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1

P R E F A C E  .

The i n v e s t i g a t i o n s  w hich  a r e  p r e s e n t e d  i n  t h i s  

t h e s i s  w ere s t a r t e d  i n  1929 and have  b e en  p u rsu e d  a s  

o p p o r t u n i t y  o f f e r e d  i n  th e  i n t e r v e n i n g  y e a r s .  The 

f i n d i n g s  were p u b l i s h e d  be tw een  1931 and 1946 i n  a 

s e r i e s  o f  p a p e rs  i n  d i f f e r e n t  j o u r n a l s .  These a r e  

now re p ro d u c e d  i n  c h r o n o l o g i c a l  o r d e r  a s  A nnexu res ,  

p re c e d e d  by  a b r i e f  summary w h ich  o u t l i n e s  th e  work 

and i n d i c a t e s  i t s  a p p l i c a t i o n  on a l a r g e  s c a l e  i n  

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

o v e r l a p p in g  and r e p e t i t i o n  i n  t h e s e  s u c c e s s iv e  p a p e r s ,  

b u t  none o f  them  c a n  be o m i t te d  w i th o u t  d e s t r o y i n g  t h e  

c o n t i n u i t y  o f  th e  s e r i e s ,  and i t  h a s  b e en  c o n s id e r e d  

b e s t  t o  make no d e l e t i o n s  o r  amendments, b u t  t o  r e n d e r  

them e x a c t l y  as t h e y  w ere  o r i g i n a l l y  p r i n t e d .



2 .

S U M M A R Y

I n t r o d u c t i o n *

The terra  d y s e n te r y  was o r i g i n a l l y  u s e d  t o  d e s c r i b e  

any c o n d i t i o n  h a v in g  a s  a symptom d i a r r h o e a  w i th  s t o o l s  

c o n ta in i n g  b lo o d  and mucus. The d i s c o v e r y  o f  

Entamoeba h i s t o l y t i c a  by Losch (1875) and i t 3  i n c r i m i n a 

t i o n  a s  a c au se  o f  d y s e n te r y  was th e  f i r s t  s t e p  i n  t h e  

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

I n  1898 S h ig a  d e s c r i b e d  a n o n - l a c to s e  f e r m e n t in g  c o l i f o r m  

b a c i l l u s  a n d  p ro duced  c o n v in c in g  e v id e n c e  t h a t  i n f e c t i o n  

w i th  t h i s  o rgan ism  g iv e s  r i s e  to  a c u te  in f la m m a to ry  and 

u l c e r a t i v e  c o l i t i s .  C lo s e ly  r e l a t e d  b a c i l l i ,  d i f f e r i n g  

from  S h i g a ’ s o rg an ism  i n  t h e i r  b io c h e m ic a l  r e a c t i o n s  and 

a n t i g e n i c  p a t t e r n ,  were i s o l a t e d  from  c a s e s  o f  d y s e n te r y  

by  P le x n e r  (1 9 0 0 ) ,  S t ro n g  (1900) and o t h e r s .  In  1915 

Sonne fou nd  y e t  a n o th e r  t y p e ,  and  I n  1917 Schm itz  added 

one more to  t h e  l i s t *  A c r i t i c a l  rev ie w  by M urray i n  

1918 gave  c o n v in c in g  c o n f i r m a t io n  o f  t h e  e x i s t e n c e  o f  

f o u r  m ain ty p e s  o f  d y s e n te r y  b a c i - l l i .  Three o f  t h e s e ,  

S h i g a ’ s b a c i l l u s ,  S o n n e ’s b a c i l l u s ,  and S c h m itz ’ s 

b a c i l l u s ,  were c l e a r l y  d e f in e d  i n  t h e i r  b io c h e m ic a l  

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

more c o r r e c t l y ,  g roup  -  em bracing  th e  o rgan ism s named



a f t e r  F l e x n e r ,  S t r o n g ,  H i s s ,  R u s s e l l ,  and L e n tz ,  had 

i d e n t i c a l  b io c h e m ic a l  r e a c t i o n s ,  b u t ,* th o u g h  c l o s e l y  

r e l a t e d ,  w ere  n o t  w h o l ly  a l i k e  i n  t h e i r  a n t i g e n i c  p a t t e r n .

T h is  l a t t e r  g rou p  was i n v e s t i g a t e d  by  Andrewss and 

Inman (1919) and d iv id e d  i n t o  f i v e  t y p e s ,  w hich  th e y  named 

V, W, X, Y and Z. A cco rd in g  t o  t h e i r  c o n c e p t io n ,  t h e s e  

ty p e s  sh a re d  f o u r  m ain a n t i g e n s .  Each of the  s t r a i n s ,

V, W, X and Z was b e l i e v e d  t o  c o n ta in  a dom inant q u a n t i t y  

o f  one of t h e s e  a n t i g e n s  and m inor q u a n t i t i e s  o f  th e  o t h e r  

t h r e e ,  w h i le  Y c o n ta in e d  a p p ro x im a te ly  e q u a l  amounts o f 

a l l  f o u r .  F o r  p u rp o se s  o f  i d e n t i f i c a t i o n ,  a p o l y v a l e n t  

a n t i s e ru m  was p re p a re d  from  a l l  f i v e  s t r a i n s ,  and i t  was 

hoped t h a t  t h i s  would e n a b le  a l l  o rgan ism s o f  th e  F le x n e r  

" sp e c t ru m ” to  be r e c o g n i s e d  w i th  c e r t a i n t y .  T his hope 

d id  n o t  m a t e r i a l i s e .  E x p e r ie n c e  in  I n d ia  r e v e a l e d  t h a t  

ab o u t  30$ o f  a l l  s t r a i n s  h a v in g  th e  g e n e r a l  and b io c h e m ic a l  

c h a r a c t e r s  o f  th e  g roup f a i l e d  t o  r e a c t  w i th  t h i s  'p o ly v a 

l e n t 1 a n t i s e r u m .  For p u rp o se s  o f  d i a g n o s i s  t h e s e  i n a g -  

g l u t i n a b l e  s t r a i n s  were r e g a r d e d  as  a t y p i c a l  b u t  none th e  

l e s s  p a th o g e n ic  F le x n e r - g ro u p  b a c i l l i ,  b u t  t h i s  compromise 

had  many d i s a d v a n ta g e s ,  and f a i l e d  t o  c a r r y  c o n v i c t i o n  t o  

many who a t  t h a t  tim e s t i l l  b e l i e v e d  i n  th e  w id e sp re a d  

o c c u r re n c e  o f  amoebic d y s e n t e r y .



I d e n t i f i c a t i o n  of new ty p e s  o f  m a n n i to l - f e r m e n t in g  
d y s e n t e r y  b a c i l l i .

In  v iew  o f  t h i s  s t a t e  o f a f f a i r s ,  an  i n v e s t i g a t i o n  

was s t a r t e d  w hich  had as i t s  o b j e c t  the  d i f f e r e n t i a t i o n  by 

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

th e  c o n f i r m a t i o n ,  o r  o th e r w i s e ,  o f  t h e i r  p a th o g e n ic  a c t i o n .

A nnexures I  and I I  c o v e r  th e  I n i t i a l  p a r t  .of t h i s  

work. In  a l l ,  n in e  d i s t i n c t  s t r a i n s  were i d e n t i f i e d  

w hich  had th e  b io c h e m ic a l  c h a r a c t e r s  o f  t h e  F le x n e r  g roup  

b u t  c o u ld  be r e c o g n i s e d  a s  s e p a r a t e  e n t i t i e s  by v i r t u e  o f  

t h e i r  a n t i g e n i c  s t r u c t u r e .  These n in e  s t r a i n s  c o u ld  be 

d iv id e d  i n t o  two g ro u p s .  The f i r s t ,  c o n s i s t i n g  o f  t h r e e  

members, n o t  o n ly  re sem b led  A ndrew ss’ ty p e s  b i o c h e m ic a l ly ,  

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

w i th  them . T here  was no r e a s o n a b le  d o u b t  t h a t  t h e y  were 

members o f  t h i s  s e r i e s ,  and would have been  r e c o g n i s e d  as 

su ch  by Andrewes had t h e y  found  t h e i r  way i n t o  h i s  c o l l e c 

t i o n ,  w hich c o n ta in e d  on ly  one s t r a i n  em an a ting  from  I n d i a .  

The re m a in in g  s i x  s t r a i n s  f e l l  i n t o  a d i f f e r e n t  c a t e g o r y ,  

a s  th ey  had  no d e m o n s tra b le  a n t i g e n i c  r e l a t i o n s h i p  w i th  t h e  

F le x n e r  g ro u p . T h e i r  c la im s  t o  be c o n s id e r e d  p a th o g e n ic  

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

Annexure I I ,  i t  was c o n s id e r e d  t h a t  t h r e e  o f  them c o u ld  be 

i n c r i m i n a t e d .



D i s t r i b u t i o n  and R e l a t i v e  F req u en cy  o f  th e  New T y p e s .

S h o r t l y  a f t e r  t h i s  f i r s t  ph ase  o f  t h e  work was com

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

i n v e s t i g a t i o n  o f  th e  in c id e n c e  o f  th e  d i f f e r e n t  ty p e s  o f  

d y s e n t e r y  b a c i l l i ,  and i n  p a r t i c u l a r  o f  t h e s e  new ty p e s ,  

i n  g a r r i s o n s  i n  I n d i a .  The f i n d i n g s  o v e r  a p e r io d  o f  

a p p ro x im a te ly  t h r e e  y e a r s  a re  a n a ly s e d  i n  Annexure I I I .

They le a v e  no d o u b t  t h a t  t h e s e  o rg an ism s  a r e  d e f i n i t e  

e n t i t i e s  w hich have a w ide  d i s t r i b u t i o n  and a re  found  o n ly  

i n  a s s o c i a t i o n  w i th  c a s e s  h a v in g  t h e  c l i n i c a l  symptoms o f  

b a c i l l a r y  d y s e n te r y .

On a l a t e r  o c c a s io n  a n o th e r  s i m i l a r  o p p o r tu n i ty  

p r e s e n te d  i t s e l f ,  and w i th  th e  c o - o p e r a t i o n  o f  p a t h o l o g i s t s  

I n  M iddle E a s t  F o r c e ,  a r e c o r d  was k e p t  o f  a l l  d y s e n te r y  

o rgan ism s i s o l a t e d  be tw een  A ugust 1940 and June 1943 

(Annexure V I ) .  The number t o t a l l e d  2 3 ,9 5 1 .  A lth o u g h  

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

t i o n  o f  f i v e  o f  th e  l e s s  common o f  th e  new t y p e s ,  o n ly  800 

m a n n i to l - f e r m e n t in g  s t r a i n s  (3 .3 4 $  o f  a l l  d y s e n te r y  

b a c i l l i  i s o l a t e d )  we^e u n i d e n t i f i e d  by th e  f i e l d  l a b o r a 

t o r i e s .  A c r o s s - s e c t i o n  of 109 o f  t h e s e  was i n v e s t i g a t e d  

by the  a u t h o r .  55 were fo u n d  to  be o f  the  f i v e  r a r e r  

ty p e s  m en tioned  abo ve . A new F le x n e r  ty p e ,  o f  w hich  t h e r e  

were 6 s t r a i n s ,  was fo u n d .  The m a j o r i t y  o f  th e  re m a in d e r



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

I t  i s  of i n t e r e s t  t o  n o te  t h a t  i n  th e  w o r ld -w id e  

i n v e s t i g a t i o n s  c a r r i e d  o u t  by B r i t i s h  and Am erican

b a c t e r i o l o g i s t s  d u r in g  t h e  1939-45 w a r ,  g e n e r a l  c o n f i r m s -
\

t i o n  was o b ta in e d  of the"  o c c u r re n c e  and p a th o g e n ic  a c t i o n  

o f  th e s e  new t y p e s ,  and a l l  n in e  f i r s t  fo u n d  i n  I n d ia  a re  

a c c e p te d  as  t r u e  d y s e n te r y  b a c i l l i .  On th e  o t h e r  han d , 

new? d i s c o v e r i e s  were few . Two F le x n e r  ty p e s  (one from  

M iddle  E a s t  a s  m en tio ned  above) have been  d e s c r i b e d  by 

F r a n c i s  (1 9 4 6 ) .  Only a few s t r a i n s  o f  each  have been  

i s o l a t e d .  One o th e r  ty p e  h a v in g  no a n t i g e n i c  a f f i n i t y  t o  

Andrewes* s t r a i n s ,  w hich  h a s  b e en  p r o v i s i o n a l l y  named 

S h i g e l l a  e t o u s a , h a s  been  fou nd  i n  c o n s i d e r a b le  num bers . 

(Ewing, 1946, H e l l e r  and W ilson , 1946, L av in g to n  e t  a l , 

194 6 ) .

A n t ig e n ic  s t r u c t u r e  of th e  m a n n i to l - f e r m e n t in g  d?rsen te ry  
b a c i l l i .

In  th e  c o u r s e  o f  t h e s e  i n v e s t i g a t i o n s  a p r e v i o u s ly  

u n d e s c r ib e d  form  of v a r i a t i o n  was o b se rv e d  i n  one of th e  

new F le x n e r  t y p e s .  When f i r s t  i s o l a t e d  from  a d y s e n t e r i c  

s t o o l  t h i s  o rg an ism  shows v e ry  r e s t r i c t e d  c r o s s - a g g l u t i n a 

t i o n  w i t h  t h e  a n t i s e r a  o f  A ndrew es’ t y p e s .  A f t e r  some 

tim e i n  a r t i f i c i a l  c u l t u r e ,  I t  th row s o f f  v a r i a n t s  w hich  

a r e  clumped to  a h ig h  t i t r e  w i th  t h e s e  same a n t i s e r a .



A b s o r p t io n  t e s t s  showed t h a t  th e  v a r i a n t  d i f f e r e d  from  th e  

p a r e n t  s t r a i n  on ly  i n  h a v in g  l o s t  i t s  t y p e - s p e c i f i c  a n t i g e n  

W ith th e  l o s s  o f t h e  s p e c i f i c  a n t i g e n  th e  g ro up  a n t i g e n  had  

become ’’u n c o v e re d ” and was s u s c e p t i b l e  t o  t h e  a c t i o n  o f  

g rou p  a g g l u t i n i n s .  A s e r i e s  o f  e x p e r im e n ts ,  d e t a i l e d  In  

Annexure IV r e v e a l e d  th e  f a c t  t h a t  t h i s  g ro up  a n t i g e n ,  

which i s  o f  some c o m p le x i ty ,  i s  p r e s e n t  i n  a l l  t h e  Andrewes 

ty p e s  i n  v a ry in g  d e g re e s .  I t  a l s o  became a p p a r e n t  t h a t  

A n drew es1 Y s t r a i n  i s  i t s e l f  a v a r i a n t ,  p ro b a b ly  o f  W, and 

i s  n o t  a s p e c i f i c  t y p e .  S i m i l a r l y  th e  e x i s t i n g  ty p e  

s t r a i n s  o f  X a r e  a p p a r e n t l y  v a r i a n t s  o f  Z, th o u g h  t h i s  

p o i n t  i s  l e s s  c e r t a i n ,  a s  no r e c e n t l y  i s o l a t e d  s t r a i n s  o f  

X were a v a i l a b l e .  By s u i t a b l e  a b s o r p t io n  w i t h  g roup  

v a r i a n t s ,  m o n o sp e c i f ic  a n t i s e r a  f o r  V, W, Z, and th e  t h r e e  

r e l a t e d  new ty p e s  were p re p a re d  w i th  d i f f i c u l t y .

These f i n d i n g s  n e c e s s i t a t e  a fu n d a m e n ta l  r e v i s i o n  o f  

A ndrew es1 c o n c e p t io n  o f  th e  a n t i g e n i c  s t r u c t u r e  o f  th e  

F l e x n e r  g ro u p . I n s t e a d  of b e in g  made up o f  a p redom inan t 

q u a n t i t y  o f  one s p e c i f i c  a n t i g e n  and m inor q u a n t i t i e s  o f 

th e  o th e r  s p e c i f i c  a n t i g e n s ,  each  in  f a c t  c o n ta in s  one 

s p e c i f i c  a n t ig e n  and  a background  o f  n o n - s p e c i f i c  o r  g roup  

a n t i g e n  w hich  v a r i e s  b o th  i n  q u a n t i t y  and q u a l i t y ,  and i s  

common to  a l l  members of th e  g ro u p .

An i n t e r e s t i n g  s i d e - i s s u e  was th e  c o r r e l a t i o n  o f  th e  

I n d ia n  Type 88 w i th  th e  N ew cas tle  b a c i l l u s  o f  C la y to n  and



W arren (1929) and t h e  M an ch es te r  b a c i l l u s  o f  Downie, Wade 

and  Young (1 9 3 3 ) .  A lth o u g h  t h e s e  o rg an ism s  have  d i v e r s e  

b io c h e m ic a l  r e a c t i o n s ,  t h e i r  a n t i g e n i c  p a t t e r n ,  b o th  

s p e c i f i c  and g ro u p , i s  i d e n t i c a l ,  and i t  seems i n d i s p u t a o l e  

t h a t  th e y  sh o u ld  be r e g a r d e d  as  b io c h e m ic a l  v a r i a n t s  o f  

one t y p e .

A ndrew es’ VZ ty p e  h a s  been  shown to  be a V s t r a i n  i n  

w hich  th e  g rou p  a n t i g e n  i s  r i c h  i n  th e  component: n o rm a l ly  

p r e s e n t  i n  l a r g e  q u a n t i t y  i n  Z. I t  h a s  no s p e c i f i c  Z 

a n t i g e n .  H is WX s t r a i n  h a s  n o t  b e en  e n c o u n te r e d ,  b u t  i s  

p resu m ab ly  to  be e x p la in e d  i n  th e  same way.

C l a s s i f i c a t i o n  of th e  m a n n i to l - f e r m e n t in g  d y s e n te r y  
b a c i l l i .

I t  i s  c o n s id e r e d  t h a t  p o s s e s s io n  o f  g roup  a n t i g e n  i s  

a m ajo r  ty p e  c h a r a c t e r ,  and w a r r a n t s  s p l i t t i n g  th e  m a n n i to l -  

f e r m e n t in g  d y s e n te r y  b a c i l l i  i n t o  two g ro u p s .  I t  i s  

t h e r e f o r e  p ropo sed  (A nnexures IV and V) t h a t  a l l  t y p e s  w i th  

s p e c i f i c  and g roup  a n t i g e n s  sh o u ld  be c l a s s i f i e d  t o g e t h e r  

u n d e r  th e  name of F l e x n e r ,  and t h a t  A ndrew es ' a l p h a b e t i c a l  

d e s i g n a t io n s  sh o u ld  be r e p l a c e d  by n u m e ra ls .  Under t h i s  

scheme t h e r e  a r e  now e i g h t  ty p e s  -  F l e x n e r  I  t o  V I I I .

The second g ro u p , to  w hich  th e  w r i t e r ’ s name h as  been  

a t t a c h e d ,  em braces th o s e  s t r a i n s  w hich have a t y p e - s p e c i f i c  

a n t i g e n ,  b u t  no g roup  a n t i g e n .  I t  c o n ta in s  th e  s i x



9 .

I n d ia n  t y p e s ,  and i t  a p p e a rs  l o g i c a l  t h a t  "S h i g e l l a  

e t o u s a " sh o u ld  he added a s  a s e v e n th .

T h is  c l a s s i f i c a t i o n  i s  u se d  by th e  M ed ica l  R e se a rc h  

C o u n c il  "D y se n te ry  R e fe re n c e  L a b o r a to r y " ,  and a l s o  f o r  

naming th e  a n t i s e r a  i s s u e d  by th e  M.R.C. S ta n d a r d s  

L a b o ra to ry .  .
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A N N E X U R E  I .

SOME INVESTIGATIONS INTO SO-CALLED f,NON-
. AGGLUTINABLE*1 DYSENTERY BACILLI.

J o u r n a l  o f  t h e  R oyal Army M ed ica l C o rp s , 1931,
Volume LVII, pp. 161 t o  1 8 6 .

In  th e  r o u t i n e  e x a m in a t io n  o f  s t o o l s  from  c a s e s  o f  

b a c i l l a r y  d y s e n te r y  (a  d i s e a s e  w hich  can r e a d i l y  be d i a g 

nosed  from  t h e  c l i n i c a l  f e a t u r e s  o f th e  c a se  combined 

w i th  th e  m ic ro s c o p ic  e x a m in a t io n  o f  th e  mucus e x u d a t e ) ,  

i t  i s  a common e x p e r ie n c e  to  i s o l a t e  o rgan ism s w h ich , i n  

t h e i r  m o rp h o lo g ic a l ,  c u l t u r a l  and  b io c h e m ic a l  c h a r a c t e r s  

a r e  i d e n t i c a l  w i th  the c l a s s i c a l  s t r a i n s  o f d y s e n te r y  

b a c i l l i ,  b u t  w hich  a re  n o t  a g g l u t i n a t e d  by t h e  a p p r o p r i a t e  

h ig h  t i t r e  s e r a .  A ltho ugh  i t  i s  th e  p r a c t i c e  i n  t h e  Army 

i n  I n d ia  t o  r e t u r n  t h e s e  as  " d y s e n te r y  b a c i l l i ,  n o n -a g g lu -  

t i n a b l e " , th e  compromise h a s  s e v e r a l  u n d e s i r a b l e  f e a t u r e s ,  

,and th e  p r e s e n t  i n v e s t i g a t i o n  i s  an a t t e m p t  to  c l a s s i f y  

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

CLASSIFICATION OF DYSENTERY BACILLI,

To d e f in e  th e  e x a c t  scope  o f  t h i s  e n q u i r y ,  a b r i e f  

d e s c r i p t i v e  c l a s s i f i c a t i o n  o f  d y s e n te r y  b a c i l l i  may be 

g iv e n .



( a )  M o rp h o lo g ic a l  C h a r a c t e r s . D y s e n te ry  b a c i l l i  

a r e  a l l  n o n - m o t i l e ,  n o n - s p o r in g ,  n o n - c a p s u l a t e ,  Gram- 

n e g a t iv e  b a c i l l i . x  They c a n  be grown on a l l  o r d i n a r y  

m ed ia , and a re  r e a d i l y  m a in ta in e d  i n  a r t i f i c i a l  c u l t u r e  

o v e r  p ro lo n g e d  p e r i o d s .

(b) B io c h e m ic a l  C h a r a c t e r s . A c o m p a ra t iv e ly  com pre

h e n s iv e  c l a s s i f i c a t i o n  can  be e f f e c t e d  by means o f  t h e i r  

b io c h e m ic a l  r e a c t i o n s ,  p a r t i c u l a r l y  th e  f e r m e n ta t i o n  o f  

c e r t a i n  c a r b o h y d r a te s  and th e  p r o d u c t io n  o f  in d o l  from  

p e p to n e .

L a c to s e . A l l  d y s e n te r y  b a c i l l i  a r e  a l i k e  i n  f a i l i n g  

to  f e rm e n t  l a c t o s e  i n  th e  e a r l y  days o f  t h e i r  c u l t u r e ,  

a l th o u g h  one g ro up  i s  fo un d  t o  p roduce  a c id  a f t e r  some days 

o f  i n c u b a t i o n .

G lu c o s e . A l l  fe rm e n t  g lu c o s e ,  w i th  a c id  p r o d u c t io n .

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

th e  two c h i e f  g ro u p s .  The " F le x n e r"  and "Sonne" g rou ps  

p roduce  a c i d ,  w h i le  B. d y s e n t e r i e s  S h ig a  and B. d y s e n t e r i a e  

S chm itz  do n o t .

D u l c i t e . A cco rd in g  t o  th e  c l a s s i f i c a t i o n  now i n  vogue , 

d y s e n te r y  b a c i l l i  do n o t  fe rm e n t  d u l c i t e .  I t  w i l l  be fo u n d , 

how ever, t h a t  one o f  t h e  o rgan ism s a b o u t  to  be d e s c r i b e d  i s  

a l a t e  d u l c i t e  f e r m e n te r .

x B» m organ, w h ich  i s  m o t i l e ,  i s  n o t  c o n s id e r e d  t o  be a 
cau se  o f  t r o p i c a l  b a c i l l a r y  d y s e n te r y .



M a l to s e . The a c t i o n  on m a l to s e  i s  so  u n c e r t a i n  as  to  

he v a l u e l e s s .  In  t h i s  i n v e s t i g a t i o n  i t  was t r i e d  o u t  i n  a 

l a r g e  number o f  c a s e s  and found  o f  no h e l p .

S a c c h a r o s e . D i f f e r e n c e s  o f  o p in io n  e x i s t  a s  to  th e  

a c t i o n  o f  F le x n e r  b a c i l l i  on s a c c h a r o s e .  The m ost c a r e 

f u l l y  r e c o rd e d  r e s u l t s  a re  th o s e  o f  G e tting s"^ . Of 285 

s t r a i n s  t e s t e d ,  one gave a c i d ,  a n o th e r  s l i g h t  a c i d ,  and th e  

re m a in d e r  p roduced  no change i n  s a c c h a r o s e .  The w r i t e r  

has  had s i m i l a r  p o s i t i v e  r e s u l t s  i n  r a r e  c a s e s ,  u s u a l l y  

o c c u r r in g  i n  th e  t h i r d  week o f  i n c u b a t i o n .  Whenever su ch  

r e s u l t s  o c c u r r e d ,  f r e s h  i n o c u l a t i o n s  i n  s a c c h a r o s e  have  been  

p u t  u p .  On no o c c a s io n  was th e  r e s u l t  c o n f i rm e d .  I t  has  

been  c o n c lu d e d ,  t h e r e f o r e ,  t h a t  th e  f i r s t  r e s u l t  was d u e , 

m ost p ro b a b ly ,  to  some c o n ta m in a t io n  e i t h e r  c h em ic a l  o r  

b a c t e r i a l .  I t  i s  b e l i e v e d  t h a t  im p u r i ty  o f  th e  r e a g e n t  

a c c o u n ts  f o r  th e  m a j o r i t y  o f  anomalous r e s u l t s .  Non

f e r m e n ta t i o n  o f  s a c c h a ro s e  i3  t h e r e f o r e  r e g a rd e d  as  an  

e s s e n t i a l  c h a r a c t e r i s t i c  o f  t r u e  F le x n e r  b a c i l l i .

Of t h e  b a c i l l i  w hich  p rod uce  a c id  i n  g lu c o s e  and 

m a n n i te ,  a c e r t a i n  number w i l l  be found t o  p roduce  a c i d  i n  

s a c c h a r o s e ,  g e n e r a l l y  a f t e r  a few days I n c u b a t io n .  The 

m a jo r i t y  o f  t h e s e  o rgan ism s w i l l  a l s o  be fo u n d  t o  be l a t e ,  

f e r m e n te r s  o f  l a c t o s e .  T h is  i s  re g a rd e d  as  a d e f i n i t e



g ro u p ,  a member o f  w hich  i s  B. d y s e n t e r i a o  Sonne. There  

a r e ,  how ever, many o t h e r s  w hich  a re  s e r o l o g i c a l l y  d i s t i n c t  

from  Sonne. These a r e  commonly e n c o u n te re d  i n  s t o o l s  from  

n o n - d y s e n te r i c  c a s e s ,  and i t  i s  d o u b t f u l  i f  t h e y  have  any 

p a th o g e n ic  a c t i o n .  T h e i r  im p o rtan ce  from  th e  p o in t  o f  

view o f  th e  p r e s e n t  i n v e s t i g a t i o n  l i e s  i n  t h e  f a c t  t h a t  

th e y  co m p rise  a c o n s i d e r a b l e  p r o p o r t i o n  o f  th e  s t r a i n s  

l o o s e l y  l a b e l l e d  " n o n - a g g lu t in a b l e  F l e x n e r " ,  s im p ly  b e ca u se  

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

lo n g  tim e t o  d e t e c t  th e  f e r m e n ta t i o n .

There re m a in s  th e  l a r g e  and im p o r ta n t  g roup  o f  m ann ite  

f e r m e n t in g ,  n o n - s a c c h a ro s e  f e r m e n t in g  o rg a n ism s ,  w hich  

i n c l u d e s  th o s e  named B. d y s e n t e r i a a  F l e x n e r .  They a re  i n  

I n d ia  t h e  m ost common cause  o f  b a c i l l a r y  d y s e n te r y .  I t  i s  

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

a g g l u t i n a t i o n  i s  e n c o u n te re d ,  and i t  i s  w i th  t h e s e  n o n -a g g lu  

t i n a b l e  s t r a i n s  t h a t  t h i s  work i s . c o n c e rn e d .

Table  I  g iv e s  th e  above c l a s s i f i c a t i o n  i n  g r a p h ic  fo rm .



TABLE I .

Non- or la t e  la c to s e  ferm enting co liform  'b a c i l l i ,  
i

j — --------------------------------------------------------------------------------------------------------- !

M otile  or g a s- N on-m otile, a c id
producing in  w ithout gas in  g lu cose
g lu co se . |
Enterica., f ----------------------------------------------f
sa lm on ella , &.c. Mannite f e r -  Non-mannite ferm enting

menting B. d y sen ter iee  Shiga,
! B. d ysen teriae  Schm itz,
» Ac.

Saccharose a c id  Sacch arose'n ot a c id
B. d ysen ten a e  Sonne. j
B. d isp a r . 1
B. m etadysentery, &c.   '____________

B. dysen terjae F lexner Organisms w ith  th ese  sugar
r ea c tio n s , but n o t a g g lu tin a ted  
w ith  F lexner serum

PREVIOUS SEROLOGICAL CLASSIFICATION OP DYSENTERY BACILLI. 

The problem  of n o n - a g g l u t in a b l e  F le x n e r s  i s  no new one. 

D u rin g  th e  war t h e y  w ere c o n s t a n t l y  b e in g  e n c o u n te re d ,  and 

much d i v e r s i t y  o f  o p in io n  e x i s t e d  as to  th e  v a l i d i t y  o f
2v a r io u s  s t r a i n s .  To c l a r i f y  m a t t e r s ,  S i r  P .  Andrewes, 

u n d e r  th e  a u s p ic e s  o f  th e  M edica l R e se a rc h  C o u n c i l ,  c o l l e c t 

ed a s e r i e s  of c u l t u r e s  w hich  he made r e p r e s e n t a t i v e  a s  f a r  

a s  p o s s i b l e ,  and p roceeded  t o  e l a b o r a t e  th e  now a c c e p te d  

c l a s s i f i c a t i o n  o f  V, W, X, Y, Z, VZ and WX.

In  p a s s in g ,  i t  m igh t be o f  v a lu e  t o  s t a t e  o n e ’ s 

e x p e r ie n c e  i n  ty p in g  a l l  s t r a i n s  o f F le x n e r  w hich  have  come 

t o  hand i n  th e  c o u rs e  o f  two y e a r s .  A l l  A ndrew es’ ty p e s



have  been  e n c o u n te re d  from  tim e  to  t im e .  In  a d d i t i o n  t o  

t h e s e  r e c o g n iz e d  t y p e s ,  s t r a i n s  embodying a lm o s t  e v e ry  

p o s s i b l e  v a r i a t i o n  o f  a n t i g e n i c  complex have  a l s o  been  

e n c o u n te r e d .  From th e  s t a te m e n t s  i n  a r e c e n t  a r t i c l e  i n  

th e  ” J o u r n a l  o f  t h e  Royal Army M ed ica l  C o rp s” one i s  

r a t h e r  l e d  to  t h i n k  t h a t  t h e r e  need n e v e r  be any d i f f i c u l t y  

i n  p l a c in g  an  o rgan ism  i n  one or o t h e r  o f  th e  above t y p e s .  

T h is  i s  d e f i n i t e l y  n o t  t h e  w r i t e r ’s e x p e r i e n c e ,  n o r  h a s  i t  

b een  t h a t  of s e v e r a l  o t h e r s  who have w r i t t e n  on th e  s u b j e c t  

4 and 6^ on]_y d0 v a r i a t i o n s  o c cu r  from  c a se  t o  c a s e ,

b u t  i f  s e v e r a l  c o lo n i e s  be p ic k e d  o f f  th e  same p l a t e ,  and 

c a r e f u l l y  p u t  up a g a i n s t  i d e n t i c a l  s e r a ,  re m a rk a b le  v a r i a 

t i o n s  i n  a n t i g e n i c  s t r u c t u r e  w i l l  som etim es be r e v e a l e d .  

From th e  p r a c t i c a l  p o i n t  o f  vi®w, t h i s  i s  o f  no im p o r ta n c e .  

A good p o ly v a l e n t  serum  w i l l  b r i n g  them a l l  down, and t h e r e  

need  n e v e r  be any d o u b t a b o u t  an o rg an ism  w hich  s a t i s f i e s  

t h i s  t e s t .  I t  can  be p la c e d  d e f i n i t e l y  i n  th e  F l e x n e r  

g ro u p .

I t  must be n o te d  t h a t  o f  th e  s t r a i n s  u se d  by Andrewes 

in  h i s  i n v e s t i g a t i o n s ,  on ly  one came from  I n d i a .  Now i n  

1929, i n  th e  m i l i t a r y  l a b o r a t o r i e s  o f  I n d i a ,  894 o rgan ism s 

g iv in g  F le x n e r  b io c h e m ic a l  r e a c t i o n s  were i s o l a t e d  from  

c a s e s  o f  c l i n i c a l  d y s e n t e r y .  Of t h e s e ,  282, o r  3 1 ,5  p e r  

c e n t ,  d id  n o t  a g g l u t i n a t e  w ith  s t a n d a r d  serum . I t  seems



o n ly  r e a s o n a b le  t o  assum e, t h e r e f o r e ,  t h a t  th e  s e r i e s  from  

w hich  Andrewes* c l a s s i f i c a t i o n  was b u i l t  up was n o t  

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

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

d y s e n t e r y .

In  o rd e r  to  s e l e c t  th o s e  most l i k e l y  t o  re p a y  f u r t h e r  

i n v e s t i g a t i o n ,  a d v a n ta g e  has  been  t a k e n  o f  th e  w ell-know n  

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

o f  c a s e s  f o l lo w s  a v e ry  d e f i n i t e  c o u r s e .  I f  a p e r f e c t l y  

f r e s h  p i e c e  o f  mucus from  an  e a r l y  c a se  be p l a t e d ,  numerous 

c o lo n i e s  o f  th e  p a th o g e n ic  ty p e  w i l l  be e n c o u n te re d .  As 

th e  c a se  p r o g r e s s e s ,  and m acrophages come to  r e p l a c e  the  

polym orphs i n  th e  mucus e x u d a te ,  th e  o rgan ism  i s  th e n  much 

more d i f f i c u l t  to  r e c o v e r .  F i n a l l y ,  when on c a r e f u l  

e x a m in a t io n  of th e  s t o o l  o f  th e  c o n v a le s c e n t  no mucus can  be 

fo u n d ,  i t  w i l l  be se en  on c u l t u r e  t h a t  th e  o rgan ism  h a s  a l s o  

d i s a p p e a r e d .

Where an o rgan ism , b io c h e m ic a l ly  F le x n e r  b u t  n o n -a g g lu -  

t i n a b l e ,  p r e s e n t e d  such  an in c id e n c e  i n  t h e  c o u rs e  o f  a c ase  

o f  b a c i l l a r y  d y s e n te r y ,  th e  s t r a i n  was earm arked  f o r  f u r t h e r  

i n v e s t i g a t i o n .

S i m i l a r l y ,  th e  a g g l u t i n a t i n g  powers o f  t h e s e  o rgan ism s 

w ere t e s t e d  a g a i n s t  v e ry  h ig h  t i t r e  F le x n e r  s e r a ,  so  t h a t  a



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

c o u ld  he d e t e c t e d .  Such h e te r o lo g o u s  a g g l u t i n a t i o n  was 

e n c o u n te re d  i n  c e r t a i n  s t r a i n s ,  and t h e s e  w ere  a l s o  r e g a r d e d  

w i th  s u s p i c i o n .

Homologous s e r a  w ere  p r e p a r e d  f o r  c e r t a i n  s t r a i n s  

s e l e c t e d  i n  t h e s e  w ays, c r o s s - a g g l u t i n a t i o n  and a b s o r p t io n  

t e s t s  were p e rfo rm e d ,  and by th e s e  means d e f i n i t e  ty p e s  

were i d e n t i f i e d  and r e n d e re d  i d e n t i f i a b l e .

I n  o rd e r  t o  a l lo w  o t h e r s  t o  t e s t  th e  v a l i d i t y  o f  th e s e  

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

p ream b le  t h r e e  s t r a i n s  d e te rm in e d  i n  t h i s  way w hich  embrace 

th e  m a j o r i t y  o f  n o n - a g g l u t in a b l e s  o c c u r r in g  i n  S o u th e rn  

I n d i a .

Each o f  th e s e  s t r a i n s  w i l l  be g iv e n  i t s  l a b o r a t o r y  

in d ex  number.

W hile t h e s e  o rg an ism s were b e in g  c o l l e c t e d  and 

i n v e s t i g a t e d  from  c a s e s  o f  d y s e n t e r y ,  o th e r  work o f  a 

r o u t i n e  n a t u r e ,  w hich  c o n s t i t u t e s  a v e ry  i n t e r e s t i n g  and 

im p o r ta n t  c o n t r o l ,  has  been  c a r r i e d  o u t  i n  t h e  l a b o r a t o r y .

An e x t e n s i v e  e x a m in a t io n  of s o - c a l l e d  f o o d - h a n d ie r s  h a s  

been  i n  p r o g r e s s .  In  th e  c o u r s e  o f  two y e a r s  th e  w r i t e r  

has  examined j u s t  over 2 ,0 0 0  o f  t h e s e ,  w i th  a t o t a l  o f  

be tw een  5 ,000  and 6 ,000  p l a t i n g s  o f  f a e c e s .  In  th e



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

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

o rg an ism s  p r e s e n t .  The co o k s , w a t e r - c a r r i e r s ,  w a i t e r s ,  

b a k e r s ,  d a iry m en , e t c . ,  were c a u se d  t o  sw allow  a d ose  o f  

s a l t s  a t  an u n e a r t h l y  h o u r  i n  th e  m orn ing , t h e n  made to  

p a ra d e  and p roduce  a specim en a t  th e  l a b o r a t o r y ,  w hich  had 

a s p e c i a l  l a t r i n e  and pans f o r  t h e  p u rp o s e .  The s t o o l s  

were p l a t e d  w i t h i n  a  few m in u te s  o f  b e in g  p a s s e d ,  t h e  same 

medium b e in g  u se d  t h a t  was employed f o r  th e  i n v e s t i g a t i o n  

of th e  d y s e n t e r y  c a s e s .  On no s i n g l e  o c c a s io n  h a s  an  

88 (one  o f  th e  two s t r a i n s  a b o u t  t o  be d e s c r i b e d )  been  

r e c o v e re d  from  th e s e  i n d i v i d u a l s .

S t r a i n  No. 8 8 .

T h is  h a s  b e en  i s o l a t e d  a s  f o l lo w s :  B a n g a lo re ,  1929,

8 t im e s ;  B a n g a lo re ,  1930 and 1931, 8 t im e s ;  S ec u n d erab a d , 

1928, 1929, 5 t im e s  ( a  c o l l e c t i o n  of 35 s t r a i n s  from  t h i s  

l a b o r a t o r y  was k i n d ly  g iv e n  t o  me by M ajor W. W alk e r ) ;

Poona, 1931, once .

A l l  c a s e s  from  w hich  th e  o rgan ism  was r e c o v e r e d  

p r e s e n te d  symptoms o f  d y s e n t e r y .  C l i n i c a l l y ,  th e  ty p e  o f  

c a se  h a s  b e en  s i m i l a r  t o  th e  a v e ra g e  i n f e c t i o n  w i th  F l e x n e r .  

The f o l lo w in g  may be  ta k e n  as  a t y p i c a l  c a s e : -



L ie u te n a n t  MeK., I .M .S .

A p r i l  21 , 1930. The i l l n e s s  s t a r t e d  su d d e n ly  s h o r t l y  

b e f o r e  m id n ig h t ,  w i th  v i o l e n t  d i a r r h o e a  accom panied  by c o l i c  

and te n e sm u s .  The p a t i e n t  f e l t  d i s t i n c t l y  111, and foun d  

h i s  t e m p e ra tu re  t o  be 1 0 2 .3°F .

A p r i l  22 . Twenty s t o o l s  i n  th e  d a y .  Abcu t  th e  

t w e l f t h  s t o o l  b lo o d  and mucus a p p e a re d .  T h is  p e r s i s t e d  

f o r  a few s t o o l s ,  and t h e n  g r a d u a l l y  d i s a p p e a r e d .  I t  

sh o u ld  be n o te d ,  how ever, t h a t  t h e  p a t i e n t  made what p roved  

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

i t s  o n s e t  and s t a r t e d  v ig o ro u s  s a l i n e  t r e a t m e n t .  C o n s id e r a 

b le  c o l i c  and tenesm us p e r s i s t e d  th ro u g h o u t  t h e  d a y .  A 

specim en was b ro u g h t  t o  th e  l a b o r a t o r y  a b o u t  m idday, and was 

l e s s  th a n  f i v e  m in u te s  o ld  when r e c e i v e d  and p l a t e d .  The 

mucus showed a t y p i c a l  b a c i l l a r y  e x u d a t e . .  The p l a t e  gave 

an  a lm o s t  pu re  c u l t u r e  o f  88 .

A p r i l  23 . E ig h t  s t o o l s ,  w a te r y .  No v e ry  obv ious  

mucus ( r e p o r t  by p a t i e n t ’s w i f e ) .  S t i l l  on s a l i n e .  Morn

in g  te m p e ra tu re  9 9 .6 ° F . ,  e v en in g  te m p e ra tu re  99°F . No 

s t o o l s  d u r in g  n i g h t  o f  23rd  t o  2 4 th .

A p r i l  24. Two s t o o l s ,  w a te ry .  One s e n t  to  th e  

l a b o r a t o r y .  S l i g h t  f l a k e s  o f  mucus s t i l l  p r e s e n t .  

M ic r o s c o p ic a l ly  s t i l l -  c e l l u l a r .  O rganism  a g a in  r e c o v e re d



on c u l t u r e  (two c o l o n i e s  on th e  p l a t e ) .  T em pera tu re  no rm al 

Much more c o m f o r ta b le .

T h e r e a f t e r  th e  s t o o l s  became more s o l i d  ( s a l i n e  t r e a t -
*

ment b e in g  g r a d u a l ly  o m i t t e d ) ,  and th e  p a t i e n t  w ent on s i c k  

l e a v e ,  t e n  d ay s  from  th e  o n s e t ,  f e e l i n g  and lo o k in g  

d i s t i n c t l y  below n o rm al.

B io ch e m ic a l  r e a c t i o n s  o f  8 8 . L a c to s e ,  no ch an g e . 

G lu c o se ,  a c i d .  M an n ite ,  a c i d .  D u l c i t e  a c id  ( l a t e  and 

i n c o n s t a n t ) ;  50 p e r  c e n t  t h r e e  t o  f o u r  d ay s ;  33 p e r  c e n t  

tw e n ty - s e v e n  to  t w e n ty - e ig h t  d a y s ;  16 p e r  c e n t  unchanged 

a f t e r  s i x  w eeks. S a c c h a ro s e ,  no ch an g e . M ilk ,  a c id  a t  

f i r s t ,  n e u t r a l  f o u r  t o  sev en  days., a lk a l in e -  ( m a j o r i t y  v e ry  

f a i n t )  e le v e n  to  s i x t e e n  d a y s .  I n d o l ,  n e g a t i v e .

I t  w i l l  be n o te d  t h a t  a d i s t i n c t i v e  f a c t o r  e x i s t s ,  

nam ely , th e  f e r m e n ta t io n  o f  d u l c i t e  by a p p ro x im a te ly  f i v e -  

s i x t h s  o f th e  s t r a i n s .  T h is  p o i n t  w i l l  r e c e i v e  f u r t h e r  

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

S e r o l o g i c a l  R e a c t i o n s . (a )  In  r e l a t i o n  t o  h ig h  

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

T h is  s t r a i n  i s  a d i s t i n c t  and c o n s t a n t  s e r o l o g i c a l  

e n t i t y .  I t  i s  p r a c t i c a l l y  i n a g g l u t i n a b l e  w i th  V, W, X,

Y and Z s e r a ,  th e  s o le  e x c e p t io n  b e in g  W, w i t h  w hich some 

s t r a i n s  w i l l  a g g l u t i n a t e  up to  f i v e  p e r  c e n t  o f  t i t r e  o f  th e  

serum .
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The a g g l u t i n o g e n e t i c  p r o p e r t i e s  o f  t h e  o rg an ism  a re  

m o d e ra te ,  and a serum w i t h  a t i t r e  o f  from 1 ,0 0 0  t o  2 ,5 0 0  

c an  be p roduced  f a i r l y  e a s i l y .  A l l  s t r a i n s  a g g l u t i n a t e  

t o  t i t r e  w i th  su ch  a serum . An i n t e r e s t i n g  p o i n t  i s  t h a t  

t h i s  serum c o n ta in s ,  a f a i r  p r o p o r t io n  o f  h e te r o lo g o u s  

a g g l u t i n i n s  f o r  V, W, and Y. The accom panying h is to g r a m  

( f i g .  1 ) ,  showing th e  a g g l u t i n i n  c o n te n t  o f  a serum p r e 

pa red  from  8 8 , i l l u s t r a t e  t h i s  p o i n t  c l e a r l y .  S e ra  from  

o th e r  s t r a i n s  have  been  p r e p a r e d ,  and d i f f e r  from  t h i s  one 

o n ly  i n  showing m inor v a r i a t i o n s  i n  h e te r o lo g o u s  a g g l u t i n i n s  

(.b) In  r e l a t i o n  to  th e  serum o f c a s e s  o f d y s e n te r y .

The n e g a t iv e  ev id e n ce  may f i r s t  be s t a t e d .  In  t h i r t y -  

t h r e e  c a s e s  o f  i n f e c t i o n  w ith  " c l a s s i c a l 11 F le x n e r  b a c i l l i ,  

sam ples o f  serum ta k e n  a t  v a ry in g  s t a g e s  o f t h e  i l l n e s s  

(two from each  c a s e )  w ere  t e s t e d  a g a i n s t  an em u ls io n  o f  88 . 

Of t h e s e ,  t h i r t y - o n e  were c o m p le te ly  n e g a t i v e ,  and two 

showed s l i g h t  a g g l u t i n a t i o n  i n  a d i l u t i o n  of 1 i n  25.

C o n v e rse ly ,  w i th  one e x c e p t io n ,  a g g l u t i n i n s  f o r  88 have 

been  found  i n  a l l  c a s e s  o f  i n f e c t i o n  w i th  t h i s  s t r a i n ,  w hich  

i t  h a s  been  p o s s ib l e  t o  t e s t .



The f o l l o w in g  T a b le s  ( l l ,  I I I ,  IV and V) show th e  

a g g l u t i n a t i o n  and a b s o r p t i o n  r e s u l t s  i n  f o u r  c a s e s . '  They 

a re  s e l f - e x p l a n a t o r y ,  and f u r n i s h  c o n s i d e r a b le  e v id e n c e  o f  

t h e  p a t h o g e n i c i t y  o f  th e  s t r a i n : -

TABLE I I .

L ieutenant McK.. (ca se  d escr ib ed  above).

V W X Y z 88 Horn.

Serum (7 th  day) . . . 25 125 50 25 —

Serum (ab s. horn.) . . . - - — — — —

TABLE I I I .
Sergeant B.

V W X Y Z 88 Horn. Sh.

P a t ie n t 's serum, 8 th  day 25 10 — 35 - 30 40 -

15 th  day 20 - - 35 - — 25 —

TABLE IV.
P r iv a te  H.

V
*~

¥
---------

X Y Z 88 Horn. Sh.

P a t ie n t ’ s serum,
11th  day ................... 25 35 25 25 175
17th day ................... 50 100 - 25 - 250 25 -

" (abd. ¥ . ) - - - - - 250 - -

" (ab s. ham.) — —



P r iv a te  R.
TABLE V.

V W X Y Z 88 Horn. Sh.

P atien t*  s  serum, 6 th  day . . . 50 250 - 25 - - - ■ -
15th  day . . . 50 150 - 25 15 250 - -

19th  day . . .  ................ 50 - - - - 250 - -
*' (abs. W) - - - - - 100 - -
*' (abs. 88) . . .

Abs. = absorbed. Sh. = Shiga. Horn. = -homologous. The em ulsion  
o f  1188" used in  th ese  t e s t s  was prepared in  the same way a s  standard  
a g g lu tin a b le  em ulsions o f the o th er dysen tery  organisms. The same 
batch  m s  used throughout, and fo r  the co n tr o l t e s t s  m entioned above.

R e l a t i o n s h i p  t o  B. a l k a l e s c e n s  (A nd rew es) . The f a c t

o f  t h e  o rgan ism  b e in g  a d u l c i t e  f e r m e n te r  im m e d ia te ly

r a i s e s  th e  q u e s t io n  of i t s  r e l a t i o n s h i p  t o  B. a lk a l e s c e n s
7(A ndrew es), which a l s o  p o s s e s s e s  t h i s  p r o p e r ty  .

T ab le  VI shows th e  b io c h e m ic a l  r e a c t i o n s  o f  t h e  two 

o rg a n ism s .

TABLE VI.

A lk a le s c e n s 88 ■

L ac to se •  •  • N i l  . . .  . . .  . . . N i l
G lucose •  •  • Acid . . .  . . .  . . . Acid
M annite •  •  • Ac i d  . . .  . . .  . . . A cid
D u lc i t e •  •  • Acid 24 to  48 h o u rs A cid  3 rd  t o  3 1 s t  

day , i f  a t  a l l
M ilk •  •  • A lk a l in e  3 rd  day Acid a t  f i r s t  

N e u t r a l  4 th  t o  
7 th  day 

A lk a l in e  ( f a i n t )  
1 1 th  t o  1 6 th  day

In d o l •  •  • P o s i t i v e  ................... N e g a tiv e



A s u b c u l tu r e  o f  B. a l k a l e s c e n s  (A ndrew es ' own s t r a i n )  

was o b ta in e d  from th e  N a t io n a l  C o l l e c t i o n  o f  Type C u l tu r e s  

a t  th e  L i s t e r  I n s t i t u t e .  I t  gave e x a c t l y  th e  b io c h e m ic a l ’ 

r e a c t i o n s  w hich  a r e  shown above , b u t ,  more im p o r t a n t  s t i l l ,  

i t  f a i l e d  c o m p le te ly  t o  a g g l u t i n a t e  w i t h  88 serum .

88 i s ,  t h e r e f o r e ,  an  e n t i r e l y  s e p a r a t e  s t r a i n  from  

a l k a l e s c e n s . I t  i s  t o  be r e c o g n iz e d  by th e  more d e la y e d  

f e r m e n ta t i o n  o f  d u l c i t e ,  by th e  absence  o f  marked a l k a l i  

f o r m a t io n  i n  m i lk  ( th e  f e a t u r e  w hich  g a in e d  f o r  a l k a l e s c e n s  

i t s  s p e c i f i c  nam e), by th e  a b sen ce  o f  in d o l  f o r m a t io n ,  and , 

most im p o r ta n t  o f  a l l ,  by i t s  d i f f e r e n t  a n t ig e n ic -  com plex-.

