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( i i i )  

ABSTRACT 

The automated complement fixation te s t  (CFT ) and the 

bruce l losis  card test  (BCT ) have been wide ly used as o fficial t e s t s  

in  the New Zealand Bovine Bruce l losis  Eradication Scheme . During 

the course of the eradication programme i t  was observed that a 

s igni ficant proportion o f  catt le  reacted to the BCT yet remained 

negative to the CFT and thi s  o ften occurred on more than one 

occas ion for any particu lar anima l .  

Twenty cows , from reactor herds , that had been BCT+/CFT- on 

at least  three success ive occasions were s laughtered . De spi te 

extensive samp l ing , attempts  at  i solating Bruce l l a  abortus organi sms 

from t i s sues o f  these animals  were un�ucce s s ful . Serum from one 

cow was found to be pos i tive to a wide range of sero logical tests  

and i t  a l so caused a strong prozone react ion in the CFT , which 

could easily have been overlooked. The possibility that the 
automated CFT , which i s  e ssential ly a one d i lution te s t ,  was unab le  

to  detect  such prozoning sera was inves t igated.  I t  was shown that 

providing a s uitab l e  choice of ant igen concentrat ion was made , 

such sera would  be de tected by the automated te st. 

B ruce l la - spec i fic I gG 1 , I gG2 , and IgM leve l s  in prozoning 

and non prozoning sera were measured u sing the single radial immuno

d i f fus ion test. I t  was shown that serum containing a high 

proportion of  speci f i c  IgG2 was l ike ly to exhibi t  prozoning and 

that various degree s  of prozoning could be induced by varying the 

ratio o f  speci fic  I gG 1 to specific  IgG 2• 

Cat t le , previous ly sens i t i zed by cal fhood B r .  abortus s train 19  

vaccination ,  were experimentally inoculated with kil led �· abortus . 

I t  was shown that a l though serum agglutination test  ( SAT ) and CFT 

t i tres appeared for a short period , t i tres to the BCT in some catt l e  

tended t o  remain longer thus a l lowing an animal t o  be  BCT+/CFT- .  

An analysis  o f  herd test ing data indicated that BCT+/CFT

animal s  were more l ike ly to exis t  in infected herds than in non

infected herds . In heavily infected herds up to 1 6% o f  CFT- animal s  

were BCT+ whereas in non- infected or very l i ghtly infected herd s  

l e s s  than 4% were CFT-/BCT+. I t  was concluded that i n  sensiti zed 

cat t l e  at least exposure to the organism without true infection i s  

capabl e  o f  stimulating antibody which i s  detected by the BCT, but 

not necessar i ly abl e  to provoke positive CFT titre s .  



! 

( iv) 

The performance o f  the Auto-Analyzer adaptat ion o f  the CFT as 

used in the New Zealand erad icat ion scheme was assessed . Various 

pro zoning sera from known infected animals  were te s ted and the e ffect 

of varying ant igen concentrations on these and o ther sera was noted . 

S i gnificant d i f ferences in ant igen concentrat ion required for 

more antigen than non-prozoning sera and even sera that d id not 

exhibit  prozoning had varying optimal antigen requirements .  

By using L125 labe l led bovine gama-globul in
. 

the d i lution gradient 

of  serum within the Auto-Analyzer sys tem was e st imated . Knowledge o f  

the serum d i lu t ion gradient be ing obtained was e s sent ial  for proper 

understanding of unusual traces given by prozoning sera . 



ACKNOWLEDGEMENTS 

The work for thi s  thes i s  was carried out  whi l e  in the 

emp loyment o f ,  and with the a s s i s tance o f ,  the New Zealand 

Mini s try o f  Agr icu l ture and Fi sheries . 

Particular thanks are due to Mr J . W .  Moxham , Superintendent , 

Central  Bruce l lo s i s  Laboratory , Wal lacev i l le Animal Re search 

Centre , Upper Hut t ,  and to Drs R . B .  Mar shal l  and K .M .  Moriarty 

o f  Mas sey Univers i ty for their interes t , advice and encouragement .  

Special thanks go to Mr A .Wo Barkus for as s i s tance in 

preparation of photographs and figure s and to Mrs N .M .  We thera l l  

for typing the manuscrip t . 



Acknowledgements  

List  o f  f igures 

L i s t  of t ables 

Introduc tion 

Chapter 1 .  

Chapter 2 .  

Chapter 3. 

Chapter 4 .  

Chapter 5 .  

Chapter 6 .  

Chapter 7 .  

Appendix I .  

