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I n  a n  i n v e s t i g a t i o n  o f  t h e  m e c h a n is m  o f  im m u n i t y
( 1  )

a g a i n s t  the S t r e p t o c o c c u s  P y o g e n e s , D e n y s  a n d  L e c l e f  

c o n c l u d e d  t h a t ,  i n  v i t r o ,  n o r m a l  r a b b i t  s e r u m  w a s  n o t  

bactericidal f o r  t h a t  o r g a n i s m  n o r  d i d  i t  im p e d e  i t s  

g r o w t h . B u t  t h e  a d d i t i o n  o f  p l e u r a l - e x u d a t i o n  c e l l s  

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

o f  t h e  m i c r o b e s  ( a s  j u d g e d  b y  t h e  p l a t e  m e t h o d ) .

’’T h e  m o r e  we a d d  l e u c o c y t e s  t o  t h e  s e r u m , t h e  m o r e  

d e v e l o p m e n t  i s  h i n d e r e d .  I f  t h e  q u a n t i t y  o f  l e u c o 

c y t e s  i s  s u f f i c i e n t  we c a n  e v e n  d e t e c t  a  t r a n s i e n t  

d i m i n u t i o n  o f  t h e  n u m b e r  o f  m i c r o b e s . " D e n y s  a n d  

L e c l e f  l a y  s t r e s s  o n  t h e  f a c t  t h a t  r e t a r d a t i o n  o f  

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

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

l e u c o c y t e s  ( i . e .  i s  n o t  d u e  t o  a  l e u c o c y t i c  s e c r e t i o n )  

T h e  i n c r e a s e  i n  t h e  n u m b e r  o f  s t r e p t o c o c c i  d o e s  n o t  

f o l l o w  t h e  d e a t h  o f  t h e  l e u c o c y t e s ,  b u t  " g e n e r a l l y  t h e  

m u l t i p l i c a t i o n  o f  t h e  o r g a n i s m s  b e g i n s  w hen t h e  l e u c o 

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

a s  d e m o n s t r a t e d  b y  e x a m i n a t i o n  o n  t h e  warm s t a g e . "

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

w h a t  m e a n s  t h i s  r e t a r d a t i o n  o f  g r o w t h ,  o r  i t  may b e  

d e s t r u c t i o n  /

( l )  L a  C e l l u l e  X I  p . 1 7 5  ( 1 8 9 5  S u r  l e  M e c a n is m e  d e  
l , I in m u n ite / c h e z  l e  L a p i n  V a c c i n e 7 c o n t r e  l e  
S t r e p t o c o q u e  P y o g d n e .
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i s  b r o u g h t  a b o u t ;  t h e r e  i s  n o  b a c t e r i c i d a l  a c t i o n  o f  

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

v e r y  f e e b l e  ( b o t h  i n  v i t r o  a n d  i n  c o r p o r a ) .  I n  c o n 

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

immune r a b b i t  s e r u m  t h e y  s a y ,  nt o  a p p r e c i a t e  t h e  i n 

f l u e n c e ^  w h i c h  r e s u l t s  f r o m  c h a n g e  o f  s e r u m , l e t  u s  f i r s  

c o n s i d e r  w h a t  t a h e s  p l a c e  b e t w e e n  m i c r o b e s  a n d  c o r 

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

t r e a t e d  a n im a l ,  when a  m ed iu m  q u a n t i t y  o f  o r g a n i s m s  i s  

a d d e d .  A s  r e g a r d s  t h e  s t r e p t o c o c c i ,  o n e  s e e s  an a r r e s t  

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

som e h o u r s  a n d  g i v e s  p l a c e  t o  a  v e r y  m ar Iced i n c r e a s e .

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

p h a g o c y t o s i s  o r  a  p h a g o c y t o s i s  o f  n o  g r e a t  v i g o u r ;  

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

( a m o e b o i d  c h a n g e s ) ,  a n d  i t  i s  n o t  u n com m on t o  f i n d  theija 

a l l  l i v i n g , w i t h  n o  s i g n  o f  f e e b l e n e s s  o r  d e g e n e r a t i o n ,  

w h en  t h e  f l u i d  h a s  b e c o m e  a  v e r i t a b l e  c u l t u r e .  B u t  

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

i n  t h e  s e r u m  o f  t h e  v a c c i n a t e d  a n i m a l , t h e  r e s u l t  i s  e x 

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

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

a l i v e ,  o r  a t  l e a s t  a s  l o n g  a s  t h e i r  v i t a l i t i ^  i s  n o t  

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

n o t  o n l y  d e l a y e d  b u t  t h e  d i m i n u t i o n  o f  t h e  n u m b e r  o f  

c o l o n i e s ^  o n  t h e  p l a t e s ,  p o i n t s  t o  an a c t i v e  d e s t r u c t i o n  

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

an  /



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

l o n g a t i o n  o f  l i f e , i n  c o m p a r i s o n  w i t h  t h e  l e u c o c y t e s  

o f  t h e  sam e a n i m a l  im m e r s e d  i n  t h e i r  ow n s e r u m ” . W i t h  

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

" t h e  l e u c o c y t e  o f  t h e  n o r m a l  a n i m a l  b a t h e d  i n  t h e  im 

m une se ru m  g a i n s ,  i n  p r e s e n c e  o f  t h e  s t r e p t o c o c c u s , a  

p o t e n c y  a l t o g e t h e r  n e w " , A g a i n y ' t h e  n o r m a l  w h i t e  

c o r p u s c l e  a c q u i r e s , i n  t h e  immune s e r u m , a l l  t h e  p o t e n c y  

o f  t h e  l e u c o c y t e  o f  t h e  v a c c i n a t e d  a n i m a l ;  t h e  l e u c o 

c y t e s  o f  im m u n is e d  a n i m a l s  p o s s e s s  t h e i r  p o t e n c y  i n  

v i r t u e  o f  t h e  p r o p e r t i e s  o f  t h e  s e r u m " ' .  I n  n o r m a l  

s e r u m  t h e  l e u c o c y t e  o f  t h e  i m m u n is e d  a n i m a l  b e h a v e s  

j u s t  a s  t h e  " n o r m a l " l e u c o c y t e  i n  n o r m a l  s e r u m .  T h i s  

h a s  b e e n  a f f i r m e d  i n  q u i t e  a n o t h e r  q u a r t e r  a n d  

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

H e u f e l d  a n d  Rirapau ( a s  a l s o  B u l l o c h  a n d  A t k i n  l o c . c i t ,  

e x t e n d e d  t h i s  " i n d i f f e r e n c e "  t o  v a r i o u s  s p e c i e s  o f  

l e u c o c y t e s  i n  o n e  a n d  t h e  same s e r u m  ( im m u n e s e r u m ,

N. & R . :  n o r m a l  human s e ru m  B .  & A . ) .

W i t h  t h e  f u r t h e r  f i n d i n g s  o f  D e n y s  a n d  L e c l e f  

o n e  i s  n o t  h e r e  s p e c i a l l y  c o n c e r n e d ;  t h e s e  a r e  c o n 

c e r n e d  w i t h  t h e  m e c h a n is m  a n d  im m u n i t y  a s  i n v e s t i g a t e d  

i n  c o r p o r e .  T h e s e  a r e  c o n t r a d i c t o r y ,  p h a g o c y t o s i s  

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

im m u n is e d  /

( l )  P r o c .  R o y .  s o c .  v o l .  7 4  ( 1 9 0 5 )  B u l l o c h  a n d  A t k i n .
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im m u n is e d  a n d  n o r m a l ,  w h en  s t r e p t o c o c c i  w e r e  i n j e c t e d  

t h e r e ,  w h e r e a s  i n  t h e  s u b c u t a n e o u s  t i s s u e  o f  t h e  e a r  

i n  t h e  im m u n is e d  r a b b i t s  p l a g o c y t o s i s  i s  p r o m p t  a n d  

v i g o r o u s ;  t h i s  M e t c h n i k o f f  vx j c o m m e n ts  u p o n ;  h e

s e e m s  t o  f a l l  i n t o  e r r o r , h o w e v e r  i n  s a y i n g ?t h a t  t h e  

p l e u r a l  s u r f a c e  " s h o u l d  h a v e  b e e n  s c r a p e d  i n  o r d e r  t o  

a s c e r t a i n  w h e t h e r  t h e  p h a g o c y t i c  r e a c t i o n  w as  l o c a l 

i s e d  i n  t h i s  r e g i o n " .  D e n y s  a n d  L e c l e f  s t a t e  ( p . 2 1 4 )  

t h a t  t h e y  d i d  t h i s  c a r e f u l l y  a n d  d i d  n o t  f i n d  a n y  m o r^  

o r g a n i s m s  o n  t h e  p a r i e t a l  p l e u r a  t h a n  i n  t h e  e x u d a t e .  

A n o t h e r  e x p e r i m e n t  o f  D e n y s  a n d  L e c l e f  i s  i n t e r e s t i n g ;  

t h e y  s t a t e  t h a t  t h e  a f f l u x  o f  l e u c o c y t e s  o c c u r s  

e q u a l l y  i n  n o r m a l  a n d  i n  im m u n i s e d  a n i m a l s  b u t  t h a t  

p h a g o c y t o s i s  o c c u r s  o n l y  i n  t h e  i m m u n i s e d .  A r a b b i t  

i s  K i l l e d  o n e  o r  tw o  d a y s  a f t e r  an  i n t r a - p l e u r a l  i n 

j e c t i o n , w h e n  t h e  s y m p to m s  o f  a f a t a l  i s s u e  a r e  e v i d e n t  

i t s  p l e u r a  i s  o p e n e d  a n d  t h e  e x u d a t e  o b t a i n e d ; " v e r y  

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

s t r e p t o c o c c u s  c u l t u r e .  T h i s  e x u d a t e  i s  d i v i d e d  i n t o  

tw o  p o r t i o n s ; t o  t h e  f i r s t  i s  a d d e d  a  l i t t l e  b l o o d  o r  

s e r u m  f r o m  a  n o r m a l  a n i m a l ; t o  t h e  o t h e r  a  l i t t l e  b l o o c  

o r  s e ru m  f r o m  an im m u n is e d  a n i m a l , a n d  t h e  tw o  p o r t i o n s  

a r e  p l a c e d  i n  t h e  i n c u b a t o r .  A f t e r  h a l f - a n - h o u r  

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

m a d e  u p  w i t h  b l o o d  f r o m  t h e  im m u n is e d  r a b b i t  a r e  

c ra m m ed  w i t h  s t r e p t o c o c c i ,  w h i l e  t h o s e  o f  t h e  c o n t r o l  

t u b e  /

( l )  " I m m u n it y  i n  I n f e c t i v e  D i s e a s e s . "  Eng. t r a i n s .  1 9 0 $
p . 2 4 6 .
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t u b e  s t i l l  s h o w  f o r  t h e  s t r e p t o c o c c i  a l l  t h e i r  f o r m e r  

i n d i f f e r e n c e " .

F i n a l l y , o n e  w o u l d  n o t e  t h a t  D e n y s  a n d  L e c l e f  r e 

j e c t  t h e  t h e o r y  t h a t  t h e  im m une s e r u m  a c t s  a s  a  

" s t i m u l i n "  a n d  m a i n t a i n  t h a t ,  " t h e  im m u n is e d  a n i m a l  

r e s i s t s  t h e  s t r e p t o c o c c u s  ( i ) b}r a  d i r e c t  a c t i o n  o f  

t h e  s e r u m ,  (n  ) b y  i t s  l e u c o c y t e s .  T h e  l a t t e r  a l i v a y s  

o w e  t h e i r  a c t i v i t y  t o  t h e  s e r u m " .

T h e  f o l l o w i n g  i s  p a r t  o f  M e t c h n i k o f f 1s  c r i t i c i s m  

o f  t h e  f o r e g o i n g  i n v e s t i g a t i o n ;  i t  m i g h t  b e  

a p p l i e d ,  o n e  d o e s  n o t  k n ow  w h e t h e r  j u s t l y  o r  n o t ,  t o  

m u ch  t h a t  i s  r e f e r r e d  t o  b e l o w .  " R e s e a r c h e s  e x t e n d 

i n g  o v e r  a  l o n g  p e r i o d  h a v e  sh ow n  u s  t h a t  t h e  s t u d y  

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

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

t h e  l i v i n g  a n i m a l .  U s u a l l y  t h e  l e u c o c y t e s  t a k e n  f r o m  

t h e  e x u d a t i o n s ,  a l t h o u g h  a m o e b o i d ,  n o  I d m g e r  f u l f i l  

t h e i r  p h a g o c y t i c  f u n c t i o n s  a t  a  t i m e  w h en  i n  t h e  

a n i m a l  t h e y  w o u l d  i n g e s t  m i c r o  o r g a n i s m s  w i t h  t h e  

g r e a t e s t  r a p i d i t y .  A3 a  g e n e r a l  r u l e  e x i s t e n c e  o u t 

s i d e  t h e  l i v i n g  b o d y  w e a k e n s  th e m  v e r y  c o n s i d e r a b l y .

B u t  i n  som e c a s e s ,  r a r e  i t  i s  t r u e ,  t h e  l e u c o c y t e s ,  

a l t h o u g h  i n a c t i v e  i n  t h e  a n i m a l ,  e x h i b i t  i n t e n s e  

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

f l u i d  f r o m  an e x u d a t i o n  o r  e v e n  o f  u r i n e .  I n  a n y  c a s e  

i t  /

( l  } " I m m u n i t y  i n  I n f e c t i v e  D i s e a s e s " .  E n g .  t r a n s . 1 9 0 5 ,
p .  2 8 4 .



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

a p p e a r  u n d e r  t h e s e  a r t i f i c i a l  c o n d i t i o n s  w h a t  t a k e s  

p l a c e  i n  t h e  l i v i n g  a n i m a l " .  M e t c h n i k o f f ‘ s  o b j e c t i o n

t h a t  c l u m p i n g  o f  t h e  s t r e p t o c o c c i  i n  t h e  im m une s e r u m  

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

r e c t :  N e u f e l d  a n d  R im p a u  a c c e p t  i t .  I t  3 e e m s  n ow

t o  h a v e  b e e n  e s t a b l i s h e d  t h a t  im m une s e r u m  e x e r t s  n o  

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

M e t c h n i k o f f 1s  v i e w  o f  t h e  order o f  t h i n g s  i n  a c 

q u i r e d  im m u n i t y  a g a i n s t  m i c r o - o r g a n i s m s  i 3  e x p r e s s e d  

a s  f o l l o w s : -  ^1  ̂ " I n  c o n n e c t i o n  w i t h  my w o r k  o n  im 

m u n i t y  a g a i n s t  t h e  m i c r o - o r g a n i s m  o f  s w i n e  p n e u m o 

e n t e r i t i s  I  *was a b l e  t o  demonstrate t h a t  t h e  s e ru m  

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

m u l t i p l i c a t i o n  o f  t h e  s p e c i f i c  cocco- b a c i l l u s ,  i s  

a l s o  p o w e r l e s s  t o  d e p r i v e  i t  o f  i t s  v i r u l e n c e :  i t  i s

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

n e u t r a l i s i n g  i t s  t o x i n .  I n  s h o r t ,  t h i s  3 e r u m  a p p e a r s  

to e x e r c i s e  n o  d i r e c t  a c t i o n  on t h e  m i c r o - o r g a n i s m ,  

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

a c t i o n .  W it h  t h e s e  r e s u l t s  before me, I  w a s  l e d  t o  

a s s u m e  a  c e r t a i n  s t i m u l a t i n g  a c t i o n  o f  t h e  s e r u m  o n  

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

e s p e c i a l l i ’’ o n  t h e  p h a g o c y t i c  s y s t e m .  T h e  d i s c o v e r y  

o f  t h e  f i x a t i v e  p r o p e r t y  o f  s e r u m s  w o u l d  l e a d  u s  t o  

b e l i e v e  /

( l )  I m m u n i t y  p .  2 7 0  & 2 8 4 .



b e l i e v e  t h a t  t h i s  s t i m u l a t i o n  w a s  e n t i r e l y  u s e l e s s  

a n d  t h a t  t h e  p e r m e a t i o n  o f  m i c r o - o r g a n i s m s  b y  t h e  

f i x a t i v e  w as  a m p ly  s u f f i c i e n t  t o  b r i n g  a b o u t  t h e i r  

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

m i c r o - o r g a n i s m  i n  i t s  n o r m a l  f o r m 7 e n d o w e d  w i t h  f u l l  

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

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

s u b s t a n c e ,  m i g h t  b e h a v e  i n  t h e  a n i m a l  i n  som e  s p e c i a l  

way* I t  m i g h t  e x c i t e  a s t r o n g  p o s i t i v e  c h e m i o t a x i s  

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

t h e s e  c e l l s  w i t h  g r e a t e r  f a c i l i t y .  A p r i o r i ,  t h e r e  

w o u ld  b e  n o t h i n g  t o  o b j e c t  t o  i n  t h i s  v i e w ,  b u t  

c e r t a i n  f a c t s  a r e  o p p o s e d  t o  i t .  T h u s ,  i n  t h e  c a s e  

o f  m i c r o - o r g a n i s m s  j u s t  c i t e d , ( s w i n e  e r y s i p e l a s :  

M e s n i l . a n t h r a x :  S a J f t c h e n k o  ), we s e e  b a c t e r i a  p e r 

m e a t e d  n o t  o n l y  w i t h  t h e  f i x a t i v e  b u t  a l s o  w i t h  

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

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

e n c e  o f  p r o t e c t i v e  s e r u m s  n o t  o n l y  o n  t h e  m i c r o 

o r g a n i s m s  b u t  a l s o  o n  t h e  o r g a n i s m  o f  t h e  a n i m a l  i n t o  

w h i c h  t h e y  a r e  i n t r o d u c e d .  As t h i s  i n f l u e n c e  m a n i 

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

i s  o n l y  n a t u r a l  t h a t  we s h o u l d  a t t r i b u t e  i t  t o  t h e  

e x i s t e n c e  o f  a  s t i m u l a t i n g  a c t i o n  o f  t h e  s e r u m s  o f  

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

a n i m a l s .  A l s o ,  an  a d a p t a t i o n  o f  t h e  l e u c o c y t e s  i s  i n 

v o k e d  /

(5)
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i n v o i c e d  ( p  1 0 7  & 5 5 8  ) .  B a c t e r i a  t r e a t e d  w i t h  a  

s p e c i f i c  s e r u m  a n d  t h e r e a f t e r  f r e e d  o f  t h a t  m e d iu m  

r e t a i n  a l l  t h e i r  o r i g i n a l  v i r u l e n c e  ( G en t  i l l y  c o c c i -  

b a c i l l u s  a n d  t h e  P f r e u m o c o c c u s :  I s s a e f f .  G a m a l e i a ’ s

V i b r i o :  s a m a r e l l i . : S t r e p t o c o c c u s : B o r d e t .  S w i n e -

e r y s i p e l a s :  M e s n i l . ) T h i s  v i e w  — b a s e d  o n  i n  v i v o  

tests -  i s  o p p o s e d  t o  t h e  " o p s o n i c "  h y p o t h e s i s  

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

e x t e n d e d  b y  B u l l o c h  a n d  A t k i n  ( v .  i n f r a ) .  On t h e  

o t h e r  h a n d ,  i n  n a t u r a l  im m u n i t y  " t h e  p h a g o c y t e s  a c t ,  s o

t o  s p e a k , m o t u  p r o p r i o  ( p . 2 0 1 ) :  .................. t h e y  e n t e r  i n t o

a  s t r u g g l e  a g a i n s t  t h e  m i c r o - o r g a n i s m s  a n d  r i d  t h e  

a n im a l  o r g a n i s m  o f  th em  w i t h o u t  r e q u i r i n g  a n y  p r e v i o u s  

h e l p  o n  t h e  p a r t  o f  t h e  b o d y  f l u i d s " ,  ( p . 2 0 6  ) :  i . e .

w i t h o u t  a n t i t o x i n s  a g g l u t i n i n s  a l e x i n s  o r  f i x a t i v e s .  