I t  may be s a i d ,  in  f u r t h e r  e v id e n c e ,  t h a t  t r u e  

a l k a l e s c e n s  o f  Andrewes ty p e  has  been  i s o l a t e d  h e re  on two 

o c c a s io n s  from th e  s t o o l s  o f  c a s e s  which p r e s e n te d  no 

symptoms o f  d y s e n te r y .

Summary and C o n c lu s io n s . 88 o c c u rs  i n  r e l a t i o n  t o  

c a s e s  o f  b a c i l l a r y  d y s e n te r y  i n  th e  same way a s  do t h e  

a c c e p te d  d y s e n te r y  b a c i l l i ,  i . e . ,  i t  can  r e a d i l y  be 

r e c o v e re d  i n  th e  e a r l y  s t a g e s ,  and r a p i d l y  d i s a p p e a r s  when 

c o n v a le s c e n c e  s e t s  i n .  I t  h a s  n e v e r  been  found  i n  c a s e s  

o f  b a c i l l a r y  d y s e n te r y  i n  c o n ju n c t io n  w i th  a c c e p te d  

F le x n e r  b a c i l l i .  I t  h a s  n e v e r  been  r e c o v e re d  i n  th e  

e x a m in a t io n  o f  over 2 ,0 0 0  n o n - d y s e n t e r i c  c a s e s .



2 6 .

In  i t s  p r i n c i p a l  b io c h e m ic a l  r e a c t i o n s  i t  r e s e m b le s  

th e  F le x n e r  b a c i l l u s .  I t  d i f f e r s  i n  b e in g  an  I n c o n s t a n t  

l a t e  d u l c i t e  f e r m e n te r .

S e r o l o g i c a l l y ,  i t  i s  a s h a r p ly  d e f in e d  e n t i t y .  W hile 

i t s e l f  u n a f f e c t e d  by F le x n e r  s e r a ,  w i th  th e  e x c e p t io n  o f  

s l i g h t  r e a c t i o n  to  W, i t  p ro d u ces  a serum showing a f a i r  

p r o p o r t i o n  o f  h e te r o lo g o u s  a g g l u t i n i n s  t o  V, W, and Y.

The s e r a  o f  p a t i e n t s  i n f e c t e d  w i t h  88 show, p a r t i c u l a r l y  

ab ou t th e  t h i r d  week, a p p r e c i a b l e  a g g l u t i n i n s  f o r  t h i s  

o rg an ism . Such a g g l u t i n i n s  a r e  l a c k in g  i n  s e r a  from  c a se s  

o f  i n f e c t i o n  w i t h  t h e  a c c e p te d  F l e x n e r s .

88 d i f f e r s  from  B. a l k a l e s c e n s  (Andrewes) i n  th e  

f o l lo w in g  p o i n t s

(a )  D u l c i t e  f e r m e n ta t i o n ,  i f  p r e s e n t ,  i s  much d e la y e d .

(b) There i s  no marked a l k a l i  f o r m a t io n  i n  m ilk .

(c )  In d o l  i s  n e v e r  form ed (a lw ays  i n  a l k a l e s c e n s  
a c c o rd in g  to  A ndrew es).

(d) The a n t i g e n i c  complex i s  q u i t e  d i f f e r e n t .

• S t r a i n  Ho. 1 0 5 .

T h is  s t r a i n  has  been e n c o u n te re d  As fo l lo w s

B a n g a lo re ,  1929, 5 t im e s ;  B a n g a lo re ,  1930 and 1931,

5 t im e s ;  S e c u n d e rab a d , 1928 and 1929, 3 t im e s ;  Poona, 

November, 1930 to  F e b ru a ry ,  1931, 4 t im e s ;  Mhow, 1931, 

one e .



27.

L ike  8 8 ,  i t  h a s  o n ly  been  i s o l a t e d  from  c a s e s  p r e s e n t i n g  

symptoms o f  b a c i l l a r y  d y s e n t e r y .  These symptoms have  b e en  

m ild  t o  m o d e ra te ly  s e v e r e ,  and r e q u i r e  no s p e c i a l  comment.

The o rgan ism  i n  i t s  in c id e n c e  p r e s e n t e d  th e  f e a t u r e s  

p r e v i o u s ly  d e t a i l e d .  I t  h a s  f r e q u e n t l y  been  i s o l a t e d  on 

s u c c e s s iv e  days from  th e  same c a s e .  One c a se  a f t e r  a 

f o r t n i g h t ' s  a p p a r e n t  c o n v a le s c e n c e ,  r e l a p s e d ,  d i a r r h o e a  w i th  

b lo o d  and mucus i n  th e  s t o o l s  r e a p p e a r i n g .  The o rg an ism , 

w hich  had  been  a b s e n t  on two o c c a s io n s  i n  norm al lo o k in g  

s t o o l s  i n  t h e  c o n v a le s c e n t  i n t e r v a l ,  was a g a in  r e c o v e r e d  i n  

c o n s id e r a b le  numbers from  th e  b lo o d  and mucus d u r in g  th e  

r e l a p s e .

No o t h e r  d y s e n te r y  o rgan ism s have b e en  found  i n  t h e s e  

c a s e s .  N e i th e r  has  103 e v e r  been  found  i n  th e  2 ,000  odd 

no rm al i n d i v i d u a l s  who c o n s t i t u t e  th e  c o n t r o l .

B io ch em ica l  R e a c t i o n s . L a c to s e ,  no change; g lu c o s e ,  

a c i d ;  m a n n i te ,  a c i d ;  d u l c i t e ,  no change; s a c c h a r o s e ,  no 

change; m i lk ,  a c i d ,  l a t e  n e u t r a l  o r  f a i n t  a l k a l i n e ;  i n d o l ,  

may o r  may n o t  be fo rm ed . 103 th u s  a g r e e s  e x a c t l y  i n  i t s  

b io c h e m ic a l  r e a c t i o n s  w i th  th e  c l a s s i c a l  F l e x n e r s .

S e r o l o g i c a l  R e a c t i o n s . (a )  In  r e l a t i o n  t o  h ig h  t i t r e

s e r a .



U sing  s e r a  w i th  a t i t r e  o f  1 i n  250, t h i s  o rg an ism  

w i l l  f r e q u e n t l y  show a g g l u t i n a t i o n  i n  1 i n  25 a g a i n s t  X and 

Y, more r a r e l y  a g a i n s t  V and W, b u t  so  f a r  n e v e r  a g a i n s t  Z. 

Q u i te  commonly, how ever, no su ch  a g g l u t i n a t i o n s  o c c u r .

The s l i g h t  d e g re e  o f  a g g l u t i n a t i o n  h a s ,  i n  f a c t ,  b een  found  

to  v a ry  from  day t o  day i n  a way t h a t  i s  d i f f i c u l t  t o  

e x p la in .

O c c a s io n a l ly  t r o u b l e  i s  e x p e r ie n c e d  th ro u g h  t h e  f a c t  

t h a t  im m e d ia te ly  on i s o l a t i o n  c e r t a i n  s t r a i n s  a re  somewhat 

g l u t i n o u s  and d i f f i c u l t  t o  e m u ls i f y .  T h is  p r o p e r ty  

u s u a l l y  d i s a p p e a r s  a f t e r  a few s u b c u l t u r e s .  The d i f f i c u l t y  

c a n  be overcome by e m u ls i f y in g  t h e  g row th  from  an a g a r  s lo p e  

w i th  t e n  p e r  c e n t  s a l i n e  and th en  a d d in g  t e n  t im e s  th e  b u lk  

o f  d i s t i l l e d  w a te r .  The c u l t u r e  w ashes o f f  i n t o  th e  s t r o n g  

s a l i n e  i n  heavy  f l a k e s ,  b u t  a s  soon as th e  d i s t i l l e d  w a te r  

i s  added th e s e  f l a k e s  d i s p e r s e  i n  a re m a rk a b le  f a s h i o n  and 

a p e r f e c t  e m u ls io n  r e s u l t s .  E m ulsions som etim es show a 

s l i g h t  a u t o - a g g l u t i n a t i o n  on s t a n d in g ;  f o r  exam ple , a 

l i t t l e  w h i te  c u rd  can  u s u a l l y  be s t i r r e d  up from th e  bo ttom  

o f  t h e  c o n t r o l  tu b e  i n  an a g g l u t i n a t i o n  t e s t  when i t  h a s  

been  l e f t  to  s t a n d  o v e r n ig h t .

The p r o p e r t i e s  o f t h e  homologous serum w i l l  be more 

c o n v e n ie n t ly  d e s c r ib e d  a t  a l a t e r  p o i n t .



(b )  I n . r e l a t i o n  to  th e  p a t i e n t ' s  serum .

T h is  p a r t ,  of t h e  i n v e s t i g a t i o n  h a s  up  t o  d a te  b een  

u n s a t i s f a c t o r y .  For a v a r i e t y  o f  r e a s o n s  i t  h a s  been  

p o s s i b l e  t o  t e s t  t h e  serum o f o n ly  t h r e e  c a s e s .  None have  

shown any a g g l u t i n i n s  f o r  103 as i s o l a t e d ;  somewhat 

s i g n i f i c a n t  r e s u l t s  w e re ,  how ever, g o t  i n  one c a se  ( s e e  

T ab le  V I I I ) . I t  w i l l  be n o te d  t h a t  a r i s e  of a g g l u t i n i n s  

f o r  V and W o c c u r r e d ,  and t h a t  a l l  a g g l u t i n i n s  w ere removed 

by a b s o r p t i o n  w i t h  103.

Developm ent o f  an A g g lu t ln a b le  V a r i a n t . By f a r  th e  

most i n t e r e s t i n g  c h a r a c t e r  o f  t h i s  o rgan ism  rem a in s  t o  be 

d e t a i l e d -
8V a rio u s  w o rk e rs  have from  tim e to  t im e  d e s c r ib e d  th e  

o c c u r re n c e  o f  a F le x n e r  b a c i l l u s ,  n o n - a g g l u t in a b l e  when 

i s o l a t e d ,  which a f t e r  a p e r io d  o f  c u l t u r e  on a r t i f i c i a l  

m edia became a g g l u t i n a b l e  w i th  F le x n e r  s e r a .

S e v e ra l  e x p la n a t io n s  o f  t h i s  phenomenon have been  

o f f e r e d .  In  g e n e r a l  i t  seems t o  have b een  assumed t o  be 

a p r o p e r ty  a c q u i r e d  a t  random by one o r  o th e r  o f  th e  

c l a s s i c a l  s t r a i n s  w h ich , owing to  some u n e x p la in e d  c o n d i 

t i o n s  ( t h e  medium used  f o r  i s o l a t i o n  h as  f r e q u e n t l y  been  

b lam ed ) ,  l o s e s  th e  p r o p e r ty  o f  a g g l u t i n a t i o n ,  b u t  r e - a c q u i r e s  

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



O th e rs  s u g g e s t  t h a t  th e  a g g l u n t i n a b i l i t y  i s  

a s s o c i a t e d  w i t h  t h e  m u ta t io n  o f  "sm ooth” t o  " ro u g h ” . To 

make t h i s  c l e a r ,  i t  w i l l  be  n e c e s s a r y  t o  d e t a i l  b r i e f l y  th e  

c u r r e n t  d o c t r i n e s  r e g a r d i n g  t h i s  change i n  t h e  d y s e n te r y  

o rg a n is m s .

On i s o l a t i o n ,  a l l  members o f  th e  F le x n e r  g roup  a r e  

” sm ooth” (S). By sm oothness i s  m eant t h a t  c o lo n i e s  on a p l a t e  

o f  s o l i d  medium have  a r e g u l a r  o u t l i n e ,  a r e  d e v o id  o f  any 

g r a i n  o r  t e x t u r e ,  e m u ls i fy  r e a d i l y  i n  norm al s a l i n e  w i th o u t  

a u t o - a g g l u t i n a t i o n ,  and grow as  a g e n e r a l i z e d  t u r b i d i t y  i n  

b r o t h .  A f te r  s u b c u l tu r e  on a r t i f i c i a l  m edia over p e r io d s  

w hich v a ry  in  d i f f e r e n t  c a s e s , c e r t a i n  c o lo n i e s  o f  a d i f f e r e n t  

ty p e  a p p e a r  when th e  o rgan ism  i s  p l a t e d .  These a re .  

i r r e g u l a r  i n  o u t l i n e  and c o n to u r ,  have d i s t i n c t  g r a i n  o r  

t e x t u r e ,  a u t o - a g g l u t i n a t e  when e m u l s i f i e d  i n  norm al s a l i n e ,  

and grow i n  b r o t h  a s  a d e p o s i t .  Such c o lo n ie s  have  been  

te rm ed  " ro u g h ” (R ) . .

R c o lo n i e s  a r e  b e l i e v e d  to  r e p r e s e n t  a d e g e n e ra t io n  

on th e  p a r t  o f  th e  o rgan ism . T h is ,  when i t  h a s  ta k e n  p l a c e ,  

i s ,  as  f a r  as  i n  v i t r o  c u l t u r e  g o e s ,  to  a l l  i n t e n t s  

i r r e v e r s i b l e ,  i i e . ,  rough  v a r i a n t s ,  once i s o l a t e d ,  b re e d  

t r u e  i n d e f i n i t e l y .  From the. S form b o th  S and R c o lo n ie s  

may be p rodu ced .



As a r u l e ,  th e  two t y p e s ,  when g row ing  s id e  by  s id e  

on a  p l a t e ,  show an a p p r e c i a b l e  d i f f e r e n c e  i n  s i z e ,  R 

t e n d in g  t o  be from  two t o  t h r e e  t im e s  th e  s i z e  o f  S .

The e s s e n t i a l  d i f f e r e n c e  be tw een  S and R, how ever, l i e s  

n o t  so much i n  t h e i r  p h y s i c a l  c h a r a c t e r s  as  In  a n t i g e n i c  

c o m p o s i t io n .  W hereas smooth V, W, X, Y and Z can be 

d i f f e r e n t i a t e d  by an a g g l u t i n a t i o n  t e s t  u s in g  m o n o sp e c i f ic  

s e r a ,  roug h  V, W, X, Y and Z c a n n o t  be  s e p a r a t e d .  They 

a r e ,  i n  f a c t ,  i d e n t i c a l .  A serum p r e p a re d  f o r  rou gh  Z w i l l  

a g g l u t i n a t e  rough  V, W, X and Y to  th e  same d e g re e  a s  rough 

Z. In  o t h e r  w o rd s , th e  a n t i g e n  o f  t h e  R v a r i a n t  i s  

common to  t h e  whole g ro u p . F u r t h e r ,  S s e r a  have no a c t i o n  

on any R o rg an ism , and v ic e  v e r s a ,  t h e  common R serum w i l l  

n o t  a g g l u t i n a t e  any S s t r a i n .

Though in  th e  t r a n s i t i o n  s t a g e ,  g r a d a t io n s  be tw een  S 

and R may, and do , o c c u r ,  th e  change o f  a n t i g e n  a s  betw een 

t r u e  S and t r u e  R i s  a b s o l u t e .

I t  has  been s u g g e s te d  t h a t  l a t e  d e v e lo p ed  a g g l u t i n a -  

b i l i t y  i n  F l e x n e r - l i k e  o rgan ism s i s  due t o  (a)  th e  d e v e lo p 

ment o f  ro u g h n e s s  in  th e  s t r a i n ,  and (b) th e  u se  o f  h ig h  

t i t r e  serum  p re p a re d  from  a s t r a i n  w hich  had gone p a r t i a l l y  

ro u g h . I n t e r a c t i o n  be tw een  th e  R e le m e n ts  i s  supposed  to  

o c c u r .  T h is ,  how ever, i s  n o t  th e  e x p la n a t i o n .  In  f a c t ,



as  f a r  a s  F l e x n e r  b a c i l l i  a re  c o n c e rn e d ,  th e  f e a r  o f  " ro u g h 

n e s s ” i n  th e  serum  i s  r a t h e r  a  bo gey . The p r o d u c t io n  of

a  h ig h  t i t r e  serum  f o r  a known R s t r a i n  i s  a v e r y  d i f f i c u l t  

m a t t e r ,  and th e  c a s u a l  p re s e n c e  o f  a  few d e g re e s  o f  ro u g h n ess  

i n  an em u ls ion  u se d  f o r  making a smooth serum would have 

l i t t l e  o r  no e f f e c t .

The e x p la n a t i o n  o f  t h e  phenomenon d o e s ,  how ever, l i e  In  

m u ta t io n ,  b u t  i n  m u ta t io n  o f  a ty pe  w hich  as  f a r  a s  th e  

w r i t e r  i s  aware h a s  n e v e r  p r e v io u s ly  b een  d e s c r ib e d .

In  the  f i r s t  p l a c e ,  i t  has  been  found t h a t  th e  p r o p e r ty  

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

s t r a i n ,  v i z . ,  th e  one d e s c r ib e d  above as  103. Of th e  

e ig h t e e n  s t r a i n s  o f  t h i s  o rgan ism  i s o l a t e d ,  f i f t e e n  have 

a l r e a d y  d e v e lo p e d  a g g l u t i n a b i l i t y .  C o n v e rse ly ,  o f t h i r t y -  

t h r e e  o t h e r  s t r a i n s  w hich  were n o t  a g g l u t i n a b l e  on i s o l a t i o n ,  

o r  when f i r s t  t e s t e d  w i th  V, W, X, Y, Z, o r  103 serum , and 

w hich  hav e  been  und er  o b s e r v a t io n  f o r  v a ry in g  p e r i o d s ,  some 

as  lon g  as  two y e a r s ,  none has  e v e r  become a g g l u t i n a b l e .

The p r i n c i p l e s  in v o lv e d  i n  t h i s  m u ta t io n  a re  so much 

a t  v a r i a n c e  w i th  a c c e p te d  id e a s  t h a t  th e  m a t t e r  m ust be 

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

and f i n d i n g s  i n  c o n n e c t io n  w i th  103 i s  p ro b a b ly  th e  s im p le s t  

way o f  a p p ro a c h in g  th e  s u b j e c t .



H i s t o r y  of 1 0 5 . 103 was i s o l a t e d  on June 16 , 1929,

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

b a c i l l a r y  d y s e n t e r y .  The b io c h e m ic a l  r e a c t i o n s  o f  th e  

o rgan ism  were a s  g iv e n  above.

On June 19 , 1929, a b r o t h - c u l t u r e  f a i l e d  t o  a g g l u t i n a t e  

w i th  p o ly v a l e n t  F le x n e r  serum .

On J u ly  18, 1929, a b r o t h - c u l t u r e  a g g l u t i n a t e d  t o  a 

. t i t r e  o f  1 i n  50 w i th  p o ly v a l e n t  F le x n e r  serum (a b o u t  f i v e  

per c e n t ) .

On A ugust 7 ,  1929, a b r o t h - c u l t u r e  a g g l u t i n a t e d  to  a 

h ig h  t i t r e  w i th  V, X, Y, and Z serum , b u t  t h e  a g g l u t i n a 

t i o n  was on ly  a p a r t i a l  one , i . e . ,  t h e  em u ls io n  was n o t  

c o m p le te ly  c l e a r e d .  End p o i n t s  w ere  in  consequence  v e ry  

d i f f i c u l t  t o  r e a d .

On August 17, 1929, th e  t e s t  was r e p e a t e d ,  u s in g  

e m u ls io n s  washed o f f  a g a r  s lo p e s  w i th  s a l i n e .  S i m i l a r  

r e s u l t s  w ere  o b ta in e d .  The l a c k  o f  c l e a r i n g  was so marked 

t h a t  c o n ta m in a t io n  was s u s p e c te d ,  and p l a t e s  w ere  made o f  

some o f  th e  unused  e m u ls io n .

On A ugust 18, 1930, th e  p l a t e s  showed two v e ry  d i s t i n c t

ty p e s  of c o lo n y ,  whose c h a r a c t e r s  w i l l  be g iv e n  i n  t a b u l a r

form l a t e r .  Both ty p e s  p roved  to  have  th e  c o r r e c t  F l e x n e r

b io c h e m ic a l  r e a c t i o n s ;  one w as, a s  b e f o r e ,  n o n - a g g l u t in a b l e

w i th  F le x n e r  serum , w h i le  th e  o th e r  a g g l u t i n a t e d  w i th  V, W, 

X, Y, and Z serum.



The e x p e r im e n t  o f  p l a t i n g  from  th e  o r i g i n a l  s to c k

s t r a i n  was t r i e d  s e v e r a l  t im e s ,  and w i th  more o r  l e s s  

d i f f i c u l t y  th e  two ty p e s  o f  c o lo n y  cou ld  a lw ays be o b ta in e d  

As tim e w ent on th e  p r o p o r t io n  o f  a g g l u t i n a b l e  c o lo n ie s  

i n c r e a s e d  a t  th e  expense o f  th e  o t h e r s ,  and from  J u l y ,  1930 

re p e a te d  a t t e m p t s  t o  i s o l a t e  a n o n - a g g l u t in a b l e  c o lo n y  from 

t h i s  s t r a i n  have been  u n s u c c e s s f u l .

The p h y s i c a l  c h a r a c t e r s  o f  th e  two ty p e s  o f  c o lo n y ,  

as  o c c u r r in g  i n  s t r a i n  103, a r e  as f o l l o w s : -

( 1)

(2)

A. The o r i g i n a l  co lo ny

Sm all  l e n t i c u l a r  c o l o n i e s ,  
r e g u l a r  i n  o u t l i n e  and 
t e x t u r e .

E m u l s i f i e s  a s  a r u l e  
r e a d i l y  i n  0 .9  p e r  c e n t  
s a l i n e ,  b u t  o c c a s i o n a l l y  
does n o t  e m u ls i fy  w e l l .  
Sometimes t h e r e  i s  a 
s l i g h t  ten d e n cy  tow ards  
a u t o - a g g l u t i n a t i o n ,  b u t  
t h i s  i s  n e v e r  c o m p le te .

B. The v a r i a n t .

L arg e , more o r  l e s s  
s t r a g g l i n g  c o lo n i e s  o f 
i r r e g u l a r  o u t l i n e  and 
c o n to u r ,  and showing a 
g r a i n  o r  t e x t u r e .  When 
grow ing s id e  by s id e  on 
th e  same p l a t e ,  t h e s e  
c o lo n ie s  a re  d>out t h r e e  
t im e s  th e  s i z e  o f  t h e  A 
ty p e .

E m u ls i f i e s  r e a d i l y ,  and 
h as  no te n d e n cy  to  a u to -  
a g g l u t i n a t e .



A. The o r i g i n a l  co lo n y B, The v a r i a n t .

(3) Grows w i t h  g e n e r a l i z e d  
t u r b i d i t y  i n  b r o t h .

(4) P roduces  b o th  A and* B 
ty p e  c o l o n i e s ,  u n l e s s
an A co lo n y  i s  c a r e f u l l y  
s e l e c t e d  and r e g u l a r l y  
s u b c u l tu r e d  each  d a y .

(5) N o n - a g g lu t in a b le  w i th  
F le x n e r  s e r a .

Grows w i th  g e n e r a l i z e d  
t u r b i d i t y  i n  b r o t h .

Has b re d  t r u e ,  p ro d u c in g  
n o th in g  b u t  B c o l o n i e s ,  from  
th e  day of i s o l a t i o n  ove r  
e ig h t e e n  months ago .

R e a d i ly  a g g l u t i n a b l e  w i th  
F le x n e r  s e r a .

A c o n s i d e r a t i o n  of t h e s e  p o i n t s  w i l l  show c o n s id e r a b le  

re se m b la n c e  t o ,  and some v a r i a t i o n  fro m , th e  S and R 

v a r i a n t s  o f  th e  o r th o d o x  F le x n e r  s t r a i n s .  In  p o i n t s  1, 3 

and 4 , A re se m b le s  S, w h ile  i n  p o i n t s  1 and 4 , B re s e m b le s  

R. V a r i a t i o n  o c c u rs  i n  p o i n t s  2 and 5 i n  A, and p o i n t s  

2 , 3 and 5 i n  B.

An a t t e m p t  was made t o  t e s t  th e  a g g l u t i n i n s  i n  th e  

p a t i e n t f sserum  a g a i n s t  th e  A and B v a r i a n t s ,  and a p p ro x im a te 

l y  t e n  weeks a f t e r  r e c o v e ry  serum was o b t a in e d ,  and gave the  

f o l lo w in g  r e s u l t s

TABLE V I I .

V W V
-A. y Z 103B 103A

1/250 1 /250 . N i l 1 /125 N i l 1 /350 N i l



From t h i s  i t  a p p e a rs  t h a t  a t  t h i s  I n t e r v a l  ( t e n  weeks) 

the  p a t i e n t * s  serum c o n ta in e d  no a g g l u t i n i n s  f o r  the  A form, 

w hich  was th e  ty p e  i s o l a t e d .  C o n v e rse ly  th e  B v a r i a n t  i s  

a g g l u t i n a t e d  t o  q u i t e  a h ig h  t i t r e .

To s tu d y  th e  a n t i g e n i c  c h a r a c t e r s  o f  t h e s e  v a r i a n t s  

e m u ls io n s  were p re p a re d  and r a b b i t s  immunized. In  t h i s  

c o n n e c t io n  i t  may be s a id  t h a t  a l th o u g h  e v e ry  e f f o r t  was 

made, i t  i s  n o t  c o n s id e re d  t h a t  from  t h i s  p a r t i c u l a r  s t r a i n  

a pure  A em u ls io n  was e v e r  o b ta in e d .  P ro d u c t io n  o f  B 

v a r i a n t s  i n  A c u l t u r e s  was o c c u r r in g  f r e e l y ,  and th e  a g g lu 

t i n a t i o n  r e s u l t s  c o n firm  th e  f a c t  t h a t  B (whose a g g l u t i n o -  

g e n e t i c  p r o p e r t i e s  proved t o  be much g r e a t e r  t h a n  t h o s e  of 

A) was n e v e r •s u c c e s s f u l l y  e x c lu d e d .  H e r e a f t e r  th e  v a r i a n t s  

w i l l  b e  r e f e r r e d  to  a s  103A and 103B.

105A.

The r e s u l t s  o f  c ro s s  a g g l u t i n a t i o n ,  and a b s o r p t io n  

t e s t s ,  a r e  shown i n  f i g .  2 . As has  been  p r e v i o u s ly  n o te d ,  

t h i s  s t r a i n  h a s  n o t  b e e n  a g g l u t i n a t e d  by V, W, X, Y amd Z 

sm ooth s e r a  n o r  by a " rou gh"  F le x n e r  serum . I t  i s  v e ry  

s l i g h t l y  a g g l u t i n a t e d  by a h ig h  t i t r e  103B serum .

103A serum , how ever, c o n ta in s  c o n s id e r a b le  c o - a g g l u t i n i n s  

f o r  V, W, X, Y and Z, and p a r t i c u l a r l y  f o r  103B. T h is  

l a t t e r  i s  no doub t due t o  t h e  f a c t  t h a t ,  as  e x p la in e d  above ,



B v a r i a n t s  were n o t  e x c lu d ed  from  th e  e m u ls io n  u se d  to  

immunize t h e  r a b b i t .  A b s o rp t io n  r e s u l t s  co n firm  th e  n a tu r e  

o f  th e  c o - a g g l u t i n i n s .

T h is  s t r a i n  h as  on ly  m o d era te  a g g l u t i n o g e n e t i c  

p r o p e r t i e s ,  b u t  a serum w i th  a t i t r e  o f  1 i n  1 ,000  was 

o b ta in e d  on two o c c a s io n s  w i th o u t  much d i f f i c u l t y .

103B.

Here a g a in  th e  r e s u l t s  a r e  m ost c l e a r l y  e x p re s s e d  by 

d iag ram s ( f i g .  3 ) .  v

I t  w i l l  be n o te d  i n  t h e  f i r s t  p la c e  t h a t  103B b e a r s  

l i t t l e  i f  any r e l a t i o n s h i p  to  "rough" F l e x n e r ,  b e in g  a g g lu 

t i n a t e d  o n ly  t o  2 .5  p e r  c e n t  o f  th e  t i t r e  o f t h e  serum  u se d  

i n  t h e s e  e x p e r im e n ts ,  w h ile  103B f a i l s  e n t i r e l y  to  a g g lu 

t i n a t e  "rough" F le x n e r .

C o n v e rse ly  103B i s  a g g l u t i n a t e d  to  t i t r e  ( a c t u a l l y  i t  

was s l i g h t l y  beyond t i t r e )  by W, X and .Y , and t o  a r e l a t i v e 

l y  h ig h  t i t r e  by V and Z. I t  i s  f u r t h e r  a g g l u t i n a t e d  by 

103A serum  to  a b o u t  t h r e e  t im e s  th e  t i t r e  o f  t h a t  serum 

f o r  i t s  homologous o rgan ism . The e x p la n a t io n  of t h i s  has 

a l r e a d y  been  o f f e r e d .
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103B has  marked a g g l u t i n o g e n e t i c  p r o p e r t i e s ,  and a 

serum w i th  a t i t r e  o f  1 i n  1 0 ,00 0  t o  1 i n  2 0 ,000  can  r e a d i l y  

be p ro d u c e d . I t  w i l l  be n o te d  t h a t  t h i s  serum c o n ta in s  

h e te r o lo g o u s  a g g l u t i n i n s  f o r  smooth V, W, X, Y and Z, and 

a l s o  to  a s m a l l  e x t e n t  f o r  103A. A b s o rp t io n  t e s t s  a re  

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

s h ip  to  a l l  th e  c l a s s i c a l  F le x n e r  s t r a i n s ,  b u t  p a r t i c u l a r l y  

to  Y.

What i s  t h e  e x p la n a t io n  of th e s e  a p p a r e n t l y  anom alous 

f i n d in g s ?  I t  would c l e a r l y  a p p e a r  to  be a s  f o l lo w s .

When o r i g i n a l l y  i s o l a t e d  th e  s t r a i n  was pu re  A w i th  

no B i n  i t s  c o m p o s i t io n ,  hence  i t s  n o n - a g g l u t i n a b i l i t y  a t  

t h a t  time and a month l a t e r .  103A i s  i n  f a c t  a s e r o l o g i c a l  

e n t i t y  w h ich  i s  p r a c t i c a l l y  i n a g g l u t i n a b l e  w i th  V, V/, X, Y 

and Z serum , a l th o u g h  c a p a b le  o f  p ro d u c in g  a serum w i th  

h e te r o lo g o u s  a g g l u t i n i n s  f o r  t h e s e  s t r a i n s .  S u b s e q u e n t ly  

B v a r i a n t s  were p roduced  and came to  dom ina te  th e  c u l t u r e s .  

T h is  B v a r i a n t ,  i n  c o n t r a s t  to  th e  R v a r i a n t  of th e  

c l a s s i c a l  F l e x n e r s ,  i s  r e a d i l y  a g g l u t i n a t e d  by  a l l  smooth 

F le x n e r  s e r a .  I t s  a n t i g e n i c  c o m p o s i t io n  seems a lm o s t  

i d e n t i c a l  t o  Y, from  w hich  I t  d i f f e r s  on ly  In  b e in g  much 

more s e n s i t i v e  t o  a g g l u t i n a t i o n .



B r i e f l y ,  t h i s  s t r a i n  i n  i t s  o r i g i n a l  phase  i s  a 

s e p a r a t e  e n t i t y ;  th e  v a r i a n t  w hich  d e v e lo p s  c o n ta in s  an 

a n t i g e n  embodying a l l  th o s e  found  i n  t h e  smooth s t r a i n s  o f  

V, W, X, Y and Z.

IDENTIFICATION OF FURTHER STRAINS 

U sing  103 serum as  a t e s t ,  a s e a r c h  was made among 

p r e v io u s ly  i s o l a t e d  i n a g g l u t i n a b l e  F le x n e r s  f o r  f u r t h e r  

s t r a i n s  o f  t h i s  o rg an ism . T h is  met w i th  im m ediate  s u c c e s s .

A lre a d y  in  t h e  l a b o r a t o r y  th e r e  were two s t r a i n s ,  

i n a g g l u t i n a b l e  when i s o l a t e d  by a p r e d e c e s s o r ,  w hich  had 

become h i g h ly  a g g l u t i n a b l e .  These proved  t o  be  pu re  type  

B, and were a g g l u t i n a t e d  t o  f u l l  t i t r e  w i t h  t h a t  serum .

(N.B. -  As shown i n  f i g u r e  3 ,  V, W, X, Y and Z a g g l u t i n a t e  

t o  o n ly  a low p e rc e n ta g e  o f  th e  t i t r e  o f t h i s  s e r u m .)

F our o t h e r  I n a g g l u t in a b l e  s t r a i n s  p roved  to  be s i m i l a r  

to  103A. These were p l a t e d ,  and on one p l a t e  (from  s t r a i n  

D35) a s i n g l e  B ty p e  co lo ny  was s e e n .  T h is  when s u b c u l tu r e d

proved h i g h ly  a g g l u t i n a b l e ,  and i n  f a c t  was an  e x a c t  r e p l i c a  

o f  103B. G r e a t e r  d i f f i c u l t y  was e x p e r ie n c e d  w i th  th e  

o th e r  s t r a i n s ,  b u t  w i t h  one e x c e p t io n  th e y  have now a l l  ■ 

p roduced  B v a r i a n t s .



S in c e  th e  i d e n t i f i c a t i o n  o f  103, e le v e n  new ly  i s o l a t e d  

s t r a i n s  have come t o  han d , n in e  i s o l a t e d  i n  t h e  w r i t e r ’ s, 

l a b o r a t o r y ,  and two s e n t  from  o t h e r  l a b o r a t o r i e s  i n  th e  

Command. Of th e s e  e l e v e n ,  n in e  have p roduced  a g g l u t i n a b l e  

v a r i a n t s  o f  th e  B ty p e .

The a g g l u t i n a b l e  v a r i a n t s  have  a lw ays been  t r u e  t o  

type as f a r  as a g g l u t i n a b i l i t y  i s  c o n c e rn e d ,  b u t  i n  some 

c a s e s  th e  naked  eye d i f f e r e n c e s  be tw een  A and B c o lo n i e s  

have b e en  much l e s s  marked th a n  was t h e  c a se  w i th  103. 

V iewing th e  p l a t e  a g a i n s t  th e  d a rk  background  o f  th e  

" c o m p a ra to r” u se d  f o r  r e a d in g  a g g l u t i n a t i o n  t e s t s  o f t e n  

p roved  h e l p f u l .  A c o lo n i e s  a p p e a re d  w h i te  and somewhat 

opaque, w h i le  B c o lo n i e s  were more c l e a r  and t r a n s l u c e n t .  

T h is c h a r a c t e r  was a l s o  i n c o n s t a n t ,  and i n  one c a se  t h e r e  

were no a p p r e c i a b le  d i f f e r e n c e s  i n  t h e  p h y s i c a l  c h a r a c t e r s  

of th e  c o l o n i e s ,  w hich  were s e l e c t e d  more o r  l e s s  a t  random, 

and p roved  by a g g l u t i n a t i o n .

At th e  r i s k  of b e in g  t e d i o u s ,  a few c a s e  h i s t o r i e s  a r e  

g iv e n  i n  i l l u s t r a t i o n  o f  t h e  way i n  w hich  m u ta t io n  o c c u r s .



S t r a i n  No. B 1 7 2 .

P a t i e n t  was a d m i t te d  w i th  a h i s t o r y  o f  one d a y ' s  

d i a r r h o e a  w i th  b lo o d  and mucus.

J u l y  9 , 1930. Specimen s e n t  t o  t h e  l a b o r a t o r y  was a 

l i q u i d  s t o o l  c o n ta in i n g  b lo o d  and mucus. M ic r o s c o p ic a l l y  

b a c i l l a r y  e x u d a te .

J u ly  10. Two c o lo n ie s  ta k e n  from t h e  p l a t e  made y e s 

t e r d a y ,  w hich  c o n ta in e d  numerous o t h e r  s i m i l a r  o n e s .  B oth  

gave th e  b io c h e m ic a l  and s e r o l o g i c a l  r e a c t i o n s  of 103.

P a t i e n t  s t i l l  h a s  d i a r r h o e a  w i t h  c o l i c  and ten e sm u s .  

M ic r o s c o p ic a l l y  b a c i l l a r y  e x u d a te .

J u ly  11 . The same o rgan ism  i s o l a t e d  from  y e s t e r d a y ' s  

p l a t e .

S e r o l o g i c a l  F i n d i n g s . The fo l lo w in g  t a b l e  (T ab le  V I I I )  

shows th e  a g g l u t i n i n s  p r e s e n t  i n  th e  p a t i e n t ' s  serum , and 

th e  e f f e c t  o f v a r i o u s  h ig h  t i t r e  s e r a  on th e  s t r a i n  as 

i s o l a t e d .  T h is  s t r a i n  was a t  f i r s t  a v e ry  d i f f i c u l t  one 

to  e m u ls i f y .
TABLE V III

V w X Y Z 88 Sh. Hom.

P atient* s serum, lk th  day 25 - - - 50 - - -
19 th  day .............. 50 125 - 50 - - -

" ( abs. hom.) - - - - - - - -

V w X Y z 103A
A gglu tin ation  percentage o f
organism on is o la t io n - - 10% 10% - 100%



J u l y  13. S t r a i n  c u l t u r e d  i n  b r o t h  to  w h ich  a d ro p

o f  103 serum had b e en  added .

J u ly  14 . B r o t h - c u l t u r e  p l a t e d .

J u ly  15. A l l  c o lo n i e s  a l i k e .  R e p la te .

J u ly  16. S l i g h t  v a r i a t i o n  i n  s i z e  o f  th e  c o l o n i e s .

No a p p a r e n t  r o u g h n e s s .  One l a r g e  c o lo n y  s u b c u l tu r e d  and 

gave th e  f o l lo w in g  a g g l u t i n a t i o n : -

TABLE IX.

V W X Y Z

Per c e n t
50

Per c e n t  
50

Per c e n t  
20

Per c e n t  
100

P e r  c e n t  
20

J u ly  17. No f u r t h e r  spec im ens r e c e i v e d  t i l l  t o - d a y ,  

when a norm al s t o o l  c o n ta in i n g  no b lo o d  and mucus was su b 

m i t t e d .  C u l t u r a l l y  n e g a t iv e .  Specim ens r e c e i v e d  d a i l y  

w i th  s i m i l a r  f i n d i n g s  t i l l  J u ly  20.

J u ly  18. F u r t h e r  p l a t e  of t h e  same serum  b r o t h -  

c u l t u r e  shows no v a r i a n t s  w hich  p h y s i c a l l y  re sem b le  103B. 

One l a r g e  c o lo n y  s e l e c t e d ,  s u b c u l tu r e d  and a g g l u t i n a t e d  i n  

p a r a l l e l  w i th  a s u b c u l tu r e  o f  th e  s t r a i n  a s  i s o l a t e d  as 

c o n t r o l ;  r e s u l t s  shown i n  T ab le  X.



TABLE X.

V W
■ ’""i

X
r — 

Y Z

Per c e n t Per c e n t Per c e n t Per c e n t Per c e n t
O r i g i n a l  . . . - . - 20 20 -
!,SerumedM

c o lo n y  . . . 50 50 20 100 20

J u ly  21. The above t e s t  r e p e a t e d ,  u s in g  f r e s h  

c u l t u r e s  o f  th e  same s t r a i n s .  I d e n t i c a l  r e s u l t s  were 

o b t a i n e d .

August 6. R epea ted  a t t e m p t s  have been  made, by p l a t 

ing  from  o ld  b r o t h - c u l t u r e s ,  o ld  a g a r  c u l t u r e s ,  & c., t o  g e t  

an a g g l u t i n a b l e  v a r i a n t  from  th e  o r i g i n a l  s t r a i n  w i th o u t  

th e  i n t e r v e n t i o n  o f  serum b r o t h .  A l l  have f a i l e d .  A 

f r e s h  serum b r o t h - c u l t u r e  h a s  been  made from w h ich  was su b 

c u l t u r e d  a c o lo n y  g iv in g  th e  fo l lo w in g  r e s u l t s ,  shown i n  

p a r a l l e l  w i th  a c o lo n y  from  an ,!unserum edff s o u r c e : -

TABLE XI.

V . W X Y I Z
..............  1

O r ig in a l
!,Serumed,f 

co lon y  . . .

Per c e n t  
10

80

Per c e n t  

100

Per c e n t  
20

14

Per c e n t  
14

100

Per c e n t  

10



The two s t r a i n s  g iv in g  t h e s e  r e s u l t s  have  been  p l a t e d ,  

e a c h  on a h a l f  o f  an a g a r  p l a t e .  In  a p p e a ra n c e  th e  

c o lo n ie s  c o u ld  n o t  be d i s t i n g u i s h e d .  As a c o n t r o l  a 

co lo n y  was s e l e c t e d  a t  random from  each  h a l f  o f  th e  p l a t e  

and a g g l u t i n a t e d  a g a i n s t  Y serum . The T!o r i g i n a l ” c o lo n y  

gave no a g g l u t i n a t i o n ,  and t h e  ,?serum ed” went t o  t i t r e .

C o n c lu s io n . This s t r a i n  a s  i s o l a t e d  c o r r e s p o n d s  t o  

103A. In  s t r a i g h t - f o r w a r d  c u l t u r e  i t  has  r e t a i n e d  i t s  

c h a r a c t e r i s t i c s .

By c u l t u r i n g  i n  t h e  p re s e n c e  o f  103A serum a v a r i a n t  

h a v in g  th e  s e r o l o g i c a l  c h a r a c t e r s  of 103B has  b een  p ro d u ced .

U n lik e  th e  s t a t e  of a f f a i r s  w i th  103, i t  i s  im p o s s ib le  

to  d i s t i n g u i s h  th e  v a r i a n t s  by  co lo n y  c h a r a c t e r s .

S t r a i n  No. B 2L5 .

A ugust 27, 1930. P a t i e n t  com pla ined  of d i a r r h o e a  

w i th  b lo o d  and mucus o f  one d a y ’s d u r a t i o n .  . Specimen 

s e n t  t o  t h e  l a b o r a t o r y  c o n s i s t e d  o f  b lo o d  and mucus o n ly .  

M ic r o s c o p ic a l ly  b a c i l l a r y  e x u d a te .

August 28. A s t r a i n  p ro v in g  to  be s i m i l a r - t o  103, 

r e a d i l y  i s o l a t e d  ( a ) .  Specimen r e c e iv e d  a g a in  b lo o d  and 

mucus o n ly .  B a c i l l a r y  e x u d a te .

August 29 . A s i m i l a r  organ ism  i s o l a t e d  ( b ) . S to o l s  

s t i l l  show b lo o d  and mucus and b a c i l l a r y  e x u d a te .



A ugust 30 . Specimen s e n t  was a w a te ry  s t o o l  w i th  

t r a c e s  o f  b lo o d  and mucus.

A ugust 31 . W atery  s t o o l  w i th  a l i t t l e  n o n - c e l l u l a r  

mucus. P l a t e  n e g a t i v e .

Sep tem ber 1 . W atery  s t o o l ,  no b lo o d  and mucus. . 

P l a t e  n e g a t i v e .

Sep tem ber 3 t o  9 . Formed s t o o l s .  A l i t t l e  a d h e re n t  

mucus on two o c c a s io n s .  P l a t e s  n e g a t i v e .

A g g l u t in a t i o n  R e s u l t s  of I s o l a t i o n  a r e  shown i n  

T ab le  X I I .

TABLE X II .

V W X Y Z 103A 103B
Per Per Per Per Per Per Per
c e n t c e n t c e n t c e n t c e n t c e n t c e n t

3 0 .8 .3 0 . Colony (a)  . . . 30 5 30 20 - 100 5
5 .9 .3 0 . Colony ( a ) . . . - - 6 6 - 30 -
5 .9 .3 0 . Colony (b) . . . - - 6 6 - 30 -
8 .9 . 3 0 . Colony (b) . . . mtm 100

The v a r i a t i o n s  in  a g g l u t i n a b i l i t y  commonly e n c o u n te re d  

i n  t h i s  s e r i e s  a r e  seen  h e r e .

As i s o l a t e d ,  the  s t r a i n  was v e ry  d i f f i c u l t  t o  e m u ls i f y ,  

and 0 .2  p e r  c e n t  s a l i n e  had t o  be u s e d .  T h is  c h a r a c t e r 

i s t i c  was l o s t  a f t e r  a few s u b c u l t u r e s .

Sepbember 7 . I n o c u la te d  i n  b r o t h  to  w hich  some s t e r i l e  

f i l t r a t e  o f  a b r o t h - c u l t u r e  o f  103B had been  added .



Septem ber 8 .  P l a t e d .

S ep tem ber 9 .  C o lo n ie s  d o u b t f u l .  . One s u b c u l tu r e d

and a g g l u t i n a t e s  as fo l lo w s

V- w X y z 103A

Per c e n t  
50

Sep tem ber 11. S u b c u l tu r e d  i n  b r o t h  c o n ta in i n g  a 

d rop  o f  103A serum .

Sep tem ber 12. P la te d .

Sep tem ber 13. Some c o lo n i e s  on th e  p l a t e  have  th e  

p h y s i c a l  c h a r a c t e r s  o f  103B. One o f  t h e s e  s u b c u l tu r e d  

a g g l u t i n a t e s  a s  fo l lo w s

TABLE X I I I .

V w X Y Z 103
Per
c e n t

Per
c e n t

Per
c e n t

Per
c e n t

Per
c e n t

Per
c e n t

"Serumed" c o lo n y  ..........
O r i g i n a l . .16.9.30 ...

100 100 100
10

100
10

100 100
100

Septem ber 16 . The o r i g i n a l  s t r a i n  was s u b c u l tu r e d  to  

a s c e r t a i n  i f  B e le m e n ts  were a p p e a r in g  i n  th e  no rm al c o u rs e  

o f  e v e n ts  ( s e e  Table  X I I I ) .



C o n c lu s io n . The a g g l u t i n a b l e  v a r i a n t s  seem t o  have 

a p p e a re d  by v i r t u e  o f  c u l t u r e  i n  th e  p re s e n c e  o f  103A serum . 

No such v a r i a n t s  a r e  p r e s e n t  i n  s t o c k  s t r a i n s .

S t r a i n  No. P 8 .

O c to b e r  28. P a t i e n t  a d m i t te d  to  h o s p i t a l  c o m p la in in g  

o f  d i a r r h o e a  w i th  b lo o d  and mucus i n  s t o o l s .  Much g r i p i n g .  

T em p era tu re  found t o  be 9 9 .6 ° P .  The specim en s e n t  to  th e  

l a b o r a t o r y  c o n s i s t e d  on b lood  and mucus, was a l k a l i n e  in  

r e a c t i o n ,  and m ic r o s c o p ic a l l y  showed b a c i l l a r y  e x u d a te .

Three c o l o n i e s ,  p ro v in g  to  be 103, i s o l a t e d .

O ctober 29. Specimen s t i l l  b a c i l l a r y  e x u d a te .

O c to ber  30 . S t i l l  b a c i l l a r y  e x u d a te .  The same

organ ism  a g a in  i s o l a t e d .

O c to b e r  31 . W atery  s t o o l ’. No b lo o d  and mucus.

P l a te  n e g a t i v e .

November 1. No b lo o d  and mucus. C u l t u r a l l y  n e g a t iv e  

The c o lo n i e s  i s o l a t e d  on O ctober 28 and 30 gave th e  

f o l lo w in g  r e s u l t s

TABLE XIV.

V ' W X Y z 103A 103B

Colony o f 2 8 .1 0 .3 0  . . . .

j

J
Per
c e n t

50
C o lony o f 3 0 .1 0 .3 0  . . . . — — A 50



50

November 7 . In o cu la te d  in  b ro th  and b ro th  p lu s 103A 

serum.

November 10 . P la ted  from .b ro th . No s u c c e s s .

November 19 . A fu r th e r  s e t  o f  p la in  and serumed 

b r o th -c u ltu r e s  put up.

. November 2 6 . P la te d . V a r ia tio n s  in  s i z e  o f  co lo n y  

p r e se n t , but not s u g g e s t iv e  o f  m u ta tio n . F o llo w in g  

r e s u l t s  o b ta in e d :-

TABLE XV.

103A 103B

Sm all c o lo n ie s  
Large c o lo n ie s

Per
cen t

66
100

Per
cen t

2
5

December 10 . P la ted  from p la in  and serum b roth  

c u ltu r e s  ju s t  over a month o ld . Serum b ro th  gave c o lo n ie s  

a l l  a l i k e .  Ordinary broth  showed

F igure 4 . 

/oJtdL

vu fctpt -at-rft
1 ™  w (65
v  W X V X A ft

—iH
■ S33

io*7„n
t o %

u y

'  IBS 10?

^ 1
IP

1 1

k m i t 1 1



some ? B ty p e  c o l o n i e s .  Proved th ro u g h  s u g a r s .  

A g g lu t in a t e d  gave th e  f o l lo w in g  r e s u l t s

TABLE XVI.

103A 103B

B ro th  c o lo n i e s  ............
B r o th .a n d  serum c o lo n i e s

Per
c e n t

100
66

Per
c e n t

100
1

I t  would t h e r e f o r e  a p p e a r  t h a t  th e  c o lo n y  from  th e  

p l a i n  b r o t h  i s  a B type  v a r i a n t .

December 13 . A s u b c u l tu r e  from  th e  o r i g i n a l  s t r a i n  

and from  th e  B ty p e  co lony  j u s t  i s o l a t e d  gave t h e  f o l lo w in g  

r e s u l t s

TABLE XVII.

V W X . Y Z 103A 103B
Per
cen t

Per
cen t

Per
cent

Per
cent

Per
cent

Per
cent

Per
cen t

O rig in a l ................................
B v a r ia n t ............................ 100 100

4
100 100 100

66
100

1 .5
100

ATTEMPTS TO HASTEN THE PRODUCTION OP AGGLUTINABLE VARIANTS.

V a r io u s  a t t e m p t s  have been  made t o  h a s t e n  th e  p ro d u c 

t i o n  o f  a g g l u t i n a b l e  v a r i a n t s  from  th e  s t r a i n s  as i s o l a t e d .  

Growing th e  o rgan ism  i n  b r o t h  to  w hich  a few d ro p s  o f  103A



serum had been  added p roved  s u c c e s s f u l  i n  f o u r  o u t  o f  

tw e lv e  c a s e s  In  w h ich  I t  was t r i e d .  I n  th e  o t h e r  e i g h t  

c a s e s  r e p e a t e d  a t t e m p t s  have  been  u n s u c c e s s f u l .  In  two of 

th e s e  B ty p e  v a r i a n t s  have n o t  y e t  a p p e a re d ;  i n  two th e y  

ap p ea re d  i n  c u l t u r e s  i n  o r d in a r y  b r o t h  to  w h ich  serum had 

n o t  been  added ; i n  f o u r  th e y  a p p e a re d  d u r in g  r o u t i n e  su b 

c u l t u r e .

