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F O R E W O R D

S e c t i o n  I . o f  th e  th e s i ig  . i s  a g e n e r a l  r e v ie w
g :  y ' v s r i v y -.rs

o f  t h e  work o f  o t h e r  i n v e s t i g a t o r s  on t h e  s u b j e c t ,  and. 

an o u t l i n e  o f  th e  p r e s e n t  r e s e a r c h ;  S e c t i o n s  I I ,  I I I  

and IV , g iv e  d e t a i l e d  a c c o u n ts  o f  t h e  i n v e s t i g a t i o n  

and th e  f i n d i n g s .  C e r ta in  p a r t s  o f . th e  t h e s i s  have  

a lr e a d y  b e e n  p u b l i s h e d  under th e  t i t l e s  "The ty p e s  o f  

C o lifo r m  b a c t e r i a  i n  b o v in e  f a e c e s "  (J o u r n a l  o f  D a ir y

R e s e a r c h ,  V o l ,  6 , , N o .3 ,  S ep tem b er , 1 9 3 5 )  and "The. ' ' ' ' ' ', '
c l a s s i f i c a t i o n  o f  c o l i f o r m  b a c t e r ia "  (J o u r n a l  o f  

H y g ie n e ,  Cambridge, V o l .  3 8 ,  N o .4 ,  1 0 t h  A u g u st ,  1 9 3 8 ) .  

The p a r t  e n t i t l e d  "The en r ich m en t o f  a e r o g e n e s - c l o a c a e  

t y p e s  i n  m ilk  h e ld  a t  low t  em p era tu res  : w i t h  o b s e r v a 

t i o n s  on; t h e  r e l a t i v e  r a t e s  o f  g row th  o f  a e r o g e n e s -  

c l o a c a e  and B . c o l l , t y p e s  i n  m i lk  a t  d i f f e r e n t  tem p era 

t u r e s " ,  i s  i n  c o u rse  o f  p u b l i c a t i o n .



S E C T I O N  I .

GENERAL REVIEW

The c o l i f o r m  b a c t e r i a  com p rise  a l a r g e  and 

im p o r ta n t  group o f  o rg a n ism s w h ich  n o r m a lly  l i v e  as  

s a p r o p h y te s  b u t  under c e r t a i n  c o n d i t i o n s  a re  p a th o g e n ic  

in  c h a r a c t e r . T h e ir  e x i s t e n c e  was f i r s t  d em o n stra ted  

in  1 8 8 5  by E s c h e r 1 oh; he i s o l a t e d  from th e  i n t e s t i n e s  

o f  I n f a n t s  a b a c te r iu m  w h ich  he term ed  B. c o l i  communis. 

T h is  organ ism  was found t o  be a norm al commensal in  th e  

I n t e s t i n e s  o f  man and a n im a ls .  The f a c t  t h a t  i t  was v e r y  

s i m i l a r  i n  i t s  m o r p h o lo g ic a l  and b i o l o g i c a l  c h a r a c te r s  

t o  th e  ty p h o id  b a c i l l u s ,  f i r s t  d e s c r ib e d  b y  E b e r th  in  

1 8 8 0 -8 1  and i s o l a t e d  by G affk y  in  1 8 8 4 ,  n e c e s s i t a t e d  th e  

d ev e lo p m en t  o f  m ethods w hereby th e  two o rg a n ism s -  th e  

one a norm al com m ensal, th e  o t h e r  th e  cau se  o f  an a c u t e  

i n f e c t i o n  -  c o u ld  be d i f f e r e n t i a t e d  from one a n o t h e r .

In  th e  y e a r s  w h ich  f o l l o w e d ,  t h i s  l e d  t o  a c o n s id e r a b le
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amount o f  r e se a r c h , work w hereby much in fo r m a t io n  was o b 

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

o r g a n ism s  and t h e i r  a b i l i t y  t o  grow in  v a r io u s  s e l e c t i v e  

m e d ia .  At t h e  same tim e o t h e r  o r g a n ism s  were found to  

o c c u r  i n  th e  i n t e s t i n e s  and th e  f a e c e s  in  th e  c a s e  o f  v a r i 

ous i n t e s t i n a l  i n f e c t i o n s .  Thus th e  B* s u i p e s t i f e r  was 

shown t o  be a s s o c i a t e d  w i t h  swin.e f e v e r ,  by  Salmon and Smil 

in  1 8 8 6 ;  B. e n t e r i t i d i s  w i t h  a form o f  " food  p o i s o n in g " ,  b^ 

G aertn er  in  1 8 8 8 ;  B. g a l l  inarum w i t h  fo w l t y p h o id ,  by  îCLeir

i n  1 8 8 9 ;  B . p ar  a ty p h o su s  A and B w i t h  p a r a ty p h o id  f e v e r , by
. .  '

A chard and Bensaude in  1 8 9 6 ,  Gwyn i n  1 8 9 8  and S c h o t t m ü l lè r  

i n  1 9 0 0 ;  B. d y s e n t e r i a e  S h ig a  and B . d y s e n t e r i a e  P le x n e f  

w i t h  d y s e n t e r y ,  by S h ig a  i n  1898  and F le x n e r  in  1 9 0 0 .  M ore

o v e r  t h e  c o l i f o r m  comm ensals o c c u r r in g  In  t h e  b o w e ls  w ere  

foun d  t o  be o f  more th a n  one t y p e .  E s c h e r i c h  n o t  o n ly  

d i s c o v e r e d  B . c o l i  communis b u t  a l s o  B. ( l a c t l s  ) a e r o g e n e s  v 

