferase levels are elevated in sheep following damage to kid­

ney tubular epithelium . Therefore it was de c i ded to assay urinary 

levels of thi s enzyme in order to determine whether elevat i ons 

occurre d following leptopiral infe c t i on .  I t  was consi dered that 

if biochemi cal changes were detected it may be possib l e  to make 

a distinction between infections by the three serovars used in 

thi s study . However ,  there were no signi fi cant changes in any 

b lood or urine chemi stry parameter measured in any calve s during 

the course of thi s study . 

The possibil i ty that cattle with convalescent t i tres may 

b ecome reinfe cted and recommence shedding c ould be used as an 

argument to explain the lengthy shedding time s ob served in cattle 

naturally infected with hardjo reported in Chapter Seven . Since 

the se animals were in contact with other known shedders at various 

times after they had sero-converted it is c lear that they were 

re-exposed to infe c t i on dn many occasions . The present attempts 

to estab l i sh infe c t i ons �n both calves and c ows with convalescent 

titre s were all unsuc cessful . The strain of hardjo used to 

challenge these sero-positive anima l s  was one of proven infect­

ivity for c attle s ince sero-negati ve calves challenged with the 

same dose of the same culture on the same day became infected 

and deve loped leptospiruria . I t  i s  b eli eved that thi s provides 

strong evi dence that cattle in the c onvale scent phase o f  l epto­

spiral infe c tion are refractory to further challenge . 
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Furthermore i t  is  believed that this resistance is likely to per­

s i st at least as long as convalescent titres remain ; probably for 

life in most animals ( see Chapter Five ) .  It has been shown that 

convalescent titres protect possums against further experimental 

challenge with balcanica ( Hathaway, 1978 ) . Thi s result should 

not be considered surprising when considered in the light of the 

evidence reviewed earlier that colostral titres , and to some 

extent vaccinal titres , are also protective . 

None of the calves or cows with convalescent hardjo titres 

which were challenged with that serovar on 27/12/77 showed marked 

anamnestic  ri ses in ti tre . The ri ses observed were in the order 

of one or two doubling di lutions though one animal whi ch was 

sero-negative at 1 : 2� developed a titre of 1 : 192 after challenge . 

Considerirlg that these animals  were given a massive challenge , 

far in excess  of that likely in the field ,  it  appears that natural 

exposure to reinfection will  produce only slight perturbations in 

ti tre . 

Summary . 

1 .  Evidence i s  presented which indi cates that the protective 

effect of colostral antibody against leptopsiral infections 

persi sts  after calves have lost detectable MAT titres . 

2 .  It appears likely that cattle are susceptible to bal canica 

infection and that the extensive reservoir of thi s infection 

in the possum population in New Zealand may present a hazard 

to cattle . 

J .  The serological responses resulting from experimental chall­

enge of cattle with hardjo or balcanica are indistingui shable 

by the use of microscopic agglutination test . 

4 .  It was not possible to di stinguish between experimental 

challenge with bal canica , hardjo or pomona on the bas i s  of 

biochemi cal changes in blood or urine . 

5 .  Evidence i s  presented which indi cates that animals with 

convalescent leptospiral titres are not susceptible to 

further challenge with the homologous serovar . 

6 .  Experimental challenge of cattle with convalescent leptospiral 

titres failed to produce marked anamnestic ri ses in agglut­

inating titres . 



7 .  It i s  cons i dered that the findi ng s  reporte d  i n  thi s chapter 

support the contenti on that b ovines are likely to shed hardjo 
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only during the period o f  the i r  l i ves whi ch commence s two to 

three months after the loss o f  maternal antibody and terminate s  

approximately one year after sero-convers ion . 
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ST.1-1MARY AND CONCLUSION 

The investigations reported in thi s thesis can be divided 

into four main areas : surveys , serological and imnunological 

investigations , epi demiological observations and experimental 

infections . 

The random survey of New Zealand bovine sera conduc i,ed in 

thi s study repre sents the first reported attempt to assess the 

true national prevalence of titres to the five serogroups 

r�presentative of the six serovars kno�m to occur here . It i s  

believed that the estimates o f  the reported prevalences of 

hardjo , pomona and tara ssovi titres in New Zealand cattle of 

60% , 18% and 9% respectively are good estimates  of the true 

situation . These estimates largely confirm the findings of  

earlier workers although they suggest that bovine pomona in­

fection is becomi ng less prevalent in New Zealand . It i s  be­

lieved that thi s decline is related to changes in farming 

patterns which have considerably reducec the degree of contact 

between cattle and pigs in thi s country . There i s  little 

evidence that infection wi th serovars other than these three 

is of more than minor signi ficance in the New Zealand bovine 

population . 