On th e  a s su m p tio n  t h a t  t h e  p r o d u c t io n  of B v a r i a n t s  

m ight r e s t  on th e  p re se n c e  o f  an enzyme, a b r o t h - c u l t u r e  

o f  103B was made and f i l t e r e d  th ro u g h  a Chamberland f i l t e r .  

Some o f  th e  f i l t r a t e  was added t o  f r e s h  b r o t h  and the  

o rgan ism  grown i n  t h i s  and th e n  p l a t e d .  T h is  was, how ever,

u n s u c c e s s f u l ,  and no B v a r i a n t  a p p e a re d .

P ro lon ged  in c u b a t io n  -  up t o  a month -  i n  a b r o t h  

medium was s u c c e s s f u l  i n  two c a s e s .

Two o ld  s t r a i n s  have r e s i s t e d  a l l  a t t e m p ts  to  make 

them produce B v a r i a n t s .  They h a v e ,  how ever, p roduced  

v a r i a n t s  o f an e n t i r e l y  d i f f e r e n t  n a t u r e ,  a p p ro x im a t in g  

c l o s e l y  t o  th e  R v a r i a n t  o f  th e  c l a s s i c a l  P l e x n e r ,  b u t  

o n ly  a g g l u t i n a t i n g  t o  a b o u t  tw e n ty - f iv e  p e r  c e n t  o f  t i t r e

w i th  a serum p re p a re d  from a R s t r a i n  o f  Z.

In  two o th e r  s t r a i n s ,  b o th  th e  a g g l u t i n a b l e  v a r i a n t  

and t h i s  R ty p e  o f  v a r i a n t  have  been  i s o l a t e d .



MINOR VARIATIONS IN AGGLUTINABILITY.

In  t h e  p r o c e s s  o f  t h i s  i n v e s t i g a t i o n  v e ry  many p l a t e s  

have  been  made and l a r g e  numbers o f  c o lo n i e s  p u t  th ro u g h  

th e  same a g g l u t i n a t i o n  t e s t  t im e  a f t e r  t i m e .  I t  was 

r e p e a t e d l y  o b se rv ed  t h a t  m inor v a r i a t i o n s  i n  a g g l u t i n -  

a b i l i t y  o c c u r re d  be tw een  c o lo n i e s  from  the same p l a t e  and 

a3so som etim es i n  o r d in a r y  mass s u b c u l tu r e s  made from  one 

a g a r  s lo p e  t o  a n o th e r .  No s a t i s f a c t o r y  e x p la n a t i o n  of t h i s  

phenomenon has  been  r e a c h e d ,  and th e  c a u se s  a r e  p ro b a b ly  

v e ry  com plex . They a re  d e f i n i t e l y  n o t  r e l a t e d  t o  th e  

developm ent o f  B v a r i a n t s .  In  one c a s e  t h e s e  v a r i a t i o n s  

were n o te d  a y e a r  b e fo r e  t r u e  B v a r i a n t s  c o u ld  be made to  

pu t  i n  an a p p e a ra n c e .  One su ch  v a r i a t i o n  can  be se en  in  

T able  X I I .

T ab le  X V III g iv e s  th e  p r i n c i p a l  f i n d i n g s  i n  th e  

e ig h t e e n  s t r a i n s  t h a t  have  been  t e s t e d .
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RELATIONSHIP OP THIS MUTATION TO OTHERS ALREADY DESCRIBED.

W hile i t  i s  n o t  th e  o b j e c t  o f  t h i s  p a p e r  to  d i s c u s s  

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

p a r i s o n  w i th  o th e r  known m u ta t io n s  may be g iv e n .

(a )  I t  i s  o bv ious  t h a t  i t  b e a r s  no d i r e c t  r e l a t i o n s h i p  

to  H and 0 ,  as  seen  i n  the  e n t e r i c a - s a l m o n e l l a  g ro u p .  The 

o rgan ism s un d e r  d i s c u s s i o n  a r e  d e v o id  o f  f l a g e l l a ,  and 

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

. ( b )  I t  d i f f e r s  fu n d a m e n ta l ly  from  th e  S and R m u ta t io n  

o f  th e  F le x n e r  g ro u p .  T h is  h a s  b een  a l r e a d y  f u l l y  d e t a i l e d .

(c )  R e l a t i o n s h i p  to  t h e  s p e c i f i c  and n o n - s p e c i f i c  o r  

g roup  p h a s e s ,  a s  o b se rv ed  by Andrewes i n  th e  s a lm o n e l la  

g ro u p , r e q u i r e s  more c o n s i d e r a t i o n .  T hese , how ever, p r e s e n t  

th e  f o l lo w in g  c h a r a c t e r i s t i c s :  (1) They a re  p r e s e n t  on 

i s o l a t i o n ,  and a re  n o t  a l a t e  deve lopm en t;  (2) no p h y s i c a l  

d i f f e r e n c e s  i n  s p e c i f i c  and n o n - s p e c i f i c  c o lo n ie s  have b e e n  

o b se rv ed ;  (3) changes from  one ty p e  t o  th e  o th e r  o c c u r .

In  a l l  th e s e  p o in t s  t h e r e  i s  v a r i a t i o n  from  103, th e  

most im p o r ta n t  p o in t  b e in g  the  t h i r d .

F u r t h e r  i n v e s t i g a t i o n s  a lo n g  l i n e s  su g g e s te d  by th e  

above a r e  i n  p r o g r e s s .

(d) T h a t  v a r i a n t s  b e a r in g  a f a i r l y  c lo s e  r e l a t i o n s h i p  

to  t r u e  WR” have b e en  produced  by some of t h e s e  s t r a i n s  i s

a f a c t ,  th e  s i g n i f i c a n c e  of w hich  n eeds  t o  be borne  i n  mind.



I t  i s  obv ious  t h a t  much re m a in s - t o  be done i n  th e  

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

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

c o n d i t i o n .  T here  i s  ample scope  i n  th e  m i l i t a r y  l a b o r a 

t o r i e s  o f  I n d i a  f o r  such i n v e s t i g a t i o n .

SUMMARY AND CONCLUSIONS.

(1) 103 i s  a F l e x n e r - l i k e  o rgan ism  w hich  h a s  a c la im  

to  be c o n s id e r e d  p a th o g e n ic  b e ca u se  o f  th e  way i t  o c c u rs

i n  c a s e s  o f  a c u te  b a c i l l a r y  d y s e n te r y ,  b e ca u se  i t  h a s  n e v e r  

been  found  i n  h e a l t h y  c o n t r o l s ,  and b ecau se  i t  b e a r s  a c lo s e  

a n t i g e n i c  r e l a t i o n s h i p  t o  known F le x n e r  o rg an ism s .

(2) I t  has  th e  p r o p e r t y  o f  p ro d u c in g  a v a r i a n t  which 

i s  h i g h ly  a g g l u t i n a b l e  w i th  th e  u s u a l  F le x n e r  s e r a .  T h is  

v a r i a n t  a t  f i r s t  o c cu rs  i n  the  c u l t u r e s  s id e  by s id e  w i th  

th e  o r i g i n a l  t y p e .  I t  more or l e s s  r a p i d l y  comes to  

dom ina te  the  p i c t u r e ,  an d ,  f i n a l l y  c o m p le te ly  " sm o th e rs"  

any o f  th e  o r i g i n a l  c o lo n y  ty p e s  which may be p r e s e n t .

(3) The v a r i a n t  once i s o l a t e d  has  th e  fo l lo w in g  

c h a r a c t e r s :  (a )  I t  b re e d s  p u re ;  (b) i t  may have p h y s i c a l  

c h a r a c t e r s  w h ich , i n  p a r t ,  re sem b le  th e  R v a r i a n t  o f  th e  

r e c o g n iz e d  F l e x n e r s ;  (c)  i t  has  marked a g g l u t i n o - g e n e t i c  

p r o p e r t i e s ,  and i n  i t s  a n t i g e n i c  c o m p o s i t io n  c l o s e l y



r e s e m b le s  Y, b u t  i s  more s e n s i t i v e  to  a g g l u t i n a t i o n .  

C o n v e rs e ly ,  i t  i s  p r a c t i c a l l y  u n r e l a t e d  t o  F l e x n e r  R.

(4) The p r o d u c t io n  o f  the  v a r i a n t  may be h a s te n e d  in  

some c a s e s  by g row th  o f  t h e  o rg an ism  i n  t h e  p re s e n c e  o f  i t s  

homologous serum , i n  o t h e r s  by  p ro lo n g e d  i n c u b a t i o n  i n  a 

b r o t h  medium.

(5) A more or l e s s  t y p i c a l  R v a r i a n t  has  d e v e lo p e d  

from  f o u r  s t r a i n s  o f  103.

S t r a i n  No. 17 0 .

T h is  s t r a i n  h a s  been e n c o u n te re d  as  f o l lo w s

B a n g a lo re ,  1929,- f i v e  t im e s ;  B a n g a lo re ,  1930, f o u r  

t im e s ;  S ecu n d erab ad , 1928, once; Poona, 1931, once .

I t  h a s  been  foun d  o n ly  i n  t h e  s t o o l s  o f  c a s e s  p r e s e n t i n g  

symptoms o f  b a c i l l a r y  d y s e n te r y .  These c a s e s  have  i n  th e  

main been  m ild ,  and c o r re sp o n d  to  th e  a v e ra g e  F l e x n e r  i n f e c 

t i o n  as seen  i n  I n d i a .  I t  must be remembered t h a t  a l l  

c a s e s  a re  d ia g n o se d  on the  c l i n i c a l  f e a t u r e s  o f  th e  c a se  

p lu s  th e  m ic ro s c o p ic  c h a r a c t e r s  of t h e  s t o o l s ,  and hence  a re  

g e n e r a l l y  p la c e d  on a p p r o p r i a t e  t r e a tm e n t  a t  a v e ry  e a r l y  

s t a g e ,  a f a c t  w hich  no doubt g r e a t l y  re d u c e s  t h e i r  s e v e r i t y .

The f o l lo w in g  i s  a t y p i c a l  c a se  h i s t o r y : -



C ap t.  B. -  A ugust 6, 1930. H i s to r y  o f  d i a r r h o e a  f o r  

f o u r  days,, mucus h a v in g  b een  p r e s e n t  f o r  t h e  l a s t  two day s , 

b lo od  t i n g e d  f o r  one d a y .  T em pera tu re  100°F . The 

specim en  s e n t  t o  t h e  l a b o r a t o r y  re a c h e d  i t  f i v e  m in u te s  

from  th e  t im e  i t  was p a s s e d ,  and was a w a te ry  s t o o l  c o n ta in  

in g  b lo o d  and mucus. M ic r o s c o p ic a l l y  th e  e x u d a te  was t h a t  

o f  b a c i l l a r y  d y s e n t e r y .  P l a t e s  made from  th e  mucus showed 

many s u s p ic io u s  c o l o n i e s ,  f o u r  o f  w hich were s e l e c t e d  and 

t e s t e d .  A l l  t u r n e d  o u t  t o  be 170 ty p e .

A ugust 7 . W atery s t o o l  w i th  s t r e a k s  o f  c e l l u l a r  

mucus. P l a t e s  a g a in  produced  many s u s p ic io u s  c o l o n i e s .

Of f i v e  s e l e c t e d ,  t h r e e  were of th e  170 t y p e ,  th e  o t h e r s  

n o t  b e in g  d y s e n te r y  o rg an ism s .

A ugust 9 . Symptoms have . l a r g e ly  s u b s id e d .  S to o l  

s e n t  to  th e  l a b o r a t o r y  was w a te ry  w i th  a t r a c e  o f  mucus, 

n o n - c e l l u l a r . P l a t e s  n e g a t iv e .

A ugust 22. W atery s t o o l  w i th  s l i g h t l y  c e l l u l a r  mucus 

P la te s  n e g a t iv e .

A ugust 25. S to o l s  no rm al.

B iochem ica l  r e a c t i o n s . L a c to s e ,  no change; g lu c o s e ,  

a c id ;  m a n n i te ,  a c i d ;  d u l c i t e ,  no change ; .s a c c h a r o s e ,  no 

change; m ilk ,  a c i d ,  l a t e  n e u t r a l  o r  f a i n t  a l k a l i n e ;  in d o l  

n e g a t iv e .  170 th u s  c o r re s p o n d s  e x a c t l y  w i th  th e  known* 

F l e x n e r s .



S e r o l o g i c a l  r e a c t i o n s , (a )  In  r e l a t i o n  t o  th e  h ig h  

t i t r e  s e r a .

T h is  o rgan ism  h a s  a p p a r e n t l y  no a n t i g e n i c  r e l a t i o n s h i p  

t o  th e  c l a s s i c a l  F l e x n e r s .  I t  f a i l s  t o  a g g l u t i n a t e w  i t h  

any serum o th e r  th a n  i t s  hom ologous serum , even i n  low 

d i l u t i o n ,  and i t s  homologous serum does  n o t  a g g l u t i n a t e  

V, W, X, Y, and Z, 88 o r  103A, a l th o u g h  i t  does p roduce  a 

p e c u l i a r  powdery a g g l u t i n a t i o n  w i t h  103B, t o  a b o u t  f i f t y  

per c e n t  o f  t i t r e .

The a g g l u t i n o g e n e t i c  p r o p e r t i e s  o f th e  o rg an ism  a re  

i n d i f f e r e n t ,  and  th e  h i g h e s t  t i t r e  re a c h e d  i n  i t s  serum  

was 1 in  1 ,0 0 0 .

(b) In  r e l a t i o n  to  th e  p a t i e n t ’ s serum . Of t h r e e  

t e s t e d ,  none h a s  e v e r  shown any a g g l u t i n i n s  f o r  t h i s  

o rgan ism .

C o n c lu s io n s . W hile t h e r e  a r e  no s e r o l o g i c a l  g roun ds  

f o r  c o n s id e r in g  t h i s  o rgan ism  to  be a c au se  o f  d y s e n t e r y ,  

th e  f a c t  t h a t  i t  h as  been  e n c o u n te re d  o n ly  i n  th e  s t o o l s  o f  

c l i n i c a l  d y s e n te r y  c a s e s ,  and t h a t  i t  h a s  b io c h e m ic a l  

r e a c t i o n s  i d e n t i c a l  w i t h  the  c l a s s i c a l  F l e x n e r s ,  g iv e s  i t  

a t  l e a s t  a c la im  to  c o n s i d e r a t i o n .

F u r t h e r ,  when th e  p oor a g g l u t i n o g e n e t i c  powers o f  th e  

o rgan ism  a r e  c o n s id e r e d ,  i t  i s  n o t  s u r p r i s i n g  t h a t  th e  

p a t i e n t  shou ld  d e v e lo p  no a g g l u t i n i n s .



OTHER STRAINS.

O ther ty p e s  a re  u n d e r  i n v e s t i g a t i o n .  Of th e  t h i r t y -  

sev en  s t r a i n s  r e c e iv e d  from S e c u n d e rab a d , seven  a r e  s e r o l o g i 

c a l l y  o f  one t y p e ,  which d i f f e r s  from  any t h a t  have  been  £ e t  

d e s c r i b e d .  T h is  ty p e  h a s  n o t ,  how ever, b e en  i s o l a t e d  t o  

d a te  i n  t h e  w r i t e r ’s l a b o r a t o r y ,  and f o r  want of a d e q u a te  

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

So f a r ,  a t t e m p ts  t o  c l a s s i f y  the  r e m a in d e r  o f  th e  non- 

a g g l u t i n a b l e  s t r a i n s  t h a t  have been  i s o l a t e d  have  been  

u n s u c c e s s f u l ,  and a s  f a r  as  can be a s c e r t a i n e d  th e  l a t t e r  

a re  r a t h e r  a mixed c o l l e c t i o n  w i th  v e ry  l i t t l e  a n t i g e n i c  

r e l a t i o n s h i p  t o  one a n o th e r .  Much w ork , how ever, rem a ins  

to  be done b e fo r e  d e f i n i t e  c o n c lu s io n s  can be f o r m u la te d .

Nor must i t  be f o r g o t t e n  t h a t  o n l y ' s t r a i n s  from  th e  Sou th  

o f  I n d i a  have  b een  exam ined. I t  i s  h i g h ly  p ro b ab le  t h a t  

s i m i l a r  i n v e s t i g a t i o n s  e lsew h e re  w i l l  l e a d  to  th e  ty p in g  

o f  f u r t h e r  s t r a i n s .  .
\

TESTS WHICH HAVE NOT YET BEEN CARRIED OUT.

To f o r e s t a l l  c r i t i c i s m ,  r e f e r e n c e  may be made to  c e r t a i n  

t e s t s  w h ich  have n o t  been  c a r r i e d  o u t  i n  t h e s e  I n v e s t i g a t i o n s .

(1) L iq u e f a c t io n  of g e l a t i n e .  The c l i m a t i c  c o n d i t i o n s  

u n d e r  w hich  most o f  t h i s  work wa*s done r e n d e r e d  t h i s  im p rac 

t i c a b l e  a s  a r o u t i n e  m easu re .



(2) Acid a g g l u t i n a t i o n .  P rev io u s  e x p e r ie n c e  of t h i s  

t e s t  i n  a s i m i l a r  i n v e s t i g a t i o n  t h i r t e e n  y e a r s  ag o ,  and 

a g a in  f o u r  y e a r s  ag o , was v e ry  u n s a t i s f a c t o r y ,  and c r e a t e d  

th e  im p r e s s io n  t h a t  th e  r e s u l t s  o f  th e  t e s t  v a r i e d  w i t h i n  

such w ide l i m i t s  a s  to  r e n d e r  i t  p r a c t i c a l l y  v a l u e l e s s .

I t  has t h e r e f o r e  n o t  been  em ployed.

(3) T e s t in g  of v i r u l e n c e  by an im al i n o c u l a t i o n .

This has been a v o id e d  f o r  two r e a s o n s .  F i r s t ,  b e ca u se  o f  

a s t r o n g  a n t i p a t h y  t'o e x p e r im e n ts  o f  th e  k in d .  Second, 

becau se  a p e r u s a l  o f  s i m i l a r  e x p e r im e n ts  c a r r i e d  o u t  by 

o th e r  w o rk e rs  r a i s e s  th e  c o n v ic t i o n  t h a t ,  u n l e s s  th e  

e x p e r im e n ts  be co n du c ted  on a s c a l e  q u i t e  o u t s id e  th e  

r e s o u r c e s  a v a i l a b l e  t o  th e  w r i t e r ,  th e  r e s u l t s  w i l l  be 

e q u iv o c a l  and v a l u e l e s s .  At b e s t ,  th e  l o g i c  o f  th e  con

c l u s i o n s  drawn from  such  r e s u l t s  i s  open to  c r i t i c i s m .  

I n j e c t e d  i n t r a v e n o u s ly  i n t o  th e  r a b b i t  i n  somewhat 

i n d i f f e r e n t l y  c o n t r o l l e d  d o se s ,  c e r t a i n  known d y s e n te r y  

o rgan ism s produce  d e a th ,  p resum ab ly  c h i e f l y  from  b a c i l l a e m ia  

and to x a e m ia ,  b u t  accom panied by c e r t a i n  l e s i o n s  o f  th e  

i n t e s t i n e .  % I t  h a p p e n s ,  how ever, t h a t  v e ry  s i m i l a r  r e s u l t s

a r e  p roduced  by o th e r  o rgan ism s which a re  n o t  known to  be
9p a th o g e n ic  t o  man . The v a lu e  o f  such e x p e r im e n ts  w i th  an

unknown organ ism  i s  t h e r e f o r e  v e ry  d o u b t f u l ,  and  a t  b e s t  th e

ev id e n c e  can  on ly  be r e g a rd e d  as m inor c o n t r i b u t o r y  e v id e n ce  
to  th e  I s s u e  i n  q u e s t io n .
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63*

A N N E X U R E  I I .

FURTHER INVESTIGATIONS INTO THE CHARACTER AND 
CLASSIFICATION OF THE MANNlife-FERMENTING

DYSENTERY BACILLI. •

Journal o f  the Royal Army M edical Cort)S, 1932
Volume LIX, pp. 241 to  251 , and 33]L to  342

A. INTRODUCTION.

The c l a s s i f i c a t i o n  o f  the m an n ite-ferm en tin g  

d y sen tery  b a c i l l i  o f  the typ e  g e n e r a lly  known as 

B. d y sen ter la e  F le x n e r , and th e  p a th o g e n ic ity  o f  th e  

v a r io u s r a ce s  o f t h i s  group, are m atters which have 

p erp lexed  b a c t e r io lo g i s t s  and c l i n i c ia n s  fo r  many y e a r s .

At home i t  i s  g e n e r a lly  accep ted  th a t  the ty p es  

c re a te d  by th e  la t e  S ir  F red er ick  Andrewes -  v i z . ,  V,

W, X, Y, Z, and com binations o f th e se  -  embrace th e  

m a jo r ity  o f ,  i f  n o t a l l ,  th e  p ath ogen ic  s t r a in s ,  and any 

organism  w hich f a i l s  to  a g g lu t in a te  w ith  th e  serum p o ly 

v a le n t  fo r  th e se  s t r a in s  i s  regarded w ith  c o n s id er a b le  

s u s p ic io n . This o p in io n  i s  w e l l  exp ressed  in  the  

fo llo w in g  se n te n c e s  taken from "A System  o f  B a c t e r io lo g y ,” 

p u b lish ed  under the a u sp ic e s  o f  the M edical R esearch  

C ouncil : tfWe have a lrea d y  seen  th a t t h i s  ( f a i lu r e  to



a g g lu t in a te )  d oes n o t a b s o lu te ly  exclu d e  th e  b a c i l lu s  

from th e  F lex n er  group, s in c e  th e  a n t ig e n ic  range o f th e  

type r a c e s  i s  probably i n s u f f i c i e n t ,  by a sm a ll m argin, 

to  cover th e  w hole group. But the g r e a t  m a jo r ity  o f  

such ab erran t s t r a in s  w i l l  be foun d , pn thorough examina

t io n ,  to  exc lu d e  th em se lves from th e  group by some 

d iv erg en t c u ltu r a l  or b io ch em ica l c h a r a c te r .”

In th e  Army in  India a d i f f e r e n t  s t a t e  o f a f f a i r s  

o b ta in s . I t  has been the p r a c tic e  to  r ep o r t a l l  s t r a in s  

which g iv e  the c o r r e c t  b io ch em ica l r e a c t io n s  as 

B. d y se n te r ia e  F le x n e r , or B. d y se n te r la e  F lexn er  ( in a g g lu  

t in a b le ) ,  as th e  case  may b e . The fo l lo w in g  f ig u r e s ,  

taken from o f f i c i a l  r e c o r d s , in d ic a te  th e  e x te n t  to  which  

th e se  ”in a g g lu t in a b le ” s t r a in s  have been o ccu rr in g .

TABLE I.

Year A gglu tinab le In agg lu tin ab le Per cen t in a g g lu tin a b le

1926 271 129 32.25
1927 342 164 32.4
1928 492 306 38.2
1929 922 286 23.7
1930 1077 360 25.4



I t  i s  o b v io u s , th e r e fo r e ,  e i t h e r  th a t  s t r a in s  in  

In d ia  are b e in g  to o  lo o s e ly  c l a s s i f i e d  as " F lexn er” , or 

th a t s e r o lo g ic a l  ty p es  are o f  common occu rren ce th e re  

which have n o t come under rev iew  a t home.

The q u e s t io n  i s  one of some im portance. U n t i l  a 

few y ea rs  ago i t  was commonly b e l ie v e d  th a t  most c a se s  

of d y sen tery  occu rrin g  among th e  troop s in  In d ia  were 

amoebic and not b a c i l la r y  in  o r ig in ,  but th e  p ion eer  

work o f  M anifold3 and o th ers has shown th a t  the r ev e r se  

i s  a c tu a l ly  th e  c a s e . The freq u en t occurrence o f  th e se  

in a g g lu t in a b le  s t r a in s ,  e lsew h ere  regarded w ith  s u s p ic io n ,  

has b een , in  th e  co n tro v ersy  w hich arose  on the s u b je c t ,  

a c o n sta n t stu m b lin g -b lo ck  in  th e  path o f th o se  who 

favour the b a c i l la r y  d o c tr in e . F u rth er , w h ile  in  c e r ta in  

c a se s  t h e s e .a t y p ic a l  s tr a in s  were found to  occur in  such  

a way as to  su g g est s tr o n g ly  t h e ir  p a th o g e n ic ity , in  

o th ers  they  appeared in  c ircu m stan ces e n t i r e ly  the  

r e v e r s e . There w ere, th e r e fo r e , a p r io r i  grounds f o r  

su g g e s t in g  th a t  some s t r a in s  were p ath ogen ic  and Others 

were n o t . With a v iew  to  s o lv in g , i f  p o s s ib le ,  th e s e  

problem s, th e  p resen t in v e a t ig a t io n  was undertaken .



For a tim e I t  was thought th a t  th e se  in a g g lu t in a b le  

b a c i l l i  m ight be Andrewes* ty p e s , which f o r  some reason  

or an oth er  f a i l e d  to  r e a c t  to  the a g g lu t in a t io n  t e s t .

This c o n c ep tio n  was soon found to  be wrong, and i t  became 

c le a r  th a t  th e  organism s were d i s t i n c t  s e r o lo g ic a l  ty p es  

which la y  o u ts id e  th e  a n t ig e n ic  range o f ‘ the type r a c e s .  

As a p re lim in a ry  s t e p , i t  th e r e fo r e  became e s s e n t ia l  to  

d e f in e  and c l a s s i f y  th e se  s e r o lo g ic a l  typ es*  So fa r  as 

s t r a in s  o ccu rr in g  in  the sou th  o f In d ia  are concerned , 

t h i s  has been more or l e s s  accom p lish ed .

B. PROPOSED CLASSIFICATION.

(a) By B ioch em ical R e a c t io n s .

I t  has been found th a t  a u s e fu l  p re lim in a ry  c l a s s i 

f i c a t i o n  can be e f f e c t e d  by the b io ch em ica l r e a c t io n s  o f  

th e  organism s. The "sugars" used are l a c t o s e ,  g lu c o s e ,  

m ann ite , d u lc i t e  and sa c ch a ro se . Table I I  shows the  

r e la t io n s h ip  o f the d ysen tery  b a c i l l i  to  o th er  co lifo rra  

organ ism s, as w e l l  as the in t e r - r e la t io n s h ip  o f the  

th r ee  subgroups now su g g es ted , which are d i f f e r e n t ia t e d  

by t h e ir  a c t io n  on d u lc i t e ,  la c to s e  and sa c ch a ro se .
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A more d e t a i l e d  c l a s s i f i c a t i o n  by means o f  f u r t h e r  

" s u g a r ” m edia h a s  p roved  u n s a t i s f a c t o r y ,  a i d ,  in d e e d ,  

th e  r e a c t i o n s  shown i n  th e  t a b l e s  a re  n o t  i n v a r i a b l y ,  

c o n s t a n t ,  a s  w i l l  be shown a t  a l a t e r  s t a g e .  S e r o l o g i c a l  

t e s t s  a r e  u se d  f o r  th e  f u r t h e r  s u b d i v i s i o n  o f  th e  s t r a i n s  

and p ro v id e  t h e  o n ly  d e f i n i t e  method o f  i d e n t i f y i n g  th e  

v a r i o u s  t y p e s .

(b) By S e r o l o g i c a l  R e a c t i o n s .

H i g h - t i t r e  s e r a  were p re p a re d  f o r  a l a r g e  number of 

s e l e c t e d  s t r a i n s ,  and t e s t e d  a g a i n s t  e v e ry  s t r a i n  w hich  

had been  c o l l e c t e d ,  and a g a i n s t  o t h e r  s t r a i n s  s u b s e q u e n t ly  

i s o l a t e d .  In  t h i s  way v a r io u s  ty p e s  w ere i d e n t i f i e d ,  

w hich  w ere f u r t h e r  co n firm ed  by a s e r i e s  o f  a b s o r p t io n  

and c r o s s - a g g l u t i n a t i o n  t e s t s .  These ty p e s ,  and th e  su b 

g ro ups  i n  which th e y  o c c u r ,  a r e  shown i n  T ab le  IV. Some 

o f  t h e s e  a re  a l r e a d y  u n i v e r s a l l y  r e c o g n iz e d ;  o t h e r s  have 

b e e n  p r e v i o u s ly  d e s c r ib e d  by th e  w r i t e r 4 ; th e  re m a in d e r  

a r e  now d e s c r ib e d  f o r  t h e  f i r s t  t im e .  Each new ty p e  i s  

g iv e n ,  a s  a means o f  i d e n t i f i c a t i o n ,  th e  l a b o r a t o r y  in d e x  

number o f  t h e  ty p e  s t r a i n .  The q u e s t io n  o f  a l e s s  cum

b ro u s  n o m e n c la tu re  need  n o t  be c o n s id e re d  u n t i l  t h e  work 

h a s  r e c e i v e d  a d e q u a te  c o n f i r m a t io n .  F o r  co n v en ien c e  th e



s t r a i n s  d e s c r i b e d  by Andrewes, v i z . ,  V, W, X, Y, Z, 

and c o m b in a t io n s  o f t h e s e ,  a r e  c a l l e d  th e  " c l a s s i c a l  

F l e x n e r s . "

T here  i s  a l s o  embodied i n  th e  t a b l e  a s e r i e s  o f  

f i g u r e s  to  show the  r e l a t i v e  f r e q u e n c y  w i th  w hich  t h e s e  

ty p e s  have  o c c u r re d  i n  one a re a  i n  S o u th e rn  I n d i a .  W ith  

th e  e x c e p t io n  o f  t h r e e  w hich  w ere a c c i d e n t a l l y  l o s t ,  

e v e ry  s t r a i n  o f  non-m ann ite  f e r m e n t in g ,  d y s e n t e r y - l i k e  

b a c i l l i  r e c o v e r e d  from  c a s e s  o f  d y s e n te r y  and d i a r r h o e a  

by t h e  w r i t e r  i n  th e  Madras D i s t r i c t  L ab o ra to ry ^  B a n g a lo re ,  

i n  1930, and S o u th e rn  Command L a b o r a to r y ,  Poona, i n  1930 

and 1931, i s  in c lu d e d  i n  t h i s  s e r i e s ,  w hich  i s  t h e r e f o r e  

r e p r e s e n t a t i v e  and e n t i r e l y  u n s e l e c t e d .

T able  I I I  shows i n  a n o th e r  way th e  c h a r a c t e r s  o f  th e  

t h r e e  su b g ro u p s .
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I t  w i l l  be s e e n  t h a t  t h e  c l a s s i c a l  F l e x n e r s  co m p rise  

s l i g h t l y  over h a l f  th e  s e r i e s .  T ak ing  t h e s e  t o g e t h e r  

w i th  B. d y s e n t e r l a e  Sonne ( t h e  o n ly  o th e r  ty p e  w h ich  i s  

u s u a l l y  i d e n t i f i e d  s e r o l o g i c a l l y )  a t o t a l  o f  a p p ro x im a te ly  

s i x t y  p e r  c e n t  i s  r e a c h e d .  In  roun d  f i g u r e s ,  t h e r e f o r e ,  

t w o - f i f t h s  o f  a l l  s t r a i n s  i n  t h i s  s e r i e s  g iv in g  i n  tw e n ty -  

f o u r  h o u rs  c o r r e c t  F le x n e r  b io c h e m ic a l  r e a c t i o n s  f a l l  

i n t o  th e  c l a s s  g e n e r a l l y  l a b e l l e d  ”i n a g g l u t i n a b l e  

F l e x n e r ” .

C. PATHOGENICITY.

C e r t a i n  t e n t a t i v e  c o n c lu s io n s  have b een  form ed 

r e g a r d in g  th e  p a t h o g e n i c i t y  o f  th e  new t y p e s ,  b u t  i t  i s  

o b v ious  t h a t  i n  some c a s e s  t h e s e  r e q u i r e  r e p e a t e d  c o n f i r 

m a tio n  b e f o r e  they  c a n  be a c c e p te d .

W ith d y s e n te r y  b a c i l l i  i t  i s  n o t  p o s s i b l e  to  s a t i s f y  

th e  t h i r d  o f  K och 's  p o s t u l a t e s ,  a s  th e  i n f e c t i o n  o f  

v o l u n t e e r s  w i th  c u l t u r e s  i s  an  im p r a c t i c a b le  p r o p o s i t i o n ,  

and a n im a l  i n o c u l a t i o n  a f f o r d s  no r e l i a b l e  i n f o r m a t io n .  

T here  a r e ,  how ever, d a ta  r e l a t e d  t o  th e  f i r s t  two p o s tu 

l a t e s  w hich  a p p ly  to  c e r t a i n  o f  t h e  t y p e s : -



(a) The o rg an ism s  have  been  r e c o v e r e d  o n ly  f rom  

c a s e s  w i t h  symptoms o f  b a c i l l a r y  d y s e n t e r y .  T h is  im p l i e s  

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

u a l s ,  and su c h  c o n t r o l s  have b een  c a r r i e d  o u t  on a l a r g e  

s c a l e .  D u ring  th e  t h r e e  y e a r s  t h a t  were o c c u p ie d  w i th  

th e s e  r e s e a r c h e s ,  ove r  3 ,0 0 0  m e n ia ls  were examined t o  

a s c e r t a i n  i f  t h e y  were " c a r r i e r s ” o f  i n f e c t i o u s  bowel 

c o n d i t i o n s .  T h is  in v o lv e d ,  among o th e r  t h i n g s ,  8 ,0 0 0  

odd p l a t i n g s  o f  f a e c e s ,  th e  m a j o r i t y  o f  w hich  were c a r r i e d  

o u t  u n d e r  i d e a l  c o n d i t i o n s .  The s u b j e c t  was g iv e n  a 

s a l i n e  p u rg e ,  and th e  su b se q u e n t  s t o o l  was p a sse d  i n  a 

l a t r i n e  on the  l a b o r a t o r y  p re m is e s .  A f r e s h  specim en 

from  t h i s  was a t  once s e c u re d  and p l a t e d  and exam ined In  

e x a c t l y  th e  same way a s  a d y s e n te r y  (o r  e n t e r i c )  specim en . 

Hone o f  th e  s t r a i n s  w hich  a r e  c o n s id e r e d  p a th o g e n ic  h a s  

e v e r  b e en  i s o l a t e d  from  th e s e  c o n t r o l s ,  e x c e p t  i n  a few 

r a r e  c a s e s  w h e re , on i n v e s t i g a t i o n ,  th e  i n d i v i d u a l  was 

found to  be s u f f e r i n g  from a c u te  o r  c h ro n ic  b a c i l l a r y  

d y s e n te r y .  In  a d d i t i o n ,  by w hat i s  no doubt a c o i n c i 

d e n c e ,  t h e  on ly  o rgan ism s i s o l a t e d  under  t h e s e  c irc u m 

s t a n c e s  hav e  been  c l a s s i c a l  F l e x n e r s ,  S h iga  o r  S c h m itz .



(b ) The o rg an ism s have  been  p r e s e n t  i n  th e  s t o o l s  

d u r in g  th e  same s t a g e s  a s  t h e  " c l a s s i c a l ” d y s e n t e r y ,  i . e . ,  

i n  a lm o s t  pure  c u l t u r e  i n  t h e  e a r l y  a c u te  s t a g e s  and 

r a p i d l y  d im in i s h in g  i n  numbers a s  th e  c a se  p r o g r e s s e s .

(c )  A lthough  th e  c a s e s  were c l i n i c a l l y  and m ic ro 

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

g a te d  a t  t h e  c o r r e c t  t im e s ,  " c l a s s i c a l "  d y s e n te r y  b a c i l l i  

have  n o t  been  i s o l a t e d  i n  a s s o c i a t i o n  w i th  th e  new t y p e s ,  

d e s p i t e  th e  f a c t  t h a t  s e v e r a l  c o lo n i e s  were i n v a r i a b l y  

s e l e c t e d  and exam ined from  each  c a s e .  ( N.B. T h is  does  n o t  

a p p ly  t o  th e  ty p e s  n o te d  a s  p ro b a b ly  n o n - p a t h o g e n i c . )

T h is  p o i n t  i s  m en tioned  b e ca u se  i t  i s  commonly s t a t e d  

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

ty p e s  o f  o rg a n ism s , w hich  have  t h e i r  h a b i t a t  h ig h  up i n  

th e  bow el, a r e  washed down and a p p e a r  i n  a s s o c i a t i o n  wl t h  

th e  c a u s a t iv e  d y s e n te r y  b a c i l l i .  T h is  h a s  been  found  by 

th e  w r i t e r  i n  th e  c a se  o f  B. morgan and o f  c e r t a i n  o f  t h e  

s a c c h a ro s e  f e r m e n te r s .  I t  does n o t  a p p ly  to  th e  o th e r  

s t r a i n s .

(d) C e r t a in  s t r a i n s  have a w e ll-m ark e d  a n t i g e n i c  

s i m i l a r i t y  to  th e  c l a s s i c a l  F le x n e r s  i n  t h a t ,  when i n j e c t e d  

i n t o  a  r a b b i t ,  th ey  s t i m u l a t e  th e  p r o d u c t io n  o f  a v a ry in g  

deg ree  o f  h e te r o lo g o u s  a g g l u t i n i n s  f o r  th e  l a t t e r  o rg a n ism s .



( e )  A g g lu t in in s  f o r  t h e  o rgan ism  may d e v e lo p  I n  

t h e  p a t i e n t ' s  serum . T h is  h a s  b e en  d e f i n i t e l y  found  i n  

th e  c a s e  o f  one ty p e  ( 8 8 ) ,  b u t  h a s  n o t  b e en  f u l l y  i n v e s t i 

g a te d  i n  th e  o t h e r s .

D. DETAILS OP THE VARIOUS TYPES.

(a )  Subgroup A.

I n  th e  1931-32 s e r i e s ,  6 8 .5  p e r  c e n t  o f  a l l  s t r a i n s  

i s o l a t e d  b e lo n g  t o  t h i s  su bg rou p .

S e v e n ty - f iv e  p e r  c e n t  o f  th e  subgroup  i s  made up o f  

c l a s s i c a l  F le x n e r  s t r a i n s .  Of t h e  re m a in in g  t w e n ty - f i v e  

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

d e s c r i b e d .

In  a d d i t i o n  t o  th e s e  t h r e e  u n c l a s s i f i e d  s t r a i n s  o f  

t h e  1931-32 s e r i e s ,  e i g h t  o th e r  s t r a i n s  w i th  th e  b io c h e m ic a l  

r e a c t i o n s  o f subgroup  A ( c o l l e c t e d  from  a v a r i e t y  o f  

s o u rc e s )  f a i l  to  conform  t o  any o f  th e  t y p e s .  These 

e le v e n  w i l l  r e c e i v e  s e p a r a t e  c o n s i d e r a t i o n .

The s e r o l o g i c a l  c h a r a c t e r s  o f  t h i s  subgroup  a r e  com

p le x ,  and w i l l  De d e t a i l e d  i n  t h e  d e s c r i p t i o n  o f  each  ty p e ,  

a s  w i l l  a l s o  q u e s t io n s  o f  m u ta t io n  and p a t h o g e n i c i t y .

With th e  e x c e p t io n  o f  Type 1 7 0  and th e  u n c l a s s i f i e d  s e r i e s ,  ! 

th e y  a re  c l o s e l y  i n t e r r e l a t e d .



(1 ) C l a s s i c a l  B. d y s e n t e r i a e  F l e x n e r  (V. W. X. Y.. Z, e t c , )

Ther© i s  n o th in g  o f  im p o r tan c e  t o  add t o  th e  knowledge 

w hich  h as  a cc u m u la te d  r e g a r d in g  t h e s e  t y p e s ,  and o n ly  a few 

g e n e r a l  re m a rk s  need  be made.

The l o c a l  in c id e n c e  o f  t h e  ty p e s  i n  S o u th e rn  I n d ia  

i s  shown i n  T ab le  V, which i s  an  a n a l y s i s  o f  t h e  138 s t r a i n s  

m en tio n ed  i n  Table  IV. The s e r a  u sed  f o r  i d e n t i f i c a t i o n  

were th o s e  s u p p l i e d  by t h e  E n t e r i c  L a b o ra to ry ,  K a s a u l i ,  i n  

th e  m a n u fa c tu re  o f  w hich  e v e ry  c a r e  i s  e x e r c i s e d  t o  u se  

o n ly  smooth s t r a i n s  of o rg an ism s .

TABLE V.

V W X Y z vz Others

Number ................................ 8 43 4 11 ' 12 19 41

Percentage o f  1930-31 s e r ie s 3 16 .1 1 .5 4 .12 4 .5 7 .1 15.35

Percentage o f each type in  
the c l a s s ic a l  P lexner  
s e r ie s

5 .8 31J6 2 .9 7 .9 7 8 .7 13.76 29.71



The on ly  s t r a i n s  c a l l i n g  f o r  s p e c i a l  comment a r e  

th o s e  l a b e l l e d  " o t h e r s " .  The m a j o r i t y  were c o m b in a t io n s  

su ch  a s  V, W, Z; X, Y, Z, e t c .  A p r o p o r t i o n ,  how ever, 

d id  n o t  a g g l u t i n a t e  to  f u l l  t i t r e  w i t h  any  o f  t h e  f i v e  

s e r a ,  and i t  i s  p o s s i b l e  t h a t  such  s t r a i n s  may p o s s e s s  a 

d i s t i n c t i v e  a n t i g e n  o f  t h e i r  own I n  a d d i t i o n  t o  t h e  g roup  

a n t i g e n .  The n e x t  ty p e  to  be d e s c r i b e d ,  P119, i s  an  

example of t h i s ,  d i f f e r i n g  on ly  In  t h a t  i t s  a g g l u t i n a t i o n  

w i th  s e r a  o f  th e  c l a s s i c a l  s t r a i n s  f a l l s  f a r  s h o r t  of 

t i t r e .  The p r e c i s e  i d e n t i f i c a t i o n  o f  s t r a i n s  w hich  

a g g l u t i n a t e  a p p ro x im a te ly  t o  t i t r e  w i th  s e v e r a l  s e r a  i s  o f  

l i t t l e  p r a c t i c a l  im p o rtan ce  f o r  d i a g n o s t i c  p u r p o s e s .  They 

a r e  s u f f i c i e n t l y  r e l a t e d  to  th e  c l a s s i c a l  ty p e s  t o  e n a b le  

them to  be c l a s s i f i e d  a lo n g  w i t h  th e  fo rm er  w i th o u t  

d i f f i c u l t y .

M u ta t io n . S t r a i n s  o f  th e  c l a s s i c a l  F le x n e r s  were 

n o t ,  w i th  a few e x c e p t io n s ,  p r e s e r v e d  f o r  p ro lo n g ed  

p e r i o d s ,  and no e v id e n ce  o f  t r u e  m u ta t io n  from  S t o  R was 

e v e r  o b se rv e d .

P a t h o g e n i c i t y . The p a t h o g e n i c i t y  o f  t h e  c l a s s i c a l  

ty p e s  h a s  lo n g  been  a c c e p te d .  A l l  th e  s t r a i n s  I n  t h i s  

s e r i e s  were i s o l a t e d  from  c a s e s  o f  d y s e n te r y ,  e i t h e r  a c u t e ,



m o d e ra te ,  o r  i n  some c a s e s  so m ild  a s  t o  be l a b e l l e d  m e re ly  

d i a r r h o e a .

So f a r  as  th e  w r i t e r ' s  e x p e r ie n c e  g o e s ,  t h e r e  i s  no 

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

th e  few r a r e  c a s e s  where a b a c i l l u s  h a s  b een  i s o l a t e d  from  

an a p p a r e n t l y  norm al i n d i v i d u a l ,  a c a r e f u l  s e a r c h  o f  a l a r g e  

specim en  of f a e c e s ,  w e l l  washed i n  s a l i n e ,  i n v a r i a b l y  

r e v e a l e d  th e  p re s e n c e  o f  t r a c e s  o f  c e l l u l a r  mucus. F u r t h e r ,  

one w ould e x p e c t  a t r u e  "norm al" c a r r i e r  t o  e x c r e t e  th e  

o rgan ism s on r e p e a t e d  o c c a s io n s ,  as  d oes  a c a r r i e r  o f ,  s a y ,

B. t y p h o s u s . T h is ,  so f a r  a s  one i s  aw are , has  n e v e r  b e en  

fo u n d ,  o th e r  th a n  o f  c o u rs e  i n  a c h ro n ic  o r  su b a c u te  c a s e .

S e r o l o g i c a l  D ia g n o s is  o f  D y se n te ry  Caused by 
Organisms o f  t h i s  Type.

D uring  1930 a number o f  a g g l u t i n a t i o n  t e s t s  were 

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

t y p e s .  No new f a c t s  em erged, and th e  f i n d i n g s  o f  o t h e r s  

were c o n f i rm e d ,  v i z . ,  t h a t  th e  developm ent o f  a g g l u t i n i n s  

i s  v e ry  u n c e r t a i n ,  t h a t  i t  o c c u rs  so  l a t e  a s  t o  be o f  

l i t t l e  o r  no v a lu e  f o r  d i a g n o s t i c  p u rp o se s  so  f a r  a s  a c u te  

c a s e s  a r e  c o n c e rn e d ,  and t h a t  t h e  a g g l u t i n i n s  w hich  

d e v e lo p  f r e q u e n t l y  do n o t  c o r re sp o n d  to  th e  a n t i g e n i c  ty p e  

o f  th e  i n f e c t i n g  o rg an ism . The t e s t  h a s  b een  abandoned as 

a r o u t i n e ,  b e in g  of no p r a c t i c a l  v a lu e .
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(2) Type P119.

T h is  ty p e  i s  c l o s e l y  a l l i e d  t o  th e  c l a s s i c a l  

F l e x n e r s ,  and p a r t i c u l a r l y  t o  X.

In  a l l  12 s t r a i n s  have  "been i s o l a t e d  and i n v e s t i g a t e d .  

8 from  Poona, 2 from  Ju b b u lp o re  and 2 from  B a n g a lo r e .x

I n  i t s  b io c h e m ic a l  r e a o t i o n s  i t  c o r re s p o n d s  e x a c t l y  

w i th  t h e  c l a s s i c a l  F l e x n e r s .

T able  VI shows th e  a g g l u t i n a t i o n  r e a c t i o n s  on 

i s o l a t i o n .

TABLE V I.

Serum

V w X Y z P 119

( F 119 10 mm 10 10 100
( P 190 5 - 4 10 - 100
( P 272 - - 10 10 - 100
( P 283 - 5 5 15 - 100
( P 326 5 - 10 10 - 100
( P 329 _ — 10 •5 _ 100Organism . . . . ( P 493 - - 10 10 25 100
( Dec. 6 4 - 10 10 5 100
( Dec. 7 5 - 25 10 5 100
( Md. 5 7 - 25 10 8 100
( Md. 7 5 - 25 10 5 100
( P 584 5 10 15 10 15 . 100

x  A f u r t h e r  s t r a i n  h a s  j u s t  been  r e c e i v e d  from  M ingaladon 
i n  Burma•



/N o te  -  In  t h i s  and a l l  su b s e q u e n t  t a b l e s  th e  

f i g u r e s  shown a r e  i n  p e r c e n ta g e s  o f  t h e  t i t r e  o f  t h e  serum  

i n  q u e s t io n  f o r  i t s  homologous o rg an ism ; V serum  has

a t i t r e  o f  f o r  i t s  homologous o rg an ism , V; t h i s  serum  

a g g l u t i n a t e s  P119 i n  a d i l u t i o n  o f  P119 i s  t h e r e f o r e

a g g l u t i n a t e d  up t o  10 per c e n t  o f  t i t r e ,  and t h e  f i g u r e

10 i s  shown i n  t h e  t a b l e .

I t  must be c l e a r l y  u n d e rs to o d  t h a t  such  f i g u r e s  a re  

j^nly a p p ro x im a te .  The a p p a re n t  a g g l u t i n a b i l i t y  o f  an 

o rgan ism  v a r i e s  from  tim e  to  tim e  u n d e r  th e  i n f lu e n c e  o f  a 

v a r i e t y  o f  f a c t o r s .  As f a r  a s  p o s s i b l e  a u n ifo rm  te c h n iq u e  

has been  em ployed, b u t  e x p e r ie n c e  d e m o n s tra te s  t h a t  s t a n d a r d  

r e s u l t s  have  n o t  been  a t t a i n e d .  The v a r i a t i o n s  a r e ,  how

e v e r ,  i n s u f f i c i e n t  t o  u p s e t  th e  c o n c lu s io n s  f o r m e d ^

Table  V II  shows th e  s e r o l o g i c a l  i n t e r r e l a t i o n s h i p  

o f  t h i s  ty p e  w i t h  th e  r e s t  of th e  s e r i e s

T ab le s  V I I I  and IX show a b s o r p t io n  t e s t s  w i t h  serum

p re p a re d  from  S t r a i n  P119, and from  S t r a i n  P493, a n o th e r  

s i m i l a r  o r g a n is m :-

/N o te  -  In  t h e s e  and i n  a l l  o th e r  a b s o r p t i o n  t e s t s  i n  

t h i s  i n v e s t i g a t i o n  th e  method o f  co m p le te  s a t u r a t i o n  w i th  

th e  a b s o rb in g  o rgan ism  was em ployed. The d o se  o f  

o rg a n is m s  added to  t h e  serum was s u f f i c i e n t  t o  e n su re  t h a t
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a f t e r  two h o u rs  a t  37°C. and o v e r n ig h t  a t  room t e r r a p e r a tu r e ,  

th e  s u p e r n a t a n t  f l u i d  s t i l l  rem ained  t u r b i d ,  so  t h a t  p ro 

lo n g ed  c e n t r i f u g i n g  was n e c e s s a r y  to  th row  down th e  

suspended  ( i . e . ,  n o n - a g g l u t in a t e d )  o r g a n i s in g

The c a p a c i t y  o f  X t o  a b so rb  a g g l u t i n i n s  from  b o th  

th e  s e r a  t e s t e d  w i l l  be  n o te d ,  as  w e l l  as th e  h ig h  c o n te n t  

o f  h e te r o lo g o u s  a g g l u t i n i n  f o r  X i n  P493 serum . X serum 

was a c c o r d in g ly  a b s o rb e d ,  w i th  th e  r e s u l t s  shown i n  T ab le  

X :-

From th e s e  r e s u l t s  i t  w i l l  be seen  t h a t  a l th o u g h  

P119 h as  much i n  common w i th  X, i t  h a s  n e v e r t h e l e s s  an 

a n t i g e n i c  s t r u c t u r e  p e c u l i a r  t o  i t s e l f ,  and must t h e r e f o r e  

be re g a rd e d  a s  a s e p a r a t e  t y p e .

