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o f  an e f f e c t i v e  im m unizing  a g e n t  i n  t h e  n a t i v e  s t a t e  f rom 

B r u c e l l a  a b o r t u s .
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HISTORICAL

The d e s i r a b i l i t y  o f  o b t a i n i n g  r e l a t i v e l y  p u r e  and  b i o ­

l o g i c a l l y  a c t i v e  s u b s t a n c e s  from t h e  b a c t e r i a l  c e l l  h a s  been  

e m p h as iz ed  by  th e  r e c e n t  p a p e r s  o f  s e v e r a l  w orkers*  P i l l e m e r ,  

f o i l ,  and B ad g e r  ( 1 9 ^ 7 )* P i l l e m e r  and  Moore (19^$ )  and P i l l e m ­

e r ,  w i t t i e r ,  B u r r e l l #  and O ro s s b e r g  (1 9 ^6 )  have  d e s c r i b e d  

th e  i s o l a t i o n  and isu su n o ch em is try  o f  homogeneous d i p t h e r i a  t o x ­

o i d  and c r y s t a l l i n e  t e t a n a l  t o x i n ;  Lamm ana and d-la s sman (1 9 ^7 )  

have  d e s c r i b e d  th e  i s o l a t i o n  o f  t y p e  B C l o s t r l c l i um b o t u l l n u a  

t o x i n ;  B a k e r ,  Sommer, L. E. F o s t e r ,  1 .  Meyer and K , F. Meyer 

( 19^ 7 ) r e p o r t e d  the i s o l a t i o n  o f  a c r y s t a l l i n e  a n t i g e n  from 

P a s t e u r e l l a  p e s t  i s ; and B e v i l a q u a  and M cC ar te r  (19^-g) f r a c t i o n '  

a t e d  and c h a r a c t e r i z e d  t h e  components  from t u b e r c l e  c u l t u r e  

f i l t r a t e s *  A l l  o f  t h e s e  w o rk e rs  have  I s o l a t e d  s u b s t a n c e s  which 

a p p e a r  t o  be homogeneous and a r e  b i o l o g i c a l l y  a c t i v e  I n  p r o d u c ­

i n g  a n t i b o d i e s  a n d / o r  im m unity ,  i n  e x p e r i m e n t a l  a n i m a l s .  The 

methods  em ployed f o r  the  i s o l a t i o n  o f  v a r i o u s  compounds a re  

b a s e d  on t h e  m u l t i v a r i a b l e  sys tem d e v e lo p e d  by Cohn, S t r o n g ,  

H ughes, M u lfo rd ,  Ashworth ,  Meli n ,  and T a y lo r  (19^6 ) and t h e i r  

c o -w o rk e r s  f o r  t h e  f r a c t i o n a t i o n  o f  p r o t e i n  components  o f  

b lo o d  p la sm a  in  h i g h l y  p u r i f i e d  s t a t e .

A s t u d y  o f  the  l i t e r a t u r e  on im m u n iz a t io n  a g a i n s t  b r u c e l ­

l o s  i s  shows t h a t  t h e  methods o f  t r e a t i n g  th e  c e l l s  o r  p r o d u c t s  

u s e d  f o r  im m u n is a t io n  may ro u g h ly  be  g ro u p e d  as  f o l l o w s ;  

t r e a t m e n t  o f  whole c e l l s  p r i m a r i l y  by  p h y s i c a l  a g e n t s ,  t r e a t -
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merit o f  w hole  c e l l s  p r i m a r i l y  by  c h e s t  e a l  a g e n t s ,  e x t r a c t i o n  

o f  t h e  c e l l s ,  use  o f  a d j u v a n t s  and a t t e n u a t i o n ,

K i l l i n g  c e l l s  by  p h y s i c a l  a g e n t s

1.  H e a t . M e a t - k i l l e d  b a o t e r i n  was f i r s t  employed by 

S l r t  and Lamb (1699)  ^ho i n j e c t e d  h e a t - k i l l e d  Br.  m e l i t e n e i e  

i n  an a t t e m p t  t o  immunise a  man a g a i n s t  l i v e  c u l t u r e s  o f  t h e  

same o rg a n ism  -sub seq u en t ly  i n j e c t e d .  The man became i n f e c t e d .  

Shaw (1907)  and  Eyre (1906)  i n j e c t e d  h e a t - k i l l e d  B r . me11t e n - 

s i s  i n t o  t h e  monkey and  man r e s p e c t i v e l y  w i th o u t  o b t a i n i n g  

s i g n i f i c a n t  p r o t e c t i o n .  N l c o l l e ,  B u r n e t t ,  and C o n s c i l ,  work­

i n g  on man., ( 1 9 2 3 ) ,  A s c o l i  and S a n f i i i p o  (1 2 9 ) ,  Z a m i t t  and 

Dabono ( 1 9 3 0 ) ,  on g o a t s ,  and  Dubois .and Sol H e r  (1930)  on man, 

a l l  c la im e d  e v id e n c e  o f  p r o t e c t i o n  f o l l o w i n g  t h e  i n j e c t i o n  o f  

h e a t - k i l l e d  Br.  m e l i t e n g i s . T h is  work h a s  n o t  b een  s u b s t a n ­

t i a t e d  and  Huddle so n  (19**-2a) s t a t e s  t h a t  im m u n iza tio n  o f  human 

b e i n g s  h a s  n o t  been s u c c e s s f u l .  h f u r t h e r  f a i l u r e  o f  v a c c i n a ­

t i o n  o f  man a g a i n s t  b r ts e e l  l o s l s  i s  r e p o r t e d  by Howe, M i l l e r ,  

K e l l y ,  B r o o k w a l t e r ,  and. E l l i n g t o n  (19^7 )  i** a r e p o r t  o f  17 e a s e s  

o f  b r u c e l l o s i s  among a  g r o u p  o f  l a b o r a t o r y  w o rk e rs  i n j e c t e d  w i th  

a  k i l l e d  v a c c i n e .  Mo d e t a i l s  a s  t o  how t h e  v a c c in e  was mad© 

were g iv e n .

H e a t - k i l l e d  B r. a b o r t u s  b a n t e r i n g  h av e  been  u sed  w i th  e -  

q u a l  l a c k  o f  s u c c e s s  by Bang ( 1 9 0 6 ) i n  h e i f e r s ,  M&cfadyean and 

S toekm an ( 1 9 0 9 ) i n  cow s, A s c o l i  (1915 ) i n  g u in e a  p i g s ,  Zwick, 

Z e l l e r ,  K ra g e ,  and  Omlnder (1920) and Sm ith  and L i t t l e  ( I 9 2 3 ) 

i n  p r e g n a n t  and n o n - p r e g n a n t  cows. Smith and L i t t l e  f e l t  some
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p r o t e c t i o n  was e v id e n c e d .  F a i l u r e s  to  immunize g u in e a  p i g s  

by  i n j e c t i o n  o f  b e a t - k i l l e d  B r .  a b o r t u s  c e l l s  a r e  r e c o r d e d  by 

A s c o l i  ( 1 9 1 5 )# S t a f a e th  (1 9 B 0 ) , Hagan ( 1 9 ? £ b ) , S c h ro e d e r  and 

C o t to n  (1 9 2 ‘4.}, C a t k i n  (1 9 3 1 ) ,  H o l th  (1 9 3 3 ) ,  KcEwen and R o b e r ts  

( I 9 3 6 ) ,  and  Huddle son  ( 1 9 ^ 7 ) • CSw&tkin a l s o  u se d  p h e n o l i z e d  

h e a t— k i l i e d  ce l i e  *

The o n ly  a p p a r e n t  s u c c e s s  w i th  h e a t - k i l l e d  B r . ak o r tu a  a s  

f a r  a s  i s  known, was im m u n iz a t io n  o f  r a t a  r e p o r t e d  by H o l th  

(1 9 1 1 ) .  However, t h e  same w orke r  fo u n d  no p r o t e c t i o n  fo r  m ice  

t e s t e d  a t  t h e  same t im e .

2. U l t r a v i o l e t  l i g h t . Huddle son  (19*4-7) r e p o r t e d  some 

p r o t e c t i o n  to  be e v i d e n t  i n  g u in e a  p i g s  i n j e c t e d  w i th  i r r a d i ­

a t e d  c e l l s  and s u b s e q u e n t ly  c h a l l e n g e d  w i t h  100(3 t o  1 0 0 ,0  CO 

o rg a n is m s  o f  homologous and  h e t e r o l o g o u s  s p e c i e s .

3. S o n ic  t r e a t e d  o r g a n i s m s . L i v e ,  S p e r l i n g ,  and S tubbs  

(19*4*5) d i s i n t e g r a t e d  whole c u l t u r e s  o f  Br.  a b o r t u s  w ith  h ig h  

f r e q u e n c y  sound w aves. The c e l l  f r e e  e x t r a c t ,  p r e c i p i t a t e d  

and p r e s e r v e d  w i th  e t h y l  e t h e r ,  was g iv e n  i n  a s e r i e s  o f  3 i n ­

j e c t i o n s  a t  3 day i n t e r v a l s  and  Immunized 16 o f  145 g u in e a  p i g s  

w h i l e  a l l  b u t  one o f  t h e  c o n t r o l  a n im a l s  was i n f e c t e d  by  c h a l ­

l e n g e  d o s e s  r a n g i n g  from ?.JO t o  1*500 Br.  a b o r t u s  o rg a n is m s .

*4-. M e c h a n ic a l  d i s i n t e g r a t i o n . Huddle son (19*4-0) ( 1 9 *+TD) 

has  u se d  an e t h e r  e x t r a c t  o f  B r . s u l  s and  B r . a b o r t u s  crushed, 

i n  a  wet c r u s h i n g  m i l l  a t  low t e m p e r a t u r e . T h is  p ro d u c e d  a 

p r o d u c t  w hich  e n g e n d e re d  some p r o t e c t i o n  when u s e d  as a v a c c in e  

i n  g u i n e a  p i g s  c h a l l e n g e d  w i t h  IpB to  o rg a n is m s  and  was

im p o r ta n t  i n  b r i n g i n g  ou t  t h e  need  f o r  u s i n g  low t e m p e r a t u r e s
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when sep aratin g  p r o t o p l a s m i c  com p o n en ts .

I C l l l l n g  by  c h e m ic a l  &&e a t  a

I* I f o lu o l * Im m u n iz a t io n  o f  cows b y  © e l l s  o f  Br* a b o r t u s  

k i l le d  w i t h  t o l u e n e  was u n s u c c e s s f u l l y  a t t e m p t e d  by Bang (190b)*  

Mo o t h e r  a t t e m p t s  w i th  t o l u o l - k i l l e d  organ lasts w e re  n o te d  i n  

t h e  l  i t « ra t u r e  surva y ed *

S* P h e n o l * Owatkiu  (1931)  u se d  c u l t u r e s  o f  B r .  a b o r t u s  

k i l l e d  w i t h  0*5 p e r  c e n t  p h e n o l  I n  a t t e m p t i n g  to  immunize 

guinea p i g s  a g a i n s t  ch allen ge d o s e s  which m u s t  h a v e  b een  qu i t®  

l a r g e  a s  t h e y  c o n s i s t e d  o f  1*0  ml o f  a  su sp e n s io n ,  o f  mm e n t i r e  

48  h o u r  a g a r  s l a n t  o f  B r * a b o r t u s  removed i n  a  few ml o f  s a ­

l i n e *  Bud&leeon (194?)  g o t  no p r o t e c t i o n  f rom  p h e n o l i z e d  

c u l t u r e s  o f  Br* a b o r t u s  u s i n g  c o n s i d e r a b l y  l o w e r  c h a l l e n g e  

doses*

3* I t h e r * S t h e r - k l l l a d  c e l l s  were  u s e d  in  g u in e a  p i g s  

by A s c o l i  (1915) who fo u n d  no p r o t e c t i o n *  L iv e , S p e r l i n g  and 

S tu b b s  ( 1 9 4 5 ) ,  L iv e  ( 1 9 4 9 ) ,  an d  L a r s e n  (1949) have  found  s i g ­

n i f i c a n t  p r o t e c t i o n  u s i n g  c u l t u r e s  o f  Br* a b o r t u s  k i l l e d  w ith  

e t h y l  e t h e r *  L a r s e n  h a s ,  i n  a d d i t i o n ,  fo u n d  c e r t a i n  a d j u v a n t s  

enhance t h e  e f f e c t *  The e a r l i e r  f a i l u r e ,  r e p o r t e d  by A s c o l i  

may h av e  b e e n  due  t o  t h e  s i z e  o f  t h e  c h a l l e n g e  dose* 5Bi© l a t ­

e r ,  more s u c c e s s f u l ,  r e s u l t s  employed c h a l l e n g e  d o s e s  r a n g i n g  

f rom  £50 t o  1800 o r g a n i s m s .  S o n ic  r u p t u r e d  c e l l  e x t r a c t  p r e ­

s e r v e d  w i t h  e t h y l  e t h e r  b y  L iv e  a t a l  i n  t h e  work c i t e d  above 

seemed t o  b® o f  a b o u t  e q u a l  e f f i c a c y *

4* F o r m a l i n * F o r m 1 i n - k i l l e d  c e l l s  o f  B r * a b o r t u s  have
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b een  u s e d ,  w i th o u t  s u c c e s s ,  by  CM atkin (1931) t and i&s’Rwen and  

R o b e r t s  (1936) i n  a t t e m p t s  to  Immunize g u in e a  p ig s *  On t h e

o t h e r  h a n d ,  u s i n g  c h a l l e n g e  d o s e s  o f  c o n s i d e r a b l y  l e s s  m agn i­

tu d e  H uddle  son (194"?) found  some p r o t e c t i v e  o f f s e t  e x i s t e d  

when c e l l s  k i l l e d  w i th  n o t  o v e r  0*25 p e r  c a n t  f o r m a l in  were 

used*  ! l i # t e r  c o n c e n t r a t i o n s  d e s t r o y e d  t h e  immunogen!o compo­

n e n t*  F o s t e r  (1948) found  no o rg a n is m s  on p o s t - m o r te m  exam­

i n a t i o n  on ono o f  two g u in e a  p i g s  i n j e c t e d  w i t h  Br* a b o r t u s  

c o l l s  k i l l e d  by s u s p e n s i o n  i n  o o ld  1*0  p a r  c e n t  f o r m a l i n  a t

4 -6  C c h a l l e n g e d  w i t h  1 0 ,0 0 0 ,0 0 0  B r .  a b o r t u s * Uhe s e c o n d  an ­

im a l  was i n f e c t e d  b u t  t h e  s p le e n  was s m a l l e r  t h a n  t h a t  i n  con­

t r o l  a n im a ls *  A n im als  g iv e n  f o r m l i n - k l l l e d  c e l l s  an d  no 

c h a l l e n g e  dose  showed no e v id e n c e  o f  i n f e c t i o n  o r  t o x i c  r e -  

a e tion* 

S* P h e n y l  merourlo n i t r a t e - k i l l e d  c e l l ® * P h e n y l  m e r c u r i c  

n i t r a t e - k i l l e d  c e l l s  w ere  shown by H u d d leso n  (1947) t o  be i n e f ­

f e c t i v e  Im m unis ing  a g e n ts *

6 * A l c o h o l * B r * a b o r t u s  k i l l e d  by  c o l d  50 p e r  c e n t  a l ­

c o h o l  f a i l e d  t o  p r o t e c t  two g u i n e a  p i g s  f rom  c h a l l e n g e  d o s e s  

o f  1 0 ,0 0 0 ,0 0 0  o r  '■ei I s a s  ( F o s t e r  1 9 4 8 ) .

7* Chloroform. Owatkin (1931) found  no immunizing e f f e c t

f rom  B r* a b o r t u s  k i l l e d  w i t h  2*0  p e r  c e n t  c h l o r o f o r m .

B* .O th e r  m e th o d s * S c a l e s  a n t  H u t d i e s o n  (1936) u s e d  g round  

up s p l e e n s  t h a t  were I n f e c t e d  w i t h  B r u c e l l a  and  t r e a t e d  with, 

e i t h e r  2*0  p e r  c e n t  f o r m a l i n  o r  8*0  p e r  c e n t  c h lo ro fo rm  t o  k i l l  

t h e  o rg an ism s*  f h e s e  p r e p a r a t i o n s  d id  n o t  p r o t e c t  g u in e a  p i g s  

from  I n f e c t i o n  f o l lo w in g  a d m i n i s t r a t i o n  o f  c h a l l e n g e  d o s e s  o f
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l n t e r p l & c e n t a l  e x u d a te  t r e a t e d  w i t h  2 . 0  p e r  c e n t  c h l o r o f o r m .

F r a c t l o  n a t i o n

The use  o f  e x t r a c t ©  o r  f r a c t i o n s  o f  b a c t e r i a l  c e l l s  wag 

e a r l y  shown t o  be o f  v a l u e  I n  t h e  c a s e  o f  th e  e x o t o x i n  o f  

C o r y  neb a c t  e r  1 um d ip  th e  r l a e  by von B e h r i n g  and  K l t a s a t o ,  a s  c i t e d  

by  Z i n s s e r ,  Under® and  F o t h e r g i l l  (19^5 )  wbo s u c c e s s f u l l y  Im­

m unized  a n i m a l s  a g a i n s t  t h a t  o rg a n ism  b y  I n j e c t i o n  o f  c u l t u r e  

f l i t r a t e s .

T re a tm e n t  o f  c u l t u r e  f i l t r a t e s  o f  B r u c e l l a  c e l l®  was f i r s t  

employed b y  H o l th  i n  hi® p r e v i o u s l y  c l t e r  (1911)  work on h e a t -  

k i l l e d  a n t i g e n .  Both a l c o h o l  and ammonium s u l f a t e  w ere  u s e d  t© 

p r e c i p i t a t e  an a n t i g e n i c  m a t e r i a l  from Br.  a b o r t u s  c u l t u r e  f i l ­

t r a t e .  A® w i th  th e  h e a t  t r e a t e d  c e l l s ,  r a t s  showed some e v i ­

d ence  o f  im m u n iz a t io n  w h i l e  mice showed none.  Ctwatkln ( 1 9 ^ 1 ) 

( 1 9 3 5 ) u t i l i z e d  b o t h  h e a t e d  and u n h e a t e d  c u l t u r e  f i l t r a t e s  p r e ­

s e r v e d  w i t h  0 . 5  p e r  c e n t  p h e n o l .  I n  a  l a t e r  p u b l i c a t i o n  0-wat- 

k l a  ( 1 9 3 5 ) i n  u n s u c c e s s f u l  Im m u n iz a t io n  a t t e m p t s  i n  g u i n e a  pig® 

r e p o r t e d  f u r t h e r  f a i l u r e ®  to  Immunize u s i n g  a l c o h o l  p r e c i p i ­

t a t e d  B r . a b o r t u s  f i l t r a t e .  This  m a t e r i a l  was c a r b o h y d r a t e  In  

n a t u r e ,  h i g h l y  t o x i c ,  s e r o l o g i c a l l y  a c t i v e ,  b u t  f a i l e d  t o  p r o ­

t e c t  guinea, p i g s  from i n f e c t i o n  a g a i n s t  r a t h e r  h e a v y  c h a l l e n g e  

dose®. The f i l t r a t e  r e s i d u e  l e f t  a f t e r  p r e c i p i t a t i o n  was 

d r i e d ,  t o x i c i t y  and im m unologic  t e s t s  showing i t  t o  be  l e s s  

t o x i c  b u t  o f  no p r o t e c t i v e  e f f e c t .  Ammonium s u l f a t e  p r e c i p i ­

t a t i o n  a p p a r e n t l y  p r o d u c e d  com ponents  s i m i l a r  t o  t h o s e  o b t a i n e d  

by  e t h a n o l  p r e c i p i t a t i o n  from p r e c i p i t a t e  and s u p e r n o t e .  A 

t o l u o l - e t h e r  and s a l i n e  e x t r a c t  o f  d r i e d  and g round  Br .  a b o r t u s
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and. an a l c o h o l i c  p r e c i p i t a t e  o f  c u l t a r e  f i l t r a t e  fro® a rough  

s t r a i n  o f  Br .  a b o r t u s  l i k e w i s e  gave no e v id e n c e  o f  p r o t e c t i v e  

a b i l i t y .

F e n n e l l  and Hud d ie  son  (1S3&)  end Huddle son (19^-0)

s t u d i e d  t h e  e f f e c t  o f  e n d o - a n t i g e n  a s  an im m unising  a g e n t .

T h is  s u b s t a n c e  was an a lb u m in o id  f r a c t i o n  which p ro d u c e s  a n t i ­

b o d ie s  and was t o x i c  on i n t n f c p e r l t o n e a l  i n o c u l a t i o n  i n  g u i n e a  

p i g s .  An S f r a c t i o n  l i n k e d  to  t h e  a lb u m in o id  f r a c t i o n  and o f  

c a r b o h y d r a t e  n a t u r e  d id  no t p ro d u c e  a n t i b o d i e s .  The n i t r o g e n  

c o n t e n t  o f  th e  e n d o - a n t ig e n a  o f  t h e  v a r i o u s  s p e c i e s  o f  B r u c e l l a  

d id  not  a lw a y s  s e e s  t o  b e  i n t i m a t e l y  conn a c te d  ? d t h  t h e  a b i l i ­

t y  to  p r e c i p i t a t e  s p e c i f i c  a n t i b o d i e s .  I n  Im m u n iza tio n  e x p e r i ­

m ents  e n d o - a n t ig e n  f a i l e d  t o  p r o t e c t  guinea, p i g s .

S t a h l ,  P e n n e l l , and. K uddleson  (19395 and F w ld le so n  ( 1 9 *4-0 )  

r e p o r t e d  a  p r o t e i n  n u c l e a t e  f r a c t i o n  e x t r a c t e d  by 3 and p p e r  

c e n t  B&OH, s p l i t  w i th  sodium c a r b o n a t e ,  and s e p a r a t e d  w ith  

c h lo ro f o rm ,  t o  be a n t i g e n i c  i n  19 o f  20 g u in e a  p i g s  when g iv e n  

i n  10 mg d o s e s .  The t o x i c i t y  o f  t h i s  f r a c t i o n  was low b u t  i t  

t o o  f a i l e d  t o  p r o t e c t  g u i n e a  p ig *  fro® i n f e c t i o n .  The n u c l e i c  

a c i d  p o r t i o n  o f  p r o t e i n  n u c l e a t e  was o n ly  f e e b l y  a n t i g e n i e  by 

i t s e l f .  P r e c i p i t i n  s t u d i e s  o f  t h e  f r a c t i o n  w i th  smooth s t r a i n  

a n t i s e r a  o f  B r. a b o r t u s , S r . a u l a , and  B r . m e l l t e n s l a  were a l l  

p o s i t i v e  i n  d i l u t i o n s  o f  from. 1 :1000  to  1; 3 2 , OCX), g i v i n g  non­

s p e c i f i c  c r o s s  r e a c t i o n s  w i t h i n  th e  g ro u p .  I n t e r m e d i a t e  rough  

and rough  s t r a i n s  gove no p r e c i p i t i n  r e . a c t i o n s .  A l l e r g i c  r e ­

a c t i o n s  o c c u r r e d  f o l l o w i n g  i n o c u l a t i o n  i n  d i l u t i o n s  o f  1 :200  

to  1 :£000  w i t h  c r o s s - s e n s i t i z a t i o n  i n  d i l u t i o n s  o f  I s  1000 w i t h
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ro u g h  s t r a i n s .

Pop, Bamboviee&nu, B a rb e r  and M arinou  (1 9 3 ^ )  &nd Baittbo- 

v i c e a n u ,  B a r b e r ,  Pop, Marinon (193^)  r e p o r t e d  t h a t  an  a n t i g e n  

from c e l l s  e x t r a c t e d  i n  t h e  c o l d  w i t h  15 p e r  c e n t  t r i c h l o r a c e t i c  

a c i d ,  a f t e r  t h e  t e c h n i q u e  o f  BoI v i n  and M esrobeanu (193*0 > p r o ­

d u ced  a n t i b o d i e s  i n  th e  r a b b i t ,  and was q u i t e  t o x i c  f o r  t h e  

mouse  t h o u g h  l e s s  so f o r  th e  g u in e a  p i g .  The a n t i g e n  was c a r ­

b o h y d r a t e  i n  n a t u r e .  D&voli (1939)  p r e p a r e d  a s i m i l a r  f r a c t i o n  

w i th  e s s e n t i a l l y  th e  same te c h n iq u e  w hich  was n i t r o g e n  f r e e ,  

a l s o  t o x i c  f o r  m ice ,  and p r o d u c e d  a n t i b o d i e s  i n  r a b b i t s .  T h i s  

f r a c t i o n  p r e c i p i t a t e d  homologous a n t i s e r u m .

The e t h y l  e t h e r  e x t r a c t s  p r e p a r e d  by L iv e ,  S p e r l i n g  and 

S tu b b s  (19^5)*  L ive  ( 1 9 ^ 9 ) ,  and  .Larsen (19^9)  were b r i e f l y  

d i s c u s s e d  e a r l i e r  and  w i l l  n o t  b e  d i s c u s s e d  f u r t h e r .

M i l e s  ( 1 9 3 9 ) ,  M i le s  and  P l r l e  (1939 abode % and P a t t e r s o n ,  

X-irie  and  S t a b l e  f o r t h  (19^7 )  have i s o l a t e d  a h i g h l y  a n t i  g e n ie  com­

p o n e n t  by a c o m b in a t io n  o f  d i f f e r e n t i a l  c e n t r i f u g a t i o n  and e x ­

t r a c t i o n  o f  Hr. m e l i t e n s i s  and Br.  a b o r t u s  w i th  3 .0  p e r  c e n t  

p h e n o l  i n  t h e  c o l d .  T h is  m a t e r i a l  p ro d u c e d  a n t i b o d i e s  upon i n ­

j e c t i o n  i n t o  g u i n e a  p i g s  and was composed o f  p o l y s a c c h a r i d e , 

am in o f end p h o s p h o l i p in  r e s i d u e s .  The l a t e s t  p u b l i c a t i o n  c i t e d  

found  p r o t e c t i o n  e q u i v a l e n t  t o  t h a t  p ro d u c ed  by B r .  a b o r t u s  

s t r a i n  19 v a c c i n e ,  t o  b e  p ro d u ced  upon i n o c u l a t i o n  i n t o  g u i n e a  

p ig s *  M i le s  and P l r i e  (1 9 3 9 c)  made t h e  i m p o r t a n t  o b s e r v a t i o n  

t h a t  t h e i r  compound was p r o b a b l y  s i m i l a r  to  some i s o l a t e d  by  

o t h e r  w o rk e rs  and th e  s u p e r i o r  e f f i c a c y  o f  t h e  a n t i g e n  p r o b ­

a b l y  was due t o  the  g e n t l e r  t r e a t m e n t  employed i n  p r e p a r i n g
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t h e  a n t i g e n .  I n d e e d  t h e y  u r s  a b l e  t o  show a p r o g r e s s i v e  l o s s  

I n  t i t e r  c o r r e l a t e d  w i t h  d e g r e e  o f  h y d r o l y s i s  o f  t h e  a n t i g e n .

I n  a r e c e n t  work  L a r s e n  (19^9)  h a s  u s e d  e t h e r  e x t r a c t i o n  

o f  c e l l s  p r e v i o u s l y  t r e a t e d  w i t h  p h e n o l i z e d  s a l i n e  and s e p a ­

r a t e d  f rom  th e  l i q u i d  a f t e r  *4* w e e k s 1 s t o r a g e  a t  ^ 0 .  The c e l l s  

were re  su sp e n d e d  I n  0 .S 5  p e r  c e n t  s a l i n e  an d ,  w i th  two volum es 

o f  e t h y l  e t h e r  added ,  v i g o r o u s l y  sh a k e n  end a l lo w e d  t o  s t a n d  

2 d ay s  a t  room t e m p e r a t u r e .  The aqueous  p h a s e ,  c e n t r i f u g e d  

f r e e  o f  c e l l s ,  was u s e d  f o r  i n j e c t i o n .

S e r o l o g i c a l  s t u d i e s  on B n i c e l  la f r a c t i o n s  h av e  e m p h a s iz e d  

t h e  works o f  Evans (1 9 1 8 ) (1 9 2 3 )#  F e u s l e r  and  Meyer {1 9 2 0 ) ,  end  

F r a n c i s  (1931)  showing t h e  c l o s e  r e l a t i o n s h i p  o f  t h e  B r u c e l l a  

s p e c i e s  and  s e p a r a t i n g  them i n t o  s e r o l o g i c a l  g ro u p s  B r . aborti** - 

s u i s  and B r . m e l i t e n s i s . Ho s im p le  s e p a r a t i o n  beyond  t h i s  h a s  

b e e n  made. I n  f a c t ,  th e  a n t i g e n i c  s t r u c t u r e  a c c o r d i n g  t o  t h e  

work o f  W ilson  and M i l e s  a s  c i t e d  by M i le s  (1939)  and M i le s  and 

P i r i e  (1939 ebcde)  o f  t h e  two g ro u p s  i s  p r o b a b l y  d e p e n d e n t  upon 

a p r e p o n d e r a n c e  o f  e i t h e r  A ( a b o r t u s - s u i s ) s u b s t a n c e  o r  M ( m el-  

i t e n s i s ) s u b s t a n c e .  A b s o r p t io n  t e c h n i q u e s can a b s o r b  t h e  a n t i ­

b o d i e s  f o r  one o r  t h e  o t h e r  from a n t i  serum to  p ro d u c e  an  a n t i s eru© 

s p e c i f i c  f o r  e i t h e r  th e  A o r  t h e  E a n t i g e n .  M il ’s and  P i r i e  

( 1939b) were n o t  ab le  t o  s e p a r a t e  th e  a n t i g e n s  by f r a c t i o n a t i o n .  

S t u d i e s  on h y p e r s e n s i t i v i t y  and. p r e c i p i t i n  t e s t s  by S t a h l ,  Fen­

n e l  1 and  Huddle son (1939)* H uddleson  ( 1 9 ^ 0 ) ,  Fop e t  a l  (193^)  and  

D am boviceanu o t  a l  (193&) u s i n g  p r e v i o u s l y  m e n t io n e d  f r a c t i o n s  

hav e  f u r t h e r  em phas ized  t h e  d i f f i c u l t y  o f  s e p a r a t i n g  t h e s e  s p e ­

c i e s  s e r o l o g i c a l l y .  Mazzl i n  1922 and Nlnni I n  193°  c i t e d  b y
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G w atkin  {1952} found  ia a u a e  se rum  t o  g iv e  p r o t e c t i o n  a g a i n s t  

b o th  hom ologous and h e t e r o l o g o u s  s p a d e s *

Tie© o f  l . l v t uk  t o c c i n e

With t h e  work by Fvans  (1918) {1923} e s t a b l i s h i n g  t h e  r e -

l a t l o n s h i p  o f  3 r*  a b o r t s  o f  b o v in e  and p o r c i n e  o r i g i n  w i t h

B r * m a l l t e n s l s  and d e m o n s t r a t i o n  t h a t  B r ,  a b o r t u s  c o u ld  be

i s o l a t e d  f rom m i l k  i t  m s  r e c o g n i s e d  t h a t  t h e  e a r l i e r  p r a c t i c e

o f  ^Im m unising*  c a t t l e  w i th  l i v i n g  v a c c i n a  a g a i n s t  a b o r t i o n

m s  a h e a l t h  h a z a r d *  Ih e  work bp $111 n o r ,  H u d d le s o n ,  C l a r k ,

and  OchlingM an (1929)  on t h e  v a c c i n a t i o n  o f  c a t t l e  w i t h  a

s t r a i n  o f  l i v e  Sr.* a b o r t u s  n o n - i n f e c t i o u s  f o r  g u in e a  p i g s  and

p r e g n a n t  and n o n - p re g n a n t  c a t t l e  (H udd leson  1922) showed such

o rg a n is m s  c o u ld  b e  i n j e c t e d  w i t h o u t  a p p a r e n t  harm to  c a t t l e *

Suck (1930) s c r e e n e d  s e v e r a l  s t r a i n s  o f  Br# a b o r t u s  a rut fo u n d

one o f  m o d e ra te  v i r u l e n c e ,  s t r a i n  1 9 , w hich  d id  p r o t e c t  c a l v e s

a g a i n s t  s u b s e q u e n t  i n f e c t i o u s  do ses*  t h i s  v a c o i n s  h a s  s i n c e

b e e n  w id e ly  u s e d  i n  c a t t l e  b y  many w o rk e rs  i n  t h i s  c o u n t r y  and

H udd leson  (1 9 4 2 a )  h a s  a d e q u a t e l y  re v ie w e d  t h e  u sag e*  M a n th e i

{1948} fou n d  s t r a t a  19 to  p ro d u c e  im m unity  o f  s h o r t  d u r a t i o n

upon  i n o c u l a t i o n  i n t o  4 t o  6  month g i l t s .  Metwen (1939) h a s

r e p o r t e d  on a n o t h e r  a v i r u l e n t  s t r a i n  and t h e  u s e  o f  a v i r u i e r t t

s t r a i n s  o f  B r .  m i l g I n  e m u ls io n s  o f  l a n o l i n  a r e  m e n t io n e d  in

th e  f o l lo w in g  s e c t i o n .  H u d d leso n  (1947) fo u n d  m ucoid  d i s s o c i -

a n t s  o f  B r * s u i s  and  Br# m c l l t e n s l g  t o  be  e f f e c t i v e  i n  p r o t e c t -
%i n g  g u in e a  p ig s  a g a i n s t  c h a l l e n g e  d o s e s  o f  I  x  10 B r* s u i s  

and 5 x  XG4  o r  1 x  10s  Br* a e l l t e n s i s  o r  B r .  a b o r t u s . F o l lo w in g



i n j e c t i o n  o f  5 i  10^  to  1 i  10^® v i a b l e  o r g a n i s m s  wops demon­

s t r a b l e  3 b u t ' n o t  4 weeks fo l lo w in g ,  v a c o t a a t i o n *  C h a l le n g e  

was mad# 4 weeks  f o l l o w in g  v a e o l n u t i o n .

U n f o r t u n a t e l y  t h e  us© o f  t h e  11 to  v a c c i n e s  d e s c r i b e d  i s  

n o t  w i t h o u t  h a s a r d *  C ra n f o r d  {1948) - a n d  l i l a a n  (1 9 4 4 )  © i t s  

d e f i n i t e  o a s e s  in  w hich human b e lu g a  h a v e  been  I n f e c t e d  w i th  

s t r a i n  19 v a c c in e *  L ev in #  and  W ilso n  {1949} hav© r e p o r t e d  th e  

I s o l a t i o n  o f  s t r a i n  19 from  t h e  m i lk  o f  3 v a c c i n a t e d  cows and 

a  hog* P e r s i s t e n t  t i t e r s  fo u n d  w i t h  some f r e q u e n c y  i n  v a c c i n ­

a t e d  c a t t l e  f u r t h e r  s u g g e s t  p o s s i b l e  l a t e n t  i n f e c t i o n s ,  nmm. 

and C ro s s  (1945) h a v e  s u g g e s te d  t h e  © t l o l o g l c  r e l a t i o n s h i p  o f  

s t r a i n  19 t o  c a s e s  o f  a b o r t i o n  i n  c a t t l e .

Us® ©f adjuvants

D ubo is  (1 9 3 6 a ) (1939b) fo u n d  mn a v i r u l e n t  s t r a i n  o f  B r .  

s u l a  su sp e n d ed  i n  e m u ls io n s  o f  l a n o l i n  and p e t r o l a t u m  m arked­

l y  r e d u c e d  a b o r t i o n s  i n  o v in e ,  c a p r i n e ,  and  b o v in e  s p e c i e s  and  

no u n to w a rd  r e s u l t s  upon v a c c i n a t i o n  o f  p r e g n a n t  cows* T e lu  

and £ o t t n e r  ( 1 9 3 8 ) ,  C o r d i e r  ( 1 9 3 8 ) ,  and B io h o rn ,  S i n g l e , and  

Murdock (1 9 4 0 )  fo u n d  t h a t  such  e m u ls io n s  w ere  s t e r i l i z e d  upon  

s t a n d i n g  i n  v i t r o  b u t  s t i l l  p o s s e s s e d  c o n s i d e r a b l e  a n t i g e n ­

i c i t y .  However l l e h o r n  and h i s  c o -w o rk e r s  (1940) wore a b l e  

t o  I s o l a t e  v i a b l e  B r u c e l l a  f rom  t h e  o r i g i n a l  s i t ©  o f  i n o c u l a ­

t i o n  I n  t h e  cow up t o  85 day© a f t e r  I n o c u l a t i o n .  X o l a e r ,

B o n d i ,  and  B uie  (1939) fo u n d  t h a t  m i x t u r e s  o f  h e a t - k i l l e d  c e l l s  

o f  I S b e r th e l l a  typho©a and B r* a b o r t u s  were  more e f f i c a c i o u s  In  

p r o d u c in g  p r o t e c t i v e  a n t i b o d i e s  f o r  mice upon i n o c u l a t i o n  I n t o
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r a b b i t s  t h a n  b e a t - k i l l e d  B r .  a b o r t u s  c e l l s  u s e d  a l o n e ,  A 

f u r t h e r  i n t e r e s t i n g  f i n d i n g  w as a h i g h e r  d e g re e  o f  p r o t e c t i o n  

a g a i n s t  c h a l l e n g e  by B r . m e l i t e n s i s  th a n  by Br* a b o r t u s . Ih«  

p h e n o l - k i l l e d  c e l l s  a n d  e t h e r  e x t r a c t s  p r e p a r e d  from  them 

have  b e e n  shown b y  L a r s e n  (1949) to  h a v e  an  en h a n ce d  immuno­

g e n ic  e f f e c t  when u s e d  w i th  F r e u n d ’ s  a d j u v a n t ,  c o n t a i n i n g  

d r i e d ,  h e a t - k i l l e d  M. t u b e r c u l o s i s  b u t  n o t  w i t h o u t  th em . 

F r e u n d ’ s  a d j u v a n t  i s  a w a te r  and m i n e r a l  o i l  e m u ls io n .  L iv e  

( 1 9 4 9 ) ,  on t h e  o t h e r  h a n d ,  fo u n d  e t h e r - k i l l e d  B r .  a b o r t u s  

v a c c i n e  to  be  d e f i n i t e l y  enhanced  b y  e m u ls io n s  i n  l a n o l i n  and  

m i n e r a l  o i l *  Alum p r e c i p i t a t e d  e t h e r - k i l l e d  c e l l s  w ere  l e s s  

e f f e c t i v e .
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She a n tig e n ic  m a ter ia ls  to  be separated  ware eonsidered  

to  to  la b i le  complex p ro te in s  p o ss ib ly  linked  to  carbohydrate 

and l ip id  c o n s titu e n ts*  Hence, the tech n iq ues wore those sp -  

p lle a b le  to  p ro te in s  and they so re  based on resen t tech niq ues  

which have shown son sid erab le  su ccess  in  I s o la t in g  b io lo g ic a l ­

l y  s a t ir e  m aterial*

As pointed  out by th e p h y sica l ch em ists, Cotin e t  a l  

(1940}t Mulford {194?}* Brand and B d a sll {194?}* s o lu b ility  

o f  a p ro te in  may be c a r e fu lly  regu lated  by varying co n d itio n s  

o f  pH* Ion ic  strength* temperature* and con cen tration  o f  o r ­

ganic so lv e n ts  and p ro te in *  Ih ese fa c to r s  may be so chosen  

th a t the d esired  component has* fo r  example* a high degree* 

and the unde s i  red components have a low degree o f  s o lu b i l i ty *  

or v ic e  versa*

*Bm s im p le s t  procedure and one which had n ot been p re­

v io u s ly  attem pted in so fa r  as * search o f  the l i t e r a tu r e  could  

reveal*  was to  use the untreated  cu ltu re  f i l t r a t e ;  th a t is*  

aqueous ex tract*  Huddleson {1945} had found th e capsu lar  

substance o f  B ru cella  to  be so lu b le  in  h o t w ater and antigen*  

ie«  During the course o f t h i s  work i t  was d iscovered  th a t  

C otton (1943) a lso  had demonstrated lo s s  o f  cap su lar m ater ia l 

during treatm ent o f  the c e l l  and demonstrated (1949) i t s  a n t i­

gen ic i t y i n  guinea pigs*
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C o n c e n t r a t e d  a c e t o n e  was s e l e c t e d  i n  l i g h t  o f  t h e  s u c c e s s  

o f  E s h e r  e t  a l .  ( 1 9^ 7 ) i n  i s o l a t i n g  an issaunogenic  a c e to n e  

s o l u b l e  m a t e r i a l  from P. p e s t l e . A lso  H o r r e c k e r  (19**-$) had  

m e n t io n e d  I t s  o c c a s i o n a l  u s e f u l n e s s  i n  e x t r a c t i n g  enzymes.

I n  th e  1’l r s t  e x t r a c t i o n s  i t  was n o te d  t h a t  w a t e r  s o l u b l e  

e x t r a c t s  c o n t a i n e d  th e  enzyme u r e a s e .  H y p o th e s iz in g  a  p o s s i b l e  

r e l a t i o n s h i p  i n  n a t u r e  o f  t h e  B r u c e 1 l a  u r e a s e  t o  t h a t  o f  t h e  

u r e a s e  o f  Jack  b ean  m e a l ,  s i m i l a r  c o n d i t i o n s  were chosen  to  

t h o s e  a p p l i e d  by Sumner (1^26)  who u sed  3° p e r  c e n t  a c e t o n e ,  

r e f r i g e r a t o r  t e m p e r a t u r e s ,  and  a pH o f  5* 2 i n  c r y s t a l l i z i n g  

u r e a s e .
I t  was t h e  I n t e n t  o f  t h i s  work t o  e x t r a c t  a n t i g e n i c  ma­

t e r i a l  by s o l u t i o n  i n  t h e  e x t r a c t a n t ,  t a k i n g  a d v a n ta g e  o f  

s e v e r a l  t h e o r e t i c a l  f a c t o r s  b r o u g h t  o u t  by  p h y s i c a l  ch e m ic a l  

s t u d i e s  on p r o t e i n s :

I .  I s o e l e c t r i c  p o i n t . That i s o e l e c t r i c  p o i n t  a f f e c t s  

t h e  s o l u b i l i t y  o f  l a r g e  m o le c u l e s  i s  w e l l  known. I n  f r a c t i o n ­

a t i o n ,  e x t r a c t s  o f  w a t e r  s o lu b l e  m a t e r i a l  were made n e a r  t h e  

n e u t r a l  zone ( f lo w  s h e e t  f r a c t i o n  I ) ,  t h e  pH o f  a p l a i n  aq u e ­

ous  e x t r a c t  b e i n g  abou t  6 .9* E x t r a c t i o n  was a l s o  a p p r o a c h e d  

from th e  a c i d  ( f r a c t i o n  ¥11) and a 3k a l i n e  ( f  m e t  i o n  VI) s i d e s  

o f  t h a t  zo n e .  O th e r  I m p o r t a n t  c o n s i d e r a t i o n s  were t h e  e f f e c t  

pH h a s  on s t a b i l i t y  o f  c e r t a i n  corapoiands and on enzymes. I t  

was c o n s i d e r e d  t h a t  a much h i g h e r  o r  l o w e r  pH m ig h t  I n h i b i t  

th e  a c t i v i t y  o f  a u t o l y t i c  enzymes s h o u ld  su c h  b e  p r e s e n t .