D ean  ( i n  l o c .  c i t . i n f r a .  ) r e m a r k s  t h a t  t h i s  s t a t e -
C€

raent w i t h  r e g a r d  t o  n a t u r a l  i m m u n i t y  " t h a t  t h e  

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

from t h e  h u m o u r s "  i s  a p p a r e n t l y  l a r g e l y  b a s e d  o n  

B o r d e t  a n d  G e n g o u ' s  r e s u l t s  o b t a i n e d  b y  t h e i r  m e t h o d  

o f  t e s t i n g  f o r  t h e  p r e s e n c e  o f  " f i x a t e u r " .  T h e  r e 

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

above c r i t i c i s m .  T h a t  t h e  am ou n t  o f  f i x a t e u r  p r e s e n ' :  

i n  n o r m a l  s e r u m  c o m p a r e d  w i t h  im m une s e r u m  i s  s m a l l ,  

i s  t r u e ,  b u t ,  a s  s u g g e s t e d ,  b y  S a v t c h e n k o , t h e  a m o u n t  

n e c e s s a r y  t o  p r e p a r e  t h e  o r g a n i s m  f o r  p h a g o c y t o s i s  may 

be /
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b e  s m a l l  c o m p a r e d  w i t h  t h a t  n e c e s s a r y  f o r  b a c t e r i o -  

l y s i s  ! .

A c c o r d i n g  t o  M e t c h i n k o f f ,  t h e  n o n - o c c u r r e n c e  o f  

p h a g o c y t o s i s  w h e r e  l e u c o c y t e s  a n d  m i c r o - o r g a n i s m s  a r e  

b r o u g h t  together is d u e  t o  a  r e a c t i o n  b e t w e e n  t h e  

m i c r o b e  a n d  t h e  p h a g o c y t e ,  -  " a  n e g a t i v e  c h e m i o t a x i s "  -  

R e c e n t l y , t h e  i d e a  t h a t  " b a c t e r i o - t r o p i c ” s u b 

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

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

s e v e r a l  q u a r t e r s .  H e r e  we h a v e  v a r i o u s  a t t e m p t s  t o  

l i n k  t o g e t h e r  t h e  h u m o r a l  an.d t h e  p h a g o c y t i c  t h e o r i e s  

o f  i m m u n i t y .  T h i s  i s  d e f i n i t e l y  t h e  s t a n d - p o i n t  o f  

N e u f e l d  a n d  R im p a u  ^1 ^: " t h e r e  i s  v e r y  o f t e n  a  t h i r d  

k i n d  o f  specific s e r u m  a c t i o n  ( i . e .  b e s i d e s  a n t i t o x i c  

a n d  b a c t e r i c i d a l ) .............................. t h i s  i n  p r i n c i p l e , a c c o r d 

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

t y p e  b u t  r e q u i r e s , a s  c o n t r a s t e d  w i t h  t h i s ,  a  d i r e c t  

c e l l u l a r  c o - o p e r a t i o n  a n d  o u r  d e c i s i v e  e x p e r i m e n t s  

a r e  l i n k e d  t o  o l d e r  r e s e a r c h e s  w h i c h  o r i g i n a t e d  entiref- 
l y  u n d e r  t h e  i n f l u e n c e  o f  M e t c h n i k o f f  ' s  p h a g o c y t e  

t h e o r y " , N e u f e l d  a n d  R im p a u  r e p e a t e d  som e o f  t h e  

i n t e r c l i a n g e d - c e l l s - a n d - s e r a  e x p e r i m e n t s  o f  D e n y s  and. 

L e c - l e f  /

( l )  D e u t s c h e  M e d i z i n i s c h ©  W o c h e n s c h r i f t  n r .  4 0 : i ü 0 4  
l i e b e r  d i e  A n t i k ö r p e r  d e s  S t r e p t o k o k k e n - u n d -  
P n e u m o k o k k e n -Im m n n s e r u m s  ( f o r  t h i s  v i e w  c f .  a l s o  
G r u b e r  & F u t a k i :  w r i g h t  e t c .  )



>o)

L e c l e f :  t h e y  a l s o  c a r r i e d  o u t  a b s o r p t i o n  e x p e r i m e n t s

a n d  f o u n d  t h a t  l e u c o c y t e s , t r e a t e d  w i t h  im m une s e r u m

f o r  20 m i n u t e s  a t  3 7 ° c a n d  t h e r e a f t e r  w a s h e d  a n d  p l a c e j d

i n  n o r m a l  s e r u m , w e r e  u n a b l e  t o  t a k e  u p  t h e  v i r u l e n t

s t r e p t o c o c c u s  w h e r e a s ,  t h e  s t r e p t o c o c c u s ^ s o  t r e a t e d
•»

a n d  t h e  s e r u m  r e m o v e d  b y  w a s h i n g  w i t h  s a l i n e  s o l u t i o n ,  

w a s  a c t i v e l } '  i n g e s t e d ,  b y  l e u c o c y t e s  i n  n o r m a l  s e r u m .  

"T h e  s p e c i f i c  s e ru m  t h e n  a c t s ,  n o t  a s  a  s t i n u l i n  f o r  

t h e  l e u c o c y t e s  b u t  d i r e c t s  o n  t h e  b a c t e r i a  w h i c h  n ow  

s e c o n d a r i l y  a r e  t a k e n  u p  b y  t h e  c e l l s . "  T h e  s e r u m
o

w as  " i n a c t i v a t e d "  b y  h e a t i n g  f o r  3 0  m i n u t e s  a t  3 3  C 

a n d  p h a g o c y t o s i s  w e n t  o n  a s  b e f o r e .  A c c o r d i n g l y ,

" t h e  b a c t e r i a  t a k e  n o  c o m p le m e n t  f r o m  t h e  s e ru m  b u t
.

e x c l u s i v e l y  a  r e l a t i v e l y  h e a t - s t a b l e  s u b s t a n c e , w h i c h  

we o u g h t  t o  p l a c e  i n  a n a l o g y  w i t h  t h e  im m une b o d i e s  

o f  P f e i f f e r " .  ( T h i s  r e s u l t  w a s  n o t  d u e  t o  k i l l i n g  o f  

t h e  s t r e p t o c o c c i , f o r  k i l l e d  s t r e p t o c o c c i  b e h a v e d  j u s t  

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

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

s a l i n e  s o l u t i o n  a n d  f i r s t  a p p e a r e d  w hen  s p e c i f i c  s e r u m  

w a s  a d d e d .  ) B ut i t  may b e  n o t e d ,  ( a n d  i n  t h i s  i s  an  

o b j e c t i o n  t o  t h e s e  c e l l - e x u d a t i o n  e x p e r i m e n t s  v i z . -  

t h e  c e l l s  a r e  o f t e n  l e s s  a c t i v e  t h a n  hum an l e u c o c y t e s  

g o t  b y  t h e  m e t h o d  o f  W r i g h t  a n d  D o u g l a s ,  ) t h a t , e v e n  

w i t h  a  l i t t l e - v i r u l e n t  r a c e  o f  s t r e p t o c o c c u s ,  N e u f e l d  

a n d  R im pa u  d i d  n o t  f i n d  P h a g o c y t o s i s  i n  n o r m a l  s e r u m .  

H e k t o e n  /
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H e k t o e n  a n d  R u e d i g e r  ^1  ̂ e m p l o y e d  m i x t u r e s  o f  b l o o d  

a n d  e x u d a t i o n - c e l l e  f r o m  a  n u m b e r  o f  a n i m a l s :  

l e u c o c y t e s  f r o m  c e r t a i n  r o d e n t s  ( =  b l o o d  c e l l s  

e x u d a t i o n  c e l l s  ) w e r e  n o t  n e a r l y  s o  p o t e n t  a s  human 

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

m o r e  e f f i c i e n t  m e t h o d .  A s  a  d i g r e s s i o n , o n e  v / o u l d  

l i k e  t o  q u o t e  h e r e  a t a b l e  g i v e n  b y  H e k t o e n  a n d  

R u e d i g e r :  t h e i r  e x p e r i m e n t s  a r e  som ew h a t  i n e x a c t  i n

m e t h o d  b u t  a  s a l i e n t  f a c t  l i k e  t h e  f o l l o w i n g  i s  o f  

i n t e r e s t .

S t r e p t . 3 00
2-4- SO 20 t o 5 0 4*0 ¿'0

S t r e p t , 3 8 1 P 0 o-s I S ... 5'

S t r e p t . 1 0 4 r o 2. o 13 0 o 4 -

( }
S a v t c h e n k b  v s t a t e s  t h a t  i f  a  q u a n t i t y  o f  a  

’' s a p r o p h y t i c ' 1 r a c e  o f  a n y  s e p t i c a e m i c  o r g a n i s m  b e  

i n t r o d u c e d  /

( 1 )  J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s  1 9 0 5  v o l .  2  p  1 2 8 .

( 2 )  A n n . d e  l ' I n s t ,  P a s t .  1 9 0 2 -  p  1 0 8 .



introduced into the abdominal cavity of an animal, at 
first it is ingested,later this is not so. Gruber 
and Futaki^in examining the phagocytic activity of 
guinea-pig leucocytes in normal guinea-pig serum 
(in vitro) found that many different Kinds of organisms 
even virulent strains, e.g. of typhoid,were freely 
ingested in the active serum but that, in most cases^ in 
the inactivated serum phagocytosis was greatly dimin
ished or almost nil. In the case of two virulent 
races employed (Fowl cholera and Asiatic cholera) 
phagocytosis took place neither in active nor in
activated serum. They emphasise the thermolability 
of the elements in normal serum which are concerned 
in phagocytosis. On the other hand Dean in his ex
periments used two races of staphylococcus "one 
highly virulent, recently isolated from the human 
body, the other an old laboratory culture. No marked 
differences were observed in the counts obtained from 
these". to return, Neufeld and. Rimpau consider
that their type of immunity may be extended to the 
"septicaemic" infections in general. One may remark 
that they suggest that the "amboceptor-laden" bacteria
are complemented within the leucocytes. In their

( 2  )second communication Neufeld and Rimpau v describe 
the /

(1) Munch. Med. wochenschr Feb, 1906 "Seroaktivitat und
Phagozytose"

(2) Zeitschr. f Hyg. u Infectionskranktn. Sep. 1905.
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the sera which they have examined as "bacteriotropic" 
sera,in opposition to the bacteriolytic sera: "the
action is not bactericidal nor strictly antitoxic: 
the bacteriotropic substances act on the receptors of 
the bacterial cell and on these the virulence of the 
organism depends”.

Mennes used the method of Denys and Leclef in 
his investigation of the immunity of rabbits against 
the Pneumococcus,with the result,that retardation of 
growth or decrease in the number of pneumococci was 
noticeable, not in normal serum nor normal serum with 
leucocytes nor even in immune serum,but only v/hen whit 
blood corpuscles (pleural exudate) were added to im
mune serum, no matter whether the leucocytes came 
from a normal or from an. immunised animal. "The 
primary immunising element is the serum and not the 
leucocytes." On the warm stage he found that there 
was no phagocytosis in the serum of a normal rabbit, 
but in immune serum "the leucocytes fall almost with 
animosity, ( fast mit Srbitterung ),on the pneimio coccus

a

(l) Zeit3Chr. f. Hyg. u. Infectionskrankhtn. 1897 
p 426 "Das Antipneirniokokhen-Serum und der 
Mechanismus der Immunität des Kaninchens 
gegen den Pneumococcus"



Deriys and Marc hand '1 ̂ found that the serum of the
horse immunised against the streptococcus was in no
way bactericidal: in this they considered it differed
from that of the immunised rabbit. Such immune horse
serum "contains a substance which renders the leucocytes
of the immunised (passively) animal extremely active".

( 2  )so also Bordet found that such preventive horse 
serum was not at all bactericidal: it was only feebly
if at all, agglutinative. lie found,in opposition to 
Denys and Leelef, that phagocytosis in vitro went on in 
normal rabbit serum apparently as well as in mixtures 
containing preventive serum. In both hinds of mix
tures growth of the organism ultimately took place.

Further, phagocytosis of the streptococcus (Mar- 
morek's streptococcus: highly virulent) went on fair
ly actively in the peritoneal cavity of the normal 
unprotected rabbit, in which a leucocytic exudation had 
been previously caused: at least this was so if the
dose of organisms was small (p.201). Bordet states 
that the liquid portion (serosite^) of such a cellular 
exudate is bactericidal, "as Denys and Leclef found"
(?). Even if a copious inoculation were made from a 
young /

(1) Bull. Acad. roy. de me'd. de Belg. 1896.
(2) Ann. d e l ’Inst. Past. 1897 "contribution a

1' etude du serum ant .i strept o co coi que " .



r fyoung culture on such "seresite" next day the liquid 
was sterile. This action does not take place in 
vivo.

Organisms grown (24 hr. ) on a mixture of prevent
ive serum and broth were found after filtering and 
washing to be highly virulent, apparently as virulent 
as those grown on broth and normal horse serum. On 
this experiment Metchhikoff lays great stress: but
Bordet remarks that, from it one is not justified in 
concluding that in vivo the serum can exercise no 
attenuating action. It is not stated, that the animal 
employed for the test was previously "prepared" by 
intraperitoneal broth injection -'and even in the animal 
protected by previous inoculation of preventive serum, 
injection of the streptococcus into the peritoneal 
cavity is said to be much more dangerous if there be 
no recent cellular exudate (p.203), This experiment 
is somewhat discounted by another in which the or
ganisms were mixed with the preventive serum and allow
ed to remain so mixed for some hours before injection: 
as compared with a rabbit (a ) which received, separ
ately, first preventive serum and later the organisms, 
the first rabbit (b ) survived for a definitely longer 
period: both rabbits had received preliminary intra
peritoneal broth injections and rabbit (b ) was injected 
with /
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w i t h  n o r m a l  h o r s e  s e r u m  a t  t h e  t i m e  when t h e  o t h e r  

( a ) r e c e i v e d  p r e v e n t i v e  s e r u m .  T h i s  e x p e r i m e n t  w a s

r e p e a t e d  s e v e r a l  t i m e s  w i t h  t h e  sa m e  r e s u l t .  P h a g o -
.

c y t o s i s  i n  t h e  f i r s t  r a b b i t  ( b ) i s  m o r e  c o m p l e t e  a n d  

m o r e  p r o m p t :  i t  s e e m s  t o  t a k e  p l a c e  m o r e  e a s i l y  t h a n

i n  t h e  o t h e r  r a b b i t  ( B o r d e t ) .

H o w e v e r  a l t h o u g h  t h e  p r e v e n t i v e  s e r u m  i n  v i t r o  

" c a u s e s  n o  p r o f o u n d  c h a n g e  i n  t h e  s t r e p t o c o c c u s " ,  

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

m o r p h o l o g i c a l  c h a n g e s  a r e  o f t e n  s e e n .  I n  t h e  

s t r u g g l e  a  s m a l l e r  r a c e  o f  s t r e p t o c o c c u s  a p p e a r s  a n d  

at t h e  p e r i o d  w hen  t h e  " p h a g o c y t i c  c r i s i s "  s e t s  i n  i t  

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

t o  t e r m i n a t e  f a t a l l y ,  n o r m a l  f o r m s  ( ? 3 5 - 3 5  h o u r s  a f t e r  

o n s e t  o f  i n f e c t i o n )  a r e  s t i l l  f o u n d  free: t h e s e  a r e

s u r r o u n d e d  b y  a  s t a i n a b l ©  a u r e o l e  ( v . f i g s .  4  a n d  5 

p  2 1 2  A n n .  l ' I n s t .  P a s t .  1 8 9 7  ) .  I n  t h e  e a r l i e r  p a r t  

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

o f  t h e  " a u r e o l e "  w i t h  n e g a t i v e  c h e m i o t a x i s .

M e t c h n i k o f f  c i t e s  t h e  w o r k  o f  B o r d e t  a n d  o f  

S a l i m b e n i  o n  t h e  m e c h a n i s m  o f  im m u n i t y  a g a i n s t  t h e  

s t r e p t o c o c c u s :  " i n  p r e s e n c e  o f  t h e s e  p r e c i s e  r e s u l t s , ,

t h e  r e s e a r c h e s  o f  D e n y s  a n d  L e c l e f  a r e  d e p r i v e d  o f  

t h e i r  i m p o r t a n c e " .  P h a g o c y t o s i s  i n  t h i s  p a r t i c u l a r  

c a s e  xvou ld  s e e m  t o  p l a y  a  c a r d i n a l  r o l e .

i n  /

( 1 )  I m m u n i t y  p .  2 4 6  ( E n g .  t r a n s .  ) .



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

s e r u m ,  i n  p a r t i c u l a r  o n  t h e  im m u n i t y  o f  g u i n e a - p i g s
( 1 )

a g a i n s t  t h e  C h o l e r a  V i b r i o ,  B o r d e t  f o u n d  t h a t  

t h e s e  o r g a n i s m s  i n j e c t e d  i n t o  t h e  j u g u l a r  v e i n  o f  im 

m u n i s e d  g u i n e a - p i g s  w e r e  i n g e s t e d  b y  t h e  p h a g o c y t e s  

w i t h  e x t r a o r d i n a r y  r a p i d i t y  a n d  t h a t  P f e i f f e r ' s  

p h e n o m e n o n  i n  s u c h  c a s e  w a s  i n s i g n i f i c a n t  i n  t h e  

g e n e r a l  b l o o d - s t r e a m .  T h e  p r e s e n c e  o f  l e u c o c y t e s

w as  c l o s e l y  r e l a t e d  t o  t h e  b a c t e r i c i d a l  p o w e r  o f  s e r u m

(?)a n d  e x u d a t e s .  L e v a d i d i  v ’ i n  a  s i m i l a r  r e s e a r c h ,  

b u t  a t  a  d a t e  w hen  t h e  p h e n o m e n a  o f  h a e m o l y s i s  w e r e  

k n o w n , b e s i d e s  r e p e a t i n g  t h i s  e x p e r i m e n t  o f  B o r d e t ' s  

f o u n d ,  am ong o t h e r  t h i n g s ,  t h a t  " s e n s i t i s e d "  o r g a n i s m s  

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

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

i n j e c t i o n ,  w e r e  i n g e s t e d  i n  s i m i l a r  f a s h i o n  w i t h o u t  

t h e  o c c u r r e n c e  o f  e x t r a c e l l u l a r  l y s i s :  a l s o ,  t h a t  t h e

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

i n t e r v e n t i o n  o f  t h e  c o m p le m e n t  a n d  a  n o r m a l  " s e n s i -  

b i l i s a t r i c e " . M e t c h n i k o f f  c o n s i d e r s  t h a t  i n  a c q u i r e d  

i m m u n i t y  t h e  b l o o d  p l a s m a  c o n t a i n s  f i x a t i v e s :  t h e s e

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

i n  /

( 1 )  A n n .  d o  1  ' I n s t . P a s t .  1 8 9 5  " L e s  l e u c o c y t e s  e t  l e s
P r o p r i e t e ' s  a c t i v e s  d u  S erum  c h e z  l e s  V a c c i n e s .