M u ta t io n . In  v iew  o f  t h e  r e s u l t s  o b ta in e d  w i th  Type 

103 (a b o u t  to  be d e s c r i b e d ) ,  numerous a t t e m p ts  have  been  

made to  cau se  P119 to  p roduce  an  a g g l u t i n a b l e  v a r i a n t ,  b u t  

w i th o u t  s u c c e s s .  Marked v a r i a t i o n s  i n  c o lo n y  c h a r a c t e r s  

were o b t a in e d ,  b u t  t h e s e  d id  n o t  b e to k e n  any a l t e r a t i o n  

i n  a n t i g e n i c  p a t t e r n .

P a t h o g e n i c i t y . Of t h e  e i g h t  c a s e s  i s o l a t e d  i n  Poona, 

a l l  w ere from  t y p i c a l  c a s e s  o f  d y s e n te r y ,  s i x  showing 

b a c i l l a r y  e x u d a te ,  and two i n d e f i n i t e  e x u d a te .  I n  no c a se



d id  a m ixed i n f e c t i o n  w i th  any o th e r  d y s e n t e r y  o rgan ism  

o c c u r ,  n o r  was th e  o rgan ism  i s o l a t e d  e x c e p t  d u r in g  th e  

a c u te  phase  o f  th e  d i s e a s e .  I t  was n e v e r  found  i n  th e  

8 ,0 0 0  odd p l a t i n g s  made from  n o n - d y s e n te r i c  i n d i v i d u a l s .

No a g g l u t i n a t i o n  t e s t s  have  b een  c a r r i e d  o u t  w i th  

th e  serum  o f a p a t i e n t  h a rb o u r in g  t h i s  o rg an ism .

In  e v e ry  way e x c e p t  i t s  e x a c t  a n t i g e n i c  com plex,

P119 i s  i d e n t i c a l  w i th  th e  c l a s s i c a l  F l e x n e r s ,  and t h e r e  

seems no r e a s o n  why i t  sh o u ld  n o t  be r e g a rd e d  a s  a h i t h e r t o  

u n d e s c r ib e d  member o f  th e  g ro u p .  I t  i s  o f  r e l a t i v e l y  

common o c c u r r e n c e ,  a s  i n  1931, 7 s t r a i n s  o f  t h i s  o rgan ism  

were i s o l a t e d  i n  Poona, a s  compared w i th  4 o f  V, 3 o f  X, 

and 2 o f  Y.

(5) Type 1 0 5 .

F o r ty -o n e  s t r a i n s  o f  t h i s  o rgan ism  have now been  

i s o l a t e d  o r  i d e n t i f i e d  by th e  w r i t e r .  These have th e  

fo l lo w in g  d i s t r i b u t i o n : -

S ecu n d erab ad , 1928-29 . . .  3
B a n g a lo re ,  1929-30-31  . . .  12
Poona, 1930—31 . . .  19
J u b b u lp o re , 1931 . . .  1
Mhow . . .  . . .  1
Q u e t ta  . . •  . . .  1
M eerut . . .  . . .  4
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D e s c r i p t i o n  o f  O rgan ism . As th e  ty p e  h a s  a l r e a d y  been 

f u l l y  d e s c r i b e d 4 , o n ly  a b r i e f  r6sum£ and a few a d d i t i o n a l  

f a c t s  need be g iv e n .

I t s  b io c h e m ic a l  r e a c t i o n s  a r e  i d e n t i c a l  w i t h  t h o s e  

o f  th e  c l a s s i c a l  F l e x n e r s .

I t s  s e r o l o g i c a l  c h a r a c t e r s  a r e  shown i n  T ab le  X I.

M u ta t io n . T h is  o rgan ism  i s  u n iq u e  i n  t h a t ,  a f t e r  a 

v a r i a b l e  p e r io d  o f  c u l t u r e  on a r t i f i c i a l  m ed ia , i t  p ro d u ces
i

an  a g g l u t i n a b l e  v a r i a n t  v e ry  s i m i l a r  t o  Y> w hich  i n  c o u rs e  

o f  t im e  c o m p le te ly  overgrow s and r e p l a c e s  th e  o r i g i n a l  t y p e .

F i f t e e n  s t r a i n s  have been  i s o l a t e d  i n  th e  S o u th e rn  

Command L a b o ra to ry  s in c e  th e  d a te  o f  t h e  l a s t  p u b l i c a t i o n ,  

and i n t e r m i t t e n t  a t t e m p ts  have been  made to  s t i m u l a t e  t h e s e  

to  form  a g g lu t i n a b l e  v a r i a n t s .  Two have done s o ,  b u t  th e  

rem ainder  s t i l l  show th e  103 a n t i g e n i c  p a t t e r n .

S t r a i n  P61, b e lo n g in g  t o  t h e  s e r i e s  p r e v io u s ly  

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

cum stances w o r th y  o f  r e c o r d .  T h is  s t r a i n  was s e l e c t e d  

b e ca u se  o f  th e  f a c t  t h a t  i t  showed no te n d e n c y  t o  p roduce  

a g g l u t i n a b l e  v a r i a n t s ,  and was s e n t  to  t h e  E n t e r i c  L abo ra 

t o r y ,  K a s a u l i ,  t o  be u se d  t h e r e  f o r  th e  p r o d u c t io n  o f  Type 

103 serum . On O ctober 10, 1931, i n  th e  S o u th e rn  Command 

L a b o ra to ry ,  a p l a t e  w h ich  was made from  a t w e n ty - f o u r - h o u r
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b r o t h  c u l t u r e  o f  t h i s  s t r a i n  was found  to  c o n t a i n  b o th  t h e  

o r i g i n a l  c o lo n y  and th e  a g g l u t i n a b l e  v a r i a n t .  On O c to b e r  

15 , 1931, in f o r m a t io n  was r e c e i v e d  from  K a s a u l i  t h a t  t h e i r  

s t r a i n  had become a g g l u t i n a b l e ,  a l th o u g h  no v a r i a t i o n  in  

c o lo n y  typ e  c o u ld  be d e t e c t e d .  A f u r t h e r  s u b c u l tu r e  from  

Poona was s e n t  to  K a s a u l i ,  and th e  o c c u r re n c e  o f  b o th  ty p e s  

o f  c o lo n i e s  i n  t h i s  s u b c u l tu r e  was t h e r e  c o n f i rm e d .  The 

c o in c id e n c e  i n  t im e  o f  th e  developm ent o f  th e  a g g l u t i n a b l e  

phase  i s  s t r i k i n g .

M ention  must be made o f  th e  f a c t  t h a t  c o lo n i e s  h a v in g  

th e  p h y s i c a l  b u t  n o t  th e  a n t i g e n i c  c h a r a c t e r s  cf th e  a g g lu 

t i n a b l e  v a r i a n t  have been e n c o u n te re d  from  t im e  t o  t im e  in  

p l a t e s  from  t h e s e  s t r a i n s .  Such ro u g h  c o lo n i e s  a g g l u t i 

n a te d  i n  a manner s i m i l a r  to  newly i s o l a t e d  103. T h e i r  

s i g n i f i c a n c e  i s  n o t  known. They showed on ly  a  t r a c e  of 

a g g l u t i n a t i o n  w i th  P le x n e r  R serum .

I t  w ould , t h e r e f o r e ,  a p p ea r  t h a t  103 i s  l i a b l e  t o  a 

v a r i e t y  o f  c o lo n y  m u ta t io n s .

A t t e n t i o n  h a s  a l s o  been  drawn t o  v a r i a t i o n s  i n  

a g g l u t i n a b i l i t y  w hich  t h i s  o rgan ism  shows. C e r t a i n  s t r a i n s  

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

th e  serum . W hether t h i s  r e p r e s e n t s  a ty p e  w i t h i n  a ty p e  

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



P a t h o g e n i c i t y . A l l  28 s t r a i n s  i s o l a t e d  i n  B a n g a lo re  

and Poona by th e  w r i t e r  were f rom  t y p i c a l  c a s e s  o f  d y s e n t e r y .  

T w en ty -seven  were from  c a s e s  showing b a c i l l a r y  e x u d a te ,  and 

1 from  an i n d e f i n i t e  e x u d a te .  One c a se  -  a c h i l d  o f  1 y e a r  

p ro g r e s s e d  to  a f a t a l  t e r m i n a t i o n .  On th e  two o c c a s io n s  

on w h ich  a s u i t a b l y  f r e s h  specim en was r e c e i v e d  f o r  exam ina

t i o n  fro m  t h i s  c a s e ,  a r i c h  c u l t u r e  o f  103 was o b t a in e d .

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  t h e r a p e u t i c  serum had  no 

a p p a re n t  a c t i o n  on the  c a s e .  As no s p e c i f i c  a n t ib o d y  f o r  

103 I s  embodied i n  th e  serum t h i s  r e s u l t  i s  w hat m igh t be 

e x p e c te d .

In  two c a s e s  t h i s  ty p e  was e n c o u n te re d  I n  a mixed 

i n f e c t i o n ,  th e  o t h e r  o rgan ism s b e in g  W and 170.

I t  h a s  n e v e r  b e en  foun d  i n  t h e  8 ,0 0 0  c o n t r o l s .

No f u r t h e r  t e s t s  w i th  th e  serum o f c a se s  have b een  

c a r r i e d  o u t .  D e s p i te  the  a b sen ce  o f  c o n f i r m a t io n  by t h i s  

t e s t ,  no r e a s o n a b le  doubt i s  e n t e r t a i n e d  t h a t  103 i s  a w id e 

sp re a d  cause  o f  b a c i l l a r y  d y s e n te r y .

(4) Type 170 .

T h is  o rgan ism  has  been  i s o l a t e d  from  19 c a s e s ,  v i z . ,

9 from  B a n g a lo re ,  7 from  Poona, 1 from  S ec u n d erab a d , 1 from  

Q u e t ta ,  and 1 from  M eeru t .



D e s c r i p t i o n  o f  th e  O rgan ism . The b io c h e m ic a l  

r e a c t i o n s  a r e  i d e n t i c a l  w i th  th o s e  o f  c l a s s i c a l  F l e x n e r s .

S e r o l o g i c a l l y  th e  ty p e  i s  a d i s t i n c t  and s e p a r a t e  

e n t i t y .  I t  i s  n o t  a g g l u t i n a t e d  by h i g h - t i t r e  s e r a  o f  any 

o f  t h i s  s e r i e s ,  n e i t h e r  does 170 serum a g g l u t i n a t e  a n y .o f  

th e  o th e r  t y p e s .

I t s  a g g l u t i n o g e n e t i c  p r o p e r t i e s  a r e  m o d e ra te .

No v a r i a t i o n s  w i t h i n  t h e  ty p e  have  b een  fo u n d .  A l l  

s t r a i n s  a g g l u t i n a t e  to  t i t r e  o f  th e  serum , p ro d u c in g  some

w hat h e a v i e r  f l o c c u l i  t h a n  i s  common w i th  d y s e n te r y  b a c i l l i .

M u ta t io n . No a n t i g e n i c  change has  o c c u r r e d  i n  any o f  

th e  s t r a i n s ,  some o f  w hich  a r e  now over two y e a r s  o ld .

P a t h o g e n i c i t y . Of t h e  16 c a s e s  I n v e s t i g a t e d  i n  

B an g a lo re  and Poona, 11 showed t y p i c a l  b a c i l l a r y  e x u d a te ,

4 i n d e f i n i t e  e x u d a te ,  and one was from  a c a se  o f  d i a r r h o e a .  

In  one c a s e ,  170 o c c u r re d  In  c o n ju n c t io n  w i th  103.

170 h a s  shown th e  u s u a l  c y c le  o f  in c id e n c e  i n  a c u te  

c a s e s ,  and h a s  n o t  been  i s o l a t e d  from  th e  8 ,0 0 0  c o n t r o l  

p l a t i n g s .

A g g l u t in a t io n  t e s t s  w i th  th e  p a t i e n t f s serum  and t h e  

homologous o rgan ism  have been  t r i e d  i n  5 c a s e s ,  a l l  w i th  

n e g a t iv e  r e s u l t s .
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On th e  whole i t  i s  c o n s id e r e d  p ro b a b le  t h a t  170 i s  

a c au se  of d y s e n t e r y ,  b u t  i n  v iew  o f  th e  a n t i g e n i c  d i s 

s i m i l a r i t y  from  th e  c l a s s i c a l  F l e x n e r s ,  more e x p e r ie n c e  

i s  n e c e s s a r y  b e fo r e  a f i n a l  judgment can be g iv e n .

(5) U n c l a s s i f i e d  S t r a i n s .

There rem ain  11 s t r a i n s  o f  o rgan ism s g iv in g  t h e s e  

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

from  th e  fo re g o in g  ty p e s .

S e ra  have  been p re p a re d  f o r  some o f  t h e s e ,  and le a d  

t o  th e  f o l lo w in g  f u r t h e r  c l a s s i f i c a t i o n  (v id e  T ab le  X I I ) .

B r i e f  N otes on th e s e  S t r a i n s .

75 and Md. 2 . Both were i s o l a t e d  from  t y p i c a l  c a se s  

o f  d y s e n te r y  w i th  b a c i l l a r y  e x u d a te .  No o t h e r  o rgan ism s 

i s o l a t e d .

145 and 1 9 7 . One from  a r o u t i n e  e x am in a tio n  of a 

food  h a n d le r ,  th e  o th e r  from a c a se  o f  d i a r r h o e a  w i th  no 

b lo o d  and mucus. The organism  has  w e ll-m ark ed  a g g lu t i n o -  

g e n e t i c  p r o p e r t i e s .

B161a and P602. B oth  were from  c a s e s  o f  d ia r r h o e a  

w i th  mucus, m ic r o s c o p ic a l ly  n o t  a t y p i c a l  b a c i l l a r y  e x u d a te .  

The c o lo n i e s  o f  P602 were rough  i n  a p p ea ran ce  on th e  

o r i g i n a l  p l a t e .  M oderate a g g lu t i n o g e n s t i c  p r o p e r t i e s .



1 8 1 . From a case  o f  n e u r a s t h e n ia  w i th  o c c a s io n a l  

lo o se  s t o o l s .  No mucus. Never s u g g e s t iv e  o f  d y s e n te r y .  

Organism i s o l a t e d  on one o c c a s io n  o n ly  o f  many e x am in a t io n s  

m ade.

Of low a g g lu t i n o g e n e t i c  power.

2 0 0 . I s o l a t e d  on one o c c a s io n  o n ly  from  a c ase  o f  

d y s e n te r y  d u r in g  c o n v a le s c e n c e .  No o rgan ism  i s o l a t e d  

d u r in g  th e  a c u te  s t a g e s .  Well-mai»ked a g g lu t i n o g e n e t i c  

p r o p e r t i e s .

P145. A t y p i c a l  c a s e  o f  b a c i l l a r y  d y s e n te r y .

Organism I s o l a t e d  d u r in g  a c u te  s t a g e .  Has m odera te  a g g lu 

t i n o g e n e t i c  p r o p e r t i e s .

Dec. 10 and P375. A c c id e n ta l l y  o v e rlo o k ed  and no 

serum has  been  p r e p a re d .  They may t h e r e f o r e  be a l i k e  o r  

d i s t i n c t  s e r o l o g i c a l l y .  They have no s e r o l o g i c a l  r e l a t i o n 

s h ip  t o  any o th e r  organ ism  s tu d i e d .

(b) Subgroup B.

W hile th e  c r e a t i o n  o f  a subgroup  b ased  on th e  

f o m e n t a t i o n  o f  d u l c i t e  may be q u e s t io n e d ,  th e  a rran gem en t 

i n  p r a c t i c e  i s  a c o n v e n ie n t  one, and p r e v e n ts  th e  p re v io u s  

subgroup  from  becoming to p  h eavy . There i s  ev id en ce  of 

i n t e r - r e l a t i o n s h i p  i n  t h a t  two of th e  ty p e s  i n  t h i s  s e c t i o n



produce  h e te r o lo g o u s  a g g l u t i n i n s  f o r  th e  c l a s s i c a l  F l e x n e r s .

T a b le s  X I I I  and XIV show th e  b io c h e m ic a l  and s e r o l o 

g i c a l  c h a r a c t e r s  o f  th e  v a r io u s  ty p e s  i n  th e  su b g ro u p .

From t h i s  i t  w i l l  be seen  t h a t ,  e x c e p t  i n  th e  c ase  

o f  P274 and B. a l k a l e s c e n s , t h e  ty p e s  have no common 

a n t i g e n .

M u ta t io n . There i s  no ev id e n ce  o f  t h e  o c c u r re n c e  o f  

t r u e  m u ta t io n  i n  t h i s  g ro u p . On i s o l a t i o n  th e  c o lo n ie s  

a r e  lrsm ooth,, i n  ev e ry  way. S t r a i n s  o f  a l l  ty p e s  which 

have been  k e p t  i n  a r t i f i c i a l  c u l t u r e  over long  p e r io d s  show 

s u p e r f i c i a l  roug hness  to  a g r e a t e r  or l e s s e r  e x t e n t .  These 

a l l ,  how ever, e m u ls i fy  r e a d i l y ,  grow i n  b r o t h  w i th o u t  

d e p o s i t i n g ,  and a g g l u t i n a t e  to  t i t r e  w i th  th e  serum made 

from  smooth s t r a i n s .

(1) Type 8 8 .

T h i r ty - n in e  s t r a i n s  of t h i s  organ ism  have been  

i s o l a t e d  o r  i d e n t i f i e d  by u s ,  16 from  B a n g a lo re ,  1*5 from 

Poona, 1 from  Belgaum, 5 from S ecunderabad , 1 from  

Ju b b u lp o re ,  and 1 from  Q u e t ta .  S t r a i n s  have a l s o  been 

r e p o r t e d  from W e l l in g to n  and Razmak.

The b io c h e m ic a l  r e a c t i o n s  a r e  a s  i n  T able  X I I I .  In  

ab o u t  o n e - t h i r d  o f  th e  s t r a i n s  d u l c i t e  I s  n o t  fe rm e n te d .
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A l k a l i  f o n n a t io n  In  m ilk  does n o t  occu r  t i l l  th e  second 

week, and i s  a lw ays f a i n t .

The s e r o l o g i c a l  r e a c t i o n s  a r e  shown i n  T ab le  XV. A 

f a i r l y  c lo s e  r e l a t i o n s h i p  to  th e  c l a s s i c a l  F le x n e r s  can  be 

s e e n .  A b s o rp t io n  t e s t s  r e c o rd e d  in  a p re v io u s  a r t i c l e ^  

show t h a t  th e  "88" a n t ig e n  i s  a s e p a r a t e  e n t i t y .

P a t h o g e n i c i t y . T h i r ty  c a s e s  have come u n d e r  t h e  

w r i t e r ' s  o b s e r v a t i o n .  Of t h e s e ,  22 were t y p i c a l  d y s e n te r y  

w i th  b a c i l l a r y  e x u d a te ,  5 were d y s e n te r y  w i th  i n d e f i n i t e  

e x u d a te ,  and 3 were from c a s e s  w i th  a h i s t o r y  o f  d y s e n te r y  

w hich  had however p assed  the  a c u te  s t a g e .

No o th e r  d y s e n te ry  organism, has e v e r  been  re c o v e re d  

i n  a s s o c i a t i o n  w i th  ”88" n o r  h a s  t h i s  o rgan ism  e v e r  been  

found  i n  t h e  c o n t r o l  s e r i e s .

A g g lu t in in s  f o r  "8 8" , and a l s o  f o r  some o f  t h e  

c l a s s i c a l  F l e x n e r s ,  p a r t i c u l a r l y  "W", d ev e lo p  i n  th e  serum 

o f  p a t i e n t s  i n f e c t e d  w i th  t h i s  o rgan ism . S a t u r a t i o n  o f  

such  a serum w i th  "88" removes a l l  th e  a g g l u t i n i n s ,  w hereas 

t h e  c l a s s i c a l  F le x n e r s  a r e  c ap a b le  o f  rem oving o n ly  t h e i r  

own ( t h e r e f o r e  h e te ro lo g o u s )  a g g l u t i n i n s .

T ab le  XVI shows the  f i n d in g s  i n  one c a se  t h a t  was 

i n v e s t i g a t e d  i n  t h i s  way.

T h is  ty p e  i s  d e f i n i t e l y  r e g a rd e d  as  a cause  o f  
d y s e n te r y .
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(2) Type P288.

T h i r t e e n  s t r a i n s  o f t h i s  o rgan ism  have been  i s o l a t e d ,  

11 i n  Poona, 1 i n  S ecun derabad , and 1 i n  Bombay.

D e s c r ip t i o n  o f  th e  O rganism . The b io c h e m ic a l  

r e a c t i o n s  of P288 a re  shown i n  T ab le  X I I I .

S e r o l o g i c a l l y ,  as  w i l l  be se en  from  T ab le  XVII, a 

c e r t a i n  r e l a t i o n s h i p  t o  th e  c l a s s i c a l  F le x n e r s  e x i s t s .  

A lthough  n o t  a g g l u t i n a t e d  by th e  c l a s s i c a l  F le x n e r  s e r a ,  

a P288 serum c o n ta in s  a p r o p o r t io n  o f  h e te r o lo g o u s  a g g lu 

t i n i n s  f o r  t h e s e  t y p e s .  The organ ism  has w e ll-m ark ed  • 

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

P a t h o g e n i c i t y . Of th e  11 Poona s t r a i n s ,  a l l  were 

from  c l i n i c a l  b a c i l l a r y  d y s e n te ry ,  9 b e in g  from  s t o o l s  

showing b a c i l l a r y  e x u d a te ,  and 2 from  I n d e f i n i t e  e x u d a te .  

The Bombay s t r a i n  was from a c a se  o f  a c u te  d y s e n te ry  i n  a 

c h i l d .

The in c id e n c e  o f  th e s e  c a s e s  i s  i n t e r e s t i n g .  Nine 

o f  the  Poona c a s e s  o c c u r re d  betw een 2 0 .6 .3 1  and 6 .8 .3 1 ,  

and th e  re m a in in g  2 c ropped  up s im u l ta n e o u s ly  i n  an 

o f f i c e r ’ s mess i n  J a n u a ry ,  1932, 5 o f th e  9 c a s e s  o c c u r re d  

i n  one r e g im e n t  w i th  th e  d a te  of o n s e t  as f o l lo w s :

1 6 .7 .3 1 ,  2 1 .7 .3 1 ,  2 6 .7 .3 1 ,  3 .8 .3 1 ,  and 6 .8 .3 1 .



No mixed i n f e c t i o n s  have been  d i s c o v e re d  n o r  h a s  t h e  

o rgan ism  e v e r  been  found  i n  t h e  8 ,0 0 0  c o n t r o l s *  I t  has  

been  found  o n ly  d u r in g  th e  a c u te  s t a g e s  o f  t h e  c a s e s .

In  one c a se  th e  p a t i e n t ’ s serum was examined f o r  

s p e c i f i c  a g g l u t i n i n s  w i th  n e g a t iv e  r e s u l t .

I t  i s  c o n s id e r e d  t h a t  th e  e v id e n c e  i s  i n  f a v o u r  of 

p a th o g e n ic i ty  b e ca u se  of (a)  the  f a c t  t h a t  th e  organ ism  has 

o n ly  b e en  i s o l a t e d  from c a s e s  o f  c l i n i c a l  b a c i l l a r y  

d y s e n te r y ;  (b) th e  d e f i n i t e  c o n n e c t io n  betw een c e r t a i n  

c a s e s  s u g g e s t in g  i n f e c t i o n  from  a common so u rc e ;  and (c) 

t h e  s e r o l o g i c a l  r e l a t i o n s h i p  t o  the  c l a s s i c a l  F l e x n e r s .

(3) Type P274.

Of t h i s  type  on ly  n in e  s t r a i n s  have been e n c o u n te re d .  

F our o f  th e s e  o c c u r re d  i n  th e  Secunderabad  s e r i e s ,  two were 

found  i n  B a n g a lo re ,  two i n  Poona, and one in  Q u e t ta .

The b io c h e m ic a l  r e a c t i o n s  c a l l  f o r  no p a r t i c u l a r  

comment, b e in g  a s  shown i n  T able  X I I I .  The f e r m e n ta t io n  of 

d u l c i t e  o c cu rs  be tw een  th e  e i g h t h  and s i x t e e n t h  d a y s .

In d o l  i s  n o t  form ed. (Note the  c o r re sp o n d in g  r e a c t i o n s  i n  

B. a l k a l e a c e n s . )



101.

S e r o l o g i c a l  R e a c t i o n s , P274 I s  n o t  a p p r e c i a b ly  

a g g l u t i n a t e d  by h i g h - t i t r e  s e r a  o f  any o th e r  members o f  

th e  s e r i e s ,  and P274 serum has  no a c t i o n  on any o f  th e  

o rgan ism s w i th  t h e  e x c e p t io n  of B. a lk a l e s c e n s  (Andrewea) 

which i s  a g g lu t i n a t e d  to  t i t r e .  A b s o rp t io n  t e s t s  g iv e  th e  

r e s u l t s  shown in  Table  X V III.

TABLE X V III.

Serum Organisms

B. a lk a l e s c e n s P274

B. a lk a l e s c e n s  . . . 100 0 .5

P274 100 100

P274 a b so rb ed  P274 . . . 1 2

P274 a b so rb ed
B. a lk a le s c e n s 2 20

I t  wL 11 th u s  be seen  t h a t  w h i le  P274 serum h a s  marked 

h e te r o lo g o u s  a g g l u t i n i n s  f o r  B. a l k a l e s c e n s , th e  r e v e r s e  

i s  n o t  t r u e .  Each p o s s e s s e s  ah a n t ig e n  p e c u l i a r  to  

i t s e l f .

P274 has  good a g g lu t in o g e n e t i c  p r o p e r t i e s .

P a th o g e n ic 1t y . The fo u r  S ecunderabad  s t r a i n s  were

a l l  from  c a s e s  o f  c l i n i c a l  d y s e n te r y  w i th  b a c i l l a r y  e x u d a te .



Of f o u r  s t r a i n s  i s o l a t e d  by th e  w r i t e r ,  two were from  

d y s e n te r y  e a s e s  w i t h  b a c i l l a r y  e x u d a te ,  one from  a c a se  

w i th  i n d e f i n i t e  e x u d a te ,  and one from  a c a se  o f  i n t e r m i t t e n t  

d i a r r h o e a .  In  one o f  t h e s e  d y s e n te r y  c a s e s  th e  o rgan ism  

was found  on fo u r  s u c c e s s iv e  days d u r in g  th e  a c u te  s t a g e ,  

n e v e r  l a t e r .  T e s ts  o f p a t i e n t ' s  serum f o r  s p e c i f i c  

a g g l u t i n i n s  i n  t h i s  c a se  p roved  n e g a t iv e .

T h is  ty p e  has n e v e r  been  e n c o u n te re d  o th e r  th a n  a s

above.

A lth o u g h , t h e r e f o r e ,  t h e r e  i s  a c e r t a i n  amount o f 

e v id e n c e  in  fa v o u r  o f  P274 b e in g  p a th o g e n ic ,  i t  i s  n o t  y e t  

p o s s ib l e  to  e x p re s s  a d e f i n i t e  o p in io n  on th e  s u b j e c t .

(4) Type D l .

T h is  i s  a s e r o l o g i c a l  ty p e  r e g a r d in g  which v e ry  l i t t l e  

f i r s t - h a n d  in fo rm a t io n  can be g iv e n .  Of th e  t h i r t y - s e v e n  

s t r a i n s  o f  " n o n - a g g lu t in a b le  F l e x n e r ” c o l l e c t e d  by 

Major W. W alker, R .A .M .C., in  S ecund erab ad , and v e ry  k in d ly  

handed o ve r  t o  th e  w r i t e r ,  seven  were found  t o  be  o f  t h i s  

t y p e .  No s i m i l a r  s t r a i n s  were found  i n  B angalo re  o r  Poona 

t i l l  A ugust,  1951, when two were i s o l a t e d .  These n in e  

s t r a i n s  a r e  a l l  t h a t  have come to  hand .



B io ch e m ic a l  r e a c t i o n s  a p p e a r  i n  T ab le  X I I I .  I t  w i l l  

be se en  t h a t ,  a s  w i th  B. a l k a l e s c e n s . d u l c i t e  i s  fe rm e n te d  

e a r l y ,  i . e . ,  on th e  second  o r  t h i r d  d ay . A l k a l i  fo rm a t io n

i n  m ilk  i s ,  how ever, l a t e  and s l i g h t .

S e r o l o g i c a l  C h a r a c t e r s . T h is  type  i s  o f c o m p le te ly  

d i f f e r e n t  a n t i g e n i c  p a t t e r n  from  th e  c l a s s i c a l  F l e x n e r s .

I t  i s  a g g l u t i n a t e d  by no serum i n  t h i s  s e r i e s  o t h e r  th a n  

i t s  own. C o n v e rse ly  D1 serum c o n ta in s  no h e te ro lo g o u s  

a g g l u t i n i n s .  I t s  a g g lu t i n o g e n e t i c  p r o p e r t i e s  a re  n o t  o f  

a h ig h  o r d e r .

P a t h o g e n i c i t y . Of t h e  two Poona s t r a i n s  one was 

from  a t y p i c a l  b a c i l l a r y  d y s e n te r y  w i th  b a c i l l a r y  e x u d a te ,  

th e  o t h e r  from  a more d o u b t f u l  c a se  w i th  i n d e f i n i t e  e x u d a te .  

The seven  Secunderabad  s t r a i n s  were a l l  from c a s e s  o f 

c l i n i c a l  d y s e n te r y ,  f i v e  of w hich  showed b a c i l l a r y  e x u d a te  

and two i n d e f i n i t e  e x u d a te .

I t  has  n o t  been  p o s s ib l e  t o  t e s t  th e  a g g l u t i n i n  

c o n te n t  o f  th e  serum of p a t i e n t s  from whom t h i s  o rganism  

has  been  r e c o v e r e d .

W hile  i t  i s  p o s s ib le  t h a t  th e  o rgan ism  may be a 

cause  o f  d y s e n te r y ,  t h e r e  i s  n o t  s u f f i c i e n t  ev id en ce  

a v a i l a b l e  t o  adm it o f  t h i s  b e in g  d e f i n i t e l y  a s s e r t e d .



104.

I
I (5) Type D19.
I
| Only two s t r a i n s  o f  t h i s  ty p e  have been  fo u n d , b o th

i n  th e  Secunderabad  s e r i e s .  B oth  i s o l a t i o n s  were from  

c a s e s  o f b a c i l l a r y  d y s e n te ry  w i th  t y p i c a l  b a c i l l a r y  e x u d a te .

The b io c h e m ic a l  and s e r o l o g i c a l  r e a c t i o n s  c an  be seen  

I n  T ab le s  X I I I  and XIV. The o rgan ism  h a s  w e ll-m ark e d  

a g g lu t i n o g e n e t i c  p r o p e r t i e s .

I t  i s  Im p o ss ib le  t o  say from  th e  e v id e n c e  a v a i l a b l e  

w he ther  D19 i s  p a th o g e n ic  o r  n o t .

(6 ) B. a lk a l e s c e n s  (A ndrew es).

T his h a s  been  found f i v e  t im e s ,  t h r e e  t im e s  i n  Poona 

and tw ic e  i n  B a n g a lo re .

The b io c h e m ic a l  r e a c t i o n s  a t  once d i s t i n g u i s h  i t  

from o th e r  members of th e  g ro u p . D u lc i t e  i s  r e n d e re d  

• a c id  ab ou t th e  t h i r d  d a y .  M ilk , a t  f i r s t  a c i d ,  becomes 

a l k a l i n e  betw een the  t h i r d  and f i f t h  d a y s ,  th e  d eg ree  o f  

a l k a l i n i t y  u l t i m a t e l y  b e in g  i n t e n s e .  In d o l  I s  form ed i n  

p ep to n e  w a te r .  B. a lk a le s c e n s  i s  th e  o n ly  in d o l- fo rm in g  

member o f  th e  sub group .

The s e r o l o g i c a l  c h a r a c t e r s  can  be se e n  i n  T ab les  XIV 

and X V III.



P a t h o g e n i c i t y . A l l  f i v e  s t r a i n s  were r e c o v e r e d  from  

th e  s t o o l s  o f  norm al I n d i v i d u a l s .  There  I s ,  t h e r e f o r e ,  

no s u g g e s t io n  o f  p a th o g e n ic i ty ,  a f i n d i n g  which a c c o rd s  w i th  

t h e  o p in io n  form ed by Andrewes^.

(7) U n c l a s s i f i e d  S t r a i n .

One o th e r  d u l c i t e - f e r m e n t i n g  s t r a i n  has been  I s o l a t e d  

w h ic h  has  no s e r o l o g i c a l  r e l a t i o n s h i p  to  th e s e  d e s c r i b e d .

I t  was found i n  th e  r o u t i n e  e x a m in a t io n  o f  a norm al 

i n d i v i d u a l .

(c)  Subgroup C.

T h is  subgroup co m p rises  over e ig h te e n  per  cent* o f  

th e  1930-31 s e r i e s .

I t  h a s  b een  on ly  somewhat s u p e r f i c i a l l y  i n v e s t i g a t e d ,  

hav in g  been s e t  a s id e  f o r  more d e t a i l e d  c o n s i d e r a t i o n  when 

th e  work on th e  o th e r  subgroups shou ld  be com ple ted . A 

t r a n s f e r  from  p r a c t i c a l  work has  r e n d e re d  t h i s  Im p o ss ib le  

so f a r  a s  the  w r i t e r  I s  c o n c e rn e d , b u t  the  work w i l l  s h o r t l y  

be ta k e n  up i n  a n o th e r  l a b o r a t o r y .

The p r i n c i p a l  member o f  th e  subgroup i s ,  o f  c o u rs e ,

B. d y s e n t e r i a e  Sonne, whose p a th o g e n ic  p r o p e r t i e s  a re  w e l l  

known.



No a t te m p t  has b e en  made t o  c l a s s i f y  th e  re m a in d e r  

o f  th e  s t r a i n s  s e r o l o g i c a l l y .  No doub t B. d l s p a r  (Andrewes 

and the  v a r i o u s  b ra n d s  o f  B. m e ta d y s e n te r ia e  ( C a s t e l l a n i )  

a r e  in c lu d e d ,  b u t  i n  th e  ab sence  o f  i d e n t i f i c a t i o n  by 

a g g l u t i n a t i o n  i t  i s  im p o s s ib le  t o  be c e r t a i n .

The e a r l y  p ro d u c t io n  of c o lo n ie s  which a re  a t  l e a s t  

s u p e r f i c i a l l y  fiough" (R) i s  a w e ll-m ark e d  f e a t u r e  o f  t h i s  

g ro u p . I t  i s  t y p i f i e d  i n  th e  ca se  o f  B. d y s e n te r i a e  Sonne 

w h ich , a l th o u g h  u s u a l l y  "smooth" (S) when i s o l a t e d  may b e g in  

im m ed ia te ly  to  become R, and may be a lm o s t  c o m p le te ly  R 

w i t h i n  tw e n ty - fo u r  h o u r s .  F o r  t h i s  r e a s o n  i t  i s  a d v is a b le  

t o  u se  f o r  d i a g n o s t i c  p u rp o ses  a serum c a p a b le  o f  a g g l u t i n a t  

in g  b o th  th e  S and th e  R v a r i a n t s ,  as  o th e rw is e  s t r a i n s  

which have  undergone an e a r l y  change to  R may be m issed .

S i m i l a r  r a p i d  m u ta t io n  to  R has  been obse rv ed  i n  a l l  

s t r a i n s  o f  t h i s  subgroup  w hich  have been s t u d i e d .  Many 

a r e  c o m p le te ly  R on th e  o r i g i n a l  p l a t e  made from th e  

P a t i e n t ' s  s t o o l .  For t h i s  r e a s o n  I t  i s  th o u g h t t h a t  such  

s t r a i n s  may be much commoner th a n  th e  f i g u r e s  g iv e n  h e re  

i n d i c a t e .  When t y p i c a l  S c o lo n ie s  a r e  p r e s e n t  on a p l a t e ,  

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

to  be c o n f in e d  to  th e s e  t o  th e  e x c lu s io n  o f  any R c o lo n ie s



which may he p r e s e n t ,  which a re  c o n s e q u e n t ly  "m is se d 11.

Of c o u rs e  t h e r e  a r e  many b lu e  c o lo n ie s  w i th  R c h a r a c t e r s  

which a r e  t o t a l l y  u n r e l a t e d  to  t h e  g roup  u n d er  d i s c u s s i o n .

These R s t r a i n s  o f subgroup  C show w e ll-m ark e d  

d i f f e r e n c e s  from  the  R s t r a i n s  o f  subgroup  A ( I . e .  th e  

c l a s s i c a l  F l e x n e r s ) .  C o lo n ie s  o f th e  l a t t e r  n o t  o n ly  

a p p e a r  "rough" p h y s i c a l l y ,  b u t  a l s o  grow as  a d e p o s i t  i n  

b r o t h  and  a u t o - a g g l u t i n a t e  i n  0 .9  pe r  c e n t ,  s a l i n e .  The 

subgroup  C "R" s t r a i n s  have n o t  t h e s e  c h a r a c t e r s .  A lthough  

to  lo o k  a t  th e y  a re  e x tre m e ly  "rough" c o lo n i e s ,  th e y  grow 

u n i fo rm ly  In  b r o t h ,  and r e a d i l y  e m u ls i fy  i n  0 .9  p e r  c e n t  

s a l i n e .  B. d y s e n t e r i a e Sonne n e v e r t h e l e s s  shows th e  same 

com ple te  change of a n t i g e n  i n  i t s  m u ta t io n  from  S t o  R as 

do th e  c l a s s i c a l  F le x n e r s .

In  t h i s  c o n n e c t io n  t h e r e  i s  a f u r t h e r  p o in t  o f  

c o n s id e r a b le  i n t e r e s t .  The c l a s s i c a l  F le x n e r s  (V, W, X,

Y, Z) have R v a r i a n t s  w i th  a common a n t i g e n i c  p a t t e r n ,  

i . e . ,  a serum which a g g l u t i n a t e s  V R w i l l  a g g l u t i n a t e  

e q u a l ly  VV R, X R, e t c .  T h is  i s  n o t  so i n  subgroup C.

Sonne R serum w i l l  n o t  a g g l u t i n a t e  any of th e  o t h e r s ,  a 

f a c t  w hich s u g g e s t s  th e  p o s s i b i l i t y  t h a t  t h e r e  may be a 

fu n d am en ta l  s e r o l o g i c a l  d i f f e r e n c e  betw een  th e s e



b io c h e m ic a l ly  s i m i l a r  t y p e s ,  and i s  i n  k e e p in g  w i th  th e  

s u g g e s t io n  t h a t  w h i le  Sonne i s  d e f i n i t e l y  p a th o g e n ic ,  

t h e s e  o th e r s  p ra b a b ly  a r e  n o t .

(1) B. d y s e n t e r i a e  Sonne.

As t h i s  i s  a w ell-know n ty p e  o n ly  a few s a l i e n t  p o in t s  

r e g a r d in g  i t  w i l l  be m en tio ned .

B io ch em ica l  R e a c t io n s . The a c i d  p ro d u c t io n  In  l a c t o s e  

and sa c c h a ro s e  i s  g e n e r a l l y  d e s c r ib e d  as  t a k i n g  p la c e  from 

th e  t h i r d  to  th e  f i f t h  day , or a t  any r a t e  w i th in  th e  f i r s t  

week. W ith th e  s t r a i n s  i s o l a t e d  and th e  media u se d  i n  

I n d ia  t h i s  p e r io d  h as  been more p r o t r a c t e d ,  th e  av e rag e  o f  

tw e n ty - s ix  s t r a i n s  be in g  f o u r t e e n  days i n  th e  case  of 

l a c t o s e ,  and 14 .5  i n  t h e  c a se  o f  s a c c h a ro s e .

In d o l  i s  n e v e r  form ed.

S e r o l o g ic a l  C h a r a c t e r s . A t t e n t i o n  i s  a g a in  drawn 

t o  th e  r a p i d i t y  w i th  which R v a r i a n t s  may be fo rm ed . They 

a re  n o t  i n f r e q u e n t l y  se en  on th e  o r i g i n a l  p l a t e  made from  

th e  p a t i e n t ' s  f a e c e s .  This organism  I s  a s e r o l o g i c a l  

e n t i t y  and p roduces  no c o - a g g l u t i n i n s  f o r  e i t h e r  o f th e  

o th e r  su b g ro u p s .

P a t h o g e n i c i t y . Of the  31 s t r a i n s  i s o l a t e d  by th e  

w r i t e r ,  2S were from t y p i c a l  b a c i l l a r y  d y s e n te ry  w i th  

b a c i l l a r y  e x u d a te ,  and 2 from l e s s  d e f i n i t e  c a s e s .



In  two c a s e s  Sonne o c c u r re d  i n  c o n ju n c t io n  w i t h  o t h e r  

o rgan ism s (one a  ,fVfl th e  o th e r  a "W"). The serum o f  

6 c a s e s  was t e s t e d  f o r  a g g l u t i n i n  p ro d u c t io n  wit& n e g a t iv e  

r e s u l t .

I n f e c t i o n  w i th  t h i s  o rgan ism  i s  o f  common o c c u r re n c e  

i n  c h i l d r e n .  Of th e  31 s t r a i n s ,  8 were from  c h i l d r e n  and 

2 from  e n l i s t e d  bo y s .

(2) U n c l a s s i f i e d  S t r a i n s . In  a l l ,  39 s t r a i n s  have been  

i s o l a t e d ,  3 o f  th e s e  b e in g  s e n t  from  o t h e r ' l a b o r a t o r i e s .

B io ch em ica l  R e a c t io n s . The a c i d i f i c a t i o n  of l a c t o s e  

and s a c c h a ro s e  i s  v e ry  i r r e g u l a r .  26 s t r a i n s  produced 

a c id  i n  b o th  th e s e  s u g a r s ;  9 In  l a c t o s e  o n ly ,  and 4 i n  

s a c c h a ro s e  o n ly .  The p e r io d  v a r i e d  from one to  tw e n ty -  

seven  d a y s .  I t  I s  p o s s ib le  t h a t  the  n o n - l a c to s e  f e rm e n te r s  

and th e  n o n -sa c c h a ro se  f e rm e n te r s  may r e p r e s e n t  d i f f e r e n t  

t y p e s ,  b u t  th e  d a ta  have n o t  been s u f f i c i e n t l y  confirm ed  to  

j u s t i f y  any e x p r e s s io n  o f  o p in io n .

A p o in t  w o rth y  o f  n o te  i s  t h a t  s e v e n te e n  or n e a r l y  

f i f t y  pe r  c e n t  o f  th e  s t r a i n s  form in d o l ,  i n  c o n t r a s t  to  

th e  t r u e  Sonne, where in d o l  p ro d u c t io n  h as  n e v e r  been  

foun d .



l i o ;

S e r o lo g ic a l  R e a c tio n s . None o f  th e se  s t r a in s  are

a g g lu t i n a b l e  w i th  any o f  th e  s e r a  p re p a re d  i n  t h i s  i n v e s t i 

g a t i o n  a g a i n s t  w hich  th e y  were t e s t e d  ( th e  e a r l i e r  s t r a i n s  

were d i s c a r d e d  b e f o r e  t h e  l a t e r  s e r a  were p r e p a r e d ) .

An a t t e m p t  to  p re p a re  a serum f o r  one s t r a i n  r e p e a t 

e d ly  i s o l a t e d  from a c a se  o f  c l i n i c a l  d y s e n te r y  w i th  

b a c i l l a r y  e x u d a te  was q u i t e  u n s u c c e s s f u l .  In  a n o th e r  ca se

a weak serum w i th  a t i t r e  o f  X. r e s u l t e d .
250

P a t h o g e n i c i t y . The f o l lo w in g  l i s t  summarizes th e  

ty p e s  o f  c a se  from which th e  t h i r t y - s i x  s t r a i n s .w e r e  

re c o v e re d

(a) C l i n i c a l  d y s e n te r y  w i th  b a c i l l a r y  exu da te
and no known p a th o g e n ic  o rgan ism  i s o l a t e d  . . .  11

(b) C l i n i c a l  d y s e n te r y  w i th  i n d e f i n i t e  ex u d a te
and no known p a th o g e n ic  o rganism  i s o l a t e d  • • •  1

(c )  D ia r rh o e a  -  no ex u d a te  . . .  . . .  . . .  . . .  4

(d) C l i n i c a l  d y s e n te ry  w i th  b a c i l l a r y  e x u d a te ,
b u t  r e c o g n is e d  p a th o g e n ic  d y s e n te ry
o rgan ism s i s o l a t e d  as w e l l  a s  t h i s  ty p e  . . .  12

(e )  C o n v a le sc e n t  d y s e n te r y .......................... .................................  3

( f )  Cases w i th  no i n t e s t i n a l  symptoms ........................  5



The b io c h e m ic a l  r e a c t i o n s  a f f o r d  no h e lp  i n  th e  

d e t e c t i o n  of p a th o g e n ic  s t r a i n s .  Thus g roups ( a ) ,  (b) 

and (c )  above i n c lu d e  s t r a i n s  w h ich  fe rm e n t  b o th  l a c t o s e  

and s a c c h a ro s e ;  s t r a i n s  which fe rm e n t  l a c t o s e  and n o t  

s a c c h a r o s e ,  and v i c e  v e r s a ;  and  s t r a i n s  which produce 

in d o l  a s  w e l l  a s  s t r a i n s  w hich do n o t .

Group (d) i s  s i g n i f i c a n t ,  and s t r o n g l y  s u g g e s ts  

t h a t  Groups (a)  and (b) r e p r e s e n t  a s i m i l a r  s t a t e  of 

a f f a i r s  w i th  th e  c a u s a t iv e  o rgan ism  m isse d .

I n  o n ly  t h r e e  c a se s  d id  c o lo n ie s  occu r  on th e  

o r i g i n a l  p l a t e  i n  a way w hich  was re g a rd e d  as ”s u s p i c i o u s ” 

o r  Ml i k e l y . ”

While 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  some of th e s e  

s t r a i n s  may be p a th o g e n ic ,  i t  seems f a i r l y  c e r t a i n  t h a t  th e  

m a j o r i t y  a r e  n o t ,  and i t  i s  c o n s id e re d  t h a t  a l l  sh o u ld  be 

re g a rd e d  a s  n o n -p a th o g e n ic  t i l l  ev id en ce  to  the  c o n t r a r y  

i s  fo r th c o m in g .  There i s  l i t t l e  doubt t h a t  t h e s e  a re  th e  

s t r a i n s  w h ich  have damaged th e  f a i t h  o f  th e  c l i n i c i a n  in  

r e g a r d  to  th e  d ia g n o s i s  o f  ”n o n - a g g l u t in a b l e ” F le x n e r ,  a s  

f o r  t h e  f i r s t  few days th e y  p r e s e n t  th e  c o r r e c t  b io c h e m ic a l  

r e a c t i o n s  and would t h e r e f o r e  be r e p o r t e d  as F le x n e r .
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E. ANALYSIS OF RESULTS.

T h is  r e s e a r c h  h a s  been  i n  p r o g r e s s  f o r  t h r e e  y e a r s .  

D uring  t h i s  p e r io d  every  n o n -m o ti le  c o l i f o r m  o rgan ism , 

non- o r  l a t e - l a c t o s e  f e rm e n t in g ,  and a c i d i f y i n g  w i th o u t  

gas g lu c o s e  and m a n n i te ,  i s o l a t e d  e i t h e r  from d y s e n te ry  

c a s e s ,  from  r o u t i n e  f a e c e s  e x a m in a t io n ,  or s e n t  by o th e r  

l a b o r a t o r i e s ,  has  been  k e p t  and f u l l y  i n v e s t i g a t e d .  

E x c lu s iv e  of wc l a s s i c a l ” B. d y s e n t e r l a e  F le x n e r  and 

B. d y s e n t e r i a e  Sonne, 214 s t r a i n s  have cane t o  hand . Of 

t h e s e ,  13 e i t h e r  d ie d  o r  were l o s t  b e fo r e  th e y  were 

p r o p e r ly  i n v e s t i g a t e d ;  10 of t h e  13 were l o s t  i n  th e  f i r s t  

y e a r .  An a n a l y s i s  o f  the  rem ain ing  201 i s  shown in  

T ab le  XIX, which g iv e s  th e  s t a t i o n s  where th e s e  organ ism s 

were i s o l a t e d .  W ith the  e x c e p t io n  o f  th o s e  f o r  B a n g a lo re ,  

1929-30 , and Poona, 1931, th e  f i g u r e s  do n o t  r e p r e s e n t  

th e  t o a l  number of i s o l a t i o n s  o f th e s e  o rg an ism s , b u t  

m ere ly  t h e  number which were s e n t  to  th e  w r i t e r  f o r  

I n v e s t i g a t i o n .  E very  s t r a i n  which re a c h e d  u s  i s  in c lu d e d  

i n  th e  214.
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P . PROPOSED FURTHER INVESTIGATIONS.

The u l t i m a t e  o b j e c t  of t h i s  work i s  t o  p ro v id e  a 

r a p i d  and r e l i a b l e  method o f  d i f f e r e n t i a t i n g  betw een 

p a th o g e n ic  and n o n -p a th o g e n ic  d y s e n te r y  o rg an ism s .

On th e  b a s i s  o f  th e  c l a s s i f i c a t i o n  g iv e n  above, i t  

i s  p ro p o sed  t o  c o n t in u e  am ass ing  d a ta  on th e  v a r i o u s  ty p e s ,  

and a scheme h as  been evo lved  by which a l l  th e s e  o rgan ism s 

i s o l a t e d  i n  th e  m i l i t a r y  l a b o r a t o r i e s  i n  I n d ia  w i l l  be 

c a r e f u l l y  examined and r e c o r d s  o f  th e  ty p e  of c ase  in  

w hich  th ey  o c c u r re d  t a b u l a t e d .  A g g lu t in a t io n  t e s t s  w i l l  

be c a r r i e d  o u t  w i th  th e  p a t i e n t fs serum where p o s s i b l e .

I t  i s  a n t i c i p a t e d  t h a t  i n  a few y e a r s  s u f f i c i e n t  e x p e r ie n c e  

w i l l  have accum ula ted  t o  e n a b le  c o n c lu s iv e  o p in io n s  t o  be 

form ed.

S p e c i a l  r e s e a r c h e s  w i l l  be con duc ted  by s e l e c t e d  

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

A and C. I t  may w e l l  be t h a t  c e r t a i n  o f  th e  s t r a i n s  shown 

i n  T ab le  X II  a re  o f common o c c u rre n c e  i n  o th e r  p a r t s  o f 

I n d i a .  A lso  i t  seems p ro b ab le  t h a t  c o m p le te ly  new s t r a i n s  

may be fo r th c o m in g .

