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GENERAL
INTRODUCTION

The group of gram-positive, aerobic, sporing 
bacilli comprises a very large number of organisms 
which resemble each other closely in their morpho- 
;logical characters hut differ in cultural appear- 
;ances and pathogenic properties. Of this group 
the anthrax bacillus was the first to oe recognised 
and has been most thoroughly studied on account of 
its important pathological relationships in man and 
animals. The early recognition of this organism was 
possible owing to its relatively large size and its 
ability to grow readily on artificial media outside 
the body, and in fact, the discovery of the bacillus 
and the study of its morphological and biological 
characters constituted the starting point of critical 
bacteriological investigation. The anthrax bacillus 
was first observed by Pollender as early as 1859 in 
blood obtained from the "enlarged and pulpy" spleens 
of cattle that had died of the disease, and later by 
Davaine (1863) who applied to it the name Bacillus 
anthracis. At this period much attention was being 
paid to the occurrence of anthrax with a view to 
ascertaining the nature and means of spread of the 
disease. The causal relation of Bacillus anthracis 
to the disease was not, however, clearly established 
until the work of Koch was completed in 1876. Koch 
noted the appearance of division of the bacilli in
the blood and deduced that multiplication took place 
in /



in the tissues; he similarly observed division tak-
.*ing place outside the hody and in addition noticed
spore formation» He was able to isolate the bacil-Lus
in pure culture and by inoculating animals with such
cultures to reproduce the disease. These
observations were shortly afterwards confirmed by
Pasteur (18 78).' At this time the conditions which
brought about the spread of the disease were still
unknown; Pasteur as a result of his experiment
concluded that infection might arise from dead
anthrax animals which had been buried in the ground,
and with this hypothesis in mind directed his
studies to discovering the behaviour of anthrax
bacilli in soil. He found that when the organisms
were mixed with soil they multiplied and then formed
spores which were present and capable of producing
a fatal infection even after some months had elapsed.
At the same time he buried a sheep that had died of
anthrax in the garden of a farm, and found that the
bacilli remained alive and virulent in the ground
two years later. In this experiment it was noted
that a large number of the bacilli were found in the
upper layers of the earth, and in addition to the
natural contamination from the excreta of diseased
animals, Pasteur surmised that this was due to worms
carrying them from the deeper layers to the surface.
In this way Pasteur was able to show that the carcass
of an animal dead of anthrax may infect the soil, and 
that /



that the organisms present in the deeper layers of 
the earth can gain access to the surface and 
contaminate any pasturage growing in the vicinity.
He demonstrated also, that infection could take 
place in animals hy the oral administration of the 
organism along with sharp bristles which injured the 
mucous membrane. Since the original observations of 
Koch and Pasteur, anthrax infections as they occur 
in man and animals have been thoroughly investigated, 
until at the present day our knowledge of the etiology 
and pathology of the disease and of the biological 
characters of J3. anthracis is fairly complete.

Anthrax is an acute infectious disease occurring 
epizootically in sheep and cattle, producing in these 
animals a rapidly fatal septicaemia with enlargement 
of the spleen and the characteristic multiplication 
of the bacilli in the blood. Geographically and 
zoologically it is one of the most widespread of 
infectious diseases and indeed is world-wide in its 
distribution; it occurs frequently in Europe and 
Asia though less commonly in Britain and America.
Local epizootics of the disease have occurred 
occasionally in this country, but as a rule only a 
few sporadic cases are seen. The disease in the 
human subject is not common, and does not occur as 
a natural infection from man to man. It may, however, 
be communicated to man directly or indirectly from 
animals /
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animals and is therefore most frequently seen in 
those whose occupations expose them to such contact.
In this way three forms of the disease are met with:
(1) as a skin infection in the form of a malignant 
pustule (2) as an infection o£ the respiratory organs 
in Woolsorter’s disease and (3) only very occasionally 
as an infection through the alimentary canal.

The variation in virulence of B. anthracis for 
different species of animals is well known. Some of 
these e.g. cattle, sheep, guinea-pigs, mice, etc., 
are very susceptible to the disease while others such 
as rabbits, horses, and deer are less so. Certain 
animals on the contrary possess a natural immunity; 
this is specially seen in Algerian sheep, white rats, 
fowls and to a lesser extent in cats and dogs. Lower 
vertebrates such as fish and reptiles also possess a 
natural immunity to the infection. The human subject 
appears to occupy an intermediate position in the 
scale of susceptibility to anthrax, the disease only 
occurring in those in close contact with affected 
animals or contaminated articles and tending to 
remain as a localised infection.

In a similar way it is found that various members
of the group of gram-positive, aerobic, sporing
bacilli have different pathogenic effects in animals.
It has generally been regarded that of this group
only B. anthracis possesses pathogenic properties, and
that the other species are saprophytic. There have 
been /



"been r e c o r d e d ,  h o w e v e r ,  i n s t a n c e s  w h e r e  s u c h

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

h a v e  h e e n  r e s p o n s i b l e  f o r  i n f e c t i o n  i n  t h e  human 

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

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

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

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

shown l a t e r  t h a t  t h e r e  e x i s t s  i n  t h i s  g r o u p  a n  

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

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

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

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

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

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

same t i m e  i t  i s  a  r e m a r k a b l e  f a c t  t h a t  i n  t h i s  

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

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

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

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

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

w h i l e  t h e  o t h e r  m em b ers  o f  t h e  s p e c i e s  a r e  e i t h e r  

s a p r o p h y t i c  o r  o n l y  v e r y  w e a k l y  p a t h o g e n i c .  F o l l o w i n g  

B a i l ’ s  ( 1 9 1 0 )  m e t h o d  o f  c l a s s i f i c a t i o n  o f  b a c t e r i a  

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

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

( 1 )  t r u e  p a r a s i t e s  w h i c h  a l w a y s  p r o d u c e  a g g r e s s i n  e . g .

B. a n t h r a c i s ; ( 2 )  " h a l f - p a r a s i t e s ” w h o se  a g g r e s s i n

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

o t h e r  /
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6 .

o t h e r  w e a k l y  p a t h o g e n i c  s p e c i e s ;  ( ¿ )  s a p r o p h y t e s  

e . g .  B. s u b t i l i s  ( E h r e n b e r g ) ,  B. m e s e n t e r l c u s , B. 

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

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

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

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

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

s o - c a l l e d  p a t h o g e n i c  " B. s u h t i l i s 11 w as  n o t  c l e a r l y  

e s t a b l i s h e d  o w in g  t o  t h e  o m i s s i o n  i n  t h e  p u b l i s h e d  

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

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

r e c o g n i s e d  t h a t  t h e  d e s i g n a t i o n  "B. s u b t i l i s " h a s  b e e n  

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

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

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

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

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

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

c h a r a c t e r s .  I t  m u s t  b e  a s s u m e d  t h e r e f o r e  t h a t  t h e  

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

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

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

c l a s s i c a l  B. s u b t i l i s  ( E h r e n b e r g )  m u s t  a t  p r e s e n t  

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

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

L i k e  B. a n t h r a c i s  t h e  s a p r o p h y t i c  m e m b e rs  o f  t h e

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

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

t h i s  /



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

; t a b l e  m a t t e r ,  human a n d  a n i m a l  e x c r e t a ,  d u s t  a n d  e v e n  

f r o m  t h e  a i r ,  a n d  i n  a d d i t i o n  t o  w e l l —Known o r g a n i s m s  

s u c h  a s  B. s u ' D t i l i s , B. m e g a t h e r i u m , e t c .  many o t h e r  

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

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

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

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

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

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

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

s u f f i c i e n t l y  w e l l  know n.  R e f e r e n c e  w i l l  b e  made  l a t e r  

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

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

r t i o n  o f  a n i m a l s  w i l l  b e  d i s c u s s e d .  I t  i s  n e c e s s a r y ,  

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

: s i t e s  i . e .  t h e  m e m b e rs  o f  t h e  g r o u p  w h i c h  a r e  w e a k l y  

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

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

B. a n t h r a c i s , a n d  a  s t u d y  w i l l  b e  made o f  t h e i r  

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

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

SECTION I  A.

BACILLUS ANTH5AC01DES AND OTHER ORGANISMS CLOSELY RE- 
.* SEMBLING THE ANTHRAX BAC I LLUS IN BIOLOGICAL CHARACTERS.

INTRODUCTION 

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

g r o u p  o f  G r a m - p o s i t i v e  a e r o b i c  s p o r i n g  b a c i l l i  

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

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

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

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

c o l o n i e s  on  c u l t u r e  m e d iu m .  O r g a n i s m s  o f  t h i s  t y p e  

h a v e  b e e n  d e s c r i b e d  i n  b a c t e r i o l o g i c a l  l i t e r a t u r e
O'

a s  " a n t h r a x - l i k e "  b a c i l l i , "6 . a n t h r a c i s  s i m i l i s " 

( M c F a r l a n d ,  1898) , "B. p s e u d o - a n t h r a c i s » ( B u r r i , 1 8 2 4 ;  

H a r t l e b  a n d  S t u t z e r ,  1 8 9 7 ) . "3 .  a n t h r a c o i d e s " (H u p p e  

a n d  Wood, 1889; B a i n b r i d g e ,  1 ? 0 3 ;  P o n d e r ,  1 ^ 1 2 ;  a n d  

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

o r g a n i s m s  t o  B. a n t h r a c i s  a n d  o t h e r  m e m b e rs  o f  t h e  

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

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

m a t e r i a l  f o r  B. a n t h r a c i s ,  s u c h  o r g a n i s m s  may b e  

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

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

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

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

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

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

r e f e r e n c e  w i l l  b e  made t o  t h i s  l a t e r .

The a t t e n t i o n  o f  t h e  w r i t e r  was  f i r s t  d r a w n  t o

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

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

c o n t a m i n a t e d  w i t h  B. a n t h r a c i s .  T h e s e  b r u s h e s  w e r e

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

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

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

t h e  s u b s e q u e n t  b i o l o g i c a l  t e s t s  a n d  i n o c u l a t i o n  

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

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

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

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

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

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

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

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

p r a c t i c a l  i m p o r t a n c e  i n  v i e w  o f  i t s  a p p a r e n t  r e ­

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

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

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

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

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

g r o u p  o f  G r a m - p o s i t i v e  a e r o b i c  s p o r i n g  b a c i l l i .  F o r  

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

B. a n t h r a c i s  w i l l  b e  d e s i g n a t e d " B. a n t h r a c o  i d e s '.' I n  

r e g a r d  t o  t h e  f i n d i n g  o f  t h i s  o r g a n i s m  i n  s h a v i n g
!
b r u s h e s ,  i t  may b e  q u o t e d  h e r e  t h a t  P a g e  ( 1909) ,  w h i l e

e x a m i n i n g  a  l a r g e  num ber1 o f  s a m p l e s  o f  b r i s t l e s

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

e n c o u n t e r e d  " a n t h r a x - l i k e "  b a c i l l i  w i t h  c o l o n i e s  v e r y

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

r e c o g n i s e d  t h r e e  t y p e s ,  o n e  o f  w h i c h  c o r r e s p o n d e d  

w i t h  /
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w i t h  t h e  B. a n t h r a c o id .e s  d e s c r i b e d  by  B a i n b r i d g e .

A p a r t  f r o m  B. a n t h r a c i s , t h e  w e l l  known 

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

b e l o n g s ,  e . g .  B. s u b t i l i s , B. m e s e n t e r i c u s , B. 

me g a t h e r i u m , B. v u l g a t u s , h a v e  g e n e r a l l y  b e

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

e x p e r i m e n t a l  c o n d i t i o n s .  I t  w i l l  b e  shown how, i n  

c o n t r a s t  w i t h  t h e s e ,  B. a n t h r a c o i d e s  p o s s e s s e s  

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

c o n d i t i o n s .  A t t e n t i o n ,  h o w e v e r ,  h a s  b e e n  d r a w n  b y  

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

d e s c r i b e d  a s  "B. s u b t i l i s 1' i n  c e r t a i n  p a t h o l o g i c a l  

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

w h e r e  t h e r e  h a s  b e e n  a  p e n e t r a t i n g  wound  o f  t h e  g l o b e .  

The p r e s e n c e  o f  B. s u b t i l i s  i n  e y e  i n f e c t i o n s  i s  

d i s c u s s e d  b y  A x e n f e l d  ( 1 3 0 8 ) ,  who a l s o  g i v e s  a  

r e v i e w  o f  t h e  l i t e r a t u r e .  G o u r f e i n  ( 1904.) f o u n d  

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

c o n j u n c t i v a  t h a t  he  s p o k e  o f  a  " S u b t i l i s  c o n j u n c t i v i t i  

M i c h a l s k i  ( 1904.) a l s o  r e p o r t e d  a  h o u s e  e p i d e m i c  

o f  a c u t e  c o n j u n c t i v i t i s  w h i c h  he  a t t r i b u t e d  t o  

"B. c o n j u n c t i v i t i d i s  s u b t i l i f o r m i s "  ; t h i s  

o r g a n i s m ,  he  s t a t e d ,  r e s e m b l e d  i n  many c a s e s  

B. s u b t i l i s  a n d  i n  o t h e r s  B. m e g a t h e r ium .

B a e n z i g e r  a n d  S i l b e r s c h m i d t  ( 1902) h a v e  r e p o r t e d  tw o  

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

o f  w h i c h  was  s t a t e d  t o  be t h e  B. s u b t i l i s . S t r e g u l i n a  

( 1906) c a r r i e d  o u t  a  l a r g e  n u m b e r  o f  e x p e r i m e n t s  

w i t h  /
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w i t h  a  v i e w  t o  o b t a i n i n g  p a t h o g e n i c  s t r a i n s  o f  B.

s u b t i l i s  f r o m  s o i l .  Out  o f  25 s t r a i n s  o b t a i n e d

f r o m  t h i s  s o u r c e ,  16 w e r e  v i r u l e n t  t o  g u i n e a - p i g s

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

t o  t h a t  d e s c r i b e d  b y  S i l b e r s c h m i d t  ( 1903) .  S h e e n

a n d  K l e i n  ( 1 9 1 5 )  d e s c r i b e d  a n  i n f e c t e d  w ound  o f  t h e

f i n g e r  f r o m  w h i c h  a n  ’' a n t h r a x - l i k e "  b a c i l l u s  w as

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

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

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

" A n t h r a c o i d " . More r e c e n t l y  , Sweany a n d  P i n n e r

( 1525 ) h a v e  r e p o r t e d  t h e  p r e s e n c e  o f  a  p a t h o g e n i c

" B. s u b t i l i s ,lw h i c h  w as  i s o l a t e d  p o s t - m o r t e m  f r o m  t h e

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

S t u e b e r  ( 1 ^ 2 1 )  a s  d e s c r i b i n g  a  c a s e  o f  a c u t e  h a e m o r r -

. ' h a g i c  p a n o p h t h a l m i a  w h i c h  w as  a t  f i r s t  d i a g n o s e d

b a c t e r i o l o g i c a l l y  a s  a n  a n t h r a x  i n f e c t i o n .  T h i s  i s

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

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

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

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

a u t h o r s  a l s o  q u o t e  K e le m e n  ( 192if) a s  d e s c r i b i n g  a

c a s e  o f  s e p s i s  a n d  p n e u m o n i a  w h i c h  w as  c a u s e d  b y _ B .

s u b t i l i s .  B a i s  ( 192j )  h a s  r e c o r d e d  a n  i n s t a n c e  w h e r e

B. s u b t i l i s  w as  i s o l a t e d  f r o m  t h e  b l o o d  o f  a  J a v a n e s e

c o o l i e  on  tw o  s e p a r a t e  o c c a s i o n s .  T h i s  p a t i e n t

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

an d  /
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a n d  a  p a i n f u l  c o u g h .  On e x a m i n a t i o n  h i s  r i g h t  l u n g

sh o w ed  s i g n s  o f  d i s s e m i n a t e d  i n f i l t r a t i o n  w h i c h

l a t e r  w e n t  on  t o  c a v i t a t i o n  o f  t h e  l u n g .  T h e r e  was

no  m a l a r i a l  p a r a s i t e  d e m o n s t r a b l e  i n  t h e  h l o o d  a n d  on

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

i n f e c t i o n .  K a y s e r  ( 19^ ^ )  a n d  o t h e r s  h a v e  f o u n d

B. s u b t i l i s  p a t h o g e n i c  w hen  i n j e c t e d  i n t o  t h e

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

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

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

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

B. s u b t i l i s . S e i t z  ( 1 ^ 1 3 )  r e p o r t e d  t h a t  h e  h a d

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

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

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

I n  a d d i t i o n ,  h e  f o u n d  t h a t  when c u l t u r e s  w e r e

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

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

t h e  s p l e e n  a n d  h e a r t  b l o o d .  A g r e a t  d e a l  o f

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

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

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

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

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

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

 j^ggQ -ther ium . T h e y  o m i t t e d ,  h o w e v e r ,  t o  g i v e  a

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

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

b e i n g  p a t h o g e n i c  B. - s u b t i l i _ s  h a v e  i n  r e a l i t y  b e e n  

s p e c i e s  o t h e r  t h a n  t h e  c l a s s i c a l  B. s u b t i l i s  

( E h r e n b e r g ) .  The d e s i g n a t i o n  HB. s u b t i l i s 1' i s  

s t i l l  f r e q u e n t l y  u s e d  t o  d e s i g n a t e  v a r i o u s  

r e p r e s e n t a t i v e s  o f  t h e  g r o u p .

PRELIMINARY OBSERVATIONS ON STRAINS OF B. AJMTHRACPIPES 

ISOLATED FROM SHAVING BRUSHES.

I n  t h e  i n i t i a l  i n v e s t i g a t i o n  s i x  s h a v i n g  b r u s h e s

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

c o n t a m i n a t e d  w i t h  B. a n t h r a c i s . The m e t h o d

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

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

a n d  w e r e  e m u l s i f i e d  w i t h  s a l i n e .  The e m u l s i o n  w as

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

d e p o s i t  w h i c h  w as  t h e n  i n j e c t e d  i n t o  g u i n e a - p i g s .