'Bovine infection with serovar hardjo is extremely pre­

valent in thi s country especi ally in the North Island . Thi s 

finding i s  in agreement with the situation occurring in most 

other parts of the world .  Although infection Vlith thi s serovar 

was first reported in New Zealand about ten years ago there i s  

no evidence t o  indicate that it  has not been prevalent for many 

more year s . However , it i s  possible that the prevalence has 

Increased in recent years in association with changes in farm 

management , in parti cular the trends towards larger herds and 

higher stock densities and increase� movements of cattle about 

the country . The high prevalence of bovine hardjo infection 

observed here and in other countries undoubtedly reflects a 

marked host-parasite adaptation . 
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The epi demiology of bovine hardjo infection has b e en in­

ve stigated in thi s  study by c onducting a d�tailed examination 

of a single herd with a known high level of endemi c infection .  

Base d  on a series o f  prospec t ive c ohort studie s  on groups of 

calve s ,  hei fers and cows , a c ons i s tent pattern of infection was 

observe d . Host adult cows were s erological ly po sitive and in 

the c onvalescent stage of infe c t i on . Very few indivi duals in 

the milking herd were still in the leptospiruric stat e ; the 

only one s detected in thi s study were hei fers Vlhi ch had recently 

calve d for the first time . Cows trans ferred agglutinating anti ­

body to their calves in thei r  colostrum . There was n o  evi dence 

that calves experi enced i n  u t ero infection . Calve s with colostral 

t i tres remaine d sero-posi tive for up to six months after birth . 

New infe c tions were first obs erve d in calves aged s even to e ight 

months ,  a lthough the mean age at infection was approximately 12 

months . Infe cted calve s or hei fers were observed to shed hardjo 
in their urine for an average of nine months , though s everal she d 

for more than one year and one was sti l l  shedding when last 

sampl e d ,  over 14 months after infection . Following the cessation 

of leptospiruria most animal s  remain sero-po sitive , with slowly 

declining titres , for life . 

All hardjo outbreaks o c c urred following close contact b e ­

tween susceptible calves and known or suspe cted shedder cattle ; 

generally contact between conse cutive cohorts . Thus one cohort 

of heifers containing a number o f  leptospiruri c indivj duals acted 

as the s ourc e  of infection for the following one or two cohorts 

of younger hei fers or calve s . In spit e  of intensive s tudy no 

wild , feral or other dome s t i c  spe c i e s  was demonstrated to act 

a s  a reservoir for hardjo infec tion . 

These findings indi cate that there i s  a bovine endemi c cycl e  

of hardjo infect ion . Cattle be come infe cte d by c l o s e  c ontact wi th 

other older cattle she dding hardjo in their urine . Causal 

a s so c i ated factors were not fully determined in this study but it 

is apparent that both age and c limate are important . In herds 

with a high level of endemi c infection ,  calves do not appear to 

become sus ceptible until they have lost all maternally-derive d 

antibody , at seven to eight · months of age . However ,  .infec tion 
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results only following contact between susc eptibles and infe ctive s  

when climati c  factors are favourable , most parti cularly when the 

degree of soil-water saturati on i s  near i t s  peak winter levels 

betwe en the months of June and Septemb er . 

The feature of th� host-parasite relati onship favouring the 

establi shment and maintenance of thi s cycle i s  the signi f i cant 

proportion of infe cted cattle whi ch c ontinue shedding hardjo for 

at least a year after infection . There is no evi dence that any 

other s erovar oc curring in New Zealand i s  s imi larly adapted to 

c attle though simi lar a s sociations o c cur between other hos t  

spec i e s  and their naturally-infe cting serovar . It i s  argued 

that for the maintenance of a part i cular serovar in a parti cular 

host populati on the main condi t i on i s  that a signifi c ant pro­

portion of infected animals remai n  c arri er s  suffic iently long 

to infect . _ each new generation or c ohort of s us ceptible s .  