( 2 )  A n n . d e  l ' I n s t .  P a s t .  1 9 0 1 .  " S u r  l ' e ' t a t  d e  l a
c y t a s e  d a n s  l e  p l a s m a  d e s  a n ir a a u x  n orra a u x  e t  
d e s  o r g a n i s m e s  v a c c i n e s  c e n t r e  l e  v i b r i o n  
c h o l e r i q u e " .



©

i n  t h e  l i v i n g  a n i m a l  a n d  o n l y  e x c e p t i o n a l l y  a n d  a b 

n o r m a l l y  f r e e  i n  t h e  b l o o d  p l a s m a  o r  i n  e x u d a t e «

( p . 5 5 6  e t  s e q .  )

On t h e  o t h e r  h a n d  t h e r e  i s  n o  d e t e c t a b l e  f i x a t i v e  i n  

n o r m a l  s e r u m  a n d  i n  v i e w  o f  t h i s  M e t c h n i k o f f  s u g g e s t s  

t h r e e  p o s s i b l e  c o n d i t i o n s :  ( l )  t h a t  t h e  c y t a s e s  c a n  

a c t  w i t h o u t  t h e  h e l p  o f  a n y  f i x a t i v e .  T h i s  h e  s e e m s  

t o  d i s m i s s  o n  t h e  g r o u n d  o f  a  c e r t a i n  o b s e r v a t i o n  

o f  B o r d e t  a n d  C t e n g o u 's :  B P r o t e u s  V u l g a r i s  w i t h d r e w

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

p h a g o c y t e d  i n  t h e  p e r i t o n e a l  c a v i t y  o f  a  g u i n e a - p i g :  

" s i n c e  f i x a t i v e  i s  a b s e n t  f r o m  t h e  s e r u m  a n d  s i n c e ,  

n e v e r t h e l e s s , i t  m u s t  e x i s t  f o r  t h e  n e e d s  o f  d i g e s t i o n ,  

i t  m u s t  c l e a r l y  b e  c o n c l u d e d  t h a t  ( 3 )  i t  i s  f o u n d  

i n s i d e  t h e  p h a g o c y t e s . 1' ( 3 ) * I t s  q u a n t i t y  i s  p e r h a p s  

s o  s m a l l  t h a t  w h en  i t  h a s  p a s s e d  i n t o  t h e  s e r u m  i t s  

a c t i o n  i s  e n t i r e l y  l o s t  o r  n e a r l y  s o .  F r e s h  r e 

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

p o i n t "  ( p . 2 0 2 ) .  ( T h e  e n u m e r a t i o n  ( l ) ,  ( 3 ) ,  ( 3 ) i s  

n o t  i n  M e t c h n i k o f f  b u t  i s  i n s e r t e d  h e r e  f o r  c o n 

v e n i e n c e  ) .
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Savtchenko, in a study of the phagocytosis of 

guinea-pig red biood-cells under the influence of the 
serum of rabbits treated with guinea-pig erythrocytes, 
is led to the conclusion that "the most probable 
hypothesis is that the immunising fixative substances 
are stimulins for the phagocytes in that, on the one 
hand,they show a special affinity for their specific 
object, for example the microbe, on the other hand,for 
the protoplasm of the phagocytes and in particular for 
the cytase contained in these. Prom this point of 
view immunising substances serve in the phenomenon of 
phagocytosis as intermediaries between the object 
phagocyted and the phagocyte. por this reason they 
quite deserve the name of "intermediary bodies” 
(Zwisdhen Korper) which Ehrlich, led by consideration 
of their humoral action in immunity,has given them.”

( 3  )Wright objects to the terminology here intro
duced (i.e. ”le fixateur” and "la substance sensibil
isatrice" ”(l) as suggesting that the phenomena of 
phagocytosis are analogous to those of haemolysis:
(2) that like amboceptor the "incitor" substance (v, 
infra) exerts its specific effect only in the case 
where it is reinforced by complement; (z) that the 
mechanical /

(1) Arm. de l ’Inst. Past. 1902” Du Role des Immun-
ismes (Fixateurs) dans la. Phagocytose.

(2) Proc. Roy. soc. vol. 77 Jan. 1906.



mechanical movements of the phagocyte in ingestion of 
particulate matter are analogous to the chemical 
action of the complement." The point of this last 
objection is perhaps not quite apparent.

In a previous publication v ' Savtchenko had 
concluded from experiments in vitro and in vivo that, 
in the case of guinea-pigs immunised (raostljr passive- 
l y ) against the spirillum of relapsing fever, extracel
lular destruction of the organism in peritoneal

of bouillon 12 hours or so before the inoculation with 
organisms. In such exudate spirilla (added in serum)
show no Pfeiffer's phenomenon even if normal guinea-

.pig serum be simultaneously added; the spirilla are 
ingested by the leucocytes from the outset.

"The immunising substance (la "philocytase", le 
fixateur" ) in the free state does not exist in the 
peritoneal cavity in presence of leucocytes or at 
least it exists in too small quantity to show its 
action on the microbes:....... it is taken up by the
leucocytes and for this reason one finds no Pfeiffer's

Iphenomenon in the peritoneal cavity" (or in exudate in 
vitro ). The same intermediary action is stated as 
in the later communication.

Phagocytosis /

(1) Ann. de l'Inst. Past. 1901; Sartchenkc & Melklch 
"Etude sur l'Immunite dans la Eievre 
recurrente".
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Phagocytosis of the spirilla by guinea-pig 

leucocytes cannot be elicited in vitro and only slowly 
in vivo in the case of normal guinea-pig exudation: 
on the other hand organisms in the fluid of the im
munised animal under the given conditions show no 
sign of lysis and are readily phagocyted. Unfortun
ately for purposes of comparison the guinea-pig poss
esses competent natural resistance to the^organism.

The research on the phagocytosis of red blood 
cells is of great interest: savtchenko found on ex
amining the phagocytic action of the leucocytes in 
guinea-pig peritoneal exudation resulting from in- 
jestion 24 hours previously of a mixture of bouillon 
and haemolytic serum that such leucocytes washed free 
of exudation-fluid ingested in vitro normal red blood 
corpuscles of the guinea-pig. That the leucocytes 
had really absorbed "fixateur" was indicated by the 
fact that normal guinea-pig blood allowed to clot after 
admixture with such washed leucocytes yielded a serum 
which had a slight but definite haemolytic property. 
Again, leucocytes from a normal guinea-pig ingested 
very few of the red blood corpuscles of the guinea- 
pig which had been treated with the haemolytic serum 
Sartchenko suras up: "fixateur can determine phagocyt
osis of elements which are not phagocyted in the 
normal state and that in two fashions": that is to
say /



say as stated above by modification of the specific 
element, microbe or red blood corpuscle, and secondly 
(the condition which obtains in the first stages of 
poisoning with haemotcxins and which results in 
phagocytosis of red cells without symptoms of 
haemolysis) by modification of the leucocyte. One 
should note also that Savtclienko was able to 
demonstrate both in corpore and. in vitro that washed 
red corpuscles of the guinea-pig treated with the 
specific serum (which had been heated, for half-an- 
hour at 55° C. ) and thereafter well washed with 
saline solution were taken up by normal guinea-pig 
leucocytes: in the in vitro experiment the leucocytes
were the washed cells of peritoneal exudate: in the
other case (in vivo) lysis was in evidence or not 
according as the guinea-pig had not or had been pre
pared by a preliminary bouillon injection,
Savtchenko suggests also that the amount of "fixateur1 
necessary to prepare the special element- for phago
cytosis may be small compared with that necessary for 
lysis. However, as the conditions are not those of 
active immunity Sartchenko's conclusion that "fixateur" 
may act on the leucocyte does not directly confute the 
view expressed by others that the leucocyte is in
different in acquired immunity (active).

B a r r a t t  /



Barratt  ̂expresses the view based-on an ex
periment in which he demonstrated in vitro phagocytosis 
of* hen's erythrocytes in dove anti-serum (which how— 
ever was not haemolytic although the dove some time 
previousl3r had received a series of injections of hen's 
erythrocytes: the serum might be called "sub-
haemolytic” ) that amboceptor \vas not necessary for 
phagocytosis.

One could object to this conclusion for the 
reason just mentioned. Further, the serum should 
have been "inactivated" by heating to 58° c for 30 
minutes as was done with the normal sera in his other 
experiments. More weight might be attached to the 
experiments in which normal rabbit serum - haemolytic 
for goat and guinea-pig erythrocytes - was found after 
inactivation not to give rise to phagocytosis in such 
mixtures as, rabbit leucocytes + goat erythrocytes -t 
inactivated rabbit serum. However it is conceivable 
that in this case the action of complement preponder
ates very greatly and that the amount of amboceptor 
is really quite small, as small indeed as the quantity 
of erythrocytic opsonin which Barratt states is present 
in certain normal sera and which can only be detected
by a special manoeuvre. In that case the facts would

Yi ocvrvoJL ■be in analogy with Dean’s results for fro oh and immune 
serum /

(l) Proc. Roy. soc. vol. 76 1905. "The Phagocytosis 
of Red Blood-Cells".

©



serum with regard to staphylococcus........"The loss
(by heating) in the case of sera such as normal sera 
which contain only a small quantity of the substance 
which influences phagocytosis is so great that a method 
where very small quantities are used makes the demon
stration and estimation of the substance impossible".
In other anti-erythrocyte sera Barratt showed that 
digestion with the specific red cells removed the 
substance which caused phagocytosis. After such 
digestion different kinds of leucocytes could be used 
to demonstrate phagocytosis of the red cells.
Leucocytes withdrew the substance much less than 
specific red cell3 if indeed they did so at all. But 
the treated leucocytes were not tested ; only the 
serum in which the leucocytes had been incubated.
This therefore is no direct refutation of Savtchenko's 
conclusion: bulk for bulk serum conceivably could
"sensitise" more leucocytes - perhaps an almost in
definite amount - than red cells. Further Savtchenko 
was an "in vivo" test as regards the leucocytes this is 
"in vitro".

Barratt refers this substance to the "group of 
opsonin^s first described by Wright and Douglas". 
Barratt states that erythrocytic "opsonins" are presen 
in normal sera in relatively small amount: this was
demonstrated by the employment of a large quantity of 
serum (inactivated) as compared with the bulk of 
erythrocytes. /



e r y t h r o c y t e s .  It may b e  n o t e d  t h a t  t h e  s u b s t a n c e  

s e e m s  t o  w i t h s t a n d ,  p a r t i a l l y  a t  l e a s t , -  e . g .  4  s e r a  

o u t  o f  8 r e s i s t e d  h e a t i n g  t o  6 9 ° o  f o r  30  m i n u t e s  -  

h i g h e r  temperatures t h a n  t h e  b a c t e r i a l  " o p s o n i n s " .

A n e w  phase of immunity h a s  a r i s e n  w i t h  t h e

d e s c r i p t i o n  b y  W r i g h t  and D o u g l a s  ^  ' o f  a  n ew  m o d e

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

a r g u m e n t s  b r o u g h t  f o r w a r d  b y  W r i g h t  a n d  D o u g l a s  w e r e
( 2  )c o r r o b o r a t e d  and e x t e n d e d  b y  3 u l l o c h  a n d  A t k i n  

H a v i n g  f o u n d  t h a t  human s e r u m ,  e v e n  a f t e r  a n t i 

s t a p h y l o c o c c u s  inoculations exerts n o  b a c t e r i c i d a l  

effect o n  Staphylococcus P y o g e n e s ;  Wright i n  co
operation with D o u g l a s  proceeded by a very ingenious 
method (v.infra ) to examine the respective roles 
of phagocytes and blood fluids in phagocytosis. The 
standard was not immune serum but normal serum. In 
contrast with much that has been alleged by those who 
h a v e  u s e d  t h e  e x u d a t i o n  c e l l s  o f  a n i m a l s , i t  h a s  b e e n  

f o u n d  t h a t  i n  n o r m a l  human sera (and indeed i t  has 
been /

( 1 )  P r o c .  R o y .  DOC. v o l .  7 2  ( 1 9 0 3 )  "A n  .m x p e r ira a n ta l
Investigation of the Role of the Blood Fluids
in connection w i t h  Phagocytosis": Proc. R o y .
H o c ,  vol. 73 (1904) "Further Observations on 
t h e  R o l e  o f  t h e  B l o o d  F l u i d s  i n  c o n n e c t i o n  
w i t h  P h a g o c y t o s i s .  A l s o  P r o c .  R o y .  S o c .  vol.
7 4  ( 1 9 0 4 )  "On t h e  A c t i o n  e x e r t e d  b y  t h e  Human 
Blood F l u i d s  o n  t h e  T u b e r c l e  B a c i l l u s  e t c . "  a n d  
"On t h e  A c t i o n  e x e r t e d  b y  t h e  Human B l o o d  
F l u i d s  o n  t h e  S t a p h y l o c o c c u s  P y o g e n e s  e t c . "

( 2 )  P r o c .  R o y .  S o c .  v o l .  7 4  ( 1 9 0 5 )  " F x p e r i m e n t s  o n
t h e  N a t u r e  o f  t h e  O p s o n i c  A c t i o n  o f  t h e  B l o o d
S e r u m " .



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

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

c o m m o n ly  s h o w  p h a g o c y t i c  a c t i v i t y  w i t h  r e g a r d  t o  many 

o r g a n i s m s .  D e f i n i t e  elements i n  n o r m a l  b l o o d  s e ru m  

( a n d  o t h e r  b o d y  f l u i d s )  were p o s t u l a t e d ,  f o r  t h e  

p r o d u c t i o n  o f  t h i s  p h a g o c y t o s i s  a n d  t o  t h e s e  t h e  nam e 

" o p s o n i n s "  w a s  g i v e n  ( f r o m  " o p s o n o "  I  c a t e r  f o r :  t h e

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

s u c h  a  w ay  t h a t  t h e y  b e c o m e  a v a i l a b l e  f o o d  f o r  t h e  

p h a g o c y t e s :  i n  u s i n g  t h e  t e r m  w i t h  r e s p e c t  t o  immune

s e r a  G r u b e r  a n d  F u t a k i  r e f e r  t o  t h i s  a c t i o n  t h u s , - . . .  

. . . " O p s o n i n ©  w e l c h e  d i e  B a k t e r i e n  z u  e i n e r  d e n  

P h a g o c y t e n  s c h m a c k h a f t e n  S p e i s e  machen'"). T h e  d a t a  

f o r  t h i s  h y p o t h e s i s  a r e  broadly a s  f o l l o w s  

l e u c o c y t e s  i n  s e r u m  w h i c h  h a d  b e e n  heated 10-15 
m i n u t e s  t o  6 0 ° ~ 6 5 °  C a n d  t h e n  c o o l e d . s h o w e d  f o r  

s t a p h y l o c o c c u s  p y o g e n e s  a  g r e a t l y  d i m i n i s h e d  phago
c y t i c  a c t i v i t y  o r  i n d e e d  n o n e  a t  a l l .  T h e  t h e r m o l -  

a b i l e  e l e m e n t  w a s  h e l d  t o  a c t  n o t  o n  t h e  l e u c o c y t e  b u t  

o n  t h e  b a c t e r i a  b e c a u s e  i n a c t i v a t i o n  o f  t h e  s e ru m  

a f t e r  m i x t u r e  w i t h  b a c t e r i a  h a d  n o  e f f e c t  i n  p r e v e n t 

i n g  i n g e s t i o n  o f  t h e s e  b a c t e r i a  i n  t h e  h e a t e d  se ru m  

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

a c t i v a t e d  s e r u m  s h o w e d  o n l y  t r a c e s  o f  p h a g o c y t o s i s  ) .  

H o w e v e r  i n  t h e i r  c o m m u n i c a t i o n  w h i c h  d e a l s  w i t h

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

D o u g l a s  /

I

( l )  P r o c .  Ro y .  s o c .  v o l .  7 4 .



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

d i s t i n c t  f a l l  i n  t h e  p h a g o c y t i c  c o u n t  w h e r e  bacilli 
were h e a t e d  a f t e r  i n c u b a t i o n  w i t h  u n h e a t e d  s e r u m :  

t h i s  t h e y  s a y  " i s  a t  p r e s e n t  w i t h o u t  e x p l a n a t i o n " ;  

also, i n  t h e i r  e x p e r i m e n t s  t h e  l e u c o c y t e  d o e s  n o t  sh cv /  

i t s e l f  a l t o g e t h e r  i n d i f f e r e n t .

T h e  e x i s t e n c e  o f  opsonic e l e m e n t s  i n  t h e  b l o o d  

p l a s m a  w a s  n o t  c o n s i d e r e d  t o  n e c e s s a r i l y  e x c l u d e  t h e  

e x i s t e n c e ,  i n  a d d i t i o n ,  in t h e  s e r u m  o f  b o d i e s  d i r e c t -  

j l y  s t i m u l a t i n g  t h e  p h a g o c y t e s .  D i g e s t i o n  o f  f r e s h  

n o r m a l  s e r u m  w i t h  t y p h o i d  bacilli l e d  t o  a  d i m i n i s h e d

o p s o n i c  p o w e r  o f  t h a t  s e r u m ,  " a n  a n t i - o p s o n i c "  e f f e c t
.

( W r i g h t  a n d  D o u g l a s  P r o c .  R o y ,  s o c .  v o l .  7 2  p  3 6 8 ) .  

W r i g h t ' s  g e n e r a l  v i e w  o f  t h i s  " o p s o n i c "  a c t i o n  w as  

s t a t e d  a s  f o l l o w s : -  " I t  w o u l d  s e e m  p r o b a b l e  t h a t  t h e  

b a c t e r i o l y t i c ,  b a c t e r i c i d a l  a n d  b a c t e r i o - o p s o n i c

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

d e g r e e  m a n i f e s t a t i o n s  o f  a  d i g e s t i v e  p o w e r  e x e r t e d  b y  

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

t h e m " .
( 1 )T h e s e  o b s e r v a t i o n s  w e r e  e x t e n d e d  t o  a  n u m b e r  

o f  m i c r o - o r g a n i s m s  besides t h e  S t a p h y l o c o c c u s  P y o g e n e s  

( B a c i l l u s  T y p h o s u s ,  V i b r i o  c h o i e r a e  A s i a t i c a e ,  B . c o l i ,  

B .  D y s e n t e r i a e ,  B .  P e s t i s ,  M i c r o c o c c u s  M e l i t e n s i s ,  

D i p l o c o c c u s  P n e u m o n i a e ) .  T h e  B a c i l l u s  D i p h t h e r i a s  

a n d  /

( l )  P r o c .  Ro y .  S o c .  v o l .  7 3 .



and Bacillus Xerosis were considered to be insensible 
to the opsonic action of the blood fluids, phagocytosis 
of these organisms being quite as free in the heated as
in the unheated serum (or even greater in the heated 
serum). Phagocytosis of the cholera vibrio and of 
the typhoid bacillus was very narked in heated serum.