The p o s s i b i l i t y  t h a t  a  g iv e n  component m ig h t ,  i n  I t s e l f ,  be 

more - s tab le  i n  a d i f f e r e n t  pH was a l s o  c o n s i d e r e d .  pH was a
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f a c t o r  r e c o r d e d  i n  a l l  c a s e s  b u t  f u r t h e r  a d j u s t m e n t  was n o t  

c o n s i d e r e d  n e c e s s a r y  i n  t h e  c a s e  o f  f r a c t i o n s  l f I I ,  and I f ,  

t h e  pH o f  a b o u t  6 .9  o f  t h e  medium I t s e l f  b e i n g  u s e d .  F r a c ­

t i o n s  ¥ -1  and  ¥ -2  were p r o d u c e d  from a c e l l  s u s p e n s i o n  b u f ­

f e r e d  t o  pH 5*2.

2. I o n i c  s t r e n g t h . Low c o n c e n t r a t i o n s  o f  i o n s  have b e e n  

d e m o n s t r a t e d  t o  have g r e a t e r  s p e c i f i c i t y  o f  a c t i o n  f o r  g i v e n  

p r o t e i n s .  Combined w i th  t h e  p r o p e r  pH, s h a r p e r  s e p a r a t i o n  o f  

v a r i o u s  p r o t e i n s  can be o b t a i n e d .  The I o n i c  s t r e n g t h  was n o t  

v a r i e d  i n  most o f  t h e s e  s e p a r a t i o n s  but fcept a t  t h a t  o f  th e  

o r i g i n a l  e x t r a c t  o f  medium. I t  may be r e c a l l e d  t h a t  t r y p t o s e  

a g a r  h ad  0 .5  gm o f  sod ium  c h l o r i d e  p e r  l i f e r .  The i o n i c  

s t r e n g t h  b a s e d  on m o la r  s o l u t i o n s  would b e :

Where Ci i s  t h e  c o n c e n t r a t i o n  and t h e  v a l e n c e  o f  

t h e  i f t h  s p e c i e s  o f  i o n  I n  m oles  p e r  l i t e r  o r  t h e  

i o n i c  c o n c e n t r a t i o n .  T h is  i s  a b o u t  tw ic e  t h e  mo- 

l a l  I o n i c  s t r e n g t h  (]U) a s  c a l c u l a t e d  by Lewis and  

B a n d a l l  ( c i t e d  by D a n ie l s  19^$)•  And s i n c e  t h e  

s a l t  would be .0 0 5 6  m o la r :

r

r * ( . 0 0 5 6  x  12) -  ( . 0 0 ^ 6  x 1 2 ) s  .0 1 7 2  

o r  p / *  .0 1 7 2  * .0 0 5 6  ~ V-

T h is  would be  t h e  i o n i c  s t r e n g t h  i n  th e  medium. However,  th e  

co n c en t  r a t i  on i n  an  aqueous  e x t r a c t  o f  g row th  from a g a r  medium



w ould  b© c o n s i d e r a b l y  l e s s .  I t  was n o t  m easu red*  bu t  s h o u l d

be rep ro d u cab le  f o r  th e  g iv e n  medium* O t h e r  s a l t s  w ere  a s -

suned  t o  h© p r e s e n t  i n  n e g l i g i b l e  amount s .  I n  %ha c a s e  o f  

s e p a r a t i o n  o f  a a c i l l  r e s id u a  w i t h  s u b s e q u e n t  r e c o n s t i t u t i o n  

i n  a n o t h e r  s o l v e n t  it  was assum ed t h a t  the r e s i d u a l  i o n i c  

b t r e u g t h  from c o l l u l a r  d e b r i s  m s  n e g l i g i b le  and  i o n i c  s t r e n g t h  

woo os sa d  on t h a t  of th e  f l u i d  u se d  f o r  r e c o n s t i t u t i o n *

u> T em p e ra tu re  * T em p e ra tu re  son  t r o l ,  i n  t h i s  work* m s  

d s s ig n e d  to  m in im is e  d e n a i u r a t i o n  and w as p r a c t i c e d  w i t h  a l l  

f r a c t i o n s *  T h e re  is .# g e n e r a l l y t a l s o  an en h a n ce m en t o f  p r e -  

c i p i t a t io n  o f  a  g iv e n  p r o t e i n  a t  i t s  I s o e l e c t r i c  p o i n t  a s  t h e  

t e m p e r a t u r e  i s  lo w ered  and  t h i s ,  combined w i t h  th e  s p e c i f i c  

s a l t  a f f e c t ,  no d o u b t  had  some e f f e c t  on  s o l u b i l i t y .

4* C o n c e n t r a t i o n  o f  o r g a n i c  s o l v e n t s * S o l v e n t s  such  a s  

a c e t o n e  and  m e th a n o l  d e c r e a s e  t h e  d i e l e c t r i c  c o n s t a n t  o f  a 

medium and t h u s  l o a d  to  an enhancem en t o f  I n t e r a c t i v i t y  b e ­

tw een  p r o t e i n s  and i o n s .  A f u r t h e r  c o n s i d e r a t i o n  i s  the  

s o l v e n t  e f f e c t *  Combined w i t h  'the f a c t o r s  m e n t io n e d  above  

a r e  d i f f e r e n c e s  i n  s o l u b i l i t y  i n  d i f f e r i n g  p e r c e n t a g e s  o f  

bias s o l v e n t  u sed*  A ce tone  was u s e d  i n  h i g h  c o n c e n t r a t i o n  f o r  

t r o a tm a r i i  o f  f r a c t i o n s  XI and  IV and  i n  30 p e r  c e n t  c o n c e n t r a ­

t i o n  f o r  t r e a t m e n t  o f  f r a c t i o n s  ¥ -1  and ¥ - £ .  M e th an o l  was 

u s e d  I n  p r e c i p i t a t i n g  a n t i g e n i c  m a t e r i a l  from  f r a c t i o n s  X and

x i t

h» Q o n e e a tra  fclon o f  p r o t e i n . ‘Hie c o n c e n t r a t i o n  o f  a

g i v e n  p r o t e i n  a f f e c t s  i t s  i n t e r a c t i o n  w i t h  i o n s  a n d  s o l v e n t  

m o le c u le s *  T em p e ra tu re  a f f e c t ®  th e  i n t e r a c t i o n  t o o .  i tu i s



t h e  f i v e  f a c to r ®  l i s t e d  a r e  m u tu a l ly  d e p e n d e n t .  f u r t h e r m o r e ,  

a  g iv e n  p r o t e i n  m ay h e  . . a f f e c t e d  bv t h e  p r e s e n c e  o f  o t h e r  p r o ­

t e i n s ,  c a rb o h y d ra te ®  o r  f a t e *  Mo m ethod o f  c o n t r o l  o f  p r o t e i n  

c o n c e n t r a t i o n *  beyond  t h e  q u a n t i t i e s  o f  Hie  v a r i o u s  amount® o f  

l i q u id ®  u s e d  f o r  e x t r a c t i o n ,  m m  p m o t f e e d *

f h a t  o t h e r  f a c t o r s  m y  I n f l u e n c e  s o l u b i l i t y  o f  p r o t e i n s  

i s  r e c o g n is e d *  H ie t i r e  f a c t o r s  l i s t e d  w e re  t h e  o n ly  one® 

w h ich  w ere  v a r i e d  i n  a c o n t r o l l e d  m anner i n  t h i s  i n v e s l i g a t i o n *
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Methods

C u l t i v a t i o n  and c h a r a c t e r i s t i c s  o f  ? ru e  e l l  a  s p e c i e s  u s e d . 

A l l  c u l t u r e s  u s e d  i n  t h i s  s t u d y  were t e s t e d ,  f o r  s p e c i e s  i d e n ­

t i t y  and conform w i t h  t h e  c u r r e n t  c l a s s i f i c a t i o n  I n  Bergey*s  

m anual  (B reed  e t  &1 193®)* c u l t u r e s  used and a p a r t i a l

h i s t o r y  a r e  i n c l u d e d  i n  t a b l e  1.

f a b l e  1

B r u c e l l a  Specie® S t u d i e d  and Source-

Organism S t r a i n  no. Source Year I n s t i t u t i o n

Br. a b o r t u s 19 v a c c in e  b o t t l e 19*1-9 BAX8

Br. a b o r t u s IBB-A f i e l d  s t r a i n 1949 BAX

B r. a b o r t u s 1 2132 b u l l 194-9 BAX

Br. a b o r t u s 23  O&SL a b o r t e d  f e t u s 1948 BAI

Br. a b o r t u s BJQBb cow* s m i l k 1 9 *1-8 LS33'2

Br. m e l i t e n s i a 1 M g o a t 19*1-9 BAI

Br. m e l i t e n s i s 16 M k i d 194-9 BAI

Br . s u i s 4 i - a ex p o s u re  c u l ­
t u r e  k e p t  v i r u ­
l e n t  by an im al  
p a s s a g e

194.9 BAX

B r. s u i s 298 l y o p h l l i z . e d  
s to c k  c u l t u r e

1948 L333

Br. s u i s X6 303 f i e l d  s t r a i n 19*1-9 BAX

O nly COp r e q u i r i n g  s t r a i n  u s e d .
PB u reau  o f  Animal I n d u s t r y ,  B e l t  s v i  l i e , Md. t h ro u g h  th e

c o u r t e s y  o f  Dr. A. B. C raw fo rd ,  on p o t a t o  i n f u s i o n  serum 
a g a r .

^ L i v e s t o c k  S a n i t a r y  S e r v i c e  l a b o r a t o r i e s ,  C o l l e g e  P a r k ,  
Md. th r o u g h  th e  c o u r t e s y  o f  Dr. C o r n e l i a  M. C o t to n .
Grown on t r y p t o s e  a g a r .
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B r * a b o r t u s * Hi® v a r i a b l e  r e s u l t s  f o u n t  her© m ig h t  ft® clue t o  

d i f f e r e n c e s  1b t h e  t e s t  media  u s e d •

T ab le  Z

Humber o f  M in u te s  R e q u ire d  by  B r u c e l l a  S p e c i e s
to  H y d ro ly s e  U rea

S t r a i n  _______  S p e c i e s ________ Time

128-A B r . a b o r t u s 160

2132 B r . a b o r t u s ISO

2308 Br* a b o r t u s 240 ( v e r y
weak

1 M Br.. m s l i t s n a l s 210

16 H B r . me 11 t o n s  I s £10

41-S Br*. e u l e 15

16303 B r . s u i s 15

A l l  c e l l s  s t a n d a r d i s e d  o n  b a s i s  o f  BAX a n t i g e n  a t  61*3 
£ 0 * 2  p e r  c e n t  t r a n s m i t t a n c e  u s i n g  f l i t e r f wave l e n g t h  
o f  650 m i l l i m i c r o n s  on F i s c h e r  S p e c t ro m e te r*

T e s t s  f o r  a n t i g e n i c  v a r i a t i o n  w e re  c a r r i e d  o u t  a c c o r d i n g  

to  t h e  t e c h n i q u e s  o f  A l e s s a n d r l n i  an d  S a b & tu e e l  ( 1 9 3 1 ) t A rd re y  

and  DI A ie h e lb u r g  a s  c i t e d  by  H udd leson  (1 9 4 5 i*  A c c o rd in g  t o

A l e s s a n d r l n i  an d  B a b a tu c e i  ro u g h  s t r a i n s  o f  B r u c e l l a  s p e c i e s  

w i l l  a g g l u t i n a t e  when s u s p e n s io n s  o f  o r g a n i s m s  a r e  m ixed i n  

e q u a l  volume w i th  l s l C ,0 0 0  t r y p a f l a v i n e  and in c u b a te d  a t  37 0 

f o r  6 h o u r s*  B raun and  Hauge (1948)  p l a c e  cornsIder&hl® r e l i ­

a n c e  -on t h i s  t e s t *  Ho v i s i b l e  a g g l u t i n a t i o n  o c c u r r e d  i n  an y  

o f  t h e  6 c u l t u r e s  used*  DI A ic h e ib u rg * s  t e c h n iq u e  em ploys 

s u s p e n s i o n s  o f  o rg a n ism s  m ixed w i th  1 s BQ00 b a s i c  f u c h s i a  l a
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o q u a l  volume and I n c u b a t e d  a t  3? .C f o r  Z h o u r s ,  A g g lu t in a b io n  

h e r e  a l s o  i n d i c a t e s  a  ro u g h  s t r a i n  and non© o f  t h e  s t r a i n s  em­

p lo y e d  w ere  a g g l u t i n e  t e d .  A rd re y  showed t h a t  i n t e r m e d i a t e  

s t r a i n s  c o u ld  b© d e t e c t e d  b y  f a i l u r e  t o  a g g l u t i n a t e  upon h e a t ­

i n g  when w a te r  was s u b s t i t u t e d  f o r  s a l i n e  i n  d i l u t i o n s  o f  

a c r i f l a v i n ©  w h e re a s  smooth c u l t u r e s  a g g l u t i n a t e d *  On t h i s  

b a s i s  a l l  o f  t h e  c u l t u r e s  employed a r e  i n t e r m e d i a t e  s t r a i n s .

A l l  o f  t h e s e  s t r a i n s  w ere  u s e d  f o r  c o m p a r a t i v e  s e r o l o g i ­

c a l  s t u d i e s .  O n ly  Br# a b o r t u s  8308 was u s e d  f o r  p r o d u c t i o n  

o f  im m unis ing  a n t i g e n s  and c h a l l e n g e  d o s e s .  A l l  c u l t u r e s  

w ere  i n o c u l a t e d  on t r y p f o s e  a g a r  s l a n t s  ( a p p e n d ix  I )  upon r e ­

c e i p t  a n d  k e p t  in  the r e f r i g e r a t o r  a f t e r  48 h o u r s * g ro w th  a t  

37 C . T r a n s f e r s  w e r e  made a t  approxim ately m o n th ly  i n t e r v a l s *  

P r e p a r a t i o n  o f  a n t i g e n s * C e l l s  w e re  w ashed  from  t r y p t o s e  

a g a r  s l a n t s  w i t h  48 h o u r s  g row th  f o r  t h e  v a r i o u s  t e s t s  by  0 .9  

p a r  c e n t  s a l i n e  o r ,  l a  t h e  c a s e  o f  i n t e r m e d i a t e  s t r a i n  t e s t s ,  

by w a t e r  and  t h e  r e s u l t a n t  s u s p e n s i o n s  standardised  t o  6 1 .3  

£ 0*8 p e r  c e n t  l i g h t  t r a n s m i t t a n c e .  T h i s  f i g u r e  was s e l e c t e d  

f o r  u s e  o f  t h e  c e l l s  i n  a g g l u t i n a t i o n  a n d  o t h e r  t e s t s  and  was 

b a s e d  on  t h e  a v e r a g e  o f  s e v e r a l  s e p a r a t e  r e a d i n g s  made ©a 

B ureau  o f  Animal I n d u s  t r y  (BAI) p h e a o l i s e d  a n t i g e n *

A n t ig e n  f o r  e x t r a c t i o n  was grown i n  B lak e  b o t t l e s  on 

D ifo o  t r y p t o s e  a g a r  r e i n f o r c e d  w i th  l # t  p e r  c a n t  a d d i t i o n a l  

a g a r .  'S n r ich ed  t r y p t o s e  a g a r  ( a p p e n d ix  I )  was u s e d  i n  grow­

i n g  a n t i g e n s  f o r  p r e p a r a t i o n  o f  f r a c t i o n s  Y - l  and V -2 . 3 eed  

c u l t u r e s  w ere  f i r s t  grown f o r  48 h o u r s  a t  37 C a l l o w i n g  1 

t r y p t o s e  a g a r  s l a n t  p e r  6 B la k e  b o t t l e s *  The s l a n t s  w ere



washed o f f  w i t h  3 -  5 ml s a l i n e  s u s p e n d in g  th e  s a i l s  f rom  e a c h  

s l a n t  I n  15 -  EC ml o f  s a l i n e .  U r e a  ml o f  s u s p e n s i o n  m s  

s p r e a d  o v e r  t h e  a g a r  s u r f a c e  i n  B la k e  b a t t l e s  w h ich  were th e n  

i n c u b a t e d  f o r  48 t o  72 h o u r s  a t  3 ?  Gs t h e  g ro w th  b e i n g  u se d  

f o r  t h e  v a r i o u s  e x t r a c t i o n s .  A n t i g e n s  o f  l i v e  o rg a n is m s  u s e d  

f o r  a n im a l  i n o c u l a t i o n  and  s e r o l o g i c a l  t e s t s  war® p r e p a r e d  

f ro m  48 h o u r  g ro w th  on a g a r  s l a n t s ,  t h e  c e l l s  b e i n g  w ashed 

f r e e  by 0 . 9  p e r  om it  s a l i n e .  These  s u s p e n s i o n s  w ere  d i l u t e d  

t o  61 p e r  c e n t  l i g h t  t r a n s m i t t a n c e  and u s e d  w i t h o u t  f u r t h e r  

t r e a t m e n t .  C o l l e c t i o n  o f  f r a c t i o n s  was b y  means o f  s u c t i o n  

f l a s k  a s  I l l u s t r a t e d  I n  f i g u r e  1 .

f i g u r e  1

S u c t io n  A p p a ra tu s  f o r  C o l l e c t i o n  o f  C e l l s  
from  B lak e  B o t t l e s

Ww To Suction pomp

A C l a s s  tu b e  f o r  c o l I c e t i n g  c e l l s  
B i r e s s u r e  t u b i n g
0 C la s p  h o l d i n g  t u b i n g  (B ) and

i n s e r t e d  g l a s s  t u b e  (A)
I) H ing S tan d
1 G la s s  t u b i n g  I n l e t  t o  f l a s k  (H)
F One hoi© r u b b e r  s t o p p e r
0 Two l a y e r e d  gauze  f i l t e r
H Two 11 t a r  p y re x  s u c t i o n  f l a s k  

( f o r  c e l l  c o l l e c t i o n )
1 P r e s s u r e  t u b in g  c o u p l i n g

JT On© l i t e r  p y re x  s u c t i o n  
f l a s k  ( t r a p  f o r  back* 
f lo w )

X G la s s  tu b e  ( o u t l e t )
L One hole rubber stonpar
M P r e s s u r e  t u b i n g  c o u p l i n g
JT Glass tube
0 On# h o i#  r u b b e r  s t o p p e r
P F iv e  p e r  c e n t  p h e n o l
Q, Two l i t e r  p y r e i  f l a s k
H P r e s s u r e  t u b i n g  to  

s u c t i o n  pump



PA

Two t r a p s ,  on© (J } to  a v o id  b a c k f lo w ,  a n d  th e  se co n d  (Q.) c o n ­

t a i n i n g '  5*0 p a r  c e n t  p h e n o l  t o  t r a p  o rg a n is m s  t h a t  m ig h t  be 

p u l l e d  o v e r  w ere  u se d *  F iv e  p e r  c a n t  p h e n o l  had  th e  a d v a n ta g e  

o f  n o t foaming* The i n t a k e  tu b e  on  t h e  c o l l e c t i o n  f l a s k  (B ) 

was c o v e re d  w i th  a  d o u b le  l a y e r e d  ja u z e  b a g  to  c a t c h  l a r g e  

p a r t i c u l a t e  m a t te r*  The o u t l e t  w e n t  th r o u g h  th e  t r a p s  t o  a 

w a te r  pimp* In us© a l l  f l a s k s  w ere  c lam p e d  to  a  s i n g l e  r i n g  

s t a n d  so t h a t  a f t e r  us© i t  w as a  s im p le  mi t t e r  ‘to  a u t o c l a v e  

t h e  e n t i r e  s e t  up*

T e m p e ra tu re  c o n t r o l * T em p era tu re  c o n t r o l  d u r in g  f r a c ­

t i o n a t i o n  was v a r i e d .  F o r  m ost work b e tw e en  4 -  6 0 a l a r g e  

^ w a lk - in "  r e f r i g e r a t o r  was used*  F o r  lo w e r  t e m p e r a t u r e s  m 

b a t h  o f  a l c o h o l  o r  a c e to n e  and d r y  i c e  was c o n v e n ie n t .  By 

k e e p in g  one th e rm o m e te r  i n  th e  i c e  b a t h  and  one i n  th e  s p e c i ­

men l a r g e  d i f f e r e n c e s  i n  t e m p e r a tu r e  w ere  a v o id e d .  A d d i t io n  

o f  s m a l l ,  1 *0  to  2 .0  cm, p i e c e s  o f  d ry  i c e  m a in ta in e d  te m p e r ­

a t u r e  w i t h i n  a d e g re e  o f  t h a t  which was d e s i r e d .  T e m p e ra tu re s  

o f  a b o u t  -6 0  t  i o  C w ere o b t a i n e d  in  a  d r y  i c e  box* The 

f r e e z i n g  c o m p ar tm en t o f  a  s m a l l  l a b o r a t o r y  r e f r i g e r a t o r  h a p ­

p en ed  to  be  m a in ta in e d  a t  -1 1  C. F o r  c e n t r i f u g a t i o n  a  box 

a b o u t  58 cm h ig h  by  60 cm lo n g  by 58 cm wide and  h a v in g  a  h in g e d  

l i d  c l o s i n g  t i ^ t l y  o v e r  a r u b b e r  g a s k e t  was u s e d .  Uo l a b o r ­

a t o r y  i n f e c t i o n s  o c c u r r e d  by  t h i s  m ethod a s  f a r  a s  i s  known.

A th e rm o m e te r  was p l a c e d  so  t h e  b u lb  m s  a t  t h e  h e i g h t  o f  th e  

c e n t r i f u g e  h ead  and o n ly  a* few cm from  i t .  A bout 2 k i l l o g r u m s  

o f  d r y  io© p la c e d  i n  th e  box was s u f f i c i e n t  when b ro k e n  i n  

s m a l l  p i e c e s  I f  t h e  c e n t r i f u g e  was r u n  a t  4200 KPM t o  r e d u c e



as

th e  t e m p e r a t u r e  t o  b e tw een  0 t o  5 C. Running  t h e  c e n t r i f u g e  

20 t o  30 m i n u t e s c o o l e d  t h e  h ead  o f f  an d  e a n t r i f u g p  t u b a s ,  

a l r e a d y  a t  t h e  d e s i r e d  t e m p e r a t u r e ,  w are  t h e n  p l a  cad  i n  t h e  

head* A d d i t i o n  o f  d r y  l e a  u s u a l l y  was n o t  n e c e s s a r y  a t  t h i s  

t im e  h u t ,  a f t e r  a n o t h e r  30 m i n u t e s f r u n , a b o u t  500 m  siore o f  

I c e  was added* A 50  pound cak e  o f  d r y  i c e  u s u a l l y  l a s t e d  t h e  

b e t t e r  p a r t  o f  two d a y s  u n d e r  t h e s e  c o n d i t i o n s *  F o r  te m p e ra ­

t u r e s  a b o u t  - 1 0  0 a r o u n d  6 k g  o f  d r y  i c e  were r e q u i r e d  ©t t h e  

s t a r t  o f  c e n t r i f u g a t i o n  and  a ca k e  o f  d r y  l e e  l a s t e d  o n l y  one 

day*
P r e p a r a t i o n  o f  f r a c t i o n s . E x p l a n a t i o n s  The o v e r - a l l  

p l a n  o f  f r a c t i o n a t i o n  i s  e x p r e s s e d  s c h e m a t i c a l l y  I n  f i g u r e  2* 

S t a r t i n g  w i th  48 h o u r s  g row th  o f  B r .  a b o r t u s  2508 a t  3? C on 

a g a r  i n  B lake  b o t t l e s  c o o l e d  to  4 -  6  C th e  v a r i a t i o n s  In  

t r e a t m e n t  o f  t h e  c e l l s  a r e  g i v e n .  Hie c o n d i t i o n s  c o n t r o l l e d  

i n  e x t r a c t i o n ,  i o n i c  s t r e n g t h  ( r / £ ) , pH, t e m p e r a t u r e , s o l v e n t  

c o n c e n t r a t i o n  and  n i t r o g e n  c o n t e n t  a r e  p r e s e n t e d .  N i t r o g e n  

c o n t e n t  b e i n g  r e a d i l y  m easu red  was u s e d  i n s t e a d  o f  p r o t e i n  

c o n c e n t r a t i o n .  Hie t e rm  0°  i n  r e f e r e n c e  to  i o n i c  s t r e n g t h  r e ­

f e r s  t o  t h a t  a l r e a d y  p r e s e n t  i n  t h e  medium.

D e s i g n a t i o n  o f  f r a c t i o n s !  Roman n u m e r a l s  were u s e d  to  

I n d i c a t e  d i f f e r e n t  f r a c t i o n s ;  a r a b l e  n u m e ra l s  m in o r  v a r i a t i o n s  

f rom  t h e  m ain  p r o c e d u r e .  C a p i t a l  l e t t e r s  w ere  u s e d  to  i n d i ­

c a t e  d i f f e r e n t  b a t c h e s  o f  a g iv e n  f r a c t i o n .  As a n  ex am p le ,  

t h e  d e s i g n a t i o n  IX-D-3 r e f e r s  t o  t h e  D b a t c h  o f  f r a c t i o n  XI In  

which  t h e  c e l l s  o f  B r .  s u i s  w ere  e x t r a c t e d .  T h a t  I s ,  t h e  

t h i r d  v a r i a t i o n  i n  t h e  m a j o r  f r a c t i o n .  F o r  c o n v e n i e n c e ,  t h e
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d e s i g n a t i o n  g iv e n  th© f r a c t i o n  was a l s o  g iv e n  to  g ro u p s  o f  

a n i m a l s  i n o c u l a t e d  w i th  a f r a c t i o n  so t h a t  g roup  I -B  g u in e a  

p i g s ,  f o r  e x a m p le ,  h ad  r e c e i v e d  t h e  B h a t c h  o f  f r a c t i o n  I .

F r a c t i o n  I . Blake  b o t t l e s  s e e d e d  and  i n c u b a t e d  a s  d e ­

s c r i b e d  i n  t h e  f o r e g o i n g  s e c t io n  w ere  p l a c e d  i n  t h e  r e f r i g e r ­

a t o r  a l o n g  w i th  p i p e t t e s ,  f l a s k s  o f  s t e r i l e  d i s t i l l e d  w a t e r ,  

and  c o l l e c t i n g  f l a s k s  and  c o o l e d  to  4 -  6 G. A fte r  c o o l i n g

3 to  4 h o u r s ,  10 -  15 ml o f  c o l d  s t e r i l e  w a t e r  was added  to  

ea ch  b o t t l e  and a l l o w e d  to  s o a k  f o r  10 t o  £0 m i n u t e s .  F o l lo w ­

i n g  a s e p t i c  p r e c a u t i o n s ,  g row th  was g e n t l y  l o o s e n e d  f ro m  the  

a g a r  s u r fa c e  w i th  a m oistened  sw ab ,  t h e  s u s p e n s i o n  washed 

down w i t h  10 ml more  o f  c o l d  w a t e r ,  and a s p i r a t e d  o f f  i n t o  

t h e  c o l l e c t i n g  f l a s k .  S e v e r a l  u n in o e u la te d  b o t t l e s  p r e v i o u s ­

l y  i n o c u l a t e d  w i th  3 .0  ml s t e r i l e  s a l i n e  were t r e a t e d  in  th e  

same manner  to make a c o n t r o l  e x t r a c t .  Turn s u s p e n s i o n s  from 

25 -  30 b o t t l e s  were c o l l e c t e d  i n  t h i s  manner  and y i e l d s  

v a r i e d  f rom  500 -  600 ml. S u s p e n s i o n s  w ere  e x t r a c t e d  f o r  24 

t o  48 h o u r s  a s  shown i n  f ig u r e  2 ,  a f t e r  which time t h e  c e l l s  

w ere  s e p a r a t e d  f rom  t h e  l i q u i d  p h a s e  b y  c e n t r i f u g a t io n  a t

4 -  6 0 i n  an  a n g l e  h e a d  c e n t r i f u g e  a t  a b o u t  4200 HPM. fBx@ 

c e l l s  w e re  resuspended  in  c o l d  w a t e r ,  p o o le d  in  a b o u t  100 ml 

o f  w a t e r  and  r e c e n t r i f u g e d , t h i s  s u p e r nate b e i n g  added  to  t h e  

f i r s t  s e p a r a t e d *  The c e l l s  were  r e t a i n e d  f o r  f u r t h e r  t r e a t m e n t  

( f i g u r e  2 }« "die s u p e r n a t e ,  d e s ig n a te d  f r a c t i o n  I ,  was r e o e n -  

t r i f u g e d  u n t i l  i t  a p p e a r e d  c l e a r  to  th© e y e ,  f i l t e r e d  i n  e i t h e r  

s o l a s  o r  s i n t e r e d  g l a s s  f i l t e r s  a t  4 -  6 C, and  two 1 . 0  ml 

a l i q u o t s  o f  f i l t r a t e  c u l t u r e d  in  r e s p e c t iv e  t u b e s  o f  t r y p to s m



b r o t h  * I f ,  gif t a r  3 days  no growth  v n s  a p p a r e n t  In  t h e  c u l t u r e  

t u b a s ,  i n j e c t i o n s  o f  e x t r a c t  were c a r r i e d  o u t .

V a r i a t i o n s  i n  b a t c h e s  o f  f r a c t i o n .  I  c o n s i s t e d  o f  c e n t r i ­

f u g a t i o n  1 t im e  o f  f r a c t i o n  I -B  a t  15 C i n s t e a d  o f  4 -  6 0 ,  

and  u se  o f  a  f i r s t  a p p l i c a t i o n  o f  15 ml o f  c o l d  w a t e r  i n s t e a d  

o f  10 ml i n  r e m o v in g  c e l l s  f rom  S la k e  b o t t l e s  i n  "h-yt.f:. A-,...

A s e r i e s  o f  4 b a t c h e s  o f  f r a c t i o n  I  d e s i g n a t e d  I -A ,  .1-3, 

I - C , and  I - I )  a r e  r e p o r t e d  on h e r e i n .  H r .  a b o r t u s  230Qi waa 

u se d  i n  p r o d u c i n g  I - A ,  I - B  and  I - D .  Br. a b o r t u s  2308b m s  

u sed  i n  p r e p a r a t i o n  o f  I - C .  Three  o f  t h e s e ,  I - A , I - B ,  and

I - C ,  w ere  s t u d i e d  f o r  a n t i b o d y  p r o d u c t i o n  and im m uniz ing  c a ­

p a c i t y  i n  guinea,  p i g s  and  a s  p r s c i p i t l n s  and  I-G was a l s o  

s t u d i e d  f o r  a n t i b o d y  r e s p o n s e  in  r a b b i t s .  The f o u r t h ,  I -D ,  

was s t u d i e d  in  v i t r o  o n l y .  E x t r a c t s  o f  c e l l s  o f  B r . a b o r t u s  

19 and  B r .  s u i s  298 d e s i g n a t e d  I - D - 2 an d  I - D - 3 r e s p e c t i v e l y  

were a l s o  made a s  f o r  I - B .  Gold 0 . 9  p e r  c e n t  s a l i n e  was su b ­

s t i t u t e d  f o r  w a t e r  I n  p a r a l l e l  b a t c h e s ;  a l l  6 o f  t h e s e  b a t c h e s  

w ars  s t u d i e d  f o r  p o s s i b l e  s t r a i n  d i f f e r e n c e s .

^ f r a c t i o n s  I I  and  I I I . The c e l l  r e s i d u e  l e f t  a f t e r  s e p a ­

r a t i o n  o f  f r a c t i o n  I  m s  c o o l e d  to  1 . 0  0 i n  an a c e t o n e  and 

d r y  i c e  b a t h  and g r a d u a l  a d d i t i o n  o f  p r e c o o l e d  a c e t o n e  {0 C) 

made d u r i n g  c o n t i n u a l  s t i r r i n g .  O v e r ly  v i g o r o u s  s t i r r i n g  

was a v o i d e d  a s  I t  i s  known t h a t  some p r o t e i n s  a r e  s u s c e p t ib le  

t o  d e n a t u r a t i o n  b y  t o o  v i g o r o u s  s t i r r i n g .  T em p e ra tu re  f a l l  

was a t  a r a t e  o f  a b o u t  1 . 0  0 p e r  ml o f  s o l v e n t  a d d e d ,  a t o t a l  

o f  a b o u t  60 ml a c e t o n e  to  t h e  y i e l d  f rom  30 B lake  b o t t l e s  o r  

a b o u t  2 .0  ml f o r  th e  y i e l d  f rom  a s i n g l e  f l a s k  b e i n g  a d d e d .



As f a r  a s  l a  known f r e e z i n g  d u r i n g  e x t r a c t i o n  d id  n o t  o c c u r  

e x c e p t  i n  t h e  p r e p a r a t i o n  o f  t i e  f i r s t  f r a c t i o n  (XI-A) in  

which o n l y  50 n  1 p e r  SO Blake b o t t l e r  was u s e d .  E x t r a c t i o n  

i n  t h e  c o l d  box was c a r r i e d  o u t  f o r  48 h o u r s  a s  shown i n  f i g -  

ur« £ .  A f t e r  e x t r a c t io n  t h e  b a t c h  was s h e l l  f ro z e n  in  100 m l 

c e n t r i f u g e  b o t t l e s .  These w ere  a t t a c h e d  by  p r e s s u r e  t u b i n g  

t o  a 8 to k e n  ly o p fc i l iz e r*  During d r y i n g  th e  c e n t r i f u g e  b o t t l e s  

war® immersed in  a b a t h  o f  d r y  i c e  and a l c o h o l  o r  ace to n e  i n  

w hich  t h e y  were k e p t  f o r  a b o u t  IE to  15 h o u r s  o r  u n t i l  the 

a c e t o n e  v a p o r  c l e a r e d  th e  vacuum pump, a t  a  t e m p e r a t u r e  o f  

•  75 t o  -7 8  0 .  I t  was o b s e r v e d  t h a t  t h e  p r e s s u r e  o f  the  l y o -  

p h i l©  a p p a ra tu s  f i r s t  d ropped  u n d e r  500 m ic ro n s  tout t h e n  r o s e  

t o  1 mm o r  above  a s  t h e  a c e t o n e ,  r a i s i n g  th e  vapor p r e s s u r e ,  

e n te r e d  t h e  vacuum pump* As th e  v a p o r  was p u sh ed  o u t  o f  the 

pump t h e  p r e s s u r e  f e l l  and once i t  was a g a i n  below 500 m ic ro n s  

and remained below  the a l c o h o l  and d ry  i c e  b a th  was c o n s i d ­

e r e d  no l o n g e r  n e c e s s a r y .

A f t e r  d ry in g ,  t h e  c e l l  r e s i d u e  f rom  10 B lak e  b o t t l e s  was 

a y e l l o w i s h  to  brown powder w e ig h i n g  a b o u t  0 .5  g r a n s .  To t h i s  

powder 50 ml o f  0 .9  p e r  c e n t  s a l i n e  a t  4 •  ft C was added  and 

t h e  c e l l s  e x t r a c t e d  o v e r n i g h t  a t  4 -  6 C• Cm th e  f o l l o w i n g  

d a y ,  c a l l  r e s i d u e s  were s e p a r a t e d  by c e n t r i f u g a t i o n  f ro m  t h e  

l i q u i d  p hase  and  washed toy a seco n d  c e n t r i f u g a t i o n  w i t h  a b o u t  

SO ml c o l d  s a l i n e .  The c e l l  re s id u e  was d e s i g n a t e d  f r a c t i o n  

I I I .  The l i q u i d  p h a s e  d e s i g n a t e d  f r a c t i o n  I I  was c e n t r i f u g e d  

1 o r  2 more t im e s  u n t i l  I t  a p p e a r e d  c l e a r  to  the  eye and  f i l ­

t e r e d  th r o u g h  a s e l a s  o r  s i n t e r e d  g l a s s  f i l t e r *  Two 1 . 0  ml
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a l i q u o t s  o f  t h e  f r a c t i o n  w are  c u l t u r a l  i n  t r y p t o s e  b r o t h  an d  

in c u b a te d  f o r  s t e r i l i t y  c o n t r o l s  a t  3? C t h r e e  d a y s  'b e fo re  i n ­

o c u l a t i o n  o f  g u in e a  p i g s  was c a r r i e d  o u t .  151® b r o t h s  r e m a in ed  

s t e r i l e  f o r  t h e  30 day  to  t e l  i n c u b a t i o n  p e r i o d  u s e d .

I n  a l l ,  4 b a t c h e s ,  I I - A ,  XI-B, IX-C s a d  I I - D  w ere  made.

I  I - A , XX—3 and  I  I -D  w&m p r e p a r e d  w i t h  B r . a b o r t u s  2308a a n d

I I - C  w i t h  B r .  a b o r t u s  2306b .  I I - A ,  XI-B and I I - C  were  s t u d i e dmi mir ;i mmmmmmmmimmi 9

f o r  a n t i b o d y  p r o d u c t i o n  a n d  im m uniz ing  a b i l i t y  i n  -guinea p i g s

and  I I - C  was a l s o  s t u d i e d  f o r  a n t i b o d y  p r o d u c t i o n  In  r a b b i t s .

A l l  4 were  s t u d i e d  a s  p r e c l p i t i n s  and I I - D  i n c l u d e s  3 s u b ­

f r a c t i o n s ,  1 I - D - 1 ,  IX-J3-2, I  I - D - 3 f rom  B r .  a b o r t u s  2 3 0 8 a ,  B r . 

a b o r t u s  19 and  B r .  s u i s  296 r e s p e c t i v e l y .  These were s t u d i e d  

f o r  s e r o l o g i c a l  s t r a i n  d i f f e r e n c e ®  by  p r e c i p i t i n  and a b s o r p ­

t i o n  t e s t s .

Two b a t c h e s  o f  f r a c t i o n  I I I ,  I I I - A  and XXX-C, a r e  r e p o r t ­

ed o n .  I l l -A .  m s  r e c o n s t i t u t e d  In  s a l i n e  and  s t a n d a r d i z e d  t o  

95 p e r  c e n t  l i g h t  t r a n s m i t t a n c e ,  1 . 0  ml o f  t h e  s u s p e n s i o n  b e ­

i n g  i n j e c t e d  i n  each  o f  10  g u in e a  p i g s .  B a tc h  XIX-0 m s  d i ­

l u t e d  w i th  a b o u t  an  e q u a l  volume o f  s a l i n e  and 0 . 1  ml o f  t h i s  

s u s p e n s io n  g i v e n  i n t r a p e r i t o n e a l l y  I n  each  o f  20 g u in e a  p ig® . 

XIX-B was n o t  s t u d i e d .

F r a c t i o n  I T . t h e  c e l l  s u s p e n s i o n  f o r  f r a c t i o n  IT was 

p r e p a r e d  a s  t h a t  f o r  f r a c t i o n  I  u s i n g  one  h a l f  o f  each  s u s ­

p e n s i o n  f o r  f r a c t i o n  IT ,  t h e  o t h e r  h a l f  f o r  f r a c t i o n s  V - l  

and T - 2 .  A f t e r  h a r v e s t  t h e  c e l l  s u s p e n s i o n  was s h e l l  f r o z e n  

i n  100 t o  500 ml p y re x  b o t t l e s  c o n t a i n i n g  f rom  20 -  100 ml 

o f  c e l l  s u s p e n s i o n  p e r  b o t t l e  and t h e  b o t t l e s  a t t a c h e d  'to
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the  l y o p h i l©  a p p a r a t u s  'by pro satire t u b in g #  A f t e r  th e  S tokes 

gauge rem ained below 500 m ic ro n s , t h e  d ry  l e e  bath  was removed 

and  d e s s i c a t io n  was co n tin u e d  abo u t 20 h o u r s  more# Alia p r e s ­

s u r e  was u s u a l l y  50 -  100 m icrons d u r i n g  m o s t  o f  t h e  run# 

f o l l o w i n g  d es s  i c e t i o n ,  a c e t o n e ,  p reco o led  t o  -6 0  to  -7 0  C was 

added  t o  th e  y e l l o w i s h  r e s i d u e #  About 10 ml o f  a c e t o n e  was 

added  p e r  0 .1  gra o f  d r i e d  c e l l s #  'E x trac tio n  was c a r r i e d  o u t  

i n  a  d r y  i c e  box a t  - 6 0  t o  - 5 0  C f o r  a  p e r i o d  o f  48 h o u r s  u n ­

d e r  t h e  c o n d i t i o n s  shown i n  f i g u r e  B, a f t e r  w h ic h  t im e  t h e  

e x t r a c t  was f i l t e r e d  through, a t h o r o u g h l y  d r ie d  s o la s  o r  s i n ­

t e r e d  g l a s s  f i l t e r  i n  t h e  d r y  I c e  box# Th® f i l t r a t e  was d e s ­

i g n a t e d  f r a c t i o n  IT and t h e  c e l l s  w ere  d i s c a r d e d ,  The a c e t o n e  

s u s p e n s i o n  was s h e l l  f ro z e n ,  t h e  a d d i t i o n  o f  BO ml o f  c o l d  

s a l i n e  b e i n g  n e c e s s a r y  t o  p e r m i t  f r e e z i n g ,  and  b o t t l e s  were 

l e f t  immersed i n  d r y  i c e  and a l c o h o l  o r  a c e t o n e  a t  -7 5  to  

- 7 8  C u n t i l  t h e  S t o k e s  gauge showed a c o n t i n u o u s  p r e s s u r e  o f  

l e s s  t h a n  500 m ic ro n s#  The l a r g e  volume o f  a c e t o n e  p r e s e n t e d  

a  p ro b le m  a s  t h e  vacuum pump re m a in e d  a t  e l e v a t e d  p r e s s u r e s  

f o r  q u i t e  some time# I f  removed from  t h e  b a t h  b e f o r e  p r e s s u r e  

was c o n t i n u a l l y  low the  c e l l  s u s p e n s i o n  m e l t e d .  A w h i t i s h  

powder rem ained a f t e r  d r y i n g .  T h is  m s  r e c o n s t i t u t e d  in  c o l d  

s a l i n e  and f i l t e r e d  through a s o l a s  o r  s i n t e r e d  g l a s s  f i l t e r  

a t  4 -  6 C. Two 1 . 0  ml a l i q u o t s  w ere  c u l t u r e d  i n  t r y p t o s ©  

b r o t h  f o r  s t e r i l i t y .  Three  b a t c h e s ,  IV-A, XY-B and XV- 0  were  

made; XT-& and XT-S u s i n g  Br* a b o r tu s  £3Q6a were u s e d  i n  p r e ­

c i p i t i n  t e s t s ,  IV-C u s i n g  B r . a b o r t u s  8308b was a l s o  u s e d  f o r  

guinea  p i g  and r a b b i t  i n o c u l a t i o n .