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

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

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

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

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

B. a n t h r a c i s . w h i c h  c o n s i s t e d  o f  a n  o p a q u e  c e n t r e

o f  a p e a r l - g r e y  c o l o u r  a n d  a l e s s  o p a q u e  p e r i p h e r y

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

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

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

t h e i r  c e n t r e s  a n d  i n  t h e i r  s i z e ,  b e i n g  s l i g h t l y  
l a r g e r  /
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l a r g e r  t h a n  t h e  c o l o n i e s  o f  B. a n t h r a c i s . .

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

w e r e  a s  f o l l o w s  L a r g e ,  G r a m - p o s i t i v e  b a c i l l i ,

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

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

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

c u t "  b u t  w e r e  n o t  so  d e f i n i t e l y  r e c t a n g u l a r  a s  B.

a n t h r a c i s ; s p o r e s  w e r e ,  i n  t h e  m a j o r i t y  o f

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

s l i g h t l y  e c c e n t r i c  s p o r e s  w e r e  s e e n .  The  s p o r e s

w e r e  a p p r o x i m a t e l y  o f  t h e  same c r o s s  d i a m e t e r  a s  t h e  
( s e e  f i g .  10) .  

b a c i l l i */ One s i x t h  o f  a n  a g a r  s l o p e  c u l t u r e  o f

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

i n  m i c e .  One s t r a i n  p r o v e d  l e t h a l  i n  24 h o u r s .  On

a u t o p s y  t h e r e  was  some d e g r e e  o f  s u b c u t a n e o u s  o e d em a

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

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

n o t  i n v o l v e  a  w id e  a r e a  a s  i n  a n  i n f e c t i o n  w i t h

B. a n t h r a c i s .  The s p l e e n  w as  s o m ew h a t  e n l a r g e d ,

s o f t ,  a n d  c o n g e s t e d ,  a n d  t h e r e  w as  some e x u d a t e

p r e s e n t  i n  t h e  p e r i t o n e a l  c a v i t y .  I n  a d d i t i o n ,

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

t h e  s m a l l  i n t e s t i n e ,  sh o w e d  m a r k e d  c o n g e s t i o n .  F i l m s

f r o m  t h e  l o c a l  l e s i o n  a n d  t h e  p e r i t o n e a l  e x u d a t e
( s e e  f i g .  4. ) .

sh o w e d  t h e  b a c i l l i  i n  l a r g e  n u m b e r s , /  B a c i l l i  w e r e

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

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

fe w  s h o r t  c h a i n s .  When s t a i n e d  b y  t h e  p o l y c h r o m e  
m e t h y l e n e  /
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m e t h y l e n e  h l u e  m e t h o d  o f  M e P a d y e a n ,  t h e r e  w as  n o
( s e e  f i g s .  1 & 2) .  

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

s p l e e n  sh o w e d  f a i r l y  n u m e r o u s  b a c i l l i  b u t  a g a i n  no
( s e e  f i g .  5 ) .  

c a p s u l e  w as  d e m o n s t r a b l e , /  The o r g a n i s m  w as

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

l o c a l  l e s i o n .  A 21f h o u r s ’ a g a r  s l o p e  c u l t u r e  o f  t h e

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

i n t o  a  g u i n e a - p i g ,  w h i c h  s u r v i v e d .  F u r t h e r

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

o t h e r  f o u r  s t r a i n s ,  o n e  s i x t h  o f  a n  a g a r  s l o p e

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

On t h e  d a y  f o l l o w i n g  t h e  i n o c u l a t i o n ,  0 * 2  c . c .  o f

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

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

a n d  p l a t e d  on  a g a r .  T y p i c a l  c o l o n i e s  w e r e  o b t a i n e d

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

1 / 6 t h  o f  a n  a g a r  s l o p e  c u l t u r e  w as  i n j e c t e d

i n t r a p e r i t o n e a l l y  i n t o  m i c e .  On t h e  f o l l o w i n g  d a y

t h e  m i c e  i n j e c t e d  w i t h  t h r e e  o f  t h e  s t r a i n s  d i e d .

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

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

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

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

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

m o u s e .  T h i s  p r o c e d u r e  w as  a g a i n  r e p e a t e d  w i t h  t h e

r e m a i n i n g  s t r a i n  a n d  t h i s  t i m e  t h e  m o u s e  d i e d  i n  24

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

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

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

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

o r  a f t e r  one  o r  two p a s s a g e s .

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

same c o n s i g n m e n t  w as  e x a m i n e d  l a t e r ,  a n d  o f  s e v e n  

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

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

t y p e .

THE BIOLOGY OF B. ANTHRACOIDES

An a t t e m p t  w as  now made  t o  o b t a i n  some 

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

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

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

( S i l b e r s c h m i d t , 1JQ3; S t r e g u l i n a ,  1906) a n d  w a t e r  

( Z i k e s ,  1905)>  a s  w e l l  a s  f r o m  m a t e r i a l s  co m m only  

e x a m i n e d  f o r  t h e  p r e s e n c e  o f  B. a n t h r a c i s . An i d e a

o f  t h e  n a t u r e  o f  m a t e r i a l  f r o m  w h i c h  t h e  B.

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

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

No.  o f  s p e c i -  No.  o f  s t r a i n s
.‘m ens  e x a m i n e d  M a t e r i a l  a n t h r a -

c o i d e s  o b t a i n e d

1
2

S h a v i n g  b r u s h e s  
D o g s ’ h a i r

3
V
2
2

3
k-

G
G
G
G
G
G

W a t e r
D u s t
A i r
S h e e p ’ s  w o o l  
O i l  c a k e

0
2
090 2 2
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I t  m u s t  b e  s t a t e d  t h a t  i n  t h e  e x a m i n a t i o n  o f  

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

B. s u b t i l i s  g r o u p  w e r e  e n c o u n t e r e d ,  b u t  o n l y  t h o s e  

s t r a i n s  w h i c h  s h o w e d  " a n t h r a x - l i k e ” c o l o n i e s  on  a g a r  

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

"be B. a n t h r a c o i d e s .  A l l  o f  t h e  25 s t r a i n s  o f  _B- 

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

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

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

b e i n g  o b t a i n e d  o n  s u b c u t a n e o u s  i n j e c t i o n  o f  1 / 5 t h  

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

M o r p h o l o g y .

F i l m s  f r o m  a g a r  c u l t u r e s  show  l a r g e ,  s t r a i g h t  

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

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

e n d s .  C h a i n s  a r e  s e e n  b u t  t h e r e  i s  n o  g r e a t  

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

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

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

o f  t h e  same c r o s s  d i a m e t e r  a s  t h e  b a c i l l i .  The
. ( s e e  f i g .  9 )

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

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

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

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

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

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

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

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

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

I n  h l o o d  f i l m s  a n d  s p l e e n - s m e a r s  t h e  b a c i l l i  show 

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

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

f o r m a t i o n .

R e s i s t a n c e  o f  S p o r e s .

The s p o r e s  p o s s e s s  c o n s i d e r a b l e  r e s i s t a n c e  t o  

h e a t ,  b e i n g  k i l l e d  o n l y  a f t e r  15 m i n u t e s ’ e x p o s u r e  

i n  a  s t e a m  s t e r i l i s e r  a t  1 0 0 ° C .

C u l t u r a l  C h a r a c t e r s .

The o r g a n i s m  g r o w s  w e l l  o n  o r d i n a r y  m e d i a ,  

g r o w t h  t a k i n g  p l a c e  q u i c k l y  a t  a n d  r a t h e r

s l o w l y  a t  room t e m p e r a t u r e .

S u r f a c e  C o l o n i e s  on  A g a r  P l a t e s . S i n g l e

c o l o n i e s  a r e  f a i r l y  l a r g e  ( 7-8 mm. d i a m e t e r )  a n d

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

s l i g h t l y  m o i s t  a n d  s h i n i n g .  T h e y  a r e  s l i g h t l y  r a i s e d *

w i t h  an  o p a q u e  c e n t r e  a n d  a m o re  t r a n s p a r e n t

i r r e g u l a r  m a r g i n ,  a n d  on  t h e  w h o l e  p r e s e n t  a  g r o u n d —'

g l a s s  a p x ^ e a r a n c e .  The c o l o n i e s  a d h e r e  s l i g h t l y  t o

t h e  m ed iu m .  When e x a m i n e d  u n d e r  t h e  l o w  p o w e r ,  t h e

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

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

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

B. a n t h r a c i s  i s  s o  g r e a t  t h a t  i t  i s  i m p o s s i b l e  

t o  /
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t o  d i s t i n g u i s h  t h e m .

S i n g l e  S t r o k e  C u l t u r e  on  A g a r . T h e r e  i s  a  

l u x u r i a n t  g r e y i s h - w h i t e  g r o w t h  a l o n g  t h e  l i n e  o f  

i n o c u l a t i o n ,  o p a q u e  a t  t h e  c e n t r e  h u t  b e c o m i n g  m o re  

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

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

a o p e a r a n c e . The g r o w t h  i s  m o i s t  a n d  s h i n i n g ,  a n d  

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

e a s i l y  e m u l s i f i e d .

S t a h  C u l t u r e  i n  A g a r . G r o w th  t a k e s  p l a c e  a l o n g  

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

o u t g r o w t h s ,  t h e  g r o w t h  h e i n g  m o re  d e n s e  i n  t h e  u p p e r  

p a r t  o f  t h e  m ed ium .

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

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

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

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

t u b e .

S t a b  C u l t u r e  _ in  G e l a t i n  (15%) • L i q u e f a c t i o n

t a k e s  p l a c e ,  s t a r t i n g  a t  t h e  s u r f a c e  o n  t h e  5t h  d a y  

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

i n  a  f u n n e l - s h a p e d  m a n n e r .  L a t e r a l  o u t g r o w t h s  a r e  

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

n e e d l e  t r a c k  o u t  a i 'e  n o t  s o  p r o n o u n c e d  a s  t h e  s p i k i n g  

— a n t h r a c i s . L i q u e f a c t i o n  t a k e s  p l a c e  m o re  

q u i c k l y  t h a n  i n  t h e  c a s e  o f  B. a n t h r a c i s .

^-LQSi.6s _ o n  G e l a t i n  P l a t e s . S i n g l e  c o l o n i e s  a r e

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



20.

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

On P o t a t o  a  m o i s t ,  c r e a m y - w h i t e  g r o w t h  o c c u r s  

w h i c h  l a t e r  b e c o m e s  r e d d i s h - b r o w n  i n  c o l o u r .  W i t h  

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

d i r t y  g r e y i s h - b r o w n  a p p e a r a n c e .  K o h l e r  ( 1 5 2 1 ) ,  

i n  e x a m i n i n g  2J s t r a i n s  o f  " a n t h r a x - l i k e " b a c i l l i ,  

d i f f e r e n t i a t e d  8 t y p e s .  Of t h e s e ,  T ype  5 g a v e  a 

c i t r o n  y e l l o w  c o l o u r  o n  p o t a t o ,  w h i l e  T ype  8 g a v e  

a  r e d d i s h  g r o w t h .

I n  L i t m u s  M i l k  t h e r e  i s  a  s l i g h t  a c i d i t y  a t  

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

l a t e r ,  d i g e s t i o n  t a k e s  p l a c e .

On B l o o d  A g a r : A s i n g l e  c o l o n y  o n  b l o o d  a g a r

a f t e r  2 4 h o u r s  * i n c u b a t i o n  sh o w s  h a e m o l y s i s  b e n e a t h  

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

c o l o n y .  I n  4.8 h o u r s  t h e  a r e a  o f  h a e m o l y s i s  h a s  

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

i n t o  t h e  m ed ium .  J a r m a i  ( 15 15 ) ,  H a l l e r m a n n  ( 1525 ) ,  

a n d  H u t y r a  a n d  M a r e k  ( 1526) s t a t e  t h a t  t h i s  f e a t u r e  

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

a n t h r a x  a n d  " a n t h r a x - l i k e "  b a c i l l i .

S o l i d  Serum t h e  m edium r a p i d l y  b e c o m e s  

l i q u e f i e d ,  s t a r t i n g  o n  t h e  2n d  d a y  a n d  b e c o m i n g  

c o m p l e t e  i n  G d a y s .

B i o c h e m i c a l  R e a c t i o n s .

j , .  a n t h r a c o i d e s  p r o d u c e s  a c i d  i n  G l u c o s e ,

S a c c h a r o s e ,  M a l t o s e ,  D e x t r i n ,  S a l i c i n  a n d  G l y c e r i n ,  

b u t  /
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■but n o t  i n  L a c t o s e  o r  M a n n i t e .  T h e r e  i s  n o  g a s  

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

I t  m i g h t  h e  o f  i n t e r e s t  t o  g i v e  a  h r i e f  sum m ary  

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

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

n o t e  t h e i r  o b s e r v a t i o n s .

B. ATMTFRACOIDES -  Huppe  a n d  Wood, 1882..

H a b i t a t  ; I s o l a t e d  f r o m  e a r t h  a n d  w a t e r .

M o r p h o l o g y : B a c i l l i  o f  same s i z e  a s  B. 
a n t h r a c i s .  E n d s  m o re  d e f i n i t e l y  
r o u n d e d ;  e n d o s p o r e s  p r e s e n t .  
N o n - m o t i l e .  Grows w e l l  a t  room  
t e m p e r a t u r e .

G e l a t i n ; W h i t e  f e l t e d  w o o l l y  m a z e .  S t a b  
c u l t u r e  l i q u e f i e s  l i k e  A n t h r a x  
b a c i l l u s .

P o t a t o ; W h i t e  d r y  g r o w t h  b u t  n o t  l i k e  B. 
m y c o i d e s .

L i t m u s  M i l k ; R e a c t i o n  a l k a l i n e ;  m i l k  
c o a g u l a t e d .

B o u i l l o n : No p e l l i c l e  -  w o o l l y  m a s s e s  u n d e r  
t h e  s u r f a c e .

P a t h o g e n i c i t y ; N o t  v i r u l e n t  t o  w h i t e  m i c e .  L a r g e  
d o s e s  i n  g u i n e a - p i g s  p r o d u c e d  l o c a l  
i n f l a m m a t o r y  r e a c t i o n .

B. PSEUDOANTHRAOTS -  B u r r i ,

H a b i t a t  ; I s o l a t e d  f r o m  " A m e r i c a n  m e a t  
p o w d e r " .

M o r p h o l o g y ; G e n e r a l l y  i n  f a i r l y  l o n g  c h a i n s .  
S p o r e  f o r m a t i o n  t a k e s  p l a c e  i n  21+ 
h o u r s .  M o t i l e  b u t  m o v e m e n t  r a t h e r  
s l o w  a n d  o n l y  s e e n  i n  s h o r t  c h a i n s  
a n d  s i n g l e  b a c i l l i .

G e l a t i n  P l a t e s : I r r e g u l a r ,  r o u n d i s h ,  g r e e n i s h -  
y e l l o w  /



22.

Gelatin Stab:

S i n g l e  S t r o k e
on  A g a r .

P o t a t o  :

B o u i l l o n :

y e l l o w  c o l o n i e s ;  w i t h  l e n s  sh o w s  
c o n v o l u t e d  t h r e a d - l i k e  a p p e a r a n c e .  
L a t e r ,  i r r e g u l a r  s t a r - s h a p e d  c o l -  
; o n y  s u r r o u n d e d  h y  t h i c k i s h  f l u i d .

L i q u e f a c t i o n  s t a r t i n g  i n  f u n n e l -  
s h a p e d  m a n n e r  i n  2 d a y s  -  c o m p l e t e  
i n  if- 6 d a y s .

G r e y i s h  g r o w t h ,  i r r e g u l a r  a t  
e d g e ;  d o e s  n o t  s p r e a d  o v e r  w h o l e  
s l o £ ) e .  G r o w th  s o f t  a n d  e a s i l y  
b r o k e n  u p .

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

T u r b i d i t y ,  l a t e r  p e l l i c l e  w h i c h  
i n c r e a s e s  i n  t h i c k n e s s  i n  a  f e w  
d a y s  a n d  b r o t h  b e c o m e s  c l e a r .  I f  
t u b e  s h a k e n ,  p e l l i c l e  b r e a k s  o f f  
a n d  f a l l s  t o  b o t t o m  b u t  a n o t h e r  
f o r m s  i n  21+ h o u r s .

M i l k : I n  2 - 3  d a y s ,  c o a g u l a t i o n  
a c i d i t y .

n o

P a t h o g e n i c i t y : N o t  v i r u l e n t  t o  w h i t e  m i c e .

B. ANTHPACIS S I M IL IS  -  M c F a r l a n d ,  1 8 9 8 .

H a b i t a t  : 

M o r p h o l o g y .

G e l a t i n  S t a b  
C u l t u r e  :

S i n g l e  S t r o k e  
on  A g a r :

I s o l a t e d  f r o m  p u s .

L a r g e  r e c t a n g u l a r  b a c i l l u s ,  e n d s  
s l i g h t l y  r o u n d e d .  T e n d s  t o  f o r m  
l o n g  c h a i n s  i n  w h i c h  e n d s  o f  
b a c i l l i  a r e  f l a t t e n e d .  S p o r e  
f o r m a t i o n  t a k e s  p l a c e  i n  22f h o u r s  
N o n - m o t i l e .

G r o w th  i d e n t i c a l  w i t h  t h a t  o f  B. 
a n t h r a c i s . —

G r o w th  s i m i l a r  t o  A n t h r a x ,  f o r m i n g  
a  c o n t i n u o u s  g r o w t h ,  g r e y i s h -  
w h i t e  i n  c o l o u r ,  f e a t h e r y  a t  t h e  
e d g e s .

S i n g l e  C o l o n i e s  L a r g e ,  f l a t ,  t r a n s l u c e n t ,  a n d  
o n _ A g a r : _ f l u f f y  a t  t h e  e d g e s ,  F i l a m e n t s

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

P o t a t o  /



23'

P o t a t o  : 

B o u i l l o n  :

P a t  h o g e n i c i t y ;

L u x u r i a n t ,  d r y ,  w h i t i s h  g r o w t h .  
When o l d ,  l o o k s  s o m ew h a t  s c a l y .

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

No e f f e c t  i n  w h i t e  m i c e  o r  
g u i n e a - p i g s .

n .  ANTHPACOIDSS -  B a i n b r i d g e ,

H a b i t a t  : 

M o r p h o l o g y :

Ge l a t i n  S t a b  
C u l t u r e  ;

I s o l a t e d  f r o m  C h i n e s e  h o r s e  h a i r .