Bulloch and Atkin remark in the preface to their 
investigation that "contrary to general opinion 
Douglas and Wright found that the leucocytes were 
capable of engulfing microbes only when the latter had
been attacked by the serum or plasma....... Wright and
Douglas found that the opsonic, substance was more or 
less thermo labile being destroyed in 10 to 15 minutes 
at a temperature of 60° to 65°c." The opsonic theory 
was very generally considered to imply that phagocyt
osis could not be elicited apart from serum action.

LohleiA^demonstrated presumably as a refutation 
of the opsonic theory that phagocytosis in vitro 
could take place in a medium of saline solution (the 
leucocytes having been well washed); Lohlein holds 
that "apart from all intervention of the body humours 
normal guinea-pig leucocytes ingest and digest, in 
vitro ̂ anthrax bacilli and cholera vibrios of relative
ly high virulence. These leucocytes can also ingest 
harmless /

(1) Ann. de l ’Inst. Fasteur 19 p.647 (Oct.1905) "Sin* 
la Phagocytose in vitro de microbes pathogenes" 
(premier memoire).



harmless races of Staphylococci and Streptococci: 
virulent races of streptococci escape phagocytosis.
As regards Bacillus Goli we have found definite dif
ferences in the intensity of the phagocytic process 
according as different microbial races were examined, ' 
Lohlein checked these results by experiments in which 
phagocytosis of the given organism was tested in the 
peritoneal cavity of the living animal: the results
were found to correspond. It was also found that 
human leucocytes obtained and prepared in Fright's 
method were phagocytic for virulent anthrax in a 
medium of saline solution: . guinea-pig leucocytes 
(washed) in these conditions ingested virulent cholera 
organisms and transformed them into granules in a 
medium deprived of "sensibilisatrices": this is held
sufficient "to definitely refute the assertion of 
Wright and Douglas" that the spherniation of the 
intra-cfcilular ingested micro-organisms, which has 
often been ascribed to the agency of the leucocytes 
in in reality due to the action of the blood fluids." 
Lohlein maintains that phagocytosis is a "cellular 
act" which can go on without the intervention of the 
active principles contained in the body humours.

In a very detailed research Bulloch and. Atkin ^1 ̂ 
defined /

(l) Proc. Roy. Soc. vol. 74 p.580 (Jan.1905)
"Experiments on the Nature of the Opsonic 
Action of the Blood Serum".



defined opsonic action: they showed that opsonin
could be completely removed from normal serum by 
bacteria and this at 0°c or at 37°c., the micro
organisms so treated (and washed free of serum?) being 
phagocyted vigorously on the addition of washed leuco
cytes. "The action of heat is to destroy opsonin 
and not merely to convert it into a non-opson!sable 
modification". Opsonin is here stated to be eminent
ly thermolabile, 10 minutes at 60°c reducing the 
opsonic power to nil and lesser peraperatures even 
50°0 for 10 minutes reducing it very greatly.
Fright had found a similar but not so great, pro
gressive destruction according as the serum was heated 
at temperatures between 50° and 60°c: recently ^1 ^
Wright has pronounced differently on this point with 
regard to immune serum. His view as to normal serum 
was expressed thus:- "The opsonic power of the blood 
fluids is but little impaired by the action of heat 
until these have been exposed to temperatures above 
50°c. The following are the results of a typical 
experiment:- Phagocytic power obtained with the serum 
before exposure to heat 12.7: with the same serum 
heated for 10 minutes to 45°c., 13.1: \vith the same 
serum heated for 10 minutes to 50°c 10.2: with the
same serum heated for 10 minutes to 55°C., 5.7."

Bulloch and Atkin consider that the opsonin is 
not /
( l )  P r o c .  Roy. Soc.  v o l .  77 .
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not identical with any of the antibodies hitherto dis
covered in the serum: the opsonin is of relatively
simple constitution."

The opsonic theory from the outset has been
applied clinically, at first as a control for inocu-

'
lation with vaccines the so-called "opsonic index" 
(i.e. healthy serum and patient's serum compared as
regards phagocytic reaction with the same washed blood

,
corpuscles and suspension of bacteria and the result 
expressed as a ratio ) being taken as the guide whether 
or not the period for further inoculation had arrived. 
Very often but not invariably the opsonic power of the 
patient's serum falls after inoculation with a vaccine 
and this "negative phase" lasts for an indefinite 
period: further inoculation during the "negative
phase" superinduces a more pronounced "negative phase"

■

and such cumulation is associated with aggravation 
o f  the general and local clinical condition o f  the 
patient. In the early stages of thetheory a per
sistently low index was the datum exploited for 
diagnosis: at least this was inferentially so (for
tubercle especially; also for staphylococcus): or, 
this low index might, in the absence of symptoms, 
simply mean a predisposition to infection. Wright 
gives in on© of his earlier communications a case o f  

tubercular peritonitis where the index was above nor
mal (Proc. Roy. Soc. vol. 74). the demarcation 
however f



however between health and disease was arbitrary and 
the index in disease showed considerable range in the 
series of cases examined by Wright and Bulloch: this
criticism is applicable to Bulloch’s ^classification 
of lupus cases, viz.- that those with a very low op
sonic index do not improve with x-ray or Pdhsen light 
treatment whereas those in the "normal"1 limit are like
ly to improve with that treatment. Fright states 
with regard to staphylococcal infection, "in view of 
these observations (a list of cases and indices) and 
of the fact that we have not come across any instance 
of the association of a normal phagocytic power with 
a staphylococcus infection, the conclusion would seem 
justified that a low phagocytic power and staphylococcus 
infection are related to one another by some fact of 
causation." But cases of acute tubercular infection 
have been found to show oscillating indices frequently 
well above normal Wight's view of this is
as follows:- "In cases of strictly localised tubercu
lar infection the index is low and this condition of
low //

(l ) Trans. Path. Boc. Lond. vol. 56 pt July 1905.
(2 ) Urwick: Brit. Med. Journ. July 22 1905: also 

Fright Proc. Roy. Boc. Jan. 1906.
(5 ) Proc. Roy. Soc. Jan. 1906. "On the Possibility of 

Determining the Presence or Absence of Tuber- 
cular infection by the Examination of a Patient s 
Blood and Tissue Fluids."



low opsonic power has preceded the infection. No 
auto-immunisation is going on: inoculation with tuber
cle vaccine can call the machinery of immunisation in
to play. The constant fluctuation in the opsonic 
power of the blood in cases of active pulmonary 
tuberculosis and other active forms of tubercular in
fection. furnishes, as we can hardly doubt, evidence 
of a periodic conveyance of tubercular elements into 
the blood: and of a response to such stimulation on
the part of the machinery for immunisation. The low 
opsonic indices registered in connection with active 
tuberculosis would in other words be "negative phases" 
such as supervene - as one of us has shown - upon the 
inoculation of all vaccines: the high opsonic indices
would be positive phases such as normally succeed upon 
the negative phases just mentioned: and the normal
opsonic indices would correspond to periods of trans
ition between negative and positive phases or, as the 
case may be, to periods in which the blood is return
ing after a positive phase to the condition quo ante." 
But the variations are often considerable from day to 
day and even while constitutional disturbance is preseitt
the opsonic index may oscillate abruptly from sub
normal to very considerably above normal and vice versa 
or remain persistently, although irregular, above 
normal in precisely that class of case (v.Wright's 
cases /



cases.in loc. cit» ) These patients are not improv— 
ing: auto-inoculation in such cases ought accord
ing to the theory to result in cumulative negative 
phases: also, inoculation with a tubercle vaccine
is not lihely to benefit this class of patient.

In the earlier investigations exudation fluids 
(which had been in process of accumulation or had been 
accumulated for sometime) blister fluid, fluid from 
abscesses, were generally found to give a very low 
index as compared with the blood serum. But exudates 
have been found upon occasion to give higher readings 
than the blood serum (e.g. in case of tubercle v.
Wight Proc. Roy, Soc. Jan. 1906: pleural exudate,
opsonic index = l: peritoneal exudate 0.1: blood serun 
0.7,; the peritoneal effusion was the chief clinical 
feature in the case and from these observations Wight 
pronounced the case tubercular and not malignant: 
the peritoneal exudate is supposed to have formed when 
the blood opsonic index was low, the pleural exudate 
when it was high.)

Lastly Wight considers any appreciable phagocyt 
osis of tubercle bacilli in a patient's serum,after

rc
heating,to be an evidence of infection; i.e. there is 
present in the heated serum of those who are subjects 
of a systemic infection,as distinguished from a 
strictly localised infection,or who have been subjecteo. 
to /



to inoculations of a tubercle vaccine an element which
vincites Phagocytosis, But systemic infection here 

includes a considerable diversity of cases and one is 
almost led to think that the case is "systemic" or not
according as the opsonic index is at, or above/ normal

ve.itaiad''or below it (in which case it would be"strictlv
A

localised” ).
with regard to this point of diagnosis the 

figures given by Wright strike one as arbitrary and 
variable., so much so that, for the number of observa
tions given - and one must remember that these observ
ations cannot claim to be beyond the range of ex
perimental error - one is not inclined to regard this 
datum more favourably than the former means of diag
nosis, i.e., alleged persistently low index in those 
who are subjects of infection.

To complete this chain of reasoning records deal
ing with the heated serum of patients who have persist
ently low indices and who are suffering from chronic 
lesions, should have been shown. If their heated 
serum corresponds to the heated serum of healthy in
dividuals, well and good; if it gives higher counts 
the hypothesis as to auto-immunisation etc. as formu
lated above falls to the ground.

Wright’s rules for guidance in diagnosis (tuber
cular lesions ) in their present form must be pronounc
ed /



pronounced unlikely in a great proportion of cases to 
give a clue where the clinical features are obscure.

The present writer found in a case of genito
urinary infection with b . Coli, (that organism being 
present in the urine in almost pure culture: it was
identified as B. Coli ) that the patient's index 
ascertained on five occasions was distinctly above 
normal and variable: a 20-hour agar growth of the
particular bacterial race causing the infection was 
employed in the test. The patient had rigors (not 
severe ) from time to tine with slight rises of 
temperature.

The specificity of opsonins has been alleged and
1̂70-
^differential opsonic indices (i.e. phagocytosis of 
different organisms in the same fluids ) has been used 
for diagnosis. But the organisms are not "standard
ised" e.g. there cannot be, strictly, a comparison of 
the phagocytosis of dead tubercle bacilli in an 
exudate with phagocytosis of living staphylococci in 
that fluid even though the same standard serum is 
used as a control for each.

The relative position and importance of "opsonins” 
in immunity, in general, is not yet defined. Some, 
who emphasise the thermolabile element, incline to 
identify opsonin with complement (Crofton. Journ. Hyg. 
Oct, /



O c t .  1 9 0 5 :  a n d  s o ,  a l s o ,  i n  a  s e n s e  D ean  a s s o c i a t e s

c o m p l e m e n t  w i t h  p h a g o c y t o s i s  ) :  o t h e r s  ( v . s u p r a

N e u f e l d  a n d  F i n p a u , s a v t c h e n k o  e t c .  a l s o  i n f r a ,  D e a n )

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

s u b s t a n c e  i s  identical w i t h  im m une body. G r u b e r  and 
putafci s e e m  t o  c o n s i d e r  ( ?  ) t h a t  opsonin in immune

I
s e r u m  a n d  a l e x i n  i n  n o r m a l  serum f u n c t i o n  i n  t h e  sam e 

w ay a s  r e g a r d s  p h a g o c y t o s i s ,  Leishman (v.i n f r a )  h a s  

u s e d  t h e  term " S t i m u l i n "  even i n  view o f  t h e  f i n d i n g s  

o f  w r i g h t  a n d  D o u g l a s .

i

A t  l e a s t  o n e  e f f o r t  h a s  b e e n  m a d e  t o  b r i n g  t h e  

o p s o n i c  h y p o t h e s i s  i n t o  l i n e  w i t h  p r e v i o u s  knowledge. 
D ean  ^   ̂ f o u n d  t h e r m o  s t a b i l i t y  o f  t h e  " s u b s t a n c e  w h i c h  

i n f l u e n c e s  p h a g o c y t o s i s "  i n  s t a p h y l o c o c c u s  immune 

s e r u m  a n d ,  a l s o ,  i n  c e r t a i n  c a s e s  a n d  u n d e r  c e r t a i n  

c o n d i t i o n s ,  i n  n o r m a l  s e r a .  He t a k e s  u p  t h e  p o s i t i o n
|

t h a t  " o p s o n i n "  i s  i d e n t i c a l  w i t h  i n n u n e - b o d y . " T h e  

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

am ou n t  i n  n o r m a l  s e r u m  i s  i n  accordance w i t h  t h e  

n u m e r o u s  o b s e r v a t i o n s  o f  t h e  o c c u r r e n c e  o f  im m une 

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

n o r m a l  a n t i t o x i n  ( e . g .  o f  d i p h t h e r i a )  a n t i - f e r m e n t s  

e t c .  a n d  t o  t h e  f a c t  t h a t  t h e  b a c t e r i o l y t i c  a n d  

h a e m o l y t i c  a c t i o n s  o f  n o r m a l  serum a r e  d u e  t o  t h e  

p r e s e n c e  /

( l )  P r o c .  R o y .  s o c .  v o l .  76  b  ( 1 9 0 5 )  p  5 0 6  "On t h e
N a t u r e  o f  t h e  s u b s t a n c e  i n  S eru m  w h i c h  i n f l u e n c e s  
P h a g o c y t o s i s " .
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p r e s e n c e  i n  t h e  s e r u m  o f  an  im m une s u b s t a n c e  p l u s  a  c o m -
I

p l e m e n t ,  a s  h a s  b e e n  f i r m l y  e s t a b l i s h e d  b y  t h e  w o r k  o f  

P f e i f f e r ,  B o r d e t ,  M o x t e r ,  E h r l i c h  a n d  M o r g e n r o t h  a n d  

o t h e r s .  I n  g i v i n g  t h e  nam e " o p s o n i n ' »  t o  t h e  s u b s t a n c e  

w h i c h  b e c o m e s  a t t a c h e d  t o  t h e  m i c r o - o r g a n i s m s  a n d  p r e 

p a r e s  th e m  f o r  p h a g o c y t o s i s  D o u g l a s  a n d  W r ig h t  h a v e ,  

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

b e e n  r e c o g n i s e d  b y  a  n u m b e r  o f  d i f f e r e n t  w o r k e r s .

I t  m ay b e  c o n v e n i e n t  t o  a d o p t  W r i g h t  a n d  D o u g l a s '  te rra  

o f  " o p s o n i n "  f o r  t h e  p a r t i c u l a r  p r o p e r t y  i n  q u e s t i o n  

( i . e .  p r e p a r a t i o n  o f  t h e  m i c r o b e  f o r  p h a g o c y t o s i s ) .

T h e  o n l y  d a n g e r  a t t a c h e d  t o  s u c h  a  c o u r s e  i s ,  t h a t  o n e  

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

f e r e n t  s u b s t a n c e  ( i . e .  f r o m  t h a t  known a s  " f i x a t e u r "  

a n d  " s u b s t a n c e  s e n s i b i l i s a t r i c e )  a n d  n o t  m e r e l y  a  

p r o p e r t y  o f  im m une s e r u m . "

One w o u l d  r e f e r  t o  tw o  o f  D e a n 's  e x p e r i m e n t s .

T h a t  o p s o n i n  w as  p r e s e n t  i n  n o r m a l  human s e r u m  a f t e r  

h e a t i n g  t o  G0°c f o r  20 m i n u t e s  w as  sh ow n  b y  t h e  f a c t  

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

q u a n t i t y  o f  s u c h  s e r u m  ( o f .  B a r r a t t ,  su p ra ) t h a t  i s  

t o  s a y  h a v i n g  b e e n  i n c u b a t e d  i n  t h a t  s e r u m  f o r  1 5  

m i n u t e s  a t  3 7 °C  a n d  t h e r e a f t e r  f r e e d  o f  s e r u m  w e r e  

a c t i v e l y  p h a g o c y t e d  i n  s a l i n e  s o l u t i o n  o n  t h e  a d d i t i o n  

o f  l e u c o c y t e s .  T h e  c o n t r a s t  i s  b e t w e e n  0 p e r  l e u c o c y  

f o r  u n t r e a t e d  c o c c i  i n  h e a t e d  se ru m  a n d  6 0  p e r  l e u c o 

c y t e  /

e
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l e u c o c y t e  for t h e  t r e a t e d  c o c c i  i n  s a l i n e  s o l u t i o n  

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

quantities o f  s e r u m  e t c .  i n  t h e  m e t h o d  o f  w r i g h t .

A g a i n  Dean s h o w s  a s  a  c u r v e  t h e  r a t e  o f  d e s t r u c 

t i o n  o f  t h e  ’'substance” in n o r m a l  a n d  i n  immune s e r u m  

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

w h i c h  t h e  portions o f  s e r u m  h a d  been h e a t e d  t o  6 0 ° c  

f o r  increasing periods u p  t o  h a l f - a n - h o u r .
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T h e  i n i t i a l  f a l l  is e x t r e m e l y  m a r k e d :  i n  f a c t

t h e  f i r s t  tw o  m i n u t e s  seem  t o  h a v e  c o m p l e t e d  t h e  

d e s t r u c t i o n  o f  t h e  a g e n t s  in t h e  tw o  s e r a  which a r e  

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

c a n  b e  destroyed a t  s u c h  a  t e m p e r a t u r e  w i t h i n  a  r e a s o n 

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

t o  this f a l l  a s  a  « f r a c t i o n a l  d e s t r u c t i o n "  o f  t h e  

" s u b s t a n c e " .  A c c o r d i n g  t o  h i s  own t h e o r y  " t h e  s u b 

s t a n c e "  /



su b sta n ce " r e s i s t s  heat and some other fa c to r  has been

d e stro y ed . Indeed , Dean re co g n ises  that complement 

may have some fu n c tio n , although not an e s s e n tia l one, 

in  regard to  p h a g o c y to sis . with regard to heated  

sera he s a y s : -  "One must remember that Wright and 

D ouglas' method p robably  dem onstrates the presence o f  

"o p so n in " over o n ly  a very  short ran ge. The b r i e f  

tim e during which the substance i s  allow ed to act on 

the c o c c i probably adm its o f  on ly  f a i r ly  high con

c e n tr a tio n s  bein g  in d ic a t e d ."  But the supposed im

mune body i s  ju s t  as concentrated in  the unheated as 

in  th e  h eated  normal serum, and fo r  that reason i t  

may be doubted whether i t  i s  th e  e s s e n tia l agent in  

th e  a ct o f  p h a g o c y to s is , (cm / m m -

/ J jw d L h ) ,

Dean a lso  re c o rd s  some experim ents in d ic a tin g  

th a t b a c te r ia  tr e a te d  w ith heated immune serum washed 

and th e r e a fte r  c e n tr ifu g a lis e d  in  normal serum leave  

the l a t t e r  com paratively l i t t l e  impoverished as regards  

"th e  su b sta n ce " when i t  i s  te s te d  with fresh  cocci and 

so a lso  v ic e  v e r s a .