F r a c t i o n s  V - l  arid ¥ - 8 . The 850 ml o f  c e l l  s u s p e n s i o n  

l e f t  aT e r  from p r e p a r a t i o n  o f  f r a c t i o n  IT was c o o l e d  f u r t h e r  

t o  1*0 C i n  a d ry  i c e '  and ao@ta.oe b a t h  an d  10 ml o f  a c e t a t e  

b u f f e r  added ( a p p e n d ix  IT )*  The b u f f e r  was made f rom  9*0 ml 

1 N sod ium  a c e t a t e  and 1*0 ml 1 *1 a c e t i c  a c i d .  D i l u t e d  to  

250 .ml i n  w a t e r  a l o n e  t h e  b u f f e r  gave  a pH o f  5 . 8  on a Book­

man pH m e t e r .  r!o pH r e a d i n g  was made on  t h e  e x t r a c t  i t s e l f .  

With c o n s t a n t  g e n t l e  s t i r r i n g  and g r a d u a l  c o o l i n g  110 ml 

a c e t o n e  was a d d e d ,  d r o p p i n g  t h e  t e m p e r a t u r e  1 . 0  C f o r  e a c h  

10 ml a c e t o n e  a d d e d .  The b u f f e r e d  a c e t o n e  and  w a t e r  s u s p e n ­

s i o n  was e x t r a c t e d  a s  shown i n  f i g u r e  2 ,  I n  t h e  f r e e z i n g  com­

p a r t m e n t  o f  an o r d i n a r y  r e f r i g e r a t o r  a t  a  t e m p e r a t u r e  o f  - 1 1  0 

f o r  48 h o u r s .  At t h e  end o f  t h i s  p e r i o d  th e  l i q u i d  p h a s e  was 

c e n t r i f u g e d  f r e e  o f  c e l l s  a t  - 1 0  to  -1 2  C i n  t h e  c o l d  box .  

C e n t r i f u g a t i o n  was c a r r i e d  o u t  2 t i m e s  on t h e  l i q u i d ,  p o o l i n g  

@11 c e l l s  s e p a r a t e d .  U n s t e r i l i z e d  p l a s t i c  t u b e s  were  u s e d  I n  

p l a c e  o f  g l a s s  o n e s  t o  a v o i d  b r e a k a g e .  The p l a s t i c  b e in g  

somewhat s o l u b l e  i n  a c e t o n e  i t  m s  d e s i r a b l e  n o t  t o  ex p o se  

t h e  t u b e  t o  t h e  a c e t o n e  a n y  l o n g e r  th a n  w as  n e c e s s a r y .  The 

s u p e r n a t a n t  m a t e r i a l ,  d e s i g n a t e d  f r a c t i o n  Y - l ,  was s h e l l  f r o ­

zen  and  t h e  a c e t o n e  and  w a t e r  I n  i t  removed by l y o p b l l i z a t l o n  

f o r  56 h o u r s ,  t h e  c o n t a i n i n g  b o t t l e s  being, k e p t  Immersed i n  a 

d r y  i c e  b a t h  a t  l e s s  th a n  -3 0  0 u n t i l  p r e s s u r e  r em a in e d  below  

500 m i c r o n s .  The d r i e d  r e s i d u e  was a y e l l o w i s h  c o h e r e n t  .mass 

w h ich  was r e a d i l y  s o l u b l e  in  c o l d  w a t e r .  F r a c t i o n  V-2 was 

p r e p a r e d  by  a d d i n g  60 ml o f  w ate r  a t  4 -  C* 0 t o  t h e  c e l l  r e s ­

i d u e ,  c e n t r i f u g i n g  a t  4 -  6 C, w a s h in g  a  s e c o n d  t im e  w i th
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60 ml c o l d  w a t e r ,  an d  co m b in in g  th e  two 60 ml a l i q u o t s *  B o th  

f r a c t i o n s  V - l  a n d  ¥ - 2  w ere  f i l t e r e d  t h r o u g h  a e l a s  o r  s in t e r e d  

g l a s s  f i l t e r s  an d  two 1 , 0  ml a l i q u o t s  o f  ©ash ware c u l t u r e d  

i n  t r y p t o s ©  b r o th *  Mibh  no g rowth  was a p p a r e n t  a f t e r  3 d a y s ,  

In o c u la t io n s  were made*

Three h a tc h e s ,  V -l-A , Y-X-B, ¥ -1 -0 ,  and V-2-A, V -2-3 , 

¥ - 2 - 0 ,  o f  each  f r a c t i o n  were  made. The b a t c h e s  w ere  a l l  s t u d ­

i e d  f o r  a b i l i t y  t o  p r e c i p i t a t e  a n t i s e r u a  an d  Y - l - B ,  V-l-C and  

7 - 2 - 3 ,  ¥ - 2 - 0  w ere  s t u d i e d  f o r  im m unis ing  an d  a n t i b o d y  p r o d u c ­

i n g  a b i l i t y  in  guinea p i g s .  ¥ - 1 - 0  and ¥ - 2 - 0  were a l s o  used 

f o r  a n t i b o d y  p ro d u c tio n  i n  r a b b i t s *

F r a c t i o n  ¥ 1 * F r a c t i o n  YI was p r e p a r e d  by t h e  s u b s t i t u ­

t i o n  of d i l u t e  a l k a l i n e  b u f f e r  f o r  w a t e r  I n  t h e  removal o f  

g row th  from B la k e  b o t t l e s *  The b u f f e r  ( a p p e n d ix  V) a

f i n a l  pH o f  9*0 i n  t h e  e x t r a c t*  fh© o r i g i n a l  b u f f e r  d i l u t e d  

i n  w a t e r  had a pH o f  9*2. Ten ml o f  b u f f e r  were added  t o  

e a c h  B la k e  b o t t l e  p r e - c o o l e d  a s  b e f o r e ,  an d  a l l o w e d  t o  so a k  

10 to  20 m i n u t e s  b e f o r e  g e n t l y  sw ab b in g  th e  s u s p e n s i o n  l o o s e  

and  washing down th e  s u r f a c e  o f  th e  a g a r  w i t h  an a d d i t i o n a l  

10 ml o f  b u f f e r *  C o l l e c t I o n  was made i n  a  a u c t i o n  f l a s k  a s  

p r e v i o u s l y  d e s c r i b e d ,  k e e p i n g  a l l  m a t e r i a l s  c o o l e d  to  4 -  6 C* 

The b u f f e r e d  c e l l  s u s p e n s i o n  was a l l o w e d  to  e x t r a c t  i n  the r e ­

f r i g e r a t o r  u n d e r  t h e  c o n d i t i o n s  shown in  f i g u r e  2, f o r  ?B h o u r s  

and  t h e  c e l l  s u s p e n s i o n  was s e p a r a t e d  i n t o  p a s t e  and sup@rna.te 

by  c e n t r i f u g a t i o n  a t  4 -  6 0# The c e l l s  w e re  d i s c a r d e d ,  t h e  

l i q u i d  b e i n g  c e n t r i f u g e d  once  more and  f i l t e r e d  th rough a s o l a s  

o r  s i n t e r e d  g l a s s  f i l t e r *  Some d i f f i c u l t y  i n  f i l t r a t i o n  o f
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t h i s  and f r a c t i o n  T i l  was e x p e r i e n c e d  i t  b e i n g  n e c e s s a r y  t o  

f i l t e r  t h e  a l k a l i n e  e x t r a c t  3- t i n e s  t o  ach ieve  s t e r i l i t y  In

the. s e c o n d  hatch® Two X.0 ml a l i q u o t s  were c u l t u r e d  In  t r y p -  

tos© 'bro th  an d  T hen ,  a f t e r  3 d a yn  I n c u b a t i o n  a t  37 C no g ro w th  

was a p p a r e n t  i n o c u l a t i o n s  w e r e  made®

Two b a t c h e s ,  YI~A and T I - 8 ,  were  made; th e  former w i t h  

B r ® a b o r t u s  2306a, t h e  l a t t e r  w i th  3r. a b o r t u s  2308b.  B o th  

w ere  t e s t e d  f o r  Im m unis ing  c a p a c i t y ,  a b i l i t y  to e l i c i t  a n t i ­

b o d i e s  i n  g u in e a  p i g s ,  and a b i l i t y  to  p r e c i p i t a t e  immune serum . 

V I - 3 w s  a l s o  t e s t e d  f o r  a n t i b o d y  p r o d u c t i o n  i n  r a b b i t s .

F r a c t i o n  T i l t F r e e t lo n  V II was p r e p a r e d  by  a d d i t i o n  o f  

co ld  a c i d  b u f f e r  ( a p p e n d i x  V) t o  Blaka b o t t l e s  w i t h  48 h o u r s  

g ro w th  a t  87 C o f  B r . a b o r t u s . I n  p la c e  o f  t h e  s o ld  w a te r  a s  

u s e d  in  p r e p a r a t i o n  o f  f r a c t i o n  I* Th© pH was 2* 2 ,  a s  d e t e r ­

mined on d i l u t e d  b u f f e r ,  n o t  the e x t r a c t .  F ollow ing  r e m o v a l  

o f  c e l l  g ro w th  the  s u s p e n s i o n  was r e f r i g e r a t e d  a t  4 -  § 0 f o r  

72 h o u r s  and  c e n t r i f u g e d  t o  s e p a ra te  t h e  e x t r a c t  f rom  c e l l s .

Tbe e x t r a c t  was c e n t r i f u g e d  o n ce  more and  f i l t e r e d  t h r o u g h  a 

s e l a s  o r  s i n t e r e d  g l a s s  f i l t e r .  I n  b o th  b a t c h e s  m d e  i t  was 

n e c e s s a r y  t o  f i l t e r  t h e  a c i d  e x t r a c t  4 t im e s  b e f o r e  two 1 , 0  a l  

a l i q u o t s  c u l t u r e d  I n  t r y p to a ©  I r o t h  showed no g ro w th  a f t e r  3 

d a y s  I n c u b a t i o n  a t  37 C. When no g ro w th  was a p p a r e n t  a f t e r  3 

d ay s  a  s e r i e s  o f  i n o c u l a t i o n s  w as  m a i# .  Two f r a c t i o n s ,  VII-A  

and  TXI-B ware made.  O n ly  f r a c t i o n  Y I I - B  was u s e d  f o r  a n i m a l  

i n o c u l a t i o n s .

M e th an o l  p r e c i p i t a t i o n , lb  40 a l  o f  c o ld  f r a c t i o n  I  o r  

f r a c t i o n  I I  was added  1 . 0  ml 4 M sodium a c e t a t e  an d  1 Ml 10 II
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a c e t i c  a c id *  The r e s u i t i n g  s o l u t i o n  h a d  a pE o f  4*?  on  t h e  

Beckman pH m e t e r  ana  an i o n i c ' o o n o a n t r a i i o n  o f  .0 0 4  ( a p p e n d i x  

? } .  fb  t h e  b u f f e r e d  f l i t r e t #  was g r a d u a l l y  added  7 ,0  ml o f

co ld  (00} m e th a n o l  w hile  t h e  t e m p e r a t u r e  was lowered t o  -17 0* 

k  p re e lp l t& le  d e v e l o p e d ,  t h e  m a t e r i a l  was oe& trifuged  a t  

*15 C a n d  4300 EpM f o r  30 m inu tes  an d  th e  a u p e rn a ta ,  s t i l l  

c l o u d y ,  d e c a n te d #  A l i g h t  p r e c i p i t a t e  l e f t  on the  bottom o f  

t h e  tube  was r e a d i l y  s o l u b l e  i n  10 ml o f  c o l d  w a t e r .  T h i s  

m a te r i a l  was p re o ip i t ln o g e n ie *

Criteria for s te rility  o f  fractions, a s  m entioned , two 

1 .0  ml a l i q u o t s  of each fraction were incubated in t  ryp  to  se 

b ro th  at 3? 0 for at least 5 days before an im als  were in o eu -  

l a t e d  except'in the case of the f i r s t  fraction, I-A, in which 

i t  was shown that the fraction was n o t  sterile by control 

animals* infections. 1h# broths were a ll  kept for a minimum 

of 30 days before being discarded. In no case was any growth 

noticeable. About half o f  the guinea■ pigs inoculated with 

the given fraction® also served as s te rility  c o n t r o l s  receiv­

ing no challenge dose. In a l l -  b u t  the oim ©as# mentioned 

(group X-a) these animals were sterile .

Oars o f  a n im a ls . Guinea pigs,  end  r a b b i t s  w ere  f e d  a 

d i e t  o f  P u r i n a  p e l l e t s  s u p p le m e n te d  w i t h  f r e q u e n t  f e e d i n g s  

o f  k a l e  o r  l e t t u c e  an d  a d e q u a t e  w a t e r .  B a b b i t s  were k e p t  i n ­

d i v i d u a l ly  o r  p a i r e d  i n  open  c a g e s  w h i l e  g u in e a  p i g s  were 

p l a c e d  i n  c a g e s  by g r o u p s .  I s o l a t i o n  among t h e  g u in e a  p i g s  

was i m p e r f e c t .  One e p id e m ic  o f  s t r e p to c o c c a l  i n f e c t i o n  and 

an  e x t e n d e d  on© o f  e n t e r i t i s  o e e u r r a d  i n  the  l a b o r a t o r y  p o o l
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o f  s o m ja l  a n im a ls  d u r i n g  t h e  e x p e r im e n ts *  H o t many o f  t h e  

a n im a l s  u se d  w ere  I n v o lv e d  In t h e  s t r e p t o o o o c a l  o u tb r e a k  b u t  

p r a c t i c a l l y  a l l  an im a l a r e c e i v i n g  f r a c t i o n s  Y - l - A ,  V -l~ i3 ,

7 -g -A ,  V-S-B and  th e  I n f e c t i o n  c o n t r o l s  f o r  t h e s e  g ro u p s  and 

1 - 0 9 I I - C  and  VT-A w ere  In v o lv e d  I n  t h e  e n t e r i t i s  o u tb re a k *

The outbreak was controlled by fee d i n g  sulfa. Siam i d  i n s  and o f  

th e  e n t e r i t i s  a n i m a l s  g iv e n  p o s t  mortem e x a m i n a t i o n  no macro­

sco p ic  pathology o f  t h e  s p l e e n  m g  a p p a r e n t .  Two o f  6 had  

s m a l l  p a t c h y  a b s c e s s e s  on  t h e  l i v e r .  3ulfagaanldlne was w i t h ­

h e l d  from t h e  a n i m a l s  a t  l e a s t  1 week p r i o r  to s t a r t i n g  an e x ­

p e r i m e n t  e x c e p t  i n  t h e  I n f e c t i o n  c o n t r o l s  for X — V/ a 1. .3.0. ..-:s —'b
w hich  by a c c i d e n t  wero r e c e i v i n g  s u l f a g u a n i d i n e  up t o  t h e  day  

t h e y  r e c e i v e d  t h e  c h a l l e n g e  d o s e .

I n o c u l a t i o n  o f  r a b b i t s * H a h b i t s  u s e d  f o r  t h e  p r o d u c t i o n  

o f  a n t i s e r u m  w eighed  f rom  5 t o  1C p o u n d s ,  n o rm a l  t i t e r e  w e re  

t a k e n  b y  b lo o d in g  from  th e  .m arg ina l  e a r  v a i n  b e f o r e  any  m a t e r i ­

a l  wmp I n o c u l a t e d  end I n o c u l a t i o n s  t h e n  made d i r e c t l y  ir. t h e  

e a r  v e i n .  A t t h e  I n t e r v a l s  I n d i c a t e d  on  t h e  v a r i o u s  p r o t o c o l ©  

g iv e n  u n d e r  f*H©cultsw t r i a l  * l a d i n g s  w ere  made* XT a t i t e r  

o f  d e s i r e d  s t r e n g t h  w as  o b t a i n e d  tb o  a n i m a l  was  b l e d  o u t  from 

t h e  h e a r t  a s e p t i c s l l y .  Serum was s e p a r a t e d  a f t e r  t h e  b lo o d  

had  s t o o d  8 t o  4 h o u r s  a t  37 C and had b e e n  r e f r i g e r a t e d  o v e r ­

n i g h t  * C e l l u l a r  d e b r i s  was removed by  c e n t r i f u g e t i o n  and th e  

serum  a s p i r a t e d  o f f  and s t o r e d  I n  s m a l l  r u b b e r  capped  serum  

b o t t l e s .  M e r t h l o l a t e  la- f i n a l  c o n c e n t r a t i o n  o f  I s  IQ,COO was 

added  when p r e s e r v a t i v e  was u s e d .

I n o c u la t i on mad p o s t  mortem e x a m i n a t i o n  o f  g u in e a  p i g s .
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Okila«a p i g s  w e ig h s  a from  300 t o  700 gm when i n o c u l a t e d .  Hie 

w e i g h t  v a r i a t i o n  w i t h i n  a group u s u a l l y  m s  *100 gm. T i t e r s  

w ars  o b t a i n e d  on a l l  g u in e a  p i g s  b e f o r e  i n o c u l a t i n g  and a t  

i n t e r v a l s  i n d i c a t e d  u n d e r  " r e s u l t s *  f o l l o w i n g  th e  i n o c u l a t i o n  

o f  t h e  v a r i o u s  f r a c t i o n s .  A l l  i n o c u l a t i o n s  were  mat da by  t h e  

i n t r a p  e r  i  to  n©al r o u t e  • I t  vmb fo u n d  c o n v e n ie n t  to  p l a c e  one 

a n im a l  i n  an  e t h e r  a n e s t h e s i a  j a r  mil l© a p r e v i o u s l y  a n e s t h e ­

t i z e d  a n im a l  w as b e in g  worked on . T i t e r s  w ere  t a k e n  j u s t

p r i o r  t o  each  i n o c u l a t i o n  o f  a  g iv e n  f r a c t i o n  o r  c h a l l e n g e  

dose#  P r o t o c o l s  I  and  11 i n c l u d e  I n o c u l a t i o n  s c h e d u le s #  

S u r v i v i n g  g u in e a  p i g s  w ere  t i t a r e a  and  k i l l e d  by c h lo ro f o rm  

o r  e t h e r  4 to  o w eeks f o l l o w i n g  th e  c h a l l e n g e  d o s e .  On© 

b lo o d  sp ec im en  was t a k e n ,  I n  g ro u p s  X-Q, XX-0, I l f - 3 ,  ? - l - C ,  

Y -2-C ,  V I - 3 and  ¥ 1 1 - 3 ,  two  weeks a f t e r  c h a l l e n g i n g  i n  o r d e r  

t o  fo l lo w  th e  t i t e r s  m ore c l o s e l y .  Those d y i n g  by n a tu r a l

c a u s e  a r e  m  n o t e d  I n  th e  t a b l e s .

P o s t  m ortem  e x a m i n a t i o n s  were  don© on n e a r l y  a l l  an im als  

re co rd ed  in  th e s e  experim en ts  w ith  e x c e p t i o n s  as  no ted  in  which 

decom position  was too advanced to  make such exam ination  f e a s i ­

b l e .  O rgans  examined In c lu d e d  s p l e e n ,  l i v e r ,  h e a r t ,  l u n g ,  

k id ney  and re p ro d u c t iv e  organ®. O c c a s i o n a l l y  r e f e re n c e  was 

made to  a b s c e s s e s  i n  o t h e r  p a r t s  o f  t h e  body a s  s w o l l e n  lymph 

g la n d s ,  in flam ed  a d r e n a l s ,  and a r t h r i t i c  s w e l l in g s .  A ccord ing  

to  th e  c l a s s i c a l  da s c r i p t i o n  o f  Fabyan (1912) the sp leen  c h a r ­

a c t e r i s t i c a l l y  i s  en la rg ed  and roughened end may have numerous 

t i n y  a b s c e s s e s  over th e  s u r fa c e  (p la te  I ) .  The l i v e r  i s  l e s s  

f r e q u e n t ly  invo lved  bu t a l s o  may be a b sc e s se d .  The h e a r t  oo-
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c a s i o n a l l y  may have  a b s c e s s © 3 f and  t h e  l u n g  shows c o n g e s t i o n  

and c o n s o l i d a t i o n  i s  n o t  I n f r e q u e n t  i n  a b o u t  60 p a r  c a n t  o f  

t h e  c a s e s ,  Hie k i d n e y  o f t e n  h a s  m in u te  a b s c e s s e s  b e n e a t h  t h e  

c a p s u l e  and o c c a s i o n a l l y  t h e  a d r e n a l s  a r e  i n v o l v e d .  Hie r e ­

p r o d u c t i v e  o r g a n s  o f  t h e  f e m a le  do n o t  o f t e n  show m a c r o s c o p ic  

p a t h o lo g y  though o c c a s i o n a l l y  t h e  u t e r u s  may show an a b s c e s s ,  

n e v e r t h e l e s s  o r g a n i s m s  a r e  o f t e n  r e c o v e r e d .  I n  t h e  m a le  

s u p e r f i c i a l  b lo o d  v e s s e l s  on  t h e  t e s t e s  a r e  f r e q u e n t l y  co n ­

g e s t e d ,  t h e  e p i d i d y m i s  o f t e n  h a s  a  c ream  c o l o r e d  p u s .  O cc as io n *  

a l l y  t h e  s e m i n a l  v e s s i c l e s  a r e  i n v o l v e d .  Hie l a t e r  d e s c r i p t i o n s  

o f  Hagan (1922) and  H u d d le so n  (1 9 4 3 a )  a g r e e  w e l l  w i t h  t h o s e  o f  

F abjan  and a r e  I n  p a r t  b a s e d  on lo w e r  c h a l l e n g e  d o s e s .

C u l t u r e s  were  r o u t i n e l y  made o f  t h e  s p l e e n ,  l i v e r ,  h e a r t ’ s 

b l o o d ,  l u n g ,  k i d n e y ,  a n d  r e p r o d u c t i v e  o rg a n s*  T i s s u e s  were 

s t e r i l i z e d  i n  most c a s e s  b y  s e a r i n g  t h e  s u r f a c e .  The s p l e e n  

was u s u a l l y  s c r a p e d  w 1 th  a s t e r i l e  s p a t u l a ,  t h e  p u l p  r e c o v e r e d  

b e i n g  sm eared  on  a t r y p t o s e  a g a r  s l a n t  and p o r t i o n s  s u s p e n d e d  

i n  t r y p t o s e  b r o t h .  Whole s p l e e n s  removed a s o o p t i c a l l y  w ere  

som et im es  c u l t u r e d .  Sm all b i t s  o f  t i s s u e  and b lo o d  w ere  r e ­

c o v e re d  by  u se  o f  a  s t i f f  w i r e  l o o p  from th e  l i v e r ,  k id n e y  

and t e s t i c l e s ,  and  t h e  l u n g  was m ost  c o n v e n i e n t l y  c u l t u r e d  

u s i n g  a s h a rp  s t e r i l e  s c a l p e l  b l a d e  t o  e x c i s e  s m a l l  p i e c e s  o f  

t i s s u e .  An e f f o r t  was made t o  r e c o v e r  t i s s u e s  f ro m  a r e a s  

show ing  p a t h o l o g y  th o u g h  a s  F abyan  (1912)  p o i n t s  o u t  i t  i s  

f r e q u e n t l y  i m p o s s i b l e  t o  s e e  t h e  l e s i o n s  o f  b r u c e l l o s i s  u n t i l  

m i c r o s c o p i c  s e c t i o n s  a r e  made* Mo h i s t o l o g i c a l  s t u d i e s  were 

made i n  t h i s  w ork .  I t  was fo u n d  most  c o n v e n i e n t  t o  c u l t u r e
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b lo o d  a t  t h e  t im e  t h e  f i n a l  b l e e d i n g  wa,- t a k e n ,  p l a c i n g  a  few 

d ro p s  o f  b lo o d  ©v«r th® s u r f a c e  o f  a n  a i ja r  s l a n t  and  a few 

d r o p s  I n t o  b r o t h .  A t ry p to s ®  a ^ r  s l a n t  an d  t r y p t o s e  b r o t h  

was I n o c u l a t e d  f rom  e a c h  o f  t h e  above m e n t io n e d  t i s s u e s *  Oc­

c a s i o n a l l y  c u l t u r e s  w ere made from  o t h e r  s i t e s  a s  i n d l e a  t e d  

i n  t h e  p r o t o c o l s .  C u l t u r e s  w ere  ex am in ed  a f t e r  8 o r  3 d ay s  

and t h e r e a f t e r  w eek ly  f o r  1 m onth .  Ho c u l t u r e  m s  d i s c a r d e d  

a s  n e g a t i v e  u n d e r  SO d a y s .  S u s p i c i o u s  c o l o n i e s  w ere  i s o l a t e d  

w here  n e c e s s a r y  and  grown on t r y p t o s e  a g a r  s l a n t s .  The homo­

g en eo u s  c e l l  s u s p e n s i o n s  war© exam ined  m i c r o s c o p i c a l l y  w i th  

G ram 's  s t a i n  to i n s u r e  p r e s e n c e  o f  t y p i c a l  gram n e g a t i v e  r o d s  

end  a b s e n c e  o f  e a s i l y  r e c o g n i s a b l e  c o n t a m i n a n t s .  S u s p i c i o u s  

o r g a n i s m s  w ere  s c r e e n e d  by s l i d e  a g g l u t i n a t i o n  u s i n g  a  d ro p  

o f  0 . 9  p e r  c e n t  s a l i n e  w i th  a d rop  o f  1 %10O d i l u t i o n  o f  a 

hom ologous r a b b i t  a n t i s e r u m  t i t e r i n g  1 : 8 0 ,  £40 b e f o r e  d i l u t i o n ,  

t h e y  were f i n a l l y  t e s t e d  f o r  u r e a s e  a c t i v i t y .  I f  a  c u l t u r e  

f rom  on© o r g a n ,  u s u a l l y  t h e  s p l e e n ,  p ro v e d  p o s i t i v e  f rom  t h i s  

e v i d e n c e  a l l  s u s p i c i o u s  c u l t u r e s  from, o t h e r  o r g a n s  w ere  c o n ­

s i d e r e d  p o s i t i v e .  Very  r a r e l y  m s  a  s u s p i c i o u s  c o l o n y  en coun­

t e r e d  w h ich  was n e g a t i v e  on t h e s e  t e s t s .  Whan a n  o rg a n i s m  m s  

fo u n d  t o  g iv e  a  p o s i t i v e  r e a c t i o n  w i th  one  o f  t h e  t e s t s ,  th© 

o t h e r  r e a c t i o n s  w ere  a lw a y s  p o s i t i v e .  Gram s t a i n s  w ere  q u i t e  

t y p i c a l .

I n f e c t i o n  c o n t r o l s . F i v e  d i f f e r e n t  g ro u p s  o f  c o n t r o l  

a n i m a l s  w e re  u s e d .  Where p o s s i b l e  t h e s e  a n i m a l s  w ere  o f  t h e  

same l o t  o r d e r e d  f o r  t e s t s .  They were  k e p t  I n  s e p a r a t e  c a g e s  

u n d e r  s i m i l a r  c o n d i t i o n ©  and h e a r t  b l e e d i n g s  w ere  o b t a i n e d
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p r i o r  t o  th e  t im e  t h e  c h a l l e n g e  d o s e  was made t o  I n s u r e  a b ­

s e n c e  o f  B r u c e l l a  a g g l u t i n i n s ,  two weeks t h e r e a f t e r ,  and  a t  

t h e  t im e  o f  p o s t  mortem e x a m in a t io n s  4 to  5 week© a f t e r  t h e

c h a l l e n g e  d o s e  was g iv e n *

P r o t o c o l I I

I n f e c t i o n  C o n tro l©

C o n t r o l l e d  group© i n o c u l a t e d
S e r i e s  Ho* a n im a ls c h a l l e n g e d  s i m u l t a n e o u s l y

1 3 I -A ,  I I - A f XXX-A
no c o n t r o l s X-B, XI-B
2 10 I - C ,  XX-0, IXI-C
3 5 T - l - B ,  V -S -B , VI-A
4 5 7 - 1 - 0 ,  ¥ - 2 - 0
5 5 XT—B, TX-3, TIX-B

l a t l m a t e  o f  Ohallenfg© B o se , n u m b ers  o f  organism© i n ­

j e c t e d  w ere  e s t i m a t e d  on  th e  b a s i s  o f  p l a t e  c o u n t s  on  t r y p t o s e  

a g a r  p l a t e s #  P r e l i m i n a r y  s t u d i e s  w ere  made on  48 h o u r  .growth 

S >  a b o r t u s  2500a c u l t u r e d  a t  57 C * S u s p e n s i o n s  washed  

from a g a r  s l a n t s  i n  0*9 p e r  c e n t  s a l i n e  w ere  s t a n d a r d i z e d  t o  

90 p e r  c e n t  £ 1*0 l i g h t  t r a n s m i t t a n c e  u s i n g  a  650 m i l l i m i c r o n

f i l t e r .  D u p l i c a t e  d i l u t i o n s  o f  10- 6 , 10"7 , 10~8 , 10“9 and
—1 o10 x w ere  p l a t e d  an d  a g a r  c o o l e d  to  43 C p o u re d  i n  th© p l a t e s .  

The a g a r  and d i l u t i o n  were m ixed  by r o t a t i n g  th© p l a t e s  10 

t i m e s  c l o c k w is e  and 10  t i m e s  c o u n t e r - c l o c k w i s e #  These were  

i n c u b a t e d  5 day© a t  37 0 and showed t h e  fo l lo w in g ;  c o u n t s s  

( t a b l e  t? } e;
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T ab le  5

T l a t a  C o u n ts  o f  S u s p e n s i o n s  o f  B r .  a b o r t u s  B30S 
Crown 5 Bays a t  3? C and 

S t a n d a r d i z e d  to  90 p e r  s e n t  L i g h t  T r a n s m i t t a n c e

D i l u t i o n P l a t e  1 F la t®  2 A verage F la t®  c o u n t

ID "10 6 7 6 .5 6 . 5  X 1010

H* © 1 o 75 79 77 ? . ?  x 1010
l o - 0 TNTC* TNTC — «*< *»

*Too numerous to c o u n t .

On t h i s  b a s i s  a  10~^ d i l u t i o n  s h o u l d  y i e l d  a p p r o x i m a t e l y  

7500 o r g a n i s m s  an d  su c h  d i l u t i o n s  w ere  u s e d  u n t i l  t h e  p la t®  

c o u n t  on  on® s e r i e s  o f  e x p e r i m e n t s  g a r s  a much lo w e r  c o u n t  o f  

700 o rg a n ism s#  Then t h e  d i l u t i o n  was d ro p p e d  to  10 . P l a t e

c o u n t s  o b t a i n e d  a r e  i n c l u d e d  i n  p r o t o c o l  I*

A g g l u t i n . a t i on t e s t s # A g g l u t i n a t i o n  t e s t s  f o r  c o m p a r a t i v e  

s e r o l o g y  w are  c a r r i e d  o u t  by m ak ing  tw o f o l d  s e r i a l  d i l u t i o n s  

o f  se rum  r a n g i n g  f ro m  Is  20 th ro u g h  1 : 1 6 3 , 8 4 0  i n  0*9 p e r  c e n t  

s a l i n e .  To 0 . 5  ml o f  d i l u t e d  se rum  in  ea c h  tub® was ad ded  

0 . 5  ml o f  t h e  d e s i r e d  a n t i g e n .  T i t e r s  w ere  e x p r e s s e d  a s  

f i n a l  d i l u t i o n s .  A g g l u t i n a t i o n s  on g u in e a  p i g  s e r a  w ere  c a r ­

r i e d  o u t  u s i n g  0 . 0 1 ,  0 . 0 2 ,  0 .0 4  and 0 . 0 8  ml o f  se rum  In  r e ­

s p e c t i v e  t u b e s  to  w h ich  were  added  8 .0  ml o f  BAI t u b e  a n t i g e n  

g i v i n g  f i n a l  d i l u t i o n s  o f  I s  200,  I s  10 0 ,  I s 50 and Is  25 r e s p e c ­

t i v e l y .  D i l u t i o n s  o f  1 :2 0 0 0 ,  1 : 1 0 0 0 ,  I s 500 and  1 :2 5 0  were 

made f o l lo w in g  p i p e t t i n g  0 . 1  ml o f  se rum  i n t o  0 . 9  ml © a l i n e ,  

f ro ®  t h i s  I s  10 d i l u t i o n  were d e l i v e r e d  0*01 ,  0 . 0 2 ,  0 . 0 4  and



0*08 ml to  r e s p e c t i v e  tubes* A gain  2*0 ml o f  an tigen  was 

a d d e d .  D i l u t i o n s  h ig fce r  th a n  1 J.20CO w are r a r e l y  c a r r i e d  o u t  

f o r  guinea p ig  se ru m , i t  b e in g  assum ed t h a t  a t i t e r  o f  1 :3 0 0 0  

•was q u i t e  s i g n i f i c a n t *  Hie phenoli&ed a n t i g e n  and  serum m ix- 

ture was lnoube ted • for  40 h o u rs*  Where l i v i n g  a n t i g e n  was 

employed, 8 to  4 h o u r s  i n c u b a t i o n  a t  5? Q was fo l lo w e d  by r e ­

fr ig e r a t io n  f o r  48 h o u rs*  H ead ings  on a g g l u t i n a t i o n s  w ere  

mad© c o n s i d e r i n g  a  f o u r - p l u s  r e a c t i o n  a s  on# i n  w h ich  a g g l u ­

t i n a t i o n  an d  c l e a r i n g  w as c o m p le te ,  a t h r e e - p l u s  one i n  w hich  

a g g lu tin a tio n  and  c l e a r i n g  was b e tw een  9b and 100 p e r  c e n t  

c o m p le te ,  a tw o-plus one in  w hich  a g g lu tin a tio n  ©nd c l e a r i n g  

was b e tw e en  50 and  75 p e r  c e n t  c o m p le te ,  a. on e-p lu s one in  

w hich  a g g l u t i n a t i o n  and  c l e a r i n g  w as b e tw e en  25 an d  50 p e r  

c e n t  c o m p le t e , and a p lu s - m in u s  on© w hich showed l e a s  th a n  

25 p a r  c e n t  a g g l u t i n a t i o n  and c l e a r i n g *  C o n t r o l  t u b e s  co n ­

t a i n i n g  t h e  a n t i g e n  u n d e r  s tu d y  w ere  in c lu d e d  when th© t e s t s  

w ere run*

p r e c i p i t i n  i c s t s s Two d i f f e r e n t  t e c h n iq u e s  w ere used; 

i n  th© x ^ i r s t , p r e c i p i t i n  t e s t s  w ere c a r r i e d  o u t  on  tw o f o ld  

s e r i a l  d i l u t i o n s  o f  f r a c t i o n s  in v o lv e d *  Serum was added  u n ­

d i l u t e d ,  o r  d i l u t e d  l i l O  tim es*  P r o p o r t i o n s  o f  serum  and  

a n t i g e n  v a r i e d *  C o n t r o l s  c a n a l s t i n g  o f  so lu t io n s  o f  e x t r a c t  

a lo n e  and  serum  a l o n e  wbz*& r u n  w i th  each  t e s t *  f i t e r s  -were 

e x p r e s s e d  a s  th© l a s t  tu b e  show ing  clouding o r  d i s t i n c t  p re-  

o lp itu t  a * iiO th  types o f  p r e c ip it in  t e s t s  were ineucubed 2 

to  4 h o u r s  a t  57 Q and 48 h o u r s  a t  4 -  5 C.

Hi© se c o n d  t e c h n iq u e  in v o lv e d  q u a n t i t a t i v e  p r e c i p i t i n



t e s t s • Serum u s e d  f o r  t h e m  t e s t ©  was c e n t r i f u g e d  a t  4 -  8 0 

j u s t  p r i o r  t o  u s e .  T o t a l  n i t r o g e n  d e t e r m i n e d  s e p a r a t e l y  

on  f r a c t i o n s  and s e r a  and a f t e r  i n c u b a t i o n  o f  t h e  m i x t u r e s  on 

th e  s u p e r n a t a n t  l i q u i d  f o l l o w i n g  c e n t r i f u g a t i o a  a t  4 -  6 C.

I n  d e t e r m i n i n g  n i t r o g e n  1 . 0  t o  2*0 ml a l i q u o t s  w e re  u s e d .

Some a t t e m p t  to  d e m o n s t r a t e  d i f f e r e n c e s  be tw een  s p e c i e s  and 

s t r a i n s  was made b u t  i t  m u s t  be  born© i n  mind t h a t  so n e e  o f  

optimum r e a c t i o n  w ere  s o t  d e t e r m i n e d .  Com parison  o f  th® p r e ­

c i p i t a t i n g  e f f i c a c y  o f  the  v a r i o u s  f r a c t i o n s  was a l s o  u s e d .  

D e t a i l s  o f  th®- method a t  d e t e r m i n i n g  n i t r o g e n  a r e  i n  a p p e n d ix  

TV . Ones n i t r o g e n  v a l u e s  w ere  o b t a i n e d  t lm  f o l l o w i n g  fo rm u la  

was u s e d  to  c a l c u l a t e  t o t a l  n i t r o g e n ,  i n  s e r u m - a n t i  gen m i x t u r e s ;

mg N p e r  ml o f  m i x t u r e  *

t o t a l  mg K I n  serum u s e d  -  t o t a l  mu M I n  a n t i g e n  u s e d  
^^^""^^ ' ' totaY vQlum© ' o ' F ' ^ © H i M - a n i u r e ~ “‘

From t h i s  v a l u e  w as  s u b t r a c t e d  t h e  a c t u a l  am ount  o f  n i t r o g e n  

fo u n d  i n  t h e  s u p e r a a t e  o f  r e a c t e d  m i x t u r e s  o f  a n t i g e n  and  

a n t i s e r u m  f o l l o w i n g  c e n t r i f u g e t i o n  i n  th© c o l d .  Th© r e m a in d e r  

was a  m easu re  o f  a n t i b o d y  n i t r o g e n  e n d  a n t i g e n  removed from 

t h e  m i x t u r e .  S i n c e  th e  a n t i g e n s  w ere  n o t  h i g h l y  p u r i f i e d ,  p r e ­

c i s e  m e asu re  o f  a n t i b o d y  n i t r o g e n  c o u l d  n o t  be made by  t h i s  

m e th o d .  I n  c a s e s  In  w hich  p r e c i p i t a t e s  were  m e a s u re d ,  p r e c i ­

p i t a t e  n i t r o g e n  s h o u l d  c l o s e l y  e q u a l  t h e  d i f f e r e n c e  b e tw een  . 

c a l c u l a t e d  t o t a l  a n t i g e n - a n t l b  ody  n i t r o g e n  and  m easu red  s u p e r ­

n o t e  n i t r o g e n  a f t e r  p r e c i p i t i n  r e a c t i o n .  TtiB t e c h n i q u e s  war* 

b a s e d  on th o s e  p r e s e n t e d  by  K aba t  and Mayer {1948}.
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C hem ica l s t u d i e s . S t u d i e s  on t h e  c h e m ic a l  n a t u r e  o f  th© 

v a r i o u s  f r a c t i o n s  w ere  n o t  dona I n  g r e a t  d e t a i l *  E v id e n c e  o f  

p r o t e i n  n a t u r e  r e s t e d  on th e  b i u r e t  t e s t  f o r  p e p t i d e  l i n k a g e s t 

t h e  nlnhydrln t e s t  f o r  a lp h a  amino r a d i c a l s  {ap p en d ix  IT) and 

a n t i g e n i c i t y  upon i n o c u l a t i o n  in  e x p e r i m e n ta l  anim als* C arbo ­

h y d r a t e  w as t e s t e d  f o r  b y  t h e  Mollsoh t e s t  an d  th e  presence o f  

r e d u c in g  s u g a r s  b e f o r e  and  a f t e r  h y d r o l y s i s  w ars  t e s t e d  f o r  by 

us© o f  B en ed ictfs and Berfoed*© r e a g e n t s  { ap p e n d ix  !¥ } •  I t  was 

f e l t  t h a t  th© p r e s e n t  p ro b le m  i n  i t s e l f  was s u f f ic ie n t ly  e x t e n ­

s i v e  t h a t  t h e  q u a n t i t a t i v e  a s p e c t s  w ould  be b e t t e r  r e s e r v e d  f o r  

a s p e c i a l  i n q u i r y *  Test© f o r  f a t  war® n o t  c a r r i e d  o u t*  Chra­

ms to  graph lo  t e c h n i q u e s  b a s e d  on th o s e  o f  M a r t in  (194?)  w ere 

u s e d  t o  p o i n t  up  some d i f f e r e n c e ©  i n  ex tra cts*  a - B u t a n o l  was 

s a t u r a t e d  w i th  w a te r  by s h a k in g  i n  a  s e p a r a t o r y  f u n n e l  r e t a i n ­

in g  th© b u t a n o l  l a y e r *  The t a n k  f o r  th© t e s t ,  a  l a r g e  a i r  

t ig h t  wooden box w i th  p a r a f f i n  c o a t in g , was a l lo w e d  t o  become 

th o r o u g h ly  s a t u r a t e d  by  p l a c i n g  a t r a y  o f  w a te r  s a t u r a t e d  n -  

b u t a n o l  on t h e  bottom * A t a l l  g l a s s  c y l i n d e r  30 cm %%i&© by 

36 cm t a l l  was a l s o  u s e d  i n  which c a s e  w a te r  s a t u r a t e d  b u t a n o l  

was p o u re d  d i r e c t l y  on t h e  bottom * In  e i t h e r  c a s e  v a s e l i n e  o r  

p l a s t l c e n ©  was u s e d  a b o u t  th© r im  to  s e a l  th e  l i d s *  The t a n k  

was t h e n  k e p t  c l o s e d  f o r  a t  l e a s t  24 h o u r s  p r i o r  to  u se*  0 .0 1  

ml o f  e x t r a c t ,  n n h y & ro ly z e d ,  was p l a c e d  a b o u t  a n  in c h  an d  a 

h a l f  from  t h e  b o tto m  edge  o f  a  l a r g e  d r y  s h e e t  o f  Whatman §2  

f i l t e r  p a p e r  c u t  to  t h e  s i z e  d e s i r e d .  S e v e r a l  e x t r a c t s  c o u ld  

be ru n  s im n l t a n e o u s ly  by p l a c i n g  r e s p e c t i v e  d r o p s  4 to  5 cm 

a p a r t  on a  l i n e  drawn p a r a l l e l  t o  th e  b o tto m  e d g e  o f th© p a p e r .
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The paper w as hung so t h a t  th e v e r t i c a l  edge  was p e r p e n d i c u l a r  

to  the s u r f a c e  o f  th e  b u t a n o l  in  t h e  b o tto m  o f  th© ta n k  and so  

t h a t  th e  b o tto m  ed g e  was e v e n ly  Immersed to  a d e p th  o f  1*0 o& 

i n  t h e  s o lv e n t*  A d ro p  o f  ammonium h y d r o x id e  was a l lo w e d  t o  

ru n  down th e  s i d e  of t h e  t a n k ,  t h e  cham ber was s e a l e d .  The 

s o l v e n t  was a l lo w e d  to  ad v a n c e  upward, on t h e  p a p e r  f o r  48 h o u r s .  