It i s  sugge sted that the natural cycle of hardjo infe ction 

observed i n  thi s study could be postponed for 12 months under 

management systems whi ch maintain adequate segregation b e tween 

young sus ceptible calves and older infective heifers and cows . 

Under thes e  c ondi tions the endemi c cycle would become e stabli she d 

in the adult mi lki ng herd . When sus ceptible he ifers enter the 

a dult herd after the ir first calving , they would become i nfe cted 

by expos ure to the previ ous year ' s  i nfective heifers and then 

act as the re servoir of infection for sub s equent i ntroductions 

of susceptibles 12 months late r . If such an association can be 

demonstrated t�en the ri sk to the farmer of hardjo infection may 

be sub stanti ally reduced by the s imple e xpedient of encourag5.ng 

calfhood infection by ensuring contact between yorng sus c eptibles 

and known shedders at least 12 months before thes e  animals enter 

the adult mi lking herd . Thi s pos sibility represent s an obvious 

and important are a for further study . 

The other prospe ct offere d · by the demonstration of thi s 

endemi c cycl e  i s  that o f  control and eradi cation ,  through manage­

ment prac t i c e s  s upplemented wi th vaccination . The e xperimental 

infec t i on studie s  reported i n  thi s investigation support the 

contenti ons that cattle wi th convales cent titres are protected 
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against reinfe c t i on and that the leptospirur i c  state i s  rare i n  

thi s age group . Thus the protection of only one or two suc cessi ve 

c ohorts against i nfection may be suffi ci ent to break the cycle of 

infection and allow a herd to be come free of hardjo infe c t i on . 

Thi s hypothesi s i s  mos t  worthy of further inve stigation . 

Although cattle clearly acted as the reservoir spe c i e s  for 

further bovine infection in thi s study , the role of sheep in the 

overall epi demiology of bovine hardjo infection in New Zealand 

was not studie d . Thi s possibility ,  that sheep may act as a 

re servoir for bovine infe ction ,  requi res further study .  There 

i s  extens ive evi dence for the occurrence in New Zealand of ovine 

infection with members of the Hebdomadi s serogroup ,  and i t  

seems likely that under some circumstances sheep-to- cattle trans ­

mi ssion may oc cur . I t  i s ,  however ,  possible that sheep are not 

well-adapted hosts for hardjo infe ction and that the hardjo 

t i tres observed in sheep are attributable to short-term infe ctions 

accompani e d  by a transi ent leptospirur i c  phase which result from 

contact with infective cattle . .  

The epi demi ology of bovine pomona infe ction appears to b e  

c lo sely associated with the cycling of that serovar in the porcine 

populat ion . The pre s ent study of bovine pomona infe cti on was 

secondary to the maj or investigati on of bovine hardjo infe c tion . 

Furth.er study i s  required to test the sugge sted hypothe s i s  that 

bovine pomona infection is a sporadi c s elf-limiting di sease re­

sulting from direct , or indirect , contact with shedding pigs . 

Should thi s hypothes i s  be corre c t , c ontrol of pomona infe c t i on 

in piggeries wi ll be ne cessary i f  the pub l i c  health risk pre­

serted by i nfected pigs and cattle is to be reduced .  

The s tudi e s  on the role of IgM and IgG immunoglobulins 

�eported i n  Chapter Six suggest an are a  for further i nvestigation . 

The observati ons reported in that chapter indi cat e  that recently­

acqui red t i tres could be detected by a simple method of IgM 

inactivation . Thi s could readi ly b e  performed in any laboratory 

equippe d to ca rry out the leptospiral MAT . Such a test would 

prove an invaluable epi demiological tool in i denti fying re c ent 
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and c onvalesc ent cases amongs t  groups of sero-positive animals . 

The failure to experimentally infect calve s wi th balcani ca 

reported in Chapter Nine may well have re sulted from the pre ­

sence of protective leve l s  of passively acquired antibody in 

the experimental calv� s and doe s  not prove that thi s sero-

var c annot infect cattl e . The results indi cate that i f  bovine 

bal cani ca infection should o c cur it would be serologi cally in­

disti ngui shable from hardjo infection using current methods .  

Further attempts to experimentally infec t  cattle wi th thi s 

serovar are clearly nee de d . The pre sent study has i ndi cated 

that young calves which have r ecently lost passively-acquired 

hardjo titre s are unlikely to be suitable experimental animals . 