C l o s e l y  r e s e m b l e s  B. a n t h r a c i s . 
E n d s  s l i g h t l y  r o u n d e d  a n d  f o r m s  
s h o r t  c h a i n s .  S p o r e s  c e n t r a l .  
M o t i l e .

L i q u e f a c t i o n  b e g i n s  e a r l y  a n d  i s  
c o m p l e t e  i n  lj-8 h o u r s .

S i n g l e  C o l o n i e s  Can h a r d l y  b e  d i s t i n g u i s h e d  f r o m
on A g a r :

S i n g l e  S t r o k e  
o n  A g a r :

B o u i l l o n :

M i l k ;

P a t h o g e n i c i t y :

c o l o n i e s  o f  B. a n t h r a c i s .
C o l o n i e s  h a v e  o p a q u e  c e n t r e  w i t h  
m o re  t r a n s l u c e n t  f l u f f y  r i m .
Wavy f e l t e d  a p p e a r a n c e  o f  m a r g i n .

C o n t i n u o u s  g r o w t h  w i t h  f i n e l y  
g r a n u l a r  a p p e a r a n c e  a n d  f l u f f y  
e d g e s ,  s u r f a c e  m o i s t .  A f t e r  h8  
h o u r s  g r o w t h  b e c o m e s  p i t t e d .

S l i g h t  t u r b i d i t y ,  w i t h  w h i t e ,  
s l i g h t l y  s t r i n g y  g r o w t h  w h i c h  
s i n k s  t o  t h e  b o t t o m .

A c i d i f i e d ,  c o a g u l a t e d  a n d  
f i n a l l y  d i g e s t e d .

V i r u l e n t  t o  m i c e ,  b u t  n o t  t o  
g u i n e a - p i g s .

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

" A n t h r a x - l i k e "  b a c i l l i  d e s c r i b e d  b y  t h e s e  e a r l i e r  

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

i3- a n t n r a c i s  a n d  t h e  B. a n t h r a c o i d e s  d e s c r i b e d  

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

t h e i r  c o l o n i e s  on  a g a r  a n d  g e l a t i n ,  t h e r e  e x i s t s
a /



a c e r t a i n  am o u n t  o f  v a r i a t i o n  i n  t h e  c h a r a c t e r s  

d e s c r i b e d .  F o r  e x a m p l e ,  Huppe a n d  Wood, a n d  M c F a r l a n d  

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

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

when g ro w n  o n  p o t a t o ,  i n  m i l k  a n d  i n  b o u i l l o n ,  v a r y  

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

B u r r i  a n d  b y  B a i n b r i d g e .  The B. a n t h r a c o i o . e s  

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

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

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

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

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

c o n t r a s t i n g  w i t h  t h e  s t r a i n s  o f  Huppe a n d  Wood, B u r r i  

a n d  M c F a r l a n d .

PATHOGENICITY TO MICE AND PASSAGE EXPERIMENTS.

F o l l o w i n g  t h e  o b s e r v a t i o n  t h a t  t h e s e  o r g a n i s m s

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

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

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

was  v e r y  s i m i l a r  t o  t h e  i n f l a m m a t o r y  o e d em a  x ^ ro d u ced

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

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

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

d o g ’ s  h a i r ,  a n d  t h e  d o s e  e m p l o y e d  w as  1 / 5t h  o f  a

22f h o u r s ’ a g a r  s l o p e  c u l t u r e  w h i c h  w a s  i n j e c t e d  

s u b c u t a n e o u s l y .

The m ouse  u s e d  i n  t h e  f i r s t  p a s s a g e  d i e d  i n  24. 

h o u r s  /



h o u r s  a n d  sh o w e d  t h e  p o s t - m o r t e m  f e a t u r e s  a l r e a d y

d e s c r i b e d .  The b a c i l l i  w e r e  r e c o v e r e d  i n  p u r e

c u l t u r e  f r o m  t h e  h e a r t  b l o o d ,  s u b c u l t u r e d  on  a g a r

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

i n  2ij. h o u r s  a n d  p r e s e n t e d  a  s i m i l a r  p o s t - m o r t e m

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

mouse  was  s i m i l a r  t o  t h e  tw o  p r e v i o u s  o n e s ,  b u t  i n

a d d i t i o n  t h e  s u b c u t a n e o u s  o e d em a  w as  m o re  g e l a t i n o u s

a n d  e x t e n d e d  o v e r  a  g r e a t e r  a r e a .  T h e r e  w as  a l s o

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

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

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

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

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

t h e  w h o l e  o f  t h e  s u b c u t a n e o u s  t i s s u e  w as  v e r y

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

c o n t a i n e d  an  e x c e s s  o f  f l u i d .  B a c i l l i  w e r e

n u m e r o u s  i n  t h e  h e a r t  b l o o d  a n d  s p l e e n  s m e a r s .  The

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

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

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

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

The p a s s a g e  w as  r e p e a t e d  a n d  t h i s  t i m e  t h e  m o u se

d i e d  i n  21f h o u r s .  T h e r e  w as  m a r k e d  g e l a t i n o u s  o e d e m a

o f  t h e  s u b c u t a n e o u s  t i s s u e  w h i c h  w as  s o m ew h a t

h a e m o r r h a g i c .  The s p l e e n  w as  s l i g h t l y  e n l a r g e d ,

s o f t  a n d  c o n g e s t e d ,  a n d  t h e r e  w a s  a n  e x c e s s  o f

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

25-



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

s m e a r s .

I n  t h e  e i g h t h  p a s s a g e  t h e  a n i m a l  s u r v i v e d .  I t  

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

was  a g a i n  r e p e a t e d  a n d  on  t h i s  o c c a s i o n  t h e  a n i m a l  

d i e d  i n  21+ h o u r s .  The  s u b c u t a n e o u s  o e d em a  w a s  n o t  

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

h e a r t  b l o o d  a n d  s p l e e n  s m e a r s .

I n  t h e  n i n t h  p a s s a g e  t h e  m o u se  s u r v i v e d .  A t  

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

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

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

t o  t h e  o r g a n i s m .  T h i s  w as  d e m o n s t r a t e d  b y  i n j e c t i n g  

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

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

e x p e r i m e n t s  ; -

A. C u l t u r e  b e f o r e  p a s s a g e  -  Mouse  (1 ) D i e d  i n  21+
h o u r s

Mouse  ( 2 )  S u r v i v e d .

B. C u l t u r e  a f t e r  b t h  p a s s a g e  -  Mouse  (1 ) D i e d  i n  21+
h o u r s

Mouse  ( 2 )  S u r v i v e d ,  
b u t  d i e d  l a t e r  
( 3r d  d a y ) .

The  a p p e a r a n c e  on  a u t o p s y  o f  m o u se  ( 1 ) ,

E x p e r i m e n t  A, w as  a s  d e s c r i b e d  a b o v e ,  w i t h  w e l l -

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

c a s e  o f  m o u se  ( 1 ) ,  E x p e r i m e n t  B, t h e r e  w as  v e r y

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

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

I n  m ouse  ( 2 ) ,  E x p e r i m e n t  B, t h e  o e d em a  w a s  s t i l l  l e s s

p r o n o u n c e d  /

2b.



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

h e a r t  b l o o d  a n d  s p l e e n .

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

o r g a n i s m  c a n  b e  i n c r e a s e d  on  p a s s a g e  t o  a  c e r t a i n  

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

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

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

s p l e e n  s m e a r s .  The  e x t e n t ,  h o w e v e r ,  t o  w h i c h  t h e  

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

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

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

a n i m a l s .  S i l b e r s c h m i d t  ( 1903) e n c o u n t e r e d  t h i s
t

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

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

p a n o p h t h a l m i t i s .

PATHOGENICITY TO GUINEA- P I G S .

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

e x p e r i m e n t s  i n  m i c e  was  i n j e c t e d  i n t r a p e r i t o n e a l l y  

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

b e i n g  1 / 5 t h  o f  a n  a g a r  s l o p e  c u l t u r e .  The  b a c i l l i  

w e r e  r e c o v e r e d  b y  i n j e c t i o n  o f  s t e r i l e  s a l i n e  i n t o  

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

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

: e a l l y ,  t h e  d o s e  t h i s  t i m e  c o n s i s t i n g  o f  t h e  w h o l e  

a g a r  s l o p e  c u l t u r e .  T h i s  a n i m a l  d i e d  i n  21+ h o u r s .  

P o s t - m o r t e m  t h e r e  w as  n o  s u b c u t a n e o u s  o e d e m a  

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

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

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

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

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

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

s p l e e n  "but w e r e  n o t  n u m e r o u s .  The " b a c i l l i  w e r e  

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

e x u d a t e ,  a n d  a n  a g a r  s l o p e  c u l t u r e  w a s  now i n j e c t e d  

s u b c u t a n e o u s l y  i n t o  a  g u i n e a - p i g ,  w h i c h  d i e d  i n  22f 

h o u r s .  As " b e f o r e ,  t h e r e  w a s  n o  m a r k e d  l o c a l  

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

l a r g e  q u a n t i t y  o f  " b l o o d - s t a i n e d  e x u d a t e  p r e s e n t  i n  

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

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

h a e m o r r h a g e s .  The s p l e e n  w as  n o t  e n l a r g e d ,  a n d  w as  

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

some e n t e r o c o c c i ,  w e r e  p r e s e n t  i n  l a r g e  n u m b e r s  i n  

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

i n  t h e  f i l m  o f  h e a r t  "b lood  f r o m  w h i c h ,  h o w e v e r ,  t h e y  

w e r e  r e c o v e r e d  o n  c u l t u r e .

An a t t e m p t  w as  made t o  i n c r e a s e  t h e  v i r u l e n c e  

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

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

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

a b l e  e x t e n t .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h e  m a r k e d  e n t e r o t r o p i s m  

w h i c h  o c c u r r e d  n o t  o n l y  on  i n t r a p e r i t o n e a l  i n o c u l a t i o n

o f  t h e  g u i n e a - p i g s ,  b u t  a l s o  w hen  t h e  b a c i l l i  w e r e  
i n j e c t e d  /



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

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

two s t r a i n s ,  "but s t a t e d  t h a t  g u i n e a - p i g s  w i t h s t o o d  

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

w e re  l e t h a l  when i n j e c t e d  i n t r a p e r i t o n e a l l y . The 

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

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

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

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

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

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

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

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

l i t t l e  l o c a l  i n f l a m m a t o r y  r e a c t i o n .

B u l l o c k  a n d  C r a m e r  ( 19 19 ) h a v e  u s e d  t h e  i n j e c t i o n  

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

c u l t u r e s  o f  B. W e i c h i i  a n d  V i b r i o n  s e p t i q u e  a s  a  

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

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

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

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

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

p a t h o g e n i c i t y  f o r  g u i n e a - p i g s ,  o f  B. a n t n r a c o i d e s .

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

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

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

The g u i n e a - p i g ,  h o w e v e r ,  s u r v i v e d  t h e  i n j e c t i o n  a n d  

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

The  /
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The d o s e  o f  B. a n t n r a c o i d e s  w as  t h e n  i n c r e a s e d  

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

t h i s  w as  i n j e c t e d  i n t o  a  g u i n e a - p i g  a l o n g  w i t h  a  

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

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

w o u l d  r e s u l t .  The p o s t - m o r t e m  f e a t u r e s ,  h o w e v e r ,  

w e r e  i n  no  way d i f f e r e n t  f r o m  t h o s e  a l r e a d y  

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

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

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

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

b l o o d .

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

a l o n g  w i t h  a  l e t h a l  d o s e  o f  B. a n t h r a c o i d e s  c a u s e d  no  

d i f f e r e n c e  i n  t h e  p o s t - m o r t e m  f i n d i n g s .

B a i l  ( 15 10 ) h a s  shown t h a t  i f  a  n o n - l e t h a l  d o s e

o f  a v i r u l e n t  o r g a n i s m  b e  i n j e c t e d  i n t o  a  s u i t a b l e
'

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

i n i t i a l  n o n - l e t h a l  d o s e  b e c o m e s  f a t a l .  F o l l o w i n g

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

a n t h r a x  ' ' a g g r e s s i n "  w h i c h  w as  o b t a i n e d  i n  t h e

f o l l o w i n g  m a n n e r  ; -  An e m u l s i o n  o f  B. a n t h r a c i s

i n  s a l i n e  was made  s o  a s  t o  b e  j u s t  f a i n t l y  t u r b i d

a n d  0*5 c . c .  w e r e  i n j e c t e d  i n t r a p e r i t o n e a l l y  i n t o

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

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

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

w i t h  s a l i n e  a n d  t h e  w a s h i n g s  c o l l e c t e d .  The s p l e e n  
was  /
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was r e m o v e d  a n d  g r o u n d  u p  i n  s a l i n e  a n d  t h i s

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

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

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

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

i n t o  t h r e e  p a r t s .  To o n e  p a r t  o f  e a c h  w as  a d d e d  (1 )

p h e n o l  t o  a  c o n c e n t r a t i o n  o f  0*5% ( 2 )  a c r i f l a v i n e  1

i n  1000  a n d  ( 5 ) c h l o r o f o r m  2%. T h e s e  w e r e  a l l o w e d

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

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

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

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

s t e r i l e  p r e p a r a t i o n  c o u l d  n o t  b e  o b t a i n e d .  The

a n t h r a x  " a g g r e s s i n "  w as  now i n o c u l a t e d  i n t o  g u i n e a -

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

j u s t  s u b - l e t h a l .  The a n i m a l s ,  h o w e v e r ,  s u r v i v e d  t h e

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

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

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

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

o f  B. a n t h r a c o i d e s  f a i l e d  t o  h a v e  a n y  e f f e c t  on  a

f r e s h  g u i n e a - p i g .  I n  t h i s  e x p e r i m e n t  i t  w as  n o t

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

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

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

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

a l o n g  w i t h  a B. a n t h r a c i s  " a g g r e s s i n "  o r  a n

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

An a t t e m p t  w as  made t o  i n c r e a s e  t h e  v i r u l e n c e  

o f  t h e  B. a n t h r a c o i d . e s  by i n j e c t i n g  th e m  i n t o  m i c e  

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

b e e n  k i l l e d  b y  h e a t .  F o r  t h i s  p u r p o s e  k i l l e d  

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

w e re  u s e d  a l o n g  w i t h  a  s u b l e t h a l  d o s e  o f  B. 

a n t h r a c o i d e s . The m i c e  s u r v i v e d  t h e  i n j e c t i o n s  

e x c e p t  when t h e  b a c i l l i  h a d  b e e n  i n j e c t e d  a l o n g  w i t h  

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

mouse  d i e d  i n  21+ h o u r s ,  w i t h  t h e  u s u a l  p o s t - m o r t e m  

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

m i c e  t o  i n j e c t i o n s  o f  B. a n t h r a c o i d e s , t h i s  was  

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

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

g u i n e a - p i g s .  W i t h  g u i n e a - p i g s ,  h o w e v e r ,  a  s u b l e t h a l  

d o s e  o f  B. a n t h r a c o i d e s , when i n j e c t e d  a l o n g  w i t h  

a  k i l l e d  a g a r  s l o p e  c u l t u r e  o f  B. p r o t e u s , f a i l e d  

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

v i r u l e n c e  was  o b t a i n e d  o n  i n j e c t i n g  a  f i l t e r e d  

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

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

v i e w  t o  r e p e a t i n g  t h e  o b s e r v a t i o n s  o f  S e i t z  ( 19 13 )

who r e p r o d u c e d  an  e n t e r i t i s  i n  m i c e  b y  f e e d i n g  th e m

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

o f  a c u t e  e n t e r i t i s .  M ice  w e r e  t h e r e f o r e  f e d  w i t h

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

he  v i r u l e n t  on s u b c u t a n e o u s  i n j e c t i o n .  T h r o u g h o u t  
t h e  /
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t h e  e x p e r i m e n t  n o n e  o f  t h e  m i c e  u n d e r  o b s e r v a t i o n  

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

r e c o v e r e d  f r o m  t h e i r  e x c r e t a .

I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  i n j e c t i o n s  o f  

B. a n t h r a c o i d e s  k i l l e d  b y  e x p o s u r e  t o  1 0 0 ° C .  f o r  15 

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

t h e  i n j e c t i o n  o f  t h e  s t e r i l e  f i l t r a t e  o f  a  21+ h o u r s ’ 

b r o t h  c u l t u r e  p r o v e d  n o n - t o x i c .

ANIMAL EXPERIMENTS WITH RELATED ORGANISMS

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

v a r i o u s  o r g a n i s m s  o f  t h e  S u b t i l i s  g r o u p  w as  

a s c e r t a i n e d .  I n  a l l ,  l+J s t r a i n s  h a v e  b e e n  t e s t e d .  

C e r t a i n  o f  t h e s e  w e r e  s t a n d a r d  c u l t u r e s  ; -

From t h e  N a t i o n a l  C o l l e c t i o n  o f  Type  C u l t u r e s  
(one  s t r a i n  o f  e a c h )  -

B. s u b t i l i s  -  Hay
B. m e s e n t e r i c u s  -  J o r d a n  L l o y d ’ s  t y p e  B . I .  
B. m e g a t h e r i u m  -  L i s t e r  I n s t i t u t e  
B. m y c o i d e s  -  C .R .  I I

From t h i s  l a b o r a t o r y  -

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

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

g u i n e a - p i g s  a n d  when  i n j e c t e d  s u b c u t a n e o u s l y  i n t o  

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

g r o w t h  f r o m  a 21+ h o u r s ’ a g a r  s l o p e  c u l t u r e  was  

i n o c u l a t e d .

I n  a d d i t i o n  t o  t h e s e  s t r a i n s  o f  t h e  b e t t e r  known 
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m e m b e rs  o f  t h e  g r o u p  o f  G r a m - p o s i t i v e  a e r o b i c  s p o r i n g  

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

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

a n t h r a c o i d e s . T h e s e  w e r e  a l s o  f o u n d  t o  h a v e  no  

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

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

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

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

c a t g u t .

S i n g l e  C o l o n y  on  A g a r :

C o l o n y  m o d e r a t e l y  l a r g e  -  3 - 1 0  mm. i n  
d i a m e t e r  -  a n d  o f  a  p e a r l - g r e y  c o l o u r ,  o p a q u e  
f r o m  t h e  c e n t r e  j u s t  t o  t h e  m a r g i n  w h e r e  t h e r e  
i s  a  n a r r o w  t r a n s p a r e n t  e d g e .  The m a r g i n  o f  
t h e  c o l o n y  i s  s l i g h t l y  i r r e g u l a r .