Besredka in  the B u lle t in  de l ' l n s t i t u t  Pasteur 

c r i t i c i s e s  D ean 's p o s it io n  very favo u ra b ly .

Leishraan ^   ̂ has a lso  emphasised the thermostab

i l i t y  /

( l )  T ran s. Path. Hoc. Lond, v o l .  56 part i l l .  P» 344.



th e r m o s ta b ility  o f  "th e  substance** in  some cases (he 

c a l l s  i t  "S tin u lin * * ) v i z . -  in  sera  from anim als im

munised a g ain st M icrococcus M e lite n sis  and B. Typhos

us and in  se ra  from p a tie n ts  convalescent from in

fe c t io n s  w ith th ese  organism s. Very sm all q u a n titie s  

o f  such se ra  added to  phagocytic m ixtures in creased  

the count very g r e a t ly . H eating to G0°c fo r  10 

m inutes d id  not dim inish t h is  '’ stim ulin'* e f f e c t .

w ith  a view  to  determ ining whether th is  increased  

p h a g o cy to sis  was due to  stim u la tio n  o f  the leu cocy tes  

or a c tio n  on th e b a c te r ia  the fo llow in g  experiment was 

done. A l l  the se ra  employed were heated to 6 0 °c .

A suspension  o f  ty p h o id  b a c i l l i  was d iv id ed  in to  three  

equal p o r t io n s  nA%  MB" and "C * . "B " was mixed with

0 .5  c . c .  o f  heated typh oid  serum derived from an im

munised r a b b it  and the m ixture was allow ed to d ig est  

fo r  1 hour at 3 7^ c . **At the end o f  th is  time i t  was

c e n tr ifu g e d  u n t i l  the supernatant f lu id  was g la s s -  

c le a r :  t h is  was p ip e tte d  o f f  and rep laced  by normal

s a lin e  in  which the germs were once more shaken up and 

the c e n tr ifu g e  again  employed. A fter  the washing to  

remove the remains o f  the serum the supernatant s a lt  

so lu tio n  was removed and s. fr e sh  quantity added to 

b rin g  th e  suspension  up tc i t s  o r ig in a l volume. In  

t h is  way th e  germs had been given the opportunity o f  

absorbing /
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absorbing or " f i x i n g "  th e substance contained in  the 

h eated  immune serum, i f  they were capable o f  doing 

s o . The th ir d  p o rtio n  -  suspension "C " -  was trea ted  

in  a manner p r e c is e ly  s im ila r  to "B " with the excep

t io n  th a t heated serum from a normal ra b b it was em

ployed in  p la c e  o f  the typhoid r a b b i t 's  serum.

Three experim ents were then done w ith each o f  these  

th ree su sp en sion s, normal human leu cocy tes and normal 

h eated  human serum being employed in  each case .

(a  )

3  y

(b )

Experiment 1 0 .

F .G 'b  c o rp u sc les  ^ 3 g x 3

" heated serum '5ï^8

F .G 's  co rp u scles 3 v o ls .

M heated serum 2 v o ls .
' I  C

Typhoid r a b b i t 's  

h eated  serum 

(d i lu t e d  1 in  2 )  1 v o l .  /

70

(c  )

+ 3  I S 7 )4 -

p .G 's  co rp u sc les  3 v o ls .^

" heated serum 2 v o ls .

Normal r a b b i t 's  y

h eated  serum 

( d ilu te d  1 in  2 ) l v o l . /

.......................  w ith the untreated suspension ' A'  a two

f o ld  /



I tw o -fo ld  in c re a se  o f  p h agocytosis r e s u lt s  from the addi

t io n  o f  th e typh oid  serum w hile a p re c ise ljr  s im ila r  

e f f e c t  i s  ob tain ed  w ith suspensions "B"  and "C " which 

had been tre a te d  with typhoid serum and normal serum 

r e s p e c t iv e ly . Had the substance contained in  th e  

typh oid  serum been f ix e d  by the b a c te r ia  o f  suspension  

"B * , and had the mechanism o f  p h agocytosis been s im ila r  

to what Wright and Douglas have shown to  be the case 

in  op so n ic  a c t io n , I should have expected the exp eri

ment conducted w ith t h is  emulsion to  have shown through

out h igh er p h ago cytic  in d ic e s , than in  the case o f  

th o se  perform ed with suspension "A " and " 0 " ,  and, 

fu rth e r  th a t the degree o f  stiraulin  e f f e c t ,  as com

pared w ith  the two c o n tro ls  would have been l e s s .  In  

p la c e  o f  th is„  p h ago cyto sis  w ith "B " suspension i s  le s s  

than w ith  the o th e rs  w hile the stim u lin  e f f e c t  o f  the  

a d d itio n  o f  typ h oid  serum i s  p r e c is e ly  the same. With

out w ish in g to i n s i s t  too stro n g ly  upon th e r e s u lts  o f  

t h is  experim ent i t  appears to me to  suggest th a t the 

e f f e c t s  recorded  above are due to a r e a l stim u lation  

o f  th e  le u c o c y te s  by the immune serum and are not the  

r e s u lt s  o f  a s e n s i t is in g  action  o f  the serum upon the 

b a c te r ia  s im ila r  to  the a c tio n  o f  o p so n in s ."

Wright has r e p lie d  ^  on th is  question o f  ther

m o s ta b ility  /

( 1 )  ? r o c . Roy. s o c . v o l .  77 B 516 1 9 0 6 . "On Spon- 
taneous P h agocytosis and on the Phagocytosis which 
i s  ob tain ed  w ith  the Heated Serum o f  P atients wno 
have responded to Tubercular In fe c t io n  or as the  
case may be to the in o c u la tio n  o f  a Tubercle Vaccine



th e r m o s ta b ility : in  view o f  h i s  previous work the re 

c o g n itio n  o f  th e  fa c t  that "spontaneous p h a g o cy to sis" 

can occur c o n s t itu te s  a con sid era b le  change from the 

in te r p r e ta t io n  g e n e r a lly  put upon the "o p so n ic "  

h y p o th e s is . a r ig h t  fin d s  th at p h agocytosis o f  

tu b e rc le  b a c i l l i  can take p lace  in  a medium, th at i s  

p r a c t ic a l ly  e n t ir e ly  s a lin e  so lu tio n  and that the 

p h a g o cy to sis  can be in creased  (even to a higher count 

than in  a 2 ~ fo ld  d ilu t io n  o f  normal serum: the count

w ith u n d ilu ted  serum i s  not g iv e n ) or dim inished, w ith  

in  l i m i t s ,  according as the d isso lv e d  s a lt  content o f  

the m ixture i s  l e s s  or more. To e lim in ate  phagocyt

o s i s  due to  oth er causes than the serum present the  

s a l t  con ten t in  p h ago cytic  m ixtures i s  arranged to be 

over Vjo NaCl. That p h agocytosis can go on in  an im

mune serum (th a t  o f  a p a tie n t whose opsonic index  

had been r a is e d  from 0 .1 7  to 1 .8  by repeated in ocu la

t io n s  o f  new tu b e r c u lin )  i s  in c id e n ta lly  adm itted, the  

s a l t  con ten t o f  the m ixture being above vjo NaCl.

D ig e stio n  fo r  h a lf-a n -h o u r  at 37°c  with a sus

pension  o f  tu b e rc le  b a c i l l i  can remove the " in c i t o r  

e lem en t" from heated  immune serum; th is  in c ito r  

elem ent i s  th e r e fo r e  an opsonin : th is  i s  spoken o f

p r o v is io n a lly  /



p r o v is io n a lly  as the opsonin found in  the heated im

mune serum . As to  th e rm o sta b ility  b righ t r e c a l ls  that 

in  h is  e a r l ie r  o b serv a tio n s there was a re sid u a l  

p h a g o cy to sis  in  heated serum. 1 »  t h is  due to a 

residuum o f  th e  th erm olab ile  opsonin or to a th e r 

m ostable body?

T h is m atter o f  normal serum i s  shelved  and th e  

qu estion  d isc u sse d  is ,w h eth er  the opsonin in  heated  

serum,where p h ago cyto sis  i s  m ark ed ,is r e a l ly  a residue  

o f  the th e rm o la b ile  substance or a r e a l ly  therm ostable  

su b sta n ce . There i s  no attempt to show th a t the 

opsonin in  heated serum can be destroyed by h ea tin g , 

i f  th a t i s  s u f f i c i e n t ly  prolonged , which one f e e ls  i s  

the p la in  qu estion  at is su e  (v .t h e  curve dep icted  by 

Dean fo r  staph ylococcu s immune serum). An experiment 

i s  done in  which an immune serum i s  heated b efo re  

d i lu t io n  in  one s e r ie s  and a fte r  d ilu tio n  in  another 

and the p h a g o cy tic  re a c tio n  te s te d  in  the p ro g re ss iv e ly  

in c r e a s in g  d i lu t io n s : the p h agocytosis ceases f i r s t

in  th e  serum which was d ilu te d  b e fo re  heating and the 

co n clu sio n  a rriv e d  a t ,  i s ,  "th a t the opsonin found in  

heated  serum i s  destroyed  by heat when the serum i s  

s u f f i c i e n t ly  d i l u t e d ."  Four such r e s u lt s  are given : 

when one s c r u t in is e s  them one observes a marked r is e  

in  th ree in  the i n i t i a l  d ilu tio n s  o f  the serum which 

was /
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was f i r s t  d i lu te d  and then heated .

P h a g o c y t i c  c o u n t -  i n  s e m i n i  
h e a t e d  O c  f o r n i  d i l u t i o n . M e a l e d  u n d i l u t e d  s c r u t i ?

P h a g o c y t i c  c o u n f  i n  S a r u r r ?  
d i  l u t e d  I j c ^ o r o -  b e a t i n g

I 3L ML X JL ilL X 3T in:
5X4- 1 *4-

9 . - ioId 1*9
*

s * 7 l
*

1*5j

4- fold a - v IX > *95 1 *7 1 - 9
*

l-.SJ

Ò lo ld i -i 1 *4- 0 * 7 o -6 8  -ft
*

1*6J
16 fo ld 1 o 1 *6 o*7

!
0 * 4 - 5 O *X> 0-S>

7

*97 1 * 5 o*&5 0 - 8 . o  * 0 $ o - oJ
6 . 4 - f o ld .... x Y . 5 o  -9 0 * 0 o*o8

1 .  = p o o led  serum o f  6 p a t ie n ts  who had been inocu

la t e d  w ith a tu b e r c le  v a c c in e .

2 .  = serum o f  a p a t ie n t  who had been in o c u la te d  with

a tu b e rc le  v a c c in e .

3 . = serum o f  a p a tie n t who had been in o c u la te d  w ith

a tu b e rc le  v a cc in e .

^  th ese  counts do not bear out the fo re g o in g  a s s e r tio n  

as to  d i lu t io n , the count in  t  he second s e r ie s  ought t o 

f a l l  from the o u t s e t . Wright r e fe r s  to Dean’ s con

c lu sio n  th a t the opsonins found r e s p e c t iv e ly  in  un

heated and heated immune se ra  were i d e n t ic a l .  "The 

p la in  teach in g  o f  our experim ents i s  th at th e opsonin  

which i s  found in  th e  heated immune serum o f  a p a tie n t  

who /
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who has responded to  tu b ercu lar  in fe c t io n , or as the

does not d i f f e r  w ith re sp e c t to  i t s  r e s is ta n c e  to heat

" We have only to  remark in  con clu sion  th a t i f  we 

p r e fe r  to  speak o f  the opsonin  as a th e n n o la b ile  

elem en t,an d  Dean p r e fe r s  to  speak o f  i t  as a thermo

s ta b le  e lem e n t, th ere i s  nothing at is s u e  between us  

except th e  q u estion  as to  whether i t  i s  in  harmony witjh 

usage and w ith  th e  genius o f  th e E n g lish  language as 

employed in  s c i e n t i f i c  d isc o u rse , to  c h a r a c te r ise  as 

"th e rm o sta b le ” an element o f  which at b e s t  r e s id u a l  

tr a c e s  rem ain in  the case  o f  the norma! serum where 

t h is  has been heated  to G 0 ' Jc  and in  the case  o f  the 

immune serum where t h is  has a f t e r  adequate d ilu t io n  

been heated to  th e same te m p e ra tu re ."

S t i l l ,D e a n  has some c la im  to  d is t in g u is h  -  he 

does so but not s u f f i c i e n t ly  e x p l i c i t ly  -  the therm o- 

l a b i l e  from the th erm ostable  elem en t, i f  the l a t t e r  

r e s i s t  h ea tin g  to  6 0 °c  fo r  p e r io d s  up to h a lf-a n -h o u r  

w ithout showing p ro g re ss iv e  d e s tr u c tio n : end a g a in }

i f  normal horse serum a fte r  4 hours at 6 0 °0  can exer

c i s e  an op so n ic  e f f e c t .

I t  i s  a con ception  re q u ir in g  some e la b o ra tio n  

th a t /

case  may be to th e  in o c u la tio n  o f  a tu b e r c le  v a c c in e ,

and su n lig h t from the opsonin which i s  found in  unheat'

ed normal serum ft



th a t the "su b sta n c e " h eated  in  d i lu t io n  i s  more com

p le t e ly  destroyed than when h eated  in  co n c e n tra tio n , 

th e  same bulk bein g  heated in  each c a s e , say fo r  15  

to  20 m inutes at 6 0 ° c . In  W r ig h t 's  experiment th ere  

i s  no standard fo r  "ad eq u ate " d i lu t io n .

To meet Dean's argument as to  the l im it a t io n  o f  

W r ig h t 's  method a h ea lth y  (n orm al) serum should have 

been co n tra ste d  w ith a d ilu te d  immune serum at th a t  

d ilu t io n  which (un h eated) gave a count equal to  th a t  

o f  th e  normal serum, both se ra  -  the normal u n d ilu ted  

and th e d ilu te d  immune serum -  bein g te s te d  b e fo re  

and a f t e r  h e a tin g . The immune serum a fte r  h ea tin g  

might be more p oten t than the h eated  normal serum in  

which case one would in fe r  th e  presence o f  a r e a l ly  

h e a t -s ta b le  su b sta n ce . Both might show a s im ila r  

count a f t e r  h eatin g  in  which case i t  might be a llo w 

able  to  conclude th a t the substance i s  one and the  

same in  each serum. But i f  such an immune serum 

show a lower or a h igher count according as i t  i s  heat' 

ed a f te r  or b e fo re  d i lu t io n  then one i s  at a lo s s  what 

to  i n f e r ,  th a t i s  to say on the b a s is  of D ean 's  

h y p o th e s is .



W rig h t’ s "o p so n ic " th eory  assumes th at phago

c y t o s is  and. even p h a g o cy to sis  in  v itr o ' i s ,  as such, an

index o f  the e f f ic ie n c y  o f  the mechanism o f  defence
,

a g a in st m icro -orga n ism s.

T h is i s  d o u b tfu l. As to "p h a g o cy tic  c o u n ts ", by 

means o f  which Wright con sid ers th at the theory can 

be employed as an accu rate  q u a n tita tiv e  measurement o f  

t h i s  d e fe n ce , one i s  in c lin e d  to th in k  that the value  

o f  such enumeration i s  l im it e d : b e sid e s  th e p o s s ib i l 

i t y  o f  e rro r  due to the m echanical procedure th ere are 

two "p e rso n a l e q u a tio n s " in  the m atter, the observer  

and the in d iv id u a l le u c o c y te  ( e f,W rig h t Proc. Roy. soc . 

v o l .  7 7 ; he remarks th at in  heated serum^not every  

le u c o c y te  but on ly  one here and there i s  p h a g o c y tic ). 

Where the p h a g o cy tic  d iffe r e n c e  between two m ixtures  

i s  g r o s s 7enum eration i s  su p e rflu o u s: on the other

hand one can , w ith  c a re , d iscrim in a te  f a i r ly  w ell  

between m ixtu res which, as regards p h a g o c y to sis , 

m ight to a gen eral sc ru tin y  appear very  sim ilar-.

Dean p la c e s  no great con fiden ce in  phagocytic cou n ts: 

Wright p o in ts  out th a t Dean has used very dense sus

p en sio n s and has obtained  counts so high that quanti

ta t iv e  e stim a tio n  i s  out o f  the q u e stio n . Dean’ s 

argum ent, however, does not depend on "re fin em en ts o f

en u m eration ". W r ig h t ’ s counts in  some p la c e s  are
.

much /



much too 'nigh (30 per le u c o c y te  and upwards ). An 

average o f  from C to  10 per le u c o c y te  i s  perhaps as 

h igh  as one w ould, w ith any con fid en ce , care to count. 

For any degree o f  accuracy i t  i s  e s s e n tia l  th a t the 

suspension  o f  b a c te r ia  be homogeneous, i . e . ,  that 

th ere  be no c o n sid era b le  clumps o f  organism s. One 

has found t h a t , fo r  t h i s  reason , some organism s, e .g .

B . D iphtheria© and 33. Pyocyaneus, are very u n su ita b le : 

in  such case o n ly  very g ro ss d iffe r e n c e s  could be con

sid ere d  o f  s ig n if ic a n c e . some organism s form very  

scan ty  growths in  24 hours and i t  i s  d i f f i c u l t  to get 

a suspension o f  proper d e n sity  u n le ss  one employ 

se v e ra l c u ltu r e s  or very l i t t l e  s a lin e  s o lu tio n .

The Staphylococcus Pyogenes Aureus i s  convenient; 

B u lloch  and A tkin  used Staphylococcus A lbus. The 

o b se rv a tio n s  given  below  were made w ith l i v i n g  cu ltu re  

( 2 0 -2 4  hours o ld )  m ostly  grown on a g a r . The 

stap h ylococcu s c h ie f ly  employed was, as one had reason  

to  know, a (laboratory) c u ltu re  o f  very low v ir u le n c e : 

another ra ce  which had been com paratively r e c e n tly  

i s o la t e d  from the th ro a t o f  a p a tie n t was a lso  used  

(s ta p h . 2 ) . Both behaved s im ila r ly . suspensions  

o f  th ese  c u ltu r e s  were made in  0 .3  fo Na Cl s o lu t io n :  

the suspension  was c e n tr ifu g a lis e d  to fre e  i t  o f  

clum ps, the upper p o rtio n s  bein g then p ip e tte d  o f f :  

t h is  /



t h is  la s t  was used as suspension fo r  the p h a g o cy tic  

t e s t s .