The que stion of the susceptibility of the New Zealand 

cattle population to serovar bal cani ca must be resolved by 

further experimentation . The findings reported in thi s s tudy 

of bovine hardjo infecion indicate that the control and elim­

inat ion of thi s infe ction wi thin a closed population of 

cattle may b e  a practi cal po ssibility . However , the c lose 

e c ological association between cattle and pos sums in New 

Zealand is well known and the pos s ibility that a hardjo-free 

bovine population could be sus ceptible to infe ction with 

bal cani ca must not be ignored .  The introduction of bal cani ca 

to the national herd might have s ignifi cant economi c and 

public health impl i cations . 
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APPENDIX I .  

��nufacturers of praducts  identi fied in the text by 

brand names . 

Ataga : 

Analar : 

Beckman : 

B . D . H .  : 

Colworth 400 : 

BBL : 

Difco : 

Dynatech : 

Isco : 

M & B :  

Medol : 

Bussan Co . Ltd , 

Minata-Ku , Tokyo 105 , Japan . 

B . D . H .  Chemi cals , Ltd . , 

Poale , England . 

Beckman Instruments Inc , Palo Alta , 

Califarnia ,  U . S . A .  

British Drug House , 

Paale , England . 

A . J .  Seward & Ca . Ltd . , 6 Stamfard St . ,  

Londan SEI 9UE , England . 

Becton , Dickinson & Ca . ,  

Rutherford , New Jersey 07070 , U . S . A .  

Difco Laboratories , 

Detroit , Michigan , U . S . A .  

Caok Labaratary Products , 900 Slaters Lane , 

Alexandria , Vi rginia 22314 , U . S . A .  

Galden Retriever Model , Instrumentation 

Specialties Co . ,  P . O .  Box 5347 , Lincoln , 

Nebraska 68505 , U . S . A .  

May and Baker Ltd . , 

Dagenham, England . 

Laboratary Servi ces Ltd . , 

23 Batha St . ,  Auckland 6 ,  New Zealand . 

212 . 

Herk : 

Micratitre : 

E .  }�erk , Darmstadt , Federal Republic of  Germany .  

Dynat�ch Singapore ( Private ) Ltd . ,  

21B Galdhill  Plaza , Singapare 11 . 

Miles Laboratories : Hiles Laboratories Inc . , Research Products , 

Elkhart ,  Indiana 46514 , U . S . A .  

Millipare : 

Multisti x : 

Pentex : 

Petraff-Hauser : 

Millipore Corporatian , Bedford , 

1fussachusetts 01730 , U . S .A .  

Ames Divi sion ,  :Miles Laboratories Inc . 

Pentex Divis ion , �liles Labarataries  Inc . 

C . A .  Hauser and Son, 

Phi ladelphia ,  U . S . A .  



Pharmacia : 

Sigma : 

Swirmex : 

Ti tan Zipzone : 

Vacutainer : 

Varigrad : 

Whatman : 

Pharmacia Fine Chemicals AB , 

Uppsal a ,  Sweden . 

Sigma Chemi cal Co . ,  P . O .  Box 14508 , 

St Loui s ,  Hi ssouri 63178 , U . S . A .  

Millipore Corporation .  

Helena Laboratories . Corp , Box 752 , 

Beaumont , Texas 77704 , U . S . A .  

Becton , Dickinson & Co . ,  Rutherford ,  

New Jersey 07070 , U . S . A .  

Buchler Instruments ,  Colorado , U . S . A .  

Whatman Inc . ,  Cli fton , New Jersey , U . S . A .  
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Yellow Springs Instrument Company : 

Model 31 Conductivity Bridge , 

Yellow Springs Instrument Co . ,  Yellow Springs , 

Ohio ,  U . S . A .  
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APPENDIX II 

Stati sti cal methods used  in thi s study . 

All stati stical analyses were conducted on coded titres . 

The method for coding titres was discussed in Chapter Two . The 

code i s  a logarithmic transformation of the true titre and re­

presents the rank of the well in which the endpoint occurred . 

Coded titres can be converted to true titres by the formula 

Titre = 1 

The geometric mean titre ( GHT ) was obtained by calculating the mean 

coded ti tre and then applying thi s transformation to obtain the �IT . 