He n o te d  c e r t a i n  d i f f e r e n c e s  b e tw e en  t h e s e  o r g a n is m s .  ̂

Jordan i n  1 8 9 0  i s o l a t e d  B. c lo a c a e  from se w a g e .  Eruse  

( 1 8 9 4 ) ,  Dyar and K e ith  ( 1 8 9 4 ) ,  S m ith  ( 1 8 9 5 ) ,  R e f ik  ( 1 8 9 6 ) ,  

Gordon ( 1 8 9 7 ) ,  Grim bert and L e g ro s  ( 1 9 0 0 ) ,  Durham (1 9 0 0 -  ; ’

1 9 0 1 ) ,  Ford ( 1 9 0 1 ) ,  Houston (1 9 0 2 -1 9 0 5 ,  1 9 0 5 ) ,  Jordan (1905  

fS avage  (1 9 0 6 )  and o t h e r s ,  s e l e c t i n g  a number o f  d i f f e r 

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

b a c t e r i a .  In Durham ŝ scheme o f  c l a s s i f i c a t i o n ,  l a c t o s e -
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f e r m e n t in g  o rg a n ism s  were d iv id e d  i n t o  t h r e e  g r o u p s ,  th e  

p r o t o t y p e s  o f  w h ic h  were B. c o l i  communis, B . c o l i  com- 

m unior and B . ( l a c t i s ) a e r o g e n e s .  Durham n o te d  t h a t  B . 

f r i e d l k h d e r i  was c l o s e l y  r e l a t e d  t o  B. ( l a c t i s )  a e r o g e n e s ,  

and I n c lu d e d  i t  in  th e  same g r o u p . By t h e  u se  o f  a much 

l a r g e r  number o f  d i f f e r e n t i a l  c r i t e r i a  MacConkey (1 9 0 5 ,  

1 9 0 9 ) ,  B erg ey  and Deehan ( 1 9 0 8 ) ,  J a c k so n  (1 9 1 1 )  and o t h e r s  

w ere a b le  t o  make more com p reh en sive  c l a s s i f i c a t i o n s ,  and 

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

s e r i e s  o f  c l o s e l y  r e l a t e d  t y p e s .

In  c o n j u n c t io n  w i t h  t h i s  s y s t e m a t i c  s tu d y  o f  

c o l i f o r m  b a c t e r i a ,  i n v e s t i g a t i o n s  w ere b e in g  made t o  d e 

te r m in e  th e  i n c id e n c e  o f  th e  o r g a n ism s  i n  th e  human and 

a n im al body and e l s e w h e r e .  The f a c t  was soon  e s t a b l i s h e d  

t h a t  t h e y  are  norm al commensals in  t h e  human and an im al  

i n t e s t i n e  and a r e  p r a c t i c a l l y  a lw a y s  p r e s e n t  i n  f a e c e s .  

They w ere a l s o  found  by Kruse ( 1 8 9 4 ) ,  MacConkey (1 9 0 5 ,  

1 9 0 9 )  and o t h e r s  t o  o c c u r  to  a l i m i t e d  e x t e n t  i n  s o i l  and 

w a te r  and on v e g e t a t i o n  and c e r e a l  g r a i n s ,  th e  numbers 

p r e s e n t  i n  n a t u r a l  en v ir o n m en ts  b e i n g  much g r e a t e r  w herev  

t h e r e  had b e e n  r e c e n t  c o n ta m in a t io n  w i t h  sewage or  an im al  

e x c r e m e n t s .  The im p o rta n ce  o f  t h e s e  f i n d i n g s  i n  r e l a t i o n  

t o  t h e  e x a m in a t io n  o f  w a te r  s u p p l i e s  f o r  p u r i t y  was e a r l y  

r e c o g n i s e d  by  P u b l i c  H e a lth  A u t h o r i t i e s .  The f a c t  t h a t
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t h e  c a u s a t i v e  o rg a n ism s o f  a number o f  im p o r ta n t  i n f e c t i o u s  

d i s e a s e s  may o c c u r  in  th e  f a e c e s  o f  i n d i v i d u a l s  s u f f e r i n g  

from t h e s e  d i s e a s e s  o r  o f  " c a r r i e r s " ,  and t h a t  su ch  o r g a n 

ism s may p e r s i s t  f o r  a c o n s id e r a b le  tim e in  a n a t u r a l  e n 

v ir o n m e n t ,  showed t h a t  w ater  co n ta m in a ted  w i t h  sewage may 

be r e s p o n s i b l e  f o r  th e  sp rea d  o f  t h e s e  i n f e c t i o n s .  I f  

su ch  w ater  i s  u se d  f o r  d r in k in g  p u r p o s e s ,  i t  i s  a t  a l l  

t im e s  a p o t e n t i a l  so u r c e  o f  i n f e c t i o n .  A c c o r d in g ly  in  th e  

b a c t e r i o l o g i c a l  e x a m in a t io n  o f  w a te r  s u p p l i e s  a t e s t  was 

r e q u ir e d  w h ich  w ould  i n d i c a t e  n o t  n e c e s s a r i l y  th e  a c t u a l  