A t t h e  end o f  t h i s  p e r i o d  t h e  p a p e r  was 'removed, d r i e d  r a p i d l y  

w i t h  a f a n  an d  0*1 p a r  c e n t  n i n h y d r l n  i n  n~butanol s p ra y e d  a s  

e v e n ly  as p o s s i b l e  o v e r  th e  p a p e r*  T h is  a l s o  was d r i e d  q u i c k ly  

i n  f r o n t  o f  a f a n  an d  c o l o r  o f  co m p o n en ts  i n  f r a c t i o n s  was w e l l  

d e v e lo p e d  w i t h i n  24 hour® w i th o u t  h e a t in g *  A c o n v e n ie n t  d e v i c e  

f o r  s p r a y i n g  m s  fo u n d  in  th e  s p r a y e r  u se d  w ith  t h e  co m m erc ia l  

p r o d u c t  Winder* A s p r a y i n g  d e v ic e  made o f  p l a s t i c  i s  o f  c o u r s e  

n o t  s u i t a b l e *  Ho h y d r o l y s a t e s  o f  f r a c t i o n ®  w ere  r u n ;  h en c e  no 

a t t e m p t  was made t o  e s t a b l i s h  am ino a c i d  c o m p o s i t io n s *

Changes in  morphology* Examination f o r  c a p s u l e s  was made 

u s i n g  th e  t e c h n iq u e  o f  C o t to n  (1 9 4 3 ) .  A lo o p  o f  a  s m a l l  su s­

p en sion  o f  c e l l s  i n  0*9 p e r  c e n t '  s a l i n e  was p l a c e d  on one  end 

o f  a  c l e a n  s l i d e  and a t h i n  f i lm  mad© a s  f o r  a  b lo o d  f i lm *

T h is  w as r a p i d l y  d r i e d  u n d e r  a  h a i r  d r i e r  and  a lo o p  o f  I n d i a  

i n k ,  p l a c e d  w here th© p r e v i o u s  lo o p fu l o f  c e l l s  had  b ee n , was 

s p r e a d  o v e r  th© t h i n  f ilm  o f  o r g a n is m s .  'This a l s o  was r a p i d l y  

d r i e d  and th e  s l i d e  f i x e d  in  a b s o l u t e  m e th a n o l  f o r  m m in u te*  

C o t t o n ’ s  t e c h n iq u e  c a l l s  f o r  c o u n t e r  s t a i n i n g  w ith  s a t u r a t e d  

c r y s t a l  v i o l e t  5 m in u te s  b u t  i t  w as fo u n d  e q u a l l y  c o n v e n ie n t  

t o  c o u n t e r s t a i n  i n  c a r b o l  fuobsin  5 m in u t e s .  U nder t h e  o p t i ­

c a l  m ic ro s c o p e  t h e  c a p s u l e  was shown a s  a d i s t i n c t  c l e a r  o r
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s l i g h t ly  t i n t e d  area . e v e n ly  o u tlin ed  b y  the in k  b ack g ro u n d  

w h i le  th® a ©11 p r o p e r  was g e n e r a l l y  c e n t r a l l y  l o c a t e d  an d  

s t a i n e d  a  deep b lu e  o r  red*  S m ears  w e re  made fro m  © e l l s  b e ­

f o r e  a n y  e x t r a c t i o n  and f o l l o w i n g  e x t r a c t i o n  o f  I - G » I I ~ € t 

IV -C , 0 - 1 - 0  and  V~S-G, T I-B  and V II -B  r e s p e c t i v e l y .

S lee tr o n  m ic ro g r a p h s  w ere  mad® t h o u g h  t h e  c o u r t e s y  o f  

M aj. E . 1 . Reagan o f  th e  L iv e  S to c k  L a b o r a t o r i e s  * Specimens- 

s u s p e n d e d  I n  s a l in ©  w ere  h e a t - k i l l e d  a t  60 0 f o r  10 m in u te s  

and  o b s e r v a t i o n s  made on c e l l  r e s i d u e s  l e f t  a f t e r  e x t r a c t i o n  

o f  f r a c t i o n s  I~ B f I I - B ,  V -l-A  and V-3-& and YI-JU P h o to g ly p h s  

w ere  t a k e n  a t  m a g n i f i c a t i o n s  i n d i c a t e d  i n  wr® s u i t s * .
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RESULTS

Im m unisation of Guinea P i g s  

Of th e  f r a c t i o n s  s tu d ie d ,  mtib@rs 1 , I I  and 71 gave most 

promise of p r o t e c t io n  a g a in s t  i n f e c t i o n .  F ra c t io n s  V -l  and 

¥ -2  appeared  to  giv© some p ro te c t io n *  f r a c t i o n s  V II and IV

f a i l e d  to  g ive  any a v id a n c e  o f  p ro te c t io n *  Id# c e l l  r e s i d u a  

l e f t  a f t e r  e x t r a c t io n  o f  f r a c t i o n s  X and I I  c o n t a in e d  . l iv in g  

c o l ls *  The f r a c t i o n s  a r e  c o n s id e r e d  i n d iv id u a l ly  b e lo w .

.Frae t io n  I * The i n o c u l a t i o n  of a s i n g l e  5*0 ml d o se  o f 

f r a c t i o n  I-B I n  SO g u in e a  p i g s  f a i l e d  t o  c o n f e r  p r o t e c t i o n  I n  

10 g u in e a  p i g s  c h a l l e n g e d  4 w eeks l a t e r  w i th  1 0 0 ,0 0 0  o rg a n is m s  

( t a b l e  4 )*  A g g l u t i n i n  t i t e r s  w ere  shown In  a l l  o f  t h e  I n f e c t ­

ed  a n i m a l s .  R ecove ry  o f  Tiinmfe*l.I& c o r r e l a t e d  w i th  a mean s p l e e n  

w e i g h t  o f  2 .0  grns In  t h e  i n f e c t e d  a n i m a l s *  Of t h e  10 u n c h a l ­

l e n g e d ’ a n im a l s  r e c e i v i n g  t h e  f r a c t i o n ,  n e a r l y  a l l  had  some 

th ic k © Bing o r  m o d u la t io n  o f t h e  s p l e e n ,  and t h e  s p l e e n s  had  a 

mean H a i g h t  o f  1*24 though  f i n a l  t i t e r s  were  .n e g a t iv e  i n  

1 :2 5  d i l u t i o n  and no c u l t u r e s  wore  r e c o v e r e d  i n  any c a se *

These an im a ls  w e ig h in g  400 t o  600 gms a t  p o s t  mortem war# n o t  

la rg e  enough t o  have  normal s p l e e n s  w eighing  o v er 0 . 6  to  0*9 

gm* A s p l e e n  o f  1*0 gm i s  unu su a l I n  a comp l a t e l y  norma 1 

gu inea  p ig  even  i n  w e ig h t s  over 1000 gas*

I n f e c t i o n  c o n t r o l s  w ere o m itte d ,  b u t  com parison o f  th e  

aha H anged an im a ls  of t h i s  e x p e r im e n t  w ith  i n f  a c t io n  c o n t r o l s  

u sed  in  o th e r  e x p e r im e n ts  and w it h  r e s u l t s  o f  Hagan (1 9 2 2 a)



Table 4

Macroscopic Pathology and C ultu ra l H©suits
in  Croup I-B  Guinea F ig s

guinea i iacroscop i c  Fatiboiogy week
P ig

number
sex c h a l ­

lenged
S

Wt.gfl
ip lean ’
« . . .  jetE o ioar

l i v e r 'h e a r t lung kidney re p ro d u c t iv e  o f
o rgans  d ea th

101 M no 1 .1 s l  th  nod t m  abs n s i  oong n n PM
108 K BO 1 .1 s i  t h  nod & XX s l  cong n n m
105 f no 1 .7 s l  th  nod n n s l  oong n 5 wks preg m
104 M no 1 .0 s l  nod n n E E n m
105 r no 2 .0 s l  nod » n n li 3 »ks pr®E m
106 M no 1 .2 a n n s l  cong n n m
10? M BO 0 .9 s l  th  nod few abs n oong n cong t e s t e s PM
108 M BO 1 .1 s l  th few aba a mkd cong n n
109 f BO 1 .4 s l  th nod B n n n 4 wks p re g PM
110 I BO 0 .9 B n n afcd cong ' n 6 wka p reg PM
181 U yes 2.4 nod th  abs* n n cong a t r o - a  

phy
n m

188 H y es 1 .5 s l  nod th* s l  enl abs n m d  oong n s l  oong t e s t e s  PM
123 f yes 1 .7 nod th* n* R cong n 3 wks preg* m
184 f yes 1 .4 s l  th  nod* few abs n s l  cong n l i v e  b i r t h (2 )  PM
185 M yes 2 .0 mod th  s l  nod n* n n n PM
186 f yes 1 .5 s l  t h  nod* few ab s n s l  cong* B* e a r l y  preg* PM
187 j yes 0 .8 n* n n cong* E e a r l y  p reg 111
128 M yes 3 .8 mkd th  nod* abs* n s l  cong* B* n PM
129 F yes 2 .3 nod th* abs* n s l  c o n # n e a r l y  preg* PM
ISO M yes 8.6 nod th* s l  e n l  abs*n m d  eons n n PM

* B ru ee l la  recovered  on c u l t u r e .  A l l  o th e r  o rgans  c u l tu r e d  and n e g a t iv e  f o r  B r u c e l l a .

Keys

s i  * s l i g h t  th  -  th ick en ed  nod -  n o d u la r  ^
n -  normal ab s  -  a b s c e s s  cong -  congested  ®
p re g  -  p reg n an t mod -  Moderate mkd ~ marked
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(19Bgb) w i th  s i m i l a r  stren g th  ch a llen ge  d o s e s  s u g g e s te d  l i t t l e  

i f  an y  m od ifica tion  of t h e  in fe c t io n  by th e  fra ctio n *  The

fr a c t io n  I t s e l f  seemed to hmrm contained somm to x ic  m a ter ia l, 

as shown by the s i i^ a t ly  enlarged sp leen s in  unchallenged a n i­

m als.

JU iree  i n o c u l a t i o n s  o f  f r a c t i o n  1 -0  a t  10 d ay  i n t e r v a l s  

f o l lo w e d  by a  c h a l l e n g e  d o se  o f  ?00 organism s f o l l o w i n g  th e  

l a s t  i n j e c t i o n  o f  fr a c t io n  by 10 d a y s  r e s u l t e d  i n  p r e v e n t i o n  

o r  m o d i f i c a t i o n  o f  t h e  i n f e c t i o n  i n  9 o f  10 g u in e a  p i g s  a s  

shown i n  t a b l e  5* B r u c e l l a  w ere  r e c o v e r e d  from  t h e  s p le e n  o f  

g u in e a  p i g  number 436* The mean sp leen  w e ig h t  o f  th e  c h a l ­

le n g e d  g roup  was 1*3?  ge  a s  o p p o se d  to  1*30 gm f o r  th e  i n f e c t i o n  

c o n t r o l s  { t a b l e  6) an d  1*0? gm f o r  t h e  u n c h a l l e n g e d  anim als o f  

th e  same g roup*  The mean s p l e e n  w e ig h t  o f i n f e c t e d  c h a l l e n g e d  

a n im a l s  was 1*6  gm* Inasm uch a s  th e  i n f e c t i o n  c o n t ro l©  h ad  

b een  r e c e i v i n g  s u l f a  g u a n id in e  up to  t h e  d a y  o f  r e c e iv in g  th e  

challenge- dos©# th© lo w e r  s p l e e n  w eight was p r o b a b ly  not s i g ­

n i f i c a n t *  ’33ae t i t e r s  among t h e  g roup  r e c e i v i n g  the f r a c t i o n  

and  c h a l l e n g e  s u p p o r te d  t h e  n e g a t i v e  c u l t u r e s  v e r y  w e l l  e x c e p t  

i n  t h e  c a s e  o f  guinea p i g  num ber 434 which showed a d e f in i t e  

I n c r e a s e  i n  t i t e r  a f t e r  H av in g  no d e t e c t a b l e  a g g lu tin in s  10 

and 20 d a y s  p r i o r  t o  t h e  f i n a l  t i t e r i n g *

Tkim m arked d i f f e r e n c e  In  t h e  p r o t e c t i v e  pow er o f  t h e  two 

fr a c t io n s  may b e  e x p l a i n e d  i n  p a r t  by t h e  a b s e n c e  o f  p r e c i p i t a ­

t i n g  pow er on t h e  p a r t  o f  f r a c t i o n  1 -B S and p o s s i b l y  a l a c k  o f  

a n t i b o d y  r e s p o n s e  In  g u in e a  p ig s *  Of f u r t h e r  I n t e r e s t  i s  th e  

acco m p an y in g  l o s s  o f  u r e a s e  a c t i v i t y *



Table 5

Macroscopic Pathology and C ultural R esu lts
la  Group I-O Guinea P ig s

g u laea  ———» —»  ̂ week
t  am M 1  " I  . L "  , M ' ' r  l l n r j l * l n w , n w <, r - l l l , , i I  l» T Q M « » i W I » ' ^ P P | l ^ « J  M T ^ T l T O l l l U W J t  ' - W 1 •f M 1 '  Lll IW J m  '»* till* . l l « im i l  i n n  H H V W j M i r i l t M M I I M M M M K A A m r t W V w m i t o r i W h i 1 J g n B p j l D  nTTLI ■  »i i M ‘ 1111 ^  _  *£b

p ig
number

sax c h a l ­
lenged

sp le en  
w t . i p s .  p a th o lo g y

l i v e r h e a r t lung TcISney re p ro d u c t iv e  o f
o rgans  d a a th

431 f JSS 1-8 B a a a n p re g  no a b o r -  
' t i o a s  oosvd.

M

43 S F yes 2 .6 s l  nod n n n a l i v e  b i r t h I'M
433 ? yes 1 .0 n n n a n l i v e  b i r t h 1M
434 M yes 1 .4 s l  th n JX a B R I'M
435 f yes 1 .4 n n n n n f u l l  term  p re g i-M
436 M yes 1 .6 s l  t h  nod* abs n s l cong n s l  cong t e s t e s m
43? M JOB 0 .8 n n n n n s l  oojug t e s t e s 1M
436 f y® a 1 .8 s l  t h 1 sm abs n n n f u l l  term  p re g 1M
439 f yes 1 .5 s l  th n a n n l i v e  b i r t h s *
440 M yes 1 .0 f*Ur n n B B n  ̂-»
441 T no 0 .9 s l  th nod 12 n n R p re g  6-? wks jfV
44 g f no 1*0 s l  nod n n n n p re g  4-5  wks
443 M ‘ no 1 .0 s l  nod n n s l cong n n
444 t no 1 .8 n n B s l cong n p re g  5 -6  wks * 4
445 r no 0 .9 s l  nod n E n a p reg  5 -6  wks
446 F no 1 .1 s l  th  nod n E n n p re g  5 -6  wks hM
44? M m 1 .8 s l  th nod ti 11 B n a rid
44S M no 0 .9 s l  th  nod B n n n n
449 F no 1 .4 s l  th R n n n p re g  5-6 wks x'M
450 M no 0 .3 n . n E s l nod n a Ftf

* B ruoe lla  reco v ered  on c u l t u r e .  411 o th e r  organs c u l tu r e d  and n e g a t iv e  f o r  B r u c e l l a .

K b  f  t

s l  -  s l i g h t  t h  -  th ic k en e d  aod -  n o d u la r
abs  * ab scess  pxeg -  p re g n a n t  n -  norm al
cong -  co n g es ted  am -  sm all
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F r a c t i o n  X I. On t h e  ha s i  a o f  c u l tu re s ®  no i n f  s e t  io n  sat­

i s  to d  In  th© 5 c h a l l e n g e d  g roup  I l - A  a n im a l s  a t  th e  t im e  o f  

p o s t  mortem e x a m in a t io n *  T a b le  7 m ssm arlx es  t h e  p a t h o l o g i c a l  

and  c u l t u r a l  r e s u l t s  on c o n t r o l  and c h a l l e n g e d  a n im a l s  r e c e i v ­

i n g  f r a c t i o n  i l - A .  As i n  an lass l a  r e c e i v i n g  f  in a c t io n  I # some 

t h i c k e n i n g  and  n o d u l a t l o n  of t i t s  s p l e e n  e x i s t e d  b u t  t h e  mean 

w e ig h t  o f  th e  s p l e e n s  o f  c h a l l e n g e d  a n i m a l s  r e c e i v i n g  f r a c t i o n  

I I -A was o n ly  0 .7 4  ga* This com pared w i t h  mean w e ig h t s  o f  1 .0 8  

o f  th© s p l e e n s  o f  t h e  5 u n c h a l l e n g e d  a n im a ls  r e c e i v i n g  f r a c t i o n  

IX-A an d  0 . 8  i n  i n f  a c t i o n  c o n t r o l  a n im a l s  ( t a b l e  8 ) .  The u n ­

c h a l l e n g e d  a n im a l s  r o e c i v i n g  I I - A  { s t e r i l i t y  c o n tro l© }  w ars  

s a c r i f i c e d  3 w eeks f o l l o w i n g  i n o c u l a t i o n  w h i le  th e  i n f e c t i o n  

c o n t r o l s  w ere  s a c r i f i c e d  4 w eeks f o l l o w i n g  i n o c u l a t i o n  o f  th e  

c h a l l e n g e  dose  o r  7 weeks a f t e r  i n o c u l a t i o n  o f  t h e  f r a c t i o n .  

These c o n t r o l s  h ad  a mean t i t e r  o f  o v e r  1*800 and  w ere  i n f a c t e d ,  

( t a b l e s  7 and 8 ) .

A ll 10 guinea p ig s  i n o c u l a t e d  w i th  £ .0  ml o f  fr a c t io n  II-B  

and s u b s e q u e n t l y  c h a l l e n g e d  w ith 1 0 0 ,0 0 0  S r .  a b o r t u s  £308 w ere 

I n f e c t e d .  Ten a n im a ls  re c e iv in g  th e  fr a c t io n  o n ly  showed no 

e v id e n c e  o f  B r u c e l l a  a s  shown i n  t a b l e  9 .  However® soma t h i c k ­

e n i n g  and modulation o f  t h e  sp leen s was e v i d e n t .  The mean 

w e ig h t  o f  the s p l e e n  w as 1 .0 1  gm In s t e r i l i t y  c o n t r o l s  and 

3 .5 5  gm i n  a n im a ls  i n o c u l a t e d  w i th  th e  f r a c t i o n  an d  s u b s e q u e n t ­

l y  c h a l l e n g e d .  This s iz #  was n o t  a t t a i n e d  i n  m o st o f  th e  i n ­

f e c t i o n  c o n t r o l s  u s e d  i n  t h e s e  experim ents*

A g g l u t i n i n  t i t e r s  t a k e n  4 w eeks f o l l o w i n g  c h a l l e n g i n g  

w ere  n e g a t i v e  i n  s t e r i l i t y  c o n t r o l s .  As i n  f r a c t i o n  I - i )  r e -



Table 7

M acroscopic Pathology and C ultu ra l h o s u it8
in  Group II-A  Guinea P ig s

guinea M acroscopic Pathology week
p ig
lumber

sex c h a l ­
lenged

sp le e n  
w t . gr:3. p a th o lo g y

H v e r lung"" k idney re p ro d u c t iv e
org an s

o f
d ea th

21 M no 0 ,5 s l  t h  nod* n u n n oang t a s t e s dM
22 f&B I . # s l  t h  nod 1 abs f a t t y

d e p o s i t
mar cong ii cong t e s t e s  

pus
*  5..«

23 M m 0 .7 n n n n n n TTt'M

m M yes 0 .6 s l  th n n s l  cong n cong t e s t e s it'ii
s s M no 0 .7 s l  nod B n n ii n
SB U no 0 .5 n V K n n n
27 M yes 0 .7 s l  th  nod n n m r  m u g n s l  cong r >■?*,?■ *5

4  « # •

SB M yes 1 .0 E a n n u n M
2% M no 1 .0 s l  nod n n n n s l  cong *

ûV** M yes 1 .2 s l  th  nod n n s l  cong n XL
rj?!**«

*Bruce11a reco v ered  on c u l t u r e .  A ll o th e r  organa c u l tu re d  and n e g a t iv e  f o r  B rucella> 
| l o l  © il ' tu re d , decomposed# Ho c h e a t s  o th e r  th e n  p o s t  mortem se e n .
% arked  inflamet Ion on back .

Key;

s l  -  s l i g h t  
ab s  -  a b s c e s s  
mar -  marked

mod -  moderate
p ra g  -  p reg n an t 
n -  normal

nod -  n o d u la r  
t h  -  th ic k en e d
cong -  congasfed

ei
03



fata®  a

Cultural and Pathological Hesuits in  Guinea P igs Inoculated with 
Challenge Used for Croups 11*4 and 111*4

guinea Macroscopic Pathology
p is

number
sex sp,

Wt* gMS
lean
• patbblogy

liv e r iisart Iimg kidney reproductive
organs

week o?
death

31 M 1*0 th abs3*' abs* n cong a te s te s  cong m
zz m Q.a s l  th nod* abs* m cong a* cong m
33 M 0*6 th nod* abs* u cong n cong pus f i l le d * PM

*Bruoella recovered on culture* A ll other organa cultured and negative for B ru cella*

Key:

s l  « s l ig h t  th * thickened mod -  nodular
abs * abscess n -  normal ' cong * congested



Table 9

M acroscopic Pathology and C ultural H esu its
in  Group I l- f i  Guinea P isa

@uinee M acroscopic p a th o lo g y weSk
p ig

number
sex oh a l ­

ie n  ip d
s p le e n  

. w t.& as. patBoIbgy
l i v e r h e a r t  lu n g k idney  re p ro d u c t iv e

o rg an s
o f
aea th

111 M no 1 .0 t h  nod abs a n n n PM
112 M no 0 .4 n n n E n a PM
113 M no 0 .5 n n m n n 5 PM
114 F yes 4 .5 m r  th  e n l  

nod*
abs* n n n e a r l y  p re g m

113 f no 0 .6 s l  nod few abs n n B l i v e  b i r t h PM
116 F yes 5 .7 mar th  nod 

aba*
abs* n n n e a r l y  prog m

117 M no 1 .5 s l  th  nod n n n n s l  cong te s te© m
118 M no 1 .5 s l  th  nod n n s l  cong n s pm
119 M no 1 .3 s l  th  m d few abs n mod cong ■n mod cong t e s t e s pm
120 M no 0 .7 s l  th n n s l  cong B s l  cong t e s t e s kd
131 F no • n n n pnouao n cong u t e r u s l a
m f yes 5 .9 th  nod abs* ab s

yellow
n cong n 2 wks p reg PM

133 M yes 2 .3 th  nod abs* abs* n cong n s l  cobs t e s t e s PM
134 F j m 5 .0 th  nod abs* mum abs* n n n e a r l y  prmg* PM
135 M yes 2 .8 th  nod* a b s n cong n cong; t e s t e s m
136 isi>‘>. yes 5 .0 th  nod* mbs e n l* n n u n PM
137 M yes 2 .2 s l  nod* mb© » n n n pm
138 f yes 2 .5 th  sod* few abs n n n e a r l y  p re g PM
139 F yes 1 .5 s l  t h  nod* n n n* n 3~4 wks p re g PM
140
1 $ ri M no - a n n pneumo n cons, t e s t e s l a/s h 1 .%MA Vi VV41U 4V Vvvfl VU y V*L*JC tM

aT)oath caused by pneumonia*
Keys

s l  * s l i g h t  mod -  moderate nod -  n o d u la r
abs -  ab sc e s s  p re g  -  p reg n an t th  -  th ic k e n e d
a a r  -  marked n -  n o m t l  cong -  congested
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dueed  s e r o l o g i c a l  a c t i v i t y  vmm e v i d e n t  th o u g h  a n t i b o d i e s  w are  

p ro d u c e d  i n  g u in e a  p ig s ?  Ureas© a c t i v i t y  was a b s e n t*

Three i n o c u l a t i o n s  a t  10 day i n t e r v a l s  o f  f r a c t i o n  XI-C 

i n  20 g u in e a  p i g s ,  10 o f  w h ich  wore s u b s e q u e n t l y  c h a l l e n g e d  

w ith  700 B r* a b o r t u s  £300 p ro d u c e d  v a r i a b l e  r e s u l t s  b o th  i n  

p r o d u c t i o n  o f  a g g l u t i n i n  t i t e r s  ana i n  im m u n is in g  c a p a c i ty *

F o u r  w eeks f o l l o w i n g  t he  c h a l l e n g e  dose t h e  s t e r i l i t y  c o n t r o l  

a n im a l s  s t i l l  m a in ta in e d  a mean t i t e r  o f  1 .5  w h i le  c h a l l e n g e d  

t e s t  a n i m a l s  and  i n f e c t i o n  c o n t r o l s  showed i n c r e a s e d  mean t i ­

t e r s  o f  Is  SO and 1 :5 0  r e s p e c t i v e l y *  One o f  th e  i n f e c t i o n  

c o n t r o l s  ( t a b l e  6} was n o t  i n f e c t e d  ( a n im a l  0} an d  I t  l a  c o n ­

s i d e r e d  l i k e l y  t h a t  b o th  t i t e r s  and i n f e c t i o n  o f  th e  c o n t r o l s  

w ould h a v e  been  more s e v e r e  i n  t h e  a b s e n c e  o f  th e  s u l f a g u a n i -  

d in e  t h e s e  a n im a l s  h ad  b een  r e c e i v i n g *  Two o f  th e  I n f e c t i o n  

c o n t r o l s  ( a n im a ls  IS and T ) fro m  w h ich  o rg a n is m s  w ars r e c o v e r e d  

showed no e v i d e n c e  o f  t i t e r  l a  I s £5 d i l u t i o n s  o f  serum* How­

e v e r ,  i n  s p i t e  o f  th e  v e r y  low c h a l l e n g e  d o se  5 o f  t h e  a n im a l  a 

g iv e n  XI-C an d  c h a l l e n g e d  showed d i s t i n c t  r i s e s  i n  t i t e r s  and  

B r u c e l l a  w ere  r e c o v e r e d  from  t h e  s p l e e n s ,  w h ich  h a d  a  mean 

w e ig h t  o f  5 .9  gm, and  some o f  th e  o t h e r  o r g a n s  a s  shown i n  

t a b l e  1 0 . Guinea p i g  num ber €29 showed B r u c e l l a  i n  c u l t u r e s  

from  t h e  s p l e e n  an d  l i v e r  th o u g h  no t i t e r  was e v id e n t*  The 

a b s e n c e  o f  o rg a n is m s  on  c u l t u r e  com bined w i th  n e g a t i v e  t i t e r s  

i n d i c a t e d  freedom  fro m  i n f e c t i o n  i n  th e  r e m a in in g  4 c h a l l e n g e d  

a n im a ls*  "These bad  a mean s p l e e n  w e ig h t  o f  1 .0 3  com pared  w i th  

1*22 ipa f o r  th e  i n f e c t i o n  c o n t r o l s  {t a b l e  6) and 0 . 9  i n  t h e  

u n c h a l l e n g e d  s t e r i l i t y  c o n t r o l s *  IShe s p l e e n s  i n  b o th  c h a l l e n g e d



Table 1 0

M acroscopic P athology and C ultural R esu lts
in  Oroup II«C uuiaea R igs

guinea M acroscopic P a tho logy week
p ig sex c h a l ­ sp le en l i v e r  h e a r t  lu n g k ld n e y re p x o d u o  t i v e of

number lenged  wt.gms . pa tho logy organs d ea th

411 M yes 1 .0 s l  th  nod* inm  am abs n mod oong a mar cong t a s t e s PM1
41£ F yes 10.0 a a r  th  nod* abs  an l* nm mod cong n* 6-7 wks preg^ FM
413 M yes 0 .? s l  th  nod* few ab s tk s l  cong n mod cong t a s t e s m
414 P m 0 .6 n abs 11 mod cong n 1*3a! £
415 M yes 6*9 m x  t h  nod few abs n mod cong n mar cong t e s t e s m

abs*
416 f yes 1*3 s l  th nod few abs n mod cong n 3-3  wks o reg m
41? M yes 1*0 s l  nod n a n n s l  eon eg m
418 M no 0 .8 s l  t h  nod n n s l  cong n mod eong t e s t e s lie.
419 S BO 0 .9 s l  t h  nod 1 ab s n s l  cong n mod cong t e s t e s m
420 M no 0 .8 n n n n n it Vu\
421 M no 0 . 6 s l  nod a n s l  cong n s l  oong t e s t e s V£
422' f no 1 .3 s l  t h n n s l  nod n £-3  wks p r e g 2
423 F no 1 .1 s l  t h  nod n n s l  nod n l i v e  b i r t h m
424 f no 1*7 s l  th n n a tro p h y n 2-3  wks p r e g m
425 • F no 1 .2 s l  th n n a tro p h y a e a r l y  p re g *»
426 M yes 1 . 0 s l  th  nod a n nod cong n n
42? F bo 0.5 n n a mod cong n 3-4 wks p reg m
428 M yes 0 .9 n n * B mod cong n t e s t e s  s l  cong k t *

429 M yes 1*0 s l  th  nod* a* n s l  cong n a m
430 M yes 1*5 s l  th n n a n nod cong t e s t e s ktt

—  r %- g rues i H a ~ r e  c o v e r e d on c u l t u r e . A l l  o  t b e r organs c u l tu r e d  and n e g a t i v e  f o r  b r u o e l l a

I f f a rked  a l l e r g i c  r e a c t io n  o n  h ip
Key:

s l  ~ s l ig h t  Mod -  moderate nod - nodular
abs -  abscess pro g  -  pregnant th  -  thickened
mar -  marked n -  normal cong -  congested
ru® - numerous am -  Mia11
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and  u n c h a l l e n g e d  a n im a l s  eh owed soma no d u l a t i  o n .

F r a c t i o n  I I I * A ll a n im a ls  i n o c u l a t e d  w ith  f r a c t i o n s  XXX-A 

an d  XIX-C showed h ig h  t i t e r s  and c u l t u r a l  an d  p a th o lo g ic a l @vi~ 

dene© o f  i n f a c t i o n ,  showing t h a t  B r .  a b o r t u s  2308 su rv iv e ®  p r o ­

lo n g e d  t r e a t m e n t  with a c e t o n e  a t  low tem peratures* T a b le s  11 

an d  12 show th e  r e s u l t s  o b t a i n e d  in  t h e  E g ro u p s  o f  a n i m a l s .

I t  h ad  b e e n  w ro n g ly  assumed th a t B r u c e l l a  w ould n o t  su rv ive  

a c e to n e  treatm ent and t h e r e f o r e  t h e r e  w ere no  c u l t u r e s  mad® o f  

th® c e l l  r e s i d u e  a f t e r  such  t r e a t m e n t .  T hree  w eeks f o l l o w i n g  

I n j e c t i o n  o f  f r a e t i o n  IXX-A, h a l f  o f  th© 10 -{guinea p i g s  r e c e i v ­

in g  I t  were g iven  1 . 0  ml am o u n ts  o f  th© same c h a l l e n g e  dose  

t h a t  w as g iv e n  g ro u p  I I - A ,  o r  8 ,2 0 0  B r .  a b o r t u s  2308 . Th© o t h e r  

5 anim als w hich  h ad  r e c e i v e d  the f r a c t i o n  w ere  s a c r i f i c e d  and  

c u l t u r a l  exam ination showed B r u c e l l a  t o  be  p r e s e n t .  The s p l e e n s  

o f  th ese  h a d  a mean w e ig h t  o f  3 .1 4  goi and p a th o lo g y  a s  shown i n  

t a b l e  11 was t y p i c a l  o f  B r u c e l l a  i n f e c t i o n .  Mean a g g l u t i n i n  

t i t e r s  f o r  th e  g ro u p  w e re  a b o u t  1*370 a t  t h i s  t i m e .  F o u r  w eeks  

l a t e r ,  f o l l o w i n g  c h a l l e n g i n g ,  th© t i t e r s  i n  th® 5 r e m a in in g  

a n im a l s  a v e ra g e d  1*2500 an d  th© s p l e e n s  ta v e ra tp d  5 .1  gm. The 

c h a l l e n g e  d o se  was o m i t t e d  I n  th© 10 g u in e a  p i g s  I n o c u l a t e d  

with I I I - C  and  o n l y  th e  t i t e r  8 w eeks fo llo w in g  I n o c u l a t i o n  

w i  t a k e n .  A l l  10 a n im a l s  h a d  a t i t e r  o f  more t h a n  I s  2000 , 

t h e  mean, s p l e e n  w e ig h t  was 5 .9 5  gm and cu ltu res  d e m o n s t r a te d  

B r u c e l l a  i n  a l l  o f  t h e  an im al® .

F r a c t i o n  IV. A c h a l l e n g e  dos© o f  a b o u t  10,000 organisms 

was g iv e n  .10 d a y s  a f t e r  t h e  3 i n j e c t i o n ®  o f  f r a c t i o n  IT-B  a t  

9 a n d  7 d a y  i n t e r v a l s  to  h a l f  o f  th® 20 g u in e a  pig® in ocu la ted



Table 11

M acroscopic Pathology and C ultural R esu lts
in  Group III-*. Guinea r ig s

guinea ~  ^̂^^o'sacsnlIc1T,̂  " 'inmi"'    "...................: ~..
p ig  sex  ®\m 1-  n ^ r l T l u i i i '  ' k id n c y ^ e p T O d u c t l f e ' weeF’o:

number longed pathology_________ organs i.i death

11 M BO 1 .6 m>& th  nod* abs*
IB M y a s 6.5 m&T th nod pun abs*

abs*
13 M DO 3.7 m r  th  nod* abs*
14 f  y e s 2 .8 a&p th  nod mm abs*

abs*
*? f-j II no 5.0 mat th  nod 

abs*
mm  abs*

16 M m 1 .1 mod th  sod* nuj& ab s
17 M y e s 4 .6 mar e n l  a b s

th  nod*
mua a b s*

18 M yes 9 .9 mar th  a b s  
nod*

abs*

19 M y e s 1 .7 mod th* abs*
BO 11 no 4.3 mar th  nod m i  ab s*

abs*

n cong* n* s l  cong t e s t e s
n'm mod cong abs* sw ollen  p u s-  

f i l l e d  t a s t e s *
PM

n* s a r  cong* n cong te s te s ^ ' i*3£
n sod  cong a e a r l y  p reg .V 1

ii cong abs* s l  cong t e s t e s * PM

B oong n cong t e s t e s m
n cong n cong t a s t e s * m

s u r f
aba

mar m u i f  abs* abs e n l  t e s t e s * m

n cong n s l  cong t e s t e s *$y$ $
a cong n cong t e s t e s k%k

* B n ic e l la  reco v e red  on c u l t u r e .  411 o th e r  o rgans  c u l tu r e d  and mere n e g a t iv e  f o r
~"" lru 'ae lla  

~LefV forepaw sw o llen .
%*arge s u p u ra t ln g  subderm al a b s c e s s e s  ip  a x i l l a r y  f o l d s .

Keys

s l  -  s l ig h t  th -  thickened
mod * m oderate  rnkd •  marked
nod - noclular n * n orr;al
abs  -  a b s c e s s  cong -  congested
p re g  -  p re g n a n t  s u r f  -  s u r fa c e
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Macroscopic Pathology and C ultu ra l ii© s u i t s
in  Group IIJ-C  Guinea P ig s

guinea Macroscopic Pathology week
P i s

nuisber
m x sp le e n  

wi.g& s. pa tho logy
l i v e r heart lung k idney  re p ro d u e t iv e  of

organs death

401 U 1 .1 sl th nod* n* n cong consol u 1mod cong t^stee^FM
402 f 6.4 m x  t h  sod abs* Bill mm  

mbs*
n consol* n* early prog* FM

403 f 12.4 'mar th nod abs* sal mum
abs*

a cong n* 8-5  **ks preg* Hi

404 M S .? mar th -mad abs* e n l  mam 
mbs*

n n n mod cong t e s t e e  PM

405 f 2 .3 mar th mod abs* nuia abs* n sl cong 33 aborted once 
early preg at PM

406 M 8 .5 ■mar m d  .th abs* mum abs* n mod cong e l . e n l  xi fM
40? f 1 0 .2 mar th nod abs* mum mbs 

enl*
n cong n aborted once 

early preg at PM
408 F 6 .0 mar th mod abs* num. abs* n* cong n 4 wks preg* PM
400 S 6 .2 mar th mod abs* nua mbs* ©ml* cong* n e l  cong t e s t e s  PM
410 M 2 .0 th sal nod* nurn abs* n eomg B* sl cong testes PM

♦B ru o e l la  reco v e red  on c u l tu re *  411 o th e r  o rgans c u l tu re d  and n e g a t iv e  f o r  B r u c e l l a .  
2-Left fo re  paw a r t h r i t i c .
% b sc c s s  a t  s i t e  o f  in o c u la t io n  Hays

Ho an im als  in  t h i s  group c h a l le n g e d .  s l  -  s l i g h t  t h  -  th ick en ed
mod -  moderate akd -  marked
nod -  n o d u la r  n -  normal
abs  * a b s c e s s  cong -  co n g es ted
p re g  * p re g n a n t



a i

and 4 i n f e c t i o n  c o n t r o l s *  F o u r  weeks f o l l o w i n g  ch a llen g es  a l l  

o f  t h e  o h a l l  an f a d  a n i a a l a  h a d  t i t e r s  i n  e x c e s s  o f  1; EDO and 3 

o f ,  th® 4 i n f e c t i o n  c o n t r o l s  showed t i t e r s - o f  a t  l e a s t  1;B000*

Hi@ moan w e ig h t  o f  th e  s p l e e n s  o f  th e  c h a l l e n g e d  a n im a l s  

( t a b l e  13) « s  £*35 up com pared to  a mean w e ig h t  o f  4*03 gm 

i n  t h e  i n f  a c t io n ,  c o n t r o l s  u s e d  f o r  t h i s  g roup  an d  g ro u p s  VX-B 

and 1TXI-B* Among t h e  u n c h a l le n g e d  a n im a l s  th e  mean w e ig h t  o f  

t h e  s p l e e n s  was 1*1 g® • Some i i o d u l a t i o n  was a p p a r e n t  i n  § o f  

th e  s p l e e n s  o f  th e  u n c h a l le n g e d  group b u t  4 a p p e a r e d  q u i t e

norm al#  R e s u l t s  on i n f e c t i o n  c o n t r o l s  a r e  i n  t a b l e  2 2 *
F r a c t i o n  ¥ - 1 . F r a c t i o n  V -l-B  a p p a r e n t l y  p r o t e c t e d  3 o f

^  g u i s e s  p i g s  from  i n f e c t i o n  w h i l e  f r a c t i o n  V- 1 -0  may have  

p r o t e c t e d  7 o f  10 a n im a ls *  I n  t h e  f o rm e r  c a s e ,  a l l  o f  5 in* ' 

f a c t i o n  c o n t r o l s  w ere  i n f e c t e d  w h i l e  i n  th® l a t t e r  c a s e  one 

o f  5 I n f e c t i o n  c o n t r o l s  was n o t  i n f e c t e d *  Bone o f  SO u n c h a l ­

l e n g e d  a n i m a l s ,  h a l f  g iv e n  e a c h  f r a c t i o n  b u t  n o t  c h a l l e n g e d ,  

w ere  i n f e c t e d *

A s i n g l e  i n o c u l a t i o n  o f  f r a c t i o n  Y - l - B  w as g iv e n  in - t r a -  

p e r i t o n e a l l y  an d  4 w eek s  l a t e r  7 ,5 0 0  o rg a n is m s  w ere  g iv e n  by 

th e  same rout®  a s  a c h a l l e n g e  dose# Fro® 3 a n i m a l s ,  num bers 

352 , 354 , a n d  357 a s  shown- i n  t a b l e  1 4 ,  no o rg a n is m s  w ere  r e ­

co v e red *  A bsence  o f  a g g l u t i n a t i n g  a n t i b o d i e s  i n  t h e i r  s e r a  

s u p p o r te d  t h e  r e s u l t *

f r a c t i o n  ¥ - 1 - 0  was .given 20  g u in e a  pig® i n  t h r e e  1 ml 

I n t r a p e r i t o n e a 1 i n j e c t i o n s  s p a c e d  10  d a y s  a p a r t ,  a  c h a l l e n g e  

dose  o f  1 4 ,0 0 0  o rg a n is m s  w as g iv e n  h a l f  o f  th© a n im a ls  1 0  d ays  

a f t e r  th© l a s t  i n j e c t i o n  o f  f r a c t i o n *  O rg an ism s  w ere  r e c o v e r e d



Table 13

Macros oopic Pathology- and C u ltu ra l He s u i t  a
in  Group X¥~B Guinea P ig s

© u n aa y« tviOftOpi m m k
Pig

number
sex e h a l -  sp le e n  

leisged w t^ a s *  p s t i a lo g y
l i v e r h e a r t lung k id n ey  r e p ro d u c t iv e  o f

o rg an s  dea th
861 f Fee 1 .0 th  nod abs* n n s l  cong n 3 wka preg* PM
502 1! Fes 6 ,1 th  nod mbs* num sm abs* a conso l adh* abs e n l*  mod cong PM

503 I fe n 1 ,3 s l  th  nod* m m  aba n n n
t e s t e s *

2*3 m s  p re g  B!
504 M ye b 1 .6 mod th  nod* tmm abs n co n so l e n l mod cong* t e s t e s  FM

505 II yes 4 .0 a a r  th nod*
e n l

num abs B
a re a s  

s l  cong e n l mod cong t e s t e s  PM
505 F ye  s 1 .9 mod th  nod* abs n s l  cong abs* 5 -7  wks p re g  BM
50? M yes 2 .0 sod th  nod abs E n a mod cong t e s t e s  PM

508 F yes 1 .8
abs*

th  aod abs* abs* n sod  cong n 2 wks p re g  i l l
509 M yem 1 .5 s l  th  nod* abs n sod oo ag n s l  cong t e s t e s  PM
510
511

U
M

y m
no 1 .2

decomposed
s l  nod

n o t done 
n n s l  -cong n a  PM

512 M no 1 .0 s l  th  nod n n ssOd cong n s l  cong t a s t e s  PM
515 M no 1 .3 n a n s l  cong n n pM
514 F no 0 .6 n n n a XI 5*0 wks p reg  PM
515 f no 1 .0 s l  nod n n n a 5*6 wks p re g  PM
51S f no 1 .0 s l  nod n n n n n PM
51? M no 1 .0 n n a n n s i  cong  t e s t e s  I'M
518 F no 0 .7 n n a s l  cong n p re g  f u l l t e r n  Bf
519 r no 1 .1 s l  nod n B s l  cong n 3 wks p re g  PM
520

Wt
M

I-**** tn
no

t i  » a
0 .9

i #*» treat ttet .4
n n 13 a n a  3a

-«# it 4« 4 'ST P ' S ,»<% r-% V ^^ ¥ rua8X la '''re'ooTered on c u l t u r e ,  A ll  o th e r  o rgans  e n l tu r iT 'a i id  n e g a t iv e  f o r  d r u e s d la . 
a D e a W c s i isad b j  hem orrhage.