Having come to  c o n c lu s io n s  on the  q u e s t io n  of p a th o 

g e n i c i t y ,  t h e r e  w i l l  be  l i t t l e  d i f f i c u l t y  i n  making 

p r a c t i c a l  a p p l i c a t i o n  of th e  r e s u l t s .
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The b io c h e m ic a l  r e a c t i o n s  w i l l  s t i l l  be u sed  t o  

e f f e c t  a p r e l im in a r y  c l a s s i f i c a t i o n ,  s u s p ic io u s  c o lo n ie s  

from  p l a t e s  b e in g  in o c u la t e d  i n t o  l a c t o s e ,  g lu c o s e  and 

m a n n i te ,  and on to  an a g a r  s l o p e .  Members o f  th e  g roup  

u n d e r  d i s c u s s i o n  w i l l  r e v e a l  th em se lv e s  as n o n -m o ti le  

c o l i f o r m  organ ism s which do n o t  fe rm en t l a c t o s e ,  b u t  produce 

a c id  w i th o u t  gas  in  g lu c o s e  and m a n n i te .

F u r t h e r  c l a s s i f i c a t i o n  by  b io c h e m ic a l  r e a c t i o n s  i s  

im p r a c t i c a b le  i n  r o u t i n e  p r a c t i c e ,  as th e  changes a re  to o  

l a t e  i n  o c c u r r in g .

By a g g l u t i n a t i o n  t e s t s ,  how ever, im m ediate  r e s u l t s  

can  be s e c u re d .  The m an u fac tu re  o f p o ly v a le n t  serum f o r  

s t r a i n s  c l a s s i f i e d  as p a th o g e n ic  i s  an e asy  m a t t e r ,  b u t  i n  

view o f th e  number o f  o rgan ism s w i th  l i t t l e  o r  no a n t i g e n i c  

r e l a t i o n s h i p ,  i t  w i l l  be n e c e s s a r y  to  s p l i t  them i n to  two 

o r  t h r e e  g ro u p s ,  and p re p a re  a serum p o ly v a le n t  f o r  each  

su ch  g ro u p . U sing th e s e  ( s to c k )  s e r a ,  and a s a l i n e  

em u ls io n  o f  t h e  organ ism  from  th e  a g a r  s l o p e ,  a g g lu t i n a -  

b i l i t y  can  r e a d i l y  be d e te rm in e d ,  and s t r a i n s  which prove 

a g g lu t i n a b l e  would be r e p o r t e d  as d y s e n te ry  b a c i l l i ,  a l l  

o th e r s  b e in g  d i s c a r d e d .



G. SUMMARY.

(1) In  I n d ia  a l a r g e  number o f  m a n n i te - fe rm e n t in g  

b a c i l l i  r e s e m b l in g  B. d y s e n t e r i a e  F le x n e r  do n o t  a g g l u t i n a t e  

w i th  serum p o ly v a le n t  f o r  V, W, X,  Y and Z.

(2) By means of d e la y e d  b io c h e m ic a l  r e a c t i o n s  and 

s e r o l o g i c a l  t e s t s  a more d e t a i l e d  c l a s s i f i c a t i o n  has  been 

made w hich  em braces th e  m a jo r i ty  o f  th e s e  s t r a i n s .

(3) C e r t a in  t e n t a t i v e  o p in io n s  r e g a r d in g  p a th o g e n ic i ty  

a r e  e x p re s s e d .  Some o f  t h e  new ty p e s  a r e  b e l i e v e d  t o  be 

d e f i n i t e l y  p a th o g e n ic ,  o th e r s  rem ain  d o u b t f u l ,  and o th e r s

a re  p ro b a b ly  n o n - p a th o g e n ic .

(4) A scheme h a s  been e l a b o r a t e d  by w hich  th e s e  

organ ism s w i l l  be i n v e s t i g a t e d  on a l a r g e  s c a l e .
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A H U E I U R S  -III.

A REVISA OS THE DYSENTERY BxiCILLI OF INDIA,
AITK SPECIAL REFERENCE TO CERTAIN RECENTLY 
DESCRIBED TYPES.
Journal of the Royal Army Medical Corps, 1936,

Volume LXVI, pp. 1 to 15.

INTRODUCTORY.
In two previous papers (Boyd, 1931' and 1932) an 

account is given of work carried out in Bangalore and 
Poona with the. object of differentiating the strains of 
dysentery bacilli previously classified in India as 
”inagglutinable Flexners.” It is shown that the majority 
of these anomalous organisms can be grouped into distinct 
types of definite .antigenic composition.

A scheme of investigation based on these findings 
has been drawn, up along the lines indicated in the second 
article, and has been in operation in all military 
laboratories in India since July, 1932. It has ixroved 
successful in enabling all known types of dysentery bacilli 
to be identified quickly and with precision, and as a 
corollary has facilitated the detection of atypical strains, 
which have in their turn been made the subject of special 
s tudy.



In carrying out this investigation, a comprehensive 
definition of the term ’’dysentery bacillus” has been 
followed. The strict definition of a dysentery bacillus 
must of necessity be ”a bacillus capable of causing the 
disease known as dysentery”, and with rare exceptions, such 
bacilli have certain morphological and cultural characters 
in common. They are non-motile coiiform bacilli which do 
not liquefy gelatin, and do not produce acid from lactose 
in twenty-four hours, but which acidify glucose in that 
period. There are, however, certain organisms having these 
characters which do not, as far as our present knowledge 
goes, cause dysentery: but to avoid the possibility of
missing any dysentery-producing type, all strains having 
the above characters have been carefully investigated.

The search for dysentery group organisms has not been 
confined to material from patients showing active symptoms 
of this disease. All strains of this kind found in the 
routine examination of menials and convalescents have been 
investigated. In the period under review, 35,126 menials 
were examined, and a total of 119,581 platings made from 
their stools. In addition, several thousands of platings 
were made of the stools of enteric convalescents. The 
results of this work consitute a massive control which has



an important bearing on the question of the pathogenic * 
action of the various types.

The routine measures which have been followed ensure 
that all dysentery group organisms from every military 
laboratory, and from whate’ver source, isolated, are thorough
ly examined, and it is therefore considered that the figures 
given in this article are representative in character and 
make no omissions of any importance.

The present paper is a study of the results obtained 
in the years 1932, 1933 and 1934, during the latter two and 
a half years of which period the scheme has been followed. 
The figures and other data which form the basis of the 
study are taken from two sources. Those relating to 
organisms other than "new" types are from the Annual 
Reports of Command, District and Brigade Laboratories.
Those concerning the "new” types are from special pro formas 
which have been used in connection with this investigation, 
and which accompany a strain through the different labora
tories in which it is examined, and finally are forwarded 

to Army Headquarters.
The objects of the paper are twofold:-?



(a) To make an analysis of all dysentery group 
organisms isolated in this three-year period in order to 
show the frequency with which the different types occur, 
and to emphasize the fact that the scheme embraces every 
type of importance which is to be found in India at present.

(b) To give a more detailed account of the cases in 
which the "new" types were found, and to discuss the evi
dence of the pathogenic action of these organisms.

ANALYSIS OF DYSENTERY GROUP BACILLI ISOLATED IN 
THE YEARS 1932, 1933 AND 1934.

Full details of Isolations by Commands are shown in 
Table I.

In this table Andrewes1 types (which Gardner has aptly 
termed the V-Z spectrum) are shown grouped together and not 
as individual types. While the writer’s experience 
indicates that various criticisms of these types can be 
made, the fact remains that a serum Which is polyvalent for 
the group meets all practical requirements so far as 
identification is concerned.
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It will be seen that, during the three years under 
review, in round figures 2 0 per cent of all dysentery-like 
bacilli isolated were non-mahnite fermenters (B. dysenteriae 
Shiga and Schmitz), 52.5 per cent were of Andrewes* types 
(V-Z spectrum), just under 10 per cent were B. dysenteriae 
Sonne, and over 13 per cent were of the nnewn types.

In all, 4.53 per cent of the strains isolated do not 
fall within these groups.

it W!Of these, 1.73 per cent were "atypical strains 
isolated in the first six months of 1932, before the scheme 
of classification was adopted, and before sera for the new 
strains were available for general use. Under the instruc
tions then in force they were reported as "Flexner inagglu- 
tinable” and were discarded. There is every reason to 
believe that the majority of them belonged to one or other 
of the "new” types.

A further 1.76 per cent (exclusive, of course of 
B. dysenteriae Sonne, which is shown separately) were late 
fermenters of lactose or saccharose or both. These 
strains have been specially investigated by Llajor R. A. 
Kepple. His work confirms the previously formed opinion, 
that owing to the feebleness of their agglufcinogenetic 
properties, serological classification of this group is



impracticable. There is no evidence that they exercise any 
pathogenic action. The majority of them were not isolated 
from cases of dysentery, but were found in the normal stools 
of menials or others undergoing "carrier” tests. The 
present practice is, therefore, to regard late lactose- and 
saccharose-fermenting strains (other than Sonne) as a 
definite, if heterogenous,' group having no causal relation
ship to dysentery. The gelatin-liquefying properties' of 
these organisms have not been properly tested.

The remaining'1.04 per cent are the only strains 
which do not fall definitely into one group or another.
They will be considered in detail at a later stage when it 
will be shown that the number of "unknowns" can be still 
further reduced.

The total number of strains which cannot be labelled 
is therefore well under 1 per cent, which v/ould seem to 
show that, so far as India is concerned, the new system 
includes eve'ry strain of any practical importance.

GrSCGRAPHICAL DISTRIBUTION OF THE "NEW" TYPES .
The distribution ‘of the "new" types, as a whole, is 

not uniform throughout I n d i a .  For example, isolations 
are proportionately much lower in the Eastern Command and
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Burma District than elsewhere. There is reason to 
believe that this has an artificial explanation, and that 
in future years the disparity will 'be less.

Certain of the types are much more common in some 
districts than in others. Thus, types 103 and P119 (which 
are very closely related t o ,  and indeed should form part 
of the V-Z spectrum) are of relatively common occurrence 
in the northern and Southern Commands, but are rare in the 
"Western Command, while members of the dulcite-fermenting 
group (38, P274, Dl) are more frequently found in the 
latter Command than elsewhere.

Despite these variations, which may well be of only 
temporary significance, the distribution of these organisms 
demonstrates that they are not merely local' strains of no 
general importance, but are organisms which have a definite 
and widespread association with cases showing the symptoms 
of* bacillary dysentery.

SOURCE FROM WHICH THESE BACILLI WERE RECOVERED.
With few exceptions the recognized dysentery bacilli, 

and the named "new” types, were isolated from cases suffer
ing from dysentery.



In contrast to the findings in dysentery cases, it is 
noteworthy that in the course of routine examination of 
menials for the carrier condition, dysentery bacilli have 
been found only on rare occasions, although all the types 
have at one time or another been encountered in these 
circumstances. Without doubt the explanation of these 
findings is that the individuals from whom the organisms

r

were isolated suffered from mild chronic dysentery. In 
every case which came under his personal investigation the 
writer has been able to confirm this point by the detection 
of mucus exudate in the stools. In discussing the "new" 
types, reference will be made to all isolations from 
individuals not showing active symptoms.

FURTHER DETAILS REGARDING THE ’’UEU" TYPES.
Data which Constitute Evidence of Pathogenic Action.

Gardner (1929) cites the following four points as 
proof that bacilli of the Flexner group cause dysentery.

(1) The great majority of persons whose excreta 
contain Flexner group bacilli are suffering, or have 
recently suffered, from clinical dysentery. The bacilli 
are selectively situated in the intestinal lesions.
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(2) The great m a j o r i t y  of those who neither have,
not have recently had, dysentery harbour no Flexner bacilli.

(3) The blood-serum of persons suffering from 
dysentery and harbouring Flexner bacilli in their intestines 
nearly always gives supernormal values in the agglutination 
and complement-fixation tests at some time during the 
disease.

(4) A number of instances of accidental laboratory 
infection of hdman beings with pure cultures of these 
bacilli are on record, the result of the infection being 
indistinguishable from bacillary dysentery.

To these may be added a fif.th point, namely, the 
recovery of one suspicious type, and of no other pathogenic 
organism, from a series of cases of dysentery occurring as 
an isolated outbreak. The presumptive evidence in cases. 
of this kind is very strong.

It may be said at once that in the- case of the "new" 
types, evidence of the kind postulated in point (4)‘ is, so 
far, lacking. Y.hile admittedly the existence of evidence 
of this nature would strengthen the case, its absence is 
of no positive significance. . No fatal case resulting from 
infection with one or other of these organisms has occurred 
and hence no attempts at cultivation direct from intestinal



ulcers have been possible. neither have complement-
/

fixation tests been done; but in view of the agglutination 
results this is of little importance. The number of 
individuals of the category mentioned in point (2 ) who 
have been examined is, as already mentioned, approximately
35,000.

In considering the pathogenic action of these organisms 
the above points will receive special attention.

105. - This type has no claim to be regarded as new, 
as the writer has been informed by Dr. W. M. Scott, 
ministry of Health, who kindly examined certain strains 
sent to him, that it is identical with one of the strains 
previously described as B. dysenteriae Y, which, by some 
mischance, was not included in the series investigated by 

Andrewes.
It is closely allied to the V-Z series, although it 

is only agglutinated to a fraction of the titre of a serum 
polyvalent for those organisms.

a s  has previously been described, it undergoes a 
striking mutation after varying periods of life in arti
ficial culture, and produces a highly agglutinable variant 
which closely resembles the Y member of the V-Z spectrum. 
This mutation has been observed from time to time in the



strains kept for the manufacture of high titre serum in 
the Enteric Laboratory, Kasauli; and it appears advisable 
to replace stock strains at frequent intervals by newly 
isolated strains, which have been carefully identified.
It is highly probable that the strains which were sent 
three years ago to the National Collection of Type cultures 
have undergone this mutation and now exist in the form of 
variants indistinguishable from Andrewes’ Y.

Of the 135 isolations shown in Table I, 134 were from 
cases showing the clinical picture of bacillary dysentery. 
No details as to severity are available regarding 5. Of 
the remainder 13 are recorded as severe, 43 as moderately 
severe, and 70 as mild. In one case the organism was 
isolated during the routine examination of a patient con
valescent from paratyphoid A fever, who a t , the time showed 
no symptoms of active dysentery.

In 103 cases the isolation was made from blood and 
mucus exudate, macroscopically and microscopically typical 
of bacillary dysentery. In 30 cases the stools contained 
blood and mucus, or mucus alone, but microscopically the 
exudate was Indefinite. In the paratyphoid case mentioned 
above no exudate was present. One case is unrecorded.



Mixed infections occurred as follows: V. ith V., 1 case;
with V, 3 cases; with Schmitz, 1 case; with P119, 1 case; 
with 5. histolytica, 3 cases. .

In cases of dysentery the collection of serum for 
agglutination tests is often difficult, as the patients 
usually recover and are discharged from hospital prior to 
the optimum time for taking serum, which is about the 
twentieth day after onset of the illness. For this reason 
many tests have been made before agglutinins had an 
opportunity to develop to their maximum, and the number of 
positive results has without doubt been reduced In conse
quence*. Unfortunately records are not sufficiently com
plete to enable the exact day of disease when the blood 
was taken to be given. These remarks apply equally to all 
tests of the kind recorded in this article.

In 58 of the above cases the serum was tested for 
agglutinins for the homologous organism. Of these, 37 were 
negative, 5 produced agglutination in a dilution of 1 ; 25,
7 In 1 : 50, 5 in 1 : 125, and 4 in 1 : 250 and over.

Gardner’s points (1), (2) and (3j are therefore 
satisfied.



P119. - As far as can be ascertained, this type does 
not occur in any of the-European classifications, but it 
has been recognized in Japan, where it figures as No. XII 
of Aoki’s classification. Further reference to this will 
be made In a later communication.

Like 103, it is very closely related to the members 
of th e  V-Z spectrum, and particularly to X. It possesses, 
however, an antigen peculiar to itself, and as it is only 
f e e b l y  agglutinated by a serum polyvalent for the V-Z 
s e r i e s ,  it must be regarded as a separate type.

This organism was recovered from exactly 100 individual 
of whom 98 showed the usual symptoms of bacilly dysentery.
Of these cases, 12 were classed as.severe, 34 as moderately 
severe, and 50' as mild; in 2 no record of severity was 
made. These 2 isolations were from menials undergoing 
carrier tests, and it is significant that, although they 
presented no symptoms, mucus was present in the stools of 
both.

In 83 of the cases, the stool from which the organism 
was isolated consisted of blood and mucus showing typical 

bacillary'exudate; 1 2 showed blood and mucus or mucus and 
indefinite exudate. The records relating to the remaining 

5 are incomplete.



Mixed infections occurred as follows: V.'itli Shiga,
1 case; with V-Z spectrum, 12 cases; with Sonne, 1 case; 
with 103, 1 case; with 8 8 , 1 case.

Agglutination tests with the patient’s serum against 
the homologous organism were carried out in 39 cases; 17 
were negative; 2 showed agglutination in a dilution of 
1 : 25, 8 in 1 : 50, 8 in 1 : 125 and 4 in 1 : 250 or over.

Points (1), (2} and (3) are therefore satisfied. In
both 103 and P119, the very close antigenic relationship 
which they bear to the V-Z series seems a further argument 
in favour of their pathogenic rdle.

170. - This type cannot be identified in any of the 
well-known classifications, and does not appear to have 
been previously described.

It possesses a distinct antigen peculiar to itself, 
and has no serological relationship either to.the V-Z 
spectrum or to any other dysentery organism investigated 
by the writer.

Of the 134 individuals from whom it was recovered 132 
were suffering from symptoms of bacillary dysentery. Of
these cases 5 were severe, 32 were moderate and 93 were 
mild, and ' 1 is incompletely recorded. The remaining two 
isolations were from menials undergoing routine exmination.



Eighty-eight of the cases showed blood and mucus and 
bacillary exudate, 40 showed blood and mucus or mucus with 
indefinite exudate, 4 showed no exudate, and 2 are unrecorded 

Mixed Infections occurred as follows: With V-Z
spectrum, 1 case; with P274, 1 case; with Sonne, 3 case's; 
with E. histolytica, 3 cases.

Agglutination tests, with the patient’s serum against 
the homologous organism, were carried out. in 6 8  cases.
49 were negative, 2 showed agglutination in dilution of 
1 : 25, 12 in 1 : 50, and 5 in 1 : 125. As shown by 
rabbit Inoculation, this organism has indifferent agglu- 
tinogenetic properties, with which finding the above 
results are in keeping.

It will be seen therefore that Gardner1s points (1),
(2 ) and (3 ) are fulfilled by this organism. ■

8 8 . - This organism, which-is numerically the most 
common of all "new” types, presents several features of 
great interest.

In common with the four typeg which follow, it differs 
from the V-Z races and from the three types Just described, . 
in being a late dulcite-fermenter. This property is, 
however, not constant, being absent in about one-third of 
all strains isolated.



Although differing in its biochemical reactions,
88 has been shown by Dr. A. Ivl. Scott to be identical in its 
antigenic composition to the organism known at home as the 
Newcastle dysentery bacillus, which has been proved 
responsible for several small outbreaks of dysentery in 
England and elsewhere. This antigenic similarity has been 
confirmed by workers in India (Lieutenant-Colonels B* ?. 
Dridges and D. T. M. Large). Further, a strain having the 
biochemical characters of#Newcastle, and the usual serol
ogical characters, has recently been isolated from a case 
of dysentery in Bareilly.

Table II shows the more important biochemical reactions 
of 88 (and of P283,, P274, Dl,- and D19, which are identical 
in this respect), of Newcastle, and of B. alkalescens i !

(Andrewes). The last of these organisms has never been !
found in association with cases of dysentery in India, but :

- - ;j
has been isolated from normal stools. i

TABLE II.
Lactose G-lucose Mannite D u lc ite Indol

88, P288, P274, 
D l, D19

No change Acid Acid Acid ( la t e )  
10th day -

N ew castle No change Acid and Gas No change 
or Acid  
and Gas

No change or  
A cid and Gas -

B. a lk a le scen s No change Acid Acid A cid 3rd day +



The discovery of the Newcastle dysentery bacillus in 
India is a matter of' considerable importance, as it has 
hitherto been the practice in military laboratories to 
discard non-motile gas-forming organisms isolated from 
cases of dysentery. (Repeated observations have led to 
the conclusion that here B . Morgan is not a cause of 
dysentery.) The routine method of•investigation has now 
been altered to ensure that such strains do not escape, 
notice.

8 8  shows a fairly close antigenic relationship to the 
V-Z spectrum, but is only feebly agglutinated by a V-Z 
polyvalent serum. It possesses a main antigen peculiar 

to itself.
This organism was isolated from 240 cases, of which 

251 presented the symptoms of bacillary dysentery.
Eighteen were severe, 80 were moderately severs, 125 were 
mild, and 8 are incompletely recorded. Of the remaining 
cases, 8 were menials undergoing routine examination and 
1 was a convalescent case of typhoid fever.

One hundred and thirty-seven of the cases 3howed 
typical blood and mucus and bacillary exudate; 54 showed 
blood and mucus or mucus and indefinite exudate; 1 0 showed 
no exudate; and 1 2  cases are incompletely recorded.
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In 1 case 0 8  occurred in association with V, in.another 
with Schmitz, in another with 170, and in 2 cases with 
Sonne, while In 9 cases it was associated with 5. histolytica.;

Agglutination tests w i th  the patient*s serum against 
the homologous organism were carried out in 63 cases. Of 
these, 52 were negative, 1 showed agglutination in a 
dilution of 1 : 25, 7 in 1 : 50, 4 in 1 : 125, and 4 in 
1 : 250 and over.

This type, therefore, fulfils Gardner’s first three 
criteria. A further point, namely its antigenic similarity 
to the Newcastle bacillus, which has been shown to be the :
cause of localized outbreaks of dysentery elsewhere, seems 
to place the question of its pathogenic action beyond j
reasonable doubt.

P288. - As far as can be ascertained, this type has not j
been described outside India. It is relatively uncommon j

i

and in the three years binder review it was recovered from *
only twenty-six cases. ?

It has an antigen peculiar to itself, and shows no • 
cross-agglutination either with the V-Z spectrum or with 
any of the other types.



Twenty-five of the 26 isolations were from cases of 
typical "bacillary dysentery, of which 1 was severe, 1 1  were, 
of moderate severity, 13 were mild. The remaining case 
was a menial undergoing routine examination.

In twenty-two of the cas.es the stools showed typical 
blood and mucus and bacillary exudate, and in three blood 
and mucus or mucus and indefinite exudate.

In one case P288 occurred in association with 
5. histolytica.

Agglutination tests with the patient’s serum and the 
homologous organism were carried out in eight cases. Five 
were negative, 1 showed agglutination in a dilution of
1 : 12, 1 in 1 : 50, and 1 in 1 : 500.

It is deemed advisable, for the sake of completeness, 
to make brief mention of a small isolated outbreak of 
dysentery apparently caused by P288 which occurred in June, 
1935. The Indian platoon of a British regiment stationed 
in Mingaladon, Burma, was affected, and ten cases occurred 
between June 4 and 19; from the stools of these P288 was 
readily isolated, no other pathogenic organism being found. 
Details of this outbreak given by Major 0 . A. 0. Wilson will 
be published in this Journal shortly.
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P288 therefore satisfies the first, second, third and 
fifth of the above criteria.

P274. - The history of this strain is somewhat 
chequered and as investigations are incomplete it is not 
proposed to give any details at present other than a brief, 
outline of the difficulties which have been encountered.

Subcultures of the original strain of P274, and of an 
identical strain P500, were sent by the writer to the 
Enteric Laboratory, Kasauli, for the preparation of high 
titre serum to be used in the new scheme of classification. 
A serum was in due course prepared which had a titre of
5,000, and, using this, ten strains were identified in 
various laboratories between July, 1932, and August, 1933.

About August, 1953, whilst periodic routine tests of 
the' serum were being made at Kasauli, it was discovered 
that the titre had suddenly fallen to 500. Reflection 
at a later date indicates that this sudden fall in titre 
was probably due to the use of a new batch of bacterial 
suspension for testing the serum. At the time the signifi
cance of this point was not appreciated, and it was assumed 
that the serum had deteriorated.
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A fresh serum was accordingly prepared and issued, and 
between August, 1933, and December, 1934, twenty-three 
strains of P274 were identified in various laboratories.

how comes the interesting point. Prior to August, 1933, 
a number of strains of 11 inagglutinable Flexner" had been 
received for investigation at Kasauli. When these were 
tested with the new P274 serum no fewer than thirteen of 
them agglutinated to the titre of the serum.

The possibility of these unexpected results being 
caused by mutation in the strains of P274 was considered, 
but was discarded in favour of the simpler explanation that 
the serum issued to laboratories had deteriorated even more 
quickly than that stored in Kasauli.-

Some recent work has challenged this hypothesis in 
rather a striking way. Since the discovery of the Newcastle 
dysentery bacillus in India, gas-forming strains are being 
tested with a serum which is polyvalent for all the.dulcite- 
fermenting strains, of which 80 (antigenically identical 
with Nev/castle) is one. Two gas-forming strains which were 
agglutinated by this serum were discovered and presumed to 
be Newcastle bacillus, but when these were tested with 
monovalent serum it transpired that they were clumped, not 

by 8 8 , but by P274 serum.



This problem has been carefully investigated by
I.lajor F. G. A. Smyth, who will publish full details in due 
course. It has been found that P274 serum will agglutinate I

ithese gas-forming strains in much higher dilution than it 
will agglutinate its homologous organism; yet this is 
undoubtedly a heterologous agglutination, as absorption of 
P274 serum by the gas-forming organism, while it removes 
all agglutinins for the latter, has little effect on the 
agglutinin content of the serum for P274 itself.

These facts strongly suggest that the existing strain 
of P274 is a variant which contains two or more antigens, j

of which at least one was lacking in the original*strain.
The mutation which1 has taken place from the original strain

j

bears points of resemblance to that which has occurred in j
3. dysenteriae Schmitz (Boyd, 1935), but there are certain 
anomalous findings.v/hich have still to be cleared up. All 
freshly isolated strains which agglutinate Y/ith P274 serum 
are now being collected and compared. Until the question 
is settled, the validity of the strains which have been 
named P274 is open to suspicion, and it is therefore pre
mature to give any analysis of results.



The experience carries a moral which cannot be too 
strongly emphasized. It is this; No classification of 
dysentery bacilli is of real value unless it is founded on 
results obtained from recently isolated strains. Mutation 
during artificial life especially in the mannite fermenting 
series is by no means a rare occurrence, and may involve 
a change in the antigenic pattern of the organism which 
will completely invalidate any conclusions formed, in so 
far as they are applied to newly-isolated strains. This 
is no mere academic criticism, for many attempts at 
classification have gone astray through lack of appreciation ! 
of this point.

Dl. - This organism has an antigen peculiar to itself j
i

and shows no cross-agglutination with other strains. J
Thirty-seven of the 41 cases from which it was isolated 

were clinically bacillary dysentery. Two were severe,
5 were of moderate severity, 26 were mild, 4 are incompletely 
recorded, and 3 were menials undergoing routine exminations 
who shov/ed no symptoms.

In 27 cases the organism was recovered from typical 
stools of blood and mucus showing microscopically bacillary 
exudate. In 7 cases the stools contained blood and mucus



or mucus, but microscopically showed indefinite exudate.
In 3 cases information is not available.

On no accasion did the organism occur in association 
with other dysentery bacilli, but twice it was isolated 
in mixed infection with E. histolytica.

Agglutination tests with the patient’s serum and the 
homologous organism were performed in 8 cases. Six were 
negative, in one agglutination occurred in a dilution of 
1 : 05, and in another 1 : 250.

Although the evidence of serological response by the 
patient is not so full as might be desired; this is 
chiefly because of the small numbers tested. Points (1) 
and (2 ) are fulfilled.

D 1 9 . T h i s  is a rare type which hardly merits 
individual attention, as it has been isolated on only five 
occasions in three years. The original strain was one of 
a collection made by Major Y J. Walker in Secunderabad. No 
isolations of this organism were made by the writer during 
his three years in Bangalore and Poona.



A late dulcite-fermenter, it is unrelated in its 
antigenic composition to any of the other types.

All five cases from which it was isolated were 
clinically "bacillary dysentery. Two were moderately 
severe, and 3 mild; 3 showed bacillary exudate. D19 
occurred in association with W in one case and with Sonne * 
in another. These were the two moderately severe cases.

Agglutination tests were carried out with the patient’s 
serum and the homologous organism in three cases: two were
negative, but in the third (which was not one of the mixed 
infection cases) agglutination occurred in a dilution of 

1 : 250.
It Is perhaps worthy of note that this strain has well-

marked agglutinogenetic properties. The evidence satisfied
«

Gardner’s first three points, but is too scanty to permit 
of definite conclusions being drawn.

Atypical mannite-fermenting strains (excluding 
lactose-saccharose fermentors;.

Fifty-seven strains of this kind were isolated. Of • 
these, twenty-three were dulcite fermenters, and were not 
sent to Kasauli. They were not specially investigated, 
but there is good reason to believe that a proportion were 
3. alkalescens (Andrewes), although definite evidence on 

this point Is not available.



. The remaining thirty-four strains have been investigated 
by Lieutenant-Colonel R. F. Bridges at the Eneteric Labora
tory, Kasauli', and it is by his courtesy that the following 
results are available.

(1) One strain proved to be the Newcastle bacillus 
already mentioned. Strictly speaking it should not be 
classed as atypical, but should be bracketed with 88.

(2) Thirteen strains were proved by agglutination i  

and absorption tests to be identical with P143 one of the 
less common strains isolated in Poona.

The following is an anlysis of the 13 cases from which 
P143 was isolated. All were typical cases of bacillary 
dysentery. One case occurred in Kasauli, 1 in Sialkot,
1 in Razmak, and the remainder in Q,uetta. One case v/as I
severe, 4 were moderate, and 7 were mild; information is 
not available regarding the remaining case. \

The stools contained typical blood and mucus in all ;
cases, and all except one showed bacillary exudate micro- 1
scopieally. In one case E. histolytica was discovered; I
in the remaining 12 no other' organism of a pathogenic j
nature was f o u n d . ____________________;____________________ V
 ̂See Journal of the Royal Army Medical Corps, 1932, 1
/ol. o9, p•3o2. |
The antiserum for all these strains was transferred to the g
Enteric Laboratory, gasauli, to serve 'as a starting point |
for further investigations. j



Agglutination tests with the patient’s serum and the 
homologous organism were carried out in two cases and were 
negative.

Gardner’s first two points are satisfied but other 
evidence of pathogenicity is not yet forthcoming.

(3) Five strains proved to have some antigenic 
relationship to one another, 2 being of one type and 3 of 
another, the 2 types showing a moderate degree of cross 
agglutination. Although neither was agglutinated by the 
usual diagnostic sera, the serum prepared from one of these 
types (the first) has considerable agglutinating powers 
against organisms of the V-Z spectrum. This type forms 
indol, and does not ferment dulcite. The other type 
(three strains) ferments dulcite, but does not produce 
indol, differing in this respect from B. alkalescens.
All five were from typical cases of dysentery.

(4) The remaining fifteen strains bore no serological 
relationship to one another or to any known organism.

From the above data it is considered that 103, £119,'  ■ -V- '
170, 88, and P288 may be accepted as being capable of 
causing bacillary dysentery. The evidence regarding Dl, 

and more especially D19 and P143, is less complete but



nevertheless points definitely in the same direction.
P274 Is still sub judice.

SUMMARY AND CONCLUSIONS.
(1) A table is given which analyses the dysentery 

group bacilli isolated in the military laboratories of 
India in 1932, 1933 and 1934.

(2) Dysentery group bacilli isolated by the writer 
In Bangalore and Poona of types not d escr ib ed  in  ,fA 

System of Bacteriology” (1929) have proved to be widely 
distributed throughout India, and with few exceptions have 
been found only in the stools of cases of clinical dysentery.

(3) Using a system of classification in which these 
strains are included, it has been possible to-identify 
practically all dysentery group bacilli isolated during ' 
this period. No further strains of any importance have 
been discovered.

(4) The evidence as a whole is in favour of the • 
belief that the .majority of these ”new” strains (three of 
which have been found in other countries) are capable of 

causing dysentery.
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In th e  y ea rs  1929-31 a stu dy  was made o f  th e  m an n ito l-  

ferm en tin g  d y sen tery  b a c i l l i  i s o la t e d  from c a se s  in  the  

m ili ta r y  h o s p ita ls  o f  In d ia  (Boyd, 1931, 1 9 3 2 ), S ev era l  

new members o f  t h i s  group, p r e v io u s ly  c l a s s i f i e d  as 

" in a g g lu tin a b le " , were id e n t i f i e d  by s e r o lo g ic a l  m ethods, 

and su b seq u en tly  a scheme o f  id e n t i f i c a t io n  based on th ese  

f in d in g s  was a p p lied  throughout the m il i t a r y  la b o r a to r ie s  

o f  In d ia . Some o f  th e  r e s u l t s  o f  t h is  I n v e s t ig a t io n  have 

a lrea d y  been p u b lish ed  (Boyd, 1 9 3 6 ).

As i t  w i l l .b e  n ecessa ry  to  r e fe r  to  th e se  new typ es  

in  t h is  paper, an a n a ly s is  o f  4 ,8 5 6  s tr a in s  i s o la t e d  in  

the years 1932-5 i s  g iven  in  Table I .  This ta b le  does 

n o t in c lu d e  la t e  ferm enters o f  la c to s e  and su c r o se , b u t, 

apart from th e s e , embraces a l l  the variou s ty p es o f  

m an n ito l-ferm en tin g  d ysen tery  b a c i l l i .  I t  in c lu d e s  as 

fa r  as p o s s ib le  evexy s tr a in  having th ese  c h a ra cters  which  

was i s o la t e d  in  t h i s  p er iod , and th e r e fo r e  o f f e r s  a



TABLE I .

Analysis of a l l  Mannitol-Fermenting Dysentery B a c illi  (except 
Late Fermenters of Lactose and Sucrose) iso la ted  in  M ilitary  
Laboratories in  India in  the years 1932-35. '

Type of Organism Number Percentage

Andrewes' V-Z se ries 3686 75.9

Type 103 . . . 199 4 .1

P 119 . . .  . . 131 2 .7

88 . . .  . . 371 7 .6

170 . . .  .• 190 3 .9

•P 288 64 1.3

P 274 75 1.5

D .1 67 1 .4

D 19 '•. . • • 8 0 .2

P 343 1 . . .  ' • • 16 0 .4

Type unknown . . .  . . 49 1.0

Total 4856*

* Excludes 93 s tra in s  discarded before typing had been 
carried  out.



reason ab ly  accu ra te  in d ex  o f  th e  freq u en cy  w ith  w hich th e se  

ty p es  occur in  In d ia . As a temporary m easure, pending the  

accep tan ce o f  a more accu rate  c l a s s i f i c a t i o n ,  the new ty p es  

are named by the in d ex  number o f  th e  type s t r a in .

In a l l  c a se s  id e n t i f i c a t io n  was e f f e c t e d  by b ioch em ica l  

and s e r o lo g ic a l  t e s t s .  The V-Z s e r ie s  In clu d es a l l  th o se  

w hich a g g lu t in a te d  w ith  antiserum s prepared from V, W, X,

Y and Z races as d e fin e d  by Andrewes and Inman: the o th ers

were id e n t i f i e d  by means o f  serums prepared from th e type  

s t r a i n s .

In the cou rse  o f  t h i s  work a h ith e r to  u n describ ed  form  

o f  v a r ia t io n  was observed to  occur in  c e r ta in  s t r a ih s .  A 

s u p e r f i c ia l  I n v e s t ig a t io n  o f  t h is  phenomenon showed th a t  i t  

threw co n sid era b le  l i g h t  on th e  a n t ig e n ic  s tr u c tu r e  o f  the  

group as a w h o le , and probably gave a c lu e  to  the vexed  

q u estio n  o f  c l a s s i f i c a t i o n .  I t  w as, th e r e fo r e , d ec id ed  

to  stu d y  the m atter  more c lo s e ly .

MATERIALS AND METHOD EMPLOYED 

. Organisms

(N ote . -  For b r e v ity ,  th e  fa m ilia r  symbols o f  the  

F lexn er  group are f r e e ly  used -  e . g .  V fo r  B . d ysen ter iae  

F lexner V, e t c .  The N ation a l C o lle c t io n  o f Type C u ltu res, 

L is te r  I n s t i t u t e ,  i s  r e fe r r e d  to  as "N.C.T.C.")

V: V Oxford (N .C .T .C .); V Lentz (D r. S c o t t ) .



VZ: VZ Massom, VZ S t a n s f ie ld  (b oth  N .C .T .C .);

VZ/D 427 (Major B e n ste d ) .

W: W Cable (N .C .T .C .) .

X: X Hughes (N .C .T .C .); X K e lly  (Br. S c o t t ) .

Z: W hittin gton  (N .C .T .C .).

Y: Y H iss R u s s e ll  (N .C .T .C .); Y Lentz (D r. S c o t t ) .

103: type s t r a in :  103/P  166; 103/Mohd. Zaanan; and

o th e r s ;  a l l  i s o la t e d  in  In d ia .

P 119: type s t r a in ;  P 119 /493  ( I n d ia ) .

88: type s t r a in :  88/Q 6 ( I n d ia ) .

N ew castle: N ew castle/A berdeen (D r. S c o t t ) .

170 , P 288 , P 274 , D 1 , D 1 9 , P 143: type s t r a in s .

In a d d it io n , a la r g e  number o f  s t r a in s  i s o la t e d  by the  

w r ite r ,  or r e c e iv e d  from c o lle a g u e s  in  In d ia  and E gyp t, and 

from Dr. W. M. S c o t t ,  M in istry  o f  H ea lth , have been used  fo r  

con firm atory  t e s t s .

A ntiserum s

Antiserum s were prepared by in o c u la t in g  ra b b its  in t r a 

ven ou sly  w ith  graded doses o f  organism s e i t h e r  as broth  

c u ltu r e s ,  or in  the l a t e r  s ta g e  o f  im m unization as s a l in e  

su sp e n s io n s . In both  ca ses  th e  organism s were k i l l e d  

e ith e r  by chloroform  or by fo rm a lin . Owing to  th e  

v a r ia b le  a g g lu t in in  response o f  the r a b b it s ,  no standard  

course was fo llo w e d . In je c t io n s  were con tin u ed  u n t i l  a 

serum o f  s u i ta b ly  h ig h  t i t r e  was produced.



Susp en sions f o r  A g g lu tin a tio n  

A g g lu tin a b le  su sp en sion s were prepared by growing  

th e  organism  in  broth  fo r  tw en ty -fo u r  h ou rs. T h erea fter

0 .2  per c en t form alin  was added to  k i l l  the organism s and 

to  a c t  as a p r e s e r v a t iv e , and th e  su sp en sio n s were 

sta n d a rd ized  to  a co n sta n t o p a c ity .

Suspensions fo r  A bsorption  

S u sp en sions f o r  absorb ing purposes were prepared by 

growing the organism s on Gordon*s p ea flo u r  try p -a g a r  in

Roux b o t t l e s ,  washing o f f  w ith  s a l i n e ,  k i l l i n g  and
/

p r e ser v in g  w ith  ch loroform , and sta n d a r d iz in g , a f t e r  

co n c e n tr a tin g  by sp in n in g , to  co n ta in  100 ,000  m il l io n  

organism s per m i l l i l i t r e .  Absorbing su sp en sio n s were 

prepared in  bulk from 103 B, Y H iss R u s s e l l ,  P 119 B,

V O xford, W C able, X Hughes and Z W h ittin g ton .

A bsorption T ests  

1 m i l l i l i t r e  o f  serum was absorbed w ith  q u a n t it ie s  o f  

organism s vary in g  from 50 ,000  m ill io n s  to  500 ,000  m ill io n s  

( i . e .  0 .5 -5  m i l l i l i t r e s  o f  absorb ing su sp e n s io n ) , th e  whole 

b ein g  made up to  a volume o f  10 m i l l i l i t r e s  w ith  normal 

s a l i n e .  The m ixture was kept in  the w ater-b ath  a t  50° C. 

fo r  fou r  h ou rs, then  p laced  in  th e  incub ator o v e rn ig h t, and 

i f  n e c e ssa r y , c e n tr ifu g e d  n ext m orning. C ontrols  

c o n ta in in g  no su sp en sion  were p laced  in  the w a ter-b a th  and



in cu b ator  fo r  th e  same time as the a c tu a l t e s t s ;  th ese  

are the c o n t r o ls  shown in  th e  ta b le s .

A g g lu t in a t io n  T e s ts

A g g lu tin a tio n  t e s t s  were performed by D reyer 's  

tech n iq u e . The tubes were incubated  a t  50° C. fo r  fou r  

h ou rs, and th e  r e s u lt s  were a t once read a g a in s t  a s p e c ia l  

dark background, u s in g  a hand le n s  to  determ ine th e  f in e r  

d egrees o f  a g g lu t in a t io n . In term ediate r e s u l t s  were 

c a lc u la te d  by means o f D reyer’s in te r p o la t io n  ta b le ,  

s l i g h t l y  m o d ified . N il r e s u l t s  in d ic a te  a t i t r e  o f  l e s s  

than 1 in  10 .

I .  -  ANTIGENIC- VARIATION IN THE MANNITOL-FERMENTING
DYSENTERY BACILLI

Type 103

V a r ia tio n  was f i r s t  observed , and has been s tu d ie d  

in  most d e t a i l ,  in  typ e  103. This i s  b e lie v e d  to  be one 

of the o r ig in a l  Y s t r a in s ,  probably Y L entz, o f which on ly  

group v a r ia n ts  now e x i s t .

When newly i s o la t e d ,  103 d id  not a g g lu t in a te  w ith  

antiserum s prepared from the V, W, Z and Y r a c e s , and 

a g g lu tin a te d  very f e e b ly  w ith  X antiserum . A fter  some 

tim e in  a r t i f i c i a l  c u ltu r e , however, i t  was observed to  

produce two types o f  co lo n y . One o f th e se  which may be 

c a lle d  103 A, was in  a l l  outward r e sp e c ts  id e n t ic a l  w ith



th e  c o lo n ie s  o f  the f r e s h ly  i s o la t e d  s t r a in ,  being smooth 

in  c h a r a c te r , and v i r t u a l ly  in a g g lu t in a b le  w ith  antiserum s  

o f  the V-Z s e r i e s . I t  d if fe r e d  o n ly  In having acq u ired  

the power to  reproduce both  daughter c o lo n ie s  having i t s  own 

c h a r a c te r s , and v a r ia n ts  o f  the kind about to  be d e sc r ib e d .  

The secon d  typ e  o f  co lo n y , which may be c a l le d  103 B, cou ld  

be d is t in g u is h e d  by i t s  naked eye app earances, b e in g  la r g e r  

than normal and somewhat rough in  o u t l in e .  These 

appearances were n o t , how ever, accompanied by the ch a ra cters  

o f  roughness d e f in e d  by Arkwright (1 9 2 1 ): c u ltu r e s  from

103 B c o lo n ie s  grew w ith  uniform  tu r b id ity  in  b ro th , w h ile  

agar c u ltu r e s  cou ld  be ev en ly  suspended in  normal s a l i n e .  

S uspension  o f  103 B proved to  be r e a d ily  a g g lu tin a te d  by the  

V-Z a n tiseru m s. 103 B fu r th e r  d if f e r e d  from 103 A in  th a t  

i t  bred  tr u e , producing o n ly  c o lo n ie s  o f  i t s  own typ e; w ith  

one u n exp la in ed  and d ou b tfu l e x c e p t io n , t h i s  has proved to  

be a permanent c h a r a c ter .

In u n se le c te d  su b cu ltu res from th e  o r ig in a l  s t r a in  

the v a r ia n t  c o lo n ie s  were a t . f i r s t  s c a r c e . In tim e t h e ir  

numbers in c r e a se d , and u lt im a te ly  th ey  dominated the p ic tu r e  

to  th e  e x c lu s io n  o f  th e  o th e r s . The p ro cess  w as, th e r e fo r e ,  

a stead y  p ro g ress io n  from a pure 103 A c u ltu r e  to  a pure 

103 B c u ltu r e .

V a r ia tio n  o f  t h is  k ind has occurred in  the m a jo r ity  o f  

the 103 s t r a in s  w hich have been exam ined. In some c a ses
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the v a r ia n t  appeared in  a few days or weeks a f t e r  th e  s t r a in  

was i s o la t e d :  in  o th ers i t  d id  n ot appear fo r  some months; 

and in  c e r ta in  s t r a i n s ,  now s e v e r a l  years o ld ,  i t  has not 

y e t  been foun d . In a few s t r a in s  th e  v a r ia n ts  cou ld  n ot  

be d is t in g u is h e d  by th e  appearance o f  th e  c o lo n ie s ,  a l l  o f  

w hich were smooth and r e g u la r ;  th e y  were to  be found o n ly  

by t e s t in g  the a g g lu t in a t io n  r e a c t io n  o f  a number o f  

c o lo n ie s .

The v a r ia t io n  i s  i l l u s t r a t e d  d iagram m atically  in  f i g .  1 .

103 *103 A *103 A*103 A

103 B103 B 103 B

103 B103 B 103 B

e t c . e t c . e t c .

* e tc .

P i g . . 1 .
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C r o s s - a g g lu t in a t io n  t e s t s  w i th  103 A, 103 B and  th e  

V, W, X, Y, Z s t r a i n s ,  and a l s o  c e r t a i n  a b s o rp t io n  t e s t s ,  

a re  shown in  T ab le  I I .

The h ig h  t i t r e  to  w hich  103 B i s  a g g lu t in a te d  by th e  

a n tis e ru m s  o f  th e  F le x n e r  o rgan ism s i s  a  s t r i k i n g  f e a t u r e ,  

and in d ic a t e s  t h a t  i t  s h a re s  a common a n tig e n  w ith  th e s e  

s t r a i n s .  As f a r  a s  103 A i s  c o n c e rn e d , th e r e  i s  l i t t l e  

e v id e n ce  from  th e  way i n  w hich  i t  i s  a g g lu t in a te d  by th e s e  

a n tis e ru m s  to  su g g e s t t h a t  i t  c o n ta in s  any o f  t h i s  sh a re d  

a n t ig e n :  on th e  o th e r  h an d , i t s  hom ologous a n tis e ru m  has a

w e ll-m ark e d  a c t io n  on th e  a l l i e d  o rg a n ism s , a  r e s u l t  w hich  

i n d ic a t e s  t h a t  i t  does i n  f a c t  p o ss e s s  t h i s  a n t ig e n .

103 A a n tis e ru m , when a b so rb e d  by i t s  homologous 

o rg an ism , lo s e s  a l l  a g g lu t in in s  e x ce p t a t r a c e  o f  group  

a g g lu t i n in .  ( I t  may be rem arked t h a t  th e  rem oval o f  th e  

l a s t  t r a c e s  o f  g roup  a g g lu t in in  from  h ig h  t i t r e  a n tis e ru m s  

h as  alw ays p r e s e n te d  c o n s id e ra b le  d i f f i c u l t i e s  in  c e r t a i n
i

c a s e s .  This i s  p ro b a b ly  due to  some in h e r e n t  p ro p e r ty  o f 

r a b b i ts *  se ru m ). When a b so rb ed  by 103 B, 103 A a n tis e ru m  

lo s e s  a l l  g ro u p  a g g lu t in in  (e x c e p t th e s e  same t r a c e s ) ,  b u t  

r e t a i n s  i t s  power to  a g g lu t in a te  th e  homologous o rg an ism .

From th e s e  r e s u l t s  i t  may be co n c lu d ed  t h a t  103 A c o n ta ijs  

two a n t ig e n s :  o n e , a  s p e c i f i c  o r  ty p e  a n t ig e n  iwhich i s

p e c u l ia r  to  i t s e l f 5 th e  o t h e r ,  a  g roup  a n t ig e n  w hich  i t



s h a re s  w i th  th e  V-Z s e r i e s .  103 B, on th e  o th e r  hand , 

c o n ta in s  o n ly  g roup  a n t ig e n ;  i t  i s  d ev o id  o f  any  power to  

a b so rb  ty p e  a g g lu t in in  from  103 A a n tis e ru m , b u t r e a d i ly  

rem oves th e  g roup  a g g lu t i n in .

The somewhat c o n f l i c t i n g  o b s e rv a t io n s  t h a t  103 A, 

w h ile  a lm o s t in a g g lu t in a b le  w i th  g roup  a n tis e ru m , i s  

n e v e r th e le s s  c a p a b le  o f  p ro d u c in g  g roup  a g g lu t in in s ,  may be 

e x p la in e d  in  s e v e r a l  ways*

( i )  The su p p o sed ly  p u re  103 A su sp e n s io n  u sed  f o r  

im m unizing th e  r a b b i t  may have c o n ta in e d  a  few 103 B 

o rg a n ism s . R e s u l ts  s i m i l a r  to  th o se  In  T able  I I  h a v e , 

how ever, been  g iv en  b;> a 103 A s t r a i n  c fu n d o u b ted  p u r i t y ,  

w hich  has now been  u n d er o b s e rv a t io n  f o r  s i x  y e a r s  w ith o u t 

show ing any v a r i a n t  c o lo n ie s .  This e x p la n a t io n ,  t h e r e f o r e ,  

seems u n l ik e ly .

( i i )  103 A b a c i l l i  may c p n ta in  in  an a c c e s s ib le  p o s i t io n  

a  m ix tu re  o f  l a r g e  q u a n t i t i e s  of. ty p e  a n tig e n  and m inu te  

q u a n t i t i e s  o f  g roup  a n t ig e n ,  th e  l a t t e r  i n s u f f i c i e n t  to  be 

clum ped by g roup  a g g lu t in in ,  b u t s u f f i c i e n t  to  g iv e  r i s e  to  

a g g lu t in in s  i n  th e  r a b b i t .

( i i i )  The ty p e  a n t ig e n  In  103 A may be s i t u a t e d  in  a  

s u p e r f i c i a l  o r  d o m in a tin g  p o s i t i o n ,  w h ile  th e  g roup  a n tig e n  

may be more d e e p ly  s e a te d  and in  some way p r o te c te d  o r
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i n a c t i v a t e d  by th e  ty p e  a n t ig e n .  U nder th e s e  c irc u m s ta n c e s , 

when th e  o rgan ism s a re  b ro u g h t i n to  c o n ta c t  w i th  ty p e  

a g g lu t in in  c lum ping  o c c u rs  in  th e  u s u a l  w ay, b u t  when th e y  

a re  exposed to  th e  a c t io n  o f  g roup  a g g lu t i n in ,  th e r e  i s  no 

r e a c t i o n ,  as th e  a g g lu t in in  can n o t o b ta in  a c c e s s  to  i t s  

a n t ig e n .  On th e  o th e r  hand , when th e  o rgan ism s a re  

in o c u la te d  I n to  a  r a b b i t ,  d i s i n t e g r a t i o n  o f  the  b a c t e r i a l  

b o d ie s  o c c u r s ,  accom panied  by f r e e in g  o f  th e  a n t ig e n s ,  e ac h  

o f  w h ich  p ro c e e d s  t o  g iv e  r i s e  to  i t s  a p p ro p r ia te  a g g lu t in in .