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

c o n t a m in a t io n .  As c o l i f o r m  b a c t e r i a  had b een  found t o  

o c c u r  i n  p r a c t i c a l l y  a l l  sp ec im en s  o f  f a e c e s  b u t  o n ly  t o  

a l i m i t e d  e x t e n t  in  n a t u r a l  w a te r s  r e l a t i v e l y  f r e e  from 

f a e c a l  p o l l u t i o n ,  th e  a b sen ce  o f  su ch  o rg a n ism s from g iv e n  

q u a n t i t i e s  o f  t h e  w ater  was r e c o g n i s e d  t o  be a v a lu a b le  

in d e x  o f  i t s  p u r i t y ,  and c o n s e q u e n t ly  th e  " c o l i fo r m  t e s t "  

was in tr o d u c e d  in  w a te r  a n a l y s i s  (S m ith  1893  a , b ,  and 1 8 9 5 ;  

K le in  and H ouston 1 8 9 7 -1 8 9 8 ;  C lark  1 8 9 8 ,  1 8 9 9 ;  H ouston 1899  

1 9 0 0 ,  1 9 0 0 -1 9 0 1 ,  1 9 0 1 -1 9 0 2 ;  F u l l e r  1 8 9 9 ;  Ir o n s  1 9 0 0 ,  1 9 0 2 ;  

P ak e8 1 9 0 0 ;  C hick and Boyce 1 9 0 0 ,  1 9 0 1 ;  Jordan 1 9 0 1 ;  Hor-  

r o c k s  1 9 0 1 ,  1 9 0 3 ;  M a k g i l l  1 9 0 1 ;  Savage 1 9 0 1 ,  1 9 0 2 ,  1 9 0 6 ) .

When as a r e s u l t  o f  t h e  s y s t e m a t i c  work o f  th e  

e a r l i e r  i n v e s t i g a t o r s ,  i t  was r e c o g n i s e d  t h a t  t h e r e  were
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many d i f f e r e n t  t y p e s  o f  c o l i f o r m  b a c t e r i a ,  th e  en v ir o n m e n t

a l  o r i g i n  o f  th e  v a r io u s  t y p e s  formed th e  s u b j e c t  o f  i n 

v e s t i g a t i o n s  by  numerous w o r k e r s ,  o f  whom th e  f o l l o w i n g  

are  th e  m o st  im p o r ta n t:  MacConkey (1 9 0 5 ,  1906  and 1 9 0 9 ) ,

W inslow  and W alker ( 1 9 0 7 ) ,  P e r r i e r a ,  H orta and P a re d es  

( 1 9 0 8 ) ,  Clemesha ( 1 9 1 2 ) ,  R o g e r s ,  C lark  and Evans (1 9 1 4 ,

1915  and 1 9 1 6 ) ,  L e v in e  (1916  a ,  b ,  c ,  d ,  e ,  1 9 1 8 ,  1 9 2 1 ) ,  •;

G r e e n f ie ld  ( 1 9 1 6 ) ,  H u iton ( 1 9 1 6 ) ,  Johnson  ( 1 9 1 6 ) ,  R ogers  

(1916  and 1 9 1 8 ) ,  Murray ( 1 9 1 6 ) ,  B urton  and R e t t g e r  ( 1 9 1 7 ) ,  

Hunter ( 1 9 1 7 ) ,  Johnson and L e v in e  ( 1 9 1 7 ) ,  R o g e r s ,  C lark  

and Lubs ( 1 9 1 8 ) ,  W inslow  and Cohen ( 1 9 1 8 ) ,  Wood ( 1 9 1 9 -1 9 2 0 J 

W in slow , K L ig ler  and R oth b erg  ( 1 9 1 9 ) ,  Chen and R e t t g e r  

( 1 9 2 0 ) ,  Mackie ( 1 9 2 1 ) ,  P e r r y  and M o n tfo r t  ( 1 9 2 1 ) ,  Redman x 

( 1 9 2 2 ) ,  K oser ( 1 9 2 4 ) ,  L e v in e  and L in to n  ( 1 9 2 4 ) ,  B a r d s le y  

(1926  and 1 9 3 4 ) ,  Jordan ( 1 9 2 6 ) ,  Tonney  and N oble ( 1 9 3 0 ) ,  

R u c h h o ft ,  K a l l a s ,  Chinn and C o u lte r  ( 1 9 3 1 ) ,  Kon ( 1 9 3 3 ) ,  % 

B u r k e -G a ffn ey  (1 9 3 2 ,  1 9 3 3 )  and o t h e r s .  The r e s u l t s  o f  

t h e s e  i n v e s t i g a t i o n s  showed t h a t  t h e  B. c o l i ,  o t h e r w is e  

c a l l e d  " t y p ic a l"  B. c o l i  ( s e e  Muir and R i t c h i e ,  1 9 3 7 ) ,  a r e  

th e  p r e v a l e n t  t y p e s  in  human and a n im a l f a e c e s ,  b u t  in  a b 

se n c e  o f  r e c e n t  f a e c a l  c o n ta m in a t io n  th e y  do n o t  o cc u r  t o  

any e x t e n t  in  w a ter  and s o i l  and on v e g e t a t i o n  and c e r e a l  