Key;
sl -  s l i g h t  mod * Moderate nod -  nodular
abs * abscess preg * p re g n a n t  th  n th ic k en e d  £
mar -  marked n -  normal cong -  congested
consol * consolidated adh - adhesions
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Macroscopic Pathology and C ultu ra l R esu lts
in  Group V - l-r  Guinea P igs

" p i s sex c n a X * sp le e n T i v e r
W#»  ̂W W-C.*> WA'«
I ie a r tT u n g kidney  r e p ro d u c t iv e  o f

number le a s e d w t .m s • pa th o lo g y organs  do th
341 M yea £ .8 mar th  nod¥ Y rn  a b s n » n o n k vr it I342 i* no 1 .1 s i  th tow  ab s » do gen n i n f  I o p ll id im u s

t e s t e s  cong
C -•* r"' it no U • 0 X..i n e n l dogen nod » ooink t e s t e s i®
344 1' yes 1 .1 s l  th* aba n mod eong* n e a r ly  p rey m
545 M no 1 .2 n abs n pneiuao n cong t e s t e s 5s
546 M so decomposed * n e g .  c u l tu r e 1
34? F no 1 .2 n e n l n OOBg e n l 2-3  wks p ra g #
346 F y^s 1 .6 th  nod a b s ’“ ab s5" n sod  cong n 6*7 wits p reg I'M
349 1 m 0 .5 n n n mar cong ©nl cong t e s t e s 1?
350 M no 0 .4 a n n cheesy p i t l e n l s i  cong t e s t e s
351 M yes 1 .0 s i  th  nod n B s i  C0Hg e n l cong t e s t e s
35 £ y yes 1 .8 sod th  nod n n mod oong e n l s i  cong te s te© rid
35S M yes 4 .8 mar t h  nod^e- many abs m .mod cong* n s i  cong  te s te © »* d
354 M no 1 .7 th  e n l m o tt le d XL mucoid p i f l mod e n l  coag t e s t e s
355 ? no 1 .8 s i  nod few a b s n mod cong n 7*8 wks p reg
356 I no £.5 few am abs abs n bloody th ic k n cong t e s t e s

exuda te
35? F yes 1 .9 s i  th  nod few abs n s i  cong n a b o r te d  oroe

e a r l y  p re g  a t
356 M ywn 1.8- th  nod e n l  num iabs n fi n n i id
359 F yes 1 .6 s i  th nod* n n *mod cong n e a r l y  prey
360 F no. 0 .3 n 2 l g  ab s @Blw (jheeBx.uI rl_ n 2*3 wits OFB& g*e$c*

11,a, reco v e red on c u l t u r e . .411 o th e r  o rg an s  c u l tu re d i a:id  ue g a t  I ts  f o r  Brae #11*I s.v>eatb 08 0sod by pneumonia. Key:
I p t r a p to c o c c i fi, An’OTFs t r a t e d  i n  srg?&r off c u l t u r e 1 x- OTsi ** 1 - :a l i g h t  mod * mode ru t?iii

p le u r a l  f l u i d .
'Bhbsoess 5 os*. in  d ia m e te r .  
^Cheesy p a r i c o r d i a l  f l u i d .

jLoroooecx recover#!
a u la r  ahs -  a b s c e s s  

p ra g  p re ^ id i i t  th  * th ic k e n e d  
mar marked' b -  normal 
cong * co n g es ted  p i  -  p l e u r a l  
f i  -  f l u i d

<*
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from  5 a n i m a l s ,  num bers 4 6 6 , 4 6 6 ,  a n d  468 a s  s h o w  I n  t a b l e  16* 

T&es© a n im a l s  bad  d e f i n i t e  t i t e r s  when s a c r i f i c e d  w h i l e  non© o f  

t h o s e  c h a l l e n g e d  an d  u n i n f e c t e d ,  o r  u n c h a l l e n g e d ,  had  an y  t i t e r *

Th® s p l e e n s  o f  th© i n f e c t e d  and c h a l l e n g e d  a n im a l s  g iv e n  

Y - l-B  and Y - l -C  had  mean w e ig h t s  o f  S . 55 and 1 .1 5  gm r e s p e c t i v e ­

ly*  U n in f e c t e d  a n im a l s  g iv e n  t h e  f r a c t i o n  and  c h a l l e n g e d  had  

mean w e ig h t s  o f  1*25 and  0*86 guis r e s p e c t i v e l y  w h i l e  th o s e  

g iv e n  f r a c t i o n  o n ly  h a d  w e ig h t s  o f  1*B0 and  0 .6 9  gm. The mean 

w e ig h t s  o f  s p l e e n s  fro m  i n f e c t i o n  c o n t r o l s  ( t a b l e s  19 an d  20) 

u s e d  f o r  th e  two g ro u p s  w ere  2*55 and 1 .1 6  g a s  r e s p e c t i v e l y .

The p a t h o l o g i c  p i c t u r e  was c o n fu s e d  i n ' t h e s e  a n im a ls  a s  s e v e r ­

a l  s u f f e r e d  from  e n t e r i t i s  a n d  some from  pneum onia* L i v e r s  

showed a t y p i c a l  y e l lo w e d  p a t c h y  a b s c e s s e s  i n  s e v e r a l  a n im a ls  

known t o  be B u f f e r i n g  fro m  e n t e r i t i s  and a n i m a l s ,  s u p p o s e d ly  

n o rm a l ,  t a k e n  from  t h e  p o o l  and s a c r i f i c e d  w i t h o u t  any  s o r t  o f  

t r e a t m e n t  showed s i m i l a r  a b s c e s s e s *

F r a c t i o n  V~g« F r a c t i o n  Y-E-B a p p a r e n t l y  p r o t e c t e d  B o f

9 .guinea p i g s  * 1 1 ©  f r a c t i o n  Y-S-C p r o t e c t e d  7 o f  10 . Th© c o n ­

t r o l s  u s e d  f o r  th e s e  g ro u p s  w ere t h e  same a s  th o s e  u s e d  f o r  

g ro u p s  Y - l -B  and  V - l-C  an d  i t  i s  n o te d  t h a t  1 o f  th e  5 i n f e c t i o n  

c o n t r o l s  u se d  i n  th e  l a t t e r  g ro u p  was n o t  i n f e c t e d *  A l l  o f  th©

10 u n c h a l l e n g e d  a n im a ls  u s e d  a s  s t e r i l i t y  c o n t r o l s  f o r  e a c h  

f r a c t i o n  w ere  u n i n f e c t e d .

A s i n g l e  2 .0  m l dose  o f  f r a c t i o n  Y -2 -3  was g iv e n  20 g u in e a  

p i g s  i n t r a p e r i t o n e a l l y .  f o u r  w eeks l a t e r  a c h a l l e n g e  dose  o f  

7 ,6 0 0  o rg a n is m s  was g iv e n  h a l f  t h e  a n im a ls*  Of t h o s e  c h a l l e n g e d ,  

tw o , num bers 575 and  5 7 7 , showed no e v i d e n c e  o f  i n f e c t i o n  from



Table 15

Macroscopic Pathology and C u ltu ra l R esu lts
in  Group V-l-C Guinea P ig s
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c u l t u r e  o r  p a t h o lo g y  anh th e s e  showed m  a g g l u t i n i n  t i t e r *  

A g g l u t i n i n  r e s p o n s e  was d e f i n i t e  i n  th e  i n f e c t e d  c h a l l e n g e d  

a n im a ls*  S p le e n  w e ig h t s  shown i n  t a b l e  16 c o r r e l a t e d  with i n ­

f e c t i o n ,  t h e  mean o f  t h e  i n f e c t e d  and  c h a l l e n g e d  a n im a l s  b e in g  

1*70 gm com pared  w i th  £*65 i n  th e  i n f e c t i o n  c o n t r o l s  u s e d .  

U n in f e c t e d  c h a l l e n g e d  a n im a l s  a v e ra g e d  0.85 gm and th e  a n im a l s  

w hich  h a d  r e c e i v e d  t h e  f r a c t i o n  o n ly  showed s l ig h t ly  thickened  

s p le e n s - w h ic h  a v e ra g e d  0*99 gm. I h e a e  a n i m a l s  had  no a g g l u t i n i n  

t i t e r s  d e t e c t a b l e  a t t h e  t im e  o f  s a c r i f i c i n g .

Twenty g u in e a  p i g s  in o cu la ted  w ith  f r a c t i o n  ¥ - 8 - 0  r e c e i v e d  

3 in tr a p e r ito n e a l i n o c u l a t i o n s  o f  1*0 ml e a c h  a t  10 day i n t e r ­

v a l s #  f&n d a y s  f a l l o w i n g  th© l a s t  i n o c u l a t i o n  o f  f r a c t i o n X ~ 2 ~ 6  

1 4 ,0 0 0  organism s w ere given  10 o f  th e  a n im a l s  in tr a p e r ito n e a lly  

and th© a n i m a l s  s a c r i f i c e d  4 w eeks l a t e r .  Thor© wax*© 3 c h a l ­

le n g e d  anim als i n  w h ich  organisms w ere  d e m o n s t r a b l e ,  num bers  

4 7 3 ,  4 7 0 , and  4 8 3 .  These a n im a l s  a l s o  d e m o n s t r a te d  r i s i n g  t i ­

t e r s  a t  t h e  t im e  th e  experim ent was t e r m i n a t e d .  rfh© mean 

s p l e e n  w eight®  o f  th e  c h a l l e n g e d  and u n c h a l l e n g e d  a n im a ls  r e ­

c e i v i n g  th© f r a c t i o n  were 1 .0 4  an d  1 .0 5  gm r e s p e c t i v e l y  ( t a b l e  

1 7 ) .  B roken  down on  th© b a s is  o f  i n f e c t e d  and u n in fec ted  

ch allen ged  anim als t h e  mean w eigh ts were 1 .0 8  and 0 .9 ?  gm fo r  

e a c h  g r o u p .  The i n f e c t i o n  c o n tr o ls  h a d  mean sp leen  w eights  

o f  1 .1 6  gm ( t a b l e  80} . Some th ick en in g  and n o d u l a t i o n  o f  the 

s p l e e n s  w as a p p a r e n t  in  the u n c h a l l e n g e d  a n im a l s .

The d i f f e r e n c e  i n  th© mean s p l e e n  w e ig h t s  o f  g ro u p s  V -l-B  

and  7 -8 -B  and  th o s e  r e c e i v i n g  th e  l a t e r  b a t c h e s  o f  fr a c t io n ,  

g ro u p s  7 - 1 —C and ¥ - 8 - 0  might be a t t r i b u t e d  t o  t h e  i n c r e a s e d
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tfoeroseopio  .Pathology and C u l tu r a l  He s u i t s
in  Qro'ip 7~2~$ (l i ln o a P is a
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p r o t e c t i v e  pow er r e s u l t i n g  from  5 I n o c u l a t i n g  d o s e s .  h o w e v e r ,  

a e o n s i d e r a t i o n  o f  t h e  d ro p  I n  s p l e e n  w e ig h t  o f  th® i n f e c t i o n '  

c o n t r o l s  ( t a b l e s  19 and. 2 0 ) ,  i n  s p i t e  o f  a h e a v i e r  i n f e c t i v e  

d o se  com bined w i th  th e  f a i l u r e  o f  1 a n im a l  to  become i n f e c t e d  

s u g g e s t s  lo w e re d  I n f a c t i v i t y *  The c a u sa  o f  t h i s  i s  n o t  known* 

F r a o t I o n  V I * B oth  p r e p a r a t i o n s  o f  f r a c t i o n  VI gave f a v o r ­

a b l e  r e s u l t s *  F r a c t i o n  VI-A p r o t e c t e d  6 o f  9 a n im a l s  c h a l ­

le n g e d  w h i le  f r a c t i o n  V I-B  p r o t e c t e d  6 o f  11 a n im a ls  c h a l l e n g e d *  

A ll  o f  9 i n f e c t i o n  c o n t r o l s  u s e d  were i n f e c t e d *

A s i n g l e  In tra p er ito n es1 i n o c u l a t i o n  o f  5*0 ml o f  f r a c t i o n  

VI-A i n  e a c h  o f  20 g u in e a  p ig s  p r o t e c t e d  S o f  9 s u b s e q u e n t l y  

c h a l l e n g e d .  Hone o f  10 unchallenged a n im a l s  was i n f e c t e d  w h i le  

5 i n f e c t i o n  c o n t r o l s  were* A gglu tin in  t i t e r s  w ere  a b s e n t  i n  

a l l  anim als r e c e i v i n g  th e  f r a c t io n -a t  t h e  tim e o f  p o s t  mortem 

e x a m in a t io n  an d  th e  & In g le a n im a l  w hich was challenged  and i n ­

f e c t e d  had  a p r a c t i c a l l y  n o rm a l  s p l e e n  ( t a b l e  18) and c a r r i e d  

two 6 weeks f e t u s e s *  The mean s p l e e n  w e ig h t s  o f  i n f e c te d  and 

u n in fected  c h a l l e n g e d  a n im a l s  were 1 .1  and 1 .1  p  re sp e c tiv e ly *  

tfoohallenged a n im a l s  r e c e i v i n g  th® f r a c t i o n  h a d  a mean s p l e e n  

w@i,ght o f  0 .9  gm. T h ere  was soma t h i c k e n i n g  among th e s e  

s p l e e n s  and  th© s u r f a c e  w as nodulated* The i n f e c t i o n  c o n t r o l s  

( ta b le  19) had sp le en s  averaging 2*55 gn*

F r a c t i o n  V I-B  g iv e n  I n  t h r e e  2 .0  ml in t r a p e r i t o n e s !  in ­

je c t io n s  a t  9 and  7 d a y  i n t e r v a l s  f o l lo w e d  by a  c h a l l e n g e  dose  

o f  1 0 ,0 0 0  o rg a n is m s  d i d  n o t  show a s  good p r o t e c t i o n *  F ive a n i ­

m a ls ,  num bers 5 2 1 ,  5 2 4 ,  5 2 5 , 5 2 8 ,  5 2 9 , and 555 w ere i n f e c t e d *  

These anim als- f u r t h e r  had  r a t h e r  l a r g e  s p l e e n s ,  t h e  mmmn w e ig h t



TfeMe 18

M acroscopic P atho logy  and C u l tu r a l  d e s a l t s
in  Croup VI-A Ouinea P igs

guinea M acroscopie P a tho logy
P̂*52>

number
sex c h a l ­

lenged
sp le en  

Wt.gais. p a tho logy
l i v e r  h e a r t  lu n g  k idney re p ro d u c t iv e

o rgans
week oT  
d ea th

361 M yes ' 1 .6 s i  nod th abs  a  eong s i  e n l cong t e s t e s Pl-S«*
382 M yes n o t re  corded conso l 5a
383 f yes 1 .1 s i  th* ii* n pneumo n 6 wks p reg £>a
384 F yes l.C- s i  nod n n n ii e a r l y  p re g PM

5a385 F yes 0 .9 s i  th a  n pneuno n 2 l i v e  b i r t h s  
b e fo re  c h a l l .

386 F no 3 .1 e n l  th  abs t m  abs  n pneumo n 4 isks p re g pm
38? P no O K %s pulpy  abs 

th  nod
e n l  abs a t  pneumo ii 

s i t e  of 
b le e d in g

e a r l y  p re g 6a

388 ? yes 1 .3 s i  th mod e n l  a  s i  cong n e a r l y  p re g PM
389 M yes 0 .9 s i  th  nod n e n l  abs  pneumo n mar cong t e s t e s 6a
390 M no - n a n n a a
391 F yes 1 .0 s i  nod n a  s i  cong a 2-3 wkB p rey PM
392 if yes 0 .6 s i  nod few abs  a a a. a m

*a393 M no 0 .5 n m o tt le d  cheesy  cheesy  n 
f l .  in  f l .  In

p e r ic a rd iu m  p le u ra e

oong- t  e r  t e r

394 }*' no • 1 .7 abs 1 cm in  
d iam eter

ix n cheesy f l  n
in  p le u ra e

cong u t e r u s 4a

395 PfjMi no decomposed cheesy f l  
in  p le u ra e 4aSt

396 M no 0 .4 n n n pneumo n n 4
39? ?. * no 0 .9 s i  nod abs a s i  cong n s i  cong t e s t e s ±m.
398 no 1 .2 s i  nod a  a  s i  cong a s i  cong t e s t e s m
399 M no 0 .9 n abs n s i  cong a a PM
400 IFk4. no 019 n n a s i  cong a oong t e s t e s PM

^SruoellgT^ ^  >11 o th e r  o r l o r  B ru e i l lS T
a Death caused by pneumonia.

Keys

s i  * s l i g h t  mod -  m oderate nod -  n o d u la r
abs  * a b sc e ss  preg  * p reg n an t th  -  th ickened

mar -  marked a -  normal cong * co nges ted
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fbble 80

Cultural aM rathologioal a©suits in Guinea Figs Inoculated with
Challenge Used fa r  Groups ¥~1*€ and f *8-0

S i p 55 -  ■■ ~......MaoroMpp l a  P a th o lo L ,.  ........................     ,
pig  sex spleen Hirer n S e i r s i i i g  kidney rep rod u ctivew eek

0 M 1*8 s l  th nod* fe e  abs* m e l  cong* a* n IM
p P 1*4 s i  th nod* n M e l  cong n uterus cong PM
a M 1*8 s i  th nod few abs .» e l cong abs m PM
i U 0*f s i  th nod* a n a a n m
s f 1,6 s i  th  nod* fe e  abs* - a , ">1 bong n* n m

*Brugolla recovered on culture* 411 other erpuas cultured and negative for  Brueella

Okalleiige dose 14,000 organ Isas*

: tM f i

s i  -  s l l # t  til * t h  tokened nod * nodular
elm * abscess ' n -  ziorml  ̂ cong * congested
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o f  w hich  was 2*40 g»* 'Two, nuMhars 5£3 and  5 2 9 ,  i n  p a r t i c u l a r  

had  e x c e p t i o n a l l y  l a r g e  s p l e e n s ,  w h ich  w e ig h e d  5*1 and  3*1 gs. 

e a c h  ( t a b l e  2 1 }. The spleens o f  i n f e c t i o n  c o n t r o l s  ( t a b l e  22)  

w ar© e v e n  larger, a v e r a g i n g  4*03 gm* All i n f e c t e d  a n im a l s  

d e m o n s t r a t e d  t i t e r s ,  though  th© mean o f  t h e  a n im a l s  r e c e i v i n g  

th e  f r a c t i o n s  and  th e n  c h a l l e n g e d  was I s 90 a s  o p p o se d  to  th© 

t i t e r s  o f  th e  i n f e c t i o n  c o n t r o l s  w hich  w ere  o v e r  1 :2 0 0 .  Mon 

i n f e c t e d  a n im a l s  w h ich  had  b e e n  c h a l l e a g e d , num bers 5 2 2 , 5 2 6 ,

5 2 7 ,  5 3 0 , a n d  5 3 1 , h ad  a mean s p l e e n  w e ig h t  o f  1 .1 6  w h i le  th e  

u n c h a l le n g e d  a n i m a l s  r e c e i v i n g  t h e  f r a c t i o n  h ad  a mean s p l e e n  

w e ig h t  o f  0*87* A® was t h e  c a s e  w i th  f r a c t i o n  ¥X-A, t h e  

s p l e e n s  o f  t h e s e  a n im a l s  showed aoiae t h i c k e n i n g  and m o d u la t io n *  

’The lo w e re d  s p l e e n  w e ig h t s  com pared  w i th  t h e  i n f e c t i o n  c o n t r o l s  

p r o b a b l y  g iv e s  m v a l i d  i n d i c a t i o n  o f  m o d i f i c a t i o n  o f  th e  d i s e a s e *  

F r a c t i o n  Y H » No i n d i c a t i o n  o f  p r o t e c t i o n  was o b t a i n e d  

i n  10 g u in e a  p i g s  i n o c u l a t e d  w i th  f r a c t i o n  ¥11  and  s u b s e q u e n t l y  

c h a l l e n g e d  w i th  1 0 ,0 0 0  o r g a n i s m s .  A s i n g l e  i n t r e p e r i t o n e a l  i n ­

o c u l a t i o n  o f  5*0 ml o f  f r a c t i o n  was g iv e n  20 g u in e a  p i g s  i n  

a l l .  H a l f  o f  t h e s e  w ere  c h a l l e n g e d  and a l l  a n im a l s  s a c r i f i c e d  

SO d a y s  a f t e r  t h e  c h a l l e n g e  d o se  was g iven#  The mean s p l e e n  

w e ig h t  o f  t h e  I n f e c t e d  c h a l le n g e d  a n im a l s  ( t a b l e  23) was 1*83 

^sa w h i l e  t h a t  o f  t h e  i n f e c t i o n  c o n t r o l s  was 4 .0 3  ( t a b l e  SB). 

U n c h a l le n g e d  a n i m a l s  had a mean s p l e e n  w e ig h t  o f  1 .0 3  and 

t h e  s p l e e n s  showed t h i c k e n i n g  and  n o d u l a t i o n .  The o n ly  p o s ­

s i b l e  e v id e n c e  o f  p r o t e c t i o n  was th e  lo w e r  s p l e e  a  w e ig h t  o f  

th e  i n f e c t e d  t e s t  a n im a l s  when com pared t o  t h a t  o f  th e  i n f e c ­

t i o n  c o n t r o l s #  A g g l u t i n a t i o n  t i t e r s  in  th e  i n f e c t e d  a n im a l s



Itoble SI

Macroscopic Pathology and C ultural R esu lts
in  Group VI-B Guiana r ig s

®Hnea~ * “'"'''^ZZZZZZZZZZZZZZZZZZZZZZZZZZlBilZii^illZiSliillS
nig sex chal­ spleen '"liver Heart lung kidney reproductive week" of"
' -V. *■ ̂ w or1 lenged wt.geis. patEoXogy *" organs death

~“52l M no 1.1 el th nod aha n a a nod cong testes IMM2 f yes 1.4 si th  nod n E n a 4-5 wk preg m
583 1 yea 5 .1 mat th nod* num abs* n si cong* n* 8-3 wk preg m
584 F yes 8.1 th  nod* abs* n si cong abs* 1-8 wk preg
525 K yes 1.8 si th nod* abs n si oong n si cong testes W.
585 M ye s 0.9 u n n a a a m
587 M yes 1.3 si th nod abs n n n si cong testes -v& iw
MB M yes 1.6 si th nod* aba n si cong n si cong testes iu.
589 F yes 3.1 m .r  th  nod* few abs* a cong n 4 wfcs preg
530 M yes 0.9 si th n ^ B a a n f it
531 F yes 1.3 si nod n n a n 2-3 wk preg PM
538 If no 0 .8 si nod mbs n n s i en l mod cong testes M
533 M no 0 .7 si nod mbs n e l  cong n si cong tastes
534 M no 0 .8 si th sod n n si cong a si cong testes 4
535 M yes 1 .1 nm abs* n B* n* a jrK
536 M no 0 .8 si nod n a n e l e n l  si cong testes M
537 M no 0 .8 si nod n n si cong a a HI
538 M no 1.1 si th nod n n E s i enl si cong testes ?M
539 M no 0 .7 si nod n n a n a PM
540 1 no 0 .7 si nod n n a n a PM

♦Brucella recovered on culture* A ll other organs cultured and were negative for 
"r'Brucella.

Keyi
preg - pregnant

s i  -  s lig h t th -  thickened
mod - moderate ®k& - marked
nod - nodular n - normal
©bs -  abscess cong -  congested
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w ere  o v e r  1 :2 0 0  and  t h e r e f o r  gave no e v id e n c e  o f  a  m o d i f ie d  

i n f e c t i o n .

In. Vivo A n tib o d y  P r o d u c t io n

A n tib o d y  r e s p o n s e  in  g u in e a  p i g s  r e c e i v i n g  s i n g l e  I n o c u ­

l a t i o n s  o f  f r a c t i o n s  m s ,  i n  g e n e r a l ,  s l i g h t .  H ow ever, th® 3 

t o  4 week® e l a p s i n g  b e tw een  i n o c u l a t i o n s  and  t i t e r i n g  was p r o b ­

a b l y  to o  lo n g  a p e r i o d  to  p e r m i t  o b s e r v a t i o n  o f  many low t i t e r s .  

The a n im a l s  i n o c u l a t e d  w i th  f r a c t i o n  I-A  a r e  n o t  c o n s id e r e d  i n ­

asmuch a s  t h e  s t e r i l i t y  c o n t r o l s  w ere  i n f e c t e d  by th #  f r a c t i o n  

i t s ® i f .

Th® w a te r  e x t r a c t e d  f r a c t i o n s  VI-A and  2 -3  p ro d u c e d  o n ly  

p a r t i a l  a g g l u t i n a t i o n  i n  d i l u t i o n s  o f  1 :2 5  i n  5 o f  80 g u in e a  

p i g s  e a ch  a s  shewn i n  t a b l e s  24 and  25 w here t i t e r s  ta k e n  4 

w eeks a f t e r  a s i n g l e  i n o c u l a t i o n  o f  f r a c t i o n  a r e  p r e s e n t e d .

O n ly  1 g u in e a  p i g ,  number 396 , i n o c u l a t e d  'w ith  f r a c t i o n  VI-A 

showed a c o m p le te  a g g l u t i n a t i o n  i n  1 ;  25 d i l u t i o n .  Ho t e s t s  

with, a s i n g l e  i n o c u l a t i o n  o f  f r a c t i o n  V II  w ere  d o n e .

Among t h e  g u in e a  p i g s  r e c e i v i n g  th e  30 p a r  c e n t  a c e to n e  

s o l u b l e  f r a c t i o n  V - i - B ,  o n ly  p a r t i a l  a g g l u t i n a t i o n s  In  1 :2 5  

to  1 :5 0  d i l u t i o n s  w ere  shown i n  3 o f  £0 g u in e a  p i g s  4 weeks 

a f t e r  a d m i n i s t r a t i o n  o f  th e  f r a c t i o n s .  Among th o s e  r e c e i v i n g  

th® 30 p e r  c e n t  a c e to n e  i n s o l u b l e  f r a c t i o n  J - B -3  o n ly  B p a r ­

t i a l  a g g l u t i n a t i o n s  In  I s  25 d i l u t i o n  w ere  se e n  i n  20 g u in e a  

p i p s .  T a b le s  86 and 27 show th e  r e s u l t s .

T i t e r s  w ere  more d e f i n i t e  i n  a n im a l s  r e c e i v i n g  f r a c t i o n  

I I -A and I I -B , m o st o f  th© g u in e a  p i g s  r e c e i v i n g  f r a c t i o n  I I -A 

d e m o n s t r a t i n g  c o m p le te  a g g l u t i n a t i o n  In  1 : E5 d i l u t i o n s  a f t e r



m

T ab le  24

T i t e r s  P ro d u c e d  from  1 I n o c u l a t i o n  o f  .F ra c t io n  VI-A 
and  a  Oha11eng® Dos©' i n  G uinea B ig s

g u in e a  ~ t i t e r '  4 Weeks tT te F * 4  w eeks
p i g  c h a l l e n g e d  i n f e c t e d  a f t e r  f r a c t i o n  a f t e r  c h a l l e n g e  

number _______ oomiXeie"" p a x F j a X ^  qS p I  e t e ' p a r  t i  a l

381 y es no * - - *
382 yes no - 4* I t  25 d ead
383 y e s y es - - dead
384 y e s no ♦ * • -
385 y e s no _  ̂15 25 dead
386 no no - - - -
387 no no mm * d e a d
388 y es no - * - mm
389 y e s no mm d ea d
390 no no — «B» * w
391 y e s no - 3i*l i 25 - -
392 y e s no — - — -
593
394

no
no

no
no

d ead
mm d ead

395 no no • • d ea d
396 no no I t  25 4m d ea d
397 no no - am - -
398 no no - mm mm rnm
399 no no - - *p mm.

400 no no - - mm



fa b le  25

Antibody T iters in Quinea Pigs 30 Days Following Inoculation of 
Freetion 1-8 and 30 Days Following Challenge Bos© of

100,000 Br. abortus 2308

“ “  t i te r iT ^ ro d u o 'e d b y  t i t e r s *  p ro d u c e d I fo l lo id n g  "InoculSM oiar~
guinea i n o c u la t io n  o f  w ith  100,000 B r. a b o r tu s
pig c h a lle n g ed  infected fraction  after 14 days after 30 day®

nuaber _____  partiaX '''©Sly ""  o S a j ^ W  '" ' ' 'pariill"" '""  " io M p IS W ^ ^ a r t l a r "

101 no no m • **
102 no no «a» - •
103 no no ♦ 1:25 *w
104 no no * • -
105 no no - • •
106 no no « ttte
107 no no * • -
ioa no no - • At
109 no no m* .©»
110 no no vm m -*
121 yes yes 1:100 3+1:200 1:200 2+1:250
122 yes yes - 1:100 2+1:200 Is 200 3+1:250
123 yes yes - 1:25 +1:100'* 1:500 1+1:2000
124 yes jm 1+1:50 1:250 3+1:500 1:200 1+1:500
125 yes yes 1+1:50 1:250 1+1:500 dead .
126 yes yes 1:100 - ltSOOCr
127 yes yes * 1:100 1+1:2S0 1:1000 2+1:2000
128 yes yes 1:200 +1:850* 1:500 3+1:1000
129 yes j m 1:500 «o 1:1000 2+1si000
130 yes j m - 1:100 +1:200* 1:500 3+1:1000

- ■inpii m-iii*— ■ )•■■ 11 ■ i- i~it n -̂Tumti i ii»i i;tiii... iKur rnn.in mm i n r  i iiwiiimnp. ii 'lfih iiinn iiwn  uni khihwhmimi.     n n w ft.itfiii in m r r iiin .i ritnim— umi ifirr-n- ■■nrmr in r ~  f  n tntrm —t v  m u m m ilm a rrr i. imi i .  w i if  m i'if i r i  .i r-~“i r-‘Trir “ "T T  "Tf-nTT-m n f l i iriff-nm 'irrT — rrn ■nrvJI'‘iftH-iir~r

^partial titers are given for the last tube showing any agglutination 

^titer not carried beyond 1:2000
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T ab le  20

T i t e r s  P ro d u c e d  from  1 I n o c u l a t i o n  o f  F r a c t i o n  V - l - 0
and a C h a l le n g e ► Dose in G uinea P ig s

g u in e a
'p i e

number
cbe. 11 an  gad i n f e c t e d

t i t e r  4 w eeks 
a f t e r  f r a c t i o n

t i t e r  4 w eeks 
a f t e r  c h a l l e n g e

c o m p le te I cor-Tole t e  p a r t i a l

341 ye® y e s I s  500 1+IslOOO
342 no no d ead
348 no no dead
344 y e s y e s - 1*25 1-OU50
345 no no ** - dead
34© no no dead
547 no no • •**» d e a d
34© y es y e s • m 11250 34-11300
349 no no dead
350 no no - d ea d
551 y e s no - • «e -

552 y e s no -4* - •m

553 y e s y e s - 11 25 181000 54-1 s 2000
354 no no d ea d
355 no no m « -

55© no no dead
357 VP s no 4 1 :2 5 **

35© yea y e s 4 Xs2S 1 :2 0 0
859 y e s y e s - - - 4 1 :2 5
550 no no dead
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T ab le 27

T ite r s  Produced from  1 I n o c u l a t i o n  o f  F r a c t i o n  
.and a C hallenge Dose i n  Guinea P ig s

guinea t i t e r  4 !w eeks t i t e r  4 w eeks
P ig challenged i n f e c t e d a f t e r  f r a c t i o n a f t e r  ch a llen ge

number co m p le te p a r t i a l  eo m p le t i» p a r t i a l

361 no no *• + I s  25 «•>
362 no no - mm mm mm

363 no no mm <m mm mm
364 y e s y es mm mm I s 1000 2+1 s 2000
368 no no mm mm gone
366 no no mm mm - -

367 no no mm « . -

368 no no d e a d
369 no no d ea d
370 no no - 4 I s 50 d ea d
371 y a s y e s - nm I s  1000 2+ 1 l £000
37 £ y e s y e s mm I s .1000
373 y e s no mm mm •

874 yes y e s mm I S 1000 mm

375 y e s y e s «* - I S 1000 3+1S £000
376 y e s y es mm * 1 :2 5 -
377 y e s no ** *» - -
378 no no d ead
379 y e s y es • mm 18100 B+lsbOO
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3 w eeks w h i l e  m o s t o f  th o s e  r e c e i v i n g  f r a c t i o n  II-.B  showed 

p a r t i a l  a g g l u t i n a t i o n s  I n  d i l u t i o n s  o f  1 :3 5  t o  1 :5 0  a f t e r  4 

w eeks ( t a b l e s  E8 an d  3 9 )•

I n c r e a s i n g  t h e  number o f  i n o c u l a t i o n s  o f  f r a c t i o n  to  3 

and m aking  o b s e r v a t i o n  o f  t i t e r s  a t  th© tim e e ach  i n o c u l a t i o n  

was g i v e n ,  10 days  f o l l o w i n g  th e  l a s t  i n o c u l a t i o n  o f  f r a c t i o n ,  

and  2 and  4 w eeks r e s p e c t i v e l y  a f t e r  t h e  a d m i n i s t r a t i o n  of t h e  

c h a l l e n g e  dose gave more s a t i s f a c t o r y  m e asu re  o f  a g g lu tin in s  

I n  t h e  a n im a ls #  F i g u r e s  3 and  4 sum m arize  t h e  mean t i t e r s  o f  

c h a l l e n g e d  and  u n c h a l le n g e d  a n i m a l s  so t r e a t e d *

Both th© f r a c t i o n s  e x t r a c t e d  w i t h  a l k a l i n e  s o l u t i o n  

( f r a c t i o n  ¥ I ~ 3 )  and  n eu tra l s o l u t i o n  ( f r a c t i o n  I~C) p ro d u c e d  

a n t i b o d i e s  to  a mean t i t e r  o f  a b o u t  1 :4 0  a s  shown I n  f ig u r e  3* 

th e  method of c a l c u l a t i n g  th© mean t i t e r s  I s  shown in  a p p e n d ix  

¥1* Nearly a l l  o f  th© a n im a ls  showed c o m p le te  a g g l u t i n a t i o n  

i n  1 :3 5  o r  1 :5 0  d i l u t i o n s  10 days  a f t e r  i n o c u l a t i o n  o f  f r a c t i o n  

I-C  b u t  the g e n e r a l  t e n d e n c y  was downward i n  sp i t©  o f  2 rm r e  

i n o c u l a t i o n s  a t  10 day i n t e r v a l s *  F r a c t i o n  V I-B , on  th e o t h e r  

h a n d ,  showed © f u r t h e r  i n c r e a s e  to  1 :5 0  f o l l o w i n g  th e  se c o n d  

i n o c u l a t i o n  and  a  d e c l i n e  th erea fter*  f h i s  w ould  seem t o  I n ­

d i c a t e  a g r e a t e r  a tab i l l  ty  or* s t a n d i n g  in  t h e  a lk a lin e  e x t r a c t e d  

f r a c t i o n  th a n  in  t h a t  e x t r a c t e d  in  n e u t r a l  s o l u t i o n *  F r a c t i o n  

V I I ,  e x t r a c t e d  a t  low  pH, d i d  n o t  s t i m u l a t e  a n t i b o d i e s  i n  a l l  

guinea n i g s  I n o c u la te d *  Compared t o  the a l k a l i n e  an d  n e u t r a l  

w a te r  e x t r a c t s  i t  w ould  seem t o  be t h e  l e a s t  s ta b le  as th® 

t i t e r  from  th© f i r s t  i n o c u l a t i o n  was lo w e s t  a n d  2 more inocu­

la t io n s  f a i l e d  to  f u r t h e r  i n c r e a s e  the t i t e r  in  any  case*
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Thble 28

A g g l u t i n i n  Ha©pons© fo llo w in g  On© I n o c u l a t i o n  
o f  F r a c t i o n  I I - A  and o f  Gliallong©

g u in e a
P ig

number
c h a l l e n g e d i n f e c t e d

t i t e r  3 weeks a f t e r  
f r a c t i o n  i n j e c t e d

t i t e r  4 w eeks 
a f t e r  c h a l l e n g e

co m p le te p a r t i a l c o m p le te  p a r t i a l

21 no no - - d ead

22 y e s no 1 :5 0 ♦ 1 :2 0 0 -

S3 no no 1 :2 5 - d ea d

24 y e s no I f  100 1+ 1 :200 mm

25 no no I t  25 1 + 1 t 1 0 0 d ead

26 no no d ea d dead

27 y e s BO 1 :1 0 0 1+ 1 :250 -

28 y e s no 1 :5 0 1 + 1 :1 0 0 -

29 no no - + 1 :2 5 d ea d

30 y e s no - + 1 :2 5 -
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Figure 3

^ r o c u c t i o n  o f  A g g l u t i n i n s  frosj  I n o c u l a t i o n  o f  
"Aa ts  r J o l u b l e  f r a c t i o n s  o f  B r u c e l l a  a b o r t u s

'J: r a o  t i o . i i  l - G  
r r o u t i o n  7 1 ~G

t i o n  V II -C

1 s t  i n o c u l a t i o n
grui i n o c u l a t i o n  
3 rd  i n o c u l a t i o n

0 5 0
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F ig u re  4

P r o d u c t i o n  o f  A g g l u t i n i n s  from  I n o c u l a t i o n  o f  A ce to n e  
T r e a t e d  F r a c t i o n s  o f  Br* a  t o r t u s

- 90

Legend

F r a c t i o n  V-2-C

F r a c t i o n  I I -C

F r a c t i o n  V -l-C

1 s t  i n o c u l a t i o n  
2nd i n o c u l a t i o n  
3 rd  i n o c u l a t i o n

-60

0 10 20 30 40 30 ©0
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3 ln o e  th e  a l k a l i n e  an d  a c i d  e x t r a c t s  w are  made from  th e  same 

c a l l  s u s p e n s io n  th e  d i f f e r e n c e  s h o u ld  be v a l i d *  A l l  a n im a l s  

I n o c u l a t e d  w i th  f r a  a t  i o n s  I-C  and V I-8  showed a t  l e a s t  p a r t i a l  

a g g l u t l n a t l o n  I n  lsB 5  d i l u t i o n s  a s  shown in  t a b l e s  30 and  31*

B u t 5 o f  th o s e  r e c e i v i n g  f r a c t i o n  VIX-B f a i l e d  to  show p a r t i a l  

a g g l u t i n a t i o n  i n  I s 85 d i l u t i o n  ( t a b l e  38}#

th e  a g g l u t i n i n  r e s p o n s e  In  a n im a l s  r e c e i v i n g  3 in o c u la t io n ©  

o f  t h e  30 p a r  c e n t  a c e to n e  s o lu b l e  f r a c t i o n  ¥ - 1 - 0  was v e r y  slow* 

F i g u r e  4 show s t h a t  no  .mean t i t e r  m s  e v i d e n t  10 d a y s  a f t e r  th e  

f i r s t  I n o c u l a t i o n  and t a b l e  33 show s t h a t  no a g g l u t i n i n a  were 

p r e s e n t  i n  a n y  a n im a ls *  Ten day© a f t e r  t h e  se c o n d  i n o c u l a t i o n  

6 a n im a l s  showed weak r e s p o n s e  in  I s 85 to  I j S O d i l u t i o n s  a© 

shown i n  t a b l e  33# F o l lo w in g  t h e  t h i r d  i n o c u l a t i o n  t h e  mean 

t i t e r  ( f i g u r e  4) showed a n  i n c r e a s e *  A l l  b u t  5 a n im a l s  showed 

some d e g re e  o f  a g g l u t i n i n  r e s p o n s e *  The r e s p o n s e  i n  th e  a n i ­

m a ls  i n o c u l a t e d  w i th  f r a c t i o n  V -S-0  was mor e  s t r i k i n g *  A i l  

a n im a l s  r e s p o n d e d  a s  sh o rn  In  t a b l e  34 w i th  t h e  mean t i t e r  9 

day© f o l l o w i n g  th® f i r s t  i n o c u l a t i o n  b e i n g  l s 4 5 ,  t h a t  7 d ay s  

f o l l o w i n g  t h e  s e c o n d  I n o c u l a t i o n  b e in g  a b o u t  I t 90 and t h a t  10 

d a y s  f o l l o w i n g  th e  t h i r d  I n o c u l a t i o n  r i s i n g  s h a r p l y  to  o v e r  

1?700# T hese a r e  d e m o n s t r a te d  g r a p h i c a l l y  i n  f i g u r e  4#

Of t h e  2 f r a c t i o n s  t r e a t e d  w i th  c o n c e n t r a t e d  a c e to n e  5 

i n o c u l a t i o n s  o f  f r a c t i o n  XV-B f a i l e d  to  © l i c i t  a n t i b o d y  p r o ­

d u c t i o n  In  g u in e a  p i g s  w i th  4 e x c e p t io n s *  In  t a b l e  30 i t  i s  

shown t h a t  t i t e r s  i n  t h e s e  w ere q u i t e  low* T hree  i n o c u l a t i o n s  

o f  f r a c t i o n  I I - C ,  h o w e v e r ,  p ro d u c e d  a  low d e g re e  o f  a g g l u t i n i n  

r e s p o n s e  i n  © very  c a s e ,  a s  shown i n  t a b l e  35* I n  f i g u r e  3 i t



Table 30

T i t e r s  Produced front 3 I n o c u la t io n s  o f  f r a c t i o n  I -€  
and a C hallenge  ijose in Guinea P ig s

----------- W
guinea ft 
p ig  m 

number £{
53

H s t ~ d i  1 u -  H ig h e s t  ¥ i l u -  H ig h es t  d T i u - 11 gdestT d i 1 u - ' H ig h ss t  d l l u -
t i o n  a g g l u i l n -  t i o n  a g g l u t i n -  t i o n  a g g l u t in -  t i o n  a g g lu t ln - t io B  a g g lu t in ­
a t i n g  10 days a t i n g  10 days a tin g  10 days a t i n g  14 days a t i n g  30 days 
a f t e r  f i r s t ,  a f t e r  second a f t e r  t h i r d  a f t e r  challenge a f t e r  ehal*

i n o c u la t i  on I n o c u la t io n

tje430
0U
H in o c u la t io n le u

r t l i l

451 yes no 1:50 *1:200 Is 50 1.1:100 m , * 1»B§ m m

432 yes no • * i s 25 • + 1:25 - - -

433 yes GO 1:50 * 1:100 mm' + 1:50 •** • - - mm -
434 yes no 1:50 1*1:100 1:25 2+1:50 • 2*1:25 m 1:50 * 1:100
435 yes no * * 1:25 - * 1 125 - - m> * 1:25
456 yes yes 1:50 * 1:100 1:25 * 1:50 * * - mm 4 1 3 25
437 yes GO 1:50 1*1:100 • * 1:50 «» ■m • mm - -
458 yes no 1:25 1*1:50 1:25 * 1:50 1:26 1*1:50 * + 1:50 * 3*1:25
439 yes no 1:25 *  1:50 1:50 * 1 100 1:50 1*1:100 1:25 * 1:100 1:25
440 yes no - • 4 1 25 - mm * - mm

441 no no * 1:25 mmmm * 1 25 - mtm mm • * 1:25
442 no no - 1*1:25 ~ 1*1 23 1:25 1*1:100 - * 1:50 1:25 1*1; 25
443 GO no 1:25 + 1:100 - 4 1 25 «* mm mm • m * 1x25
444 no no 1:25 1*1:50 1:50 4 1 100 *» * 1:25 • cite m «
445 no no 1:50 • Is 25 1*1 100 * 1:25 * mm « *

446 no no 1:25 1*1:50 Is 25 5+1 50 • * 1:50 * m, mm -
447 no BO 1:50 * 1:100 - * 1 25 • • • m, •

446 no BO 1:50 2*1:100 1:50 3*1 100 1:25 mm • * 1:25 •

449 no no 1:50 1*1:100 Is 50 3*1 100 1:50 + 1:200 1:25 1*1:50 *te 1*1:25
450 no m 1:25 1*1:50 1:50 1 100 dead

m i x  U f S  % .ez y l  ¥«? i i i  U U U b l W  A l i * V  iW W ttX ttW iV W *
^Blood sam ples ta k e n  and n ex t  in o c u la t io n  given on s a m  day.
^Challenge doea o f  700 3 r » a b o r tu s  2306 g iven  10 days a f t e r  l a s t  i n o c u la t io n  o f  

f r a c t i o n .