S i n g l e  S t r o k e  C u l t u r e  o n  A g a r :

G r o w th  i s  g r e y i s h  w h i t e  i n  c o l o u r ,  s l i g h t l y  
d r y  w i t h  a  t e n d e n c y  t o  i r r e g u l a r  l a t e r a l  o u t g r o w t h s  
e s p e c i a l l y  a t  t h e  b o t t o m  o f  t h e  t u b e .  The g r o w t h  
i s  f a i r l y  a d h e r e n t  t o  t h e  m ed iu m .

S t a b  C u l t u r e  i n  A g a r ;

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

B o u i l l o n :

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

S i n g l e  C o l o n y  on  G e l a t i n :

C o l o n y  o f  a  y e l l o w i s h - g r e y  c o l o u r ;  g r a n u l a r ,  
w i t h  s l i g h t  h a i r - l i k e  o u t g r o w t h s .

S t a b  C u l t u r e  i n  G e l a t i n :

G r o w t h  t a k e s  p l a c e  a l o n g  t h e  l i n e  o f  
i n o c u l a t i o n  w i t h  s h o r t  l a t e r a l  o u t g r o w t h s  i n  
t h e  u p p e r  p a r t  o f  t h e  m e d iu m .  L i q u e f a c t i o n  i s  
s a c c a t e  a n d  s t a r t s  o n  t h e  b t h  d a y .

P o t a t o  /
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P o t a t o :

G r o w th  d r y  a n d  w h i t e  i n  c o l o u r  a n d  h a s  an  
a p p e a r a n c e  a s  o f  c o i l e d  w h i t e  t h r e a d s  a f t e r  22*. 
h o u r s *  i n c u b a t i o n .  L a t e r ,  t h e  c o l o u r  b e c o m e s  
b r o w n i s h  g r e y .

L i t m u s  M i l k :

S l i g h t  a c i d i t y ;  no  c l o t  o r  d i g e s t i o n .

B l o o d  A g a r :

M a r k e d  h a e m o l y s i s  i n  22*. h o u r s .

S o l i d  S e r u m :

L i q u e f  a c t  i o n  s t a r t i n g  i n  i*-8 h o u r s  a n d  
c o m p l e t e  i n  2*. d a y s .

B i o c h e m i c a l  R e a c t i o n s :

A c i d  i n  G l u c o s e ,  S a c c h a r o s e ,  M a l t o s e ,  
M a n n i t e ,  S a l i c i n ,  D e x t r i n  a n d  G l y c e r o l  -  n o t  i n  
L a c t o s e .  No h y d r o l y s i s  o f  s t a r c h .

P a t h o g e n i c i t y :

When a  l a r g e  d o s e  ( i . e .  a  w h o l e  a g a r  s l o p e  
c u l t u r e )  i s  i n o c u l a t e d  s u b c u t a n e o u s l y  i n t o  a  
m o u s e ,  t h e  a n i m a l  d i e s  i n  22*. h o u r s .  On a u t o p s y  
t h e r e  i s  o n l y  a  s l i g h t  i n f l a m m a t o r y  r e a c t i o n  a t  
t h e  s i t e  o f  i n o c u l a t i o n  a n d  t h e  s p l e e n  i s  
s l i g h t l y  c o n g e s t e d  a n d  n o t  e n l a r g e d .  B a c i l l i  
a r e  p r e s e n t  b u t  a r e  r a t h e r  s c a n t y  i n  f i l m s  o f  
h e a r t  b l o o d  a n d  s p l e e n  s m e a r s .

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

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

t h e  o r g a n i s m  c o r r e s p o n d s  i n  m o s t  d e t a i l s  t o  B.

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

r e s e m b l e s  t h o s e  o f  t h e  B. m e g a t h e r i u m . I t  s h o u l d

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

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

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

BIOLOGICAL /
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BIOLOGICAL RELATIONS OF B. ANTHRACOIDES TO OTHER MEMBERS 

OF THE GROUP OF GRAM POSITIVE AEROBIC SPORING BA CILLI .

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

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

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

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

B. a n t h r a c o i d e s  w i t h  t h o s e  o f  t h e  w e l l - k n o w n  m e m b e rs  

o f  t h i s  g r o u p .

The m o s t  i m p o r t a n t  o r g a n i s m  o f  t h i s  g r o u p  f o r  

w h i c h  t h e  B. a n t h r a c o i d e s  may b e  m i s t a k e n  i s  t h e  

B. a n t h r a c i s , o w i n g  t o  t h e  s i m i l a r i t i e s  o f  some o f  

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

a r e ,  h o w e v e r ,  d i f f e r e n c e s  i n  t h e  c h a r a c t e r s  o f  t h e s e  

two o r g a n i s m s ,  t h e  m o s t  i m p o r t a n t  b e i n g  t h e  m o t i l i t y  

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

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

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

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

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

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

h o w e v e r ,  p r e s e n t  some d i f f i c u l t i e s :  f o r  e x a m p l e ,  when

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

y o u n g  c u l t u r e  s i n c e  i n  o l d e r  c u l t u r e s  t h e r e  may be  

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

m o t i l i t y  i s  n o t  l i k e l y  t o  b e  s e e n .  S i m i l a r l y  t h e  

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

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

a n d  b r o k e n  o f f  a n d  i f  n o t  e x a m i n e d  e a r l y  e n o u g h  may 

a p p e a r  /



a p p e a r  a s  f l a k e s  o f  g r o w t h  f l o a t i n g  i n  t h e  b r o t h  

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

H a e m o l y s i s  a p p e a r s  t o  b e  m o re  c o n s t a n t ,  t h e  

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

c o n t r a s t e d  w i t h  B. a n t h r a c i s , w h i c h  sh o w s  v e r y  

l i t t l e  o r  no  h a e m o l y s i s .  H a l l e r m a n ,  a n d  H u t y r a  a n d  

M a r e k  l a y  s t r e s s  on  t h i s  f a c t  a s  an  a i d  t o  t h e  

d i f f e r e n t i a l  d i a g n o s i s  b e t w e e n  a n t h r a x  a n d  " a n t h r a x ­

l i k e "  b a c i l l i .  J a r m a i  (1 913  ) s t a t e s  t h a t  " a n t h r a x ­

l i k e "  b a c i l l i  c a n  be d i f f e r e n t i a t e d  f r o m  B. 

a n t h r a c i s  m ore  e a s i l y  a n d  q u i c k l y  by  t h e i r  h a e m o l y t i c  

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

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

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

i n d i c a t e s  a  p a t h o g e n i c  B. a n t h r a c i s .

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

d i f f e r e n t i a t e  B. a n t h r a c i s  a n d  B. a n t h r a c o i d e s  w i t h -  

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

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

c a r r i e d  o u t ,  t h e  B. a n t h r a c o i d e s  m i g h t  be m i s t a k e n  

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

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

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

p a t h o l o g i c a l  e f f e c t s .  E v e n  i n  t h e  c a s e  o f  a n i m a l s  

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

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

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

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

t h i s  /
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I n  t h e  d i f f e r e n t i a t i o n  o f  " a n t h r a x - l i k e "  

b a c i l l i  a n d  B. a n t h r a c i s , J a r m a i  c o n s i d e r s  t h e  

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

o f  t h e  a n t h r a x - l i k e  b a c i l l i  t o  b e  m o s t  i m p o r t a n t .  

Lehmann a n d  Neumann ( 1 9 2 7 )  c o n s i d e r  t h a t  t h e  b e s t  

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

" a n t h r a x - l i k e " b a c i l l i ,  b u t  a r e  u n c e r t a i n  w h e t h e r  

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

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

t o  P o k s c h i s c h e w s k y  ( q u o t e d  b y  Lehmann a n d  N e u m a n n ) ,  

a n t h r a x - l i k e  b a c i l l i  g i v e  a  p o s i t i v e  b u t  w e ak  

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

g u i n e a - p i g s .

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

w i t h  t h e  B. s u b t i l i s  d e s c r i b e d  b y  E h r e n b e r g  ( 1838) 

a n d  l a t e r  by  Cohn ( 1875) c a n n o t  be  made  a s  t h e s e  

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

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

I t  i s  i n t e r e s t i n g ,  h o w e v e r ,  t o  n o t e  t h a t  C h e s t e r  

( 1 9 0 A ) i n  h i s  r e v i e w  o f  t h e  B a c i l l u s  s u b t i l i s  g r o u p  

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

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

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

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

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

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

now b e  g i v e n  o f  t h e  m o re  i m p o r t a n t  m o r p h o l o g i c a l  a n d  

c u l t u r a l  /
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c u l t u r a l  f e a t u r e s  o f  some o f  t h e  b e t t e r  known 

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

when p o s s i b l e ,  f r o m  t h e  o b s e r v a t i o n s  o f  t h e  

o r i g i n a l  w o r k e r s .  I n  t h e  c a s e  o f  B. s u b t i l i s , t h e  

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

B. m e g a t h e r i u m  f r o m  Lehmann a n d  N eum ann ,  a s  t h e s e  

w e r e  c o n s i d e r e d  t o  b e  t h e  b e s t  d e s c r i p t i o n s  g i v e n  

b y  e a r l i e r  w r i t e r s .

B. SUBTILIS EHRENBERG ( M i g u l a ,  S y s t e m  d e r  B a k t e r i e n ,
1 3 0 0 )

F a i r l y  l a r g e ,  G r a m - p o s i t i v e  b a c i l l u s ,  r o u n d e d
( s e e  f i g .  1 2 ) .

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

M o t i l e ,  w i t h  p e r i t r i c h o u s  f l a g e l l a .  Opt imum 

t e m p e r a t u r e  25~35* A e r o b i c .

G e l a t i n  P l a t e  C u l t u r e . The  c o l o n i e s  a p p e a r  

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

d e p r e s s i o n s .  The c e n t r e s  o f  t h e  c o l o n i e s  a p p e a r  

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

i r r e g u l a r l y  g r a n u l a r ,  w i t h  s t r i a e  j o i n i n g  th e m  t o  

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

v e r y  f i n e l y  t o o t h e d .  W i t h  l o w  m a g n i f i c a t i o n ,  

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

m a s s  o f  f i n e  c h a i n s ,  t h e  e d g e  o f  w h i c h  i s  

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

S t a b  C u l t u r e  i n  G e l a t i n . A w h i t e  l i n e  o f  g r o w t h  

o c c u r s  w i t h  v e r y  f i n e  l a t e r a l  o u t g r o w t h s .  L i q u e -  

.’ f a c t i o n  t a k e s  p l a c e  i n  a  f u n n e l  s h a p e d  m a n n e r  a n d  

a m em b ran e  f o r m s  on  t h e  s u r f a c e .

A g a r  /
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A g a r  S l o p e  C u l t u r e . A c u l t u r e  o n  s l o p e d  a g a r  

g i v e s  a  t h i c k  g r e y  g r o w t h .

On P o t a t o  a  v e r y  l u x u r i a n t  t h i c k  g r e y i s h - w h i t e  

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

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

B. MESENTERICUS EUSCUS ( P l u g g e , D ie  M i k r o o r g a n i s m e n ,
1 8 8 6 ) .

H a b i t a t . Hay d u s t ,  a i r ,  p o t a t o e s .

M o r p h o l o g y . S m a l l ,  s h o r t ,  s l e n d e r  b a c i l l u s  w i t h  

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

O f t e n  o c c u r s  i n  p a i r s  o r  s h o r t  c h a i n s  o f  a b o u t  f o u r  

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

f l a g e l l a .

G e l a t i n  P l a t e  C u l t u r e . R o u n d ,  w h i t i s h  c o l o n i e s  

a p p e a r  w i t h  s h a r p  e d g e s .  L a t e r ,  when l i q u e f a c t i o n  

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

becom e  y e l l o w i s h  b r o w n  i n  c o l o u r  a n d  h a v e  a  f i n e l y  

g r a n u l a r  a p p e a r a n c e .

S t a b  C u l t u r e  i n  G e l a t i n .  A w h i t i s h  g r o w t h  o c c u r s  

a l o n g  t h e  n e e d l e  t r a c k .  L i q u e f a c t i o n  s t a r t s  i n  a  

f u n n e l - s h a p e d  m a n n e r  a n d  i s  c o m p l e t e  i n  2f-6 d a y s .

On P o t a t o  a  t h i c k  y e l l o w i s h  g r o w t h  a p p e a r s ,  

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

p o t a t o .  L a t e r ,  t h e  s u r f a c e  b e c o m e s  w r i n k l e d  a n d  

b r o w n  i n  c o l o u r .

B. MESENTERICUS VULGATUS ( F l u g g e ,  D ie  M i k r o o r g a n i s m e n ,
1886) .

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

0
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M o r p h o l o g y . T h i c k ,  f a t  " b a c i l l u s  o f t e n  

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

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

G e l a t i n  P l a t e  C u l t u r e . C o l o n i e s  a r e  " b l u i s h  

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

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

a n d  i s  s u n k  i n  f l u i d  g e l a t i n .  W i th  l o w  m a g n i f i c a t i o n  

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

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

S t a b  C u l t u r e  i n  G e l a t i n . L i q u e f a c t i o n  t a k e s  

p l a c e  i n  a  f u n n e l - s h a p e d  m a n n e r .

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

t h i c k  w h i t e  s k i n  w h i c h  q u i c k l y  g r o w s  o v e r  t h e  e n t i r e  

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

M i l k  i s  c o a g u l a t e d  a n d  h a s  a l k a l i n e  r e a c t i o n .

B. ELLENBACKIENSIS STUTZER (C. f .  B a k t . ,  I I  A b t . I V ,
1 6 3 8 ,  5 1 ) .

B a c i l l i  o c c u r  m a i n l y  i n  l o n g  c h a i n s  b u t  some 

s i n g l e  o r g a n i s m s  a r e  m o t i l e .

C u l t u r e  on  G e l a t i n  P l a t e s . Young c o l o n i e s  a r e  

w h i t i s h  a n d  a p p e a r  l i k e  f i n e  g r a i n s  o f  s a n d .  O l d e r  

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

c o n s i s t  o f  a  t h i c k ,  w h i t e  c e n t r a l  a r e a  w i t h  a n  i l l -  

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

L i q u e f a c t i o n  o c c u r s  i n  if8 h o u r s  a n d  c o l o n i e s  l i e  i n  

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

C u l t u r e  on  P e p t o n e  A g a r  ( w e a k l y  a l k a l i n e ) .

T h e r e  i s  no  g r o w t h  a n a e r o b i c a l l y .

2f1 .
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S u r f a c e  C o l o n i e s . A f t e r  22f h o u r s  a t  room 

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

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

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

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

same a p p e a r a n c e s  a s  a n t h r a x  c o l o n i e s .

I n  B r o t h , w h i c h  i s  s l i g h t l y  a l k a l i n e ,  a 

p e l l i c l e  f o r m s  w h i c h ,  when b r o k e n  o f f ,  s i n k s  t o  

t h e  b o t t o m  o f  t h e  t u b e .

On P o t a t o  ( s l i g h t l y  a l k a l i n e ) ,  a  y e l l o w i s h  g r e y  

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

i n d e n t e d  e d g e s .

B. MEGATHERIUM DE BARY (Lehmann a n d  N eum ann ,  1 9 2 7 ,
P< 6 1 0 ) .

M o r p h o l o g y . F a i r l y  l a r g e ,  t h i c k ,  G r a m - p o s i t i v e

r o d s ;  e n d s  n o t  r o u n d e d ;  o f t e n  o c c u r r i n g  i n  l o n g  
( s e e  f i g .  1 ^ ) .  

c h a i n s , /  S t a t e s  t h a t  o r g a n i s m  b e c o m e s  s m a l l e r  a f t e r

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

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

G e l a t i n  P l a t e  C u l t u r e . S u r f a c e  c o l o n i e s ,  when 

m a g n i f i e d ,  show a c o m p a c t  c e n t r e  w i t h ,  a t  t h e  

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

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

B. m e s e n t e r i c u s .

S t a b  C u l t u r e  i n  G e l a t i n . Tube o r  s a c k - s h a p e d  

l i q u e f a c t i o n  t a k e s  p l a c e  a l o n g  t h e  s t a b ,  a n d  l i q u i d  

g e l a t i n  i s  t u r b i d .

C o l o n i e s  on  A g a r . W h i t e  t o  g r e y i s h - w h i t e ,  

s l i g h t l y  /
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s l i g h t l y  e l e v a t e d ,  m o i s t l y  s h i n i n g  d i s c s ,  w i t h  a  

d e l i c a t e ,  e x t r e m e l y  t r a n s p a r e n t  z o n e .  L a t e r  become 

o p a q u e  a n d  y e l l o w i s h  h r o w n  i n  c o l o u r .

A g a r  S t r o k e  C u l t u r e . As B. s u b t i l i s .

B o u i l l o n '. M o d e r a t e l y  c i o u d y ,  o f t e n  w i t h  p e l l i c l e  

f o r m a t i o n .

P o t a t o . V e r y  s i m i l a r  t o  B. s u b t i l i s  b u t  c o l o u r  

m o re  y e l l o w  a n d  a l s o  h a s  m e a l y  a p p e a r a n c e .

( s e e  f i g .  1if)
A d e s c r i p t i o n  o f  B. m y c o i d e s / i s  n o t  g i v e n  a s

i t s  c h a r a c t e r s  a r e  s u f f i c i e n t l y  d e f i n i t e  ( e . g .  t h e

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

i d e n t i f i c a t i o n  t o  b e  made o f  t h i s  o r g a n i s m .

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

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

r g a n i s m s  show  a g r e a t  d i s s i m i l a r i t y  i n  many o f  t h e i r

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

m e d iu m ,  a n d  i n  a d d i t i o n  t h e  f o r m e r  d o e s  n o t

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

known m e m b e rs  o f  t h e  g r o u p ,  w h i c h  a c c o r d i n g  t o

B e r g e y  ( 1923 ) i n c l u d e s  o v e r  s e v e n t y  s p e c i e s .  None o f

t h e s e  c o r r e s p o n d  t o  t h e  B. a n t h r a c o i d e s  r e c o r d e d  i n

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

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

" a n t h r a x - l i k e "  b a c i l l i  d e s c r i b e d  by P a g e .