As to  tech n iq u e , an ad ap tation  o f  W r ig h t 's  

procedure was u s e d ,in  that com paratively  la r g e  

q u a n tit ie s  (1 5 -2 0  c . c ,  ) o f  human blood  were withdrawn 

from a forearm  v e in  in to  a g la s s -b a r r e l le d  sy rin g e , 

w ell c le a n e d , s t e r i l e  and washed out w ith c i t r a t e  

s o lu t io n  ju s t  b e fo re  u se . Such a method would seem 

to  have advantages (b e t te r  p re se rv a tio n  o f  the b lo o d  

obtain ed  in  such q u a n tity  and by t h i s  means) Blood  

from th e same in d iv id u a l (h e a lth y  m ale) lias been 

used th rough ou t. The b lood  was g en tly  poured -  th e  

n ee d le  having been removed from th e sy rin g e  -  in to  

an equal volume o f  1 <jo s o lu tio n  o f  c i t r a t e  o f  soda in  

0 .3 fo s o lu tio n  o f  sodium c h lo r id e , t h is  s o lu t io n  having  

been s l i g h t l y  warmed ju s t  p reviou s to the a d d itio n  o f  

the b lo o d : care was taken in  emptying the sy rin g e  not

to  wet the s id e s  o f  the c e n tr ifu g e  tube w ith b lo o d .

A l l  the s o lu t io n s , tu bes e t c . had been s t e r i l i s e d :  

caTe was taken th at th e c e n tr ifu g e  tubes and in 

cubation tubes e t c .  were c le a n . Another p o r tio n  o f  

blood  ( fo r  serum) was poured in to  another c e n tr ifu g e  

tube and allow ed  to  c l o t .  Both tu bes were c e n t r i -  

fu g a lis e d . From the f i r s t  tube th e  supernatant 

"c i t r a t e d  plasm a" was removed and the b loo d  corp u scles  

c e n t r ifu g a lis e d  /



c e n t r ifu g a lis e d  th re e  t in e s  in  la r g e  q u a n tit ie s  o f

0 .8 $  Na Cl s o lu t io n  ( "washed, c o r p u s c le s ") .  Less  

concentrated  c i t r a t e  nay be used. (’-g$ U rw ick): but one

has once seen a p a le  c lo t  form in  the c i t r a t e d  plasma  

o b ta in ed  as above: a lso  one knows th a t o th ers  in

ta k in g  op son ic  in d ic e s  have had tro u b le  w ith  b loo d  

c lo t t in g  in  c a p illa r ;» ’ tu b es (?  due to in s u f f i c i e n t  

c i t r a t i o n ) even where 1 $  c i t r a t e  had been u sed .

W right has used v a r io u s  co n cen tra tio n s o f  c i t r a t e  even 

1 0 $  ( l  p art c i t r a t e  s o lu tio n  to 1 p a rts  b lo o d  Proc. 

Roy. so c . v o l .  73 p 1 2 9 )  but in  t h is  case  the f i r s t  

p o rtio n  o f  b loo d  e n te rin g  the c i t r a t e  so lu tio n  r e 

ce iv e s  r a th e r  harsh treatm ent because 3$  c i t r a t e  i s  

s u f f i c i e n t  to i n h ib i t  p h a g o cy tic  a c t i v i t y  though th at  

fa c u lty  can be r e s to r e d  by washing the c o rp u sc les  in  

s a lin e  s o lu t io n .

W r ig h t ’ s technique was a m o d ific a tio n  o f  L e is h -  

m an's procedure fo r  the in v e s t ig a t io n  o f  p h ago cytic  

a c t i v i t y ;  Leishraan measured o f f  equal q u a n tit ie s  o f  

blood  and b a c te r ia l  suspension  in  a c a p i l la r y  p ip e t te  

and in cu bated  a drop o f  the m ixture on a s l id e  under 

a c o v e £ -g la s s : at th e  end o f  f i f t e e n  m inutes th e

c o v e r -g la s s  was s l i d  o f f  and the f i lm  sta in e d  w ith  

Leislim an's s ta in . Wright in trod u ced  the c i t r a t io n
=4~

o f  th e blood washing o f  the b lo o d  c o r p u sc le s .A

Wright /



Wright r e c e iv e s  the b lood  in  a s p e c ia l  capsule  

w ith  a lim b recurved  so th a t i t  could  be hung in  the  

h a n d -c e n tr ifu g a lis a t io n  machine. T h is cap su le  was 

made from g la s s  tu bin g in  the Bunsen fla m e , n itr a te  

s o lu tio n  was f i l l e d  in  through the c a p i l la r y  recu rved  

lim b up to  a mark on th e  capsule and then b lo o d  from  

the f in g e r  up to  the same l e v e l .  This capsu le  was 

c o n tr ifu g a lis e d  and the co rp u scles washed in  i t  Just 

as d e scrib e d  above. C a p illa ry  p ip e t te s  were used fo r  

m easuring, m ixing and in cu b a tin g  the q u a n tit ie s  o f  

serum co rp u sc le s  and suspension  o f  b a c t e r ia . As to  

the s a lin e  s o lu t io n : Wright (a ls o  B u llo c h ) used  0 .8 5 $

and re c e n tly  W right has used stron ger s a l t  s o lu tio n  

f o r  the reason  given a lre a d y . In  th e  fo llo w in g  

experim ents 0 .8 fo was used  because one concluded  

( r ig h t ly  or w ron gly) th a t th e b lood  c e l l s  were b e t te r  

preserved  in  0 ,8 fo N a d  than in  0 .3 5  cjo. Only r e c e n tly  

has the m atter o f  the stilt  content been d isc u sse d .

As to  th e  c i t r a t io n : i f  the c itr a t e d  plasma be w e ll

c e n tr ifu g e d  a w hite d e p o sit c o n s is t in g  o f  b lo o d -p la te s  

i s  seen ly in g  on the su rfa ce  o f  the la y e r  o f  c o r p u sc le s .  

These p l a t e l e t s  -  one se e s  them afterw ard  in  th e  smears 

-  are o fte n  la r g e :  very commonly one f in d s  them

grouped round w hite c e l l s ,  e s p e c ia lly  in  smears from  

heated  serum m ix tu re s : t h is  grouping i s  a lso  w e ll seer,

on /



on the warm s ta g e . O cca sio n a lly  th ese  p l a t e l e t s  are 

ap p aren tly  in s id e  the w hite c e l l  (polymorph or  

mononuclear ) . On two o c c a sio n s  one has found the  

organism s d i s t i n c t ly  clumped and in  such clumps one 

could g e n e r a lly  f in d  p la t e le t s  (once stap h ylococcu s  

and once M icrococcus M e li t e n s is ) .  L e v a d iti  found  

th at ch o lera  v ib r io s  in  th e blood stream  adhered to  

the b lo o d -p la te s  (Ann. de l ' I n s t .  P a st. 1 9 0 1  p  9 9 2 ) .

The upper la y e r s  o f  the c e n t r ifu g a l!s e d  d e p o sit are  

sa id  to be s p e c ia l ly  r ic h  in  white co rp u sc le s  (W rig h t)  

O n e's  custom was to g e n tly  mix the d e p o s it  to ensure  

u n ifo r m ity . The m ixtu res were g e n e r a lly  made and 

in cu b ated  in  specimen tubes ( i . e .  sm all corked tubes  

about an inch lo n g , w ith s ^ in . diam. ) which had been  

w e ll cleaned and s t e r i l i s e d :  the cork s were b o i le d

and d r ie d . 1 c .c .  p ip e t t e s  graduated to te n th s  and 

hundredths were used fo r  m easuring the c o n stitu e n ts  

o f  the m ix tu re s . The p ro p o rtio n s  generalii»’ used were

0 .5  c . c .  b lood  c o r p u sc le s , 0 .5  c .c .  serum or other  

medium, 0 .1  c . c .  susp . c f  b a c t e r ia . These are 

W r ig h t 's  p ro p o rtio n s  3 . 3 .1 .  In cu bation  = 20 

m inutes a t 37 °C . Smears are then made o f  the mix™ 

tu r e s  a f t e r  th e tu b es have been emptied in to  w atch- 

g la s s e s .  The smears are perhaps b e s t  when made ra th e r  

th ic k  and w ith a fr e e  edge as recommended, by B u llo ch : 

alon g t h is  edge one fin d s  good le u c o c y te s  as a r u le .  

Wright /



Wright arid B u lloch  used s l i d e s  th at had not been  

s p e c ia l ly  c lea n e d . T h is  i s  not a d v isa b le  (th e  f i lm  

washes o f f  or i s  "s tr e a K y ” ). Wright used sand-paper  

on th e  m iddle o f  the s l id e  to ensure th a t many le u c o 

cy te s  w i l l  be found in  on© p la c e . One has not found  

t h is  an advantage. As to s t a in in g ,Leish m an 's s ta in

i s  perhaps th e b e s t : J e n n e r 's  i s  a lso  very  good.
.

c o sin  and m ethylene blu e tends to le a v e  a d ep o sit in

th e  fr e e  ed ge, the p a r t ic u la r  p la c e  one w ishes to  be
,

d i s t i n c t .  For cou n tin g , o n e 's  im pression  i s , t h a t  i t  

i s  a d v isa b le  to have the c e l l s  f a i n t ly  sta in e d  y e t  

m oderately w e ll -d e f in e d . I f  the n u cleu s be dark ( e .g ,  

i f  one s ta in  w ith  L eishm an 's s ta in  and u se  d i s t i l l e d  

water too f r e e ly  a fte rw a rd ) one cannot see through i t  

nor see  b a c te r ia  ly in g  on i t .  One has found heated  

serum m ix tu re s , fo r  some re a so n , hard to s ta in : th e

nucleus ten ds to be v e ry  dark and i f  one ' 'c le a r ” the  

s l id e  w ith  fr e sh  Leisliraan th e  protoplasm  o f  the le u co 

c y te s  becomes i n v i s i b l e .  However w ith  p r a c t ic e  one 

can determ ine whether cocci are " i n ” cr "o u t ” even 

when th e  protoplasm  i s  very p a le .  Of course i t  i s  a 

q u e stio n  w hether, in  s l i d e s  made from m ixtures in  t h is  

waif, th e  b a c te r ia  have r e a l l } '  been in g e ste d  or are  

m erely ly in g  on_ th e  c e l l s .  However th a t does not 

m atter /
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m atter much as they ought to  l i e  ''on" th e c e l l s  as much 

in  one s l id e  as in  another i f  the number o f  c e l l s  and

b a c te r ia  i s  the same in  each.

Some d i f f i c u l t i e s  in  counting may be m en tion ed :-

1 .  Poor d e f in i t io n  o f  th e  w hite c e l l s .  These

m ixtu res are not so e a s i ly  s ta in e d  as b lo o d . I t  

i s  d i f f i c u l t  to  get the w hite c e l l  s u ita b ly  

sta in e d  and to have p le n ty  such c e l l s  on th e  

s l i d e .  There are o fte n  th in  p r o c e sse s  p r o je c tin g  

from th e le u c o c y te s  and th ese  are apt to be 

m isse d : a ls o , the form ation  o f  la r g e  V acuoles i s

m is le a d in g  fo r  one may th in k  that the inner edge

o f  the Vacuole i s  the o u ter  l im it  o f  th e c e l l  and 

m iss the th in  ex tern a l rim  o f  the V acu ole .

2 . Small o u tly in g  p o rtio n s  o f  n u cleus are o fte n

very l i k e  a co ccu s.

3 . D ig e stio n  o f  the m icro-organ ism s s p o i ls  the  

cou n tin g . sta p h y lo c o c c i show only very  s l ig h t  

changes a f t e r  20 m inutes in  the in c u b a to r . Other 

organism s are l e s s  r e s is t a n t  (?  even S tre p to c o c ci . 

One fin d s  in  the case  o f  "d ig e s te d " S ta p h ylococci

a p a le r  b lu e  and o c c a s io n a lly  p in k  s ta in in g .

C e ll  gran u les may be confused w ith th e l a s t  more 

p a r t ic u la r ly  i f  the s t a in  has brought out the  

gran u les o f  the c e l l s .

4 ’ /
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4 .  Grouping o f  the organism s round th e  w hite

c e i l s  as sometimes happens.

The p ro cess o f  counting i s  la b o r io u s : 15 or 20

w hite c e l l s  are too few in  most c a s e s : 50 g iv e  a f a i r

in d ic a t io n : i t  i s  b e tte r  to count 50 tw ic e , i . e . ,

on two d if fe r e n t  s l i d e s .

As to  th e  kind o f  c e l l s  in  which p h a g o cy to sis  

i s  counted, polymorphs on ly  are examined. T h is i s  

perhaps too a r b itr a r y . The mononuclears are phago

c y t ic  in  v i t r o .  Bordet and S a lin b an i found t h i s  to  b 

very  marked in  the l i v in g  a n im al. Indeed w ith  r e 

gard  to o p so n ic  in d ic e s  in  tu b e rc le  one wonders why
I

th e  m ononuclears were not chosen fo r  the co u n ts .

The e o s in c p h ile  c e l l s  are a lso  p h a g o c y tic .

In  g e n e r a l, one must con sider th a t although th e  

exam ination o f  the c e l lu la r  a c t i v i t y  (mid humoral 

a c t i v i t y  ) in  th is  way i s  in t e r e s t in g , even in s tr u c t iv e  

th e  c o n d itio n s  are unnatural and one might c a l l  them 

m orbid: i t  i s  more than probable th at many le u c o c y te s

are destroyed  in  the w ashings. One se e s  a v a r ia b le  

but g e n e r a lly  q u ite  a p p re c ia b le  number o f  broken down 

le u c o c y te s  in  the f i lm s .

In examining p h a g o cy to sis  w ith  la r g e r  (m easured) 

q u a n t it ie s  o f co rp u sc le s  serum e t c . than wa«£.used in  

F r ig h t ’ s /
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’̂r i g h t 's  method and w ith  r e la t i v e ly  more d i lu te  su s

p en sions o f  stap h ylococcu s one n o t ic e d  th a t in  serum 

w hich, as one thought had been heated at 6 0 °  fo r  a 

lon g  enough p e rio d  p h a g o c y to sis  though dim inished was 

s t i l l  p r e se n t ; a lso  th a t h ea tin g  c i tr a t e d  plasm a d id  

n ot seem to  a f f e c t  i t  in  th e  same way. One thought 

i t  worth w h ile  to nahe seme fu rth er  o b se rv a tio n s  on 

heated serum and h eated  c itr a t e d  plasm a: w ith  the

fo llo w in g  r e s u lt s  i'5-)

Serum c o rp u sc le s  and c u ltu r e s  prepared on 3 

sep arate  o c c a sio n s  fo r  A D and 0 . Suspension o f  

b a c te r ia  more d i lu t e  in  B than a : in  C than B .

| Serian and c i t . plasma h eated  in  hot a ir  chamber at 

G0°c fo r  2 5 -3 0  m in u tes. in cu b ation  in  "specim en  

tu b es" =  20 m inutes at 37°c F ig u res in  ta b le  -  

c o cci in  100 polym orphe-nuclear le u c o c y te s .

T a v >le x



t .

5  Çec i rr) i t¿tixbe Q\.ul'vU +"u-b'<?q

CitrcL+eÔ P L /\S tA A  O-baçt. 

V J a .s l^ e  d Corlpu.sc\ts- 0 '3c ..c . 

Su.s|>. Sfa.^>Wylococcu¿. O' He

1 3 /
/ ~jX) / so

12.6//■SO

1 1 3 /
/ÍTO

' ^ / s - o

H e ( \ T E D  C ;fr O k te A R /\ g n /' 0-^c.C 

NA/cn-s^td Corj>u.scle,s 0 3 c ç  

^ v x s ^ .  <3texfV>. O- ' ce.

3 5 9 /
' ’SO

2 .5 1 /
/ s o

2 2 3 /
/SO

4T

H e A T E T D  Cl-ra-teoL B e ^ V H  O-'Sc.c

N N a -s l /e d  C or^^seU s 0 * 3 « .  

^fciu.5^. S V a .^^?. o - 1 e.c.

V / o 2 7  4 /
/ S'O

4tT^

U n h e ^ t e î  ^ ek vj^  0  2><?e 

\fsias(7?cV. Cor^iu.sç.\e> 0 ‘ 2>cc 

^ vls^  '5‘tcx^K • CH cc

4 0 0 /
/ ¿ - o

4 1  O /
/ s o

H e a t e d  0 -2 > cc 

V ( a.s!ned- Corcúsales 03C .C .

S+OL^f?. Q K c .

3 3 0 /
/S 'O

4. . .

3 4 0 /
/SO
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1 .  H eating tile serum has decreased th e phag

o c y t o s is ,

2 .  "C itr a te d  p lasm a” seems to d i f f e r  in  t h is

re sp e c t from serum: th ere  i s  marked in cre a se

a fte r  h e a tin g  in  B.

3 .  D ilu tio n  o f  heated serum has l e s s  e f f e c t  in

d ecreasin g  p h a g o cy to sis  than d i lu t io n  o f  unheatec  

serum: th ere i s  marked in c re a se  in  B.

4 . P h agocytosis goes on to some exten t in  0.8$>

NaCl s o lu t io n .

Another experiment was done w ith  regard  to  

c it r a t e d  p lasm a: two s e t s  were in cu b ated  one in  q u i l l

tu b in g , the oth er in  "specim en tu b e s” : serum heated  

w ith  c i t r a t e  s o lu tio n  was a lso  examined. H eating in 

cu bation  e t c . as b e fo r e . The f ig u r e s  in d ic a te  counts 

in  50 le u c o c y te s : e .g .  th re e  d i f fe r e n t  s l id e s  were

used  in  th e  three counts in  1 f i r s t  column and so on .

v id e  TABLS

C o n clu sio n : -

That h e a tin g  "c i t r a t e d  plasm a" does not alw ays  

decrease i t s  p h a g o cy tic  e f f e c t :  i t  would seem some

tim es to  have the o p p o site  e f f e c t .  One has never 

found s im ila r  r e s u lt s  fo r  b lo o d  serum in  a t e s t  con

ducted /

conclusions
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conducted, in  t h is  v;ay. H eating seems alm ost alw ays to "  \

reduce th e  "p h a g o cy tic  p ro p e rty ” in  serum (v .in fr a - :  

th ere  i s  one excep tio n  to t h i s  in  T able  111 c o l .  ” B " ) 

at le a s t  w ith regard  to stap h ylococcu s and a good many

oth er organ ism s. F r ig h t and Douglas found "c i t r a t e d
'

plasm a” almost e x a c tly  e q u iv a le n t to  c i t r a t e d  serum 

in  s im ila r  d i lu t io n .

As one had found on one o cca sio n  th at d ig e s tio n  

o f  s im ila r  m ixtu res in  q u i l l  tu bin g a lo n g sid e  specimen 

tubes gave no d iffe r e n c e  where the unheated serum was 

concerned but a h ig h er count fo r  the q u i l l - t u b i n g -  

heated-serum  m ixture as compared with the corresponding

specimen tube ( 6G/i 0 0  as cpd. w ith  ?,1/lOC ) one made 

the fo llo w in g  o b se rv a tio n s  to  t e s t  the "specim en tu b e ” 

method.