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

B. c l o a c a e ,  e t c . ,  ( h e r e a f t e r  r e f e r r e d  t o  a s  aerogenes*-
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c lo a c a e  ) were i n  m ost i n s t a n c e s  found t o  be se ldom  p r e s e n t  

i n  f a e c e s  b u t  f r e q u e n t l y  i n  th e  s o i l  and w a ter  and on 

v e g e t a t i o n ,  e n s i l a g e  and c e r e a l  g r a i n s .  The f a c t  t h a t  

su ch  b a c t e r i a  c o u ld  be found i n  s o i l s  and in  w a te r  su p p lie r  

where i t  was c la im e d  th e r e  was l i t t l e  o r  no p o s s i b i l i t y  

o f  f a e c a l  c o n ta m in a t io n ,  gave r i s e  t o  th e  w id e ly  a c c e p te d  

v ie w  t h a t  t h e s e  org a n ism s are  n o t  n orm al commensals in  

th e  i n t e s t i n e  b u t  a re  s a p r o p h y te s  o c c u r r in g  n a t u r a l l y  i n  

s o i l  and w a te r  and on v e g e t a t i o n  and t h a t  t h e r e f o r e  t h e i r  

p r e s e n c e  in  a w a te r  s u p p ly  d o es  n o t  n e c e s s a r i l y  I n d i c a t e  

sew age p o l l u t i o n .  C o n s e q u e n t ly ,  d o u b ts  were r a i s e d  as  

t o  th e  v a lu e  o f  th e  c o l i f o r m  t e s t  i n  th e  b a c t e r i o l o g i c a l  

a n a l y s i s  o f  w a t e r ,  th e  v iew  b e in g  h e ld  t h a t  w a te r  s u p p l i e s  

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

co n ta m in a te d  u n l e s s  th e  t y p i c a l  B. c o l i  were found t o  be  

p r e s e n t .  Thus w i t h  sp ec im en s  g i v i n g  p o s i t i v e  c o l i f o r m  

t e s t s  t h e  p r a c t i c e  was ad op ted  o f  d e t e r m in in g  th e  v a r io u s  

t y p e s  o f  c o l i f o r m  o rg a n ism s p r e s e n t .

On th e  o th e r  hand , a c c o r d in g  t o  th e  r e s u l t s  o f  

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

l y  p r e s e n t  i n  f a e c e s .  Thus MacConkey (1905  and 1 9 0 9 )  

i s o l a t e d  h i s  s t r a i n s  o f  n o . 65 (B. o x y t o c u s )  and n o .1 0 3  

( B . ( l a c t i s )  a e r o g e n e s )  m ost f r e q u e n t l y  from human f a e c e s  

and i n  o n ly  a few  c a s e s  from s o i l  and c h e e s e .  He f a i l e d



t o  f i n d  any in  an im a l f a e c e s  and on g r a i n s .  R o g e r s ,

C la rk  and Evans (1 9 1 4 )  r a r e l y  found a e r o g e n e s  t y p e s  in  

b o v in e  f a e c e s ,  b u t  R o g e r s ,  C la rk  and Lubs (1 9 1 8 )  f r e q u e n t 

l y  o b t a in e d  them in  human f a e c e s .  Of 17?  s t r a i n s ,  w h ich  

t h e y  i s o l a t e d  from human f a e c e s  a f t e r  p r e l im i n a r y  e n r i c h 

m ent in  m i l k  a t  20*^0., f o r t y - s i x  w ere a e r o g e n e s  t y p e s .  

M oreover G ru ick sh an k  and G ruickshank  (1 9 3 1 )  and Hay (1 9 3 2 )  

showed b y  e n r ic h m e n t  m ethods t h a t  a e r o g e n e s - c l o a c a e  t y p e s  

w ere p r e s e n t  in  s m a l l  numbers in  m o st  sp e c im e n s  o f  norm al  

human f a e c e s .  Thus I t  w ould  ap p ear  from th e  f i n d i n g s  o f  

t h e s e  w o rk ers  t h a t  su c h  o rg a n ism s a r e  o f  common o c c u r r e n c e  

a s  com m ensals in  t h e  i n t e s t i n e  and t h a t  t h e i r  p r e s e n c e  

i n  w a te r  s u p p l i e s  may w e l l  be due t o  f a e c a l  c o n t a m in a t io n .  

They a r e ,  h o w e v e r ,  more r e s i s t a n t  i n  n a t u r a l  w a te r s  th a n  

th e  B. c o l i  t y p e s  (C lem esha 1 9 1 2 ,  R o g er s  1 9 1 8 ,  W inslow  

and Cohen 1 9 1 8 ,  Gray 1 9 3 2 ,  B u r k e -G a ffn e y  1 9 3 3 ,  P l a t t  

1 9 3 5 ,)  and t h e i r  p r e s e n c e  in  su ch  w a te r  i n  a b se n c e  o f  

t y p i c a l  B. c o l i ,  s i g n i f i e s  t h a t  f a e c a l  c o n ta m in a t io n  h a s  

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

a t  a r e c e n t  d a t e . On t h e  o t h e r  h an d , t h e  p r e s e n c e  o f  

l a r g e  num bers o f  t h e  t y p i c a l  B , c o l i  i n  w a te r  i s  e v id e n c e  

o f  r e c e n t  sewage p o l l u t i o n .