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

G r a m - p o s i t i v e  a e r o b i c  s p o r i n g  b a c i l l i  w hose

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

o r g a n i s m s  w i t h  c l a s s i c a l  t y p e s .  T h i s  i s  e x e m p l i f i e d  

i n  t h e  c a s e  o f  t h e  p a t h o g e n i c  s t r a i n  d e s c r i b e d  on  

p .  jjif. V a r i o u s  c l a s s i f i c a t i o n s  o f  t h e  g r o u p  h a v e  

b e e n  m a d e ,  a n d  t h a t  o f  F o r d  (1327 ) i s  p a r t i c u l a r l y  

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

i n t o  tw o  s u b - g r o u p s ,  o n e  o f  w h i c h  i s  p a t h o g e n i c  

a n d  i n c l u d e s  B. a n t h r a c i s  K o ch ,  B. a n t h r a c o i d e s  

Huppe a n d  Wood, B. a e r o b i u s  s e p i s  L e g r o s  a n d  L e c e n e ,  

a n d  B. p i l i f o r m i s  T y z z e r .

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

w o r k e r s ,  i n  d e s c r i b i n g  p a t h o g e n i c  B. s u b t i l i s , h a v e  

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

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

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

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

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

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

t h e r e f o r e ,  t h a t  t h e  c l a i m s  o f  e a r l i e r  w o r k e r s  

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

j u s t i f i e d .  S i m i l a r l y ,  i t  i s  e v i d e n t  t h a t  t h e  

d e s i g n a t i o n  " B. s u b t i l i s 11 h a s  b e e n  l o o s e l y  u s e d  a n d  

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

o f  t h e  m e m b e rs  o f  t h e  g r o u p  many o f  t h e  o r g a n i s m s  

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

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

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

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

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

a s  u s e d  b y  B a i n b r i d g e  a n d  o t h e r s .

CONCLUSIONS

45-

1. T h e r e  o c c u r s  i n  n a t u r e  an  o r g a n i s m  b e l o n g i n g
t o  t h e  g r o u p  o f  G r a m - p o s i t i v e  a e r o b i c  
s p o r i n g  b a c i l l i  w h i c h  c l o s e l y  r e s e m b l e s  
B. a n t h r a c i s , e s p e c i a l l y  i n  i t s  c u l t u r a l  
c h a r a c t e r s .

2 .  T h e s e  o r g a n i s m s  o c c u r  com m only  i n  m a t e r i a l s  t h a t
a r e  f r e q u e n t l y  e x a m i n e d  f o r  t h e  p r e s e n c e  o f  
B. a n t h r a c i s .

The B a c i l l u s  a n t h r a c o i d e s  i s  p a t h o g e n i c  t o  
g u i n e a - p i g s  a n d  m i c e  u n d e r  e x p e r i m e n t a l  
c o n d i t i o n s ,  a n d  w o u l d  a p p e a r  t o  o c c u p y  a  
p o s i t i o n  b e t w e e n  t h e  v i r u l e n t  B. a n t h r a c i s  
a n d  t h e  n o n - p a t h o g e n i c  m em b ers  o f  t h e  g r o u p  
o f  a e r o b i c  s p o r i n g  b a c i l l i ,  e . g .  B. s u b t i l i s ,
B. m e s e n t e r i c u s .

if. S u b c u t a n e o u s  i n j e c t i o n  o f  c u l t u r e s  o f  B.
a n t h r a c o i d e s  p r o d u c e s  a  l o c a l  i n f l a m m a t i o n  
w i t h  g e l a t i n o u s  o e d em a  a n d  a  f a t a l  s e p t i c a e m i a .

5« O n l y  l a r g e  d o s e s  o f  l i v i n g  o r g a n i s m s  a r e  l e t h a l
a n d  a t t e m p t s  t o  i n c r e a s e  t h e  v i r u l e n c e  o f  t h i s  
o r g a n i s m  b y  v a r i o u s  m e t h o d s  h a v e  n o t  p r o v e d  
s u c c e s s f u l .

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

7 . W i t h  t h e  e x c e p t i o n  o f  B. a n t h r a c i s , t h e  B.
a n t h r a c o i d e s  c o n t r a s t s  w i t h  t h e  o t h e r  m e m b e rs  
o f  t h e  g r o u p  i n  i t s  p a t h o g e n i c  p r o p e r t i e s  u n d e r  
e x p e r i m e n t a l  c o n d i t i o n s .  T w e n t y - f i v e  s t r a i n s  
o f  t h i s  o r g a n i s m  h a v e  b e e n  i s o l a t e d ,  e a c h  o f  
w h i c h  p o s s e s s e s  p a t h o g e n i c  p r o p e r t i e s .  The 
p a t h o g e n i c i t y  o f  if9 s t r a i n s  o f  o t h e r  r e p r e ­
s e n t a t i v e s  o f  t h e  g r o u p  h a s  b e e n  t e s t e d  a n d  
o n l y  one  o f  t h e s e  was  f o u n d  t o  h a v e  l e t h a l  
e f f e c t s .



BACILLUS SUBTILIS

The g r e a t  m a j o r i t y  o f  t h e  m e m b e rs  o f  t h e  g r o u p  

o f  G r a m - p o s i t i v e  a e r o b i c  s p o r i n g  b a c i l l i  a r e  

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

a n i m a l s ,  a n d  e x i s t  e s s e n t i a l l y  a s  s a p r o p h y t e s .

T h e s e  s a p r o p h y t i c  o r g a n i s m s  a r e  u b i q u i t o u s  a n d  h a v e ,
■

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

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

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

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

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

t h e r e f o r e  t h a t  m e m b e rs  o f  t h i s  g r o u p  w h i c h  h a v e  

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

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

a s  c o n t a m i n a n t s  w h i c h  h a v e  g a i n e d  a c c e s s  t o  t h e  m e d i a  

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

s i t h o u t  f u r t h e r  i n v e s t i g a t i o n .  A t  t h e  same t i m e  

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

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

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

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

I t  h a s  b e e n  s t a t e d  t h a t  t h e y  may o c c u r  i n  c h r o n i c  

s i n u s e s  ( Z i n s s e r , 1 927) b u t  p r o b a b l y  o n l y  when t h e s e  

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

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

l a b o r a t o r y  a n i m a l s  e v e n  when i n j e c t e d  i n  v e r y  l a r g e  

d o s e s  /
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d o s e s .  I t  m u s t  b e  a s s u m e d ,  t h e r e f o r e ,  t h a t  t h e  

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

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

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

o f  e x t r a n e o u s  c o n t a m i n a t i o n  h a s  o c c u r r e d .  S u c h  

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

t o  a s  " B. s u b t i l i s " ,  w i t h o u t ,  a s  a  r u l e ,  a n y  

r e f e r e n c e  b e i n g  made t o  t h e i r  b i o l o g i c a l  c h a r a c t e r s ,  

a n d  i n  t h i s  way t h e  t e r m  " B. s u b t i l i s 11 h a s  b e e n  

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

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

t y p e .  The d e s c r i p t i o n ^ o f  B. s u b t i l i s  r e c o r d e d  

b y  E h r e n b e r g  ( 1838) a n d  l a t e r  b y  Cohn ( 1 8 7 5 )  

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

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

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

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

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

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

The  B. s u b t i l i s  d e s c r i b e d  b y  M i g u l a  ( 1900) h a s  b e e n  

c o n t r a s t e d  e a r l i e r  ( p .  ^ 9 ) w i t h  B. a n t h r a c o i d e s  

a n d  i t  i s  i n t e r e s t i n g  t o  c o m p a r e  now t h i s  o r g a n i s m  

w i t h  s t r a i n s  d e s c r i b e d  b y  o t h e r  a u t h o r s .  F o r  t h i s  

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

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

B. s u b t i l i s  b y  B e r g e y  a n d  b y  F o r d  a n d  i n  a d d i t i o n  a 

d e s c r i p t i o n  w i l l  b e  g i v e n  f r o m  t h e  w r i t e r ’ s own 

o b s e r v a t i o n s  o f  a  s t r a i n  o f  B. s u b t i l i s  o b t a i n e d  

f r o m  /
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f r o m  t h e  N a t i o n a l  C o l l e c t i o n  o f  T ype  C u l t u r e s .

B. s u b t i l i s  ( E h r e n b e r g )  Cohn  -  q u o t e d  f r o m  B e r g e y . 

C o l o n i e s  o n  g e l a t i n

C i r c u l a r ,  w h i t i s h ,  e n t i r e ,  b e c o m i n g  c r e a m y -  

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

G e l a t i n  S t a b

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

C o l o n i e s  on  a g a r

S p r e a d i n g ,  g r e y i s h ,  a m o e b o i d  w i t h  c r e n a t e  m a r g i n .  

A g a r  s l o p e

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

s p r e a d i n g ,  a d h e r e n t .

B r o t h

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

s e d i m e n t .

P o t a t o

L u x u r i a n t ,  w a r t y ,  g r e y ,  b e c o m i n g  p i n k  w i t h  

v e s i c l e s  o v e r  s u r f a c e .

B. s u b t i l i s  ( E h r e n b e r g )  Cohn -  q u o t e d  f r o m  F o r d . 

C o l o n i e s  on  a g a r

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

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

d e n s e  n u c l e i  ; u n d e r  t h e  lo w  p o w e r  e d g e s  may b e  

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

b e  p r e s e n t  one  o r  two c o l o n i e s  f r e q u e n t l y  o v e r g r o w  

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

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

f r o m  /
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A g a r  s l o p e

W e a k ly  r e f r a c t i v e ,  g l a s s y ,  m e m b r a n o u s  g r o w t h  

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

m e m b r a n o u s  g r o w t h  on  t h e  s u r f a c e  o f  t h e  a g a r  

e x t e n d i n g  t o  t h e  w a l l  o f  t h e  t u b e .

C o l o n i e s  on  g e l a t i n

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

t h i n  a n d  g r a n u l a r .  U n d e r  lo w  p o w e r  a r e  g r a n u l a r .  

G e l a t i n  s t a b

S lo w  g r o w t h  a l o n g  l i n e  o f  i n o c u l a t i o n  a n d  

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

scum p r o d u c t i o n .

B r o t h

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

i n  2if h o u r s .  I n  ¿4.8 h o u r s  t h e s e  u n i t e  t o  f o r m  a t h i n  

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

a n d  t o u g h .  Medium g r o w s  t u r b i d  i n  f i r s t  21+ h o u r s ,

b u t  l a t e r  c l e a r s .  Scum i s  p r e c i p i t a t e d  a s  a  w h o l e
■

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

i s  c h a r a c t e r i s t i c  o f  B. s u b t i l i s .

P o t a t o

G r o w th  on  p o t a t o  c h a r a c t e r i s t i c .  I t  i s

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

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

o f  i n o c u l a t i o n .  I n  ¿4-8 h o u r s  a p i n k  p i g m e n t  c o l l e c t s

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

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

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

v e s i c l e s  /
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v e s i c l e s  d r y  down a n d  o n l y  a  r e d d i s h - b r o w n  d r y  

g r o w t h  r e m a i n s  on  t h e  d i s c o l o u r e d  m e d iu m .  L a t e r  t h e  

g r o w t h  i s  m o i s t  a n d  s t i c k y .

B. s u b t i l i s  Hay L i s t e r  I n s t i t u t e

C o l o n i e s  on  a g a r

C o l o n i e s  a r e  s m a l l ,  r o u n d ,  o p a q u e  t o  t h e  

p e r i p h e r y  a n d  show no i r r e g u l a r i t y  o f  t h e  m a r g i n .  

A g a r  s l o p e

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

a n d  s l i g h t l y  a d h e r e n t  t o  t h e  m èd iu m .

S t a b  c u l t u r e  i n  a g a r

G r o w th  l i m i t e d  t o  t h e  u p p e r  p a r t  o f  t h e  l i n e  o f  

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

C o l o n i e s  on  g e l a t i n

C o l o n i e s  c i r c u l a r ,  g r e y i s h  w h i t e  i n  c o l o u r .  

U n d e r  l o w  p o w e r  e d g e  show s  f i n e  h a i r l i k e  o u t g r o w t h s .  

S t a b  c u l t u r e  i n  g e l a t i n

L i q u e f a c t i o n  s t r a t i f o r m .  V e r y  s l o w  g r o w t h  

a l o n g  l i n e  o f  i n o c u l a t i o n ;  no  l a t e r a l  o u t g r o w t h s .  

B o u i l l o n

T u r b i d i t y  w i t h  r a t h e r  t h i n  p e l l i c l e  ; s l i g h t  

d e p o s i t  a l s o  p r e s e n t .

P o t a t o

S m o o t h ,  m o i s t ,  y e l l o w i s h - b r o w n  g r o w t h  w h i c h  

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

w r i n k l e d .

I t  i s  o b v i o u s  t h a t  t h e  t h r e e  s t r a i n s  o f  B. 

s u b t i l i s  /



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

t h a t  r e c o r d e d  b y  M i g u l a .  F o r  e x a m p l e  t h e  m a n n e r  

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

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

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

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

M i g u l a ’ s  s t r a i n .  T h e r e  i s  a c l o s e  s i m i l a r i t y ,  

h o w e v e r ,  i n  t h e  c h a r a c t e r s  o f  t h e  o r g a n i s m s  

d e s c r i b e d  b y  B e r g e y  a n d  b y  F o r d .

T h i s  v a r i a t i o n  o f  t h e  d e s c r i p t i o n s  b y  d i f f e r e n t  

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

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

B. m e g a t h e r i u m , B. m e s e n t e r i c u s , e t c . ,  a n d  i n  

c o n s e q u e n c e ,  t h e  i d e n t i f i c a t i o n  o f  new s t r a i n s  

p r e s e n t s  g r e a t  d i f f i c u l t i e s .  S u ch  v a r i a t i o n  may 

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

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

S o u l e  ( 1 9 2 8 )  i n  t h e  c a s e  o f  B. s u b t i l i s . He 

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

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

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

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

t h e  M ed u sa  h e a d  a p p e a r a n c e  shown b y  c o l o n i e s  o f  

B. a n t h r a c i s  w h i l e  t h e  " s m o o t h "  c o l o n y  w as  s m a l l e r ,  

w h i t e r  a n d  m o re  c o m p a c t  a n d  g l i s t e n i n g .  G r a t i a  

( I 92if) o b t a i n e d  " r o u g h "  a n d  " s m o o t h "  c o l o n i e s  o f  

B. a n t h r a c i s  w h i c h  w e r e  r e v e r s i b l e  i f  f r e s h l y  

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

a /
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a l o n g  t i m e .  He a l s o  f o u n d  t h a t  t h e  " s m o o t h "  t y p e  

was  l e s s  v i r u l e n t  t h a n  t h e  " r o u g h "  a n d  t h a t  r a b b i t s  

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

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

o f  c o l o n y .

I n  v i e w  o f  t h i s  p o s s i b i l i t y  s t a n d a r d  s t r a i n s  o f

B. s u b t i l i s , B. me g a t h e r i u m , B . m e s e n t e r i c u s , B.

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

w h i c h  h a d  b e e n  f r e s h l y  r e c o v e r e d  f r o m  a  g u i n e a - p i g ,
*

w e r e  i n o c u l a t e d  i n  l a r g e  v o l u m e s  (1 l i t r e )  o f  b r o t h ,  

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

t i m e  a g a r  p l a t e s  w e r e  i n o c u l a t e d  e v e r y  21+ h o u r s  f r o m  

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

no  c a s e  w as  t h e r e  a n y  v a r i a t i o n  i n t o  " r o u g h "  a n d  

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

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

e x p e r i m e n t .  D i s s o c i a t i o n  o f  t h e  o r g a n i s m s  o f  t h i s  

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

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

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

o f  o r g a n i s m .

I n  t h i s  way i t  s e e m s  t h a t  t h e  i d e n t i f i c a t i o n  o f  

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

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

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

c l a s s i f i c a t i o n  a d o p t e d .
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SECTION I I  

IMMUNITY TO ANTHRAX- 

ATTENUATION OF V IRULENCE OF BACILLUS ANTHRACI S •

The f i r s t  i m p o r t a n t  o b s e r v a t i o n  i n  r e l a t i o n  t o  

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

made by P a s t e u r  ( 1883) who n o t e d  t h a t  c a t t l e  w h i c h  

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

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

i n f e c t i o n .  F o l l o w i n g  t h e  m e t h o d  o f  a t t e n u a t i o n  o f  

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

c h i c k e n  c h o l e r a ,  P a s t e u r  d i r e c t e d  h i s  a t t e n t i o n  t o  

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

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

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

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

a  t e m p e r a t u r e  o f  1+2° t o  2f5°C* c a u s e d  th e m  t o  l o s e  

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

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

t w e n t y - f o u r  d a y s ’ e x p o s u r e  t o  t h i s  t e m p e r a t u r e  t h e y  

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

s h e e p ,  r a b b i t s ,  o r  g u i n e a - p i g s .  C u l t u r e s  w h i c h  

h a d  r e c e i v e d  s u c h  t r e a t m e n t  c o n s t i t u t e d  P a s t e u r ’ s 

" p r e m i e r  v a c c i n " ,  a n d  t h e  i n j e c t i o n  o f  t h e s e  

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

v a c c i n "  w h i c h  w as  o b t a i n e d  b y  g r o w i n g  t h e  o r g a n i s m  a t  

4.20 t o  if50 f o r  t w e l v e  d a y s  o n l y .  I n  t h i s  way P a s t e u r  

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

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

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

e f f i c a c y  o f  t h i s  m e t h o d  o f  v a c c i n a t i o n  was  

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

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

c a t t l e  a s  a  p r e v e n t i v e  m e a s u r e  a g a i n s t  n a t u r a l  

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

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

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

a f t e r  v a c c i n a t i o n .

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

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

t h e  o r g a n i s m  i n  m e d i a  w h i c h  i n h i b i t ^  l u x u r i a n t  g r o w t h .  

R e c e n t l y  S c h i l l i n g  ( 1 9 2 b )  h a s  r e p o r t e d  t h a t  a n t h r a x  

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

w e e k s  on  a g a r  c o n t a i n i n g  a n  e x c e s s  o f  s o d i u m  c h l o r i d e .