1 .  Hean coded titre : 

( x  = coded titre , n 
--

n 

2 .  Mean standard error of mean coded titre : 

1 L (  x - x ) 2 
S . E .  = ± 

nl ( n  _ 1 )  

J .  95%  confidence limits of mean coded titre : 

x ± l .  96 x S .  E . 

sample si ze ) 

�lliere 95% confi dence limits  were expressed as true titres the 

coded values of x - 1 . 96 x S . E .  and x + 1 . 96 x S . E .  were cal­

culated and then decoded . 

4 .  Student ' s  t test for comparing mean coded titres of small 

samples :  
S 2 

First the variance ratio ,  F = 1 was calculated to 
S2 2 

determine whether the variance s  of each sample were equal . Then 

student ' s  t was calculated . 

t = xl - x2 

s l ( 1 + 1 ) nl n2 
where 

with nl + n2 - 2 degress of freedom . 

s = �l ( x - xl )2 + �(x - x2 ) 2 

nl 
+ n2 - 2 

Subscripts 1 and 2 refer to data from each sample 

respectively . 
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5 .  Test for comparing mean coded titres from two large samples : 

Z = X
l -

x2 
-- . --

( S12 + s22 ) 
.; - -

nl n2 

where z i s  the standardi sed normal vari able . 

6 .  One-way analysi s  of variance : 

Source of 
variance 

Sum of square s Degrees of 
free dom 

Mean square 

Among 
samples 

Within 
samples 

Total 

where k 

n = 

i 
j 

x . = 
1 

X = 

k 
E 

i =l  

k 
E 

i =l 

k 

n .  ( x . -1 1.  

n ·  
1 E ( x  . •  

j =l l J  

n . 
E E 1 ( X  • •  

i = l  j =l l J  

x ) 2 k - 1 

n - k 
- ) 2 - x .  L 

- x ) 2 n - 1 

number of sampled populations 

total number of observations 

index of population 

index of  ob servation 
mean of . th population 

1 
overall mean 

k ni ( x .  -E l. 
i = l  

k - 1 
k n .  
E E1( x . .  

i=l  j = l  l J 
n - k 

x . . = . th observation in ith pOPJ.1lation l J  J 

7 .  Chi - square tests for frequency data : 

x ) 2 
= 

- x .  L 

S 2 
b 

)2 _ S2 

X2 = E( O  i E )2 o = observed frequency 
in each class 

E expected frequency 
in each class 

8 .  95% confidence l imits of prevalence data : 

95% C . L .  = � 1 . 96 x 100 � pq ) n 

where p = proportion affected 

q proportion not affected = ( 1  - p )  

9 .  Calculation of regres sion line : 

The regression line for y on x is  

where b E (  x - x )( y - y )  
( x - X ) 2 

and a = y bx  

y = a + bx  

F 

�2 

S2 



216 . 

10 . Calculation of correlation coeffic ient : 

E ( X - X ) ( y  - y )  r = 

IE( X - X ) 2 ( y  _ y )2 

1 1 .  The . standard error of  the estimate of the regression line : 

S y . x ( n  - 1 )( Sy2 - b 2Sx� )  

( n  - 2 ) 
where n = number of samples 

S 2-
x - variance of sample 

S 2 = 
y variance of sample 

X values 

y values 

b estimated slope of regression line 

12 . Significance test for comparing regression coeffi cients : 
bl - b2 

z = ( Sf. 
Xi 

Sy� x2 ) I ( Ll( x - xl ) 2 + E2( X - x2 )2- ) 

where sub scripts 1 and 2 refer to stati sti c s  calcul ated 

from each populati on and z is the standardi sed normal 

stati sti c .  

1 3 . Calculation of 99% confidence limits o f  regression l ines : 

99% C . L .  
- 2 

a + b(  x - x )  :I: t Sy X 1 ( 1:.  + { xo - x } ) o 0 . 9 9 5 '  N . n {n lExl 

where Xo = x value at which confidence limits are being set 

t o . 9 9 5  student ' s  t stati stic for 99% level of 

probabili ty 

N degrees of freedom 
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APPENDIX III 

Preparation of Buffer . 

1 .  Sodium Barbitone Buffer :  

Dissolve 20 . 62g of Sodium barbitone in 1500 ml o f  distilled 

water , adjust pH to  8 . 6  with 0 . 5M Hel ( about 10 ml ) and make up 

to  2000 ml with di stilled water . 

2 .  Phosphate Buffer : 

Stock solutions were prepared a s  follows : 

Solution A :  Di ssolve 312 . 02g NaH2P04 . 2H20 ( M  & B )  in 2000 rnl of 

distilled water . 