References 

TABLE OF CONTENTS 

Li terature review 

Cul tura l and serological s tudies  

Exper imental inoculat ion of  cat t le  

with k i l led Bruce l la  abortus 

S tudi e s  on Bruce l la spec i f ic  serum 

ant ibody fract ions 

Appra i sa l  of the Auto -Analyzer 

adaptat ion of the comp lement 

fixat ion test  

Ana ly s i s  of f ie ld data 

General  di scuss ion 

Page 

(v ) 

(vii ) 

( ix) 

1 

4 

48 

69 

7 2  

84 

105 

1 10 

1 13 

1 1 6  

\V 



LIST OF FIGURES 

Figure 

1 Bruc e l losis  card test 

2 Auto-Analyzer adaptation of  the 

complement fixation te s t  for brucel losis  

3 His togram of titres given by cattle  

inocu lated wi th ki l led Bruce l la abortus 

s train 19 . 

4 Elution gradient of  phosphate buffer 

used in DEAE ce l lulose column 

5 Typ ical  trace of  absorbance at  254 � of 

eluate of DEAE ce l lulose co lumn 

6 Typica l trace of  absorbance o f  254 � of 

e luate from Sephadex G200 co l umn 

7 

8 

Typical  electrophoresis  p late 

Typical  single radial immunodiffus ion 

p late 

9 Schematic diagram of automated complement 

fixation test 

10 

1 1  

Principle  o f  continuous flow analys is  as 

adapted to the complement fixation test 

Continuous d i lution method of titration 

1 2  Auto-Analyzer trace given b y  continuous ly 

d i lu t ing complement in the absence of  

s amp les 

(vii ) 

Between pp . 

38 - 39 

42  - 43 

70  - 7 1  

7 3  - 74  

7 3  - 74  

7 3  - 74  

7 3  - 74  

75  - 7 6  

8 4  - 85 

84 - 8 .5'  

88 - 8 9  

9 3  - 9 4  



(viii ) 

Figure Between PP• 

1 3  Graph drawn b y  p lotting values derived 

from chart shown in Figure 1 2  

14 �il�tien �radiant •iven by 112319�elled 
serum 

15 His togram of relative serum d i lutions 

in each a l iquot taken from Auto-Analy'zer 

1 6  Series o f  typica l antigen t i trat ion 

charts  from Auto-Analyzer 

1 7  Ant igen ti tration with varying serum 

dilutions of  a prozoning serum 

18  Antigen t i tration wi th varying serum 

d i lutions of  a non-prozoning serum 

19  Antigen t i tration wi.th varying serum 

d i lutions of  a non-prozoning serum 

20 Effect o f  variat ion in antigen 

concentrat ion on prozoning sera in 

automated complement fixat ion test  

I• 

9 3  - 94 

96  - 9 7  

96  - 9 7  

9 8  - 9 9  

9 8  - 99  

98 - 99  

98 - 99  

98 - 99  



Table 

I 

LIST OF TABLES 

S train 19 antigen t i tration for 

agglutination test , against labgratgry 
standard serum 

II Whole  ce l l  s train 19 ant igen , t itration 

for warm fixation CFT 

II Sonicated strain 19  antigen , ti trat ion 

for warm fixation CFT 

IV Ether-water treated strain 19 ant igen , 

titration for warm fixation CFT 

V Titres to agglutination type te s t s  o f  

repeat BCT+/CFT- animal s  s laughtered 

VI Complement fixation test  resu lts  for 

repeat BCT+/CFT- animals· ' 

VII Complement fixation test  resul t s  for 

repeat BCT+/CFT- animals  

VIII Complement fixation te st  resu l t s  

I 

IX Rivanol comp lement fixation test  

commercia l  s train 99  antigen 

X Immunoglobul in concentration and Brucella  

specific  antibody percentage rela ted to 

degree of  prozoning of  warm CFT t i tre  

XI Speci fic  and total immunoglobulin 

concentrations  in al iquots  of  IgG1 and 

IgG2 

XII Results of warm fixation CF te sts  for 

mixtures of specific  I gG1 and IgG2 

XIII Reaction o f  I gG1 and I gG2 to serum 

agglutination and card te sts  

XIV Summary o f  leve l s  of .. 
radioactivity 

recorded before and after d i lution o f  

samples  by AutoAnalyzer 

(lx) 

Page 

59  

59 

60 

60 

62 

63 

64 

65 

65 

78 

80 

80 

80 

97  



(x) 

Tab le Page 

XV Manual CFT results  for sera giving 

peaks shown in figure 6 .  3 99 

XVI BCT and CFT reac tor ratea at initial 

herd te sts  107 

I• 