Table 51

T ite r s  Produced fro® 5 In o cu la tio n s  o f  F raction  1TX-8
and a C hallenge Dose in  Guinea P ig s

l l g h e s t  H "lu- H ig h e s t  c i i lu -  H ig h e s t  IT S ? a r i t V s f '
t i o n  a g g lu t i*

< 0

guinea §  %« £ -Pp ig  o o
number ^

63 £f
,£3 «rlo

t i o a  a g g l u t i -  t io n  agg lu ti*  
n a t in g  9 days n a t in g  7 days 
a f t e r  f i r s t  a f t e r  second 
in o c u la t io n 1 inoou la  t i o n

t io n  a g g l u t i -  t i o n  a g g lu t i~
n a t in g  10 d ay s  n a t in g  14 days n a t in g  50 days

complVpa r t i a l  o&abT ♦ p a r t

a f t e r  t h i r d  
in o o u la t io n

a f t e r  chal*
leri: ?ing

521 no no ls 5 0 1*1:100 1:50 3+1:100 1:25 2+1:50 4»* mm mm mm

522 y es m 1**25 + 1 : 1 0 0 1:25 + 1:100 1:100 1+1:25 1:25 1+1:50 1:25 1+1:50
523 yes y es 1:25 + 1:100 1:100 + 1 :200 1:50 1+1:25 1:100 - l :2 Q 0 l
524 y es y es - + 1:25 1:25 + 1 :50 • + 1 :25 1:25 1+1:50 1:200
525 yes yes 1 :50 + I s  200 1:100 + 1:200 1:25 2+lslOO * + 1 :25 1:25  + 1 :50
526 yes no 1 :50 + 1:200 1:100 1+1:200 1:25 2+1:50 + 1:50 mm ■ mm

527 yes no 1:50 2+1s100 I s  100 1+1:200 . mm * mm *► mm mm

528 yes yes mm 1+1:50 1:25 + 1:50 Mfr + 1:50 - m + 1:28
529 yes yes 1:25 + 1:100 1:25 1+1:50 I s  25 1+1:100 1 :50 + 1 :100 1:100 2+1:200
530 yes no i : g a + 1:100 mm + 1 :25 - 1+1:25 1:25 + 1:100 *»
531 y es no 1:25 + 1:100 *> + 1 :50 1:50 3+1:100 - • 1 :25  1+1:50
532 no no 1:25 + 1:100 1 :50 1+lslOO - - - •» •
533 no no - + 1:25 1:25 + lilO O 1:50 + 1:100 - m  m

534 no no 1:25 + 1:100 - + 1:25 0 0 1:25 + I t  100 ■1:25 + 1 :5 0
535 y es yes - 1+1:50 - + 1 :25 * • 1*25 + I s  100 1 : 200s
536 no no - + 1:100 • + 1SE5 • + 1:25 rnm • mm mm

537 no no • + 1 :50 1:25 + 1:100 m + 1:50 +» - -

538 no no I s  25 1+1:100 1:50 1+1:100 1:100 + 1 \W ° * - mm mm

539 no no 1:25 + 1:100 1:85 + 1:50 1:25 - * 1+1:25 mm mm

540 no no 1+1:50 mm «• » «* mm mm m *

£ aft* v « 4« %P w  «» w  A . »  - * .£ *  flflto #  *-.*w it »A *kV|> W *•«. « f  w  «* »*»■*• ^  IT -* a  ^  ****'**■•*■■*■*
^Blood sam ples taken  and nex t in o c u la t io n  g iven on seme day .
^Challenge' dose o f  10,000 B r. a b o r tu s  £308 g iven  10 days a f t e r  l e s t  i n o c u la t io n  
« o f  f r a c t i o n .
His £00 h ig h e s t  d i l u t i o n  t e s t e d .



fa b le  32

guinea
p ig

number

»d©to
S3
©
H
H«;JC3

f i t e r a  Produced from 3 In o cu la tio n s o f F raction  VII-B
and a C hallenge Dose in  Guinea P ig s

H l # e s t  d i l u -
t i o n  a g g l u t i ­
n a t in g  9 days 
a f t e r  f i r s t  
i n o c u la t io n 1

H ig h es t  d i l u ­
t i o n  a g g l u t i ­
n a t in g  7 days 
a f t e r  second 
in o c u la t io n  
com i-IT m rilST

l i g K s t '  d T K - Bl'gEest d i l u -  
t i o n  a g g l u t i -  t i o n  a g g l u t l -

ll ig
t io n  a g g l u t i ­

n a t in g  10 days n a t in g  14 days n a t in g  30 days
a f t e r  c h a l -a f t e r  t h i r d

in o cu la  t io n len* i
a f t e r  c h a l -
H a s l M  „

' 541 no + 1:25 • + 1:85 «* «|» 1 :2 5 — • *» m

542 no * +  1 ; 85 - - mm - - • mm

545 no - + 1:25 - * - • • - - •

544 no - 1+1:85 - + 1:50 - - • • * •

545 no • - 0 • • - - m mm

546 no • • - + 1:25 * mm mm mm m

54? no 1:25 + 1:100 1:25 3+1:50 mm • m + 1:25 • •

548 no - + 1:25 • + 1:25 • * «* mm •

549 no * * mm l + l  s £5 mm mm m mm mm •

550' no 1:25 1+1:100 1:25 + 1 :85 • - 4fl» - 3 -
491 y e s - mm • - « - ** +* O O + 1:200 1 :200
492 - - * « <* • - + l i  £5 1:100 2+1:200
493
494
495

yes
no
no

1:25

dead

1+1:100
1+1:50

1+1:50 
+ 1:50

mm

dead
2+1S20 Is  100

%

rnm

496 ês 1+1:50 • + 1:50 «. • 1; 800 - 1:800*
497 yes • + 1:100 - + 1:50 m* 1:50 + 1:200 1 :200^
490 y m 1:25 + 1:100 + Is  50 mm 1 j50 1+1:200 1:80<T
499 y m 1:25 3+1:50 - 1+1:85 mm • 1:60 + 1:100 1:86 + 1 :5 0
500 yes « + 1:25 — + 1:85 *m> — •0 — dead

 ......   Is  25 d i l u t i o n  b e fo re  f i r s t  _____
+Blood samples taken and n e x t  in o c u la t io n  given on same 
^C hallenge dose o f  10,000 8 r .  a b o r tu s  2308 g iven  10 

o f  f r a c t i o n .
31 : 200 h ig h e s t  d i l u t i o n  t e s t e d .

day .
a f t e r l a s t  i n o c u la t io n



Table 33

T ite r s  Produced trm  3 £0 0 eolation s o f fr a c t io n  T -l-C
and a Challenge Pose in  Guinea P igs

 -
0

guinea j®
<D

S ig E est ' diTi?
tion agglu tin - tion agglu tin - tion agglutin- tion agglu tin - tion agglutin­
ating Id days a ting  10 days a ting 10 days a tin g  14 days a tla s  30 days
after firs t after second after third after oiiiil- after eJaaX*
Inoculation1 inoculation inoculation longing  ̂ ienging
compl »pcn?tii^^ ~ ~coapi»partial " r< ooSpl*"par"till"

number
&o

n
m43
o
©ua

it dllu- Blafaeat d i lu - .gbeet

451 no mo «a> • 4 1:35 m - 1+1I£5
453 no no « . -tc* + 1: 35 _ + UJ85
453 mo no ** 4 1:50 1:25 3+1:50
454 mo no • mm * 4 1:25 mm + 1:25
455 mo BO « • 1:25 1+1:25
456 mo no mm mm * ■ m 1:25
457 yes mo mm ~ ¥ 1:25 » 4  1*25
458 yea yea * - mm 4 1:25 «* *

459 mo no - mm mm mm mm mm

460
461

yes
BO

HO
mo mm m m

■mm

dead
m -

463 mo no - - - mm - m,
463 yes no mm - *. • + 1*25
464 yes mo mrn *» - m. 1*50 1+1 *.100
465 yes no m mm • m • 4  1 * 50
466 yes yes « r m • - — 4  1:50
467 no no mm •* mm. * • *»

468 yes yes «* m m * 1:25 1+1*50
469 yes no - ** mm <* 1:100 -

470 yes mo «* mm — mm 1+1*25

+ 1:85

1:26

Is 100

1:100
1:85
1:25

4  1:50 
+ 1:200

341:85 
4  1:50

4  1:85

«» «*

1:800® -

1:200s
dead
dead

iBlood sam ples tak en  and next i n o c u la t io n  given on same clay.
^C hallenge dose of  14,000 3r. abortus £308 given 10 days after last in o c u la t io n  

o f  fraction*
% ;200  highest d ilu tion  te sted .
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f i t a r s  Produced f r o & 
and & 11% *

Inoculations o f  iri
Hose in -iaiiioa Hi

ctlon  V-2-C

*d
guinea $> $

p i s  S o
im:ibar tj 5

H I H  35 Si£3 H  a ~
471
472
473
474
475
476
477
478
479
480 
481.

483
484
485
488 
487 
438
489
490

yes
yen
yes
ysg
J O B
ye s 
ao 
yes 
yes
no
no
no
no
no
no
no
no
no
yes
yes

BO
no
yss
no
no

yos
no
no
no
no
no
no
no
no
m
4*0
no
no

Highest d ilu ­
tion a g g lu ti­
nating 9 days
»:=>++fM + q fWi 1* inf 'W ■*»< 4

i  no on la tion
c ^ m T . ^ r E S r

M g iie s t  a t l u -
-+1* t  .—u -jsf-fc ,-f.' -*je 3  *S ^UX V/ii £+ u &X **
nating 7 nays 
after second 
inoculation

iiigHe^v v i l u -
tloii l u t i -  
u a t in ^  10 days 
a fte r  third  
inoculation

i t  d i lu -  
iuti-

1 4  U c;g

after  chal- 
lo n - in o ^

■ l l ig h e a t  u l l u -
■ tion - > ;iu ti- 
u n a tir.i  ̂ days

after  cn.al-
la r1? r;4±ix

ooisS' V*our ■t ls  1" a am p X# part i  a l ~3 oi. toIVoortlaX" " c o S l  nor tia. 1

1*25

l:M
dead
1:35
1:100
1 * ^JL a w*M
1:25
1:80
1:25

1:50

1:50
1:25
1:50
1:25

1.+1 
+ 1 
1+1 
* 1 
+ 1 
+ 1

1+1 
2+1 
+ 1 
+ 1 
+ 1 
+ 1

1+1 
+ 1 
+ 1 
1+1 
+ 1 
1+1

100
25
25
£5
50
100

100
200

100
100
100

loo
100
200
100
100
50

1:25 + 1:100
1:25 1+1:50
1:25 + 1:100
1:25 + It 100
1:25 + it  100
1:25 1+1:100

1:250 
1:100

1:50
1:100
1:100
1:100
1:25
1:25
dead
1:50
1:100
1:50

1+1:500 
3+1:200 
+  1:000
1+ 1:100  
+ 1:800 
+ 1:000

+ 1:50 
2+1:50

1+1:100
0+ 1:200
+  1:100

1:250
1*200
1*250
1:850
1:500
1:1000

1:1000  
1:1000  
dead 
1:25 
1:250 
1:500 
1:250 
1:500 
dead

+ 1:500 1:100 
+ 1:500 1*100 
+ 1:500 1:50 
+ 1:3000 1*50 
+ 1:10001:50 
+ 1: ®€0 1:250

+ 1:2000 1:250 
+ 1:2X0 1*200

1+1:50 1:250
3+1:500 1:25 
+ 1:0300 1:050 
+ 1:3000 1:50 
2+1:3000 1:200

1:1000 -  1:200
1:1000 -  1:250
Is 1000 + 1:2000 1 :200

1+lsEOO

+ 1:200  
1+1:100  
1+ 1:100
+ 1:500

£+1:500 
1+1;£50

£+1:100
+ 1:500 
3+1:100

+ 1:250 
+ 1:500 
2+1:250

-  1+1S£5

1:25 + 1:100

+ 1:25
1:100  -

1:50 3+1*100
1 :50  ♦ 1:100

-  + 1:25
«•* mm

1:100  1+1*£00
-  + 1:50 

2+1*50

-  + 1:25
+ 1S £5 

1:25 + 1:100

A il  t i t e r s  n e g a t iv e  in  i:£& 
xBlood sa la r ie s  ta&sn and
'C hallenge done 

o f  f r a c t i o n .
of

d i l u t i o n  befo re  f i r s t  i n o c u la t io n  
ax i in o c u la t io n  g iven  on same day# 

14,000 nr# a p o r t  us £306 given 10 l a s t  inocula t io n



Table 35

T i t e r s  Produced from 3 Inooula t i o a s  o f  f r a c t i o n
and a Qhrnllenm  Dose in  3uinea i ' i g s

IV-B

1guinea -4
p i s  §

numberhrl
1

*»0
0u
£4«h

H ig h e s t  d i l u ­
t io n  a g g l u t in ­
a t i n g  9 days 
a f t e r  f i r s t ,  
in o c u la t io n

SfghesT  d i l u ­
t io n  a g g l u t i n ­
a t i n g  7 days 
a f t e r  second 
in o c u la t io n

H ighest d i l u ­
t i o n  a g g l u t i n ­
a t i n g  10 days 
a f t e r  t h i r d  
in o c u la t io n

H ighes t d i l u ­
t i o n  a g g l u t in ­
a t i n g  14 days 
a f t e r  c ^ e l -  
1« s U p s ;1

H ig h es t  d i l u ­
t io n  n g g lu t i n -  
s t i n g  30. days 
a f t e r  c h a l ­
le n g in g

e o r p l .p n r t i a Y COiipl*.p a r t i a l ' CQiii.pl.• p a r t i a l c o & p l* p a r t ia l c o m b i* p a r t ia l

501 yes TBS — i* 1 .25 . mm m Is  200? 1:SOO|
502 yes yes • - • • • 1 : 200° 1 : 200"
505 yes  y es m  mm - - 4ft - dead „ 12

504 yes yes • • - eft Is 200° 1 : 200"
505 yes yes - - - + Is  25 1 :50  + 1:100 1 : 200 ;
506 yes yes »  - ftft 1:25 t  islOO 1:100  341:200 1 : 200"
507 yes yes - • Of* 1 :1 0 0  + 1 :2 0 0 1 ; 200 ;
508 yes ye s mum - . « 1 :1 0 0  2+1 :2 0 0 1 : 200"
509 yes yes •» «. ~ - • - 1 :1 0 0  + Is  200f£ 1 : 200 !?r$.

510 yes y a s - • 4m - m i i m o * 1 : &0 GW
511 no no - - Oft - mm mm —

512 no B O - - %* - — — -

513 no no • - - - •* mm mm —

514 DO no mm Oft - - - - mm mm —

515 no no ** mm - - - - 4ft mm —

516 no no mm mm - - - mm mm —

517 no no » - - *  1 :0 0 „ —

518 B O no tm mm - - «• - 4ft ftft —

519 no no CM* *ft - - — -  — mo

520 no
? "» *1 <

no
U 1 .

«< *»

tt’t •‘■‘IW* 4" *? rffe 4 V* "1

ft*

ft fz tz  A A 5 •? i 1 £k t 4
^Blood sasrolns tak en  and nex t i  
^C hallenge dose o f  10,000 f r .  « 

o f  f r a c t i o n .
$ 1 :gOG highest d i l u t i o n  t e s t e d .

n o e u l« t io n  
b o r tu s ssoe

given on 
tit Ton 10

iso
days

:ay
f t e r  l a s t  in o c u la t io n

tD03
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f l i e r s  produced from 5 Inoculations of fraction  II-G
and a C hallenge pose in  Guinea Pigs

——«s» *3 Highest d i lu ­ Highest d ilu ­ Highest d ilu ­ Highest d ilu ­ Highest d 1 111—
guinea & +» tion lu t i - tion £i-JSluti- tion  tg sg lu ti- tion  a.gg iu ti- tion  og :a u ti~

*' 3 o ©At n&tiu^ 10 days noting 10 days na t in 1g 10 days nating; 14 days nating 30 days
mus.jar ^

© after f i r s t a fter sec on <1 a fter third after ehal- a fter  chal­
e3

r i
d•HI t f k  ula tiOTL1 Inoculation inoculation lea ginusi— ..

lenging
o •p artia l oompi,►partial oom.pl <► p artia l coupl. p artia l conpl.p a r t ia l

411 yes yes Is 25 1*1:50 mm + 1:50 1:25 + 1:50 mm 1:100 + 1*200
412 yes yes - + 1:100 - 3+1:25 1:35 1+1:50 5+1:85 1:200s
413 yes yes 1:85 1+1:60 1:50. + 1:100 1:50 - 1 •M t (■■■*>* 3+1:25 1:160 1+1:200
414 no no 1:25 1+1:50 dead
415 yes no « - 1:25 + 1:50 1:85 + 1:85 - + 1:25 1:100 3+1:200
416 yes no mm * 1:25 + 1:100 1:25 2+1:25 ii\m 2+1:50 • -
417 no BO - - « 1+1: 85 - 1+1:25 + 1:25 - «a»
418 no no * 1:50 3+1:100 1:85 + 1:50 - mm « -
419 BO no • + 1:85 mm + 1:85 • - - mm - -
420 no BO • 1:85 1+1: m * •+ 1:50 - - mm
4 SI no no mm - • « - mm • mm
io*; no no mm mm dead
423 no no m mm - * mm + 1:25 * « *» mm
424 no no » » - + 1:25 1:35 1+1:60 - « «» mm
425 no no - « #» mm 1:25 5+1:50 • - -
426 yes no «a» • * + 1:25 * + 1:25 mm «* * *
42? yes no ~ « - + 1:85 1:100 + 1:200 dead i%
428 yes yes * mm mm «. mm - - - 1:200s
420 yes yas - m « + 1:25 + 1:25 mm • mm
430 yes

r v r 1" 1!

no — mm mm
---------”~ T 5

era mm + 1:26 m a

4 . * +

mm mm mm

&1 jL t i t e r s  negs tiV e 'in 1 s 25 d i lu t i o n  before f i r s t  i hoculation*
•Blood sam ples tcfcan sad  next in o c u la t io n  g i f e n  on sa a e  day.
“C ha llenge  dose o f  ?O0 dr* a b o r tu s  ,"306 g iven  10 days a f t e r  l a s t  i n o c u la t io n  o f

f r a c t io n *
^1:300 h i g h e s t  d i l u t i o n  t e s t e d .



m

I s  s e e n  t h a t  t h e  mean t i t e r  I n c r e a s e d  a f t e r  e a c h  i n o c u l a t i o n

r e a c h i n g  a  peak  o f  a b o u t  I s 3 0 , f a l l i n g  o f f  t o  z e ro  i n  unin-* 

f o o t e d  a n im a l s  24 d a y s  a f t e r  t h e  l a s t  i n o c u l a t i o n  o f  f r a c t i o n  

o r  £ weeks a f t e r  t h e  c h a l l e n g e  dose*

I n  f i g u r e s  3 and 4 i t  i s  s e e n  t h a t  th e  t i t e r  i n  a n i m a l s  

w h ich  war© miicmn to  he i n f e c t e d  by th e  c h a l l e n g e  d o se  r o s e  b y  

e i t h e r  2 w eeks o r  4 w eeks w h i l e  t h e  c o u r s e  o f  b o th  th e  u n in ­

f e c t e d  c h a l l e n g e d  and u n c h a l l e n g e d  a n i m a l s f t i t e r s  t e n d e d  down­

w ard i n  m ost c a s e s *  P e r s i s t e n t  t i t e r s  w h ich  had n o t  d im in i s h e d  

a p p r e c i a b l y  from  t h o s e  e s t a b l i s h e d  a t  th e  dim© o f  c h a l l e n g i n g  

w ere  s e e n  i n  a few c a s e s  i n  a n im a l s  i n  w h ich  no in f ® a t i o n  was 

e s t a b l i s h e d *  *&i© a g g l u t i n i n  t i t e r s  o f  th e  I n f e c t i o n  c o n t r o l s  

■were i n c r e a s e d  i n  a l l  b u t  B c a s e s  i u  w hich  o r g a n is m s  w ere  r e ­

c o v e re d  by  th e  f o u r t h  weak a f t e r  c h a l l e n g i n g *  I n  t h e  c a s e  o f  

a n i m a l s  r e c e i v i n g  th e  lo w e s t  c h a l l e n g e  d o m  o f  700 B r u c e l l a  

o rg a n is m s  o n l y ,  n o t  a  s i n g l e  one showed a  t i t e r  Z ?#©aks a f t e r  

i n o c u l a t i o n  and £ a a lm a le  f a i l e d  to  d e m o n s t r a t e  a t i t e r  i n  

s p i t e  o f  th e  r e c o v e r y  o f  o rg a n ism s*  Kagan (1 9 2 2 a)  h a d  p r e ­

v i o u s l y  fo u n d  a n im a l s  i n o c u l a t e d  w ith  v e r y  low  d o s e s  o r  o r g a n ­

ism s  to  h av e  a d e l a y e d  d e v e lo p m e n t  o f  t i t e r s  l a s t i n g  t o  4 and 

5 w e e k s .

Ill® g e n e r a l  p i c t u r e  o f  a g g l u t i n i n  p r o d u c t i o n  i n  r a b b i t s  

i n o c u l a t e d  w i th  th e  f r a c t i o n s  was th e  same a s  t h a t  i n  g u in e a  

p i g s .  B in g le  i n o c u l a t i o n s  o f  th e  f r a c t i o n s  p ro d u c e d  low a g ­

g l u t i n i n  t i t e r s  d e m o n s t r a b le  i n  a  w eek .

I n  v i t r o  a e r o l o f t l o a l  t e s t s * I t  was th e  p u rp o s e  o f  s e r o ­

l o g i c a l  t e s t s  p r i m a r i l y  to  d e m o n s t r a t e  th e  a n t i g e n i c  n a t u r e
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o f  f r a c t i o n s .  A secondary p u rp o s e  wag t o  determ ine i f  an y  o f  

t h e  f r a c t i o n s  a c t i n g  i n  a  p r e c i p i t i n  o r  a b s o r p t i o n  r e a c t i o n  

would d e m o n s t r a te  s t r a i n  o r  s p e c i e s  s p e c i f i c i t y ,  i i a t l s a r a  f o r  

m o st o f  t h i s  work w ere d e v e lo p e d  i n  ra b b its  a g a i n s t  B r« a b o r t u s  

19* D r . a b o r t u s  £508* B r. su la  £98* A n t i s e r a  u s e d  in. the e a r l i ­

e s t  t e s t s  were o b t a in e d  from  t h e  Army Medical S c h o o l2* and were 

d e s i g n a t e d  B r .  a b o r t u s  AM89 B r .  s u j s  AH© and  Bp. m a l l te n s la  

Al-fS. Ih e  t i t e r s  o b t a i n e d  when th ese  s e r a  w ere  s e t  up i n  tw o ­

f o l d  d i l u t i o n s  a g a i n s t  BAX a n t i g e n  com pared  f a v o r a b l y  w i t h  the  

t i t e r s  fo u n d  a t  t he Army M edical S c h o o l a s  shown i n  t a b l e  87 

e x c e p t  th a t t h e  t i t e r  i n  Br. m a l l te n s l©  m s  fo u n d  t o  be lo¥^erf 

o n ly  a p a r t i a l  a g g l u t i n a t i o n  o c c u r ring in  d i l u t i o n  o f  I s £560 .

Table W
A g g l u t i n i n  f i b e r s  fo u n d  i n  Homologous and  H e te r o lo g o u s  H era

Cams) Using SAX Antigen

S p e c i e s AMS t i t e r T i t e r  fo u n d

B r .  a b o r t u s 2560 £560

B r .  a u l a £860 £560

B r .  a e l i t e n s l s 8560 1880

The r a b b i t  a n t i s e r a  p ro d u c e d  b y  th e  a u t h o r  was standard-*

i&ed b y  t i t r a t i o n  a g a i n s t  s e v e r a l  known hom ologous and  h e t e r ­

o lo g o u s  s t r a i n s .  Wo g r e a t  d iffe r e n c e s  i n  r e a c t i o n  o f  a  g iv e n

1C o u r te s y  o f  C a p t .  A r t h u r  Abrams
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s t r a i n  w i t h  d i f f e r e n t  s e r a  was a p p a r e n t ,  a s  shown i n  t a t  l a  38 

w i t h  o n s  e x c e p t i o n  t h e  BAX a n t ig e n *  The a g g l u t i n a t i n g  c a p a c i t y  

o f  a g iv e n  se rum  f o r  t h e  d i f f e r e n t  s t r a i n s  d i d  n o t  v a r y  more 

t h a n  one d i l u t i o n  i n  any c a s e *

Non© o f  t h e  s e r a  a g g l u t i n a t e d  BA I  a n t i g e n  t o  a t i t e r  e q u a l  

t o  t h e  o t h e r  a n t i g e n s .  S e v e r a l  f a c t o r s  c o u l d  be r e s p o n s i b l e  

a s i d e  f rom  s t r a i n  d i f f e r e n c e *  rBte o t h e r  s t r a i n s  w ere  v i a b l e  

and unwashed b o t h  on r a b b i t  i n j e c t i o n  and  a g g l u t i n a t i o n *  Some 

o f  t h e  . t i t e r  c o u l d  have  b ee n  t h e  r e s u l t  o f  r e s i d u a l  medium o r  

i t  would seam l i k e l y  some o f  t h e  a n t i g e n i c  com ponent was washed 

aw©y from  t h e  BAX a n t i g e n *

B r . j a e l l t e n s l s  1268 serum  w as  i n  I n s u f f i c i e n t  q u a n t i t y  t o  

t e s t  a l l  o f  t h e  a n t i g e n s .  In  p r e l i m i n a r y  s t u d i e s  w i th  Affi3 

s e r a  i t  w as  fo u n d  t h a t  f r a c t i o n  I-A  and  f r a o t Ion  IX-A b o t h  p r o ­

duced v i s i b l e  p r e c l p l t i n s  t o  a b o u t  t h e  same d e g r e e .  T a b le  39 

shows t h a t  I n  t h i s  c a s e  q u a l i t a t i v e  c o r r e l a t i o n  e x i s t e d  b e tw een  

a g g l u t i n i n  and p r e c i p i t i n  t i t e r s ,  B r . m e l t t e n s i s  AMS s e r a  b e ­

i n g  a g g l u t i n a t e d  o r  p r e c i p i t a t e d  i n  l o w e r  d i l u t i o n  u n i t s  i n  

e i t h e r  c a s e  th a n  t h e  B r .  a b o r t u s  AMS o r  Br* s u i s  JLK3 s e r a .m i—i i iinirw. rum —mi n-»**.■« inu 11» mil inin n
Tho p r e c i p i t i n  t i t e r  o f  Br. m a i l t e n s ! a was p r o p o r t i o n a t e l y  lo w ­

e r  t h a n  t h e  a g g l u t i n i n  t i t e r  w h ic h  c o u l d  p o s s i b l y  i n d i c a t e  & 

lo w e r  c o n c e n t r a t i o n  o f  ffMrt sub  s t a n c e  |  h o w e v e r ,  t h e  same m ix­

t u r e s  c e n t r i f u g e d  f r e e  o f  p r e c i p i t a t e  and  s e t  up i n  two f o l d  

d i l u t i o n s  a g a i n s t  BAX a n t i g e n  showed no a g g l u t i n i n s  f rom  B r * 

m e l i t e n s i s  serum in  I s 800 d i l u t i o n  w h i l e  B r . a b o r t u s  and  B r. 

a u i s  s e r a  b o th  showed complete  a g g l u t i n a t i o n  i n  Is  800 a s  shown 

i n  t a b l e  40#
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A g g l u t i n i n  T i t e r s  o t  B r u c e l l a  S p e c i e s  
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0 d
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a b o r t u s  19 a b o r t u s  19 4 4 4 4 4 4 4 4 4 4 a m «S» .
a b o r t u s  8308 4 4 4 4 4 4 4 4 4 4 a -

m a i l t e n s ! s  868 4 4 4 4 4 4 4 4 4. 2 mm * » mm.

s u i s  898 4 4 4 4 #, 4 4 4 4 4 3 ir m .

a b o r t u s  l lS ^ T " a b o r t u s  19 ^ 4 4 4 4 4 4 4 4 4 1 « » - • MU

a b o r t u s  8308 4 4 4 4 4 4 4 4 4 5 - * i e

s u i s  896 4 4 4 4 4
„ , A „

4 4 4 4 4 * *

a b o r t u s  SIs'I a b o r t u s  IS 4 4 4 4 4 4 4 4 4 4 I w » * Ml*

a b o r t u s  8308 4 4 4 4 4 4 4 4 4 1 ~ • «

s u i s  898 . 4 4 4 4 4 4 4 4 4 4 3 Hr
* » « *

a b o r t u s  £308 a b o r t u s  IS 4 4 4 4 4 4 4 4 4 4 - — * * *

a b o r t u s  8308 4 4 4 4 4 4 4 4 4 B - * • « *

m e l i t e n s i s  868 4 4 4 4 4 4 4 4 4 4 u * » — « ,

s u i s  89© 4 4 4 4 4 4 4 4 4 4 4 - - mm

m a x i t a n s i a  Him a b o r t u s  15 4 4 % 4. 4 4 4 4 4 4 2 «n> * m» -

a b o r t u s  8308 4 4 4 4 4 4 4 4 4 1 * • - - -

s u i s  898 4 4 4 4 4 4 4 4 4 4 4& • «

H S i l ^ n s I s  lis" a b o r t u s  I S 4 4 4 4 4 4 4 4 4 4 2 * • - -

a b o r t u s  8SOS 4 4 4 4 4 4 4 4 4 1 « . - — *

s u i s  898 4 4 4 4 4 4 4 4 4 4 3 <0* -

s u i s  4 ’C e? a b o r tu s " '19 4 4 4 4 4 4 4 4 4 3 4 - *

a b o r t u s  2508 4 4 4 4 4 4 4 4 4 2 * * * •m -

a u i s  298 4 4 4 4 4 4 4 4 4 o mm mm mm

s u i s  'Em a b o r t u s  I 9 4 4 4 4 4 4 4 4 4 4 a * . mm -

a b o r t u s  250© 4 4 4 4 4 4 4 4 4 4 i -

m e l t t e n s t a  268 4 4 4 4 4 4 4 4 4 2 « » - * »

s u i s  298 4 4 4 *1 4 4 4 4 4 4 4 1 mm

s u i s  lo g o 's a b o r t u s  15 A 4 4 4 4 4 4 4 4 4 - - —

a b o r t u s  830© 4 4 4 4 4 4 4 4 4 O « * . - » *

s u i s  298 4 4 4 4 4 4 4 4 4 4 £ •

mx  1 x 1 9 - 3 a b o r t u s  19 4 4 4 4 4 4 4 - • • * . * . «

T ta e n o ll ’zed a b o r t u s  2308 4 4 4 4 4 4 4 ei i r • » * * *

s u i s  89© 4 4 4 4 4 4 4 4 4 1 - - - «

L iv e  a n t i g e n s  s t a n d a r d i s e d  t o  t h a t  o f  BAX p h e n o l i z e d  a n t i g e n ,  
o r  61*3 % 0 . 8  p e r  c e n t  l i g h t  t r a n s m i t t a n c e  u s i n g  650 . m i l l i ­
m ic ro n s  f i l t e r  

Serum d i l u t i o n  0*5 ml 
A ntii^en  0 .5  ml 
I n c u b a t i o n  4S h r s  a t  37 6



T ab le 39

p r e c i p i t i n  ’P i t e r s  o f  Homologous and H e te r o lo g o u s  
A n t i sera  w i th  F r a c t i o n s  1 -A and II-A

Serum F r a c t i o n  H i p e s t  d i l u t i o n  o f  f r a c t i o n
 _____  show ing  p r e c i p i t i n  r e a c t io n ,

B r . a b o r t u s  AMS I-A 1*718

Br. m e l i t e n s i s  AlfiS I —A 1 :1 2 8

Br. s u i s  AHS X—A 1*718

B r. a b o r t u s  AMS •fIHM

1 :7 1 2

B r .
*wnWf:..IW m a i l t e n s l a  AKB I I - A 1*356

B r . s u i s  AMS X I —A 1 :7 1 2

an* t i  pan a n a  s & l in e  tw o f o ld  d i l u t i o n s  -  0 .5  ml e a c h  d i l u t i o n  
se rum  - - - - - - -  -  -  -  -  -  -  -  •  * 0 ,5  i l  o f  i ; 1 0  u i l u t i o n
incubation  -  -  -  -  -  -  * -  -  -  -  -  -  -  4 h r s  w a te r  b a t h

36 h r s  4 - 6  6 r e f  r i g o r -  
a t o r

fable 40

A b s o r p t io n  o f  A s g l u t i n a t i n g  A n t ib o d ie s  
from  Hom ologous and H e te r o lo g o u s  A n ti s e r a  

w i th  F r a c t i o u s  I-A  an d  XI-A

' ~~ ' - t i o n ~ T X tir  A u S o rb S r  A g g lu t i l la T Io E
Serum before a b s o r p t i o n  w i th  t i te r  after

______ a b s o r p t i o n
com p i . p a r t i a l f r a i t * >*•1 oompJL. parti

Br. abortus A&8 1:2560 4-1*3120 I-A .014 1*200 +1*400
11-A .004 1:200 +15 400

Br. m e l i t e n s i *  i 1:1£B0 +1:2580 I-A .0 1 4  1*200 none
I I - A .0 0 4  1*200 no ne

B r. suis 1:2 3 60 +1:5120 I-A .0 0 7  non® +1 *400
11— A .0 0 2  1*200 1+1*400

A b so rb in g  a n t i g e n  -  0 .5  ml p e r  tub©
F r a c t i o n  I-A  h ad  .1 1 5  mg A /m l, f r a c t i o n  I I - A  h a d  .0 2 6  mg a / m l  

b e f o r e  d i l u t i o n .
Serum - - - - - - - 0 . 5 m l  p e r  tub®
I n c u b a t i o n -  -  -  -  -  37  c w a te r  b a t h  4 h r s ,  4 - 6  C r e f r i g .  48 hr©
P r e c i p i t a t e  c e n t r i f u g a d  o f f .  S u p ® m a te  d i l u t e d  ( tw o f o ld  s e r i a l  

d i l u t i o n s )  w i t h  s a l i n e  u s i n g  0 .5  ml p e r  t u b e .  M I  a n t i g e n  2 .0  
ml p e r  t u b e  a d d e d .  I n c u b a t i o n  48 h r s  a t  37 0 ,



Xu u

L a t e r  t e s t s  on  p r e c i p i t a t i o n  w i th o t h e r  p r e p a r a t i o n s  o f  

f r a c t i o n s  I  and I I  c a n f l ro e  a. t h e  p r e s e n c e  o f  p r e c i p i t a t i n g  

antigen* H ow ever, c o n s i d e r a b l e  v a r i a  t i o n  was e x p e r i e n c e d  i n  

t h e  p r e c i p i t i n  t e s t  t i t e r s *  I n  t a b l e  41 p r e c ip it in  t i t e r ®  o f  

th e  p r e p a r a t i o n s  o f  f r a c t i o n s  X an d  I I  a r e  shown.

The d e g re e  o f  t i t e r  c o r r e l a t e d  w ith  u r e a s s  a c t i v i t y  and  

a b s o r p t i o n  o f  a g g l u t i n a t i n g  a n t i b o d i e s  in  t h a t  f r a c t i o n  I-A  

had  r e l a t i v e l y  h ig h  t i t e r s , ,  d e f i n i t e  u r e a s e  a c t i v i t y ,  and a b ­

s o rb e d  m o st o f  th e  a g g l u t i n a t i n g  a n t i b o d i e s  f ro m  B r u c e l l a  

a n t i  s e r a *  C o n v e r s e ly ,  f r a c t i o n  X-B having- a  low t i t e r  b e f o r e  

f i l t r a t i o n  and l o s i n g  t h a t  upon, f i l t r a t i o n  showed n e i t h e r  u r e ­

a s e  n o r  a b s o r p t i v e  a c t i v i t y .  Im m unis ing  a c t i o n  to  d e t e c t a b l e  

d e g re e  w as a s s e n t *  On t h e  o t h e r  h a n d ,  f r a c t i o n  I -C  showed 

d e f i n i t e  a c t i v i t y  on th e  i n  v i t r o  t e s t©  an d  s t r o n g  e v id e n c e  of 

im m un iz ing  a b i l i t y .

F r a c t i o n  I I  p r e p a r a t i o n s  showed s i m i l a r  r e s u l t s  e x c e p t  

t h a t  f r a c t i o n  1 1 -3  d id  show o r e c l p l t l n s  f o l l o w i n g  f i l t r a t i o n  

i n  c o n t r a s t  t o  f r a c t i o n  I -B  th o u g h  u reas©  a c t i v i t y  was l o s t *

The D b a t c h e s  o f  p r e p a r a t i o n s  o f  f r a c t i o n  I  showed l o s s  

o f  a n t i g e n i c i t y  th ough  im m e d ia te ly  a f t e r  s e p a r a t i o n  u r e a s e  

a c t i v i t y  was d e f i n i t e  • The a n t i g e n i c  t e s t s  w ere  m d e  m ore 

th a n  a raonfch a f t e r  th e  f r a c t i o n s  w ere  i s o l a t e d  an d  a t  t h e t  

t im e  u r e a s e  a c t i v i t y  w as a b s e n t*  T h is  f r a c t i o n  was n o t  used, 

i n  a n im a ls *  The £ b a t c h e s  o f  f r a c t i o n  I I  l i k e w i s e  showed & 

l o s s  car u r e a s e  a c t i v i t y  tho u g h  p r e c i p i t i n  t i t e r s  m r $  d e f i n i t e .  