Solution B :  Dissolve 716 . 40g Na2HPO 4 . 12H20 ( M  & B )  in 2000 ml 

of di stilled water . 

1 0 0M Phosphate buffer can be prepared by combining x ml of 

solution A and y rnl of solution B .  

x y pH 

45 . 0  55 . 0  6 . 9  

39 . 0  61 . 0  7 . 0  

33 . 0  67 . 0  7 . 1  

28 . 0  72 . 0  7 . 2  

23 . 0  77 . 0  7 . 3 

19 . 0  81 . 0  7 . 4  

16 . 0  84 . 0  7 . 5  

13 . 0  87 . 0  7 . 6  

10 . 5  90 . 5  7 . 7  

8 . 5  91 . 5 7 . 8  

7 . 0  93 . 0  7 . 9  

5 . 3 9/f . 7  8 . 0  

0 . 6M, O . lM and O . 01H phosphate buffers were prepared by 

diluting 1 . OH buffer with distilled water . 
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APPENDIX IV 

Preparation of  anti serum against bovine serum . 

A mixture of  1 . 0  ml Freunds complete adjuvant 0 . 5 ml sterile 

physiological saline and 0 . 5 ml fresh bovine serum was emulsified 

by repeatedly being forced through a 22 guage needle . Aliquots  

of 0 . 75 ml of  the emulsi fied mixture were administered to  each of 

a pair of rabbits by intramuscular inj ection .  Seven days later 

the process was repeated with the exception that Freunds incom­

plete adjuvant was substituted in the mixture . Thi s treatment 

was repeated again a further seven days later . Samples of blood 

were collected from the ear vein about 25  days after the intial 

inj ection and tested for antibody avtivity against bovine serum 

in immune electrophoresi s plates . The rabbits were exsanguinated 

28 days after the initial inj ection and their blood left to clot 

overnight before serum was removed by centri fugation for ten 

minutes  at 5000G . Five millilitre aliquots of serum were held at 

_lOoe until required . 
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Preparation o f  EMJH Medium according to the method 

of Johnson and Seiter ( 1977 ) .  

The stock solutions and med i a  were prepared in glassware 

whi ch had been thoroughly washed in an automati c  laboratory 

washing machine and rinsed with d i s t i lled water before being 

autoclaved at 1210C for 20 minut e s . 

Fre sh stock soluti ons of chemi cals were prepared for each 

batch of media as follows : 

NH
4

Cl ( B . D . H .  ) 

ZnS04 · 7H2 O ( M  & B )  

MgC12 · 6H2 O ( Analar ) 

CaC12 · 2H2O ( Analar ) 

FeS0
4

· 7H2O ( Analar ) 

CuS0
4

· 5H2O ( Analar ) 

Sodium pyruvate ( B . D . H .  ) 

Glycerol ( B . D . H .  ) 

Tween 80 ( Sigma ) 

Thi amine . HC l  ( Si gma ) 

Cyanoc obalamin ( Si gma ) 

Basal med i um c onsi sted of : 

deion i s e d  water 

KH2P0
4 

Na2HP0
4 

NaCl 

( Analar ) 

( Analar ) 

( Analar ) 

plus stock solutions as follows : 

NH
4

Cl 

Thiamine . HCl 

Sodium pyruvate 

Glycerol 

grams per 

9960 ml 

. 3g 

109 

1 09 

10 ml 

10 ml 

10 ml 

10 ml 

100 ml deioni sed 

2 5 . 0  

0 . 4  

1 . 5  

1 . 5  

0 . 5 

0 . 3 

10 . 0  

10 . 0  

10 . 0  

0 . 5 

0 . 02 
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water 

Thi s solution was adjusted to pH 7 using a pH meter ( Beckman ) 

and 450 batches were decanted in s c rew- c apped bottle s ,  autoc lave d  



at l2loC for 20 minute s  and hel d  in bulk . 

The albumin supplement wa s prepared by di s solving 100g 

Bovine albumin fraction V powde r  ( Pentex ) in 5 00 ml deioni sed 

water using a magne t i c  s t irrer in a one litre coni cal flask . 