T here a r e  p o in ts  b o th  f o r  and a g a in s t  th e  l a s t  two 

h y p o th e s e s . The p ro p o r t io n  o f  g roup  a g g lu t in in  I s  so  h ig h  

in  103 A a n tis e ru m  t h a t  i t  i s  d i f f i c u l t  to  u n d e rs ta n d  how i t  

can be p roduced  by q u a n t i t i e s  o f  a n t ig e n  so  m inu te  a s  to  be 

i n s e n s i t i v e  to  a g g lu t in a t io n .  C o n v e rse ly , a  su s p e n s io n  o f  

103 A i s  c a p a b le  o f  a b so rb in g  p r a c t i c a l l y  a l l  g roup  

a g g lu t in in  from  i t s  own a n tis e ru m ; t h i s  i s  d i f f i c u l t  to  

r e c o n c i le  w i th  th e  c o n c e p tio n  o f  a  c o n c e a le d  g roup  a n t ig e n  

in a c c e s s ib le  to  th e  a c t io n  o f  i t s  a n tib o d y .

A no ther o b s e rv a t io n  w hich  has an Im p o rta n t b e a r in g  on 

t h i s  q u e s t io n  i s  t h a t  103 B has more p o w e rfu l a g g lu t in o g e n ic  

p r o p e r t i e s  th a n  103 A, p ro d u c in g  a n -a n t is e ru m  W ith  a  much 

h ig h e r  t i t r e .  W hile , t h i s  m igh t be e x p la in e d  by th e  f a c t



t h a t  in  103 B th e  g roup  a n t i g e n . i s  c o m p le te ly  f r e e d  from  

type  a n t ig e n  and  i s  th u s  o f  enhanced  q u a l i t y ,  th e  s im p le r  

e x p la n a t io n  t h a t  103 B c o n ta in s  an in c re a s e d  q u a n t i ty  o f  

g roup  a n t ig e n  seems more p ro b a b le .

As th e  two h y p o th ese s  a r e  n o t a n t a g o n i s t i c ,  i t  i s  

p ro b a b le  t h a t  b o th  p la y  a  p a r t  in  th e  phenomenon.

T hese q u e s t io n s  a re  o f  im p o rtan ce  in  r e a c h in g  an 

u n d e rs ta n d in g  o f  th e  n a tu re  o f th e  v a r i a t i o n  in  103 .

T h is  i s  c l e a r l y  a r e t r o g r e s s i v e  p ro c e ss  In  w hich  th e r e  i s  

lo s s  o f  ty p e  a n t ig e n ,  and c o in c id e n t  e x a l t a t i o n  o f  g roup  

a n t ig e n .  I t  i s  a  g e n e ra l  r u l e  t h a t  In  any p ro c e s s  o f  

d e g e n e ra t io n  th e  more h ig h ly  s p e c ia l i z e d  s t r u c t u r e s  a re  th e  

f i r s t  t o  be l o s t ,  and i t  may be concluded  t h a t  th e  ty p e

a n t ig e n ,  w h ich  i s  a d i s t i n c t i v e  c h a r a c te r  o f th e  o rg an ism ,

f a l l s  i n to  t h i s  c a te g o ry . In  c o n t r a s t  w i th  th e  lo s s  o f  

ty p e  a n t ig e n ,  th e  group  a n tig e n  o b ta in s  prom inence in  th e  

d eg rad ed  v a r i a n t ,  p a r t l y  no d o u b t b ecau se  o f  th e  rem oval

o f  th e  p r o t e c t i v e  o r  i n h ib i t o r y  In f lu e n c e  o f  th e  ty p e

a n t ig e n ,  b u t  a ls o  b ecau se  th e r e  I s  an in c r e a s e  In  th e  

q u a n t i ty  o f  g roup  a n tig e n  w hich may be in  th e  n a tu r e  o f  a 

re p la c e m e n t p r o l i f e r a t i o n .  T h is w ould su g g e s t  t h a t  g roup  

a n t ig e n  i s  o f  a more p r im i t iv e  n a tu re  th a n  ty p e  a n t ig e n .

T h is v a r i a t i o n  o f  103 d i f f e r s  r a d i c a l l y  from  th e  

d ip h a s ic  v a r i a t i o n  w h ich  o c c u rs  in  th e  f l a g e l l a r  a n t ig e n  

o f  th e  S a lm o n e lla  g ro u p . In  th e  l a t t e r  th e  p ro c e ss  i s



n o t accom panied  by perm anent l o s s  o f  a n t ig e n .  R e v e rs io n  

from  one phase  to  a n o th e r  may o c c u r  a t  any  t im e , and  

b a c t e r i a l  c e l l s  o f  b o th  ty p e s ,  e a c h  c a p a b le  o f  p ro d u c in g  . 

i t s  own a n t ig e n ,  a re  p r e s e n t  in  a l l  c o lo n ie s  a l th o u g h , 

a c c o rd in g  to  th e  p h a s e , one ty p e  o r  th e  o th e r  p re d o m in a te s .

A fo rm  o f  v a r i a t i o n  w hich  o c cu rs  in  c e r t a i n  s t r a i n s  o f  

s t r e p t o c o c c i ,  n o ta b ly  ty p e s  3 , 13 and 19 , has been d e s c r ib e d  

in  d e t a i l  by G r i f f i t h  (1 9 3 5 ). T h is b e a rs  a c lo s e  resem b lan ce  

to  the  v a r i a t i o n  w hich o c c u rs  in  103 . When S tre p to c o c c u s  

ty p e  3 was p l a t e d  on an  a g a r  medium in  w hich was p h c o rp o ra te d  

ab o u t 2 p e r  c e n t  o f  hom ologous a g g lu t in a t in g  serum , th r e e  

ty p e s  o f c o lo n y  c o u ld  be re c o g n iz e d , one opaque, a n o th e r  

t r a n s l u c e n t ,  and a  t h i r d  show ing b o th  opaque and t r a n s lu c e n t  

s e c t o r s .  S e r o lo g ic a l  I n v e s t ig a t io n  showed t h a t  th e  opaque 

c o lo n ie s  had  t y p e - s p e c i f i c  c h a r a c t e r s ,  and t h a t  th e  

t r a n s lu c e n t  c o lo n ie s  had g roup  c h a r a c t e r s ,  w h ile  th e  m ixed 

c o lo n ie s  had b o th .  In  a  p l a t e  made from  an  a c t iv e l y  

grow ing u n s e le c te d  s u b c u l tu re  t y p e - s p e c i f i c  c o lo n ie s  were 

r a r e ,  g roup  c o lo n ie s  r a t h e r  more common, and m ixed c o lo n ie s  

in  a  m a jo r i ty .  When a t y p e - s p e c i f i c  ( i . e .  opaque) co lo n y  

was s u b c u l tu re d  and r e p l a t e d ,  a  more o r  l e s s  s im i l a r  c ro p  

o f  c o lo n ie s  to  t h a t  j u s t  d e s c r ib e d  was p ro d u ce d . When a  

group t i * e .  t r a n s lu c e n t )  co lo n y  was s i m i l a r ly  p l a t e d ,  i t  

rep ro d u c ed  m a in ly  t r a n s lu c e n t  c o lo n ie s ,  b u t  a  few m ixed



c o lo n ie s  show ing b o th  c l e a r  and opaque a re a s  a p p e a re d  on th e  

p l a t e .  Even a f t e r  o f t - r e p e a t e d  s u b c u l tu re  from  s e l e c te d  

t r a n s lu c e n t  c o lo n ie s  t h i s  m ixed c h a r a c te r  rem a in ed , and  from  

th e  t i n i e s t  opaque fo c u s  i t  was p o s s ib le  to  p roduce  on 

t r a n s f e r e n c e  to  a  f r e s h  p l a t e  opaque c o lo n ie s  w h ich  c o u ld  be 

shown to  b e  t y p e - s p e c i f i c .  The g e n e ra l  te n d e n c y , how ever, 

was f o r  t y p e - s p e c i f i c  c u l tu r e s  to  assume group  c h a r a c te r s  In  

a r t i f i c i a l  c u l t u r e .  G r i f f i t h  n o te s  th e  s i m i l a r i t y  o f  t h i s  

v a r i a t i o n  to  t h a t  o b se rv ed  in  c e r t a i n  F le x n e r  ty p e s  (n o ta b ly  

W and Y) by D r. W. M. S c o t t .  I t  a l s o  c lo s e ly  re se m b le s  th e  

v a r i a t i o n  in  103 . T here i s ,  how ever, one im p o r ta n t  

d i f f e r e n c e .  In  th e  s t r e p to c o c c i ,  a s  G r i f f i t h  o b s e rv e s , th e r e  

i s  th e  same f l u c t u a t i o n  o f  p h ases  w hich h as been  o b se rv e d  in  

th e  f l a g e l l a r  a n t ig e n  o f  th e  S a lm o n e lla  g ro u p ; ty p e  

s p e c i f i c  c o lo n ie s  can be re c o v e re d  from  c u l tu r e s  o f  th e  

g roup  p h a se , and v ic e  v e r s a .  In  103 th e  change i s  

p e rm an en t; t y p e - s p e c i f i c  c o lo n ie s  can n o t be re c o v e re d  from  

th e  g roup  p h a se .

T here a re  a l s o  many p o in ts  o f  s i m i l a r i t y  betw een th e  

103 v a r i a t i o n  and t h a t  w hich o c cu rs  in  th e  m e l i t e n s i s -  

a b o r tu s  g roup  (P a n d it  and W ilso n , 1 9 3 2 ). Here a  s im i l a r  

perm anent l o s s  o f  s p e c i f i c  a n t ig e n  o c c u rs .  U n like  

"p a r a - m e l i t e n s i s " and wp a r a - a b o r tu s ” , th e  103 v a r i a n t s ,  

and o th e r  F le x n e r  v a r i a n t s  w hich  w i l l  be d e s c r ib e d  l a t e r ,  

g iv e  n e g a t iv e  r e s u l t s  w ith  th e  th e rm o -a g g lu t in a t io n  t e s t ,  

and w i th  M illo n * s r e a g e n t .



I t  i s  w o rth y  o f  m en tion  th a t  in  th e  c o u rse  o f  t h i s  

i n v e s t i g a t i o n  t r u e  ’’ro u g h ” v a r i a n t s  o f th e  k in d  d e s c r ib e d  

by A rk w rig h t (1921) have o c c a s io n a l ly  been  e n c o u n te re d  in  

c u l tu r e s  o f  th e  F le x n e r  r a c e s . These had  th e  a c c e p te d  

c h a r a c te r s  o f ro u g h n e s s , and  seem ed to  be a lm o st c o m p le te ly  

d e v o id  o f  any a n t ig e n  c a p a b le  e i t h e r  o f  b e in g  a g g lu t in a te d  

o r  o f  p ro d u c in g  a g g lu t in in  when in o c u la te d  in to  a  r a b b i t .

In  o th e r  w o rd s , th e  d e g e n e ra t io n  had  p ro ceed ed  a s ta g e  

f u r t h e r ,  and b o th  ty p e  and g roup  a n t ig e n  had  been l o s t .

Y H iss  and  R u s s e l l  (YHR) and W.

In  c a r r y in g  o u t v a r io u s  in v e s t i g a t io n s  in  connexion  

w ith  103 , i t  was o b se rv ed  t h a t  th e  H iss  and R u s s e l l  Y s t r a i n  

had  a b s o r p t iv e  p r o p e r t i e s  a lm o s t i d e n t i c a l  w ith  103 B.

T his can  be se en  i n  T able  I I .  At f i r s t  th e  two were 

b e l ie v e d  to  be i d e n t i c a l ,  b u t  more r e c e n t  work h as shown 

th a t  t h i s  i s  not s o ,  and t h a t ,  as D r. V/. M. S c o t t  has 

su g g e s te d  (p e r s o n a l  com m unication) YHR i s  p ro b a b ly  d e r iv e d  

from  a  W s t r a i n ,  and  em bodies th e  group a n tig e n  o f  t h a t  

o rg an ism .

C ross a b s o rp t io n  t e s t s  w ith  103 B and YHR show t h a t  

n e i t h e r  c o m p le te ly  e x h a u s ts  th e  a g g lu t in in  in  the  a n t i 

serum  o f  th e  o th e r .

On th e  o th e r  h an d , a b s o rp t io n  o f  W a n tis e ru m  w i th  YHR 

a lm o st c o m p le te ly  removes th e  g roup  a g g lu t in in  w hich  i t
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c o n ta in s  ( s e e  T ab le  I I I ) .  S im i la r  com plete  a b s o rp t io n  i s  n o t 

e f f e c t e d  by 103 B, n o r  by P 119 B, a n o th e r  g roup  v a r i a n t  

w hich w i l l  be d e s c r ib e d  s h o r t l y .

In  th e  p ro c e s s  o f  a b so rb in g  W a n tis e ru m  w ith  YHR, th e r e  

i s  a  c o n s id e r a b le  r e d u c t io n  o f  th e  t i t r e  o f  th e  a n tis e ru m  

f o r  i t s  hom ologous o rgan ism  W, s u g g e s t in g  t h a t  YHR c o n ta in s  

some s p e c i f i c  W a n t ig e n .  T his f a l l  i n  s p e c i f i c  a g g lu t i n in ,  

how ever, re a c h e s  a p o in t  beyond w hich m assive  in c r e a s e s  in  

th e  a b s o rb in g  dose o f  o rgan ism s p roduce  no f u r t h e r  l o s s .

I t  seems p ro b a b le ,  t h e r e f o r e ,  t h a t  th e  f a l l  in  t i t r e  f o r  

W m e re ly  r e p r e s e n t s  th e  e l im in a t io n  of group a g g lu t in in  w hich  

r e a c te d  to  h ig h e r  t i t r e  th a n  d id  th e  s p e c i f i c  a g g lu t i n in .

A b so rp tio n  o f  th e  a n tis e ru m s  o f  th e  o th e r  members o f 

th e  F le x n e r  g roup  w i th  YHR g iv e s  r e s u l t s  re s e m b lin g  th o se  

o b ta in e d  w ith  103 B, and c o n firm s t h a t  YHR i s  d ev o id  o f  

ty p e  a n t ig e n .

As f a r  a s  th e  w r i te r * s  e x p e r ie n c e  g o e s , o rgan ism s h a v in g  

th e  c h a r a c t e r s  o f  YHR have n ev er been  i s o l a t e d  d i r e c t  from  

th e  s t o o l s  o f  d y se n te ry  c a s e s ,  and  th e  resem b lan ce  w hich  th e  

c o lo n ie s  o f  t h i s  s t r a i n  b e a r  to  th o se  o f 103 B su g g e s ts  t h a t ,  

l i k e  th e  l a t t e r ,  i t  i s  a  v a r i a n t .  Up to  d a te ,  no c o lo n ie s  

e x a c t ly  s i m i l a r  to  YHR have been re c o v e re d  from  known W 

s t r a i n s ,  b u t  i n v e s t i g a t io n s  on t h i s  p o in t  a re  in c o m p le te . 

C o lo n ies  w hich  show a  m arked in c re a s e  i n  g roup  a n t ig e n  and a
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l e s s  o b v io u s  d e c re a s e  In  s p e c i f i c  a n t ig e n  can  be re c o v e re d  

from  c e r t a i n  s t r a i n s  o f  W, b u t  no c o lo n ie s  c o m p le te ly  d ev o id  

o f  s p e c i f i c  a n t ig e n  have so f a r  been  fo u n d .

T here i s ,  t h e r e f o r e ,  no c o n c lu s iv e  p ro o f  t h a t  YHR i s  

d e r iv e d  from  a  W s t r a i n ,  b u t  th e r e  i s  a  s t r o n g  p resu m p tiv e  

e v id e n ce  t h a t  t h i s  i s  s o .

Type P 1 1 9 .

A s i m i l a r  fo rm  of v a r i a t i o n  was o b se rv ed  in  ty p e  P 119 

a f t e r  t h i s  s t r a i n  had  been k e p t i n  a r t i f i c i a l  c u l tu r e  f o r  

a p p ro x im a te ly  f iv e  y e a r s .  When f i r s t  o b se rv ed  t h i s  

v a r i a t i o n  was d ip h a s ic ,  i . e .  A and B c o lo n ie s  each  p roduced  

A and B d a u g h te r  c o lo n ie s .  The d e g ra d a t io n  p ro g re s s e d  

r a p i d l y ,  and in  l e s s  th an  a  y e a r  no t r u e  A c o lo n ie s  co u ld  be 

re c o v e re d  from  any c u l tu r e s  o f  t h i s  o rg an ism .

The "ro u g h ” c h a r a c te r s  o f  th e  v a r ia n t  P 119 B a re  more 

m arked th a n  th o se  o f  103 B. In  b ro th  i t  grows w i th  a  w e l l -  

m arked d e p o s i t ,  b u t  t h i s  when shaken  up  rem ains in  s u s p e n s io n , 

so t h a t  no d i f f i c u l t y  i s  e x p e r ie n c e d  in  c a r ry in g  o u t 

a g g lu t in a t io n  t e s t s .  C u ltu re s  on a g a r fo rm  an even 

su s p e n s io n  when w ashed o f f  w ith  i s o to n ic  s a l i n e .

In  th e  o n ly  o th e r  o ld  s t r a i n  o f  t h i s  ty p e  w hich  I s  

a v a i la b le  th e r e  i s  no ev id en ce  o f  v a r i a t i o n .

The r e s u l t s  of- a b s o rp t io n  t e s t s  w ith  P 119 a n tis e ru m  

and th e  th r e e  group  s t r a i n s  a re  shown in  T able  IV.



A
bs

or
pt

io
n 

of 
P 

11
9 

A
nt

i 
se

ru
m

.

167.

<i>
8*

&

erf o  inE o  m
*  8

m 3  **)m  o  cmo  vo

in
CM

tS3

X

PQ
9

Pi

ft OV© i—1
03 H  •H■P ^

Oinm
in
t?
oin

om

oo
»

rHO
-P
§o

a

w

■9
Pi
«d©
•8O0Q
5

ooa

m
m
3
•d©
8
S
3

in

O o O OO o o oo o o oin in in in
/—s

H rH rH
rH rH rHa a a

K M K

• CM CM CM
• v—' '—* v -x

<d
©
8
S
5



168.

P 119 B a lm o st c o m p le te ly  e x h a u s ts  th e  g ro u p  a g g lu t in in  

in  th e  serum  w ith o u t  a p p re c ia b ly  a f f e c t i n g  th e  ty p e  a g g lu t in in *  

103 B and  YHR have a  s im i la r  a c t io n ,  b u t  f a i l  t o  remove 

a g g lu t in in  f o r  e i t h e r  P 119 A o r  P 119 B.

I t  may th e r e f o r e  be concluded  t h a t  P 119 B has l o s t  th e

ty p e  a n t ig e n ,  b u t  r e t a i n s  th e  g ro u p  a n tig e n  o f  th e  p a re n t  

o rg an ism . T h is  group  a n t ig e n  has much in  common w ith  th e  

g roup  a n t ig e n  o f  103 B and YHR, b u t h as in  a d d i t io n  an 

e lem en t p e c u l i a r  to  i t s e l f .

V. X and Z .

V a r ia n ts  d ev o id  o f  s p e c i f i c  a n tig e n  have n o t y e t  been 

i s o l a t e d  from  V, X and Z, b u t  c o lo n ie s  w ith  d e c re a s e d  s p e c i f i c  

a n t ig e n  and an  a p p a re n t in c r e a s e  in  group  a n t ig e n  a r e  to  be 

found  in  c e r t a i n  s t r a i n s  o f  V and Z . I t  i s  n o t a t  p r e s e n t

p o s s ib le  to  make a  d e f i n i t e  s ta te m e n t r e g a rd in g  X.

T a k i ta  (1937) has made some i n t e r e s t i n g  o b s e rv a t io n s  

r e g a rd in g  v a r i a t i o n  in  th e s e  ty p e s .  On exam in ing  c e r t a i n  o ld  

s t r a i n s  o f  V, W and Z, he found  t h a t  two v a r i e t i e s  o f  c o lo n y  

were p r e s e n t  in  p la t e s  made from  th e s e  o rg an ism s . These 

c o lo n ie s  c o u ld  be d i f f e r e n t i a t e d  by a g g lu t in a t io n  w ith  th e  

a n tise ru m s  o f th e  g ro u p . One o f  th e  c o lo n ie s ,  w h ich  T a k ita  

d e s ig n a te d  a ,  was a g g lu t in a te d  to  h ig h  t i t r e  b o th  by th e  

a n tise ru m  o f  i t s  own ty p e ,  and by th e  g roup  a n t is e ru m s . The 

o th e r  c o lo n y , c a l l e d  b ,  gave a low er t i t r e  th a n  a  w ith  th e



hom ologous a n tis e ru m , and was o n ly  f e e b ly  a g g lu t in a te d  by 

th e  g roup  a n t is e ru m s . On s u b - c u l tu r e ,  a  c o lo n id s  peproduoed  

o n ly  a  c o lo n ie s ,  w hereas b c o lo n ie s ,  p roduced  b o th  a  and b 

v a r i e t i e s .

T his v a r i a t i o n ,  d e s c r ib e d  in  d e t a i l  i n  th e  c a se  o f th e  

s t r a i n  V L e n tz , can  be shown d ia g ra m m a tic a lly  ( f i g .  2 ) .

O riginal ( 
Culture >

Pig. 2* (After Takita.)
0

F u r th e r  e x p e rim e n ts  w ere c a r r i e d  o u t w ith  a n tis e ru m s  

p re p a re d  from  V a ,  and V b s u b s t r a i n s .  I t  was fo und  t h a t  

th e  r e s u l t s  w ere n o t  e a sy  to  i n t e r p r e t ,  and were in  no se n se  

d e c i s iv e ,  b u t  i t  was c o n c lu d ed  t h a t  th e  V a  s u b s t r a in9 *T
c o n ta in e d  b o th  s p e c i f i c  and g roup  a n t ig e n ,  w hereas th e  V b 

s u b s t r a in  had  l o s t  a l l  o r  m ost o f  th e  g roup  a n t ig e n .
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From th e s e  f in d in g s  T a k ita  s u g g e s ts  t h a t  th e  m ain 

d i f f e r e n c e  betw een th e  p a re n t  V s t r a i n  and th e  V a  s u b s t r a in  

l i e s  in  the  a n t ig e n ic  i n s t a b i l i t y  o f  th e  fo rm er (w hich  

p ro d u ced  b o th  V a and V b fo rm s) and th e  s t a b i l i t y  o f  th e  

l a t t e r  (w hich  p roduced  o n ly  V a fo rm s ) ;  w h ile  th e  V b 

v a r i a n t  h a s  l o s t ,  c o m p le te ly  o r  a lm o st c o m p le te ly , th e  

g roup  a n t ig e n ,  b u t  shows a  c o n s ta n t  ten d e n cy  to  r e v e r t  to  

th e  form  in  w hich  g ro u p  a n t ig e n s  a re  p r e s e n t .  He re g a rd s  

t h i s  v a r i a t i o n  o f  th e  V b form  as a p h a s ic  v a r i a t i o n  o f  an 

0 a n t ig e n  o f  th e  same type  as t h a t  d e s c r ib e d  by  Andrewes as 

o c c u r r in g  in  th e  f l a g e l l a r  a n tig e n s  o f  th e  ty p h o id -  

p a ra ty p h o id  g ro u p .

In  q u a l i f i c a t i o n  o f  h i s  c o n c lu s io n s  r e g a rd in g  th e  V a  

s u b s t r a i n ,  T a k i ta  rem arks t h a t  th e  p o s s i b i l i t y  o f  the  o r i g i n a l  

c u l tu r e  c o n ta in in g  b o th  a  and b form s can n o t be e x c lu d e d .

T his i s ,  how ever, much more th a n  a  m ere p o s s i b i l i t y .  T h is 

v a r i a t i o n  in  V L en tz  i s  o f  lo n g  s ta n d in g ,  and w h ile  from  

th e  b e g in n in g  o f  h i s  i n v e s t i g a t i o n  T a k ita  had  no d i f f i c u l t y  

In  i s o l a t i n g  a  and b form s from  p la t e s  made from  h i s  o r i g in a l  

c u l t u r e ,  he p ro d u ces  no ev id en ce  o f  th e  p re se n c e  o f  a  t h i r d  

type  o f  co lo n y  -  th e  p a re n t  co lo n y  p ro d u c in g  b o th  a  and b 

s u b s t r a i n s .  N or, as b form s a re  c o n s ta n t ly  p ro d u c in g  b o th  

a  and b fo rm s, does th e r e  seem any n e c e s s i ty  to  p o s tu la t e  th e  

e x is te n c e  o f  a  p a r e n t  ty p e  o f  co lo n y  a t  t h i s  s ta g e  in  th e  

l i f e  o f  th e  c u l t u r e .



W hile t h i s  does n o t a l t e r  th e  u l t im a te  c o n c lu s io n s  

re a c h e d  by T a k i ta  r e g a rd in g  th e  a n t ig e n ic  c o n te n t  o f  th e  

s u b s t r a i n s ,  i t  s i m p l i f i e s  th e  i n t e r p r e t a t i o n  o f  many o f  

h i s  r e s u l t s ,  and  p o in ts  to  a more p ro b a b le  e x p la n a t io n  o f  

th e  v a r i a n t  he  h a s  o b se rv e d . T here  can be  l i t t l e  doubt 

t h a t  th e  b form s a re  th e  e x i s t i n g  r e p r e s e n ta t iv e s  o f  th e  

p a re n t  s t r a i n ,  and  t h a t  th e y  have a c q u ire d  in  a r t i f i c i a l  

c u l tu r e  th e  p r o p e r ty  o f  s p l i t t i n g  o f f  d eg rad ed  v a r i a n t s ,  

th e  a  fo rm s . I t  i s  o f  c o u rse  p o s s ib l e ,  b u t  u n l ik e ly ,  

t h a t  t h i s  p ro p e r ty  o f  s p l i t t i n g  o f f  v a r ia n ts  was a  p rim ary  

c h a r a c t e r  o f  th e  s t r a i n .

I n t e r p r e t e d  in  t h i s  way th e  v a r i a t i o n  in  V i s  c lo s e ly  

com parab le  to  t h a t  o c c u r r in g  in  103 . The V b form s 

c o rre sp o n d  to  103 A in  t h a t  th e y  c o n ta in  ty p e  a n tig e n  an d , 

p o s s ib ly ,  c o n c e a le d  g roup  a n t ig e n ,  and in  t h a t  th e y  g iv e  r i s e  

to  s im i l a r  d a u g h te r  c o lo n ie s  and to  v a r i a n t s . The V a 

form s c o rre sp o n d  t o  103 B in  t h a t  th e y  a re  r i c h  in  g roup  

a n tig e n  and  rep ro d u c e  o n ly  d a u g h te r  c o lo n ie s  s i m i l a r  to  

th e m se lv e s ; th e y  d i f f e r  In  t h a t  th e y  r e t a i n  a  p o r t io n  o f  

type  a n t ig e n .

T h is  e x p la n a t io n  o f  T a k ita * s  f in d in g s  i s  in c o m p a tib le  

w ith  th e  id e a  t h a t  th e  v a r i a t i o n  he h a s  o b se rv ed  i s  o f  th e  

n a tu re  o f  a  p h a s ic  v a r i a t i o n  o f  0 a n t ig e n .  On th e  o th e r  

hand , I f  i t  i s  c o r r e c t  i t  co n firm s and  e x te n d s  th e  

o b s e rv a t io n s  a lr e a d y  made In  r e s p e c t  o f  103 by  d e m o n s tra tin g



an analogous v a r ia t io n  in  other members o f  the group.

One fu r th e r  p o in t  i s  w orthy o f  n o t ic e .  The v a r ia n ts  

w hich appear in  c u ltu r e s  o f  V and Z do not overgrow th e  

parent typ e o f  co lon y in  th e  same way as do th e  v a r ia n ts  o f  

103 and P 1 1 9 . Both typ es o f  co lony have been flu n d  in  

c e r ta in  s t r a in s  in  w hich the v a r ia n t r e ta in s  some o f  the 

type a n t ig e n , as opposed to th o se  in  which type a n tig e n  i s  

co m p lete ly  l o s t .

Type 8 8 .

So fa r  no a n t ig e n ic  v a r ia t io n  has been observed  in  88 , 

a type w hich i s  o f  g rea t in t e r e s t  because i t s  a n tig e n  i s  

id e n t ic a l  w ith  th a t  o f  th e  N ew castle b a c i l l u s .  There i s ,  

how ever, co n sid era b le  ev id en ce  to  su g g est th a t th e  typ e K 

d e sc r ib ed  by S a r to r iu s  and Reploh (1932) i s  d er ived  from 8 8 . 

On grounds o f  analogy I t  i s  to  be a n t ic ip a te d  th a t v a r ia n ts  

would be formed by type 88 .

Other T ypes. ’

No v a r ia n ts  have been found in  c u ltu r e s  o f  170 or o f  

any o f  the o th er  l e s s  common ty p e s .

Summary and C o n clu sio n s.

V a r ia tio n  Is  o f  common occurrence in  s t r a in s  o f  

m an n ito l-ferm en tin g  d ysen tery  b a c i l l i  when th ey  have been 

m aintained in  a r t i f i c i a l  c u ltu r e  fo r  some tim e .



The e s s e n t i a l  fe a tu r e s  o f  t h i s  v a r ia t io n  are a l o s s ,  

p a r t ia l  or  co m p lete , o f  type a n t ig e n , and an in c r e a s e ,  

apparent o r  r e a l ,  o f  group a n tig e n . The d i s t i n c t i v e  

ch a ra cters  o f  th e  organism  d isapp ear and r e tr o g r e s s io n  towards 

a type common to  a l l  ra ces  o c cu rs .

The p ro cess  o f  v a r ia t io n  i s  o f  a s im ila r  nature in  a l l  

r a c e s .  V a r ia n ts , whose ch a ra cters are permanent, are  s p l i t  

o f f  from th e  parent s t r a in ,  and are g e n e r a lly ,  a lth ou gh  not 

alw ays, to  be rec o g n ize d  by t h e ir  a lte r e d  co lon y  ch a ra cters  

as w e l l  as by t h e ir  a lte r e d  a n t ig e n ic  c o n te n t . The pro

d u ction  o f  v a r ia n ts  i s  sca n ty  a t  f i r s t .  In c e r ta in  r a ce s  

which produce & v a r ia n t devoid  o f  type a n t ig e n , the p rocess  

i s  r a p id ly  p r o g r e s s iv e , and in  tim e c o lo n ie s  o f  th e  parent  

type co m p le te ly  d isa p p ea r . In o th e r s ,  where th e  l o s s  o f  

type a n tig en  i s  in com p lete , a s t a t e  o f  balance seems to  be 

reach ed , and in  u n se le c te d  su b cu ltu res both  forms o f  co lon y  

occur over lon g  p er io d s o f  y e a r s .

Three s t r a in s  which p o sse ss  o n ly  group a n tig e n , and are 

devoid  o f  type a n tig e n , have been examined. Two o f  th e se  

are o f  known p aren tage, having taken o r ig in  from ty p es 103 

and p 119 r e s p e c t iv e ly .  The th ir d  Is  the cu rren t e d it io n  

o f  th e  h i s t o r i c a l  s t r a in  H iss and R u sse ll  Y, which i s  

b e lie v e d  to  be a v a r ia n t o f  Andrewes and Inmanfs W. These 

three s t r a in s  are very  c lo s e ly  r e la te d  to  one a n o th er , but 

d isp la y  minor d if fe r e n c e s  in  t h e ir  a n t ig e n ic  pattern .-



C onsidered as a w h ole , the changes which occu r in  the  

p ro cess  o f  v a r ia t io n  favour the h y p o th esis  th a t type a n tig en  

i s  a r e c e n t  and s p e c ia l iz e d  in d iv id u a l ch a ra cter  which  

o ccu p ies  a s u p e r f ic ia l  p o s i t io n  or i s  r e l a t iv e l y  lo o e e ly  

a s s o c ia te d  w ith  the b a c te r ia l  body, w h ile  the group a n tig e n  

i s  a more p r im it iv e  and permanent c h a r a c te r , more d eep ly  

se a te d  in  or more in t im a te ly  b lended w ith  the body o f  the  

b a c i l l u s .  F u rth er , i t  seems reason ab le  to  conclude th a t  

organism s which p o sse ss  th is , group a n tig en  are C lo se ly  

r e la te d  to each  o th e r . This h a s , th e r e fo r e , a very  

im portant b ear in g  on q u estio n s  o f  c l a s s i f i c a t i o n .

I I . -  ANALYSIS OF THE ANTIGENS IN THE MANNITOL-FERMENTING
GROUP OF DYSENTERY BACILLI, AND ITS BEARING ON 

THEIR.CLASSIFICATION.

S in ce  the d isco v e ry  o f  m ann ito l-ferm en tin g  d ysen tery  

b a c i l l i  a t  the beg in n in g  o f  the presen t cen tu ry , rep eated  

e f f o r t s  have been made to  c l a s s i f y  th e se  organism s and to  

d e fin e  t h e ir  r e la t io n s h ip  to  one an oth er . The most com plete  

survey o f  th e  su b je c t  I s  th a t made by Andrewes and Inman 

(1 9 1 9 ) , whose c l a s s i f i c a t io n  o f the group In to  th e  races V,

W, x ,  Y, and Z has undergone l i t t l e  m o d if ic a t io n , and i s  

s t i l l  g e n e r a lly  accep ted  as the b a s is  o f  our knowledge on 

the s u b j e c t .

Andrewes and Inman *s c o n c lu s io n s  may be sum m arized v e ry  

b r i e f l y  a s  f o l lo w s :  They c o n s id e r  t h a t  in  th e s e  o rgan ism s



th e re  are p r e se n t  a t  l e a s t  fou r  d i s t i n c t  a n t ig e n ic  

com ponents, a l l  o f  w hich are rep resen ted  in  any g iven  s t r a in ,  

hut to  a very  d i f f e r e n t  d eg ree . In the r a c e s  V, W, and Z 

th ere  i s  a g r e a t  preponderance o f  a s in g le  a n tig e n ic  

component, d i f f e r e n t  in  each  c a s e , to g eth er  w ith  a minor 

p rop ortion  -of the components o f  the a s s o c ia te d  t y p e s . The 

race X r e fu s e s  to  a g g lu t in a te  w ith  any but se r a  o f  i t s  own 

r a c e , save to  a t r i v i a l  d eg ree , but i s  a b le  to  g iv e  r i s e  to  a 

serum which w i l l  a g g lu t in a te  X, Z, and V r a c e s . The tru e  

Y race i s  b e l ie v e d  to  be o f  more p r im itiv e  a n t ig e n ic  

s tr u c tu r e  than the o th e r s , and to  p resen t a m ixture o f V,

W, and Z, and to  a l e s s e r  e x te n t  X components: th ere  I s  no

ev id en ce  o f  a f i f t h ,  or Y, component. Subraces termed VZ 

and WX are a ls o  r eco g n ized .

Andrewes and Inman r e a l iz e d  th a t the number o f  s tr a in s  

a t t h e ir  d is p o s a l  was l im ite d , and th a t  in  a more e x te n s iv e  

c o l l e c t io n  fu r th e r  typ es would probably come to  l i g h t .  This 

has proved t o  be c o r r e c t ,  and th ese  s t r a in s ,  fr e q u e n tly  

r e fe r r e d  to  as ”in a g g lu tin a b le  F lexn er b a c i l l i ” , have provided  

a r ec u r r in g  stim u lu s to  the fu r th e r  in v e s t ig a t io n  of th is , 

s u b je c t .  M ention may be made o f  the work o f  Aoki (1921 , 

1923 ), who d escr ib ed  tw elve types o f  d ysen tery  b a c i l l i  

(In c lu d in g  Sh iga*s b a c i l lu s ) :  o f  C layton and Warren ( 1929a,b)

and Downie e t  a l .  (1933) who d e sc r ib ed  th e  Newcastle-ManChester
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b a c i l lu s ;  o f S a r to r iu s  and Reploh (1933) who implemented 

the u su a l methods o f  study by in v e s t ig a t in g  r e a c tio n  to  

b acter iop h age  and d e sc r ib ed  c e r ta in  a d d it io n a l  ty p e s:  and o f

Waaler (1 9 3 5 ) , who s tu d ie d  ”b a c t e r ia l  d is s o c ia t io n ” in  the  

group. These are  bu t a few o f  the many approaches which  

have been made to  the s u b je c t . In none o f  them i s  th ere  any 

im portant departure from th e  g en era l id eas enu n cia ted  by 

Andrewes and Inman, and the on ly  new type d escr ib ed  which has 

found g en era l accep tan ce i s  the N ew castle-M anchester b a c i l l u s .

The r e c o g n it io n  o f  type and group an tigen  in  th e se  

organism s, brought to  l ig h t  by th e  experim ents made w ith  the  

v a r ia n ts  o f  103 , su g g ested  a d i f f e r e n t  con cep tion  o f th e  

a n tig e n ic  s tr u c tu r e  o f  th e  v a r io u s members o f th e  group.

I t  seemed p o s s ib le  th a t ,  as su g g ested  by Andrewes and Inman, 

each ra ce  p o sse sse d  a d i s t in c t iv e  type or s p e c i f i c  a n t ig e n ,  

but th a t  c o -a g g lu t in a t io n  r e s u lt e d , n ot because o f  the  

presen ce in  each o f  a minor proportion  o f  the type a n tig en  

o f  th e  o th er  r a c e s , but because each  p o sse sse d , in  a d d itio n  

to  i t s  own type a n t ig e n , a varying proportion  o f  a common 

group a n t ig e n .

An e a r ly  s e r ie s  o f  experim ents was c a r r ie d  out by  

absorbing antiserum s o f  V, W, X and Z, o f r e l a t iv e l y  low t i t r e ,  

w ith  103 B. The r e s u l t s  su b s ta n tia te d  th is  h y p o th e s is , and 

seemed to  show th at the common group a n tigen  was p resen t -  in
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i t s  e n t i r e t y  -  in  103 B. S ubsequen t ex p erim e n ts  w ith  h ig h -  

t i t r e .  a n t is e ru m s , how ever, showed t h a t  in  c e r t a i n  a n tise ru m s  

th e  g ro u p  a g g lu t in in  i s  n o t c o m p le te ly  e x h a u s te d  by 103 B.

C ross a b s o rp t io n  t e s t s  w ere th a n  c a r r i e d  o u t  w ith  th e  

th r e e  s t r a i n s  b e l ie v e d  to  be p u re  g roup  s t r a i n s ,  nam ely 

103 B, YHR, and P 119 B# The r e s u l t s  a r e  shown in  T ab le  V.

None o f th e s e  a n tise ru m s  i s  c o m p le te ly  a b so rb ed  e x c e p t 

by i t s  homologous o rg an ism , and even th e n  th a c e s  o f  a g g lu t in in  

re m a in , n o ta b ly  in  Y. But w hereas YHR a lm o st c o m p le te ly  

e x h a u s ts  th e  g ro u p  a g g lu t in in  in  103 B a n tis e ru m  and v ic e  

v e r s a ,  P 119 B i s  l e s s  e f f e c t i v e  in  a b so rb in g  103 B and YHR 

a n t is e r u m s .

I t  i s  th e r e f o r e  p o s s ib le  t h a t  103 B and YHR sh a re  an

a n tig e n  c o n ta in in g  two com ponents, which may be d e s ig n a te d

1 and 2 ,  o f  w hich  P 119 B p o s s e s se s  only, component 1 . E ach 

o f  th e  th r e e  h a s  a  r e s i d u a l  component p e c u l ia r  to  i t s e l f ,  so  

t h a t  th e  c o n te n t  o f  e a c h  may be d e s ig n a te d  a s  fo llo w s  

103 B; components 1 , 2 , 3 .

YHR; com ponents 1 , 2 ,  4 .

P 119 B: components 1 , 5 .

Of th e s e  com ponents, 1 s t r o n g ly  p re d o m in a te s , and  2 r 

3 , 4 and 5 o c cu r u s u a l ly  in  s m a lle r  q u a n t i t ie s #

As w i l l  be seen  l a t e r ,  a b s o rp t io n  o f  V, W, X and Z 

a n tise ru m s  co n firm s th e s e  f i n d in g s ,  b u t  r e v e a ls  th e  p re se n c e



o f  y e t  a n o th e r  g roup  component n o t  fo und  in  any  o f  th e s e  

th re e  g roup  s t r a i n s .  This i s  p r e s e n t  in  V, X and Z , and may 

be c a l l e d  com ponent 6 .

U sing  th e  th r e e  g roup  s t r a i n s  as a b so rb in g  a g e n ts  f o r  

com ponents 1 , 2 ,  3 , 4 and 5 , and e i t h e r  X o r  Z f o r  component 

6 , an a n a ly s i s  h as  been made o f  th e  group  a n t ig e n  p r e s e n t  in  

th e  d i f f e r e n t  r a c e s .

B . d y s e n te r ie e  F le x n e r  V (O x fo rd ) .

The a n a ly s i s  o f  t h i s  s t r a i n  w i l l  be g iv e n  in  some d e t a i l ,  

to  make c l e a r  th e  m ethods a d o p te d .

The a n tis e ru m  u se d  in  th e s e  t e s t s  a g g lu t in a te d  i t s  

hom ologous o rgan ism  in  a  d i l u t i o n  o f  1 in  2 0 ,0 0 0 .. P re lim in ary  

a b s o rp t io n  t e s t s  were c a r r i e d  o u t w ith  t h i s  serum  d i lu t e d  

1 in  10 , and th e  r e s u l t s  a r e  shown in  T able  V I.

I t  w i l l  be se en  t h a t  th e  maximum a b so rb in g  e f f e c t  i s  

u s u a l ly  p ro d u ced  by a dose  o f  100,000 m il l io n  o rg an ism s .

The t i t r e  f o r  th e  homologous o rgan ism  i s  red u c ed  by a b o u t 

50 p e r  c e n t .  The g r e a t e r  p o r t io n  o f th e  h e te ro lo g o u s  

a g g lu t in in  i s  rem oved by 103 B and YHR, and t o  a l e s s e r  

e x te n t  by P 119 B. Each removes th e  a g g lu t in in  a c t in g  on 

i t s e l f ,  th e  l a s t  t r a c e s  o f  YHR go ing  w ith  r e lu c ta n c e .  YHR 

and p 119 b exhause th e  group  a g g lu t in in  f o r  W more 

e f f e c t i v e l y  th a n  does 103 B. T his i s  to  be e x p e c te d  o f  

■XHR; th e  re a so n  f o r  i t s  o c cu rren c e  w i th  P 119 B i s  n o t
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c le a r .  In a l l  ca ses  a c o n s id er a b le  r es id u e  o f  a g g lu t in in  

fo r  X and Z rem ain s.

A bsorption  was n ext c a r r ie d  out w ith  m ixtures o f  variou s  

s t r a in s .  The r e s u l t s  are shown in  Table V II.

When a l l  th r ee  group s t r a in s  are used  s im u lta n eo u sly  as 

absorb ing  agen ts th e  on ly  group a g g lu t in in  l e f t  in  th e  serum 

i s  th a t  fo r  X and Z, which in  i t s  turn i s  removed by th e  

a d d itio n  o f  X to  th e  absorb ing m ix tu re .

For com plete ab sorp tion  o f  t h i s  V antiserum  i t  i s  

th e r e fo r e  n e c essa ry  to  use 103 B (group components 1 ,  2 ,  3 ) ,  

YHR (group components 1 , 2 ,  4 ) ,  P 119 B (group components 

1 , 5) and X (group components 1 , 2 ,  6 , and p o s s ib ly  o th e r s ) ,  

*V has th e r e fo r e , a l l  s i x  components in  i t s  a n t ig e n . Of 

th e s e ,  component 1 predom inates.

A tte n t io n  has a lr e a d y  been drawn t o  th e  f a l l  in  th e  

t i t r e  o f  th e  a b so rb e d  serum  f o r  i t s  hom ologous o rg an ism .

The ex p la n a tio n  of th is  seems to be th a t the unabsorbed serum 

a c ts  by v ir tu e  both  o f  i t s  group and o f  i t s  type a g g lu t in in s ,  

and has a h ig h er  group t i t r e  than type t i t r e .  A fter  

a b so rp tio n , clumping occurs on ly  to  the t i t r e  o f  the type  

a gg lu ti*u

In t h i s  connexion the r e s u l t s  o f  an ab sorp tion  t e s t  o f



th e  same serum , ta k e n  from  th e  r a b b i t  a t  an e a r l i e r  s ta g e  in  

th e  p ro c e s s  o f  im m um ization , a re  o f  i n t e r e s t .  103 B was 

u sed  as  th e  a b s o rb in g  a g e n t in  a  m assiv e  dose  p ro d u c in g  

com plete  a b s o r p t io n .

TABLE V III. -  Absorption o f Low T itre  V Serum w ith  103 B.

Suspension

Serum 'v  W ^ X  5 5  Z

V, co n tro l . .  . .  1000 25 75 1000 250

V, absorbed 103 B . .  1000 -  20 50

As can  be seen  in  T ab le  V I I I ,  th e  t i t r e  o f  th e  serum  

f o r  i t s  hom ologous o rganism  rem ain ed  u n a f f e c te d .  I t  w ould 

seem t h a t  o r i g i n a l l y  th e  serum  had ty p e  a g g lu t in in  o f  a s  

h ig h  a  t i t r e  a s  group a g g lu t in in ,  and t h a t  su b seq u en t 

in o c u la t io n  o f  th e  r a b b i t  l e d  to  th e  p ro d u c tio n  o f  group  

a g g lu t in in  i n  e x c e ss  of ty p e  a g g lu t i n in .  T his has been  a  

f r e q u e n t  e x p e r ie n c e .  In  g e n e r a l ,  type  a g g lu t in in  n ev e r 

re a c h e s  a  h ig h  l e v e l ,  and t i t r e s  in  ex ce ss  o f  2 ,500  a re  th e  

e x c e p tio n .  Group a g g lu t in in  t i t r e s ,  on th e  o th e r  h an d , a re  

much h ig h e r ,  and o f te n  r e a c h  a f ig u r e  o f  2 5 ,0 0 0 .

Some i n t e r e s t i n g  f a c t s  have emerged In  connex ion  w ith  

th e  s o - c a l l e d  VZ s u b ra c e , b e lie v e d  by Andrewes and Inman to  

c o n ta in  r e l a t i v e l y  la rg e  q u a n t i t i e s  o f  th e  d i s t i n c t i v e  Z 

a n tig e n  a s  w e l l  a s  d i s t i n c t i v e  V a n t ig e n .  T hree s t r a i n s  

were a v a i la b le  f o r  i n v e s t i g a t i o n ,  nam ely VZ Massom and



VZ S t a n s f i e l d ,  w hich  w ere u se d  by Andrewes and Inm an, and 

VZ D 427 i s o l a t e d  by M ajor H. J .  B en sted  in  I n d ia .  T es te d  

w ith  m o n o sp e c if ic  V serum  p re p a re d  a s  above, and m o n o sp ec ific  

Z serum  p re p a re d  a lo n g  s im i l a r  l i n e s  (se e  h e r e a f t e r )  th e  

r e s u l t s  shown in  T ab le  IX were o b ta in e d .

I t  w i l l  be se en  t h a t  th e  VZ s t r a i n s  c o n ta in  th e  ty p e  

a n t ig e n  o f  V, b u t  n o t o f  Z. T h e ir  Z c h a r a c te r s  a re  

p resum ab ly  due to  th e  p re se n c e  o f a la r g e  p ro p o r t io n  o f  g roup  

component 6 w hich  i s  found in  V, X, and Z s t r a i n s .

TABLE IX. -  A gglu tin a tion  o f VZ Subrace s . w ith  M onospecific Antiserums.

Suspensions
r --------------------------------------   '
v  z VZ VZ VZ

Serums Oxford W hittington S ta n sfie ld  Masaom D 427’

V (m onospecific) . .  250 -  125 250 125

Z (m onospecific) . .  -  125

B. d y se n te r la e  F le x n e r  W (C a b le )

The r e s u l t s  o f  th e  a b s o rp t io n  o f  an a n tis e ru m  p re p a re d  

from t h i s  s t r a i n  a r e  shown in  T able I I I •

.E x c e p t f o r  t r a c e s  o f a g g lu t in in  f o r  V, a l l  g roup  

a g g lu t in in s  a re  a b so rb ed  by YHR, w hich  c o n ta in s  com ponents 

1 , 2 , and 4 .  Component 4 i s  p r e s e n t  to  a  w e ll-m ark ed  d e g re e , 

as can  be seen  by th e  f a i l u r e  o f  103 B to  a f f e c t  a b s o rp t io n .  

The p ro p o r t io n  o f  component 2 i s  shown by th e  d i f f e r e n c e  in  

th e  a b s o p p tiv e  powers o f  103 B (1 , 2 ,  3) and P 119 B (1 , 5 ) .



I t  i s  i n c o n s id e r a b le .

R e s u l ts  o b ta in e d  w ith  two o th e r  d i f f e r e n t  b a tc h e s  o f 

W serum  a re  s u b s t a n t i a l l y  th e  same*

In  one o f  th e s e  groups a g g lu t in in  f o r  V was com pletely- 

rem oved, in  th e  o 'th e rs  a  t r a c e  rem a in e d . The re a so n  f o r  

t h i s  o c c a s io n a l  in co m p le te  rem oval o f  a g g lu t in in  f o r  V i s  n o t 

c l e a r ,  b u t  in  v iew  o f  i t s  com plete  rem oval from  some b a tc h e s  

o f se rum , i t  seems d o u b tfu l  i f  i t  can be a t t r i b u t e d  to  th e  

o c c u rre n c e  o f  s p e c i f i c  V a n tig e n  in  W. W hatever th e  

e x p la n a t io n ,  th e  q u a n t i ty  i s  so  sm a ll t h a t  i t  has no 

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

I t  w i l l  be o b se rv ed  t h a t  t h i s  p a r t i c u l a r  s t r a i n ,  W C ab le , 

c o n ta in s  a  h ig h  p ro p o r t io n  o f  g roup  a n t ig e n .  R e c e n tly  

i s o l a t e d  s t r a i n s  o f  W a re  u s u a l ly  p o o r in  g roup  a n t ig e n ,  and 

would hence be p r e f e r a b le  f o r  th e  p r e p a r a t io n  o f  ty p e  s p e c i f i c  

serum  f o r  d ia g n o s t ic  p u rp o s e s .

B. D y sen te riae  F le x n e r  X (H ughes) .

S e v e ra l  a t te m p ts  have been made to  a n a ly s e  th e  a n t ig e n  

o f t h i s  ty p e  b u t th e  r e s u l t s  have been u n s a t i s f a c to r y .