As shown I n  t a b l e  42 a b s o r p t i o n  o f  a g g l u t i n i n s  was d e f i n i t e  

w i th  t h i s  f r a c t i o n  b u t  a b o u t  ecjual i n  e f f e c t *  A b s o r p t io n  w i th
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T&bl© 41

f r e o l p l t l n  A l t a r s  •-re d u c e d  by  f r a p e r a t i o n s  o f  
F r a c t i o n s  I  and I I  w i th  ilomoloyous and H e te ro lo g o u s  t s r a

^ r e p a r a t i o n -Jmrkm l i t e r

I-A B r . a b o r t u s  AMS 1 :7 1 2
X— Si, B r « m a i l t o  urf 3 a.GB 1 :1 2 8
I-A B r. s u i s 1 :7 1 2

I —u or* a b o r t u s  3308 AQIiO
(be f o r e  f i l t r a t i o n ) 1 :4 0

I-C o r  * a b o r t u s  19 1 J 36
X-G B r. a b o r t u s  8308 1 :320
I-C B r . s u i s  2308 1 :3 £ 0

1 -0 . Br* a b o r t u s  19 o r « a b o r t u s  19 no v isib le  pp*
I-Dp .3 r* a b or  tu  0 £ 30S B r. a b o r t u s  19 ** n »t
i-aS Br * a u i 3  898 Br • a b o r t u s  19 n >t !i

X—Dt Br* a b o r t u s  19 B r . a b o r t u s  2308 r# t* ti
I-D 3 r .  o b o r t n s  2 308 B r. a b o r t u s  2208 w n w
X—D f Br* s u i s  298 3 r . a b o r t u s  2306 n 1 Tf

X-Dn B r .  a b o r t u s  19 B r . s u i s  298 » •"» '*
T-Ti<* Br* a b o r t u s  2808 3 r . s u i s  898 n n  ft

I-O^ B r. s u i s  298 B r . s u i s  298 it r» i't

II-A B r . a b o r t u s  AMS 1 :7 1 2
11—h B r . sael it© r - s is  -!W3 1 :3 5 6
II-A B r. s u i s  AMS 1 : 7 l£

I I - B Br • a b o r t u s  19 1:64
I l - B Dr • a b o r t u s  2300 1 :6 4
I I - B Br* s u i s  £98 1 :6 4

U - C B r . a b o r t u s  19 1: 340
11-c B r . a b o r t u s  2S06 1:320
IX-C B r . s u i s  £98 1 :6 4 0

II-D. Br* a b o r tu s -  19 B r . a b o r t u s  19 320 /320*
11-01 3 r .  a b o r t u s  2308 B r . a b o r t u s  19 1 6 0 /1 6 0 *
n - i » 3 B r .  s u i s  898 B r . a b o r t u s  19 8 0 / 4U4'

XI-D, B r. a b o r t u s  19 B r . a b o r t u s  £308 1 6 0 / 160*
IX— 0© :3r. a b o r t u s  3308 3r* a b o r t u s  £308 8 0 /3 2 0  *"
II-D3 B r • s u i s  £98 B r . a b o r t u s  2308 30/X 60*

I I -D ^ B r .  a b o r t u s  19 B r . s u i s  £98 1 6 0 /3 2 0 ^
I l - i ) g B r .  a b o r t u s  2308 B r. s u i s  298 160/ 160*
II-D* Br* s u i s  898 ;»] y*Am/ A. » s u i s  298 320 /640*-

’' p a i r e d  ru n s*  f i r s t  on to: t a r  e x t r a c t ;  second  on s a l i n e  e x t r a c t



f&bl© 42

Agglutinin A bsorp tion  from Homologous and H ete ro lo g o u s  
S t r a in  Anti sera by F r a c t io n s  I I - I )1 , II-D *

S t r a in 0?TiIrmT"¥risF
‘Ainorntiori by 

Traction  ---------
— « « —

«n — mmigftflfr..... . «.■»><»' nWHMimMWe t« iw i i . i ^ y

no m l .  p a r t i a l

B r. a b o r tu s 19 20,480 8+1:40,960
Br. a b o r tu s 2308 20,480 non a
B r. s u i s  898 40,960 1+1:40,960

Br. a b o r tu s 19 20,480 2+1:40,960
Br. abortus 2308 20,480 none
B r. s u i s  298 40,960 1+1:40,960

B r. a o o r tu s 19 20,400 2+1:40,960
Br. a b o r tu s 2308 20,480 none
B r. su is 398 40,900 1+1:40,960

ISg
T I to r  after  aSsorp-

WW«»I T.U— — **

T i l  . t i o n
n tijgea* comp! irtial

I l -D ,
11

Br, a b o r tu s  19 8 .4  at ICT^ 1:200 ■fdiOCO
Br. a b o r tu s  1.9 1:200 ri . «! , o/'-rfs

X 1 <
Br. a b o r tu s  19 1:2000 none

II-B,, Br. a b o r tu s  2308 8 .0  x iO*^ 1 :200 It-i; ECoo
Il-Og Br. a b o r tu s  8308 1:200 .1 :3 0 0 0
u-o ; Br. a b o r tu s  8308 1:2000 no:.e

11 -2 -a Br» s u i s  898 n*4 x ICT^ 1:200 5+1:80^0
II-D * Br. s u i s  398 1:2600 no it.
II -0  ̂ Br * s u i s  298 1:200 +1 * aOC \j

fo ld  ' il»i :.io.as 2 0 to .rou #  90,000
serum * -  -  -  -  0.i> *al o f  1 :10  d i in  t io n  

mixed
In c u b a t io n  -  -  c l  C « a t e r  oath  4 nr a

4*6 C r e f r i g e r a t o r  4G h r a

f r e c ip i t in  teat r e a d  ana c e n t r i f u  -ed
0*1 ml of 2 ape mat© s e r i a l l y  d i lu t e d  in  t e n f o ld  s te p s
8*0 ml BA I a n t ig e n  added 
In cu h a t io n  48 h r s

♦on th e  b a s i s  o f  1:380 d i l u t i o n s  of  a irtigeo

Ho
to
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A g g lu t in in  A bso rp tion  from Homologous ana  B e te ro lo ^ c u s  
S t r a in  A n t i s e r a  fey Freetion I I -B

Serum A b so rp tio n  by
S t r a i n O r ig in a l  t i t e r f r a c t i o n mg 1 / a l  T i t e r  a f t e r  a b s o rp t io n

com plete p a r t i a l a n t ig e n com plete p a r t i a l

Br# a b o r tu s  19 1 : BOf480 2+1:40,960 I I - B  B r . a b o r tu s 2308 .012 1 :2 0 ,4 8 0 +1:40,960

Br. a b o r tu s  2308 1 :2 0 ,4 8 0 none I I -B  B r. a b o r tu s 2308 .012 1 :1 0 ,2 4 0 +1:20 ,480

B r. s u i s  298 1 :4 0 ,9 6 0 1+1:61,920 I I - B  B r. a b o r tu s 2308 .012 1 :4 0 ,9 6 0 none

EO
T
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T ab le  44

A g g l u t i n i n  R esponse o f  I n f e c t i o n  C o n t r o l  A n im als

G roups I -C  and I I - C

g u in e a
-  piiS.. .........

two w eeks
inf-so t e d  a f t e r  c h a l l e n g e  

c o m p le te  p a r t i a l

“T o u r  w eeks 
a f t e r  c h a l l e n g e *  
m m  p ie  t e  p a r t i  a l

I y e s -  • I s  200 ♦

F y e s -  « - -
G no - •

H y e s 1 :2 5 1 + 1 :1 0 0
I y e s •m 1 + 1 s 85
z y e s -  <» 1 :2 0 0 •

X y e s “  - 3+1 s £5
L y e s -  - - + 1 :5 0
M y e s - • I f  15 85
K -  «, —

*700 o rg a n is m s

G roups T - l - C  and ¥ - 8 - 0

13 ye© 1 i  200 1 :5 0 0 ■ + i  • iood
1 y e s 1 :5 0  + 1 :1 0 0 1 :1 0 0 3 + 1 :200
% no -  - • -

R y e s 12 85 + 1 :5 0 i s i c o + 1 :2 0 0
S y e s I s  85 +1 s50 1 :2 0 0 2 + 1 :850

,0 0 0  o rg a n is m s
G roups I¥-B» TX-B and T I I -B

¥ I s 50 2+ 1:200 1 :5 0 0 + i  s io o o
V 1 :2 5  4 1 :1 0 0 1 :2 0 0 0 *
¥ 1 :1 0 0  1+ 1 :200 1 :2 0 0 0 *
W I s  200 1 s 2000

1 ̂ l 'C ,0 5 o ' o rg a n is m s  
h i g h e s t  d i l u t i o n  done

Group© V - l -B ,  V-2-B and ¥ I-A

1 1 :5 0 0 3 + 1 :1 0 0 '
2 1 :1 0 0 0 1+1:8000
3 1 :1 0 0 + 1 :£ 0 0
4 I s  £50 + 1 :5 0 0
5 dead

* 7 ,6 0 0  organ!am®

G roups I I - A  and I 11-A

32 1 :3 5 + 1 :5 0
33 1 :5 0 0 -

34 1 :2 0 0 0
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f r a c t i o n  I I - B  showed d ro p p e d  t i t e r s  o f  l a s s  th a n  on© tw o f o ld

d i l u t i o n  a s  shown in. t a b l e  4 3 ,  c o r r e l a t e d  w i th  a t i t e r  o f  o n ly  

I s 64 w i th  Br# a b o r t u s  o r  jjr# s u i s  s e r a ,  l o s s  o f  u r e a s e  a c t i v i ­

t y ,  an d  t h e  l o s s  o f  a b s o r p t i v e  c a p a c i t y  was a c o m p le te  f a i l u r e  

on  t h e  p a r t  o f  f r a c t i o n  11 -8  t o  p r o t e c t  g u in e a  p i g s  an d  low  

d e g r e e  o f  a n t i b o d y  p r o d u c t io n #

F r a c t i o n s  I -C  and I I - C  showed d e f i n i t e  p r e c i p i t i n  a c t i ­

v i t y  a s  shown ab o v e  i n  t a b l e  41# I-C  was a l s o  t e s t e d  f o r  

a g g l u t i n i n  a b s o r p t i o n  an d  a b s o rb e d  n e a r l y  a l l  o f  th e  a g g l u t i ­

n a t i n g  a n t i b o d i e s  f ro m  I s  10 d i l u t i o n s  o f  a a t i s a r a .

d o m i c a l  H a tu re  o f  t h e  F r a c t i o n s

A l l  b u t  one o f  t h e  f r a c t i o n s  s e p a r a t e d  r e a c t e d  s t r o n g l y  

w i th  b i u r e t ,  n i n h y d r i n  a n d  M o lis c h  t e s t s *  fh® a c e to n e  s o l u b l e  

f r a c t i o n  IT  showed a d i s t i n c t l y  w e a k e r  b i u r e t  an d  n i n h y d r i n  

r e a c t i v i t y .  A l l  f r a c t i o n s  showed r e d u c i n g  s u g a r s  a f t e r  h y ­

d r o l y s i s  on t h e  o a s i s  o f  B e n e d i c t f s t e s t  and th e y  d id  n o t  r e ­

duce  w i th  p r o lo n g e d  b o i l i n g  w i th  B a r f o s d ' s  r e a g e n t ,  p r o b a b ly  

b e i n g  o f  m o n o s a c c h a r id e  type® I h e  p e p t i d e  l i n k s  an d  f r e e  

am ino g ro u p s  d e m o n s t r a te d  r e s p e c t i v e l y  by b i u r e t  and  n i n h y d r i n  

r e a c t i o n s  c o u p le d  w i th  a n t i b o d y  p r o d u c t io n ,  a s  shown e l s e w h e re  

i n  t h i s  p a p e r  s u g g e s t  t h e  p r o t e i n  n a t u r e  o f  t b s  f r a c t i o n s #  Ik e  

p r e s e n c e  o f  a n  mnzjmm f u r t h e r  I n d i c a t e s  th e  l i k e l i h o o d  o f  such  

a n  a s s u m p t io n ,  inasm uch  a s  c a r b o h y d r a t e  was p r e s e n t  i n  a l l  o f  

t h e  f r a c t i o n s ,  t h e  a n t i g e n  ( o r  a g e n t s )  may c o n t a i n  a  g ly c o p r o ­

t e i n *  buck a g e n t s  h av e  been  found  I n  B r u c e l l a  c a l l s  by m o st 

o f  t h e  w o rk e rs  who have i s o l a t e d  B r u c e l l a  f r a c t i o n s *



XQd

d e g r e e  o f  p u r i f i c a t i o n  o f  th e  g i v mn f r a c t i o n  i s  o f  

some i n t e r e s t .  I n  f i g u r e  5 t h e  u n h y d ro ly a e d  c o n t r o l  a t t r a c t  

o f  medium i s  s e e n  on c h ro m a to g ra p h y  to  h a v e  9 nlnhydrln  r e a c t ­

i n g  com ponents*  13as e e  c o u ld  be f r e e  am ino a c i d s ,  p e p b i a e s ,  o r  

p r o t e i n s .  F r a c t i o n  I  e x t r a c t e d  a t  t hm same pE ( 6 . 9 )  c o n t a i n s  

a l l  o f  th e a s  t u t  t h e  e i g h t h  com ponent fro m  th e  b o t to m  i s  s e e n  

to  h e  d im in ish e d *  t h e  a l k a l i n e  { f r a c t i o n  VI)  and a c i d  ^ f r a c ­

t i o n  V I I )  e x t r a c t s  a r e  s e en  to  he d i f f e r e n t  b u t  s e v e r a l  o f  th e  

com ponents  f rom  t h e  medium a r e  r e c o g n i z a b l e  i n  f r a c t i o n  VI* 

F r a c t i o n  I I  ah owe a r e d u c t i o n  i n  number and i n t e n s i t y  o f  com­

p o n e n ts *  f r a c t i o n  IV h ad  o n ly  a weak n i n h y d r l n  r e a c t i o n  an d  

com ponen ts  on  chromatography w ere  d i f f i c u l t  t o  d i s t i n g u i s h .  

F r a c t i o n  V - l  had a n  i n c r e a s e  t o  11 com ponents#  I t  s h o u ld  bo 

r e c a l l e d  t h a t  t h i s  was a primary e x t r a c t ,  w h i le  f r a c t i o n  I I  

was a s e c o n d a r y  e x t r a c t *  F r a c t i o n  V~2, from  t h e  c e l l  r e s i d u e  

a f t e r  re m o v a l  of  f r a c t i o n  V - l ,  showed a  r e d u c t i o n  i n  th e  num­

b e r  o f  c o m p o n en ts .  Inasm uch a s  se v e r a l am ino a c i d s  a r e  s o l u b l e  

i n  c o n c e n t r a t e d  a c e to n e  i t  w ould  seem, t h a t  th e  m a t e r i a l  in  

F r a c t i o n  IV c o n t a i n e d  few o r  none o f  t h e s e  (f ig u r e  b )«

M itro g a n  v a l u e s ,  done on  from 1 t o  4 b a t c h e s  o f  e a c h  

f r a c t i o n  a© n o te d  on  t h e  f i g u r e ,  c o r r e l a t e d  w i t h  r e d u c t i o n  o f  

num bers  o f  c h r o m a to g r a p h ic  co m p o n en ts  I n  f r a c t i o n s  I I ,  IV an d  

V -3  w ould  i n d i c a t e  some d e g r e e  o f  p u r i f i c a t i o n #  D e c re a s e  in  

th e  n i t r o g e n  c o n t e n t  and co m ponen ts  i n  t h e  a l k a l i n e  ( V I ) ,  

a c i d  { V I I ) f a n d  n e u t r a l  ( I )  a q u e o u s  e x t r a c t i o n s  m ig h t  i n d i c a t e  

rem o v a l o f  some i n e r t  co m p o n e n ts .  M e th an o l p r e c i p i t a t e d  f r a c ­

t i o n  I  and  I I  ©howed m uchly  re d u c e d  n i n h y d r l n  r e a c t i v e  compd-
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Figure 5

Comparative Chromatograms -̂ of
Unhydrolyxed Brucella Fractions
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n e n t a  and a l o g s  o f  m o s t o f  t h e  co m p o n en ts .

TXrefego a c t i v i t y . f o l l o w i n g  th e  d i s c o v e r y  i n  t h e  f i r s t  

e x t r a c t i o n s  done t h a t  u reas©  w as p r e s e n t  i n  t h e  w a te r  s o l u b l e  

p o r t i o n  i t  was d e c id e d  t o  I n c lu d e  u r e a s e  t e s t s  on  a l l  o f  th e  

f r a c t i o n s  s e p a r a t e d #  I t  was o f  some i n t e r e s t  to  s e e  i f  any  

c o r r e l a t i o n s  b e tw e e n  u r e a s e  a c t i v i t y  and  a n t i g e n i c i t y  and  p r o ­

d u c t i o n  o f  im m unity  e x i s t e d #

Xtire© o f  t h e  f r a c t i o n s  s t u d i e d  d e m o n s t r a t e d  a b i l i t y  t o  

h y d r o l y s e  u re a #  H e a t in g  t h e  f r a c t i o n  a t  90 C f o r  10  m in u te s  

d e s t r o y e d  a c t i v i t y .  F r a c t i o n s  I ,  XX and VI showed u r e a s e  a c ­

t i v i t y  i n  n e a r l y  e v e r y  b a t c h s t h e  e x c e p t i o n s  b e i n g  f r a c t i o n s

1 -8  and XX-B. F r a c t i o n  VI was d i a l y s e d  t o  rem ove b a s e  b e f o r e  

th e  t e s t  was c a r r i e d  o u t*  I t  i s  o f  i n t e r e s t  t h a t  t h e s e  f r a c ­

t i o n s  were b o th  weak a n t i g e n s  in. v i t r o  and  t h a t  none  o f  t h e
antimmn  * i^riitMrtaw ^ ra iWttCKg

g u in e a  p i g s  i n o c u l a t e d  w i t h  t h e s e  f r a c t i o n s  was p r o t e c t e d  from  

i n f e c t i o n .  Fo o t h e r  u r e a s e  a c t i v i t y  was n o te d  i n  t h e  f r a c t i o n s  

e x c e p t  t h e  f r a c t i o n  IV-A in  w h ich  a weak a c t i v i t y  was n o t i c e ­

a b l e  on p ro lo n g e d  i n c u b a t i o n  i n  e x c e s s  o f  I f  h o u r s .

Re s t i l t s  from  m o r p h o lo g ic a l  s t u d i e s  

k c a p s u l e  c o u ld  be  d e m o n s t r a te d  by I n d i a  in k  s t a i n i n g  i n  

a l l  t h e  s p e c i e s  o f  B r u c e l l a  u s e d  I n  t h i s  s t u d y  ( p l a t e  8 } . Thin  

sm e a rs  made d u r i n g  f r a c t i o n a t i o n  d e m o n s t r a te d  an a p p a r e n t  d im in ­

u t i o n  o f  t h e  c a p s u l a r  mism a f t e r  w a te r  e x t r a c t i o n  {re m o v a l  o f  

f r a c t i o n  I )  when com pared  w i t h  f r e s h  p r e p a r a t i o n s *  A c e to n e  

t r e a t m e n t  fo l lo w e d  b y  s a l i n e  s o l u t i o n  ( re m o v a l  o f  f r a c t i o n  I I )  

a p p a r e n t l y  removed m ore . H ow ever, n e i t h e r  th e s e  s t e p s  n o r  

t r e a t m e n t  o f  th e  c e l l s  w i th  c o n c e n t r a t e d  a c e t o n e  ( rem o v a l o f
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fr a c t io n  I ? ) , treatm ent w ith 30 per cen t acetone a lone (remov­

a l  o f fr a c t io n  V -l)  nor fo llow ed  by s a l in e  (removal o f  fr a c t io n  

V~2) e n t ir e ly  removed th e  cap su lar  m a te r ia l. Acid or  a lk a lin e  

e x tr a c t io n  (removal o f  fr a c t io n s  VII and VI r e s p e c t iv e ly )  a ls o  

reduced tho capsu lar m a ter ia l but did n ot e n t ir e ly  remove i t*

P la te  £

Photomicrograph o f  Br* abortua £308 
showing cap su le  1566 x

E lectron  m icrographs, p la te s  3 , 4 ,  5 and 6 , f a i le d  to  

show a capsu le h u t t h i s  was probably because th e  c e i l  suspen­

s io n s  had been k i l l e d  by h ea tin g  a t  80 0 fo r  13 m inutes; a s

i  Huddleaon (1943) p o in ts  o u t th a t th e ca p su le  way be d is so lv e d
/  J **' * ^ ~ *S % i  : i . /  A.-*

in  hot w ater, t h i s  could be th e  case* At any r a t e ,  s in c e  none

o f  s e v e r a l specim ens examined e le c tr o n o s c o p ic a lly  demonstrated

a cap su le  such was assumed to  be the case*
■- " w d. '■ V

Examining p la te s  5 , 4 , 3 and 6 , i t  i s  seen  th a t  the water  

(p la te  4 ) and a lk a lin e  (p la te  3 ) ex tra cted  c e l l s  dem onstrate 

the same gen era l appearance th a t the fresh  c e l l  does* However, 

p la te  3 shows 3 c e l l s  tr ea ted  w ith  con centrated  acetone ( fr a c ­

t io n  XIX-B) and p la te  6 shows 3 c e l l s  so  trea ted  which stood  a t
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S m i l i n g  o f  c e l l  w a l l s  a f t e r  a c e t o n e
e x t r a c t i o n  X 4 0 -0 0 0

P l a t e  4

C e l l s  e x t r a c t e d  w i th  w a te r  
x  4 0 ,0 0 0
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P la t#  5^
( l e f t )

C e ll  ex tra cted  w ith  
b u ffe r  at p i  9 .2  

X 120,000

i l l

^ H i f

'̂ 9 w^- P la te  6
% f  § ¥ ; (below )

r |V
C elia  ex tra cted  w ith?
acetone and r e fr ig e r ­
ated  2 week# in  w ater

X 1^,000
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4 - 6  Q i n  w a te r  f o r  2 w eeks a f t e r  a ©©tone t r e a tm e n t *  I n  t h e  

fo rm e r  ©as© th e  © o i l  w a l l  h a s  a p p a r e n t l y  Dean removed* In  

p la t®  6 th e  c e l l  w a l l  o f  2 © e l l s  seem s to  be s w o l le n  b u t  n o t  

removed* In  t h e  t h i r d  c e l l  d r y i n g  h a s  c a u s e d  d i s t o r t i o n *  The 

e v id e n c e  f o r  c a p s u l a r  m a t e r i a l  i n  t h e  a q u e o u s  e x t r a c t s  b e i n g  

ad d ed  t o  b y  c a l l  w a l l  m a t e r i a l  In  acetone e x tr a c ts  seem s go o d . 

U n f o r t u n a t e l y  e l e c t r o n  m ic ro g r a p h s  o f  c a l l s  t r e a t e d  by a c e t o n e  

a l o n e  c o u ld  n o t  be tak en *  I t  d o e s  a p p e a r  t h a t  t h e  c a p s u l e  i s  

wa t e r  s o lu  d X© •

P re g n a n c y  and  a b o r t i o n s  

dome I n d i c a t i o n  o f  t h e  i n f l u e n c e  o f  t h e  f r a c t i o n s  on a b o r ­

t i o n s  i n  p r e g n a n t  g u in e a  p i g s  w as s o u g h t .  I n  ta b !©  4b t o t a l  

num bers  o f  f e m a le s  i n o c u l a t e d  w i th  e a c h  b a t c h  o f  f r a c t i o n  a r e  

p r e s e n t e d .  Us© num ber o f  o b s e rv e d  a b o r t i o n s  and l i v i n g  b i r t h s  

w ere  r e c o r d e d  and a n  e f f o r t  t o  d e te r m in e  t h e  p r o p o r t i o n  i n  

v a r i o u s  s t a g e s  o f  p re g n a n c y  w as made. A l l  f e m a le s  w ere  r e c o r d e d  

a s  p r e g n a n t  l e s s  th a n  two w eeks w h ere  d o u b t  e x i s t e d .  By t h e  

t h i r d  weak th e  u t e r u s  I n  p r e g n a n t  anim al©  d e m o n s t r a t e s  a d e f i ­

n i t e  s w e l l i n g  o v e r  t h e  a r e a  o f  t h e  f e t u s  and  t h e  se co n d  p e r i o d  

was c h o s e n  from  t h i s  t im e  t o  5 w ee k s . The 6 t o  8 w eeks f e t u s  

shows r a t h e r  c o m p le te  d e v e lo p m e n t  I n c l u d i n g  h a i r  and  t h i s  was 

th e  t h i r d  p e r i o d  shown.

Among t h e  c h a l l e n g e d  i n f e c t i o n  c o n t r o l  a n im a l s  w ars  7 f e ­

m a le s .  Mo a b o r t i o n s  w e re  o b s e rv e d  * en d  4 w are l e e s  t h a n  3 

w eeks p r e g n a n t .  T hree  war© up to  th e  f o u r t h  week o f  p re g n a n c y  

an d  h ad  l i v i n g  y o u n g . Among t h e  u n c h a l l e n g e d  a n im a l s  r e c e i v i n g  

t h e  f r a c t i o n s  b u t  no c h a l l e n g e *  o f  E8 f e m a le s  no a b o r t i o n s  w ar#
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T able 45

A b o r t io n s  Occurring in  Female Guinea F i g s  
Inocu lated  w itb  Various F raction s and 

Challenged with Br* abortus £50©

So mo’i dbserW d T resSam m m
F ra ctio n ia Females A bortions 1*1 S—d 4—8 l i r e  

weeks weeks weeks b ir th s

I B 5 0 5 1 0 1
0 6 0 1 0 2 §

TT■*> mm A 0 0 0 0 0 0
B 4 0 5 1 0 0
C 5 0 0 £ 1 0

n x A 1 0 1 0 0 0
0 4 2 4 B 0 0

1 ? B 4 1 § 0 1 0
V~1 3 4 1 5 0 1
V~1
V-g

0
B

?
0

0
5

4
5

a
i 5*

V-E 0 f 1 S z 1
VI A 4 0 5 0 1 0

VII
B
B

6
F 1

I
£

4
2

0
0

0
0

A ll  in fe c ­
t io n  con­ F 0 4 S 0 1
t r o l s  

A ll un-
o b a llsn g sd 28 0 8 5 IE 4

^aborted a t  4 weeks

s
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o b s e r v e d ,  4 l i e d  e a r l y  and  w ere n o t  c o u n te d  a n d  s e v e r a l  f e m a le s  

w hich  p r o b a b l y  w are  n o t  a d e q u a t e l y  e x p o s  ad t o  m l  a s  w ere  n o t  

p r e g n a n t .  f a r e  a w a rs  I n  t h e  f i r s t  2 w eeks o f  p r e g n a n c y ,  5 b e ­

tw een  th e  t h i r d  a n d  f i f t h  w e e k s ,  13 b e tw een  t h e  6 th  and. 0 th  

w eeks an d  6 had  l i v i n g  young* S even  f e m a le s  w ere  g iv e n  t h e  

v i a b l e  c e l l s  o f  f r a c t i o n  111* Mot a s i n g l e  one h a d  a l i v e  

b i r t h ,  £ a b o r t e d ,  and  o n l y  2 w ere  i n  m id - te r m  p re g n a n c y  a t  

p o s t  m ortem . ?hea© a n im a ls  had  a d e q u a te  a c c e s s  to  m a l e s ,  a l l  

o f  them  b e i n g  k e p t  i n  c o n t a c t  w i th  m a le s  f o r  a t  l e a s t  7 w e e k s .  

I t  i s  i m p o r t a n t  t o  r e c o g n i z e  t h a t  o n ly  4 w eeks e l a p s e d  f ro m  

t h e  t im e  t h a t  i n f e c t i o n  c o n t r o l s  r e c e i v e d  c h a l l e n g e  d o s e e  tun- 

. t i l  th e y  vie r e  s a c r i f i c e d *

E xam in ing  th e  t a b l e  It i s  s e e n  t h a t  7 a b o r t i o n s  o c c u r r e d  

among f r a c t i o n s  IV , V * l,  V -2 ,  and V I I ,  one  o f  t h e s e  i n  a n  u n ­

i n f e c t e d  b u t  c h a l l e n g e d  a n im a l .  Hone w ere  o b s e r v e d  among t h e  

b e t t e r  p r o t e c t e d  a n im a l s  t r e a te d  w i th  f r a c t i o n s  I ,  X I,  and VI* 

Ko d e f i n i t e  c o n c l u s i o n s  c a n  be draw n b u t  i t  w ould  seem t h a t  

a b o r t i o n s  m y  r e  s u i t  I n  g u in e a  p i g s  i n f e c t e d  w i t h  B r u c e l l a . 

P o s s i b l y  t h e  f r a c t i o n s  gave  some p r o t e c t i o n  a g e l a s t  a b o r t i o n .
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k  summary o f  t h e  a n i m a l s  g iv e n  variou s b a t c h e s  o f  f r a c ­

t i o n  and subsequently  i n f e c t e d  i s  p r e s e n t e d  in  t a b l e  4 6 .

F i g u r e  6 p o r t r a y s  g r a p h i c a l l y  th e  p r o t e c t i o n  o r  i n f e c t i o n  o f  

a l l  t h e  a n im a ls  i n o c u l a t e d  w i th  an y  g iv e n  f r a c t i o n  and c h a l ­

le n g e d  *

From an  exam ination  o f  th e  acco m p an y in g  t a b l e  and f i g u r e  

and  c o n s i d e r a t i o n  o f  t b s  i n d i v i d u a l  t a b l e s  presented  u n d e r  

" R e s u l t s ” , t h e r e  seems no d o u b t t h a t  t h a t  p r o t e c t i o n  was e -  

l i c i t e d  a® t h e  r e s u l t  o f  i n o c u l a t i o n  o f  s e v e r a l  o f  the f r a c ­

t i o n s *  The m ost s u c c e s s f u l  o f  the f r a c t i o n s  seem s t o  have  

b e e n  the f r a c t i o n  e x t r a c t e d  i n  a l k a l i n e  a q u e o u s  s u s p e n s i o n ,  

f r a c t i o n  VI* H era  a l l  c o n t r o l s  w ere  I n f e c t e d  i n  each o f  2 

t e s t s  and no anim als r e c e i v i n g  th e  f r a c t i o n  o n ly  w ere  i n f e c t e d *  

From th e  t a b l e  an d  g ra p h  i t  I s  s e e n  t h a t  IE o f  19 anim als 

w ere p r o t e c t e d *  Reduction o f  t i t e r s  p ro d u c e d  by i n o c u l a t i o n  

o f  th e  f r a c t i o n  f o l lo w e d  a d m i n i s t r a t i o n  o f  the c h a l l e n g e  d o s e ,  

and s p l e e n  w eigh ts a s  shown u n d e r  " R e s u l t s "  w ere  somewhat 

l i g h t e r  b o th  i n  I n f e c t e d  and  u n i n f e c t e d  c h a l l e n g e d  a n im a l s  

th a n  in  i n f e c t i o n  c o n t r o l s *  Of somewhat s i m i l a r  n a t u r e  was 

f r a c t i o n  I* H ow ever, a co m p le te  f a i l u r e  o f  I -B  t o  p r o t e c t  

a n im a l s  on on® o c c a s io n  may be l a i d  t o  l o s s  o f  a n tig e n ic  su b ­

s t a n c e  d u r i n g  f i l t r a t i o n  e i t h e r  th ro u g h  i n s t a b i l i t y  o r  a b s o r p ­

t io n *  When antl$E>nie s u b s t a n c e s  w ere  p r e s e n t ,  a s  shown by 

p r e c i p i t i n  t e s t ,  an d  a n t i b o d y  p r o d u c t i o n ,  t h i s  m ateria l was



fa b le  4*6

P ro tec tio n  o f  Guinea P ig* by Various B ru ce lla  E xtracts

Fraction Batch Challenge
dose

Guinea pigs used 
for each batch

................... - .................... <"V

Guinea pig® used 
for each fraction

total no. ChallengedAInfected^ Total no. Challenged Infected Uninfected

I 1 100#000 20 10 10 ko 20 11 9
C 700 20 10 1

II A S,200 10 5 0 50 25 15 10
B 100,000 20 10 10

700 20 10 5

III A B, 200 10 5 10 20 5 20 0
C none 10 none 10

I ? B 10,000 20 10 10 20 10 20 0

V-l B 7,600 19 9 6 39 19 9 10
C 14,000 20 10 3

V-2 B 7,600 19 9 7 39 19 10 9
C 14,000 20 10 3

VI A 7,600 20 9 1 *K> 20 9 11
B 10,000 20 11 6

VII B 10,000 20 10 10 20 10 10 0

Infection
C o n tro l* 700 - 1^,000 2B ,6 26 2& 2B 26 C

An equal number of animals received inoculations of fractions but were not challenged,
* thus serving a s sterility controls. None of these were infected fro® the above group*. 
Considered infected on basis of recovery of Brucella or tite r rise fo lllw in g  challenging.
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F ig u re  6

Comparison o f  P r o t e c t i o n
p ro d u c e d  by F r a c t i o n s

I n f e c t i o n  C o n t r o l s

Ho. 30  2 5  2 0  1? 10 5 0 5 1 °  15 2° £5 3°
o f
g u in e a  p i g s
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c a p a b le  o f  g i v i n g  p r o t e c t i o n .  The lo w  c h e l la n -g s  d o ss  o f  700 

organism ®  may h av e  h e a r  r e s p o n s i b l e  i n  p a r t  th o u g h  9 o f  10  

a n im a l s  g iv en  th e  c h a l l e n g e  dose  o n ly  w are  i n f e c t e d .  R ef­

e r e n c e  h a c k  t o  f i g u r e  3 shows t h a t  t h e  a l k a l i n e  e x t r a c t i o n *  

f r a c t i o n  7 1 ,  im p a r te d  a g r e a t e r  s t a b i l i t y  to  th e  Immunogenic 

m a t e r i a l  th a n  d id  e x t r a c t i o n  i n  n e u t r a l  s u s p e n s i o n ,  t h e  d i f ­

f e r e n c e  i n  t h e  s m t i g i s i c i t y  ca n  o n l y  b e  a s c r i b e d  to  t h e  ch a n g e  

i n  pH o f  t h e  medium u s e d  f o r  e x t r a c t io n ®  M ost l i k e l y  a  q u e s ­

t i o n  o f  s t a b i l i t y  i s  I n v o lv e d .

The d i s t r e s s i n g  f r e q u e n c y  w i th  w h ich  a t y p i c a l  a b s c e s s e s  

w ere  found on t h e  l i v e r s  i n  p a r t i c u l a r  I s  a s o r l h a b l e  t o  r e ­

c u r r e n t  se ig e©  o f  S a lm o n e l la  i n f e c t i o n *  T h is  c a u s e d  m ost 

u n f o r t u n a t e  c o m p l i c a t io n s  I n  p a th o lo g y  an d  when com bined w i th  

p n e u m o n ia , p o s s i b l y  o f  s t r e p t o c o c c u s  t y p e ,  t h e  p a t h o l o g i c a l  

p i c t u r e  was c o n f u s e d .  P o s t  mortem e x a m in a t io n s  on  a n i m a l s  

from  t h e  u n t r e a t e d  p o o l  a t  v a r i o u s  t im e s  showed th e  p r e s e n c e  

o f  p a t c h y  y e l lo w e d  a b s c e s s e s  com bined  w i th  m arked  i n f l a m a t l o n  

o f  fee  e n t i r e  sma.ll I n t e s t i n e  and o c c a s i o n a l  s p l e e n  1c e n ­

la rg e m e n t  i n  e a s e s  o f  e n t e r i t i s .  A b s c e s s e s  o f  t h e  s p l e e n  

w ere  uncommon* C a s e s  o f  p n eu m o n ia ,  a l s o  fo u n d  i n  'the u n t r e a t e d  

p o o l ,  u s u a l l y  show ed m arked c o n g e s t i o n  o f  t h e  l u n g  and some 

c o n s o l i d a t i o n .  A b lo o d y  m uco id  p l e u r a l  e x u d a te  was u s u a l l y  

p r e s e n t .  In  su c h  c a s e s  t h e  s p l e e n  was u s u a l l y  a  p u r p l i s h  

c o l o r ,  t h i c k e n e d  and p u l p y ,  b u t  n o t  a b s c e s s e d  o r  n o d u la t e d  

on t h e  s u r f a c e .  Most s p l e e n s  from  B r u c e l l a  I n f e c t e d  a n im a l s  

w ere d i s t i n c t l y  n o d u l a r  an d  f r e q u e n t l y  a b s c e s s e s  w ere  v i s i b l e .

B e a r in g  t h e s e  f a c t o r s  i n  mind i t  d o e s  n o t  seem l o g i c a l
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t o  p la ce  g r e a t  em phasis on p a t h o lo g y  other- th a n  t h a t  fo llo w in g  

t h e  c l a s s i c a l  d e s c r i p t i o n  o f  /ahyean {1918}* The s p l e e n s  o f  

i n f e c t i o n  c o n t r o l s  g iv e n  the m m  c h a l l e n g e  close w ore n o t  a l ­

ways greater  th a n  th o s e  o f  in fe c te d  ch allen ged  a n im a ls *  Kot 

In freq u en tly 9 e s p e c i a l l y  i n  f a i l u r e  o f  f r a c t i o n s  I - B ,  IX-B an d

I - 0  and I I —0 to  Immunize, trem endously e n l a r g e d  s p l e e n s  w ere 

found* I t  i s  known t h a t  the p a t h o l o g i c a l  p i c t u r e  in crea se s  

a s  t h e  d i s e a s e  g a t s  o l d e r  and t h i s  mlgfct su ggest i n f e c t i o n  by  

the f r a c t i o n  i t s e l f  e x c e p t  f o r  the f e e t  t h a t  no s t e r i l i t y  c o n ­

t r o l s  w are  fo u n d  to  be i n f e c t e d  i n  any  c a s e  i n  which a d e q u a te  

c a r e  was taken, i n  f i l t r a t i o n  o f  t h e  f r a c t i o n .  The r a t h e r  un­

com fortable p o s s i b i l i t y  th a t  t h e  m a t e r i a l  i n j e c t e d  had s e n s i ­

t i z e d  t h e  a n im a l  an d  th a t  t h e  e x c e p t i o n a l  e n l a r g e m e n t  o f  t h e  

s p l e e n  was c a u s e d  by a  h y p e r s e n s i t i v e  r e a c t i o n  due to  c o n t a c t  

w i t h  f r e s h  m a ter ie l i s  p r e s e n te d *

In  2 o a s e s # guinea p i g s  number 27 and 4 1 1 t b o th  i n j e c t e d  

w i th  f r a c t i o n  ©nd t h e n  ch a llen ged , a p ro n o u n ced  edema and  i n -  

f l a m a t i o n  o f  the s k i n  and a slou gh in g  o f  t i s s u e  g i v i n g  r i s e  

to  a b s c e s s e s  from  w h ich  B r u c e l l a  w ere  n o t  r e c o v e r e d  was shown 

f o l l o w i n g  c h a l l e n g in g *  I f  h y p e r s e n s i t i v i t y  due t o  i n j e c t i o n  

o f  t h e  f r a c t i o n  m s  in d u c e d  im m u n iz a t io n  w ould  seem  a r i s k y  

p r o c e d u r e  and c e r t a i n l y  su c h  a  f r a c t i o n  sh o u ld  be more h ig h ly  

p u r i f i e d  t o  a t t e m p t  t o  e l i m i n a t e  th e  p o s s i b i l i t y  o f  s u c h  a 

r e a c t i o n *

S t a t i s t i c a l  treatm ent o f  t h e  i n d i v i d u a l  g ro u p s  I - B ,  IX-A,

I I - B ,  I I I ,  7 I - A ,  and  V II-B  d o e s  n o t  seem in d i c a t e d *  A l l ,  o r  

n e a r l y  a l l ,  o f  th e  a n im a l s  c h a l l e n g e d  w ere e i t h e r  i n f e c t e d  o r
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p r o t e c t e d  by  o o m v a r i s e n  w i th  a l l  22 c h a l l e n g e d  i n f e c t i o n ,  con*  

t r o l s ,  20 o f  w h ic h  w ere  i n f e c t e d ,  o r  w i t h  t h e  c h a l l e n g e  a n i m a l s  

u sed  f o r  th e  g iv e n  g ro u p  • G roups V - I -B ,  V -l-G , V -2 -B , ¥ -2 * 0

and  V I*3 s b owed l e s s  m arked  r e s u l t s  and th e  p o s s i b i l i t y  o f  

c h a n c e  s h o u ld  be  c o n s id e r e d *  S in c e  a l l  o f  4 c o n t r o l  a n im a l s

u sed  f o r  g roup  V - l - 3  and 7 -2 -B  w ere i n f e c t e d ,  t h e  r a t i o  o f  6 

i n f e c t e d  to  9 c h a l l e n g e d  and 7 i n f e c t e d  t o  9 c h a l l e n g e d  r e ­

s p e c t i v e l y  would scam t o  a c c u r a t e l y  i n d i c a t e  a c e r t a i n  d e g re e  

o f  p r o t e c t i o n ,  th o u g h  th e  o d d s  a r e  c o n s i d e r a b l y  d e c r e a s e d  w i th  

t h e  r a t i o  o f  7 /9  i n  g roup  V-B-0* I n  t h e  c a s e  o f  VI-B i n  w h ich  

6 o f  11 a n im a ls  c h a l l e n g e d  w ere  i n f e c t e d  a n d  a l l  o f  t h e  i n f e c ­

t i o n  c o n t r o l  a n im a ls  w ere  i n f e c t e d  th e  odds  s t i l l  f a v o r  p r o ­

t e c t i o n .  However g ro u p s  V -l-G  and ¥ - 2 - 0  I n  e a c h  o f  w h ich  5 

o f  9 a n im a ls  w ere  i n f e c t e d  and  1 o f  5 i n f e c t i o n  c o n t r o l s  u n i n ­

f e c t e d  s h o u ld  b e  exam ined  more c l o s e l y ,  u s i n g  th e  m ethod  d e -

o r  64*7#
o r  2 0 .0 #

l i i i r

* ^ 0 . 5  X 0 . 5 ^  t  

6  s i  0 .2 7 9

■ O Z t  2 7 .  3£

w hich  i s  t h e  s t a n d a r d  e r r o r  o f  d i f f e r e n c e s  a r i s i n g  by c h a n c e .

s c r i b e d  I n  T o p ley  and  W ilso n  (194-6).

v a c c i n a t e d i  9 n o t  i n f e c t e d ;  6
c o n t r o l s  i it 5 n o t  I n f e c t e d ;  1

qp m A . ,± ^  s  Z  * 0*5
9 <f a 14

po -  1 -  0 .5  * 0 .5

th e n  by th e  f o r m u l a i

6  = | /  p °  ♦ ! 2) .....

0 .4 6 7  r  1 .7  
07279
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The observed d i f f e r e n c e  i s  seen  t o  he 1*7 tim es  m om 

th a n  th a t o f th© s t a n d a r d  e r r o r  an d  re feren ce  to  t a b l e  47 

f ro ®  Itopley an d  W ilso n  (1940) r e p ro d u c e d  below show© th a t th e  

odd© a r e  between 6*5 an d  BO*98 to 1 t h a t  th e  a n i m a l s  a r e  p r o ­

tected *  (Not g r e a t  odds b u t  s u f f i c i e n t  to  r u l e  o u t  chance*)

T hb le  47*

IS vT a 'tib ia  I n ' f e m s ' o f  H ie""S 'tandard O dds"W gelnst"  t h i s  '3© v i a  -  
t e r r o r ; o r  R a t io  3©tw een a D i f f e r -  t i o n  o r  D i f f e r e n c e  b e i n g  th e  
©nee and I t s  S ta n d a rd  D e v ia t io n  R e s u l t  o f  Random Chance

0 .6  0 .0  t o  1
1 .0  S . 15 to  1
1 .5  0 .5  t o  1
3 . 0  BO.98 t o  1
2 .5  7 9 .5 3  to  1
3 .0  3 6 9 .4  t o  I
3 .5  2 1149 t o  1
4 .0  1 5 #773 to  1
4 .5  1 4 7 ,1 8 8  t o  1

# fo p l© y  and  W ils o n ,  1 9 4 0 .

Sine© s t a t i s t i c a l l y  the r e s u l t s  are u s u a l l y  more sound  

wfa&n m ore l a s t s  a r e  u se d  a  lo o k  a t  t o t a l s  o f  p r o t e e t a d  a n im a la  

In  i n d i v i d u a l  groups g iv e n  d i f f e r e n t  p rep aration s o f  th e sain© 

fr a c t io n  I s  i n  o r d e r .  I t  see b is  j u s t i f i e d  t o  r u l e  o u t  f r a c t i o n  

1-8  a t  th e o u tse t  s i n c e  no  e v id e n c e  o f  a n t i b o d y  wee obtained  

e i t h e r  by  p r e c i p i t i n  t e s t  or a b s o r p t i o n  fro m  the  f i l t e r e d  fr a c ­

t io n . F r a c t i o n  I - €  w i th  9 o f  10 v a c c i n a t e d  u n in fected  and  9 

o f  10 i n f e c t i o n  c o n t r o l s  I n f e c t e d  s t a n d s  a l o n e .