The following stock solutions were slowly added as the powder 

di ssolve d :  

CaC12 10 ml 

MgC 12 10 ml 

ZnS04 10 ml 

CuS04 
1 ml 

FeS0
4 

100 ml 

Cyanocobalamin 10 ml 

Tween 80 125 ml 

When the powder was completely dissolved the pH was adjusted 
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to 7 . 4  and the solut i on brought to one litre by the addit i on of 

deioni sed water . The solut ion was then steri l i sed by fi ltration 

using a 0 . 22 �m filter ( Mill ipore ) and stored in 50 ml batches 

in sterile glas s bottle s . 

Liqui d medium was prepare d  by adding 50 ml of albumin 

supplement to 450 ml of basal medium . 

Semi solid mediwn was prepared by adding 0 . 75g agar ( Di fco ) 
to 4 5 0  ml of basal medium . Thi s was autoclaved at 12loC for 

20 minute s  then cooled to about 400C before the addition of 

50 ml of albumin supplement . 

Both media were incubated for three days at J70C and 

three days at JOoC b e fore use to check for the pres ence of con­

tamination . 

All new batche s o f  basal medium and albumin supplement were 

tested to see that they supported the growth of a slow-growing 

hardjo i solate . Both l i qui d and semi solid media were prepared 

from samples of each new batch and approximately 102 organisms 

were inoculated into s everal tubes of media . The se were in-
o cubated for two to three weeks at JO C .  
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Stock soluti on of 5FU ( Sigma ) was prepared by adding 1 . Og of 
5FU to 50 ml of di stilled water . Thi s was placed in a 60°C water 
bath to di ssolve the 5FU and the pH then adjusted to 7 . 6  by the 
addition of IN HC1 . The solution was made up to 100 ml by the 
addition of distilled water and was steri li sed by filtration 
through a 0 . 22 �m fi lter ( }tillipore ) . Aliquots of the 5FU sol­
ut i ons were held at 4°C until  required ,  when they were dissolved 
by placing in a 60°C water bath prior to addition to the prepared 
media .  
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APPENDIX VI 

Effect of urine on the recovery of hardjo in culture . 

The following experiment was conducted to test the inhibitory 

effect  of urine on the growth of  hardjo in semi solid D�JH medium .  

Urine was collected from a known shedder and sterilised by 

double filtration through a 0 . 22�m cellulose filter followed by 

a final filtration through a O . lO�m filter . Dilutions of this 

urine were prepared in sterile physiological saline to provide 

final urine concentrations of : 100% 

75% 

50% 

25% 

0% 

A fresh culture of hardjo grown in liquid EMJH medium was added 

to aliquots of these dilutions of sterile urine to produce counts 

of leptospires in each dilution ranging from approximately 10 1 to 

105 organisms in tenfold steps . 

Each of the 25 resulting combinations of  urine were inoculated 

into paired tubes of semisolid D4JH containing 200 �g/ml 5FU at 

two inoculum rates ; 50�1 and 1000�1 .  The leptospiral count of the 

larger inoculum was adjusted so that approximately the same number 

of organi sms was inoculated by either method . All tubes were in­

cubated for 60 days at JOoC and examined once at the end of that 

period . 

The results  are summ�rised in the tables given below . 

Number of organi sms in  the 1000�1 inoculum . 

10 1 102 103 104 105 

4-i 100% N N N N P 
0 ill 

..c: 75% N N N C N I=: +> 
0 @ • .-j I=: 50% N N N N N +> • .-j r-I 
r-. ;::J 
0 (\) C) 25%  N N N N P Pi I=: 0 
0 • .-j I=: r-. r-. • .-j 0% N p N P C p..., ;::J 



Number of organi sms in the 50�1 inoculum . 

10 1 102 
c.-. 100% N N 
0 OJ � 75% N N s:::: +' 
0 3 .r-! s:::: 50% C C +' .r-! rl H ::J 0 OJ C) 25% N N Pi s:::: 0 0 .r-! s:::: 
H H .r-! 0% N p p.., ::J 

N Both replicates negative 

P = at least one repli cate positive 

C Both repli cates contaminated 

103 
N 

N 

N 

P 

C 
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104 105  
P P 

N P 

P P 

N P 

P P 

The s e  re sults were taken to indi cate that large volume s of 

urine in the inoculum were inhibiting the i s ol ation of hardjo . 

Consequently , after thi s experiment , all urine culture s were 

c arrie d  out using 50�1 inocula of urine whi ch was ei ther un­

diluted or di luted 1 : 10 .  
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