To t e s t  t h i s  m e t h o d  t h e  f o l l o w i n g  e x p e r i m e n t  was  

c a r r i e d  o u t .  T h r e e  c u l t u r e s  o f  B. a n t h r a c i s  o f  known 

v i r u l e n c e  w e r e  g r o w n  on  s a l t  a g a r ;  t h e  q u a n t i t y  o f  

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

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

52f*

C u l t u r e P e r c e n t a g e  o f Sodium C h l o r i d e

B. a n t h r a c i s  
( G l a s g o w  s t r a i n )

r q /  y  /o G% -raf7 / o

CO 9% 10%

4- + + + + +_ + -

B. a n t h r a c i s  ( " M c C ." ) +  + 4 -4 - 4- +_ 4- -

B. a n t h r a c i s +  4- 4 -4 - 4- + +

( P a d d i n g t o n )

4-4- = m o d e r a t e  g r o w t h  
+ = g r o w t h  l i m i t e d  

-  r a t h e r  s c a n t y

+ = g r o w t h  v e r y  s c a n t y  
no  g r o w t h .



I n  t h e  a b o v e  e x p e r i m e n t  t h e  o p t im u m  a m o u n t  o f  

s o d i u m  c h l o r i d e  r e q u i r e d  t o  r e s t r i c t  g r o w t h  was  

f o u n d  t o  be  7%, a n d  t h e  c u l t u r e s  w e r e  g r o w n  on  s u c h  

m e d i a ,  s u b i n o c u l a t i o n s  b e i n g  made on  t o  f r e s h  s a l t -  

a g a r  e a c h  w e e k .  At t h e  e n d  o f  s i x  w e e k s  i t  was  

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

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

t h i s  medium t h e r e  w as  o n l y  a  v e r y  s l i g h t  d e c r e a s e  i n  

t h e  v i r u l e n c e  o f  t h e  c u l t u r e s .

The e x a m i n a t i o n  o f  f i l m s  o f  t h e  o r g a n i s m  g ro w n

on  t h e  a b o v e  m e d i a  sh o w e d  t h a t  a  g r e a t  a l t e r a t i o n  i n

m o r p h o l o g i c a l  c h a r a c t e r s  h a d  t a k e n  p l a c e ,  many
( s e e  f i g .  1 5 )* 

b i z a r r e  i n v o l u t i o n  f o r m s  b e i n g  p r e s e n t ,  T h e s e

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

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

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

s i m i l a r i t y  t o  t h e  i n v o l u t i o n  f o r m s  o f  B. p e s t i s

when g ro w n  on  s a l t - a g a r .

A n t h r a x  b a c i l l i  w e r e  a l s o  g ro w n  o n  a g a r  

c o n t a i n i n g  0 ' 1  p e r  c e n t ,  p h e n o l  w i t h o u t  a n y  

a l t e r a t i o n  o f  t h e i r  v i r u l e n c e .

I t  i s  e v i d e n t ,  t h e r e f o r e ,  t h a t  t h e  m e t h o d  

d e v i s e d  b y  P a s t e u r  o f  a t t e n u a t i o n  b y  g r o w t h  a t  

2f20- l f 9 ° C .  i s ,  a t  p r e s e n t ,  t h e  o n l y  s a t i s f a c t o r y  

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

i m m u n i s a t i o n .

The s u b c u t a n e o u s  i n o c u l a t i o n  o f  s h e e p  a n d  c a t t l e  

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

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

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

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

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

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

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

p a s s  o f f  i n  a  c e r t a i n  p r o p o r t i o n  o f  c a s e s  i n  a  

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

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

i n t e r e s t i n g  t o  n o t e  t h a t  Koch ( 1 8 8 2 )  f o u n d  t h a t  

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

s u b c u t a n e o u s  i n j e c t i o n  w e r e  p r o t e c t e d  a g a i n s t  

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

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

o f  a n t h r a x  s p o r e s  w h i c h  i s ,  a t  l e a s t ,  o n e  o f  t h e  

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

THE PATHOGENIC ACTION OF BACILLUS ANTHRACIS

The m a n n e r  i n  w h i c h  t h e  a n t h r a x  b a c i l l u s  a c t s  i n  

t h e  t i s s u e s  a n d  p r o d u c e s  i t s  p a t h o g e n i c ' e f f e c t s  i s  

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

a c t i o n  t a k e s  p l a c e ,  a s  i s  i n d i c a t e d  by  t h e  e x t e n s i v e  

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

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

o b t a i n  t o x i n s  f r o m  t h e  o r g a n i s m  when g ro w n  i n  

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

some t i m e  t h a t  t h e  b a c i l l i  a r e  e x t r e m e l y  s c a n t y  i n  

t h e  o e d e m a t o u s  e x u d a t e  o f  a n  a n i m a l  i n f e c t e d  w i t h  

a n t h r a x  /
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a n t h r a x ,  and. t h a t  f e w  a r e  p r e s e n t  i n  t h e  sx : in  e v e n  

a t  t h e  s i t e  o f  i n o c u l a t i o n .  T h i s  h a s  b e e n  

c o n f i r m e d  by R i v a l i e r  ( 192i+.) who s t a t e s  t h a t  " i n  

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

o r  i n  t h e  de rm is  o f  an  a n i m a l  d e a d  o f  a n  a n t h r a x  

s e p t i c a e m i a .  When t h e  s u r f a c e  o f  t h e  s k i n  i s  

i n o c u l a t e d ,  m i c r o s c o p i c  e x a m i n a t i o n  r e v e a l s  no  

b a c t e r i a ,  e v e n  when t h e  s k i n  i s  e x c i s e d  a t  t h e  

h e i g h t  o f  t h e  l o c a l  r e a c t i o n . "  F i l t r a t e s  o f  

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

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

s u g g e s t e d  t h a t  t h e  t o x i c  a c t i o n  may be  d u e  t o  t h e  

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

p r o d u c e d  i n  a r t i f i c i a l  c u l t u r e  m e d i a .  B a i l  ( 1 910 ) 

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

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

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

a n t  i - a g g r e  s s i n s .

BESREDKA’ S PRINCIPLE OF LOCAL IMMUNISATION

The c l a s s i c a l  m e t h o d  o f  i m m u n i s a t i o n  by t h e

s u b c u t a n e o u s  i n j e c t i o n  o f  a n t h r a x  v a c c i n e s  c a n  be

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

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

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

a n i m a l s  s u c h  a s  r a b b i t s  a n d  g u i n e a - p i g s .  B e s r e d k a

( 19 2 1 ) h a s  d r a w n  a t t e n t i o n  t o  t h e  m a n n e r  i n  w h i c h

t h e  s k i n  r e a c t s  t o  P a s t e u r ’ s  a n t h r a x  v a c c i n e s ,  a n d  

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

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

f o l l o w e d  b y  v i r u l e n t  a n t h r a x  b a c i l l i .  He s t a t e s  

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

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

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

i n  t h e  s k i n ,  a n d  t h a t  t h e  s e r u m  f r o m  a n  a n i m a l  

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

a g a i n s t  t h e  s u b c u t a n e o u s  i n j e c t i o n  o f  t h e  s e c o n d  

v a c c i n e  o r  a  s m a l l  q u a n t i t y  o f  v i r u l e n t  b a c i l l i .

B e s r e d k a  i s  o f  t h e  o p i n i o n  t h a t  s i n c e  some

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

e s s e n t i a l  f o r  i n f e c t i o n ,  Ws afc p r o t e c t i o n  a g a i n s t

i n v a s i o n  c a n  o n l y  b e  o b t a i n e d  b y  t h e  l o c a l

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

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

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

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

t h e  s e r u m .  F u r t h e r ,  h e  a f f i r m s  t h a t  when  s u c h  a

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

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

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

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

i n f e c t i o n s  b y  t h e  v a c c i n a t i o n  o f  t h e  t i s s u e  a t  t h e

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

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

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

b y  t h e  o r a l  a d m i n i s t r a t i o n  o f  t h e  l i v i n g  o r g a n i s m  
a l o n g  /
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a l o n g  w i t h  ox  h i l e ;  o f  t h e  r e s p i r a t o r y  t r a c t  

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

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

a g a i n s t  B. a n t h r a c i s  b y  t h e  i n t r a c u t a n e o u s  i n j e c t i o n  

o f  a n t h r a x  v a c c i n e s .  S h o u l d  h i s  v i e w s  b e  c o n f i r m e d  

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

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

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

f o r  e a c h  d i s e a s e .  The e x p e r i m e n t s  r e c o r d e d  i n  t h i s  

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

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

i n f e c t i o n s .

THE QUESTION OF CUTANEOUS. INFECTION BY BACILLUS
ANTHRACIS.

B e s r e d k a  b e l i e v e s  t h a t  i n  t h e  g u i n e a - p i g  t h e  

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

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

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

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

h a s  b e e n  c o n f i r m e d  b y  B a l t e a n u  ( 1 ^ 2 2 )  who f o u n d  t h a t  

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

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

n o t  d i e  i f  p r e c a u t i o n s  w e r e  t a k e n  t o  a v o i d  i n j u r y  

a n d  i n f e c t i o n  o f  t h e  s k i n  a t  t h e  t i m e  o f  i n o c u l a t i o n .  

The f o l l o w i n g  e x p e r i m e n t  w as  u n d e r t a k e n  t o  t e s t

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

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

v e i n  o f  t h e  e a r . The s i t e  o f  i n o c u l a t i o n  was  c a u t e r i s e d  

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

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

p r e v e n t  i n f e c t i o n  t h e  s k i n  b u t  n o t  i n  t h e  o t h e r  

r a b b i t  w h i c h  s e r v e d  a s  a  c o n t r o l .  B o t h  r a b b i t s  

d i e d  w i t h i n  t h r e e  d a y s .  On a u t o p s y  t h e r e  w as  v e r y  

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

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

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

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

The o r g a n i s m  w as  r e c o v e r e d  f r o m  t h e  h e a r t - b l o o d  a n d
%

s p l e e n  o f  e a c h  a n i m a l .

The e x p e r i m e n t  was  r e p e a t e d  a n d  a  m i n i m a l  a m o u n t  

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

B e l t r a m i  a n d  Romat ( 1 3 2 ^ )  o b t a i n e d  s i m i l a r  

r e s u l t s  a n d  B e s r e d k a  b e l i e v e s  t h a t  t h i s  w as  due  t o  

t h e  i n s u f f i c i e n t  c a u t e r i s a t i o n  o f  t h e  s k i n .  He 

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

o r g a n i s m  h a s  a m p le  t i m e  t o  r e t u r n  t o  t h e  p o i n t  o f  

i n o c u l a t i o n  a n d  so  i n f e c t  t h e  s k i n .  I t  s h o u l d  b e  

n o t e d ,  h o w e v e r ,  t h a t  t h e r e  w as  no  e v i d e n c e  i n  t h e  

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

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

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

h a d  b e e n  c a r r i e d  o u t ,  a s  w o u l d  be  e x p e c t e d  h a d  

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

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

c o n j u n c t i v a l  s a c  h a s  b e e n  d e m o n s t r a t e d  by  A i t o f f  

( 1322 ) who w as  u n a b l e  t o  i n f e c t  l a b o r a t o r y  a n i m a l s

t y  /



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

e m u l s i o n  o f  b a c i l l i  f r o m  a g a r  c u l t u r e s .  None o f  t h e
*

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

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

f o l l o w i n g  day  a n d  i n  some c a s e s  e v e n  a f t e r  s e v e n  

d a y s  h a d  e l a p s e d .

I t  h a s  a l s o  b e e n  shown b y  B e s r e d k a  ( 1920) a n d  by  

B r o c q . - R o u s s e u  a n d  U r b a i n  ( 1 924.) t h a t  v e r y  l a r g e  

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

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

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

t h e  s k i n .

B o q u e t  ( 1924) i j o i n t s  o u t  t h a t  i n f e c t i o n

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

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

r e m a i n s  i n t a c t ,  b u t  t h a t  i n f e c t i o n  t a k e s  p l a c e  when

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

o f  t h e  m o u t h  o r  i n t o  t h e  t o n g u e .  I t  i s  o f  i n t e r e s t

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

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

some s h a r p  m a t e r i a l  s u c h  a s  b r i s t l e s ,  w h i c h  i n j u r e d

t h e  m u c o s a ,  w e r e  m i x e d  w i t h  t h e  f o o d .  S o b e r n h e i m

( 19 13 ) s t a t e s  t h a t  t h e  i n g e s t i o n  o f  s p o r e s  i s

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

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

n e c e s s a r y  f o r  i n f e c t i o n  t o  t a k e  p l a c e .  More r e c e n t l y

S a n a r e l l i  ( I 9 2 ! f )  h a s  shown t h a t  w h i l e  t h e  v e g e t a t i v e

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

j u i c e  /



62.

j u i c e  o f  r a b b i t s  a n d  g u i n e a - p i g s ,  s p o r e s  may i n v a d e  

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

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

d a y s  w i t h o u t  i n j u r i n g  t h e  a n i m a l .  I f ,  h o w e v e r ,  t h e  

r e s i s t a n c e  o f  t h e  a n i m a l  i s  l o w e r e d  by i n c r e a s e d  

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

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

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

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

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

B a s s e t  ( 1525 ) who f o u n d  t h a t  a n t h r a x  s p o r e s  w e r e  

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

b a c i l l i ,

A n o t h e r  i n t e r e s t i n g  o b s e r v a t i o n  w as  made b y  

B o a u e t  who o b t a i n e d  p o s i t i v e  b l o o d  c u l t u r e s  f r o m  s i x  

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

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

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

t y p i c a l  a n t h r a x  i n f e c t i o n .  T h i s  h e  c o n s i d e r e d  w as  

due  t o  t h e  t r a u m a t i s m  o f  t h e  s k i n  s i n c e  t h e  

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

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

t h a t  w e r e  n o t  b l e d  s u r v i v e d .  B o q u e t  a l s o  s h o w e d  

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

a n t h r a x  i f  t h e  s k i n  w as  i n j u r e d  by  s h a v i n g ,  

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

w h i c h  t h e  s k i n  w as  i n t a c t  s u r v i v e d .

The f o l l o w i n g  e x p e r i m e n t  c o n f i r m s  t o  a  c e r t a i n  

e x t e n t  /



e x t e n t  t h e s e  o b s e r v a t i o n s .  S i x  g u i n e a - p i g s  w e r e  

d e p r i v e d  o f  f o o d  f o r  2 if h o u r s  a n d  w e r e  t h e n  f e d  

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

b a c i l l i  w as  m i x e d .  A f t e r  t e n  d a y s  tw o  o f  t h e  

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

h e a l t h y .  On a u t o p s y  o n l y  s l i g h t  p a t h o l o g i c a l  c h a n g e s  

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

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

s u r v i v i n g  g u i n e a - p i g s  w e r e  s t i l l  f e d  w i t h  a n t h r a x  

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

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

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

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

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

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

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

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

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

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

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

l e s i o n s  t y p i c a l  o f  a n  a n t h r a x  i n f e c t i o n .  The 

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

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

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

t h e  h e a r t  p u n c t u r e .  The  o t h e r  tw o  a n i m a l s  s h o w e d  n o  

o b v i o u s  l e s i o n s .

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

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

g u i n e a - p i g S /
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g u i n e a - p i g s  o f  s p o r i n g  c u l t u r e s  o f  a n t h r a x  b a c i l l i ,  

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

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

p a t h o l o g i c a l  e f f e c t s .  A c c o r d i n g  t o  S a n a r e l l i  ( l $2k)  

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

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

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

a n d  V i n c e n t  ( 1891- 92) F r a n c i s  ' a n d  o t h e r s .

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

s ee m s  t h e r e f o r e  m o re  l i k e l y  t o  b e  d u e  t o  some 

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

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

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

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

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

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

h e a r t  p u n c t u r e .

The i m p o r t a n c e  o f  t h e  s k i n  i n  a n t h r a x  i n f e c t i o n  

h a s  a l s o  b e e n  n o t e d  b y  P l o t z  ( 1 324.) who d e m o n s t r a t e d  

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

i n j e c t i o n  o f  a n t h r a x  b a c i l l i  i f  c a r e  w e r e  t a k e n  n o t  

t o  i n f e c t  t h e  s k i n  a t  t h e  t i m e  o f  i n o c u l a t i o n .  The  

m e t h o d  h e  e m p l o y e d  was  t o  i n s e r t  1 t o  }  c . c .  o f  

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

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

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

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

B e l t r a m i  a n d  Romat ( 1323 ) w e r e  u n a b l e  t o  
o b t a i n  /



o b t a i n  such, r e s u l t s  i n  s i m i l a r  e x p e r i m e n t s ,  b u t  

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

e x p e r i m e n t s  w as  due  t o  i n s u f f i c i e n t  c i c a t r i z a t i o n  o f  

t h e  s k i n .

Many o t h e r  w o r k e r s  d e n y  t h a t  t h e  s k i n  i s  t h e

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

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

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

e v e n  when p r e c a u t i o n s  w e r e  t a k e n  n o t  t o  i n f e c t  t h e

s k i n .  I t  h a s  b e e n  shown b y  C e r n a i a n u  a n d  S u h a t z e a n u

( l ^ 2 i f )  t h a t  r a b b i t s  do n o t  s u r v i v e  t h e  i n t r a v e n o u s

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

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

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

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

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

a n y  oedem a  o f  t h e  s k i n  o r  s u b c u t a n e o u s  t i s s u e ,

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

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

( 1325 ) c o n f i r m s  t h e  w o r k  o f  B e s r e d k a  a n d  B a l t e a n u

b u t  m a k e s  t h e  r e s e r v a t i o n  t h a t  t h e  i n o c u l a t i o n

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

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

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

i n j e c t e d  d o e s  n o t  e x c e e d  a  c e r t a i n  l i m i t .  He a f f i r m s

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

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

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

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

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

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

o f  t h e  b o d y ,  a n d  i n  t h i s  way a l l o w s  t h e  b a c i l l i  t o  

becom e  e n c a p s u l a t e d .  He s t a t e s  a l s o  t h a t  p h a g ' o c y t o s i s  

o f  t h e  b a c i l l i  d o e s  n o t  t a k e  p l a c e  when t h e y  h a v e  

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

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

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

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

S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  b y  G r a t i a  ( I 3 2 l f )  who 

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

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

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

i n f e c t i n g  t h e  s k i n .