Andrewes and Inman rem ark  t h a t  X s t r a i n s  can  be 

a g g lu t in a te d  o n ly  by X a n tise ru m , and r e a c t  f e e b ly  w ith  

a n tise ru m s o f th e  g ro u p , b u t t h a t  X a n tis e ru m  has a  h ig h  t i t r e  

f o r  th e  o th e r  members o f  th e  g ro u p . T his l a t t e r  o b s e rv a t io n



r e f e r s  a l i k e  to  a r t i f i c i a l l y  p re p a re d  r a b b i t  a n tis e ru m  and 

to  th e  serum  o f. human b e in g s  who have been in f e c te d  w ith  

t h i s  o rg a n ism .

The s t r a i n  X Hughes now a p p e a rs  to  be more am enable to  

group  a g g lu t i n a t io n ,  and  i s  w e l l  a g g lu t in a te d  by th e  a n t i 

serum s o f  th e  g ro u p .

The fo l lo w in g  p o in ts  have em erged from  in v e s t ig a t io n s  

made up to  d a t e .

X s t r a i n s  a r e  n o t a g g lu t in a te d  by ty p e  s p e c i f i c  

a g g lu t in in s  f o r  V, W, Z, 103 , P 119, 88 , o r  any o f  th e  l e s s  

common r a c e s ;  th e y  a r e ,  how ever, clum ped by group a g g lu t in in ,  

some s t r a i n s  r e a c t in g  b e t t e r  th a n  o th e r s  in  t h i s  r e s p e c t .

X Hughes p ro d u ces an a n tis e ru m  o f  h ig h  t i t r e  w hich i s  r i c h  in  

g roup  a g g lu t i n in ,  a l l  o f  w h ich  i s  c o m p le te ly  a b so rb ed  by th e  

homologous o rg an ism . When a b so rb ed  as f a r  a s  i s  p o s s ib le  

w ith  e i t h e r  103 B o r  YHR, the  t i t r e  o f th e  serum  f o r  X i s  

red u ced  to  a  low l e v e l ,  and v a ry in g  amounts o f  g roup  . 

a g g lu t in in  re m a in , p a r t i c u l a r l y  f o r  Z . The a n tis e ru m  may 

in  f a c t  be l e f t  by t h i s  p ro ce d u re  w ith  a  h ig h e r  t i t r e  f o r  Z 

th an  f o r  X. A b so rp tio n  w ith  103 B and YHR, p lu s  Z , g iv e s  a  

serum  w ith  a  r e l a t i v e l y  low t i t r e  f o r  X and an a p p re c ia b le  

r e s id u e  o f  g ro u p  a g g lu t in in .  I t  h a s  n o t y e t  been p o s s ib le  

to  p ro d u ce  a  s a t i s f a c t o r y  m o n o sp ec ific  a n tis e ru m .

I t  seems highly p ro b a b le  t h a t  d i f f i c u l t y  has a r i s e n  

because  th e  cultures u sed  f o r  making X a n tis e ru m  w ere group
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v a r ia n t s  p o o r in  ty p e  a n t ig e n .  A number o f  f r e s h ly  i s o l a t e d  

s t r a i n s  h av e  r e c e n t l y  been  p ro c u re d  from  I n d ia ,  and f u r t h e r  

i n v e s t i g a t i o n s  a r e  b e in g  p u rsu e d .

I t  may, t h e r e f o r e ,  be co n c lu d ed  p r o v i s io n a l ly  t h a t  X 

c o n ta in s  a  d i s t i n c t i v e  ty p e  a n t ig e n ,  and g roup  com ponents 

1 , 2 , and 6 . F u r th e r  in v e s t i g a t io n s  may supplem ent t h i s  

l i s t ,  and p e rm it  o f  th e  p ro d u c tio n  of a  pu re  m o n o sp e c ific  

serum . I

B . d y s e n t e r i c  F le x n e r  Z (W h it t in g to n ) . |

U n lik e  a n tise ru m s  p re p a re d  from  V, W, and X, t h a t  |

p re p a re d  from  Z c o n ta in s  r e l a t i v e l y  i n s i g n i f i c a n t  q u a n t i t i e s  j

o f  g ro u p  a g g lu t i n in .  A summary o f  a b s o rp t io n  t e s t s  i s  j
t

shown in  T ab le  X.

A b so rp tio n  i s  e q u a l w ith  103 B and YHR, and l e s s  com plete 

w ith  P 119 B. From t h i s  I t  would a p p ea r t h a t  group 

com ponents 1 and 2 a re  p r e s e n t .  A g g lu tin in  f o r  X re m a in s , ||

and t h i s  can  be removed by a b s o rp t io n  w ith  X, o r  w ith  WVZH.

T his i s  p resu m ab ly  due to  th e  p re se n c e  o f  component 6 . The 

group  com ponents p r e s e n t  in  Z a r e ,  t h e r e f o r e ,  1 , 2 ,  and 6 .
|

Type 105 .
$

I t  h a s  a lr e a d y  been shown (T ab le  I I )  t h a t  103 B, w hich J

c o n ta in s  g roup  com ponents 1 , 2 , and 3 , e f f e c t s  com plete 

a b s o rp t io n  o f  group  a g g lu t in in  from  th e  a n tise ru m  p re p a re d  j

th e  p a re n t  s t r a i n .  j;
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Type P 1 1 9 .

From t h i s  ty p e  a ls o  th e r e  has been  i s o l a t e d  a  g roup  

v a r i a n t  w hich  c o n ta in s  a l l  th e  group a n t ig e n  found  in  th e  

p r e s e n t  s t r a i n  ( s e e  T ab le  IV ). I t  c o n ta in s  com ponents 1 

and 5 .

Type 88 and th e  N ew castle-M anC hester B a c i l l u s .

The c lo s e  r e l a t i o n s h i p  w hich e x i s t s  betw een Type 8 8 , 

found  in  I n d i a ,  and th e  N ew castle  b a c i l l u s  (C lay to n  and 

W arren , 1929a , b ) ,  and th e  M anchester b a c i l l u s  (Downie e t  a l .  

1 9 3 3 ), fo u n d  in  th e  U n ited  Kingdom, was f i r s t  p o in te d  o u t 

by S c o t t  (W hitehead  and S c o t t ,  1 9 3 4 ). Two s t r a i n s  o f  88 , 

o r i g in a t i n g  from  Poona, form  S a r to r iu s *  Group L.

The r a t h e r  s t r i k i n g  range  o f b io ch e m ic a l r e a c t io n s  

shown by th e s e  d i f f e r e n t  s t r a i n s  i s  s e t  o u t in  T able X I.

About o n e - th i r d  o f  th e  s t r a i n s  of 88 i s o l a t e d  in  In d ia  

have b io c h e m ic a l r e a c t io n s  i d e n t i c a l  w ith  th e  F le x n e r  r a c e s . 

The rem a in in g  tw o - th ird s  p roduce  a c id  in  d u l c i t o l  a f t e r  some 

days* in c u b a t io n .

The M ancheste r b a c i l l u s  p roduces a c id  and gas in  g lu c o s e , 

m a n n ito l,  and d u l c i t o l ,  th e  r e a c t io n  in  d u l c i t o l  b e in g  delayed , 

N ew castle  b a c i l l u s  p ro d u ces a c id  w ith  a  bubb le  o f  gas in  

g lu c o s e , and  a f t e r  some days may have th e  same a c t io n  on 

d u l c i t o l .

I t  i s  to  be n o te d  t h a t  a l l  s t r a i n s  of th e s e  o rgan ism s
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so f a r  fo u n d  a re  c o n s i s t e n t l y  in d o le - n e g a t iv e ,  w herea3 m ost 

s t r a i n s  o f  th e  V-Z s e r i e s  p roduce in d o le .

In  s p i t e  o f  th e s e  v e ry  d iv e r s e  an d , in  th e  c a se  o f  th e  

M ancheste r and  N ew castle  b a c i l l i ,  u n d y s e n te ry - l ik e .b io c h e m ic a l  

r e a c t i o n s ,  t h e  a n t ig e n  o f  th e s e  th r e e  s t r a i n s  i s  i d e n t i c a l .  

E ach i s  c a p a b le  o f  ro b b in g  th e  a n tise ru m s  o f  th e  o th e r s  o f  

a l l  t h e i r  a g g lu t i n in .

The c lo s e  a n t ig e n ic  r e l a t i o n s h i p  o f  88 to  th e  F le x n e r  

g roup  was n o te d  when th e  o rgan ism  was f i r s t  d e s c r ib e d .  A 

s im i l a r  s e r o l o g ic a l  r e l a t i o n s h i p  wa3 found in  th e  N ew castle  

b a c i l l u s  by C lay to n  and b a r r e n .  T his i s  co n firm ed  f o r  b o th  

by a b s o rb in g  t h e i r  a n tise ru m s  w ith  103 B and YHR (se e  T ab les 

X II and X I I I ) .  E ach i s  in  t h i s  way shown to  p o sse s s  j
F le x n e r  g roup  components 1 and 2 , and p o s s ib ly  a ls o  4 .

T e s ts  c a r r i e d  o u t w ith  two o th e r  b a tc h e s  o f  88 a n t i -  I

serum  o f  d i f f e r e n t  o r ig in  gave s im i la r  r e s u l t s .  In  b o th  j

c a se s  YHR e f f e c t e d  v i r t u a l l y  com plete  a b s o rp tio n  of g roup  fi
a g g lu t in in ,  w hereas 103 B l e f t  a  r e s id u e  f o r  V and W. j

(
The g roup  a g g lu t in in  in  t h i s  p a r t i c u l a r  N ew castle  j

|f
a n tis e ru m  i s  co m p le te ly  removed by b o th  103 B and YHR, b u t jj

I
in  a n o th e r  serum  w hich was t e s t e d ,  a  r e s id u e  o f  a g g lu t in in  ;

f o r  V and W rem a in ed  a f t e r  a b s o rp t io n  w ith  103 B, w h ile  

a b s o rp t io n  w ith  YHR was co m p le te , !

From a c o n s id e r a t io n  o f  a l l  th e s e  d a t a ,  i t  seems c l e a r  !
.  .  i i

t h a t  88 and th e  N e w c a stle -M a n c h e ste r  b a c i l l i  a r e  o f  one ii
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a n t ig e n ic  ty p e ,  w h ich  em braces a number o f  s t r a i n s  show ing 

v a r ie d  b io c h e m ic a l r e a c t i o n s .  The n o n -d u lc i to l - f e rm e n t in g  

form  o f 88 has a l l  th e  c h a r a c te r s  -  m o rp h o lo g ic a l, b io 

c h e m ic a l, s e r o l o g ic a l  -  o f  th e  F le x n e r  g ro u p , and I t  i s  

p o s s ib le  t h a t  t h i s  i s  th e  o r i g in a l  form  from  w h ich  have  been  

d e r iv e d  s t r a i n s  show ing v a r i a t i o n  in  b io c h e m ic a l r e a c t i o n s ,  

b u t m a in ta in in g  an unchanged a n t ig e n ic  s t r u c t u r e .

Types 170 . P 288 , P 274 . D 1 . D 19 . and P 1 4 3 .

These ty p e s ,  w ith  two p o s s ib le  e x c e p tio n s ,  do n o t show 

any a p p re c ia b le  d eg ree  o f  c r o s s - a g g lu t in a t io n  e i t h e r  w ith  

each  o th e r  o r  w ith  any o f  th e  ty p e s  p re v io u s ly  d e s c r ib e d .

T h is  c h a r a c t e r  h as  p e r s i s t e d  th ro u g h  some s i x  y e a rs  o f  j

a r t i f i c i a l  c u l t u r e ,  and  may be ta k e n  to  in d ic a te  a  com plete  

ab sen ce  o f  th e  g roup  a n tig e n  common to  th e  F le x n e r  g ro u p .

As e x c e p tio n s  to  th e  above g e n e ra l  s ta te m e n t ,  a n t i -  j

serum s p re p a re d  from  c e r t a i n  s t r a i n s  o f  P 288 and P 143 have j

shown a l im i t e d  b u t  s u g g e s t iv e ’d eg ree  o f  c r o s s - a g g lu t in a t io n  |

w ith  th e  F le x n e r  g ro u p . I t  has n o t y e t  been  p o s s ib le  to  |
i

i n v e s t i g a t e  t h i s  f u l l y .
(

C ro s s - a g g lu t in a t io n  o ccu rs  betw een P 274 and 

B. a lk a le s c e n s  (A ndrew es), and Aoki V II ( r e c e iv e d  from  

U .C .T .C .) . B oth  a lk a le s c e n s  and Aoki V II a re  a g g lu t in a te d  j

by P 274 serum  to  i t s  f u l l  t i t r e .  Each rem oves i t s  own 

a g g lu t in in  feom P 274 a n tise ru m , b u t le a v e s  b e h in d  a g g lu t in in  !



f o r  th e  hom ologous o rg an ism . S im i la r  r e s u l t s  have been 

found  w i th  c e r t a i n  g a s-fo rm in g  c o lifo rm  organ ism s whose 

e x a c t  n a tu r e  i s  unknown. There i s  l i t t l e  e v id en ce  to  

su g g e s t  t h a t  B. a lk a le s c e n s  and th e s e  g a s-fo rm in g  s t r a i n s  

a re  c a p a b le  o f  p ro d u c in g  d y s e n te ry ,  and t h e i r  r e l a t i o n s h ip  

to  P 274 i s ,  t h e r e f o r e ,  o f c o n s id e ra b le  i n t e r e s t .

P re c is  o f R e s u l t s .

The r e s u l t s  o f t h i s  a n a ly s i s  a re  sum m arized in  

T ab le  XIV.

I t  w i l l  be seen  t h a t  V, W, X, and Z, to g e th e r  w ith  

103, P 119, and th e  8 8 -N ew castle -M ancheste r b a c i l l i ,  con

t a i n  b o th  ty p e  and group  a n tig en *  Each h a s  a d i s t i n c t i v e  

ty p e  a n t ig e n  p e c u l ia r  to  i t s e l f ,  w hich i s  n o t s h a re d , even 

i n  th e  m inor d e g re e  su g g e s te d  by Andrewes and Inman, w ith  

any o f  th e  o th e r  s t r a i n s :  a l l  c o n ta in  th e  p r in c ip a l

component o f  th e  g roup  a n t ig e n :  an d th e  m inor g roup

com ponents a re  s c a t t e r e d  th ro u g h  th e  d i f f e r e n t  ty p e s ,  each  

o c c u r r in g  i n  some and n o t in  o th e r s .  In  c o n t r a s t  t o  th e s e  

seven  ty p e s ,  th e  rem ain ing  ty p es  shown in  T able I  each  have 

a d i s t i n c t i v e  ty p e  a n t ig e n ,  b u t do n o t c o n ta in  F le x n e r  

group a n t ig e n .



TABLE XIV.

Analysis of Antigen in  the Mannitol-Fementing 
Dysentery Organisms.

Organism Type antigen Group antigen components

V and VZ Specific 1, 2, 4, 5> 6

W ” 1, 2, A

X “ (?) 1, 2, 6(?)

Z .. 1, 2, 6

103 * 1, 2, 3

P119 11 1 > 5

88 )
Newcastle ) ” 1> 2, A
Manchester)

170 " n i l

P288 " n i l  (?)

P27A tt None of the above group
components

D1 M n i l

D19 tt n i l

P1A3 “ n i l  (?)



A c o n s id e r a b le  number o f f r e s h ly  i s o l a t e d  s t r a i n s  

have b e en  t e s t e d  w ith  ty p e - s p e c i f i c  serum s from  w hich g roup  

a g g lu t i n in  h a s  been  a b so rb e d . A ll  f a l l  c l e a r l y  i n to  one 

ty p e  o r  a n o th e r ,  and none h as been  found  to  c o n ta in  more 

th a n  one ty p e  a n t ig e n .  I t  h as n o t been  p o s s ib le  to  con

f irm  i n  th e  same e x te n s iv e  way th e  d e t a i l s  o f th e  a n a ly s i s  

o f g roup  a n t ig e n  com ponents. In  making t h i s  a n a ly s i s  o n ly  

a l im i te d  number o f s t r a i n s  (from  one t o  th re e )  o f each  

ty p e  was u s e d . I t  i s  p o s s ib le  t h a t  more e x te n s iv e  i n v e s t i 

g a t io n s  may r e v e a l  d i f f e r e n c e s  i n  the  q u a n t i ty  and a r r a n g e 

m ent o f  th e  m inor group e lem en ts  i n  c e r t a i n  o f th e  ty p e s .  

Som ething o f  t h i s  k ind  has been  seen  in  th e  V and s o - c a l le d  

"VZ” s t r a i n s .  D if fe re n c e s  o f  t h i s  n a tu re  a r e ,  how ever, 

u n im p o rta n t and a re  n o t a t  v a r ia n c e  w ith  th e  g e n e ra l  

p r i n c i p l e s  w hich  have been  e n u n c ia te d .

C l a s s i f i c a t i o n .

R easons have a lr e a d y  been g iv e n  f o r  r e g a rd in g  th e  

p o s s e s s io n  o f g roup  a n tig e n  as a c h a r a c te r  o f fu n d am en ta l 

s i g n i f i c a n c e ,  in d ic a t in g  c lo s e  r e l a t i o n s h i p  among th e  

o rgan ism s i n  w hich  i t  o c c u rs . On th e s e  grounds th e  v a r io u s  

ty p e s  f a l l  n a t u r a l l y  i n to  two g ro u p s . One com prises th e  

seven  o rgan ism s in  w hich  F le x n e r  g roup  a n t ig e n  o c c u r s •



The o th e r ,  w hich can  o n ly  be p r o v is io n a l ,  em braces th o se  

s t r a i n s  w hich  have  th e  b io c h e m ic a l r e a c t io n s  o f th e  F le x n e r  

b a c i l l i  b u t  w hich  la c k  F le x n e r  g ro u p  an tig en *

I t  i s  g e n e r a l ly  a c c e p te d , a lth o u g h  on somewhat 

d i f f e r e n t  g rounds to  th o se  now p u t fo rw a rd , t h a t  V, W, X 

and Z a re  c lo s e ly  r e l a t e d  members o f one g ro u p . There i s  

l i t t l e  d o u b t t h a t  103 i s  I d e n t i c a l  w ith ' one o r o th e r  o f  th e  

o r i g i n a l  Y s t r a i n s ,  and th a t  i t  was o v erlo o k ed  by Andrewes 

and Inman beoause  v a r i a t i o n  had p re v io u s ly  occu red  in  th o se  

s t r a i n s  th e y  exam ined; in  consequence o f t h i s  th e  s p e c i f i c  

e lem en t was m issed  and the. v a r i a n t s  were grouped w ith  Y 

H iss  and R u s s e l l ,  i t s e l f  a v a r i a n t  o f W. D r. W. M. S c o t t  

in fo rm s me t h a t  103, w hich he b e l ie v e s  to  be i d e n t i c a l  w ith  

th e  o r i g i n a l  L en tz  Y, i s  f a i r l y  common b o th  in  th e  U n ited  

Kingdom and in  o th e r  p a r t s  of th e  w o rld . I t  o ccu rs  in  

S a r to r iu s  and R e p lo h 's  s e r i e s  w here i t  i s  c l a s s i f i e d  a s  Y 2 . 

I t  h a s  b e en  re c o v e re d  from  Army c a se s  in  Egypt a s  w e l l  a s  

I n d ia .  A lthough  P 119 does n o t a p p ea r to  have been  d e s 

c r ib e d  p r e v io u s ly  in  th e  l i t e r a t u r e  o f  t h i s  c o u n try , i t  I s  

n o t a  newcomer, f o r  i t  i s  i d e n t i c a l  w ith  group  Gr o f 

S a r t o r i u s 1 s e r i e s ,  which em braces two s t r a i n s  from  Poona, 

e le v e n  s t r a i n s  from  L agos, and Nos. IV and X II i n  A o k ifs 

s e r i e s .  P 119 shows w ell-m arked  c r o s s - a g g lu t in a t io n  w ith



th e  members o f th e  V-Z s e r i e s ,  and i s  th e r e f o r e  l i a b l e  to  

be  c la s s e d  a s  a w eakly  a g g lu t in a t in g  "F le x n e r"  o rganism  by 

anyone u s in g  o n ly  un ab so rb ed  p o ly v a le n t  serum f o r  i t s  

i d e n t i f i c a t i o n .  T h is , coup led  w ith  i t s  a p p a re n t r a r i t y  

i n  E u ro p e , may a cc o u n t f o r  th e  f a c t  t h a t  i t  h as  been  

h i t h e r t o  o v e rlo o k e d .

The on ly  ty p e  whose in tr o d u c t io n  in to  t h i s  g roup  may 

be re g a rd e d  as  c o n t r o v e r s i a l  i s  th e  N ew castle -M ancheste r 

b a .c i l lu s ,  w hich  d i f f e r s  from  th e  o th e r s  in  i t s  b io c h e m ic a l 

r e a c t i o n s .  I t  i s ,  how ever, c o n s id e re d  t h a t  th e  gap betw een 

th e s e  s t r a i n s  and th e  o th e r  members o f th e  g roup  i s  b r id g e d  

by 8 8 , w h ich , w h ile  i t  has an a n t ig e n ic  s t r u c tu r e  i d e n t i c a l  

w ith  th e  N ew castle -M an ch este r o rg an ism s, h a s  a ls o  th e  

t y p i c a l  b io c h e m ic a l r e a c t io n s  of th e  F le x n e r  g ro u p . I t  i s  

c o n s id e re d  t h a t  under th e s e  c irc u m s ta n c e s  th e  ev id en ce  o f 

r e l a t i o n s h i p  p ro v id ed  by th e  a n t ig e n ic  s t r u c tu r e  sh o u ld  

o v e r ru le  th e  l e s s  im p o rta n t i r r e g u l a r i t i e s  o f b io c h e m ic a l 

r e a c t i o n .

I t  i s  su g g e s te d  t h a t  t h i s  g roup  o f seven  o rgan ism s 

sho u ld  be re g a rd e d  a s  an ex ten d ed  e d i t i o n  o f th e  f a m i l i a r  

F le x n e r  g ro u p , and should  r e t a i n  th e  name. The a d d i t io n a l  

members sh o u ld , f o r  p u rposes of i d e n t i f i c a t i o n ,  e i t h e r  be 

a cco rd ed  f u r t h e r  l e t t e r s  o f th e  a lp h a b e t  (103 h as  a s tro n g



l i e n  on th e  l e t t e r  Y) o r ,  p r e f e r a b ly ,  a l l  seven  sh o u ld  be 

a c c o rd e d  roman n u m e ra ls .

L i t t l e  i s  a t  p re s e n t  known re g a rd in g  th e  a n t ig e n ic  

s t r u c tu r e  and r e l a t i o n s h i p  of th e  s ix  ty p e s  w hich make up 

th e  seco n d  g ro u p . T h e ir  d i s t i n c t i v e  ty p e  a n t ig e n s  make 

them e a sy  to  i d e n t i f y ,  and o b s e rv a t io n s  made in  th e  s ix  

y e a r s  s in c e  th e y  were f i r s t  re c o g n iz e d  le a v e  no re a so n a b le  

d o u b t t h a t  th e y  can  cau se  d y s e n te ry .

The p la c in g  o f th e se  a n t i g e n i c a l ly  u n re la te d  

o rgan ism s in  one group I s  a p r o v is io n a l  m easure w hich has 

l i t t l e  to  j u s t i f y  i t  o th e r  th a n  th e  g e n e ra l  s i m i l a r i t y  o f 

t h e i r  b io c h e m ic a l r e a c t io n s .  Even t h i s  f e a tu r e  i s  in c o n 

s t a n t ,  a s  fo u r  o f them -  P 288, P 274, D 1 , and D 19 -  a re  

o c c a s io n a l  l a t e  fe rm e n te rs  o f d u l c i t o l ,  though  I t  i s  

d o u b tfu l  i f  t h i s  i s  of much s ig n i f ic a n c e .  The r e l a t i o n s h i p  

bo rne  by  one o f  th e s e  s t r a i n s  (P 274) to  o th e r  o rganism s 

w hich a p p a r e n t ly  do n o t cau se  d y se n te ry  r e q u i r e s  f u r t h e r  

i n v e s t i g a t i o n ,  and may u l t im a te ly  le a d  to  i t s  rem oval from  

t h i s  g ro u p .



SUMMARY.

(1 ) Group v a r i a n t s  d ev o id  o f ty p e  a n t ig e n ,  d e s c r ib e d

i n  th e  p re v io u s  s e c t io n ,  p ro v id e  m a te r ia l  f o r  a s c e r t a in in g
*

th e  v a r io u s  com ponents o f  th e  a n t ig e n  in  th e  m a n n ito l-  

fe rm e n tin g  d y s e n te ry  b a c i l l i .

(2 ) F le x n e r  Y, a s  d e f in e d  by Andrewes and Inman, i s  

n o t  a v a l i d  ty p e .  The s t r a i n s  w hich a re  re g a rd e d  a s  b e in g  

of t h i s  ty p e ,  such a s  Y H iss  and R u s s e l l  and Y L e n tz , a re  

o ld  s t r a i n s  w hich have l o s t  t h e i r  type  a n t ig e n  and p o sse ss  

o n ly  g roup  a n t ig e n .  The re a s o n  why many newly i s o l a t e d  

s t r a i n s  a r e  i d e n t i f i e d  as Y i s  because  th e  a n tise ru m s  used  

f o r  t h e i r  r e c o g n i t io n  c o n ta in  more g roup  th a n  type  

a g g lu t i n in .

(3 ) The f o u r  F le x n e r  ty p e s ,  V, W, X and Z, each  

p o s s e s s  a d i s t i n c t i v e  type  a n tig e n  and sh a re  a complex 

g roup  a n t ig e n .  They do n o t ,  as su g g e s te d  by Andrewes and 

Inman, p o s s e s s  m inor q u a n t i t i e s  of each  o t h e r ’ s ty p e  a n t ig e n .

(4 ) 103, P 119, and th e  88-N ew castle -M an ch es te r 

s e r i e s  have a l s o  d i s t i n c t i v e  ty p e  a n t ig e n s ,  and  sh a re  th e  

same g ro u p  a n t ig e n  w ith  V, W, X and Z.

(5 ) I t  i s  c o n s id e re d  t h a t  th e  e x i s t i n g  F le x n e r  group 

sh o u ld  be ex ten d ed  to  in c lu d e  a l l  organism s w hich have a 

t y p e - s p e c i f i c  a n t ig e n  and s h a re  t h i s  common group  a n t ig e n .



The th ree  ty p e s  in  (4) should th e re fo re  be placed in  the 

group and named a c c o r d in g ly .

(6 ) S ix  ty p es which have the b ioch em ica l r ea c tio n s  

o f the F lex n er  group, and which have in d iv id u a l type  

a n tig e n s  but no F lexn er  group a n tig e n , are p r o v is io n a lly  

p laced  in  a sep ara te  lo o se  group.
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THE LABORATORY DIAGNOSIS OF BACILLARY DYSENTERY.

Trans a c t io n s  o f  the Royal S o c ie ty  o f T ro p ica l Medicine 
and H ygien e« 1940. Volume XXXIII. pp. 555 to  £71.

B a c i l la r y  d ysen tery  i s  an acute  inflammatory d ise a se  

which a f f e c t s  the mucous membrane o f the la rg e  in t e s t in e .  

The in f e c t in g  organism s are alm ost in v a r ia b ly  con fin ed  to  

the bow el, a lth ou gh  in  rare in s ta n c e s  the blood stream  

may be in vad ed , u s u a lly  as a term inal phase in  f a t a l  

a t ta c k s .  In acute  c a se s  lab oratory  in v e s t ig a t io n s  are  

th e r e fo r e  c h ie f ly  concerned w ith  the recovery  o f the  

d y sen tery  b a c i l lu s  from th e  fa e c e s ;  in  more chronic ca ses  

ev id en ce  o f  in f e c t io n  i s  sometimes to  be obtained by 

exam ining the p a tie n t  fs serum fo r  the presence o f s p e c i f ic

a g g lu t in in s .

ISOLATION AND IDENTIFICATION OP THE DYSENTERY BACILLUS.

In d is c u s s in g  lab oratory  methods i t  i s  not proposed 

to  e n te r  in to  d e t a i l s  which must be fa m ilia r  to  F ellow s  

o f  t h i s  S o c ie ty ,  and i t  w i l l  s u f f ic e  t o  s t r e s s  a few  

p o in ts  w hich have been shown by experien ce to  be o f  

p a r t ic u la r  im portance.



C o lle c t io n  o f  th e  Specim en.

F ir s t  p lace, must be g iven  to  the n e c e s s i ty  fo r  

secu r in g  specim ens e a r ly  in  th e  d is e a s e . In the acute  

c a s e , th e  f i r s t  few s t o o ls  c o n s is t  o f brown fa e c a l  m atter  

in  w hich mucus cannot as a r u le  be found. These are 

fo llo w ed  by w atery evacu ation s con ta in in g  sm all shreds o f  

th in  mucus from which th e  in f e c t in g  b a c i l lu s  can alm ost 

in v a r ia b ly  be i s o la t e d ,  sometimes in  pure c u ltu r e . Then 

comes th e  most c h a r a c te r is t ic  stage  in  which frequ en t  

sm a ll s t o o l s  are passed c o n s is t in g  alm ost e n t ir e ly  o f  

s t ic k y  mucus. In some te x t  books th is  mucus i s  d escrib ed  

as resem b lin g  red -cu rren t j e l l y ,  but t h i s  i s  a d e sc r ip t io n  

w ith  w hich I cannot a g ree . The mucus i s  o f a g la ir y  

w h it is h -y e l lo w  c o lo u r , l ik e  raw w h ite--o f-egg , and Is  

f le c k e d  w ith  streak s of b lood . I t  may In some c a ses  be 

bathed in  b lo o d , but when t h is  i s  washed o f f  i t  w i l l  be 

seen  th a t  the mucus I t s e l f  i s  u n tin te d . From s to o ls  o f  

t h i s  kind the i s o la t io n  o f the organisms i s  a ls o  compara

t iv e ly  e a sy .

As the ca se  progresses towards recovery the mucus 

becomes more v i s c id ,  and brown fa e c a l  m a ter ia l reappears 

in  th e  s t o o l s .  From now onwards recovery o f the  

organism  becomes p r o g r e ss iv e ly  more d i f f i c u l t .



For the s u c c e s s fu l  i s o la t io n  o f the d ysen tery  

b a c i l lu s  i t  i s  e s s e n t ia l  th a t the specim ens examined 

should  be as f r e s h  as p o s s ib le .  The d ysen tery  b a c i l lu s  

i s  a d e l i c a t e  organism which i s  very  q u ick ly  overgrown by 

B a c il lu s  c o l i  and other a l l i e d  organism s, which are normal 

in h a b ita n ts  o f  th e  bow el, and when the specimen i s  an hour 

or two o ld  recovery  o f  th e  pathogen i s  very  d i f f i c u l t .

The b e s t  arrangement i s  t o  have the bedpan co n ta in in g  the  

n ew ly-p assed  specim en brought d ir e c t  from the ward to  the  

la b o r a to r y , so th a t the b a c t e r io lo g is t  can h im se lf  s e le c t  

the m ost s u ita b le  p o r tio n . When t h is  i s  Im p racticab le , 

a s e le c t e d  p ie c e  o f mucus should be p reserved , u n t i l  i t  

can be exam ined, in  a s o lu t io n  o f g ly c e r in e , such a s  th a t  

recommended by Sachs (1 9 3 9 ). This c o n s is t s  o f 30 per 

c e n t , g ly c e r in e  in  normal s a l in e ,  ad justed  w ith  sodium 

phosphate to  a r e a c tio n  o f pH8, and t in te d  w ith  ph en ol-red . 

T his m ixture i s  put up in  10 c . c .  q u a n t it ie s  in  sm all 

screw -capped b o t t l e s ,  and should only be used I f  i t  i s  a 

pink c o lo u r . The development o f a c id , which i s  l ia b le  

to  occur in  g ly c e r in e , and i s  f a t a l  to  the d ysen tery  

b a c i l l u s ,  i s  shown by a change in  co lo u r  from pink to  

y e llo w .



In acu te  ca ses  of d ysen tery  i t  i s  u s u a lly  n e ith e r  

n e c e ssa r y  or d e s ir a b le  to  o b ta in  specim ens other than  

from the p a t i e n t 1 s s t o o l s ,  a lth ou gh  some rep o rt w e ll  on 

the s u i t a b i l i t y  o f m a ter ia l obtained  by means o f r e c t a l  

sw abs. In ch ron ic  ca ses  p o s i t iv e  r e s u lt s  may* sometimes 

be o b ta in ed , where, o ther methods f a i l ,  by examining the  

bow el through th e  sigm oidoscope, and ta k in g  swabs d ir e c t  

from u lc e r a te d  p a tch es.

M icroscop ic C haracters o f the Mucus.

Much can be le a r n t  from the m icroscopic appearance 

of tide mucus, and w ith  a l i t t l e  exp erien ce i t  i s  p o s s ib le  

to  g iv e  a f a i r l y  d e f in i t e  d ia g n o sis  by t h is  means a lo n e .

I t  i s  u n n ecessary  to  s ta in  the mucus before examining i t .  

A ll  th a t  need be done i s  to  p lace  a sm all p o r tio n  on a 

s l i d e ,  apply a c o v e r s l ip , s e a l  the edges w ith  v a s e l in e ,  

and examine w ith  a o n e -s ix th  o b je c t iv e . The ch a ra cter 

i s t i c  fe a tu r e  i s  the remarkable c e l lu l a r i t y ,  each f i e l d  

b ein g  c l o s e l y  packed w ith  c e l l s .  The number o f red blood  

c e l l s  v a r ie s ,  depending on the p ortion  which has been  

s e le c te d :  they  are sc a tte r e d  throughout the f i e l d ,  and

r a r e ly  occur in  rou leau x. E xc lu sive  of red c e l l s ,  over  

90 per c e n t , o f the others are polymorphs, some o f which



may show fragm en ta tion  o f the n u cleu s: the rem aining

10 per c e n t ,  i s  made up o f macrophages (which may resem ble 

amoebae, but should not be m istaken fo r  them ), e o s in o p h ils ,  

sm all m ononuclear c e l l s ,  and shed e p i t h e l ia l  c e l l s .  I t  

i s  in  f a c t  a t y p ic a l  inflam m atory exudate. Of co u rse , 

pus from an a b sce ss  has more or l e s s  the same m icroscopic  

c h a r a c te r s , and even an ov er-stro n g  green-soap enema can 

produce a good im ita t io n , but w ith  the e x e r c ise  o f a 

l i t t l e  common sen se  th ese  p i t f a l l s  can be avoided . In 

the l a t e r  s ta g e s  the c e l lu l a r i t y  o f the mucus i s  l e s s  

marked. Polymorphs are few er and degenerating  e p i t h e l ia l  

c e l l s  more common.

I s o la t io n  o f  the Organism.

For th e  i s o la t io n  o f the organism MacConkey's medium 

and litm u s - la c to s e - ta u r o c h o la te -a g a r  are eq u a lly  good: 

th e  c h o ic e  i s  a m atter o f  personal p re feren ce . The 

s e le c t e d  p o r tio n  o f  mucus should f i r s t  be thoroughly  

washed in  a tube o f s t e r i l e  normal s a l in e ,  and then w e ll  

rubbed on t o  the su rface  of the medium, u sin g  a sm all 

p a ir  o f fo r c e p s  or a s t i f f  platinum  loop . I f  the mucus 

i s  c a r e f u l ly  washed as d e scr ib ed , to  remove any adherent 

f a e c a l  m a tter , there i s  l i t t l e  danger o f producing too



th ic k  a growth on the p la t e ,  fo r  the organisms are 

r e l a t i v e l y  sc a n ty . Attem pts a t  p la t in g  from s a l in e  in  

w hich the mucus has been broken up are u s u a lly  u n su ccess

f u l ,  and I t  i s  much b e t te r  to  rub the mucus d ir e c t ly  on 

to  th e  p la t e .  The g rea ter  th e  area o f medium in o cu la ted , 

the b e t t e r  i s  th e  chance o f su cc ess; i f  p o s s ib le  two 

th r e e - in c h  p la te s  should be devoted to  each specim en.

A fter  in cu b a tio n  o v ern ig h t, dysentery  c o lo n ie s  i f  

p r e sen t can u s u a lly  be recogn ized  by th e ir  n o n -la c to se -  

ferm en tin g  p r o p e r tie s  and by th e ir  d e l ic a te  tra n slu cen t  

appearance. S e le c te d  c o lo n ie s  should be picked o f f  the 

p la te  and seeded  in to  th ree  tubes o f peptone water con

ta in in g  l a c t o s e ,  g lu c o se , and m annitol r e s p e c t iv e ly , and 

on t o  an agar s lo p e . Next day the b ioch em ica l r e a c tio n s ,  

supplem ented by an a g g lu t in a t io n  t e s t  w ith  organisms 

washed from the s lo p e , w i l l  com plete the id e n t i f ic a t io n .

R eferen ce to  the var iou s d ia g n o stic  serums which  

should be used w i l l  be d eferred  u n t i l  the c la s s i f i c a t io n  

o f  d y sen tery  b a c i l l i  has been d is c u sse d .



' 20$ .

CLASSIFICATION OF DYSENTERY BACILLI.

The i d e n t i f i c a t io n  and c l a s s i f i c a t i o n  o f th e  d if fe r e n t  

organism s capab le  of cau sin g  b a c i l la r y  d ysen tery , which 

began w ith  S h ig a !s important d isco v ery  in  1898, has been  

a grad u al p ro cess  and has not y e t  reached f i n a l i t y .

From tim e to  tim e in  the l a s t  40 years new types o f  

su sp ec ted  d ysen tery  b a c i l l i  have been d escr ib ed , and in  

most c a se s  th ere  has been a good d ea l o f h ea lth y  s c e p t i 

c ism  b e fo re  t h e ir  c la im s have been adm itted . This a t t i 

tude has been adopted because th ere i s  no i n f a l l i b l e  

method by which th e ir  pathogenic a c tio n  can be a s se s se d ,  

and becau se  prolonged in v e s t ig a t io n  i s  u su a lly  n ecessary  

b e fo re  a s u f f i c i e n t  w eight of ev idence accum ulates to  

prove or d isp ro v e  the c a se .

C r ite r ia  o f P a th o g e n ic ity .

I t  w i l l  be r e c a lle d  th a t Kochfs p o s tu la te s  on th is  

q u estio n  a r e , b r i e f ly ,  th a t the organisms should be 

p resen t in  a l l  c a se s  o f the d is e a s e , th a t i t  should be 

capable o f b e in g  is o la t e d  and m aintained in  pure c u ltu r e ,  

and t h a t  i t  should  reproduce the d is e a se  in  su sc e p t ib le  

an im als. In the case  o f dysentery  b a c i l l i ,  th ese  postu

l a t e s  are d i f f i c u l t  to  s a t i s f y .  As numerous types o f



b a c i l l i  cause d y sen ter y , the f i r s t  p o s tu la te  can never 

be s a t i s f i e d  as regards any one type; the second i s  

r e a d ily  f u l f i l l e d  but in  i t s e l f  i s  unconvincing; and fo r  

the th ir d , anim al in o c u la t io n  in  most ca ses a ffo rd s no 

r e l ia b l e  e v id e n c e , w h ile  the in f e c t io n  o f th e  human 

su b je c t  w ith  c u ltu r e s  i s  not a p r a c t ic a l  p r o p o s itio n , 

though in  c e r ta in  ca ses a c c id e n ta l laboratory  In fe c t io n  

has provided  ev id en ce of t h is  k ind . There a re , however, 

c e r ta in  c h a r a c t e r is t ic s  which lend strong presumptive 

ev id en ce  o f  p a th o g e n ic ity .

F ir s t  i s  the period of the d ise a se  during which the 

su sp ected  organisms are to  be found in  the s t o o l s .  In 

the c a se  o f organisms of undisputed a u th e n t ic ity , such as 

S h ig a 's  b a c i l l u s ,  t h is  fo llo w s  a very  d e f in i t e  sequence. 

They are p resen t in  la r g e  numbers, sometimes in  alm ost 

pure c u ltu r e , in  the e a r ly  acute s ta g e s;  they  become l e s s  

common and more d i f f i c u l t  to  i s o la t e  as th e  case advances; 

and when reco v ery  ensues they disappear com p lete ly . When 

t h i s  sequence i s  reproduced by organisms whose b iochem ical 

and o th er  ch a ra cters  su g g est th a t they are d ysen tery  

b a c i l l i ,  and when a f t e r  c a r e fu l in v e s t ig a t io n  no other  

known p ath ogen ic  agent can be d isco v ered , i t  must be



regarded as presum ptive evid en ce o f some v a lu e .

Second, the b a c i l lu s  should not be presen t in  the 

bow el, and so  in  the s t o o l s ,  o f persons who are not 

s u f fe r in g  from acu te  or chron ic  d ysen tery . O bservations 

on t h i s  su b je c t  have been made on a large  sc a le  in  the 

m ili t a r y  la b o r a to r ie s  o f  In d ia , where n a tiv e  cooks, ta b le -  

b oys, and o th ers of th is  c la s s  are examined p r io r  to  

engagement to  ensure th a t th ey  are n ot c a r r ie r s  o f e n te r ic  

or d y se n te r y  b a c i l l i .  In the course o f 3 years I 

examined over 3 ,000  such men, making between 8 ,000  and 

9 ,0 0 0  p la t in g s  o f  t h e ir  s t o o ls  (Boyd, 1932). In no 

in s ta n c e  was a pathogenic dysentery  b a c i l lu s ,  of any o f  

the ty p e s  to  be d escrib ed  la t e r ,  i s o la t e d  excep t from men 

s u f fe r in g  from acute or chronic d ysen tery , in  whose fa e c e s  

c e l lu la r  mucus cou ld  be found. This ob servation  has in  

la rg e  measure been confirm ed by others who, in  the period  

which came under my c o n tr o l, made some 119,000 p la t in g s  

o f the s t o o l s  o f 3 5 , 0 0 0  m enials w ith  s im ila r  r e s u lt s  

(Boyd, 1 9 3 6 ). This c o n s t i tu te s  a very m assive c o n tr o l ,  

the r e s u l t s  o f which cannot be l ig h t ly  d isregard ed .

T h ir d ly , the developm ent, and e s p e c ia l ly  the progres

s iv e  developm ent, o f a g g lu tin in s  fo r  the su sp ected  

organism  in  th e  serum of the p a tie n t  during the course o f



the d i s e a s e  i s  g e n e r a lly  to  he accepted  as an in d ic a tio n  

th a t the d e fe n c e s  o f the body are being c a l le d  in to  a c tio n  

to  r e p e l  th e  a tta c k s  o f an invading organism . This E vi

dence i s  o f v a lu e  when the a g g lu t in in s  are fo r -th e  

s p e c i f i c  a n tig e n  o f the b a c i l lu s  concerned.

In a d d it io n  to  th e se  th ree  c r i t e r ia ,  evidence has 

been a ffo rd ed  in  c e r ta in  ca ses  by th e  occurrence o f  

la b o r a to ry  in f e c t io n s ,  and by lo c a l iz e d  outbreaks in  which, 

in  th e  absence o f any other pathogenic agen t, the susp ected  

organism  has been recovered  from a l l  or the m ajority  o f  

the c a se s  in  th e  outbreak.

MORPHOLOGICAL AND BIOCHEMICAL CHARACTERS OF 
DYSENTERY BACILLI.

M orp h o log ica lly , organisms o f the dysen tery  group are 

in d is t in g u is h a b le  from each o th er . They are Gram -negative, 

c o lifo rm  b a c i l l i ,  n o n -ca p su la te , n on -sp oring , and non- 

m o tile .

D i f f e r e n t ia t io n  may be e f fe c te d  p a r tly  by th e ir  b io 

chem ical r e a c t io n s , and p a r tly  by th e ir  a n tig e n ic  

c h a r a c te r s . W hile th e ir  grouping must f i n a l ly  be d e te r 

mined by a n t ig e n ic  s tr u c tu r e , i t  i s  fo r tu n a te  th a t p r e lim i

nary c l a s s i f i c a t i o n  can be made by means o f b iochem ical 

r e a c t io n s , w hich enable them, as was p o in ted  out by
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Murray (1 9 1 8 ) , to  be p laced  in  four main groups. This 

i s  shown in  Table I .

With one e x c e p t io n , to  be d e ta i le d  l a t e r ,  a l l  

d y sen tery  b a c i l l i  are e i th e r  n o n -la c to se -fe r m e n te r s , or 

la t e - la c t o s e - f e r m e n t e r s ,  and produce a c id  w ith ou t gas in  

g lu c o s e . They are d iv id e d  in to  two main groups accord in g  

to  t h e ir  a c t io n  on m an n ito l.

N on-M annltol-Ferm enters.

B. d y se n te r ia e  Shiga i s  the most im portant member o f  

the n on -m an n ito l-ferm en tin g  group, and i s  the only  

d y sen tery  b a c i l lu s  known to  produce an e x o to x in . I t  

u s u a lly  cau ses a more sev ere  form o f the d is e a s e  than do 

th e  o th er  d y sen tery  organism s. I t  p o s se sse s  a d i s t in c 

t iv e  typ e  a n tig e n  and has no tendency to  undergo v a r ia t io n  

o th er  th an , in  o ld  c u lt u r e s ,  from smooth to  rough.

B. d y se n te r ia e  Schm itz (B. ambiguus) i s  d is t in g u ish e d  

from S h ig a ’s b a c i l lu s  b io c h e m ic a lly , by the fa c t  th a t i t  

produces in d o l from peptone, and s e r o lo g ic a l ly ,  by the  

p o s s e s s io n  o f a d i s t in c t  a n tig e n . Contrary to  sta tem en ts  

made in  c e r ta in  tex tb o o k s , i t  has been my exp erien ce  th a t  

th e se  two organism s show no c r o s s -a g g lu t in a t io n  w hatsoever. 

In a r t i f i c i a l  c u ltu r e  Schm itz’ b a c i l lu s  o c c a s io n a lly



produces a v a r ia n t  o f  sim p ler  a n t ig e n ic  s tr u c tu r e  than  

th e  p aren t organism  (Boyd, 1 9 3 6 ), a ch aracter  which fo r  

some tim e gave r i s e  to  c o n s id e r a b le  c o n fu s io n .

T h is organism  was f i r s t  d escr ib ed  in  d e t a i l  in  1917 

by Schm itz , but was probably known b efore  t h i s  d a te . I t  

was a ccep ted  a s a d y sen tery  b a c i l lu s  by Kruse, who in c lu d 

ed i t  as Type J in  h i s  s e r i e s .  Murray (1918) found i t  

among c o l l e c t io n s  o f s tr a in s  on which he rep orted  so  a b ly , 

and i t  h as s in c e  been reco g n ized  in  many p arts o f the  

w orld . Evans (1938) found an outbreak o f asylum  

d y sen ter y  in  an i n s t i t u t e  in  Wales to  be a t tr ib u ta b le  to  

t h i s  organism , and even more r e c e n t ly  i t  has been recover

ed from oth er  c a se s  o f asylum  d y sen tery .

S ch m itz ’ b a c i l lu s  com p lies w ith  th e  c r i t e r ia  p rev io u s

ly  g iv e n , and has th e  fu r th e r  q u a l i f ic a t io n  o f having been  

recovered  postmortem from d y se n te r ic  le s io n s  in  the bow el, 

and o f  a p p aren tly  having caused a lab o ra to ry  in f e c t io n .  

(H irschbruch & Theim, 19 1 8 ).

In a d d it io n  to  th e se  two recogn ized  ty p e s , other  

organism s having the b ioch em ica l but not the a n tig e n ic  

c h a r a c ter s  o f  b o th  S h ig a ’s and Schm itz’ b a c i l l i  are 

o c c a s io n a lly  encountered . So fa r  no c o n c lu s iv e  evidence  

has been produced to  show th a t  th e se  s tr a in s  are pathogen ic,



and in  any c a s e , t h e ir  r a r i ty  renders them o f l i t t l e  

im portance.

M annitol-Ferm enters

The raan n ito l-ferm en tin g  group i s  su bd iv id ed  by the  

a c t io n  o f  i t s  members on la c t o s e  and sacch arose , as some 

s t r a in s  ferm ent th e se  sugars a f t e r  a few days* in cu b a tio n , 

w h ile  o th ers  -  the m a jo rity  -  la ck  t h i s  prop erty . Some 

workers regard  the la t e  ferm en ta tion  o f saccharose as o f 

d o u b tfu l s ig n i f ic a n c e ,  and b e l ie v e  the r e a c t io n  to  be 

v a r ia b le ,  but a f t e r  c a r e fu l in v e s t ig a t io n  I am q u ite  

s a t i s f i e d  th a t ,  working w ith  r e c e n t ly  i s o la t e d  s tr a in s  and 

pure sa c ch a ro se , th e  r e s u lt s  conform w ith  th e  grouping I 

have g iv e n .

(1 ) Late L actose-S acch arose  F erm enters.

The on ly  known path ogen ic  member o f t h is  group i s  

B. d y se n te r ia e  Sonne, which i s  o f common occurrence  

throughout the w orld . The newly is o la t e d  smooth 

organism  has an a n tig e n  p e c u lia r  to  i t s e l f .  I t  ra p id ly  

undergoes m u tation , producing a v a r ia n t  w ith  a d i f f e r e n t  

a n t ig e n ic  s tr u c tu r e , probably o f th e  nature o f  a group 

a n tig e n .



Other s t r a in s  havin g  the b ioch em ica l but n ot the  

a n t ig e n ic  c h a r a c ter s  o f  Sonne’s b a c i l lu s  are by no means 

uncommon, e . g . ,  B. d is p a r . Most o f  them are alm ost 

d evo id  o f  a g g lu t in o g e n ic  p r o p e r t ie s , and none of them in  

my e x p e r ien ce  has any d e f in i t e  r e la t io n s h ip  to  d y sen tery . 

I t  i s  co n sid ered  th a t th ey  can s a f e ly  be regarded as 

n o n -p a th o g en ic .

(2) Non-Ferm enters o f  L actose and S acch arose .

The m an n ito l-ferm en tin g  subgroup which does not 

a c id i f y  la c t o s e  and sacch arose  i s  g e n e r a lly  known as the 

F lex n er  group, bu t i t  w i l l  be shown th a t  t h is  name i s  not 

s u f f i c i e n t l y  com prehensive.

The f i r s t  member o f t h i s  subgroup was d isco v ered  by 

and named a f t e r  F le x n e r , and sh o r t ly  a fterw ards a l l i e d  but 

s l i g h t l y  d i f f e r e n t  s t r a in s  were d escr ib ed  by H iss and 

R u s s e l l ,  S trong and Musgrave and o th e r s . During th e  

1914-1918 war two d ia g n o s t ic  serums were in  g en era l u se , 

one prepared from the o r ig in a l  F lexn er  s t r a in ,  and the  

o th er  from th e  s t r a in  then known as F lexn er Y. Experience  

in  th e  Near E a st , in  F rance, and elsew here showed th a t a 

much more e x te n s iv e  range o f  a n t ig e n ic  typ es e x is t e d , and 

Andrewes and Inman (1919) c o l le c t e d  and stu d ied  a s e r ie s
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o f  200 s t r a in s ,  and d iv id e d  them in to  f i v e  r a c e s ,  which 

th ey  named V, W, X, Y and Z. Andrewes* con cep tion  o f  

th e  a n t ig e n ic  s tr u c tu r e  o f  th ese  ra ces i s  o f  in t e r e s t .