The employment o f  t h e  c o l i f o r m  t e s t  in  w a te r  

a n a l y s i s  was l a r g e l y  r e s p o n s i b l e  f o r  i t s  a d o p t io n  a s  an
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i n d i c a t o r  o f  e x c e s s i v e  c o n ta m in a t io n  o f  m i l k .  The f a c t  

t h a t  v a r io u s  im p o r ta n t  i n f e c t i o u s  d i s e a s e s  may be sp r e a d  

b y m i lk  was e a r l y  r e c o g n i s e d  b y  p u b l i c  h e a l t h  w o r k e r s .

I t  was a l s o  r e a l i s e d  t h a t  i f  care  i s  ta k e n  in  th e  p r o 

d u c t io n  and t r e a tm e n t  o f  m i l k ,  t h e r e  i s  l e s s  r i s k  o f  i t s  

b e in g  c o n ta m in a ted  n o t  o n ly  w i t h  p a t h o g e n ic  o r g a n is m s ,  

b u t  a l s o  w i t h  th e  b a c t e r i a  o c c u r r in g  in  b o v in e  f a e c e s ,  

b y re  d u s t ,  e t c .  Park ( 1 9 0 1 ) ,  von P r e u d e n r e ic h  (1 9 0 2 ,  1903  

and 1 9 0 4 ) ,  Burt* ( 1 9 0 2 ) ,  von P h e u d e n r e lc h  and T honi (1903)>  

Lux ( 1 9 0 4 ) ,  W illem  and M ie le  ( 1 9 0 6 )  and o t h e r s ,  had found  - 

t h a t  m i lk  drawn u nd er  c l e a n  c o n d i t i o n s  d i r e c t l y  from t h e  

u d d er  i n t o  s t e r i l e  b o t t l e s  c o n ta in e d  c o m p a r a t iv e ly  few  

b a c t e r i a .  Von F r e u d e n r e ic h  (1 9 0 2 ,  1903  and 1 9 0 4 ) ,  Burr  

( 1 9 0 2 ) ,  Conn ( 1 9 0 2 ) ,  von F r e u d e n r e ic h  and T h oni ( 1 9 0 3 ) ,  

H a r r iso n  ( 1 9 0 5 ) ,  Heinemann (1905  ) ,  H ouston  ( 1 9 0 5 ) ,  MacConkey 

(1 9 0 6 )  and o t h e r s ,  showed t h a t  u n d er  su c h  c o n d i t i o n s  c o l i f o i  

b a c t e r i a  a r e  g e n e r a l l y  a b s e n t  from m i l k ,  b u t  t h a t  t h e y  f r e 

q u e n t ly  ga to :  a c c e s s  t o  i t  from e x t r a n e o u s  s o u r c e s  a f t e r  i t  1 

draw n, e s p e c i a l l y  i f  t h e r e  has b een  e x c e s s i v e  c o n ta m in a t io n .  

V a r io u s  w o rk er s  -  Park ( 1 9 0 1 ) ,  H i c o l l e  and P e t i t  ( 1 9 0 3 ) ,

Conn and E s te n  ( 1 9 0 4 ) ,  Koning ( 1 9 0 5 ) ,  H a r r iso n  ( 1 9 0 5 ) ,  

H ouston  ( 1 9 0 5 ) ,  e t c . ,  -  had a l s o  found t h a t  th e r e  was 

l i t t l e  o r  no m u l t i p l i c a t i o n  o f  b a c t e r i a ,  i n c l u d i n g  c o l  i f
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form t y p e s ,  in  m i lk  w h ich  i s  r a p i d l y  c o o le d  and h e ld  a t  

t e m p e r a tu r e s  b e lo w  1 0  o r  11*^0. A c c o r d in g ly  th e  i n c i d 

en ce  o f  c o l i f o r m  o r g a n is m s ,  a s  d e te r m in e d  b y  t h e  c o l i 

form t e s t ,  i n  m i lk  w h ich  had b een  r a p i d l y  c o o le d  and h e ld  

a t  lo w  t e m p e r a t u r e s ,  was w id e ly  a c c e p t e d  as an in d e x  o f  

th e  e x t e n t  o f  i t s  c o n ta m in a t io n  w i t h  e x tr a n e o u s  b a c t e r i a ,  

e s p e c i a l l y  t h o s e  from f a e c a l  s o u r c e s ,  and c o n s e q u e n t ly  

where d o u b ts  a r o s e  a s  t o  th e  " p u r ity "  o f  t h e  m i l k ,  i . e . ,  

freedom  frdm e x c e s s i v e  c o n ta m in a t io n  o r  from t a i n t s , th e  

c o l i f o r m  t e s t  was v e r y  f r e q u e n t l y  c a r r i e d  o u t .  H ouston  

(1 9 0 6 )  r e c o g n i s e d  th e  g r e a t  v a lu e  o f  t h i s  t e s t ,  a lo n g  

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

a c c o r d in g  t o  i t s  r e l a t i v e  freedom  from c o n ta m in a t io n .  He 

s u g g e s t e d  c e r t a i n  s ta n d a r d s  fo r  h i s  n in e  d i f f e r e n t  

" c l a s s e s  o f  m ilk "  -  no c o l i f o r m  b a c t e r i a  i n  100  c . c .  