W ol lm an  ( 1925) i s  o f  t h e  o p i n i o n  t h a t  t h e  e a s e  

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

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

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

d e p o s i t e d  i n  t h e  s k i n  w hen  c o n t a m i n a t i o n  t a k e s  p l a c e  

j a f t e r  an  i n t r a p e r i t o n e a l  o r  i n t r a v e n o u s  i n j e c t i o n  i s  

¡very much s m a l l e r  t h a n  a  m i n i m a l  l e t h a l  d o s e  o f  t h e  

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

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

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

a n d  t h o s e  d e p o s i t e d  i n  t h e  s k i n .  W ol lm an  ( 1925 ) 

t h i n k s  t h a t  t h e  a c t i o n  o f  c o n t a m i n a t i o n  o f  t h e  s k i n  

i n  t h e  p r o c e s s  o f  a n t h r a x  i n f e c t i o n  i s  p r o b a b l y  due  

t o  /



to the abundant production, in the area of the skin 
infected, of substances favouring infection (Bail’s 
aggressins) and that the superiority of cuti- 
vaccination over other methods of immunisation might 
be due in part to the particularly favourable 
conditions that it creates for the production or 
absorption of such substances and in consequence to 
the establishing of an anti-aggressin immunity.

IMMUNISATION OF LABORATORY ANIMALS BY CUTANEOUS 
INOCULATION OF ANTHRAX VACCINES.

As the result of his theory that infection takes
place only through the skin, Besredka believes that»
immunity to anthrax can only occur as the result of 
cutaneous immunisation. He has succeeded in
immunising guinea-pigs and rabbits either by

.applying vaccines to a scarified area of skin or by
injecting them intracutaneously. Plotz found that
rabbits vaccinated by the intracutaneous method
obtained such a high degree of resistance that they
withstood the injection of five hundred times the
lethal dose of anthrax bacilli, whereas those
vaccinated subcutaneously obtained only a very
slight immunity or none at all. Similarly Brocq-
Rousseu and Urbain (19224.) have demonstrated that
guinea-pigs which survived the intratracheal
injection of large doses of anthrax bacilli, when
subsequently inoculated intracutaneously or
subcutaneously did not withstand even a minimal 
lethal /
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lethal dose of the organism. They found, however, 
that animals vaccinated by the cutaneous method 
survived the injection into the lungs, liver, 
kidneys or peritoneal cavity of very virulent anthrax 
bacilli, indicating that a solid immunity had been 
acquired by the previous vaccination. In addition 
it has been shown by Besredka and Trevise (1^22) 
that immunised guinea-pigs withstand the inoculation 
of anthrax blood as well as cultures of virulent 
bacilli.

It should be noted that other methods of 
vaccination have been successful. Cordier (1325) 
was unable to vaccinate animals successfully by the 
intracutaneous method, but succeeded when the vaccines 
were injected intratesticularly or into the medullary 
cavities in bones. Gratia (1324.) found "rough” and 
"smooth” types of colonies of B. anthracis and was 
able to immunise rabbits successfully by the 
intravenous injection of the "smooth" type followed 
later by the "rough" type. That cutaneous 
immunisation is successful in larger animals has been 
shown by Brocq-Rousseu and Urbain (1923) who 
immunised horses by this method. They were unable 
to find any agglutination, deviation of complement 
or precipitation reactions with serum obtained from 
immunised horses, and found that such immune serum 
did not protect guinea-pigs from small doses of the 
second anthrax vaccine. Monod and Velu (1 3 2 5) have 
recorded /
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recorded 2 1,6ifQ intradermal vaccinations which were 
carried out by veterinary workers in Morocco. Of 
these 1if,2f05 were performed on cattle, 2,520 on 
sheep, lf,6lf0 on pigs and 75 on horses and in each 
case vaccination was carried out with one single 
intracutaneous injection. The results obtained were 
very satisfactory as the animals vaccinated were 
exposed without harm in a badly infected area.

EXPERIMENTS IN GUINEA-PIGS.

In view of the results obtained by the authors 
quoted above, it is of interest to record the 
following experiments in laboratory animals. The 
vaccines of B. anthracis which were used had been 
attenuated by Pasteur’s method and were obtained 
from Professor A. Besredka; the technique employed 
was as described in his original paper.

Six guinea-pigs were inoculated cutaneously by
shaving an area of skin on the abdomen 2 by if inches
so that the surface appeared raw and red, and a swab
soaked in the first vaccine was rubbed thoroughly
over the scarified area. In 2if hours the inoculated
surface was intensely red and showed dark necrotic
patches which coalesced together, so that in if8 hours
a necrotic scab had formed over the abdomen. The
inflammatory reaction was limited to the site of
inoculation and in two days time the redness was
not so marked and the scab was starting to separate 
from /
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from the abdominal wall. In the next four days the 
skin gradually returned to normal but three of the 
guinea-pigs appeared very thin and wasted. The 
second vaccine was applied by scarification of the 
healed area in a similar manner to that described 
above. The inflammatory reaction which was 
present in 2if hours was more severe than after the 
first vaccine, two of the guinea-pigs dying in lf8 

hours, and the rest four days after the application 
of.the second vaccine. Control animals inoculated 
with the second vaccine only died in. if8 hours. On 
autopsy the animals that died in if8 hours and the 
control animals showed the typical pathological 
lesions of an anthrax infection. In the other animals 
the subcutaneous tissue showed only slight 
inflammatory changes and there was no gelatinous 
oedema present. Congestion of the internal organs was 
present and was most marked in the small intestine 
especially in the control animals which also showed 
a sero-sanguinous exudate in the peritoneal cavity. 
Bacilli were numerous in films of heart-blood and in 
spleen smears, and the McFadyean reaction was well 
marked. The organism was recovered on culture of 
the heart-blood of each animal.

Since the method of inoculation used in the 
above experiment did not permit an exact estimate 
of the amount of vaccine administered, a further 
series of six guinea-pigs were inoculated 
intracutaneously /
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intracutaneously with 1 '0 c.c. of the first 
vaccine. Following the injection there was some 
swelling, redness and induration at the site of 
inoculation in each animal, hut the local reaction 
was not severe and there was no necrosis of the skin. 
Three of the guinea-pigs died, in four days time and 
showed typical pathological changes on autopsy. The 
surviving guinea-pigs were inoculated intracutaneously 
with 0*2 c.c. of the second vaccine hut all died 
within three days and showed similar post-mortem find- 
:ings.

Another series of six guinea-pigs was inoculated 
starting with smaller quantities, hut although they 
survived the intracutaneous injection of 0*25 c.c. 
and 0*5 c.c. of the first vaccine they all died after 
receiving 0*1 c.c. of the second vaccine.

The results detailed above indicate that the 
cutaneous method of immunising guinea-pigs with 
anthrax vaccines may he quite unsuccessful, and 
that although many survived the first vaccine, all 
the animals died when only small quantities of the 
second vaccine were introduced into the skin.

EXPERIMENTS IN RABBITS

The cutaneous immunisation of rabbits although 
not entirely successful has given more satisfactory 
results. Out of eight rabbits inoculated in this 
manner six survived while two died during the 
process /
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process of immunisation, the first, four days after 
receiving 1 ’ 0 c.c. of a if8 hours broth culture 
of virulent bacilli, and the second three days after 
the injection of the "second vaccine". A possible 
explanation of the death of these two animals is 
that a small quantity of inoculum may have been 
injected into the subcutaneous tissue as well as 
into the skin, although care was taken to avoid 
this occurring when the rabbits were inoculated.

The surviving rabbits, with one exception, 
received numerous injections of virulent anthrax 
bacilli without any ill effects. The detailed 
histories of these animals are as follows 
Rabbit I
18/11/27 0*2 c.c. "Vaccine I" injected intra-

.’cutaneously.
20/11/27 Slight inflammatory reaction at site of

inoculation with some induration of skin.
22/1 1/27 Skin normal
23/1I/27 1'0 c.c. "Vaccine I" injected intra-

:cutaneously.

25/II/27 Only slight inflammatory reaction of skin, 
no induration.

27/11/27 Skin normal.

28/11/27 ° ’ 2 c.c. "Vaccine II" injected intra-
.° cutaneously.

50/11/27 Slight inflammation and induration of skin. 
2/1 2/27 Skin normal

5/12/27 1*0 c.c. "Vaccine II'' injected intra-
.’cutaneously.

A/12/27 Swelling, redness and induration of skin. 
3/12/27 /
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2^/12/27

9 / 1 2 / 2 7

10/ 1 2 /2 7 0-25 c.c. B. anthracis 48 hours’ hroth 
culture injected, intracutaneously.
0*5 c.c. B. anthracis 48 hours’ hroth 
culture injected intracutaneously.

S k i n  n o r m a l

30/12/27 1’0 c.c. B. anthracis 48 hours’ broth
culture injected suhcutaneously.

12/1/28 1’0 c.c. B. anthracis 48 hours’ hroth
culture injected intravenously.
Localised reaction at site of inoculation 
in ear - redness, swelling and oedema.

27/1/28 Ear normal
15/2/28 2*0 c.c. B. anthracis 48 hours’ broth

culture injected intracutaneously and 
2*0 c.c. intraperitoneally.

5/3/28 1*0 c.c. B. anthracis 48 hours’ hroth
culture injected intraperitoneally.

23/3/28 1*0 c.c. B. anthracis 48 hours’ hroth
culture injected intravenously.

2/4/28 1*0 c.c. B. anthracis 48 hours’ hroth
culture injected intraperitoneally.

2/5/28 1*0 c.c. B. anthracis 48 hours’ hroth
culture injected intravenously and 1*0 c.c. 
intraperitoneally.

12/5/28 1*0 c.c. B. anthracis 48 hours’ hroth
culture injected intravenously and 1 *0 c.c. 
intraperitoneally.

18/5/28 0*5 c.c. agar slope emulsion (opacity No. 6
Brown’s tubes) injected intravenously and
0*5 c.c. injected intraperitoneally.• •

24/5/28 1*0 c.c. agar slope emulsion (opacity No. 8
Brown’s tubes) injected intravenously.

26/5/28 Rabbit died.
On autopsy there was no gelatinous oedema of

the subcutaneous tissues, and apart from some
congestion of the spleen and intestine there was no
obvious pathological lesion. The organism was 
recovered /
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recovered in large numbers from the spleen and 
heart blood. It should be noted that on the 
21f/5/28 the same quantity of an emulsion of anthrax 
bacilli was injected into Rabbit J, but in spite of 
having withstood a greater number of injections of 
B. anthracis, Rabbit I which had previously 
appeared quite healthy, died. The explanation of the 
death of this animal probably lies in the fact that 
the immunity produced by this method of immunisation 
while sufficient to protect it from moderate doses 
of B. anthracis does not avail against an excessively 
large dose of the organism.
Rabbit 2.

25/1/28 1'0 c.c. "Vaccine I" injected intra-
.‘cutaneously.

27/1/28 Swelling and redness with some induration at 
site of inoculation.

1/2/28 Skin normal. 0*5 c.c. "Vaccine II" 
injected intracutaneously.

5/2/28 Redness and induration of skin.
5/2/28 Skin normal
10/2/28 1 *0 c.c. "Vaccine II" injected

intracutaneously.
12/2/28 Inflammatory reaction at site of inoculation.
14-/2/28 Skin normal.

 ̂5/2/28 0 25 c.c. of a 4.8 hours * broth culture of
a virulent strain of B. anthracis injected 
intracutaneously.

18/2/28 Slight inflammatory reaction at site of 
inoculation.

25/2/28 Skin normal 

5/5/28 /



5/5/28 1'0 c.c. 48 hours’ broth culture B. anthracis
injected intracutaneously.

7/5/28 Only very slight inflammatory reaction at 
site of inoculation.

7/5/28 Rabbit died.
On autopsy localised gelatinous oedema was 

present in subcutaneous tissues at site of 
inoculation. Internal organs deeply congested 
and B. anthracis was recovered from the local lesion, 
spleen and heart-blood.
Rabbit 5.
25/1/28 1‘0 c.c. "VaCcine I" injected intra-

;cutaneously.
27/1/28 Swelling, redness and induration of site 

of inoculation.
28/1/28 Skin at site of inoculation becoming 

necrotic.
5/2/28 Necrosis still present.
7/2/28 Necrotic scab separating from skin.
10/2/28 Skin practically normal. 0*5 c.c.

"Vaccine II" injected intracutaneously.
12/2/28 Redness and induration of skin at site of 

inoculation.
14/2/28 Skin normal
15/2/28 1*0 c.c. "Vaccine II" injected intra-

:cutaneously.
18/2/28 Slight inflammatory reaction at site of 

inoculation.
25/2/28 Skin normal.

5/5/28 0*25 c.c. B. anthracis 48 hours’ broth
culture injected intracutaneously.

14/5/28 0*5 c.c. " intracutaneously.
“0/5/28 1 0 c.c. " intracutaneously.
25/5/28 /
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2^/5/28 1’0 c.c. B. anthracis lf8 hours’ hroth
culture injected intracutaneously.

11 A / 2 8  
2/5/28

2*0 c.c. 
2*0 c.c.

intracutaneously. 
intraperitoneally.

12/5/28 1'0 c.c. B. anthracis if8 hours’ broth
culture injected intravenously and 2*0 c.c. 
injected intraperitoneally.

21/5/28 Rabbit exsanguinated by heart puncture and 
serum preserved.

Rabbit if.
6/2/28 1 *0 c.c. "Vaccine I" inoculated intra-

•cutaneously.
8/2/28 Slight redness and induration of skin at 

site of inoculation. No necrosis.
10/2/28 Skin normal. 0*5 c.c. "Vaccine II" 

injected intracutaneously.
12/2/28 Slight redness and induration of skin at 

site of inoculation.
1 if/2/28 Skin normal
15/2/28 1*0 c.c. "Vaccine II" injected

intracutaneously.
18/2/28 Rabbit died - result of autopsy similar 

to Rabbit 2.
Rabbits 5 and 6.
11/2/28 1*0 c.c. "Vaccine I" injected intracutaneously.
12/2/28 Redness and induration of skin at site of 

inoculation.
1 if/2/28 Skin normal
15/2/28 0*5 c.c. "Vaccine II"
18/2/28 Redness and induration of skin
25/2/28 Skin normal

5/5/28 l-o c.c. "Vaccine II" injected 
intracutaneously.

1 if/5/28 0*25 c.c. B. anthracis if8 hours’ broth
culture injected intracutaneously.

25/5/28 /
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23/3/28 0* R c.c. B. anthracis 4.8 hours’ broth 
culture injected intracutaneously.

29/3/28 1 *0 c. c. "
2 A /28 1 *0 c.c. "
11 A /28 1 *0 c.c. "

2/5/28 1 *0 c.c. "
12/5/28 2’0 c.c. "
21/5/28 Rabbits exsanguinated by heart puncture 

and serum preserved.
Rabbit 7 •

10/2/28 to 23/3/28. Intracutaneous injections of 
"Vaccines I and II".

29/3/28 0*25 c.c. B. anthracis 48 hours’ broth
culture injected intracutaneously.

2 A /28 0*5 c.c. B. anthracis if8 hours’ broth
culture injected intracutaneously.

11 A /28 1 ’ 0 c.c. B. anthracis if8 hours’ broth
culture injected intracutaneously.

18* A /28 1*0 c.c. B. anthracis if8 hours’ broth
culture injected intracutaneously.

2/5/28 1 *0 c.c. B. anthracis J4.8 hours’ broth
culture injected intracutaneously.

12/5/28 1*0 c.c. B. anthracis if8 hours’ broth
culture injected intravenously and 2 c.c. 
intraperitoneally.

18/5/28 0*5 c.c. of an emulsion of a 2if hours’
agar slope culture of B. anthracis (opacity 
No. G Brown’s tubes) injected intravenously 
and 0*5 c.c. injected intraperitoneally.

2if/5/28 1 *0 c.c. emulsion from agar slope culture
(opacity No. 8 Brown’s tubes) injected 
intravenously.

31/5/28 Rabbit exsanguinated by heart puncture and 
serum preserved.

Rabbit 8.

10/2/28 to 23/3/28. Intracutaneous injections of 
"Vaccines I and II".

28/3/28 /
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28/5/28 0*25 c.c. of a 4.8 hours’ broth culture of
a virulent strain of B. antnracis injected 
intracutaneously.

2/4/28 0*5 c.c. B. anthracis 4.8 hours’ broth
culture injected intracutaneously.

11/4-/28 1*0 c.c. B. anthracis 4.8 hours’ broth
culture injected intracutaneously.

20/4-/28 1*0 c.c. B. anthracis 4-8 hours’ broth
culture injected intracutaneously.

2/5/28 1*0 c.c. B. anthracis 4.8 hours’ broth
culture injected intracutaneously.

7/5/28 1*0 c.c. B. anthracis 4.8 hours’ broth
culture injected intracutaneously.

11/5/28 Rabbit exsanguinated by heart puncture and 
serum preserved.

IMMUNISATION OF RABBITS BY SUBCUTANEOUS INJECTIONS
OF ANTHRAX VACCINES.

It has been found impossible to immunise rabbits
by the subcutaneous injection of anthrax vaccines
as is shown in the following experiment .*-
Rabbit 9«
10/2/28 1 *0 c.c. "Vaccine I" injected subcutaneously.
12/2/28 Localised swelling at site of inoculation.
14-/2/28 Rabbit normal.

17/2/28 0*5 c.c. "Vaccine II" injected subcutaneously.
19/2/28 Rabbit died. Post-mortem findings typical 

of anthrax infection.
Rabbit 10.

10/2/28 1 *0 c.c. "Vaccine I" injected subcutaneously.
12/2/28 Localised swelling at site of inoculation.
14-/2/28 Rabbit normal
17/2/28 0*5 c.c. "Vaccine II" injected 

subcutaneously.
1 9 / 2 / 2 8  /



13/2/28 Localised swelling.
25/2/28 Normal
25/2/28 1’0 c.c. "Vaccine II" injected

subcutaneously.
26/2/28 Rabbit died. Post-mortem findings typical.

Pour other rabbits were treated in this 
manner, three of which died after the injection of 
0 '5 c.c. of the "second vaccine" while the fourth 
died after the injection of 1*0 c.c. of this vaccine, 
as in the case of Rabbit 10.