I t  i s  shown diagram m atic a l l y  in  F ig . 1. ( a f t e r  Andrewes).

He b e l ie v e d  th a t  V, W, X and Z each p o ssessed  a pre

dom inating and d i s t in c t iv e  a n tig e n  o f i t s  own, and a ls o  

co n ta in ed  minor q u a n t it ie s  o f th e  a n tig en s o f the o th e r s . 

Y, on the oth er  hand, was b e lie v e d  t o  be a more or l e s s  

eq u al m ixture of the a n tig e n s  o f V, W, X and Z, w ith  no 

d i s t i n c t i v e  a n tig e n  o f i t s  own.

T h is.w ork , which was accep ted  as a u th o r ita t iv e , was 

a v ery  g r e a t  advance in  th e  e lu c id a t io n  o f the problem. 

U n fo r tu n a te ly , the c o l l e c t io n  o f s tr a in s  on which i t  was 

based  was by no means ex h a u stiv e  -  i t  con ta in ed , fo r  

exam ple, on ly  one s t r a in  from India -  and, fu r th e r , i t  

in c lu d ed  s t r a in s  which had been m aintained fo r  some time 

in  a r t i f i c i a l  c u ltu r e  .and which, as we now know, had 

undergone v a r ia t io n , a phenomenon not recogn ized  a t  th a t  

tim e •

The inadequacy o f th e  c o l l e c t io n  i s  shown by our 

f in d in g s  in  In d ia . Table I I  i s  an a n a ly s is  o f  organisms 

having th e  F lexn er b ioch em ica l r e a c tio n s  I s o la te d  In



m ili t a r y  la b o r a to r ie s  in  the y ea rs 1926 to  1930, and shows 

th a t  more than a qu arter o f  th e  F le x n e r - l ik e  organisms 

i s o la t e d  were o f d i f f e r e n t  a n t ig e n ic  com position  from 

Andrewes1 r a c e s .

TABLE I I .

R e la t iv e  numbers o f  a g g lu t in a b le  and in a g g lu tin a b le  
m a n n ito l-ferm en tin g  d ysen tery  b a c i l l i  i s o la t e d  in  

m ilita r y  la b o r a to r ie s  In In d ia .

Year A g g lu tin a b le In a g g lu tin a b le Percentage
In a g g lu tin a b le

1926 271 129 32 .25

1927 342 164 3 2 .4

1928 492 306 3 8 .2

1929 922 286 2 3 .7

1930 1 ,077 360 2 5 .4

I t  was a com p arative ly  easy  m atter to  make fu r th e r  

o b ser v a tio n s  o f  th e se  in a g g lu tin a b le  s tr a in s  along th e  

l i n e s  fo llo w e d  by Andrewes, and in  t h is  way se v e r a l  

a d d it io n a l  ra ce s  were id e n t i f i e d ,  o f which fou r were 

common, th ree  were r e l a t iv e l y  common, and o th ers were 

r a r e . (Boyd, 1931 and 1932).
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Table I I I  I s  an a n a ly s is  o f  a l l  d ysen tery  organisms 

i s o la t e d  in  m il i ta r y  la b o r a to r ie s  in  India from 1932 to  

1935, and shows the r e la t iv e  frequency o f th e  d if f e r e n t  

ty p e s . I t  must be em phasised th a t t h i s  i s  a 

" t o t a l i t a r ia n ” ta b le  and In clu d es every organism o f  the 

d y sen tery  group, as d e fin e d  above, i s o la t e d  from the s to o ls  

o f c a se s  w ith  symptoms o f  d y sen tery .

The id e n t i f i c a t io n  o f  th e se  typ es was, o f cou rse, 

o n ly  p art o f  th e  problem. There remained the q u estio n  of 

e s t a b l i s h in g  th e ir  p a th o g e n ic ity , and o f determ ining th e ir  

r e la t io n s h ip  to  the reco g n ized  ra ces  and to  each o th er .

A n tig en ic  V a r ia tio n  in  the F lexn er Group.

F o r tu n a te ly , a t  an e a r ly  s ta g e  in  t h e  in v e s t ig a t io n  

an o b se r v a tio n  was made which threw new l ig h t  on th e  a n t i 

g e n ic  s tr u c tu r e  o f th e se  organism s, and enabled a more 

a ccu ra te  and s c i e n t i f i c  form o f c la s s i f i c a t i o n  to  be 

ad op ted . I t  was found th a t during l i f e  in  a r t i f i c i a l  

c u ltu r e  a .form  o f  v a r ia t io n  or m utation , in v o lv in g  a 

fundam ental change in  a n t ig e n ic  s tr u c tu r e , fre q u en tly  

occurred  in  one o f  the "new” r a c e s , Type 103. In  

p a r e n th e s is  i t  may be sa id  th a t th ere  i s  now no reasonable  

doubt th a t  103 i s  n ot a "new” race a t  a l l ,  but i s  th e  old



Lentz f,YM, w hich in  i t s  o r ig in a l  form was not in clu d ed  in  

Andrewes1 s e r i e s .  This s t r a in ,  when newly i s o la t e d ,  i s  

n o t a g g lu t in a te d  by serum prepared from Andrewes' V, W, X, 

Y, Z s e r i e s ,  a lth ou gh  a serum prepared from 103 i s  ab le  to  

a g g lu t in a te  Andrewes' ra ces  to  a r e la t iv e ly  h igh  t i t r e .  

A fte r  a v a r ia b le  time in  a r t i f i c i a l  c u ltu r e  103 produces 

v a r ia n t s ,  w hich can be d is t in g u ish e d  by th e ir  co lon y  

c h a r a c te r s  and w hich in  a n t ig e n ic  stru c tu re  are alm ost 

i d e n t i c a l  w ith  th e  Y ra ces  in  Andrewes' s e r i e s ,  being  

r e a d ily  a g g lu t in a te d  to  a h igh  t i t r e  by V, W, X,  Y and Z 

a n tiseru m s. At t h i s ' s t a g e  o f i t s  l i f e ,  th e r e fo r e , two 

ty p es  o f co lo n y  are  to  be found on p la t in g  103 -  f i r s t  the  

o r ig in a l  type o f  c o lo n y , which on r e p la t in g  produces both  

i t s e l f  and the v a r ia n t , and secon d ly  the v a r ia n t , which 

b reed s tru e  and reproduces only c o lo n ie s  o f i t s  own ty p e . 

Naming the o r ig in a l  co lo n y  A, and the v a r ia n t B, t h i s  

p ro cess  may be rep resen ted  as in  P ig . 2 .

A b sorption  t e s t s  show th a t  103B i s  capable o f a b s tr a c t

in g  a l l  h e ter o lo g o u s  a g g lu t in in s  from 103 serum, so th a t  

a f t e r  a b so rp tio n  t h i s  serum w i l l  a g g lu tin a te  on ly  103A.

This i s  shown in  Pig*
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F u r th e r ,  103B and th e  H iss  and R u s s e l l  Y s t r a i n ,  

w h ich  i s  one of th e  Y ty p e  r a c e s  in  Andrewes* s e r i e s ,  a re  

fo u n d  t o  he a lm o s t , though  n o t e x a c t ly ,  i d e n t i c a l .  L ike 

103B, H iss  and R u s s e l l  Y i s  a l s o  a b le  to  rob  103A serum  

o f i t s  h e te ro lo g o u s  a g g lu t i n in s ,  and t o  ren d e r 103B serum 

a lm o s t i n e r t ,  a s  shown in  F ig .  4 .

Not o n ly  i s  t h i s  s o , b u t when serum s p rep a red  from  

Andrewes* V, W, and Z r a c e s  (X w i l l  be d is c u s s e d  l a t e r )  

a re  a b so rb e d  w ith  103B, o r H iss  and R u s s e l l  Y, th e y , to o , 

lo s e  t h e i r  h e te ro lo g o u s  a g g lu t in in s  and become m o n o sp ec ific  

S u b seq u en t o b s e rv a t io n s .h a v e  shown t h a t  s im i la r  

v a r i a t i o n  o c c u rs  in  a l l  th e  F le x n e r  r a c e s ,  though  n o t 

a lw ays so  com plete  as t h a t  shown by 103. There i s ,  

d u r in g  a r t i f i c i a l  l i f e ,  a c o n s ta n t  ten d en cy  tow ards the  

p ro d u c t io n  o f v a r i a n t s  p o s s e s s in g  d e c re a se d  q u a n t i t i e s  o f 

s p e c i f i c  a n t ig e n ,  and a p p a re n t ly  in c re a s e d  q u a n t i t i e s  o f

g roup  a n t ig e n .

In  th e  l i g h t  o f th e s e  f in d in g s ,  A ndrew es' c o n c lu s io n s  

r e g a rd in g  th e  a n t ig e n ic  s t r u c tu r e  o f th e  F le x n e r  group 

m ust be  r e v i s e d .  Each r a c e  does n o t ,  as he s u g g e s ts ,  

c o n ta in  a p redom inan t q u a n t i ty  of a s p e c i f i c  a n t ig e n  and 

m inor q u a n t i t i e s  o f th e  s p e c i f i c  a n t ig e n s  o f th e  o th e r  

r a c e s .  E ach  does in  f a c t  p o sse ss  a d i s t i n c t i v e  s p e c i f i c
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o r  ty p e  a n t ig e n ,  b u t a l l  sh a re  a common group  a n tig e n  

w h ich  o c c u r s ,  f r e e  from  ty p e  a n t ig e n ,  in  th e  v a r i a n t  103B, 

and in  H is s  and R u s s e l l  Y, w h ich , f o r  re a so n s  t h a t  need 

n o t be d e t a i l e d  h e r e ,  i s  b e l ie v e d  to  be a group  v a r ia n t  o f 

W.

T h is  i s  shown in  v e ry  d iagram m atic  form  in  P ig . 5 , 

i n  w h ic h  no a t te m p t  i s  made to  in d ic a te  th e  c o r r e c t  

p r o p o r t io n s  o f th e  d i f f e r e n t  a n t ig e n s .

More d e t a i l e d  i n v e s t i g a t io n s  (Boyd, 1938) have shown 

t h a t  th e  g ro u p  a n t ig e n  i s  more complex in  s t r u c tu r e  th an  

was o r i g i n a l l y  supposed , and c o n ta in s  s e v e ra l  com ponents, 

b u t  t h i s  d o es  n o t  a f f e c t  th e  argum ent and need n o t con

c e rn  u s  f u r t h e r  i n  t h i s  d isc u ss io n *

To r e t u r n  to  th e  q u e s t io n  of c l a s s i f i c a t i o n :  i t  i s

c o n s id e re d  t h a t  m em bership o f  the F le x n e r  group shou ld  be 

e x te n d e d  t o ,  and l im i te d  t o ,  th o se  ra c e s  w hich , in  a d d i

t i o n  t o  p o s s e s s in g  a d i s t i n c t  s p e c i f i c  a n t ig e n ,  a re  a ls o  

endowed w ith  th e  common group  a n t ig e n  which has been 

d e s c r ib e d .  The l a t t e r  c h a r a c te r  c o n s t i t u t e s  a bond o f 

r e l a t i o n s h i p  w hich i s  o f much g r e a te r  s ig n i f ic a n c e  th a n  

l e s s  fu n d am e n ta l p r o p e r t i e s  such  as b io c h e m ic a l r e a c t i o n s .

Reviewed i n  t h i s  l i g h t ,  th e  F le x n e r  group  i s  found ,



as  f a r  a s  i s  known a t  p r e s e n t ,  to  c o n s i s t  o f s ix  members, 

t h r e e  o f  A ndrew es1 s e r i e s  and th r e e  o th e r s .

Andrewes* V, W, and Z r a c e s  a r e  v a l id  ty p e s ;  each  

h aa  i t s  own ty p e  a n t ig e n ,  and a l l  have v a ry in g  q u a n t i t i e s  

o f  th e  common group  a n t ig e n ,  w hich , o f c o u rs e , a cco u n ts  

f o r  th e  c r o s s - a g g lu t i n a t i o n  w hich th e  r a c e s  show. The 

s o - c a l l e d  VZ ty p e  i s  a V ra c e  w hich has th e  type  a n tig e n  

o f V, and an e x c e ss  o f a g roup  component a ls o  found in  Z.

N e i th e r  X n o r Y a re  b e lie v e d  to  be v a l id  ty p e s .  Y 

h a s  a l r e a d y  been  d is c u s s e d .  A f te r  a long s e r i e s  o f 

e x p e r im e n ts ,  h o t  y e t  p u b lis h e d , i t  h as been  concluded  th a t  

X i s  an in c o m p le te  v a r i a n t  o f  Z and n o t a s e p a ra te  r a c e .

I t  m u s t, how ever, be  m entioned  th a t  A ndrew es’ ty p e  s t r a i n s  

o f X, a s  m a in ta in e d  by th e  N a tio n a l C o l le c t io n  of Type 

C u l tu r e s ,  have now e n t i r e l y  d i f f e r e n t  c h a r a c te r s  from  th o se  

he d e s c r ib e d ,  and i t  i s  p o s s ib le ,  though perhaps h a rd ly  

p ro b a b le ,  t h a t  t h e r e  e x i s t s  in  Europe a ra c e  w hich h as n o t 

found  i t s  way to  I n d ia ,  and w hich i s  th e  o r i g in a l  X

d e s c r ib e d  by Andrewes.

Type 103 i s  c l e a r l y  a member of th e  F le x n e r g roup , 

a lth o u g h  i t  d i f f e r s  somewhat fro m -th e  p re v io u s  th r e e  r a c e s  

in  t h a t  th e  g roup  a n tig e n  in  th e  f r e s h ly  i s o l a t e d  s t r a i n  

a p p e a rs  t o  be  somewhat o b sc u red , so th a t  th e  organism  has



FIGURE fi.

Aph'qenic structure o f certain Tlcxner qroup organisms.

*****

Note fh/s is a. Simplified. diagram. which does nof Hike info
consideration the different components of the qrcup antiqtn. 
For this reason X is om itted.



l i t t l e  ten dency to  be c r o s s -a g g lu t in a te d  by the antiserum s  

o f  th e  o th er  members o f  the group. I t  has a wide d i s t r i 

b u t io n , h av in g  been found in  t h i s  country , on the C ontinent 

in  th e  Near E a s t , in  West A fr ic a , and, of co u rse , in  

In d ia .

P119 i s  another undoubted member o f the group. Like 

103 , i t  produces a v a r ia n t which i s  devoid o f type a n tig en , 

but r ic h  in  group a n t ig e n . So fa r  as I  am aware t h is  

race  h as n ot been found in  t h is  cou n try  nor in  Europe, but 

i t  occu rs in  the Par E a st, and f ig u r e s  as Type XII in  

A ok if s s e r i e s .  . I t  has a ls o  been shown to  be common in  

South A fr ic a  (Bevan, Personal com m unication .).

Type 88 a ls o  has a d i s t in c t iv e  type a n tig e n , and 

F lexn er  group a n tig e n . This race  i s  o f p a r ticu la r  

i n t e r e s t  to  workers in  t h i s  c o u n tr y . I t  d i f f e r s  from 

a l l  o th er  members o f the F lexner group in  th at i t s  b io 

ch em ica l r e a c t io n s  are in c o n s ta n t. In In d ia , I t  was 

observed th a t about tw o -th ird s of the s t r a in s  were la te  

ferm en ters o f  d u lc i t e ,  and i t s  range of b iochem ical 

v a r ia t io n s  was fu r th er  extended when S c o tt  (1934) showed 

th a t I t s  a n tig e n  was in  every r e sp e c t  id e n t ic a l  w ith  t  h at  

o f  th e  b io c h e m ic a lly  anomalous N ew castle d ysen tery  b a c i l lu s ,  

d e sc r ib e d  by C layton and Warren (1929, a and b ) ,  and a ls o
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w ith  th e  M ancheste r b a c i l l u s  o f  Downie and Wade (1 9 3 3 ),

The ra n g e  o f b io c h e m ic a l r e a c t io n s  shown by t h i s  v e r s a t i l e  

o rg an ism  a re  g iv e n  in  T able IV.

In  th e  l a s t  few  y e a r s  s t r a i n s  h av in g  th e  N ew castle  

b io c h e m ic a l  r e a c t io n s  have been found in  In d ia ,  and a few 

m onths ago a t y p i c a l  88 was i s o l a t e d  from  a case  o f 

d y s e n te ry  i n  E ngland  by L ie u t .-C o lo n e l L eigh . T his ra c e  

has now b e en  found  in  many p a r t s  o f th e  w o rld .

As r e g a rd s  p a th o g e n ic  a c t io n ,  th e s e  th re e  r a c e s ,

103 , P119, and 8 8 , have an e q u a l c la im  w ith  V, W, and Z 

t o  be c l a s s e d  as t r u e  d y se n te ry  b a c i l l i .  They p o ssess  

a l l  th e  c h a r a c t e r i s t i c s  o f  th e  more f a m i l i a r  r a c e s ,  and 

would w ith o u t  doub t have been a c c e p te d  by Andrewes had 

th e y  b e en  in c lu d e d  in  th e  c o l l e c t io n  he s tu d ie d .

Of th e  rem a in in g  s ix  F le x n e r - l ik e  organism s shown 

i n  T ab le  I I I ,  w ith  th e  p o s s ib le  e x c e p tio n  of P143 none 

a p p e a rs  t o  p o sse s s  F lexne 'r group a n t ig e n ,  though  each  has 

a c h a r a c t e r i s t i c  ty p e  a n t ig e n .  T hree o f  them  c an be 

r e g a rd e d  a s  c ap a b le  o f  c a u s in g  d y s e n te ry , b u t th e  ev idence  

in c r im in a t in g  th e  o th e r  th r e e  i s  l e s s  d e f i n i t e .

170 i s  a  r e l a t i v e l y  common ra c e  w hich f u l f i l s  th e  

p o s t u l a t e s  made p r e v io u s ly .  Up to  d a te  i t  h a s  n o t been 

r e p o r te d  e x c e p t from  I n d ia .



P288 i s  l e s s  coomon, bait i s  n e v e r th e le s s  v e ry  

d e f i n i t e l y  a  t r u e  d y s e n te ry  b a c i l l u s .  In  a d d i t io n  to ' 

com p ly ing  w i th  th e  p o s t u l a t e s ,  i t  was on one o c c a s io n  

th e  c a u se  o f  a  sm a ll  i s o l a t e d  o u tb re a k  w hich o c cu rred  i n  

th e  In d ia n  p la to o n  o f  a  B r i t i s h  Regim ent r e p o r te d  by 

W ilson  (1 9 3 6 ) . Ten c a s e s  o c c u rre d , and t h i s  r a c e  was 

re c o v e re d  i n  t y p i c a l  f a s h io n  from  th e  s to o l s  o f  a l l  t e n ;  

no o th e r  p a th o g e n ic  o rgan ism  was d is c o v e re d .

D1 i s  a l s o  l e s s  common, b u t  h a s  a l l  th e  c h a r a c te r s  

o f  a  t r u e  d y s e n te ry  b a c i l l u s .  I t  h as  r e c e n t ly  been  

fo u n d  i n  Sudan by D r. Horgan o f  th e  S ta c k  L a b o ra to r ie s  

( p e r s o n a l  co m m u n ica tio n ).

P288 and D1 a re  l a t e  fe rm e n te rs  o f d u l c i t e .  A t one 

t im e  i t  was th o u g h t t h a t  t h i s  c h a r a c te r  m ight be  u sed  i n  

c l a s s i f i c a t i o n ,  b u t  t h i s  id e a  h as been  abandoned.

P274 h a s  c e r t a i n  c h a r a c te r s  w hich  fa v o u r  i t s  a c c e p 

ta n c e  a s  a  d y s e n te ry  b a c i l l u s ,  b u t  on th e  o th e r  hand I t  

h a s  a  g roup  r e l a t i o n s h i p  w ith  B. a l& a le s c e n s , A oki, 8 

Type V I I ,  and c e r t a i n  g a s-fo rm in g  s t r a i n s  which a r e  proba

b ly  non—d y s e n te r i c .  I t  had  b e t t e r ,  t h e r e f o r e ,  remai n  

sub  ju d ic e  u n t i l  f u r t h e r  e v id e n ce  i s  fo rth c o m in g .



D19 and  P143 a re  o f such  r a r e  o c c u rre n c e  t h a t  th e y  

can  a t  p r e s e n t  be d is r e g a r d e d .

B e s id e s  th e s e  r a c e s  w hich  have been d e s c r ib e d ,  o th e r s  

h a v in g  th e  F le x n e r  b io c h e m ic a l r e a c t i o n s ,  b u t  o f d i s t i n c t  

a n t ig e n ic  s t r u c t u r e ,  a r e  o c c a s io n a l ly  fo u n d . They have 

no c l e a r  r e l a t i o n s h i p  to  d y s e n te ry ,  and a re  p ro b ab ly  n o t 

p a th o g e n ic . In  a r e c e n t  rev iew  o f th e s e  o rgan ism s, 

B e n sted  (1939) co n cu rs  in  t h i s  o p in io n .

One ty p e  w hich d e se rv e s  m en tion  i s  B. a lk a le s c e n s , 

o r i g i n a l l y  d e s c r ib e d  by Andrewes (1 9 1 8 ), who b e lie v e d  i t  

t o  be n o n -p a th o g e n ic . I  have n e v e r found t h i s  o rganism  

to  be a s s o c ia t e d  w ith  symptoms o f d y s e n te ry , and in  f a c t  

i t  i s  o f r a r e  o c c u rre n c e  in  I n d ia .  I t  seem s, how ever, to  

be commoner in  t h i s  c o u n try , and has r e c e n t ly  been  

advanced  by N abarro  and o th e r s  (1939) as a cause  .of 

d ia r r h o e a  and d y se n te ry  in  c h i ld r e n .  Judged by th e  

s ta n d a rd s  a l r e a d y  c i t e d ,  N a b a rro 's  c o n c lu s io n s  m ust be 

a c c e p te d  w ith  c a u t io n ,  e s p e c ia l ly  in  view  o f  th e  f a c t  t h a t  

B. a lk a le s c e n s  s h a re s  a h ig h ly  a g g lu t in a b le  group a n t ig e n  

w ith  a  number o f organ ism s o f d o u b tfu l  n a tu r e .



PROPOSED CLASSIFICATION OP THE FLEXNER GROUP.

I  have  from  tim e  .to  tim e  su g g e s te d  t h a t  some 

a u t h o r i t a t i v e  body shou ld  r e v i s e  th e  c l a s s i f i c a t i o n  of 

th e  F le x n e r  g roup  o f d y s e n te ry  o rg an ism s, b u t  so f a r  t h i s  

h a s n o t  been  d o n e . As I  f i n d  t h a t  th e  m ean in g less  in d ex  

num bers by w hich my ty p e  s t r a i n s  were o r i g in a l l y  d e s ig 

n a te d  a re  b e in g  q u o ted  i n  v a r io u s  p u b l ic a t io n s ,  I  am 

g o in g  t o  p ro p o se  now a more c o n v en ien t n o m en c la tu re .

I  s u g g e s t  t h a t  two ty p e s  shou ld  be re c o g n iz e d , nam ely,

B. d y s e n te r ia e  F le x n e r ,  co m p ris in g  th e s e  ra c e s  which 

p o s s e s s  F le x n e r  group  a n t ig e n ,  and B. d y s e n te r ia e  Boydx , 

em bracing  th o se  p a th o g e n ic  organism s w hich have th e  

F le x n e r  b io c h e m ic a l r e a c t i o n s ,  b u t  do n o t p o ssess  th e  

g roup  a n t ig e n .

The names would th e n  be a s  shown in  Table V.

x  In  r e a d in g  h i s  pap er th e  speaker had  proposed  th e  
name o f  B. d y s e n te r ia e  In d ia  f o r  t h i s  ty p e ,  b u t in  th e  
d i s c u s s io n  w hich fo llo w ed  M ajo r-G enera l P e rry  t h a t
t h i s  sh o u ld  be changed to  B. d y s e n te r ia e  Boyd. The 
p ro p o s a l  h a s  a c c o rd in g ly  been  ad o p te d .



236.

TABLE V.

P roposed  C l a s s i f i c a t i o n  o f  M an n ito l-F e rm en tin g  
D y sen te ry  B a c i l l i .

New Name Old Name

B. d y s e n te r ia e  F le x n e r I Andrewes and Inman V
h ft I I ti ti w
it ft I I I »i t. z
tt it IV Type 103 

Tf PI 19ii ii V
it ti VI 88-N ew castle -M ancheste r 

group

B. d y s e n te r ia e  Boyd I Type 170
" P288

it ii j j j " D1

' O ther r a c e s  can  i f  n e c e s s a ry  be tac k ed  on to  th e s e  

ty p e s  when th e y  a re  f i n a l l y  proved to  be p a th o g e n ic .

I t  w i l l  be n o te d  t h a t  a l l  th e  organism s d e sc r ib e d  

f a l l  w i th in  th e  d y s e n te ry  group as d e f in e d  in  Table I .

From tim e  bo tim e s t r a i n s  such  a s  B. m organ i,

B. a s i a t i c u s ,  B. c o lu m b e n s is , and o th e r s  o f t h i s  n a tu re  

have been  d e s c r ib e d  a s  c au s in g  d y s e n te ry . I t  h as n e v e r  

been  my e x p e rie n c e  t o  f in d  th e s e  organism s In  c irc u m sta n ce s  

w hich  made me s u s p ic io u s  o f t h e i r  r o l e ,  and c o n v e rse ly  I  

have  f r e q u e n t ly  i s o l a t e d  them  from norm al s to o l s .



IDENTIFICATION OF DYSENTERY BACILLI BY 
SEROLOGICAL METHODS.

I t  may be asked  i f  i t  i s  n e c e s s a ry  a s  a r o u t in e  

m easure  to  d e te rm in e  th e  ra c e  o f ev ery  d y s e n te ry  b a c i l l u s  

i s o l a t e d .  T h is depends on th e  o b je c t  in  view.. The 

in fo rm a tio n  i s  o f l i t t l e  v a lu e  to  th e  c l i n i c i a n *  b u t may 

be o f  im p o rtan ce  to  th e  e p id e m io lo g is t ,  b e n t on t r a c in g  

th e  o r i g in  and sp re ad  o f an o u tb re a k . I t  may a ls o  be 

o f  i n t e r e s t  t o  th o se  concerned  in  th e  m anufactu re  o f 

t h e r a p e u t i c  serum .

Our custom  in  th e  Army i s  to  make a p re lim in a ry  

c l a s s i f i c a t i o n  a c c o rd in g  to  th e  fe rm e n ta tio n  o f m an n ito l. 

F o r th e  n o n -m a n n ito l fe rm e n tin g  g roup , a n tise ru m s f o r  

S h ig a * s  and S c h m itz ' b a c i l l u s  a re  p ro v id e d , and a s l id e  

a g g lu t i n a t io n  t e s t  s u f f i c e s  t o  d i s t in g u i s h  th e  tw o.

F o r th e  m a n n ito l fe rm e n tin g  g ro u p , th r e e  serums a re  

s u p p l ie d .  One i s  a n t i - S o n n e . serum , and c o n ta in s  b o th  

s p e c i f i c  and group  com ponents. The second i s  p o ly v a le n t 

f o r  A ndrew es1 r a c e s ,  and th e  t h i r d  f o r  103, P119, 88 , and 

170. The o n ly  rea so n  f o r  h av in g  two p o ly v a le n t  serums 

f o r  th e s e  r a c e s  i s  t h a t  i t  i s  d i f f i c u l t  to  p re p a re  one 

serum  h a v in g  a t i t r e  o f 250 f o r  a l l  seven r a c e s ;  a low - 

t i t r e  serum  c a p a b le  o f c lum ping them a l l  c o u ld , how ever,



e a s i l y  be made. In  I n d ia ,  th e  a rrangem en t o f  p o ly v a le n t  

serum s i s  s l i g h t l y  d i f f e r e n t ,  and components w hich clump 

th e  l e s s  common ra c e s  a re  a l s o  In c lu d e d . A s e le c te d  

c e n t r a l  l a b o r a to r y  i s  s u p p lie d  w ith  serum s f o r  the  

in d e n t  i f  i c a t i o n  o f th e  in d iv id u a l  r a c e s .  The most r a p id  

and m ost c e r t a i n  way o f ty p in g  th e  d i f f e r e n t  ra c e s  i s  by 

means o f  a s e r i e s  of m o n o sp ec ific  serum s, w hich can e a s i l y  

be p re p a re d  by a b so rb in g  o u t th e  group a g g lu t in in .  U sing 

t h e s e ,  i d e n t i f i c a t i o n  can be e f f e c te d  in  a few m inu tes 

w ith  a s l i d e  a g g lu t in a t io n  t e s t ,  and th e  r e s u l t s  o b ta in ed  

In  t h i s  way a re  p e r f e c t ly  c l e a r - c u t  and u n m is ta k ab le .

SEROLOGICAL DIAGNOSIS OF BACILLARY DYSENTERY.

T here  rem ains to  be c o n s id e re d  th e  q u e s t io n  of 

d ia g n o s in g  d y se n te ry  by means o f a g g lu t in a t io n  t e s t s  w ith  

th e  p a t i e n t ' s  serum. This I s  o f l i t t l e  p r a c t i c a l  v a lu e  

in  a c u te  c a s e s ,  a s  a g g lu t in in s  do n o t deve lop  f o r  some 

tim e a f t e r  th e  o n se t of the  d i s e a s e ,  when th e  p a t i e n t  i s  

u s u a l ly  c u re d  and back a t  work. In  c h ro n ic  c a s e s ,  a 

(3© f i n  i t  e r e s u l t  may be o b ta in e d  when S h ig a 's  b a c i l l u s  i s  

th e  I n f e c t i n g  organism ; a t i t r e  o f 1 In  40 o r over I s  

u s u a l ly  a c c e p te d  as in d ic a t in g  in f e c t i o n .  The same



p ro b a b ly  a p p l ie s  to  S c h m itz 1 b a c i l l u s  and S o n n e 's  b a c i l l u s ,  

I f  c a re  be ta k e n  to  p re p a re  th e  a g g lu t in a b le  su sp en s io n  

from  th e  ty p e  phase o f th e  o rgan ism . In  th e  c ase  o f the  

F le x n e r  g ro u p , th e  problem  i s  b e s e t  w ith  d i f f i c u l t i e s ,  

f i r s t  b e ca u se  of th e  m u l t i p l i c i t y  o f s t r a i n s ,  and 

se c o n d ly  b e ca u se  i t  i s  a lm o st im p o ss ib le  to  p re p a re  

s u s p e n s io n s  w hich a re  f r e e  from  g roup  a n t ig e n .  At f i r s t  

s i g h t  i t  m igh t seem t h a t  th e  problem  co u ld  be so lv ed  by 

u s in g  a su sp e n s io n  o f g roup  a n t ig e n ,  b u t u n fo r tu n a te ly  

serum  from  norm al s u b je c t s  f r e q u e n t ly  c o n ta in s  a c o n s id e rs  

b le  c o n c e n tr a t io n  o f  n a tu r a l  a g g lu t in in  f o r  th e s e  group 

a n t ig e n s ,  a s  c an  be seen  in  T able V I.

S tra n g e  to  sa y , th e  same a p p l ie s  to  norm al r a b b i t s  - 

see  T ab le  V II . The d ia g n o s is  o f F le x n e r  in f e c t io n  as 

th e  cau se  o f mucous c o l i t i s ,  c h ro n ic  e n t e r i t i s ,  and a l l i e d  

c o n d i t io n s ,  b ased  on th e  power o f th e  p a t i e n t 's  serum to  

a g g lu t i n a t e  F le x n e r  su s p e n s io n s , u s u a l ly  th e  s o - c a l le d  

F le x n e r  Y, h as  th e r e f o r e ,  a  v e ry  f l im s y  fo u n d a tio n . To 

be o f  any v a lu e ,  th e  t e s t  m ust be c a r r i e d  o u t w ith  g r e a t  

c a re  and w ith  a much more e la b o r a te  te c h n iq u e  th a n  i s  

u s u a l ly  em ployed. I t  i s  e s s e n t i a l  t h a t ,  as a p re lim in a ry  

m ea su re , th e  serum  to  be t e s t e d  sho u ld  be abso rbed  w ith
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p u re  g ro u p  a n t ig e n ,  i . e . ,  w ith  s t r a i n s  such  a s  103B 

o r  H iss  and R u s s e l l  Y. T h e re a f te r  any a g g lu t in a t io n  

w hich  th e  serum  p ro d u ces in  su sp e n s io n s  o f th e  d i f f e r e n t  

r a c e s  w i l l  be s p e c i f i c  in  n a tu r e ,  and c o n se q u e n tly  o f 

some d ia g n o s t ic  v a lu e .

I f  some of th e  s ta te m e n ts  I  have made in  t h i s  

p a p e r  a p p ea r r a t h e r  d o g m atic , i t  i s  because  la o k  of tim e 

p re v e n ts  me from g iv in g  c h a p te r  and v e rse  f o r  th e  

u n d e r ly in g  r e a s o n s .  The d e t a i l s  w i l l  be found  in  th e  

o r i g in a l  a r t i c l e s  q u o ted  in  th e  r e f e r e n c e s .
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A N N E X  U R E  VI .

LABORATORY FINDINGS IN CLINICAL DYSENTERY 
IN MIDDLE EAST FORCE BETWEEN 

AUGUST 1940 AND JUNE 1945 .

J o u rn a l  o f P a tho logy  and B a c te r io lo g y » 
1946. Volume L V III. PP. 237 to  241 .

M iddle E a s t  Force  w as, d u rin g  th e  p e r io d  covered  by 

t h i s  com m unication , an e x te n s iv e  command, and had h o s p i t a l s  

w i th  t h e i r  a t ta c h e d  l a b o r a to r i e s  in  E gyp t, Sudan, E r i t r e a ,  

P a l e s t i n e ,  S y r ia ,  C yprus, L ibya , C y re n a ica , T r ip o l i t a n ia  

and M a lta . The f ig u r e s  g iven  in  t h i s  paper a re  com piled 

from  r e t u r n s  re c e iv e d  from  l a b o r a to r i e s  in  a l l  th e se  

c o u n t r i e s ,  and can th e r e f o r e  be c la im ed  to  be a r e l i a b l e  

c r o s s - s e c t i o n  of th e  d y s e n te r ic  f l o r a  o f t h i s  a re a .  They 

w ere r e n d e re d  in  m onthly  r e p o r t s  su b m itte d  to  th e  Deputy 

D i r e c to r  o f  P a th o lo g y , H e a d q u a rte rs , M iddle E as t F o rc e , 

be tw een  A ugust 1940 and June 1943, when i t  was d ec id ed  t h a t  

i t  was no lo n g e r  n e c e ssa ry  to  a tte m p t th e  i s o l a t i o n  of 

d y s e n te ry  b a c i l l i  as a ro u t in e  p rocedu re  in  a l l  su sp ec ted

c a s e s .

Methods

or i f t h o ' S y S l ' l S j

r s r s r s s ,
(b o y d , 1939-40; . -iao t o s e - b i l e - s a l t - a g a r  medium



th e  end o f  t h i s  p e r io d  and th e n  o n ly  i n  l im i te d  q u a n t i t i e s .  
I t s  u se  w ould p ro b a b ly  have in c re a s e d  th e  p e rc e n ta g e  o f  
i s o l a t i o n s  ( th o u g h  a c o n t r o l le d  ex p erim en t showed t h a t  i n  
th e  a c u te  s ta g e s  o f  b a c i l i a r y  d y se n te ry  I t s  ad v an tag es  a re  
n o t so obv ious a s  i n  th e  o ld  o r c h ro n ic  c a se )  b u t would 
have  made no im p o rta n t d i f f e r e n c e  in  th e  p e rc e n ta g e s  o f 
th e  d i f f e r e n t  ty p e s  found* For s e r o lo g ic a l  c o n f irm a tio n  
o f th e  i d e n t i t y  o f the  d y s e n te r y - l ik e  organism s i s o l a t e d  
th e  fo l lo w in g  a n t i s e r a  ( a l l  su p p lie d  by th e  Emergency 
V acc in e  L a b o ra to ry )  were u s e d :-  (1) S h ig a , (2) S chm itz ,
(3 ) Sonne, (4} F le x n e r  p o ly v a le n t  1 and 2 .

F le x e i^ . p o ly v a le n t  1 serum was a m ix tu re  o f s e ra  
p re p a re d  from  F le x n e r  ty p es  I  (V ), I I  (W) and I I I  (2) in  
q u a n t i t i e s  s u f f i c i e n t  to  g iv e  an approx im ate  t i t r e  o f 
1 : 250 f o r  each  o f th e s e  ty p e s .  F le x n e r  p o ly v a le n t 
serum  2 was a m ix tu re  o f F le x n e r  IV (1 0 3 ), V (P 1 19 ),
V I (8 8 -N ew castle -M an ch es te r)  and Boyd I  (1 7 0 ). The l a s t  
o f  th e s e  was in c lu d e d  because  t h i s  organism  had been found 
t o  be  o f r e l a t i v e l y  common o ccu rren ce  in  In d ia .  O ther 
ty p e s  i d e n t i f i e d  in  In d ia  (Boyd, 1932 and 1939-40) were 
deemed t o  b e  to o  r a r e  t o  m e r it  in c lu s io n  in  ro u t in e  d ia g 
n o s t i c  s e r a ,  b u t in  o rd e r  t o  m a in ta in  a check «n t h e i r  
o c c u r r e n c e , i n s t r u c t i o n s  were is su e d  f o r  u n id e n t i f i e d  
d y s e n te r y - l ik e  organism s to  be se n t to  th e  C e n tra l  
P a th o lo g y  L a b o ra to ry , where m an n ito l fe rm e n te rs  were 
i n v e s t i g a t e d  by th e  a u th o r  and n o n -m an n ito l fe rm e n te rs  
by M ajor J .  D. MacLennan.

R e su lts

Tabe|L I  i s  an a n a ly s is  o f th e  f in d in g s  d u rin g  th e  

p e r io d  u n d e r re v ie w . The f ig u r e s  in c lu d e  a l l  c a se s  

i n v e s t i g a t e d  by l a b o r a to r i e s ,  b u t do n o t r e p r e s e n t  th e  

t o t a l  in c id e n c e  o f d y se n te ry  in  th e  f o r c e ,  a s  many c a se s  

w ere o f  n e c e s s i t y  d iagnosed  on c l i n i c a l  grounds o n ly .
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The t o t a l  number of d y s e n te ry  b a c i l l i  i s o l a t e d  was 

2 3 ,9 5 1 . The p e rc e n ta g e  o f i s o l a t i o n s  ( in c lu d in g  

E. h i s t o l y t i c a . 4 2 .19  p e r  c e n t . )  i s  low er th an  t h a t  u s u a l ly  

o b ta in e d  in  p e a c e -tim e  c o n d i t io n s ,  b u t t h i s  i s  th e  i n e v i t 

a b le  r e s u l t  o f  th e  " ru s h ” w hich o c cu rs  d u rin g  th e  d y s e n te ry  

s e a s o n , when i t  i s  o f te n  im p o ss ib le  to  exam ine more th a n  

one specim en from  each  p a t i e n t  o r  to  d ev o te  more th a n  h a l f  

a  p l a t e  o f medium to  each  specim en . In  p r a c t i c e ,  th e  

i s o l a t i o n  and i d e n t i f i c a t i o n  o f  th e  o rganism  i s  n o t in  th e  

m a jo r i ty  o f c a se s  a m a t te r  of much im p o rtan ce  to  the  

p h y s ic ia n .  The e x p e rie n c e d  p a th o lo g i s t  has no d i f f i c u l t y  

in  m aking an a c c u ra te  d ia g n o s is  o f th e  ty p e  o f d y se n te ry  

(w h e th e r b a c i l l a r y  o r amoebic ) from  th e  m ic ro sc o p ic  

c h a r a c te r s  o f th e  e x u d a te , and no f u r t h e r  d i f f e r e n t i a t i o n  

i s  n o rm a lly  r e q u i r e d  f o r  p u rp o ses  o f t r e a tm e n t .

I t  i s  o f  i n t e r e s t  to  compare th e s e  f ig u r e s  w ith  th o se  

o f th e  Army in  In d ia  ( t a b l e  I I ) .  The In d ia n  f i g u r e s  a re  

from  a s e r i e s  o f 7 ,339  s t r a i n s  i d e n t i f i e d  in  th e  y e a rs  

1932-1935 . They do n d t in c lu d e  " o th e r  n o n -m an n ito l 

f e rm e n te r s " ,  b u t  a s  th e s e  were o f r a r e  o c c u rre n c e , th e  

p e rc e n ta g e s  a re  n o t  s i g n i f i c a n t l y  r a i s e d .  The c lo s e  

r e l a t i o n s h i p  betw een  th e  two s e t s  o f f ig u r e s  i s  re m a rk a b le .

The v a s t  m a jo r i ty  o f th e  "m issed" c a se s  w ere b a c i l l a r y  

and n o t  amoebic d y s e n te ry .  The l a t t e r  i s  r a r e l y  a s e l f -  

l i m i t i n g  d i s e a s e ,  an d , a lth o u g h  tem porary  re m is s io n s  may



o c c u r  in  th e  ab sen ce  o f d ia g n o s is  and s p e c i f i c  t r e a tm e n t ,  

r e c u r r in g  r e l a p s e s  sooner o r  l a t e r  draw a t t e n t i o n  to  th e  

r e a l  n a tu r e  o f th e  d i s e a s e .  F o r t h i s  re a s o n , th e  t ru e  

in c id e n c e  o f  amoebic d y s e n te ry  i s  u n l ik e ly  to  be much 

g r e a t e r  th a n

TABLE II
A comparison between the percentages of dysentery bacilli 
in India, 1932-1935> and Middle East Force, August 1940 - 
June 194-3.

Shiga Schmitz Sonne
Flexner 

I-VI and 
Boyd I

Other
mannitol
fermenters

Other
non-mannitol
fermenters

Army in India, 
1932-1935 14-. 3 5.5 10.9 62.3 6.9 No record

Middle East Force, 
August 1940 - 
June 194-5 18.86 6.68 7.37 61.59 3.34

. - —4—

2.16

t h a t  shown in  ta b le  I H* • CD • just over 5 per c e n t . o f a l l

c a s e s .  I t s  in c id e n c e  was s l i g h t l y  h ig h e r  in  th e  Sudan 

and E r i t r e a  th a n  in  E gypt and P a le s t in e  and ten d ed  to  be 

g r e a t e r  in  t ro o p s  who had been in  th e  c o u n try  f o r  some 

t im e .

Of th e  d y s e n te ry  b a c i l l i  i s o l a t e d ,  9 4 .5  p e r c e n t ,  

w ere o f re c o g n is e d  ty p e s  and were r e a d i ly  i d e n t i f i e d  by 

th e  s ta n d a rd  a n t i s e r a  s u p p lie d  by th e  Emergency V accine 

L a b o ra to ry . No a tte m p t was made to  i d e n t i f y  th e



i n d iv id u a l  ty p e s  of F le x n e r  b a c i l l i ,  n o r a re  a c c u ra te  

f i g u r e s  a v a i l a b l e  to  show th e  p ro p o r t io n s  w hich f e l l  in to  

th e  g ro u p s c o v e red  by th e  F le x n e r  p o ly v a le n t  1 and F le x n e r  

p o ly v a le n t  2 a n tis e ru m  r e s p e c t iv e ly .  I t  can  be s a id ,  how

e v e r ,  t h a t  a v e ry  c o n s id e ra b le  number were in  th e  l a t t e r  

g ro u p , i n d ic a t i n g  th a t  th e s e  more r e c e n t ly  d e sc r ib e d  ty p es  

a r e  o f common o ccu rren c e  in  th e  M iddle E as t as in  In d ia .

A ty p ic a l  s t r a i n s

An acco u n t o f th e  a ty p i c a l  n o n -m an n ito l fe rm e n te rs
/

h a s  a l r e a d y  been p u b lis h e d  by MacLennan (1 9 4 5 ). Of the  

800 m a n n ito l fe rm e n te rs  w hich were n o t i d e n t i f i e d  by th e  

s ta n d a rd  a n t i s e r a ,  a t o t a l  o f 109 s t r a i n s  were re c e iv e d  

a t  th e  C e n tr a l  P a th o lo g y  L ab o ra to ry  f o r  i n v e s t ig a t io n .

F i f t y - f i v e  o f th e s e  were o f ty p es  a lr e a d y  d e sc rib e d  

(Boyd, 1932) and o c c u rre d  in  th e  fo llo w in g  num bers:- 

Boyd I I  (P 2 8 8 ) , 13; Boyd I I I  (D 1 ) ,  2; P 274, 28;

P 143 , 5 ; D 19 , 7 . Type P 274 has now been shown to  have 

a w ide d i s t r i b u t i o n ,  alw ays in  a s s o c ia t io n  w ith  c l i n i c a l  

b a c i l l a r y  d y s e n te ry . O r ig in a l ly  d e sc r ib e d  from  In d ia ,  i t  

h a s  been  found  in  the  M iddle E a s t as n o ted  above, in  . 

A u s t r a l i a  (R o th s ta d t  e t  a l . , 1943) in  America (Kuhns, 1943; 

W h ee le r. 1944: and o th e r s ) ,  and r e c e n t ly  a s t r a i n  was



i s o l a t e d  i n  th e  S c o t t i s h  Command L a b o ra to ry . I t  i s  t h e r e 

f o r e  p ro p o sed  t h a t  t h i s  type  shou ld  be known as Boyd IV.

F o r c o n v e n ie n c e , b u t  w ith  le s s ,  j u s t i f i c a t i o n ,  P 143 may be 

c a l l e d  Boyd V, and D 19 Boyd V I. No ev idence  o th e r  th a n  

t h a t  th e y  have been  i s o l a t e d  on ly  from c ase s  of d y se n te ry  

c a n  be p roduced  re g a rd in g  th e  p a th o g en ic  a c t io n  o f th e  

l a s t  two ty p e s .

E ig h te e n  o th e r s  were found  to  be o f one a n t ig e n ic  

p a t t e r n ,  b u t  su b seq u en t in v e s t i g a t io n  showed th a t  they  were 

n o t t r u e  d y s e n te ry  b a c i l l i ,  as th e y  p o ssessed  a deg ree  of 

m o t i l i t y .  T h e ir  c a p a c i ty  to  produce in d o l in  peptone 

w a te r  e x c lu d e d  them from  th e  sa lm o n e lla  g roup .

A n t is e r a  were p re p a re d  from s e v e r a l  o f th e  28 r e s id u a l  

s t r a i n s ,  b u t  o n ly  two o f  th e s e  r e a c te d  w ith  s t r a in s  o th e r  

th a n  th e  homologous; o rg an ism s. The two ty p es  th u s 

i d e n t i f i e d  acco u n ted  f o r  10 s t r a i n s ,  le a v in g  18 u n id e n t i f i e d .  

By a n  u n fo r tu n a te  m ischance one o f th e s e  ty p e s  (Rhemes), 

o f  w h ich  th e r e  w ere 4 s t r a i n s ,  was l o s t .

The rem a in in g  ty p e  (1 2 9 6 /7 ) , o f w hich 6 s t r a i n s  were 

fo u n d , was p a sse d  on t o  L t.-C o l*  A. E. F ra n c is  f o r  f u r th e r  

i n v e s t i g a t i o n .  I t  was found  to  c o n ta in  F le x n e r  group 

a n t ig e n  and th e r e f o r e  q u a l i f i e s  to  ta k e  i t s  p la c e  as a 

member o f th e  F le x n e r  g ro u p . I t s  d e ta i l e d  c h a r a c te r s  have



b e en  d e s c r ib e d  in  a s e p a ra te  com m unication by F ra n c is  

(1946) on two new F le x n e r  ty p e s ,  in  which 1296/7 i s  

d e s ig n a te d  S h ig e l l a  F le x n e r1 . ty p e  V I I I .

An a n a ly s i s  o f th e s e  r e s u l t s  i s  g iv e n  in  t a b le  I I I .

T able I I I

A n a ly s is  o f  109 s t r a i n s  su b m itte d  a s  a ty p i c a l  
m a n n ito l- fe rm e n tin g  d y se n te ry  b a c i l l i

Type No.

Boyd I I  (P 288)   13
Boyd I I I  (D 1)   2
Boyd IV (P 274) . . .  • ..................   28
Boyd V (P 143)   5
Boyd V I (D 19)   7
F le x n e r  V I I I  ( s t r a i n s  1296/7) . . .  6
S t r a i n  "Rhemes" ( l o s t )  ................... 4
B. d i s p a r , ty p e s  ................................  8
Not t r u e  d y s e n te ry  b a c i l l i  (m o tile )  18
U n id e n t i f ie d    18

I t  i s  p e rh a p s  w o rth y  o f  n o te  t h a t  B. a lk & le sc a n s , 

w h ich  by v i r t u e  o f i t s  b io ch e m ic a l r e a c t io n s  sh o u ld  have 

found  i t s  p la c e  i n  t h i s  s e r i e s ,  i s  co n sp icu o u s by i t s  

a b s e n c e •



Summary

1 . 23 ,950  s t r a i n s  o f  d y s e n te r y - l ik e  o rgan ism s •

w ere i s o l a t e d  and i n v e s t i g a t e d  in  th e  M i l i t a r y  L a b o ra to r ie s  

i n  M iddle E a s t  F o rce  betw een  A ugust 1940 and June 1943.

2 . 9 4 .5  p e r  c e n t ,  w ere s e r o lo g ic a l ly  I d e n t i f i e d  by

means o f  th e  s ta n d a rd  sera  s u p p lie d  by th e  Emergency 

V accine  L a b q ra to ry .

3 .  Of th e  " a ty p ic a l "  n o n -m an n ito l f e r m e n te r s ,  50 

o f  a s e r i e s  o f  109 were o f ty p e s  w hich  have a l r e a d y  been  

d e s c r ib e d .

4 . A new F le x n e r  ty p e  (o f  w hich o n ly  6 s t r a i n s  

w ere i s o l a t e d )  has been  i d e n t i f i e d  and w i l l  be  d e s c r ib e d  

a s  B. d y s e n te r ia e  F le x n e r  V I I I .

My th a n k s  a re  due to  th e  many p a th o lo g i s t s  in  th e  
l a b o r a to r i e s  o f th e  M iddle E a s t  F o rc e , w ith o u t whose 
w i l l i n g  c o l l a b o r a t io n  i t  w ould have b een  im p o ss ib le  t o  
com p ile  th e s e  f i g u r e s ,  and to  S g t .  J .  P i l l i n g ,  R .A .M .C ., 
who a s s i s t e d  in  th e  i n v e s t i g a t i o n  o f th e  " o th e r"  non- 
m a n n ito l- fe rm e n tin g  o rg an ism s .
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