W ith  3 t e s t s  o f  f r a c t i o n  I I  15 guinea pig©  w ere  i n f e c t e d  

ou t o f  a t o t a l  o f  25 g u in e a  p i g s  ch a llen g ed . Of a tv t e l  o f  

13  c o n t r o l s  I  was not i n f e c t e d .
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th e n , from t a b le s  44  and 46

v a c c i n a t e d :  35 n o t  i n f e c t e d
c o n t r o l s  : 15  n o t  i n f e s t e d

10 o r  40

w

w hich  by t h &  method p r o s o n te d  above g iv e s s  

6  * -  .155 o r  t  1 5 .5  per. oeafc standard error o t  d l f f e r e a o o

r a t i o  * S$Jt& •  2 .0 8

and b y  t a b l e  4V th e  odds age I n s t  t h e  p r o t e c t i o n  b e i n g  by

c h a n c e  arm n e a r l y  30si* flic odds are rather short on the 

basis of the whole group* H ow ever, c o n s i d e r i n g  the weakened 

p r e c i p i t i n  r e s p o n s e ,  a b s o r p t i v e  p o w er ,  and  l o s s  o f  u r e a s e  

a c t i v i t y  in  th e  c a se  o f  fraction XI-B i t  may b e  that t h e  im­

m unogenic  com ponen t was d e c r e a s e d  to nearly th e  v a n i s h i n g  

p o i n t .  Of e q u a l  import®.nee was the 14 fold d i f f e r e n c e  in 

c h a l l e n g e  d o se  be tw een  XI-B and IX-C and t h e  u se  of 3 inocu­

lation© o f  II-C wr ere 1 was u se d  o f  TI-B.

Xfce s t a t i s t i c a l  t r e a t m e n t  o f  t h e  t o t a l  num bers  o f  g u in a a  

p i g s  r e c e i v i n g  f r a c t i o n s  ¥ - 1 - 3  a n d  V -l-C  and T-S-B  and T -2-C  

i s  p r o b a b l y  d e s i r a b l e .  Each g ro u p  showed some a b s e n c e  o f  i n ­

f e c t i o n  w i t h  d i f f e r e n t  p r e p a r a t i o n ® .  Th© p r o t e c t i o n  a p p a r e n t l y  

i n c r e a s e d  w i th  th® 5 i n j e c t i o n s  o f  V -1 -0  and  ¥ -B -0  a s  o p p o sed  

to  s i n g l e  i n j e c t i o n s  o f  V - l -B  and V-3-B* Of 20- a n im a l s  i n  t h e  

2 g ro u p s  i n o c u l a t e d  w i th  f r a c t i o n s  Y - l - B  and  ¥ - 1 - 0  r e s p e c t i v e ­

l y ,  9 w ere i n f e c t e d  and  o f  19 a n i m a l s  i n o c u l a t e d  I n  t h e  g 

g ro u p s  w i th  f r a c t i o n s  V-g-B and V-g-C r e s p e c t i v e l y  10 w are i n ­

f e c t e d *  I n  t h e  two g r o u p s ,  one  o f  4 ,  t h e  o t h e r  o f  5 ,  o f  I n ­

f e c t i o n  c o n t r o l s  f o r  th e  2 d i f f e r e n t  g ro u p s  o f  t e s t  a n i m a l s



o n l y  X a n i m a l  was in f© c ta d #  Then ,  f ro m  t a b l e  46?

v a e c i n a t a d t  
c o n t r o l s  :

;,Ot I n f e c t e d !  10
:iot i n f e c t e d *  1

w hich  by th e  method p r e s e n t e d  ab o v e  g iv e s ?
C *t*O  z  ~ . 1 6 6  o r  -  1 8 . 6  per c e n t  s t a n d a r d  error o f  d i f f e r e n c e *

«|U
t h e  difference b e i n g  -  2 .2 3  times t h e  s t a n d a r d  e r r o r  t h e  odds

a g s i n e t  t h e  p r o t e c t i o n  b e i n g  b y  c h a n c e  a r e  more t h a n  EOsl*

A c o n s i d e r a t i o n  o f  t h e  a p p a r e n t  i n c r e a s e  i n  p r o t e c t i o n  

f ro m  i j roups  V - l - B  and Y-S-B t o  g r o u p s  ¥ - 1 - 0  and  if-B-Q c a n  be 

made* S in c e  d i s t r i b u t i o n  at u n i n f e c t e d  a n i m a l s  is a p p r o x i ­

m a t e l y  e q u a l  a  t r e a t m e n t  o f  ¥ - 1 - 6  and Y-X-G s h o u ld  s u f f i c e #  

A n o th e r  f a c t o r  m ak ing  c o m p a r i s o n  o f  t h e s e  two g ro u p s  desirable 

l a  t h e  us© o f  a p p r o x i m a t e l y  e q u a l  c h a l l e n g e  d o s e s  f o r  g r o u p s  

r e c e i v i n g  d i f f e r e n t  am oun ts  of  t h e  r e s p e c t i v e  f r a c t i o n s #  ho  

i n f e c t i o n  c o n t r o l s  f o r  V - l -B  and  V-B-B war© u n i n f e c t e d  o f  6 

a n i m a l s  b u t  1 o f  5 i n f e c t i o n  c o n t r o l s  was n o t  i n f e c t e d  i n  t h e  

c a s e  o f  c o n t r o l s  f o r  ¥ - 1 - 0  a n d  ¥ -g~G .  S t r e t c h i n g  t h e  p o s s i ­

b i l i t y  o f  n o n - i u f e o t e d  c o n t r o l s  t o  1 o u t  of  10 on t h i s  b a s i s  

t h e  2 g ro u p s  (V-3-B and Y-2—C ) a r e  co m p ared .

F o r  Y -2-B :

v a c c i n a t e d s  9 n o t  i n f e c t e d !  3 o r  33*4^
c o n t r o l s  s 9 n o t  i n f e c t e d !  1 o r  11 «X%

T S  2 32*^9

w h ic h  by t h e  method p r e s e n t e d  above g iv e s ?

(5 m t  .1 8 7  o r  £ 10#7 p e r  c e n t  s t a n d a r d  e r r o r  o f  d i f f c r o u e e *  

Tha r a t i o  53*4 i s  qu i t©  Xcm {1.25} w h ic h  b y  t a b l e  47 would
ISTT
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make t h e  odds  l e s s  t h a n  551 t h a t  p r o t e c t i o n  wag d ue  t o  t h e  

f r a c t i o n s .  P r o t e c t i o n  was d o u b t f u l  on  t h i s  b a s i s ,  though, 

p r a c t i c a l l y  i t  s h o u ld  b e  r e c a l l e d  t h e  i n f e c t i o n  c o n t r o l s  f o r  

th e  f i r s t  grout- were a c t u a l l y  a l l  i n f e c t e d  and showed d e f i n i t e  

t i t e r s .  F o r  V - 2 - C , u s i n g  d a t a  f o r  the  i n f e c t i o n  c o n t ro l®  a c t u ­

a l l y  u s e d ,  in  w hich  1 was n o t  i n f e c t e d ;

v a c c i n a t e d :  10 n o t  I n f e c t e d ;  7 o r  7 0 . 0 ^
c o n t r o l s  5 5 n o t  i n f e c t e d ;  1 o r  20.0%

~T5  S  W M

w hich  by  t h e  m ethod  p r e s e n t e d  above g i v e s ;

cS  s  t  . ?71 o r  £ 2 7 .1  p e r  c e n t  s t a n d a r d  e r r o r  o f  d i f f e r e n c e

and  t h e  r a t i o  50  * I.#**-
£ 7 7 l

By t a b l e  h f  t h e  odds hav e  b e e n  i n c r e a s e d  to  ab o u t  15; 1. The 

e x a m i n a t i o n  o f  t h e s e  2 g ro u p s  s u g g e s t s  t h a t  p r o t e c t i o n  a f f o r d ­

ed  b y  t h e  f r a c t i o n  was s l i g h t .  I t  s a y  b e  t h a t  one h a s  l e a n e d  

b ac k w ard  i n  t h e  more c r i t i c a l  e x a m in a t i o n  of  t h e s e  d a t a .  How­

e v e r ,  B r . a b o r t u s  2 JOS i s  a s t r a i n  o f  c o n s i d e r a b l e  i n f e c t i v l t y  

and L a r s e n  (19^9 )  and M a n th e l  (1 9 %&) among o t h e r s  a g r e e  t h a t  a

n o rm a l  i n f e c t i o u s  d o se  may be  a s  low as  10 o r g a n i s m s .  I t  i s

f u r t h e r  r e c o g n i z e d  t h a t  Boyd and  Gasman (1950) hav e  shown t h a t  

s u b s t a n c e s  i n  t r y p t o s e  a g a r  may som e t im es  cau se  a p a r t i a l  i n ­

h i b i t i o n  o f  grow th  and e x p e r i e n c e  i n  t h e  a u t h o r 1s l a b o r a t o r y  has 

shown t h a t  a t  l e a s t  one s e r i e s  o f  s u b - c u l t u r e s  o f  2 JOS d i e d  o u t  

on t r y p t o s e  agar*  Hot o n l y ,  t h e n ,  may p l a t e  c o u n t s  i n d i c a t e  

l o w e r  numbers o f  o rg a n is m s  t h a n  a r e  a c t u a l l y  v i a b l e  b u t  t h e  p o s ­

s i b i l i t y '  o f  o c c a s i o n a l  f a i l u r e  t o  r e c o v e r  o r g a n i s m s  the . t  a r e  

p r e s e n t  i n  a n i m a l s  must b e  c o n s i d e r e d  i n  more d e t a i l .

Hagan (1 9 2 2 a )  showed t h a t  a g g l u t i n i n  t i t e r s  o f  g u i n e a  p i g s



g iven  low © h a llo a in g  do see o f  120 to 10 ,000 § r. abortus oc­

c a s io n a lly  were delayed &a long a* to  5 weeks b efore  v i s i b l e  

a g g lu tin in s  were dem onstrable. In the p resen t work the chal­

len ge  doses were low throughout and in fe c t io n  co n tr o ls  were 

s a e r if io e d  a f te r  3 0  days. The absenoe o f  t i t e r s  In 2 anim als 

r e c e iv in g  J00 Br. abortus w ith th e  recovery o f  B ru ce lla  i s  n o t, 

th en , su r p r is in g , but the p o s s ib i l i t y  th a t  a th ir d  animal o f  

the in f e s t ! o n  c o n tr o ls  not showing a t i t e r  and from ih le h  or­

ganisms were not recovered was In fe c te d , e x i s t s .  So to o , could  

an o c c a s io n a l vacc in a ted  animal not showing a t i t e r  harbor 

B ru ce lla  th at were not cu ltu red . However, the probability o f  

m issed I n fe c t io n s , when 20 in fe c t io n  co n tr o ls  o f  22 ch a llen ged  

were in fe c te d  i s  -mot g r e a t , e s p e c ia l ly  vfoen Bruoel la  were re ­

covered from 9 out o f  10 c o n tr o ls  r e c e iv in g  shlfaguamadlme. A 

h igh er ch a llen ge  dose should overcome th is  d i f f i c u l t y .
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On t h e  b a s t s  o f  t b s  r e s u l t s  p r e s e n t e d  # t h e  g r e a t e s t  d e ­

g r e e  o f  p ro te c tio n  was a f f o r d e d  b y  i n o c u l a t i o n  o f  f r a c t i o n  ¥1* 

F r a c t i o n s  I and IX showed v a r y i n g  d e g r e e s  o f  p r o t e c t i o n  w h ich  

was p r o b a b l y  a f f e c t e d  by v a r i a t i o n  i n  t h e  n a t u r e  o f  p r e p a r a ­

t i o n s  I -B  and XX-B* P ro tec tio n  wee p r o b a b l y  a f f o r d e d  f rom  

f r a c t i o n s  V - l  and Y-B b u t  was  ©f a low o r d e r *  F r a c t i o n s  XY 

and  VII gave m  e v i d e n c e  o f  p r o t e c t i o n  a n d  f r a c t i o n  XY p r o ­

duced  no a g g lu t in in s  i n  g u i n e a  p igs*  The l a c k  o f  r e s p o n s e  i n  

a g g l u t i n i n  t i t e r s  i n  t h e  f i r s t  g ro u p s  o f  a n i m a l s  given  s i n g l e  

i n o c u l a t i o n s  was p r o b a b l y  due to  t h e  l o n g  t im e  in te r v a l f rom  

i n o c u l a t i o n  o f  f r a c t i o n  to d e t e r m i n a t i o n  o f  t i t e r s *

I n d i v i d u a l  and  mean a g g l u t i n i n  t i t e r s  o f  g r o u p s  o f  g u in e a  

p i g s  t a k e n  7 t o  10 d a y s  a f t e r  e a c h  i n o c u l a t i o n  and 2 and  4 

weeks a f t e r  the l a s t  one  c l e a r l y  showed a  g e n e r a l  t e n d e n c y  f o r  

a g g l u t i n i n  t i t e r s  t o  e s t a b l i s h  a p e a k  a n d ,  i f  no more a n t i g e n i c  

sub s t a n c e  was g iv e n  t o  r e t u r n  t o  z e ro *  The  t e n d e n c y  was gen­

e r a l i n  u n i n f e c t e d  a n i m a l s  w i t h  o n l y  r a r e  e x c e p t i o n s *  Figure 

3 shows t h e  mean a g g l u t i n i n  t i t e r s  t a k e n  a t  6 d i f f e r e n t  t im e s  

I n  t h e  guinea p i g s  g i v e n  3 i n o c u l a t i o n s  o f  f r a c t i o n s  I I - O ,

IV-C, Y - l - C t an d  V -2-0*  F i g u r e  4 shows t h e  t i t e r s  p ro d u c e d  

a t  c o m p a ra b le  p e r i o d s  by f r a c t i o n s  1 - 0 , YX-C, VXX-C, b u t  w i t h  

a d i f f e r e n t  s e a l s  o f  t i t e r s  on t h e  o r d i n a t e  to  i n c l u d e  t h e  

h i g h e r  t i t e r s  p ro d u c e d  by t h e s e  f r a c t i o n s *

Of t h e  a c e t o n e  t r e a t e d  f r a c t i o n s  t e s t e d ,  o n ly  V -S ,  t h e  

30 p e r  c e n t  a c e t o n e  i n s o l u b l e  b u t  s a l in e  s o l u b l e  r e s i d u e  l e f t
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a f te r  produet ion o f  f r a c t i o n  V*-!, p r o d u c e d  d e t e c t a b l e  a g g l u t i ­

n i n  t i t e r s  i n  a l l  g u i n e a  p i g s  on 3 i n j e c t i o n s .  F r a c t i o n  XXy 

the s a l in e  s o l u b l e  s u b s t a n c e  fro m  c e l l s  t r e a t e d  w ith  c o n c e n ­

t r a t e d  a ce to n e 9 and f r a c t i o n  V -l which w s  s o l u b l e  i n  30 p e r  

c e n t  a c e t o n e  and  a l s o  s o l u b l e  in s a l i n e  , w e m  n o t  s t r o n g  a g ­

g l u t i n i n  p r o d u c e r s *  Of t h e  2 f r a c t i o n s  XI a t t a i n e d  a s o r e  

p ro n o u n c e d  r i s e  b u t  a s  t h e  mean peak  t i t e r  was on ly  I s  20 w i t h  

f r a c t i o n  V -l and  I f  50 w ith  f r a c t i o n  I I  th e  r e s p o n s e  i s  s e e n  

t o  be  low* Howevert t h e  b i u r e t  and M o l i s c h  t e s t s  a n d  a g g lu t i­

nin r e s p o n s e  f o l l o w i n g  i n o c u l a t i o n  i n  r a b b i t s  w ere  evidence  

o f  a t  l e a s t  on® com plete a n t i g e n  w h ich  was a  p r o t e i n ,  p o s s i b l y  

with a c a r b o h y d r a t e  r a d i c a l  i n  m o s t  f r a c t i o n s *  The f a i lu r e  o f  

f r a c t i o n  IV to  p r o d u c e  a n t i b o d i e s  was a  s u r p r i s e *  I t  h a d  been  

s u p p o s e d  t h a t  t h e  a c t i v e  p o r t i o n  o f  f r a c t i o n  I I  was a c e t o n e  

s o l u b l e  b u t  a p p a r e n t l y  th e  a c e t o n e  e i t h e r  d i s s o l v e d  a  c a r b o h y ­

d r a t e  elem ent o n l y ,  which  was n o t  c a p a b l e  o f  p r o d u c i n g  -an ti­

b o d ie s , o r  p o s s i b l y  a  p r o t e i n  component p r e s e n t  was d e n a tu r e d *  

The l o w e r  percentage o f  a c e t o n e  u s e d  t o  d i s s o l v e  f r a c t i o n  V - l  

s t i l l  d i d  n o t  e x t r a c t  a  v e r y  a n t i g e n i c  m a t e r i a l  but s u b s e q u e n t  

treatm ent w i th  s a l i n e  d i s s o l v e d  a h ig h ly  a n tig e n ic  m a t e r i a l  

( f r a c t i o n  V-2) from  t h e  c e l l  r e s i d u e  l e f t .  A fter  t r e a t m e n t  

t h e  50 p e r  c e n t  a c e t o n e  was removed* I t  was a l s o  i n t e r e s t i n g  

t o  n o t e  th a t  a f a i r l y  a c t iv e  i n g r e d i e n t  was i n c o m p l e t e l y  p r e ­

c i p i t a t e d  f rom f r a c t i o n s '  I  and I I  by u s e  o f  15 p e r  c e n t  m e than ­

o l  a t  pH 4 . 7 ,  r / s  o f  *098, and -1 7  C* A p o s s i b l e  r e l a t i o n s h i p  

w ith  t h e  s a t ® r i a l  p r e c i p i t a t e d  by 30 p e r  c e n t  a c e t o n e  a t  pH 5 . 2  

e x i s t s .  The d is tr ib u t io n  r a t i o  o f in fe c te d /u n in fe c te d  e h a l-
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leng*d animal® in  groups ¥ -1 -0  and ¥ -2 -0  was e q u tl in  c o n tr a st

t o  t h e  marked d i f f e r e n c e  in  a n t i g e n i c  a c t i v i t y  and  s u g g e s t s  

t h e  immunogenic com ponen t  was not,  c o m p l e t e l y  p r e c i p i t a t e d  by 

50 p e r  c e n t  a c e t o n e  tout d i s t r i b u t e d  i n  tooth p r e c i p i t a t e  a n d  

supernate«

The w a t e r  s o l u b l e  e x t r a c t s  t a k e n  a t  3 d i f f e r e n t  pEa a l l  

p ro d u c e d  a g g l u t i n i n  t i t e r s  upon i n j e c t i o n  I n  g u i n e a  p i g s .  *Ehm 

a l k a l i n e  e x t r a c t ,  ¥X-B, was t h e  m o s t  a f f e c t i v e  o f  t h e s e  3 and 

a l l  o t h e r s  a n d ,  ms shown i n  f i g u r e  4 ,  p r o b a b l y  t h e  m os t  s t a b l e  

a s  i t  vias c a p a b l e  o f  I n c r e a s i n g  a n t i b o d y  r e s p o n s e  a t  t h e  t im e  

o f  i t s  seco n d  i n o c u l a t i o n .  F r a c t i o n  I-G p ro d u c e d  a  acod  i n i ­

t i a l  r e s p o n s e  b u t  a p p a r e n t l y  b o th  i t  and  f r a c t i o n  TXX-B h a d  

l o s t  a n t i g e n i c i t y  by  t h e  t i m e  t h e  s e c o n d  in o c u la tio n  w as  g i v e n ,  

w h i l e  properations o f  . f r a c t i o n s  I  and V j i n i t i a l l y  h ad  u r e a s e  

a c t i v i t y  f r a c t i o n  T i l  showed n o n e .  411 5 f r a c t i o n s  showed some 

p r e c i p i t i n  and  a b s o r p t i v e  a c t i v i t y  en d  f r a c t i o n s  I  and  ¥X 

showed Bomm immunizing p o w e r .  F r a c t i o n  ¥ 1 1  showed no immuniz­

in g  c a p a c i t y .
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CONCLUSIONS

I* T here  I s  a t  l e a s t  o n e  t i a t a r  so lu b le  immunogenic com­

p o n e n t  I n  the c u l t u r e  f i l t r a t e s  from Jj£. a b o r t u s  c e l l s  w hich  

I s  a lso  c a p a b l e  o f  stim u la tin g  antibody production i n  g u in e a

p i g s  and r a b b i t s .

S . Ths w a t e r  s o l u b l e  component i s  more s t a b l e  i n  s o l u t i o n s  

o f  h igh  a l k a l i n i t y  t h a n  in  n e u t r a l  o r  a c i d  s o l u t i o n s *

5. The w a t e r  s o l u b l e  component i s  a n tig e n ic  i n  v i t r o  pro-
— ifrnwwmii m  ii—u * «-

d p i  ta t in g  both, hom ologous  and h e t e r o l o g o u s  a n ti serum. Marked 

s p e c i e s  a n d  s t r a i n  d i f f e r e n c e s  a r e  n o t  e v i d e n t *

4 .  The w a t e r  s o l u b l e  a n t i g e n i c  com ponent  I s  p r e c i p i t a t e d  

i n  p a r t  b y  15 p e r  c e n t  m e th a n o l  a t  - 1 7  0 from f r a c t io n  i  and 

p o s s i b l y  t h e  same o n e  i s  p r e c i p i t a t e d  by t h e s e  co n d itio n s  from 
f r a c t i o n  I I .

5 .  A% l e a s t  o n e  immunogenic com ponent w i t h s t a n d s  t r e a t ­

ment by 3-0 p e r  c e n t  and  c o n c e n t r a t e d  a c e t o n e  a t  - 1 1  0 and  - 0 0  0 

r e s p e c t i v e l y #  I t  i s  p a r t i a l l y  s o l u b l e  i n  30 p e r  c e n t  a c e t o n e ,

b u t  p r o b a b l y  i n s o l u b l e  i n  c o n c e n t r a t e d  a c e t o n e  a t  low t e m p e r a t u r e s .

6* TBm  immunegenic com ponent o r  com ponen ts  p r o b a b l y  c o n t a i n  

p r o t e i n  and c a r b o h y d r a t e *  'Tacts  f o r  l i p i d  wore  n o t  c a r r i e d  o u t .

7# h  h l g h l y  a n t i g e n i c  oom poaea t  w h ich  i s  a p p a r e n t l y  n o t  

a s s o c i a t e d ,  w i t h  immunisation I s  s a l i n e  s o l u b l e  and  p r e c i p i t a t e d  

by SO p e r  c e n t  a c e t o n e  a t  - 1 1  C an d  pH 5 . £ .

©• B oth  w a t e r  so lu b le  components and  aceton e t r e a t e d  com­

p o n e n t s  a r e  p re e ip it ln o g e n lo  i n  v a r y i n g  d e g re e  and absorb a g ­

g l u t i n a t i n g  a n t i s e r a  o f  H r . a b o r t u s * Br* m a X x te n s ie  and Br« s u i s
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M arked s p e c ie s  and s tr a in  d if fe r e n c e s  are n o t evident*

9* A fr a c t io n  so lu b le  In concentrated  aceton e o n ly  a t  

•SO 0 may be hapten© in  nature*

10# Uroass was shewn t o  be p r e s e n t  in  tb s  cu ltu re  f i l ­

t r a t e s  o f  B r u c e lla * I t  I s  not known what r e la t io n s h ip  t h is  

enzyme has to  iM aSttmstlcgi l o s s  ’sa jr he an '-Ind ication
\ 1 " -- -* i-; ’ "  i.?'-

o f  o v er ly  sev ere  treatm ent o f  the components n ecessa ry  to  im­

munize*
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B a c t o - B e x t r o s e .   .............................................................  I  g
Lead A c e t a t e ...........................................................................  0 . 2  g
Sodium T h i o s u l f a t e .............................................................  0 .  OB g
B a e to - A g a r .   ....................................... .. . .   15 g
W a te r    1000 ml

F. I r o n  C i t r a t e  a g a r  -  P ep to n e  I r o n  a g a r  -  D i fco  Manual (19^25)

B a c t o - P e p t o n e    15 g
P r o t e o s e  P e p t o n e .................................................................... 5 E
F e r r i c  Ammonium C i t r a t e .................................................  0 . 5  &
B i p o t a s s i u ©  P h o s p h a t e     1 g
Sodium T h i o s u l f a t e .   .....................      0.  OS g
B a e t o - A g a r    15 g
W ater .      1000 ml

11 Pyc I n h i b i t i o n  f e s t s  (H u d d leso n  1 9 3 D ( B i f c o  19^9)

fo  s t e r i l e  m e l t e d  t r y p t o s e  a g a r  0 . 1  p e r  c e n t  s t o c k  s o l u ­

t i o n s  o f  dye  a r e  a d d e d  i n  s u f f i c i e n t  q u a n t i t y  t o  make 1 : 1 0 0 ,0 0 0  

d i l u t i o n s  o f  t h i o n i n ,  b a s i c  f u c h s i n ,  a n d  p y r o n i n .  S tea m in g  o f  

t h e  d y e s  f o r  20 m in u te s  p r i o r  t o  a d d i t i o n  o f  a g a r  r e s u l t s  i n  a 

more u n i fo rm  m i x t u r e .

I l l  ITrease S o l u t i o n  (A nderson  and Feeny 19^5)

TJrea      2 . 0  g

KH^POq         0 . 1  g

KpBPOw o r  Ma^HPO^............................................................  0 . 1  g

NaCl    0 . 5  g

C2H5DH ( 9 5 ^ )    * *   1 . 0  ml

HpO   9 9 . 0  ml

A d ju s t  t o  pH 7*0 I f  n o t  w i t h i n  0 . 1  pH u n i t  o f  1 ,0  and add

0 . 5  ®1 0 . 2  p e r  c e n t  a q u e o u s  s o l u t i o n  p h e n o l  r e d .  S t e r i l i s a t i o n  

i s  n o t  n e c e s s a r y  and t h e  s o l u t i o n  k e e p s  w e l l  i n  t h e  r e f r i g e r a ­

t o r .  I f  i t  t u r n s  p i n k  ( a l k a l i n e )  I t  s h o u ld  b e  d i s c a r d e d .  Con­
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t r o l  t u b e s  o f  u r e a  s o l u t i o n  and s u s p e n d i n g  l i q u i d  o n ly  were 

i n c l u d e d  i n  t e s t s .  F o r  t h e  o r i g i n a l  t e s t  0 . 1  ml o f  a  h eavy  

c e l l  s u s p e n s i o n  i n  s a l i n e  i s  m ixed  w i t h  0 . 1  ml o f  u r e a  s o l u t i o n .  

I n  t h e  work u n d e r  d i s c u s s i o n  0 . 2  t o  0 . 5 a*l o f  e x t r a c t  was mixed 

w i t h  an  e q u a l  volume o f  u r e a  s o l u t i o n .  In  e i t h e r  c a s e  I n c u b a ­

t i o n  was i n  a  w a te r  b a t h  a t  37 C  f o r  t h e  t i m e  n e c e s s a r y  to  g i v e  

a  p o s i t i v e  r e - a c t i o n .  Heavy c e l l  s u s p e n s i o n s  showed p o s i t i v e  

r e a c t i o n  i n  a  m a t t e r  o f  moments w h i l e  e x t r a c t ©  to o k  l o n g e r .

Time i n  e x c e s s  o f  24 h o u r s  was no t  c o n s i d e r e d .  Ho r e p o r t s  were 

i n c l u d e d  i n  a n y  t e s t s  i n  which  t h e  n e g a t i v e  c o n t r o l  t u b e  showed 

any  t r a c e  o f  p i n k  c c l o r .

F r a c t i o n s  VI and V II  w ere  d i a l y z e d  and  a s c e r t a i n e d  t o  b e  

n e u t r a l  b e f o r e  t e s t i n g .

IV C h e m ic a l  Methods

A. H l t r o g e n  D e t e r m i n a t i o n s  -  Kabat and  P a y e r  (19^&)

To 1 . 0  o r  2 . 0  ml o f  se ru m ,  a c c u r a t e l y  p i p e t t e d  i n t o  30  ml 

m i e r o k je ld ah .1  f l a s k s ,  was ■ added  1 . 0  ml o f  c o n c e n t r a t e d  s u l f u r ­

i c  a c i d .  F o r  t h e  l a r g e r  volume a g l a s s  b ea d  was a d d e d .  A few 

g r a i n s  o f  a  m ix t u r e  o f  e q u a l  p a r t e  o f  OuSOlj. and KpSOij. was ad d e d  

a s  c a t a l y s t  and t h e  m i x t u r e  d i g e s t e d  o v e r  an open  f lam e  on a 

d i g e s t i o n  r a c k .  D i g e s t i o n  was c o n t i n u e d  u n t i l  t h e  s o l u t i o n  i n  

t h e  f l a s k  was c l e a r ,  t h e  f l a s k s  w ere  c o o l e d ,  a  s i n g l e  d r o p  o f  

30  p e r  c e n t  HpOg added  and t h e  f l a s k s  h e a t e d  2 more m i n u t e s .  

F o l l o w i n g  d i g e s t i o n  t h e  f l a s k s  were c o o l e d ,  s t o p p e r e d ,  and r e ­

f r i g e r a t e d  u n t i l  t i t r a t i o n .

F o r  t i t r a t i o n  t h e  s o l u t i o n  was c a r e f u l l y  washed  I n t o  a
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s team  d i s t i l l a t i o n  a p p a r a t u s  u s i n g  a b o r t  10 ml o f  w a te r .  Ten 

ml o f  a  30  p e r  c e n t  NaOK was n e x t  a d d e d ,  and t h e  m i x t u r e  d i s ­

t i l l e d  i n t o  a  b o r i c  a c i f t -M e th y l  r e d  s o l u t i o n  s i x  m i n u t e s  p a s t  

t h e  f i r s t  chan g e  t o  y e l l o w  I n  I n d i c a t o r .  The c o n d e n s e r  t i p  o f  

t h e  s team  d i s t i l l a t i o n  a p p a r a t u s  was im m ersed  j u s t  u n d e r  t h e  

s u r f a c t  o f  t h e  m e th y l  r e d - b o r i c  a c i d  s o l u t i o n  d u r i n g  d i s t i l l a ­

t i o n .

The b o r i c  a c i d - m e t h y l  r e d  s o l u t i o n  was made as  f o l l o w s ;

A* b o r i c  a c i d .  .    *4-0 g
w ater  q . s .  t o ..................................... 1000 ml

h e a t  to  p u t  in s o l u t i o n

B. e t h a n o l  (95fc) ........................................  6 0  ml
water .   ...............................   . *K) ral
m e th y l  r e d .      0 . 1  g

d i s s o l v e  m e th y l  r e d  i n  w a t e r - e t h a n o l  s o l u t i o n .

0.  To 3OQ -̂,1 b o r i c  a c i d  add 10 ml s o l u t i o n  B.

T h is  i s  t h e  i n d i c a t o r .  I t  was fou n d  d e s i r a b l e  t o  u s e  g l a s s  

d i s t i l l e d  w a t e r  f o r  a l l  r e a g e n t s  and i n  t h e  s t e a m  g e n e r a t o r .

T i t r a t i o n  back  t o  t h e  o r i g i n a l  r e d  c o l o r ,  u s i n g  a c o n t r o l  

f o r  c o m p a r i s o n ,  was a c c o m p l i s h e d  by t i t r a t i o n  w i th  0 .0 1 2 $  H 

HgSOjj.. ( K&'bat a n d  Mayer u se  M/JO HC1). T h is  s o l u t i o n  was 

g t ^ r ' d r r d i  ze d  a g a i n s t  0 .  0 2 3 1 M NaOH i n  t u r n  s t a n d a r d i s e d  a g a i n s t  

a.oid p o t a s s i u m  p t h a l a t e .  A c o n t r o l  o f  ( HHij.) ^ SO^ i n c l u d e d  i n  

d i g e s t i o n  and d i s t i l l a t i o n  r u n s  c o n t a i n e d  1 .0 0  mg N p e r  ml o f  

s o l u t i o n .  I t  was made by  p l a c i n g  b . J l S  gm i n  a  l i t e r

v o l u m e t r i c  f l a s k  and m ak ing  t o  t h e  mark  w i t h  g l a s s  d i s t i l l e d  

w a t e r .

C a l c u l a t i o n  o f  n i t r o g e n :  Knowing; t h e  n o r m a l i t y  o f  t h e  a c i d ,

th e  f o l l o w i n g  formula, was xmd t o  c a l c u l a t e  mg n i t r o g e n  p e r  ml o f
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s p e c im en :

mg!! -  ( n o r m a l i t y  o f  H^SOn x  1$)  x ccH^SOh t o  t i t r a t e  sam ple
J (1006  x .OOf) ----------- c *

,14 'be ing  t h e  a t o m i c  w e ig h t  o f  t h e  n i t r o g e n  o f  w h ich  t h e r e  I s

O.OOl e q u i v a l e n t  i n  1000 ml o f  s o l u t i o n .

B. T e s t s  f o r  C a r b o h y d r a t e s

1. M o l i s c h  T e s t  (K och  and Hanke 19^3)•

To 1 . 0  ml o f  f r a c t i o n  2 d ro p s  o f  f r e s h  5 p e r  c e n t  

a l p h a - n a p t h o l  were added ,  mixed w e l l ,  and  J ml c o n c e n t r a t e d  

s u l f u r i c  a c i d  p o u r e d  down t h e  s i d e  o f  t h e  t u b e .  A l a y e r  fo rm s  

and a p i n k  t o  v i o l e t  zone a p p e a r e d  a t  t h e  j u n c t i o n  when c a r b o ­

h y d r a t e  i s  p r e s e n t .  The p o s i t i v e  t e e t  i s  not w h o l ly  s p e c i f i c  

b u t  a n e g a t i v e  t e s t  i s  good  e v i d e n c e  f o r  a b s e n c e  o f  c a r b o h y ­

d r a t e s .

2. R e d u c in g  s u g a r s  b e f o r e  h y d r o l y s i s .

a .  B e n e d i c t ’ s s o l u t i o n :  (Koch and  Hanke 19^3)

( 1 ) Ka^CO^ ( a n h y d r )  . . .................................100 g

Sodium c i t r a t e ....................................... „ ............. 173 &

W ate r  t o  abou t :  ............................................   J00  ml

( 2 ) Cu30i|;    1 7 . 3  g

W ate r .   .......................................................   100 ml

H ea t  and s t i r  s o l u t i o n  (2 )  u n t i l  GuSO^. i s  d i s s o l v e d  an d  m ix  

w i t h  s o l u t i o n  (1 )  making t o  f i n a l  volume o f  1000 m l.  F o r  u s e ,

1 ml o f  f r a c t i o n  was ad ded  t o  5 ml o f  r e a g e n t  and  h e a t e d  i n  a' 

b o i l i n g  w a t e r  b a t h  10 m i n u t e s .  A p o s i t i v e  r e a c t i o n  i s  I n d i c a t e d  

by  a  y e l lo w  t o  r e d  p r e c i p i t a t e .
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A c e t a t e  “b u f f e r  u s e d  l a  p r e p a r a t i o n  o f  f r a c t i o n s  7 - 1  and 

V - 2 l

The f o l l o w i n g  t w  ad d e d  t o  250 ml c e l l  s u s p e n s i o n

9 ail o f  1 8 sodium a c e t a t e

1 ml o f  1 M a c e t ic  aoid

The f i n a l  volume when made t o  30  p e r  c e n t  a c e t o n e  was

370 ml.  Then b y  p r o p o r t i o n s

V-jM̂  * Vg**# Where 7* end  7^ were  t h e  f i r s t  and
s e c o n d  w l w t l  and  and Bp w ere  
t h e  f i r s t  and s e c o n d  m o l a r i t i e s .

F o r  sodium a c e t a t e  t h e  ' f i n a l  m o l a r i t y  was*

9 * 1 *  370  x M

.0 2 4 3

and t h e  m o l a r i t y  f o r  a c e t i c  a c i d  w&et

I  s  1 -  .0 0 2 7
TF5

g i v e n  by 5 ê c - = fSf*

The d e g r e e  o f  d i s s o c i a t i o n  (°<-) o f  a c e t i c  a c i d  was

1.86 *  10“5 grr» kf3 1
£>C * \f.6Q x  10-2 « .083

The i o n i c  c o n c e n t r a t i o n  was g i v e n  b y t

x * r -  Z , c / z 2
2 . r =  ( . 0 2^ 3  * l2)+(.02^3 a l 2 M .  0027 * 1 ?U ( . 0 0 2 7

r * .0486 + ( . 0 0 5 4  a . 0 8 3 ) 

r~•  .0486 + .00045 * . 0 4 9 0 5

i t  can  b e  s e e n  t h a t  t h e  i o n i c  c o n c e n t  r a t  i o n  o f  

a c e t i c  a c i d  c a n  b e  d i s r e g a r d e d  in  t h i s  c a s e .
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The i o n i c  s t r e n g t h  may h e  approximated:

and from s t e p  2 V/2 “  •  C)4S »  .024- *

~ F ~

B* P u f f e r  used f o r  m ethano l  p r e c i p i t a t i o n s

To 40 ml o f  f r a c t i o n  was added

1 ml ^ M sodium a c e t a t e

1 ml 10  M a c e t i c  a c i d

The m o l a r i t i e s  were then:  

sodium a c e t a t e  0 .0 S 4  M 

a c e t i c  a c i d  0 . 2 1  M

The d egree  o f  d i s s o c i a t i o n  o f  a c e t i c  a c i d  was v er y  s m a l l ,  

th u s  d i s r e g a r d e d .

The i o n i c  c o n c e n t r a t io n  wass

r  = ' 2 . , c i Z ' z
= <. 0**1- i  l 2 ) +  (.OgH- x X2 ) 

and t h e  i o n i e  s t r e n g t h  was:

H «■ 172 * . 1 6% •  . o m
' sr~

0 .  A l k a l i n e  b u f f e r  used  f o r  f r a c t i o n  VI;

This  b u f f e r  was s u b s t i t u t e d  f o r  w a te r  i n  e x t r a c t i o n :  

P r e p a r a t io n  o f  s to ck  b u f f e r

M/5 HjBOj and, M/5  X Cl mixture -  50 ml

2 6 .7 5  M/5 MaOH

d i l u t e  t o  200 ml with  w ater .

The s tock  b u f f e r  was f u r t h e r  d i  luted  t o  1 l i t e r  f o r  

u s e .

Then by p v o p o r t i o n  as  shown above:

K Cl and H^BO  ̂ were .0 1  M each  

KaOH was .0 0 5  M
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S in c e  t h e  d e g r e e  o f  d i s s o c i a t i o n  o f  b o r i c  a c i d  was 

s l i g h t  i t  was d i s r e g a r d e d .  

Then i o n i c  c o n c e n t r a t i o n  was c a l c u l a t e d  by ;

r= 2,-c /̂a
= (.01 x 1̂ ) + (.01 x 1̂ ) + { . 0 0 5  x 1̂ ) + (.005 X 1̂ )

= .OP t  .0 1  = .0 3  

and  a p p r o x i m a te  i o n i c  s t r e n g t h  i s :

#1 *  r/j? = . | i  s  • 015

P. A cid  b u f f e r  need  f o r  f r a c t i o n  ¥11 

T h i s  b u f f e r  was s u b s t i t u t e d  f o r  w a t e r  i n  e x t r a c t i o n s  

P r e p a r a t i o n  o f  s t o c k  b u f f e r

5 0 .0  ml 11/5 a c i d  p o t a s s i u m  p t h & l a t e

4 6 .6  ml M/5 H Cl

d i l u t e  t o  PCX) ml w i th  w a t e r .

The s to c k  b u f f e r  was f u r t h e r  d i l u t e d  t o  1 l i t e r  f o r  

u s e  g i v i n g  t h e  f o l l o w i n g  m o l a r i t i e s ;

H Cl 5 .0 0 9 3  M

p o t a s s i u m  a c i d  p t h a l a t e  * . 0 1  M 

s i n c e  t h e  d e g r e e  o f  i o n i z a t i o n  o f  p o ta s s iu m ,  a c i d  

p t h a l a t e  was s m a l l  i t  was d i s r e g a r d e d  i n  c a l c u l a t i n g  

t h e  i o n i c  c o n c e n t r a t i o n .  Then: 

r  * ( . 0 0 9 3  x I 2 ) 4 ( .OO93  x l 2 ) and  

M  ~  r / 2  = .0 0 9 3  4  .0 0 9 3  =  .0 1 9  i o n i c  s t r e n g t h .

VI C a l c u l t l o n  o f -Mean Valuec  

A* S p l e e n s ;  a  s i m p l e  a r i t h m e t i c  mean o f  a n i m a l s  s u r v i v i n g  

u n t i l  s a c r i f i c e  was made as I n d i c a t e d  i n  a g iv e n  g r o i p .

B. A g g l u t i n i n  t i t e r s ;  i n t e r m e d i a t e  va lue®  w ere  a s s i g n e d  on
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t h e  "basis  o f  +, 1+, ?+ ,  o r  >f r e a c t i o n s  i n  a b s e n c e  o f  com­

p l e t e  a g g l u t i n a t i o n *  No p a r t i a l  v a l u e  was used  u n l e s s  t h e  

n e x t  l o w e s t  d i l u t i o n  was a t  l e a s t  2*. The f o l l o w i n g  t a b l e  

g i v e s  t h e  v a l u e s  u s e d  a t  d i f f e r e n t  d i l u t i o n s  o f  s e ru m ;

no .  t i m e s  
d i lu te d

------VaTile a s s i g n e d fo r  p a r t ia l  et ctkl ut i  n at 10  n
+ 1+ JT+ _______ 3 +  e

0 5 10 15 20

25 '  30 35 M-o ^5

50 So 7 0 go 90

100 1 2 0 1*H) 160 ISO

2 0 0  ,/ 2 10 2 2 0 230 2*4-0

2 5 0 300 350 Ij-oo ^50

5 0 0 600 700 goo 9 0 0

1 0 0 0 1 2 0 0 1*4-00 1 6 0 0 IgOO

2000 none