The mechanism of the rjroduction of immunity 
after cutaneous vaccination presents many difficultie 
Besredka believes that the skin is the only organ 
that is sensitive to anthrax infection and that as 
soon as this tissue is protected the body as a whole 
is immune. He states that the serum of an animal 
cutaneously immunised has no xjrotective properties, 
and when injected into a guinea-pig along with 
a lethal dose of B. anthracis does not prevent 
the death of the animal. This has been confirmed 
by Brocq.-Rousseu and Urbain (1925) who found that 
such serum as vrell as having no protective 
properties did not contain any complement-deviating 
antibodies, agglutinins or precipitins. On the 
other hand Gratia (1924-) found agglutinins in the 
serum of immunised animals in dilutions of 1 :10,000 

and states that protective substances can be 
demonstrated when the serum is injected along with 

the /
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the bacilli in guinea-pigs and not separately as in 
the experiments of Besredka.

Protective experiments were carried out with
serum of rabbits immunised solely by the cutaneous
method, and with the serum of Rabbit 7 which had
received injections of anthrax bacilli intravenously
and intraperitoneally as well as by the cutaneous
route. The method employed was to inject a fixed
quantity of serum (1*0 c.c.) along with a fixed
quantity (0*5 c.c.) of decimal dilutions of an emulsion
of B.  anthracis into mice. With each experiment a
control series of mice were inoculated with 0*5 c.c.
of different dilutions of B. anthracis only.
Injection of Graduated Doses of an Emulsion of B.
anthracis (No. 8 Brown’s tubes) in Mice along with

Serum of Rabbit 8 (cutaneously immunised).
B. anthracis emulsion only. B. anthracis emulsion

and 1*0 c.c. serum.
0*5 c.c. emulsion + 1*0 
c.c. serum. Died 30/5/28

0*5 c.c. emulsion + 1*0 
c.c. serum. Died 31/5/28

0*5 c.c. emulsion + 1*0 
c.c. serum. Died 3 1/5/28

0*5 c.c. emulsion + 1*0 
c.c. serum. Died 31/5/28

0*5 c.c. emulsion + 1*0 
c.c. serum. Died 31/5/28

0*5 c.c. emulsion + 1*0 
c.c. serum. Died 1/6/28
0*5 c.c. emulsion + 1*0 
c.c. serum. Died 31/5/28

(1) 0*5 c.c. emulsion diluted 
1:1000. Died 50/5/28

(2) 0*5 c.c. emulsion diluted 
1:10,000. Died 31/5/28

(5) 0*5 c.c. emulsion diluted 
1:100,000. Died 31/5/28

(k-) 0*5 c.c. emulsion diluted 
1:1,000,000. Died 3 1/5/28

(5) 0*5 c.c. emulsion diluted 
1 .*10,000,000.Died 3 1/5/28

(6) 0*5 c.c. emulsion diluted
1 .*100,000,000.Died 31/5/28

(7) 0*5 c.c. emulsion diluted
1 :1 ,000,000,000 Died 31/5/28.

(8) /
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(3)

(10)

(11 )

(12)

8 1 .

B. anthracis emulsion only B. .anthracis emulsion and.
1 *0 c , c . serum .

0*5 c.c. emulsion diluted 0*5 c.c. emulsion +1*0
1:10,000,000,000- c.c. serum. Died 1/6/28
Died 5 1/5/28

0*5 c.c. emulsion diluted 0*5 c.c. emulsion + 1*0
1 .’100,000 ,000,000. c.c. serurn. Died 1/6/28
Died 5 1/5/28

0*5 c.c. emulsion diluted 0*5 c.c. emulsion +1*0
1-*1000,000,000,000 c.c. serum. Died 51/5/28
Died 51/5/28

0*5 c.c. emulsion diluted 0*5 c.c. emulsion + 1*0
1:10,000,000,000,000. c.c. serum. Died 1/6/28
Died 51/5/28.
Serum control 1*0 c.c. serum only. Survived.

None of the mice which received the serum
•»

outlived the corresponding control animal for any
length of time and on autopsy all showed pathological

-

changes typical of anthrax infection.
The experiment detailed above was repeated with 

the serum of Rabbit 7 , which had been immunised 
jby intravenous and intraperitoneal injections as 
well as cutaneously, and also with Sclavo’s anti­
anthrax serum v/ith similar negative results in each 
case.

DISCUSSION

Anti- anthrax immunity presents problems of 
great complexity. In the first place we still lack 
definite knowledge regarding the offensive mechanism 
of the organism. No toxic substances have been 
demonstrated in culture yet anthrax is a- disease with 

undoubted manifestations of profound toxaemia.
It /
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It has therefore heen assumed that the anthrax 
bacillus only produces its specific toxin when 
growing in the tissues. Bail (1 9 1 0) considers these 
to he analogous to aggressins and has claimed that 
the action of an anti-anthrax serum is due to anti- 
aggressins i.e. an antitoxic agent. There is no 
evidence that anti-anthrax immunity is due to anti­
bacterial substances and Sobernheim (1210) and 
others have failed to detect any bactericidal action 
in immune sera. Sclavo’s serum has been found to 
contain a precipitin, as evidenced by Ascoli's 
reaction, but this is certainly not a protective 
anti-substance.

Besredka believes that a local cutaneous immun- 
;ity is the essential feature of resistance to 
anthrax and maintains that this can be brought about 
by cutaneous vaccination of animals with anthrax 
vaccines. Such a method produces an immunity of the 
skin, and as, according to his view, the other 
tissues are naturally resistant the animal thus 
acquires a general immunity.

The manner in which such local immunity is 
produced has not, however, been satisfactorily 
explained. His theory is that the immunity develope 
in this way is due to the remarkable susceptibility 
of the skin in which a "reaction takes place between 
the receptive cells of the reticulo-endothelial 
layer and the anthrax•bacillus." Besredka holds 
that /



that the bacillus has a great affinity for these 
receptive cells, and that this is followed by a 
"reaction which liberates a new substance, a product 
of secretion or disintegration of the organism."
When this substance is present in sufficient 
quantity it produces a negative chemotaxis which 
repels the leucocytes and the bacillus is free to 
multiply. If a slightly virulent organism is 
empiloyed, such as the "first vaccine" possessing 
only a feeble affinity for the receptive cells, the 
new product which he has postulated appears only 
in small quantities insufficient to repel the 
leucocytes, and phagocytosis takes place. He 
considers that the phagocytic action of the 
leucocytes is purely mechanical and that the results 
of infection depend on the reaction between the 
receptive cells of the skin and the organism with 
the formation of a negatively chemotactic substance.
He states that the survival of animals after the 
intraperitoneal or intravenous injection of anthrax 
bacilli, without contamination of the skin, is due 
to the complete phagocytosis of the bacilli which in 
the absence of negative chemotaxis are eliminated 
like any other '■foreign body.

Other observers hold that skin susceptibility to 
anthrax is not specific, and have shown that any area 
with relatively slight blood supply, such as the brain, 
testicle or muscle, is just as susceptible as the 
skin /
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skin. In such areas there is a relative absence
'

of protective cells and fluids which allows the 
organism to modify and adapt itself either by 
capsule or aggressin formation and so invade the 
rest of the body. With this view the writer is 
inclined to agree. This theory will not, however, 
explain the reaction which takes place when animals 
are cutaneously immunised with anthrax vaccines, 
although it would account for the susceptibility 
of the skin to anthrax infection.

There seems little doubt that the cutaneous 
immunisation of animals with anthrax vaccines as 
advocated by Besredka has given successful results 
especially when applied to the larger susceptible 
animals, and that the immunity produced is superior 
to that obtained by subcutaneous inoculation.
Further, cutaneous vaccination has proved a safer 
method of immunisation since fatalities are much 
less frequent than when the vaccines are administered 
by the subcutaneous route.

In the series of experiments on guinea-pigs 
recorded in this section it was found impossible 
to immunise cutaneously these animals either by 
intracutaneous injections or by the application of 
vaccines to a scarified area of skin. This appears 
to be due to the extreme susceptibility of these 
animals since they do not survive even when the

j

vaccines are administered in very small quantities. 
The /
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The method has heen more successful in rabbits which 
attained a remarkable degree of immunity as 
evidenced by their tolerance of numerous injections 
of virulent anthrax bacilli, but the immunity 
produced, even in rabbits, cannot be regarded as 
absolute since one animal died after the intravenous 
injection of a massive dose of the organism. The 
experimental infection produced in this rabbit was, 
however, many times greater than could occur under 
natural conditions. By analogy sheep and cattle 
immunised in this way would be adequately protected 
against epizootic anthrax. On the other hand none of 
the rabbits which were being immunised by the 
subcutaneous route survived the inoculation of the 
vaccines, and in this way it can be said that 
cutaneous immunisation offers a method that is 
more likely to be successful in animals which are 
markedly susceptible to the disease.

Anti-anthrax serum has been employed thera- 
.'peutically for some years, and has been found to 
have preventive and curative properties which, 
however, cannot be attributed to the presence of any 
demonstrable antibodies. It has been shown above 
that neither commercial anti-anthrax serum or 
serum obtained from rabbits immunised by different 
methods protect mice from injections of very small 
quantities of anthrax bacilli. This may be due 
to the extreme susceptibility of mice to the 
infection /
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infection as in the case of guinea-pigs, in view 
of the proved, clinical value of the serum in the

i

treatment of anthrax in the human subject, and such 
negative results with these animals may not be of 
definite significance. It should be noted that mice 
and guinea-pigs, as contrasted with man and the less 
susceptible animals, do not possess in the slightest 
degree any natural immunity, and it is possible that 
the therapeutic action of Sclavo’s serum may depend 
on a reinforcement of a natural immunity present in 
the tissues. In the absence of such natural immunity 
the serum would exert no protective properties (v. 
infra). In this connection, however, the observations 
of Kraus and Beltrami (1921) are of special importance. 
They have claimed that normal ox serum has equal effects 
with immune anthrax serum in experimental anthrax in 
rabbits, which could not be due to any natural 
protective substances since the ox itself is 
naturally highly susceptible to the disease. The 
effect of the serum might therefore be entirely non­
specific and depend on a non-specific reaction due 
to the injection of an alien protein.

It seems probable that the skin is not only one 
of the most susceptible of tissues to anthrax 
infection, but is also highly sensitive to an 
immunising stimulus. If immunity depends on the 
production of a new immune substance or the 
augmentation of a pre-existing immune substance, it 
might /
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might he supxjosed that this principle is most 
readily elaborated by the skin, and that cutaneous 
vaccination supplies the optimum immunising 
stimulus.

Tv/o agencies must undoubtedly contribute to 
anti-anthrax immunity - phagocytosis and some 
adjuvant principle which acts by inhibiting or 
neutralising the toxic bacterial products 
resï)onsible for injury to the phagocytic cells or 
for the negative chemotaxis which has been postulated 
as a factor in successful infection. It seems 
likely that the phagocytic cells of the reticulo­
endothelial system constitute the essential cellular 
¿protection against anthrax bacilli, and that in the 
immune animal this ¿protection is specially active 
in the skin. As suggested, immunity (natural or 
acquired) must dex>end also on some principle which 
¿promotes ¿phagocytosis. Such principles have been 
long designated opsonins, and both natural and 
immune opsonins have been demonstrated in relation 
to phagocytosis by ¿polymorph leucocytes. The 
relationship of such principles to other phagocytes 
is more obscure, but it is obvious that toxic 
bacteria must exert a considerable resistance 
against their destruction by phagocytic body cells, 
whereas detoxicated organisms are easily phagocytosed 
like inert foreign ¿‘articles. In short, as has
been suggested, the opsonins may in reality be 
antitoxic /
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antitoxic or detoxicating principles.
In the case of an organism which piroduces a 

diffusible toxin in culture media, such as the 
dijjhtheria bacillus, antitoxin can be readily 
demonstrated by experimental methods. The existence 
of an antitoxic principle for the anthrax bacillus 
is not, however, so readily susceptible of 
experimental proof for the reasons discussed above, 
but must remain at present hypothetical. It is 
only reasonable to suppose, however, that anti- 
anthrax immunity is dependent on such agency, and 
by postulating such substance as a free principle 
in the blood serum the therapeutic action of 
Sclavo’s serum might be explained. Natural 
resistance of animals to whatever degree it is 
manifested may be a function of this principle, 
occurring as a natural immune substance, and in this 
connection it is of great interest how a partially 
resistant animal may be more readily immunised than 
one of the highest grade of susceptibility. It is 
well known how horses possessing natural antitoxin 
respond more readily to immunisation with diphtheria 
toxin than animals without natural antitoxin,(Glenny). 
If we presuppose antitoxin as a factor in anti­
anthrax immunity, i.e. a "cell receptor" (Ehrlich) - 
it may be mainly "sessile" in the tissues or free 
in the blood plasma. If entirely sessile a local 
immunity (as of the skin) might be explained; on 
the /



the other* hand passive immunisation by antiserum 
could, only be due to free receptors. Before such 
questions can be fully answered further analyses are 
required of the protective action of antiserum 
particularly in animals of moderate natural resistance 
The writer’s own experiments have failed to demonstrat 
such effect in animals of high susceptibility. It 
is possible, of course, that in such animals 
susceptibility depends on an intrinsic deficiency

v
of the phagocytic system which cannot be influenced 
by any opsonic or antitoxic agents, and in such case 
even a powerful opsonic or antitoxic serum would be 
ineffective. It is also noteworthy in regard to 
this question that it has been impossible to 
immunise actively highly susceptible animals by 
cutaneous vaccination.

Until the exact manner in which the anthrax 
bacillus produces its pathogenic effect in the body 
is more clearly understood, the mechanism of the 
production of immunity to the disease must remain 
doubtful. Besredka’s conception of the action of 
the organism on the skin is of particular interest 
in relation to this p>roblem and his method of 
immunisation has undoubtedly p r o v e d  of great 
practical value in the control of anthrax. Moreover, 
his work on the general question of local immunity 
has opened up a new field of immunological study the 
exploration of which may lead to new principles and 
conceptions of resistance to disease.

89-
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SUMMARY AND CONCLUSIONS

(a) A "solid" immunity to anthrax can be 
produced by cutaneous vaccination of animals 
of moderate susceptibility (rabbits). For 
the purpose cultures attenuated by Pasteur’s 
method have been employed.

(b) Cutaneous immunisation is attended by less 
risk of fatal results following vaccination 
than other methods.

(c) The sera of these animals does not confer 
protection against the most minute doses of 
infection in highly susceptible animals 
(mice).

It has not been possible to immunise animals of 
high susceptibility (guinea-pigs) by this 
method: these animals have invariably
succumbed to either the "first" or "second 
vaccine" (after survival from the "first").

It seems doubtful whether Besredka’s claim that 
the skin is the only tissue susceptible to 
B. anthracis holds good.

Anthrax spores may be introduced into the
blood stream through the alimentary mucosa, 
possibly by the agency of leucocytes, and 
remain latent in the blood for a certain 
length of time only germinating and producing 
an active infection as a result of some 
additional factor.

The question of local immunity and the question 
of anti-anthrax immunity are discussed with 
particular reference to cutaneous vaccination.
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FIGURE 1.

( i

X 1000.

B. anthracoides in heart-blood of mouse, 
stained with polychrome methylene blue.

The hacilli are seen in small clumps scatter­
e d  irregularly throughout the film. There is 
no evidence of capsule formation and the organism 
does not tend to occur in chains as in the case 
of B. anthracis (Figure 2).
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FIGURE 2 .
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X 1000.

B. arxthracis in heart-hlood of guinea-pig, 
stained with polychrome methylene Blue.

This organism occurs in chains and is cap- 
;sulated as contrasted with B. arithracoides in 
Figure 1.
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x 1000 .

B. an.thracoid.es in heart-blood of mouse 
after passage, stained with polychrome methylene 
"blue.

The bacilli are more numerous than in 
Figure 1 and tend to occur in chains. No 
capsule formation visible.



FIGURE 4 .

- x 1000.

B. anthracoides in peritoneal exudate of 
guinea-pig, stained with polychrome methylene 
"blue.

The organisms are very numerous hut do not 
occur in chains and do not show any capsules.
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FIGURE 5.

x 1000 .

B. anthracoides. Section of spleen of 
guinea-pig stained "by Gram’s method.

The hacjLlli are present throughout the 
spleen hut are not so numerous as in an anthrax 
infection.
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FIGURE 6 .

x 1000.

B. anthracis. Section of spleen of 
guinea-pig stained by Gram’s method.

The number of bacilli present in the spleen 
is much greater than occurs with B. anthracoides 
(Figure 5)*
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FIGURE 7 .

Jf' ~

x 1000,

B . anthracoides. Section of liver of 
guinea-pig stained by Grain’s method.

The organisms can be seen in clumps in 
the liver capillaries.
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FIGURE 8 .

x 1 0 0 0 .

B. anthracis. Section of liver of guinea- 
pig stained by Gram’s method.

The bacilli are more numerous in the liver 
capillaries in contrast to B. anthracoides
(Figure /).
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FIGURE 9 .

x 75 0.

B. anthracoides. Film from agar culture 
tained hy Kirkpatrick’s method to show numer­
ous peritrichous flagella.
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FIGURE 1 0 ,
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X  1000.

B. anthracoia.es. Film from a g a r culture 
stained by Gram’s method.

The organism shows central and also slightly 
eccentric spores. Chains of bacilli do not 
occur so frequently and are shorter than in the 
case of E. anthracis.
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FIGURE 11.

B. anthracis. Film from agar* culture 
stained By Gram’s method.

This organism tends to form long chains 
as contrasted with B. anthracoides (Figure 10).
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X 1000.

B » subtllls. Film from agar culture 
stained By Gram’s method.

The tendency of this organism to form 
chains is not so marked as in the case of 
B. anthracis, and the ends of the "bacilli 
appear more rounded.
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B. megatherium. Film from agar culture 
stained hy Gram’s method.

The organism is rather smaller than B. 
anthracoides (Figure 10) hut the spores are 
relatively larger and are suhterminal.
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FIGURE 14.

x 1000.

3. mycoides. Film from agar culture 
stained by Gram’s method.

This organism shows a close similarity 
in morphology to 3. anthracoides (Figure 10)
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X 1000,

anthraeis. Film from culture on salt
stained. by Gram’s method,

Many Bizarre involution forms are seen when 
the organism is grown on the above medium.