Specimen tu b e s : q u i l l  tu bin g in to  which the to t a l

m ixture was drawn out o f  a specimen tu b e : and c a p i l“

la r y  tu bes according to F r ig h t 's  method were u se d . I t  

nay be noted th a t F rig h t ob tain ed  d i f fe r e n t  r e s u lt s  i f  

the bore o f  the p ip e t te s  was v a r ie d  but the r e s u l t s  

were not c o n sta n tly  in  favour e it h e r  o f  th e wide or the 

narrow c a lib r e . Three su spen sion s o f  the sane growth  

o f  stap h ylococcu s were used being as regard s d e n sity  

as 1 :  1 in  2 :  1 in  4 . H eating in cu b ation  e t c .  as 

b e f o r e .

v id e  TABLE T IT .
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C o n c lu s io n :-

That where heated  serum i s  concerned p h ago cyto sis  

i s  b r isk e r  in  q u i l l  tu bin g and c a p i l la r y  tubes than  

in  th e specimen tu b e s : in  the case  o f  the denser

su sp en sion s "A ” and "B " the e f f e c t  o f  h e a tin g  i s  l e s s  

ob v io u s than in  " 0 " .

Another question  was fo rced  on one h ere , v i z . -  

V i11 another method o f  h eatin g  g iv e  d i f fe r e n t  r e s u lt s  

from those ob tain ed  as above? ( i . e .  hot a ir  cham ber).

An experim ent was done w ith serum h eated  on th e  

water bath 30 m inutes at 6 0 ° and another p o rtio n  in  th e  

h o t -a i r  chamber 30 m inutes at 6 0 ° c ,  a ls o  a sm all 

q u a n tity  was heated in  the h o t -a i r  chamber fo r  30 

m inutes at 6 0 ° c ,  w ith t h is  r e s u lt

v id e  TABLE I V .

C o n clu sio n : -

That d e str u c tio n  o f  the "p h a g o c y tic " prop erty  

o f  serum i s  more thorough i f  i t  be h eated  on th e  water 

b a th . Even in  serum heated on th e  water bath  fo r  30 

m inutes at 6 0 °c  p h agocytosis, i s  not a b o lish e d .

Does c itr a t e d  serum, when h eated  on th e  water

bath  behave as b lood  serum so heated? A ls o , what i s
‘
the e f f e c t  o f  the c i t r a t e  so lu tio n  w ith  regard  to  

phagocyto s is ?



^ o - ^ h -  1 -
S t a . ^ V w j l o  c . o c c u . s v l 2 % . ^ .  ' /

r ;

U í N H E A T E D  0 ‘ 3 c c .

V í a a * a e - c L  C o r b u . & c t a &  0 ' 3 c c .  

/  u . s ^ . ,  S t a . | 3 h -  0  4  c . c .

^ 1 7 /  I s r ,  
A O  / 6 0 2 /

3 % J  40

3 2 - % o
3 6 7 /

/ ¿ o

: £

H e a T E I .  ^ E - r u i j |  0 ’ 3 c c .  

’W a s . V v t d .  C o r b u L s e i w  0 ’ 3 c c  

cS u _ s ^ .  / S o l ^ V i .  O - l c c .

' I O S ' /

/ s o

x 3 A /

/ s o

" % - o

4 3 A s '

%

I f f

d l T R A T E U  T l A ^ A  0 3 c c .  

Y \ l  o l s V i  t d .  C o r ^ u - s c t a s  0 ' 3 c c .  

% u . s [0 , S f a - ^ V v ,  O  t e e .

5 ° % o

2 - S X /

/ s o

1 6 2 . /

/ s o

t a . < 5 /

/ S ' O

H e A T E I )  C \ T R / \ T E O J  0 ' 3  C C  

■ P l A S t ^ A

V J a s t i ' J - d  C o r ^ w . s c . \ e s  0 ' 3 c s .  

/ u i s | ) .  ( D t t x ^ V v .  0 ’  \ c c .

, 9 6 / s o

^ S O

^ 7 s o

9 % ' 0

, 0 8 / s - o

s % 0

C  i t r , a t e  o j -  5 o h a  s o l u t i o n  

( l %  w  0 - S ^ o  M o l S I )  ° ' ' b C ? -

U n h e a t e 3 >  ¿ S e r v i r  0 - l S ' c . c .  

V ^ ( x s b « d  C o t - b u , s c , W ¿  0 - 3  e c  

S u . s b .  B b o k b .  O - l c c1

+ S 3 /

/ s o

4 - 3 . 9 /

/ s o

/ S o

, 0 % o

< \

C i T R A T E  0 ^  S o U A  S o W t í o n  0 ‘ l c c ,

V j  n  h  e  a t e x »  ( S e - k o r i  0 U . c

Y í a s V i e d  C ó r ^ v x s c \ « s  0 '  3 c e  

"?> v a s  ^>. f 5 " f c x . ^ V \ . , 0  • \ c . c .

\ - l  O /

/ S o

n % o

“ % 0

Y \ t

$ E R < j r  )  ü í -a .< w A i  3

0 - 5 « .

^ h c . o j f q . d i  j 

- V t J a o . t ^ Q r  /

C o r b u . s c U s  0 ’ 3 c . c .

p t ~ ¡ x | p V )  O t e e .

i 3 % o

X S 4 /

/ s o

, o V s - 0

^ r ú í

1 \

H E A T E D  / e -r u r j  O t S ' C . C .

C l T R f t T E o ^ Q M  o - l b ' c c .

S o l < J k - 4 \ o < n  

N f ' í a . & t j e d .  C a t - f » v * , % c \ c s  0 * 3 c . c .  

/ u _ s b .  S Y c e - b h .  O - í c e .

l o % - 0 ■ * ' / S o

1 ) C

r  '

^ ' T R A T E  q C  S ’o t s a

S o l « r J  0 3  "

A f ' í c l s ^ r c í l  C o r  u s e )  c e - O ' S c . c .  

¡Ch a s  J o .  ^ I l x j s l n .  O  ' C C .

% >

’ % o

, ------------------------------------------------------------------1

VÍEATIN.^ -  | /  6C f < / toTV/ rfoí«Á--4<i,rtr



C o n c lu sio n s : -

The m ixtures co n ta in in g  heated  serum + c i t r a t e  

so lu tio n  and heated  c itr a t e d  plasm a, tend to  f a l l  o f f  

to  th e  heated serum cou n t. There i s  no r i s e  in  th e se  

co u n ts. C itr a te  s o lu t io n  n e ith e r  by i t s e l f  nor along  

w ith  serum has any stim u la tin g  e f f e c t  on th e  phago

c y t o s i s .  There i s  no reason  to  co n sid er  c i t r a t e d  

plasma ( rtr) more or l e s s  p oten t than c itr a t e d  serum 

("9") and ('^T ). (As one w i l l  see below , T able  

d ilu t io n s  o f  serum d i f f e r i n g  only in  t h is  degree are 

not r e a d i ly  d is tin g u is h a b le  by t h i s  method. )

Tvro attem pts were made to  show some d iffe r e n c e  

in  the “o p so n ic " content o f  "p lasm a" and serum. 

"C itra te d . p lasm a" ob tain ed  as above d escrib ed  i s  

o b v io u s ly  not eq u iv a len t to  a s im ila r  volume o f  equal 

p a rts  b lo o d  serum and c i t r a t e  s o lu t io n . W right mix

ed c i t r a t e  s o lu t io n  w ith b lo o d  which had c lo t t e d , th e  

amount o f  c i t r a t e  b e in g  equal to  th e  volume o f  the  

newly drawn b lo o d : th e  b lood  c lo t  was broken up w ith

the c i t r a t e  and the m ixture c e n t r i fu g a lis e d . The 

"c i t r a t e d  serum" and "c i t r a t e d  plasm a" were found to  

g iv e  id e n t ic a l  r e s u l t s .  W ill any d iffe r e n c e  be 

eviden t i f  the b le e d  i s  r e c e iv e d  n ot in to  an equal 

volume o f  c i t r a t e  so lu tio n  but in to  a q u a n tity  =  56«^ 

o f  i t s  volum e, i . e .  a llow in g  th a t the b lo o d  co rp u sc les  

are /

TABLE V .
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are e q u iv a len t to  4 4 $  o f  the volume o f  the blood?

5 o .c .  o f  b loo d  was drawn, from a v e in  in to  th e sy rin g e  

which con tain ed  2 . 8  c . c .  o f  c i t r a t e  s o lu t io n , th e  

syrin ge  b e in g  s l i g h t l y  warmed. The syrin ge was emptied  

in to  a p a r a ff in e d  tu b e , t h i s  device  b ein g  used to p re 

vent any tendency to  c lo t t i n g .  No c lo t t in g  occu rred .

| The c itr a t e d  plasma thus ob tain ed  was c o n tra ste d  w ith  

c itr a t e d  serum ( i . e .  0 .1 5  c .c .  serum 0 .1 5  c . c .  c i t r a t e  

s o lu t io n )  in  the usual way: su spension s o f  two d i f 

fe re n t sta p h y lo c o c c i were u sed . v .  TABLE ^Vl.

C o n c lu sio n s-

That c itr a t e d  plasm a sc o b ta in ed  seems to  have a 

p h a g o cy tic  e f f e c t  about equal to  th a t o f  the c i t r a t e d  

serum.

Gengou ^   ̂ in  a research  on th e source o f  a le x in e
'

in  normal serum made use o f  p a r a ffin e d  tu bes fo r  w ith

drawal o f  b loo d  and p a r a ffin e d  tubes fo r  c e n t r i f u g a l i s -  

a tio n  o f  th e  b lo o d . C lo tt in g  o f  the b lo o d  was, he 

fou n d , by t h i s  means much delayed and he obtain ed  a 

f lu id  which was much l e s s  b a c t e r ic id a l  than b lo o d  

serum (M e tc h n ik o ff) . With t h is  r e s u lt  in  view  an 

attem pt was made to get a f lu i d  which would b e , per

h ap s, more akin to  c ir c u la t in g  plasm a than ord in ary  

blood  serum, and which would be fr e e  from adm ixture o f

c i t r a t e  /'

( l )  M e t c h n ik o f f :  Im m u n ity  p .  1 9 0 .
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c i t r a t e  s o lu t io n .

The syrin ge  was coated th in ly  but com p letely  w ith

s t e r i l e  v a s e l in e . A fte r  w ithdraw al, the b lo o d  ( l O c c . '
•*

was g e n tly  poured in to  a w e ll p a r a ffin e d  tube which 

had been kept warmed at 3 4 -3 5  C ° . This tube was at 

once c e n t r i f u g a l !s e d . The supernatant f l u i d  sep a ra t

ed much more q u ick ly  than b lood  serum u su a lly  d o e s . 

C lo tt in g  took p la c e  some time a f t e r  removal o f  the  

"p lasm a"^  the c lo t  was sm all and had a w hite cap.

T h is  plasm a was compared w ith  serum from blood  w ith

drawn at the same time and allow ed to  c lo t  in  th e  usu al

way. A ls o , th e  two f lu id s  were heated 15  m inutes at
Q

60 c on th e  w ater bath f o r  fu rth e r  com parison. Sus

pen sion s o f  two r a c e s  o f  stap h ylococcu s were u sed .

The r e s u lt  was as f o l l o w s : -  ( v .  T able V ÎT )

[con clu sion

T h is experim ent shows nothing analogous to Cien-
;
g o u 's  r e s u l t s .  The two f lu id s  seem to  be e q u iv a le n t .

What i s  the r e s u l t  i f  heated  serum be mixed w ith

unheated?

Two experim ents have been done. One w ith  serum 

h eated  15 m inutes at 60°(J , the o th e r  w ith  serum heated  

30 m inutes at 6 0 ° c :  the se ra  were h eated  on the w ater

b a th : the experim ents were done w ith  serum „corpuscles

e t c .  obtain ed  and prepared on two o c c a s io n s , (v .T a b le

v n i ).

The /



The r e s u l t  i n  th e  f i r s t  colum n i s  r e m a r k a b le .  ^ I t

w o u ld  seem  t h a t  t h i s  e f f e c t  can  b e  a b o l i s h e d  b y  h e a t i n

e r  urn
D

As t o  t h e  s e c o n d

colum n b e  n o t i c e d  t h a t  th e  c o u n t s  f a l l  o f f

d e f i n i t e l y  th ou g h  i r r e g u l a r l y :  t h e  t h e r m o i a b i l e

e le m e n t  i s  i n  e v i d e n c e  dovm i c

t h e r e  i s  a d i s t i n c t  f a l l  from  IX t o  X .  T h is  g i v e s

r i s e  t o  t h e  r e f l e c t i o n  t h a t  t h i s  m eth od  o f  com p a r in g

u n h e a te d  s e r a  may d i s c r i m i n a t e  o n l y  b e tw e e n  g r o s s

d i f f e r e n c e s  o f  ’' o p s o n i c ” c o n t e n t .  The t h e r m o l a b i l e

e le m e n t  i s  much l e s s  i n  V II  th an han

V y e t  on  a c o u n t  o f  50 c o r p u s c l e s  t h e s e  m ix t u r e s

show l i t t l e  d i f f e r e n c e .

B lo o d  c o r p u s c l e s  do n o t  rem a in  su sp en d ed  i n  serum

t h a t  h a s  b e en  h e a t e d  on  th e  w a te r  b a t h  a t  6 0 ° c .  They

a l l  o u t  i n  l e s s  than  20 m in u te s  i n  t h e  m i x t u r e s ,  e . g

i x t u r e s r e s u l t i n g

t h e  f i g u r e s  i n  t a b l e  V I I I  ( s e c o n d  r o w )  th e  c o r p u s c l e s

h ad  f a l l e n  o u t  i n  T ,  V I ,  v i l , ' v i l i , IX and  X , so a l s o

j_n 2 2 j  j_n th e  o t h e r  r o w . T h i s  s e d im e n t a t i o n  shows

c u i t e  o u i c k l y  i n  c a p i l l a r y  t u b e s .  B r i s k  p h a g o c y t o s i s

may go on  a l t h o u g h  t h e  c o r p u s c l e s  h ave  f a l

b o t t o m  o f  t h e  t u b e ,  e . g .  I l l  ( a )  t a b l e  V I i l * In

h e a t e d  serum on t h e  warm s t a g e  th e  l e u c o c y t e s  a re  q u i t

a c t i v e .  The " f a l l i n g  o u t "  i s  due  t o  an e x c e s s i v e

" r o u l e a u x "  /

e o « - 9 ^  t o .  ,i-' o r s ' s ' c  j  i u  ^  wcw
( j O O - S . t  . .  J - '  o j r t o ' C  i f

(Ux‘O ö '9 e c  3 o' odr60°C J y-

t o
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"ro u le a u x ” form ation o f  the r e d s : th is  shows w ell

in  hanging drop preparation s and also in  the f i lm s .  

Film s made o f  the heated serum m ixtures have, fo r  th is

reason , a granular appearance to the naked eye<^ano4>lv

One has net n oticed  th is  sedim entation in  any 

other medium, sa lt s o lu t io n , c it r a t e  soliition  nor inI

heated e itr a te d  plasm a. The leu cocy tes tend to 

clump more in  heated serum than in  unheated: however

th ey  o ften  clump in  unheated, serum: the b a cteria  seem

to have so'nething to do with t h i s ,  fo r  one has n oticed  

i t  e s p e c ia lly  in  some c a se s , e .g .  in  f ilm s  made from 

m ixtures containing B. Typhosus and Cholera V ib r io :  

but in  general the groups o f  leu cocy tes are bigger in  

heated  serum, forming sometimes qu ite  enormous m asses. 

Dean (and o th e rs) remarks th is  clumping o f  the leuco

c y te s : Neufe ld  and Rimpau say i t  only takes place when
%-

b a c te r ia  are p r e s e n t .

One has not found, as Hektoen and Ruediger s ta te  

to be the c a se ,th a t h eatin g b a c te r ia  (s ta p h y lo c o c c i)  

to 60°c. a fte r  "o p so n lsa tio n " i . e .  incubation  o f  serum 

and b a c te r ia  at 57°c fo r  20 m inutes, abolished phago

c y to s is  i f  the m ixture be subsequently te s te d  by the 

a d d itio n  o f  co rp u sc les : th ere was marked ph agocytosis

Staphylococci grown 4 days on human blood serum -  

which was removed by c e n tr ifu g a lisa tio n  and washing 

were /
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p u - S b ,  3 5 ,  C o l i  J d v c n ié d  'j O ' I c c
' w  i UTi i n  Vi erim di b v w m )/

% o

ioA o

p t - ~ K C c ^ ^ d r c a t v n e r i f ^

,o < i f f \3  lo o ^ u is  3 .  C o l l  /  ^  eC~

^ c t s b e d  Cbvjvu/ìcAas 0 - 3 c .c

^ "uLvS |p .''norrnai1'' P’. C o lv O’Icc..

% o

7 V s o

c v

V )n h s m x x > £ e k o v \  

Y l a s f a e ' ò  C o r ^ u . s c k s  

P u ^ s ^ . ' n o r r n a X " f S .  C o li

* % >

H e . I \ T E I >  ^ E -K U r^  

\r4o~s3j<iò  Cor̂ vxscXes
( V  t 
jJ  ulS ̂ .''riomna) " : & G , l \

/so 't T

K a h N  E  P O U J T V O N  

' 'W c l s ^ c ò  C o r^ v L o O J c s

/ ° V x 3 )̂ ' T v o r m o J ' B . C o l i

V s -0
-̂ tT

^  ‘U x s ^ ^ c ^ u n u  ò y ^ o r n v o X "  "B .C oli wa*s JUm  cLiaa 

¿''Cfcad-  6-^ t$ u  "trecCfecil. " 5=>, Col i (  «u-u> jì6/a«> urû > w\ 0  • & °f0
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were f r e e ly  in g e ste d  by the le u c o c y te s  ( in  a m ixture  

c o n ta in in g  fr e s h  serum ). One has tr e a te d  serum w ith  

a r e la t i v e l y  la rg e  q u a n tity  o f  sm all p ie c e s  o f  f in e  

s i l k  thread which had p r e v io u s ly  been b o i le d  in  d is 

t i l l e d  water and d r ie d : t h is  p o rtio n  o f  serum was

c e n tr ifu g a lis e d  fr e e  o f  thread and examined as u su a l, 

ho dim inution  o f  p h agocytic  e f f e c t  fo llo w e d : the

count ra th e r  ro se  4<3% o  ). T h is i s  in  c o n tra st

to what occu rs when one t r e a t s  serum w ith b a c te r ia  in  

the same way. 1 c .c .  o f  serum was tr e a te d  w ith  th ree  

lo o p fu ls  o f  a 24 hour agar c u ltu re  o f  B .  o o li  ( i . e .  

in cu b a tio n  at 37 c fo r  15 m in u te s ) : t h is  m ixture was

then c < n tr i fu g a lis e d ,th e  d e p o sit washed and f i l t e r e d .  

The serum so tr e a te d  w ith b a c te r ia  showed g re a t  

dim inution o f  p h a g o cy tic  e f f e c t  when te s te d  w ith a 

su spension  o f  "u n tr e a te d " b a c i l l i  : on the o th er hand

th e tre a te d  b a c i l l i  do not behave ve ry  d i f fe r e n t ly
TT orirr_____ ___

from the u n tre a te d . V ., T able IX . T his at varian ce  

w ith  B u llo c h 's  r e s u l t s  fo r  the Stap h ylococcu s.