( F i r s t  C l a s s ) ;  hone in  1 0  c . c .  (Secon d  C l a s s ) ;  none in  

1 c . c .  (T h ird  C l a s s ) ,  e t c .  In  1 9 2 3  th e  c o l i f o r m  t e s t  was 

a d o p ted  b y  th e  M i n i s t r y  o f  H e a lth  f o r  E ngland  and th e  De

p artm en t o f  H e a l th  f o r  S c o t la n d  a s  one o f  th e  t e s t s  f o r  

t h e  g r a d in g  o f  m i lk .  Thus a c c o r d in g  t o  t h e  M ilk  ( S p e c i a l  

D e s i g n a t i o n s )  O rder, 1 9 2 3 ,  m i lk  o f  th e  " C e r t i f i e d "  g ra d e  

m ust n o t  c o n t a in  c o l i f o r m  b a c t e r i a  i n  1 / 1 0  m l . ,  and m i lk  

o f  "Grade A (T u b e r c u l in  T e s t e d )" and "Grade A" s ta n d a r d s  

m ust n o t  c o n t a in  c o l i f o r m  b a c t e r i a  i n  1 / 1 0 0  m l .  T hese
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s ta n d a r d s  have b e e n  r e t a i n e d  f o r  th e  c o r r e s p o n d in g  g r a d e s  

o f  m i lk  under th e  term s o f  th e  M ilk  ( S p e c i a l  D e s ig n a t io n s  ): 

O rder, 1 9 3 6 ,

The c o l i f o r m  t e s t ,  as c a r r ie d  o u t  fo r  s t a t u t o r y  

p u r p o se s  by P u b l i c  H e a lth  A u t h o r i t i e s ,  c o n s i s t s  m e r e ly  

i n  t h e  d e t e c t i o n  o f  t h e  p r e s e n c e  or absence o f  c o l i f o r m  

o rg a n ism s i n  c e r t a i n  q u a n t i t i e s  o f  t h e  m i lk  ( i . e .  th e  

a p p ro x im a te  d e t e r m in a t io n  o f  t h e i r  i n c id e n c e  in  th e  m i l k ) /  

and t h e r e f o r e  no in fo r m a t io n  i s  o b ta in e d  w i t h  r e g a r d  to  , ; 

th e  ty p e s  p r e s e n t .  T h is  i s  r e g a r d e d  a s  a s e r i o u s  d i s 

a d v a n ta g e  by  c e r t a i n  w ork ers who are  o f  th e  o p in io n  t h a t  

th e  a e r o g e n e s - c l o a c a e  ty p e s  w h ich  o c c u r  i n  m i lk ,  are  n o n -  

f a e c a l  i n  o r i g i n  and t h e r e f o r e  r e p r e s e n t  a much l e s s  ob 

j e c t i o n a b l e  form o f  c o n ta m in a t io n  th a n  th e  t y p i c a l  B . c o l 1 

o r  s o - c a l l e d  f a e c a l  t y p e s .  T h is  v ie w , i f  c o r r e c t ,  would  

c a r r y  a l l  th e  g r e a t e r  w e ig h t  from t h e  f a c t  t h a t  a e r o g e n e s  

c lo a c a e  t y p e s  are  o f  common o c c u r r e n c e  i n  m i lk  (M acConkey/ 

1 9 0 6 ;  Orr 1 9 0 8 ;  R o g e r s ,  C lark  and D a v is  1 9 1 4 ;  L e v in e  1 9 2 1 /  

K lin e  1 9 3 0 ;  Kon 1 9 3 3 ;  2 a v a g i i  1 9 3 3 ;  Y a le  1 9 3 3 ) .  In  an; /   ̂

i n v e s t i g a t i o n  by th e  w r i t e r  (1 9 3 3 )  o f  t h e  ty p e s  o f  c o l l f o i ^  

b a c t e r i a  o c c u r r in g  in  "raw" or u n p a s t e u r i s e d  m i lk  a t  

d i f f e r e n t  s e a s o n s ,  359 c u l t u r e s  o f  t h e s e  organ ism s were  

i s o l a t e d  from sp ec im en s  o f  raw m i lk  d u r in g  a w in te r  p e r io d  

when th e  cows were c o n f in e d  f o r  th e  g r e a t e r  p a r t  o f  th e
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day  t o  b y r e s ,  and 438  c u l t u r e s  d u r in g  a summer p e r io d  ; 

when th e  cows were a t  p a s tu r e  and b ro u g h t  i n t o  th e  b y r e s  

o n ly  a t  m i lk in g  t im e .  I t  was found t h a t  th e  c o l i f o r m  

f l o r a  o f  th e  m i lk  v a r ie d  g r e a t l y  a c c o r d in g  t o  s e a s o n .

Thus i n  w in t e r  th e  r a t i o  o f  t y p i c a l  B . c o l l  t o  a e r o g e n e s -  

c lo a c a e  t y p e s  was 2 « 4 ; 1 ,  w h i le  in  summer i t  was 0 * 7 : 1 .  ;

S in c e  t y p i c a l  B. c o l i  are  th e  pred om inan t t y p e s  i n  b o v in e  

f a e c e s ,  i t  was s u g g e s t e d  t h a t  t h i s  v a r i a t i o n  was a s s o c i a - :  

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

th e  m i lk  i n  w in t e r  when t h e  cows w ere c o n f in e d  t o  b y r e s  

th a n  i n  summer when t h e y  were a t  p a s t u r e .  There rem ain ed  

how ever t o  be s e t t l e d  th e  q u e s t i o n  o f  th e  so u r c e  o f  th e  

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

w h ich  a r e  r e s p o n s i b l e  f o r  t h e i r  p r e v a le n c e  in  i t  d u r in g  

summer. A c c o r d in g ly ,  in  v ie w  o f  t h e  im p o rta n ce  a t t a c h e d  

t o  th e  c o l i f o r m  t e s t  in  th e  b a c t e r i o l o g i c a l  e x a m in a t io n  

o f  m i lk  s u p p l i e s  and o f  th e  f a c t  t h a t  c o l i f o r m  o r g a n is m s ,  

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

s p o n s i b l e  fo r  s p o i l a g e  o f  m i lk  and cream and d e f e c t s  in  

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

work f o r  th e  p u r p o se  o f  e l u c i d a t i n g  t h e s e  q u e s t i o n s .

T h is  i n v e s t i g a t i o n  h a s  now b e e n  co m p le ted  and forms th e  

s u b j e c t  m a tte r  o f  S e c t i o n s  I I v  .and't'II#ÿ o f  t h e  p r e s e n t  

t h e s i s .  In  t h e  c o u r s e  o f  t h e  work l a r g e  numbers o f  r
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c o l i f o r m  b a c t e r i a  were I s o l a t e d  and t h e i r  c h a r a c t e r s  d e 

t e r m in e d .  A d i f f i c u l t y ,  h o w ev er , a r o s e  w i t h  r e g a r d  t o  th e  

c l a s s i f i c a t i o n  o f  th e  o rg a n ism s ow in g  t o  th e  w i d e l y  d i f 

f e r i n g  v ie w s  h e ld  b y  v a r io u s  w o r k e r s .  An e x a m in a t io n  was 

t h e r e f o r e  made o f  th e  s y s t e m a t i c  v a lu e  o f  th e  b i o l o g i c a l  

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

p r e v io u s  (Malcolm 1 9 3 3 ) ,  i n v e s t i g a t i o n .  T h is  s tu d y  c o n 

s t i t u t e s  ' S e c t i o n  IV. : o f  t h e  t h e s i s .  I t  h as  l e d  t o  

t h e  e l a b o r a t i o n  o f  a scheme o f  c l a s s i f i c a t i o n  w h ic h ,  i t  

i s  b e l i e v e d ,  e n a b le s  t h e  o rg a n ism s t o  b e  c l a s s i f i e d  i n  a 

s a t i s f a c t o r y  m anner, and i s  more l o g i c a l  and com p reh en sive  

th a n  any y e t  d e v i s e d .

P r io r  t o  t h e  commencement o f  t h e  w ork , th e  c h i e f  

p rim a ry  s o u r c e s  from w h ic h  c o l i f o r m  o rg a n ism s may g a in  

a c c e s s  t o  m i lk  a t  th e  farm were c o n s i d e r e d ,  nam ely  fo d d er  

and b e d d in g  ( i . e .  h a y ,  e n s i l a g e ,  s t r a w ) , c e r e a l  g r a i n s ,  

f e e d i n g  c a k e s ,  g r a s s ,  s o i l  and b o v in e  f a e c e s . As p r e 

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

c o l i  are  th e  p r e v a l e n t  t y p e s  in  human and an im al f a e c e s  

b u t  in  a b se n c e  o f  r e c e n t  f a e c a l  c o n ta m in a t io n  t h e y  do n o t  

o c c u r  t o  any e x t e n t  on v e g e t a t i o n  and c e r e a l  g r a i n s  and 

i n  t h e  s o i l  and w a te r  s u p p l i e s .  The a e r o g e n e s - c l o a c a e  

t y p e s ,  a c c o r d in g  t o  many w o r k e r s ,  a r e  se ld om  p r e s e n t  in  

f a e c e s  b u t  f r e q u e n t l y  o cc u r  on v e g e t a t i o n ,  e n s i l a g e .
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c e r e a l  g r a i n s  and i n  s o i l .  As r e g a r d s  th e  l a t t e r ,  how

e v e r ,  some i n v e s t i g a t o r s  are  o f  t h e  o p in i o n  t h a t  su c h  

t y p e s  are  a lm o s t  i n v a r i a b l y  p r e s e n t  i n  f a e c e s  b u t  i n  s m a ll  

n u m b ers . T h ese  f i n d i n g s  w i t h  r e g a r d  t o  t h e  d i s t r i b u t i o n  

o f  a e r o g e n e s - c l o a c a e  t y p e s  in  n a tu r e  were b orn e  in  mind  

i n  c o n s i d e r i n g  t h e  p r im ary  s o u r c e s  from w h ic h  t h e  o rg a n ism s  

may g a in  a c c e s s  t o  m i l k .  The f a c t ,  h o w e v e r ,  t h a t  a e r o 

g e n e s  - c l o a c a e  t y p e s  a r e  m ost p r e v a l e n t  i n  m i lk  i n  summer 