Serum which has been heated (on the water b a th )  

at 6 0 °c  fo r  15  m inutes does not seem to m odify t h is  

organism  so th a t i t  cannot be taken up in  unheated  

3erum .

1 c .c .  o f  heated serum was tr e a te d  w ith th ree  

lo o p fu ls  o f  agar c u ltu re  (24  h o u rs) o f  e . C o li i . e .  

in cu bated  /
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in cu bated  to g e th e r  at 3 7 ° c . The organism s were 

c e n tr ifu g a lise d ,w a sh e d  and re -su sp en d ed . When com

pared  w ith a l e s s  dense c o n tro l suspension (u n trea ted  

w ith  serum hut c e n t r ifu g a lis e d  e t c .  as the o th e r )  o f  

the same c u ltu re  the tre a te d  b a c i l l i  seem to he i n -  

g e ste d  in  the same way, ( t h i s  corresponds to B u llo c h 's  

r e s u l t  fo r  s ta p h y lo c o c c u s ). v .  T ahle X.

One has not found th a t v a r ia t io n  o f  the s a l t  con

te n t ( i . e .  s l ig h t  v a r ia t io n )  o f  the m ixtu res -  in  th e  

absence o f  serum -  has any marked a f f e c t  on phago

c y t o s is  ,

In p la c e  o f  serum, s a lt  s o lu t io n s  as in  T able XT 

were exam ined. In an experiment g iven  in  P roc. Roy. 

Soc. Jan . 1906 W right shows as a curve how phagocyt

o s i s  ( o f  tu b e r c le  b a c i l l i )  in crea sed  as th e  s a l t  con

ten t o f  a serum m ixture dim inished from 0 .8  to 0 . 7  $

Na C l . :  in  th e  g re a te r  d i lu t io n s  he a t tr ib u te s  th e

p h a g o cy to sis  e n t ir e ly  to  the 0 .6  $  Na Cl s o lu tio n  used
I
fo r  d i lu t io n : on th e  oth er hand th e  count f e l l  s te a d 

i l y  to 0 as th e  Na Cl con ten t ro se  from 0 .9 2 $  to 1 $  

(th a t  i s ,  one and th e  same serum was d ilu te d  in  the 

f i r s t  case w ith 0 .6 $  s a l i n e , in  the o th e r  w ith 1 .5 $  

s a l i n e ) .  There i s  n oth in g  analogous h e r e O n e  

co n sid ers however th at p h ago cytic  counts in  smears 

from m ixtu res in  which serum i s  re p la c e d  la r g e ly  or  

e n t ir e ly  /
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e n t ir e ly  by s a l t  s o lu tio n  are o f  dou btfu l v a lu e . In  

such ca se 'o n e  has found th a t  d isru p ted  le u c o c y te s  are  

extrem ely numerous; in cu bation  w ith  s a lin e  so lu tio n  

seems to cause t h i s :  sometimes one has to  search

d i l ig e n t ly  fo r  e n t ir e  or approxim ately e n t ir e  p o ly 

morphs. These broken-down le u c o c y te s  are o fte n  mere 

fa in t  r e t i c u l a :  sometimes they are re c o g n isa b le  as

le u c o c y te s  o f  a c e r ta in  k in d : in  the earlier sta g e s

th e  nucleus i s  sw ollen and p r o je c ts  out o f  th e c e l l .  

Broken-down le u c o c y te s  o c c a s io n a lly  show in g e ste d  

c o c c i . The smears from s a lin e  m ixtures a f t e r  s ta in 

in g  show alm ost in v a r ia b ly  much d e p o sit (Leishm an' s  

s ta in  being u s e d ) .

In  g e n e ra l, p h a g o c y to sis  in  s a l t  s o lu tio n  i s  

s m a ll. Two o th er media -  s a l iv a  and u rine -  were 

exam ined, v . T able "KTT

A number o f  organism s were examined w ith  regard  

to  p h a g o cy to sis  in  unheated serum and in  serum heated, 

at 6 0 °c  on the w ater b ath . B . S u b t i l i s ,  B . P roteu s,

3 .  o o l i ,  M icrococcus M e lit e n s is , a T o ru la , Strep

tococcu s Pyogenes,exam ined in  tu bes in  the u su al way 

showed decrease sometimes m ore, sometimes l e s s  but a l 

ways marked, in  the heated  serum. B . O o li showed 

t h is  more than any o th e r  organism exam ined,and fo r  th i 

reason  was used in  the experiment m entioned above (B . 

O o li /
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C o li tr e a te d  w ith  heated serum ). B. Pyocyaneus show

ed undoubted d ecrease  but because o f  i t s  tendency to  

a g g lu tin a te  and because many le u c o c y te s  were p h agocytic  

in  th e  heated serum one cou ld  not e stim a te  com parative  

p h a g o c y to sis  except in  the roughest fa s h io n . For 

t h is  p a r t ic u la r  organism  th ere  seemed to be l e s s  p h ago- 

c y to s is  in  e it r a t e d  plasm a than in  heated serum: in

the c itra t-e d  plasm a the b a c i l l i  were gath ered  in  

enormous m asses and probably the m a jo rity  o f  the le u c o 

c y te s  were never in  a p o s it io n  to in g e s t  them. Wright 

s t a t e s  th a t B. D ip h th erias i s  in g e ste d  as f r e e ly  in  

h ea ted  as in  unheated serum. One examined t h is  or

ganism tw ice  (two r a c e s ) :  the organism  i s  clumped in

the m ixtu res and some p h a g o cy to sis  goes on in  heated  

serum. 2 4 -h o u r blood serum c u ltu re s  were u sed : count

in  unheated serum / iq ,  in  heated  serum yioo . The 

r e s u lt  was s im ila r  on the o th er  o c c a s io n .

With re g a rd  to the Pneumococcus, Wright found  

th a t i t  behaved as did  the m a jo r ity  o f  the organism s  

examined. Hektoen and Ruediger s ta te d  th a t none o f  

th e  le u c o c y te s  m entioned on p .I I  in g e ste d  the pneumo

coccu s, except those o f  th e  h o rse ,a n d  th ose on ly  s l i g h t  

l y .  Mennes found th a t i t  was not in g e ste d  in  normal 

serum (v .s u p r a ) . Huber confirm ed the r e s u lt s  o f  

Mennes fo r  human le u c o c y te s  but a lso  "made the in te r 

e s t in g  /
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in t e r e s t in g  o b se rv a tio n  th a t th e se  could in g e s t  a -  

v ir u le n t  pneum oeoeci" (N eu fe ld  and Rimpau). Gruber 

and Putakl found th a t g u in e a -p ig  le u c o c y te s  took up 

th e pneumoeoccus in  "a c t i v e "  (normal ) serum. Mac

donald. ^1 \  u sin g  g ly c e r in e  agar c u ltu r e  o f  th e  pneu- 

inococcus, has examined th e "o p so n ic  cu rve" in  a long  

s e r ie s  o f  c a se s  o f  acute pneumonia.

One examined p h ago cyto sis  o f  the pneumococcus 

on fo u r  o c c a s io n s : on the f i r s t  two one found th a t

th e  organism was in g ested  in  normal serum to some exten t  

and very  l i t t l e  in  heated serum. I t  i s  d i f f i c u l t  to
Û ) 7 - 0

o b ta in  s u f f i c i e n t ly  copiou s growths o f  i t .  HoweverA

by u sin g  se v e ra l tu bes o f  b lood  agar one ob tain ed  

f a i r ly  dense and f a i r l y  uniform  suspension s o f  two 

s t r a in s : one had been grown on b lo o d -a g a r  f o r  a month

by frequ en t su b c u ltu re , th e oth er had v e ry  r e c e n tly  

been ob ta in ed  from pneumonic sputum and had been  

passed through tv/o r a b b i t s .  These suspension s were 

examined with t h i s  r e s u lt  ( v .  T ableX Y ^). The su s

p en sion  o f  th e r e c e n t ly  i s o la t e d  pneuraocoecus was the

more d en se : even in  th e  oth er howerer p h a g o c y to sis
1 /

was much l e s s  marked than i t  would have been in  the  

case o f  a stap h ylococcu s suspension  ( l i t t l e  v ir u le n t  ) 

o f  s im ila r  d e n s ity . w ith  regard to  the C holera  

V ib rio  and Typhoid B a c illu s , p h a g o cy to sis  in  serum which 

has /

(1  ) T r a n s .  P a t h .  s o c .  L o n d .  v o l .  57 p t .  1 .
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has been heated to  6 0 °0  i s  very marked ( o f  F r ig h t ,

P roc. Roy. Roc. v o l .  7 3 : Le&shman su pra: re c e n tly  

H arrison  T r a n s ’ Path. so e . Lond. ) In  h is  d e s c r ip tio n  

F rig h t ( l o c .  c i t . )  seems to i d e n t i f y ,  in  t h i s  c a se , 

o p so n ic  more or l e s s  w ith b a c t e r io ly t ic  e f f e c t .  He 

s t a t e s  th a t , as regards ch o le r a , th e  in g ested  organ

ism s, in  unheated serum are m o stly  sp h erulated  b e fo re  

in g e s t io n : th o se  in g e ste d  which have a normal shape

were In g e ste d  b e fo re  th e  serum had t in e  to act on them* 

There i s  no v a c u o la tio n  to be seen in  the w hite c e l l s

o f  unheated-serum  m ix tu re s . On th e  o th er hand in  

heated serum the organism s in t r a c e l lu la r  and ex tra 

c e l lu la r  show no spheri.il at i o n : v a c u o la tio n  round

in g e ste d  v ib r io s  i s  marked ( i o c .  c i t .  p 138 and f i g .  

p 1 4 1 ) .  As to ty p h oid  b a c i l l i  the c o n d itio n s  are th e  

same on ly  no v a cu o le s  are fig u re d  e it h e r  for  th e  

h eated-serum  o r  unheated-serum  c e l l s :  in  heated serum

the typh oid  b a c i l l i  are ’'m o rp h o lo g ica lly  u n a ltered  and 

have p reserv ed  th e ir  s ta in in g  p r o p e r tie s  u n im p aired ". 

M eteh n ik off (Immunity p . 1 9 8 )  s ta te s  th a t typhoid  

b a c i l l i  undergo l i t t l e  or no change in  serum.

One has found th at p h a g o cy to sis  o f  th e  C holera  

V ib rio  and Typhoid B a c i l lu s  i s  v e r y  marked in  heated  

serum. One has seen ( f o r  c h o le ra  v i b .  ) however, very  

marked v a c u o la tio n  in  a smear made from an unheated  

serum /
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serum m ix tu re . On the other hand one has found in  

the case o f  h ea te d -seru m .in g ested  ch olera  organism s 

which showed "d i g e s t i v e "  changes (s w e llin g  and pink  

s t a in in g ) : one d id  not see such marked v a c u o la tio n

as F rig h t f ig u r e s . The ch olera  organism  u sed  was a 

la b o ra to ry  grown r a c e . The typhoid  b a c i l lu s  keeps 

i t s  proper shape w ith in  and w ithout the c e l l s  much 

b e tte r  in  heated serum than in  u nheated : in  examining

c e l l s  (heated serum) in  two or th ree  s l i d e s  one found  

here and th ere  co lou r changes and im p erfect s ta in in g  

o f  the in g ested  b a c i l l i :  one has even seen what one

took to be i n t r a c e l lu la r  sp h e r u la tio n . In unheated  

serum th e  e x t r a c e l lu la r  typhoid  b a c i l l i  were few (so  

a lso  c h o le r a ) : th e se  b a c i l l i  were rounded and sta in e d

a deep b lu e : in  the c e l l s  th ere  was much pink granu -

la t io n  a lso  many b lu e  sph erules and a number o f  un

changed b a c i l l i .  V acu olation  was f a i r l y  eviden t in  

h eated  and unheated-serum  c e l l s  ( in  c o n tra st to  

W r ig h t 's  f i g u r e s ) .  In the unheated serum m ixtures  

one did not see n e a rly  so much e x tr a c e l lu la r  spheru

la t io n  as ’Fright f ig u r e s . The F in k le r -P r io r  organ

ism  was examined: in  h eated  serum p h a g o cy to sis  was

marked (r a th e r  l e s s  than in  the case  o f  C holera Vib. ) 

and on th e  whole in g e ste d  organism s showed l i t t l e  

change but th e re  sometimes ‘ seemed to  be sw e llin g  o f  

the /



th e  in g e ste d  organism s and sometimes one n o tic e d  pink  

granu les in  the c e l l s  not u n lik e  b a c t e r ia l  d e b r is .

On th e  o th e r  hand v a cu o ia tio n  in  the polymorphs in  

unheated serum was extrem ely narked, som etines q u ite  

enormous.

b r ig h t  suggested  th a t t h is  method might be ap p lied

as a t e s t  fo r  the e f f ic ie n c y  o f  th e ra p e u tic  sera

( a n tim icro b ie  ): th e ir  e f f ic a c y  to be gauged by th e ir
( 1  )p h ago cytic  e f f e c t .  Or o f  ton c a r r ie d  t h is  out w ith

se v e ra l specimens o f  a n tis tr e p to c o c c ic  and a n tista p h y — 

lo c o c c ic  serum. He found th a t th e  se r a , u n le s s  q u ite  

fr e s h , gave r i s e  to  no p h a g o c y to sis  when examined w ith  

h is  own c o r p u sc le s : even when l e s s  than a month o ld ,

such a serum gave a count o f  0 . On "r e a c t iv a t io n ” 

w ith h is  own unheated serum C rofton  ob tain ed  a higher  

count w ith A n tis tr e p t . serum than w ith h i s  own serum 

d ilu te d  w ith  s a lin e  to a corresponding volum e. He 

con sid ers from h is  experim ents th a t th e p h a g o cy tic  

e f f e c t  (even in  normal serum) i s  due to the in te r a c 

t io n  o f  a th e rm o la b ile  w ith a th erm ostable  su bstan ce . 

The A n tis ta p h y lo c o c c ic  serum could not be "r e a c t iv a t e d "  

in  t h is  way.

The fo llo w in g  experim ents were done w ith  some 

p h ia ls  /

( l )  jo u r n .  H y g .  v o l .  5 Ho. 4 .



p h ia ls  oi' anti sta p h y lo c o c c ic  and a n t is tr e p to c o c c ic  

serum. The a n tis ta p h y lo c o c c ic  serum -  which was f iv e  

months o ld  -  gave on two o c c a sio n s  a r e l a t i v e l y  much 

b ig g e r  in cre a se  when "r e a c t iv a t e d " than C rcfto n  found  

fo r  h is  a n t is tr e p to c o c c ic  serum. On a th ir d  occasion  

t h i s  was n ot s o . The a n t is tr e p to c o c c ic  serum { 2 t  

months o ld )  showed no such in cre a se  (in cu b a tio n  30 

m inutes and 15 m inutes r e s p e c t iv e ly ) .  The s t r e p -  

tocoecus i s  not a good organ!sin f o r  p h a g o cy tic  counts  

(a t  le a s t  the s tr a in  employed was n o t ) .  A sep arate  

p h ia l o f  a n ti-seru m  was used fo r  each set o f  co u n ts .

Dean ob tain ed  marked "o p s o n ic " e f f e c t s  from  horse  

serum four y ea rs o ld . ^ucua.

— 'yCvTvT j  •
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fV NT' - pTp£ PT. T̂KvJV\ O icp. 
r7X Gacbuj8<sJks 0' 3cc

6 9 /
/too

X



J j n  a v x f o  D C ^ T c t v a S ' '  a i "

U  N  H p f N T ß l *  ö - 3 c . c

V f a - s b  e b  C o r b  e x s  O  b c ç .  

^ u s | )  Cj S t r ^ G C L O ^ u 5  Ö - U c

O

>
¿

°
 

0
 

« 
&

•

A T

.

H ( ? a t ( ? i >  ö - 3 < i c

( \ O f  O Í ^ G O 0  O h Y ï o i ' t i î D  Ä
r t  ,  0 - S c « i  

Y j o x ^ e b  v c x b  v x s ç f o s .

« S u ^ > t e >  ^ h ^ p \ w > r r ‘ C ' u .'5 Y ' k c

0

s
C

S
T

* \ b f

^ ( S C y i « !  ^ f S r v - r l î D  0 '3 ^ .  

( ^ 2 j D '  a C t T O ° C o n  X l  b ; )

Y V a s f o  e b  C o v b  v x ' s ç A ç s  0 - 3 e c .

^ i » ; ^ '  ^ V « J ^ c T < ? < r K S . v x S  < ~ '" < c ’ ç .

x 3 A - o • J S C

Ü N Y S f c f V T g l D  O - S c e .

A N ' n ~ <D T R f í F T '  0 - O l t Ç .

Y t o s l Y k  ( j m ^ > w s í 1 r S > 0 - 3 ç ç .  

B u ^ b '  Q i y j a « . C H  c p

° ?/ y o

* % o
< r

r  )  T -

( — 'S

U  M  H  £ a t £ x >  0 - a s ' c c ,  

A r s x t - ^ t R í V F t :  P f K  O ' O S ' c c .  

W o s ^ i è b  C o v - b V c w I s p »  O ' O ' ô c c .

% V x a J t 3 ’ ^ X t | € \ o Ç Æ ^ U O .  Ö O l C . C

^ Y s - 0

l o y s - o

■ ^ r

r  \  i \ 1 

U r s v A ß . p , T - ß j 3  f S k i x M n  O z x c  

1 ? k v 5r .  c h c c  

Y ^ ' s i Y ò  C c r ^ v x s c t a s  ô - ' S e ç

« / s o

ç V

P p R V l M  U P P í T T O ?  O Q C c c  

C v o -  0 - 0 Â ç . 

Í N n t v -  p T K ^ T T ' .  P t 2 K  

Y N o â V i ç ^  C j i v b u s ^ - W .  0 - b c . c  

- Y S u / s J b  % 1 t o d \ c Æ £ Æ i ? . U £ >  ( v i ç c

‘ Z o o

■ < ( \ v

[ i --------------- u - — \  ■■ "

' ^ s f  A x ß x r C J Ö S  e x .  C & y u J ^ A j J L y x x  C x J U S t - S J ^



' xYoJl. btK, IS <xJr 55 C
^ A n f i v r o y

W j | p S .

e ^ X X J V l p

w

W ^ S * n .

i s k ^ s

< S A j o o ^ > -

\

f

Z -

5 S' A O

' O

" ?g/ sso

( d ^

S ' O

W  K V Ò  s '  c x r í o °  c

r » »

6  0 0

S / 3 SO

1 0  3 /

/ s o

r

:

~ UY 3 c /  Qjflgb VT

3 £ £

' O

3 4 - /

4-1
/ í ' o

77

(^\V /W n

V X A ^ I

( $ ? < ¡ \ k > s

* 0 U A ^ > .

O

1 4 -  V

/ s o

< 1 \ 1 , \ A a t f a ,

^ ô k x o v f e \ x v ç .  v j b  t k o J T  t f c

^ Y x x a a a a .  O U í l  Ó u t  É f

c u t ' X V ¿ £  Y \ U a >  o y j ó t k * . c x í y t K Á Í ^ a a

A A ^ > " t f e .  v ç ^ ' c r * -
t * 4 '