(M alcolm  1 9 3 3 ;  W ilso n  1 9 3 5 )  e n a b le d  a number o f  t h e s e  

s o u r c e s  o f  c o n ta m in a t io n  t o  be e l i m i n a t e d .  Thus a t  t h i s  

s e a s o n  th e  cows are  a t  p a s tu r e  and b ro u g h t  i n t o  th e  b y r e s  

o n l y  a t  m i l k i n g  t i m e . C o n se q u e n t ly  t h e y  a r e  n o t  p r o v id e d  

w i t h  fo d d e r  and b e d d in g  and t h e r e  i s  l i t t l e  o r  no p o s s i 

b i l i t y  o f  th e  m i lk  b e i n g  co n ta m in a ted  w i t h  h a y ,  e n s i l a g e  

and s t r a w ,  o r  d u s t  from t h e s e  m a t e r i a l s .  I t  i s  p o s s i b l e  

t h a t  c o n ta m in a t io n  o f  t h e  c o a t s  o f  t h e  cows may o c c u r  In  

summer from c o n t a c t  w i t h  p a s tu r e  p l a n t s ,  b u t  as  th e  

a n im a ls  move f r e e l y  ab ou t th e  f i e l d s ,  t h e y  t h e m s e lv e s  i n  

many, i f  n o t  i n  m o s t ,  i n s t a n c e s  may be r e s p o n s i b l e  f o r  th e  

p r e s e n c e  o f  c o l i f o r m  b a c t e r i a  on t h e  p l a n t s .  In  any c a s e  

W ils o n  (1 9 3 5 )  found t h a t  a e r o g e n e s - c l o a c a e  t y p e s  were  

c o m p a r a t iv e ly  se ldom  p r e s e n t  on w hat he term ed  th e  " s o i l -  

c o n ta m in a te d  m a t e r i a l s "  -  s t r a w , h a y ,  g r a s s ,  d e c a y in g  

l e a v e s ,  w a te r  and s w e d e s .  He f r e q u e n t l y  o b ta in e d  them
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from c e r e a l  g r a i n s ,  m e a ls  and f e e d i n g  c a k e s ,  b u t  t h e r e  i s  

l i t t l e  o r  no p o s s i b i l i t y  o f  m i lk  b e i n g  co n ta m in a te d  from 

t h e s e  s o u r c e s  in  summer a s  a t  t h i s  s e a s o n  t h e  cow s, b e i n g  

a t  p a s t u r e ,  r e c e i v e  o n ly  v e r y  s m a ll  q u a n t i t i e s ,  i f  a n y , o f  

s u c h  f o o d s . On th e  o t h e r  hand , th e  c o a t s  o f  th e  cows may 

be c o n ta m in a te d  in  summer w i t h  mud. T h i s ,  h o w ev er , i s  more 

l i k e l y  to  happen  i n  w in t e r  than  in  summer, a s  i n  w in t e r  t h e  

f i e l d s ,  r o a d s  and g a tew a y s  where th e  cows go f o r  e x e r c i s e ,  

a r e  g e n e r a l l y  in  a w e t t e r  and m uddier  c o n d i t i o n .  In  any  

c a s e  su ch  mud i s  a s  a r u l e  h e a v i l y  c o n ta m in a te d  Y/ith f a e c e s ,  

and t h e  c o l i f o r m  o r g a n ism s  p r e s e n t  w i l l  in  a l l  l i k e l i h o o d  

be o f  f a e c a l  o r i g i n .  In  t h i s  c o n n e c t io n  i t  m ust be remem

b e r e d  t h a t  H ouston  ( 1 8 9 7 -1 8 9 8 ,  1 8 9 9 - 1 9 0 0 ,  1 9 0 0 - 1 9 0 1 ,  1 9 0 2 -  

1 9 0 3 ) ,  B u r k e -G a ffn e y  ( 1 9 3 2 ) ,  B a r d s le y  (1 9 3 4 )  and o t h e r s ,  

have found t h a t  c o l i f o r m  o rg a n ism s  a r e  f r e q u e n t l y  a b s e n t  

from s o i l s  w h ich  are  f r e e  o r  r e l a t i v e l y  f r e e  from f a e c a l  

c o n t a m in a t io n .  M o reo v er , B a r d s le y  (1 9 3 4 )  found  t h a t  where  

c o l i f o r m  o r g a n ism s  o c c u r  i n  su ch  s o i l s  in  B r i t a i n ,  t h e y  a r e  

l a r g e l y  o f  B. c o l l  and I n t e r m e d ia t e  t y p e s  ( 3 1 . 0  p e r  c e n t .  

B . c o l i  and 6 6 .4  p e r  c e n t .  I n t e r m e d i a t e ) ,  a e r o g e n e s  t y p e s  

b e i n g  c o m p a r a t iv e ly  r a r e . W ilso n  (1 9 3 5 )  i n  d i s c u s s i n g  

t h e  co m p a r a t iv e  a b se n c e  o f  a e r o g e n e s - c l o a c a e  t y p e s  

from s o i l - c o n ta m in a te d  m a t e r i a l s  s u c h  a s  s t r a w ,  h a y ,  

g r a s s ,  w a te r  and s w e d e s ,  s t a t e s  t h a t  t h i s  "to  some 

e x t e n t  c o n f ir m s  B a r d s l e y ' s  o b s e r v a t i o n s  on
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t h e  in f r e q u e n c y  o f  a e r o g e n e s - c l o a c a e  o r g a n ism s  i n  th e  s o i l  

o f  t h i s  c o u n tr y " .  A lth o u g h  d u s t  i s  more p r e v a l e n t  in  

summer th a n  i n  w i n t e r ,  i t  a r i s e s  c h i e f l y  from r o a d s ,  

e s p e c i a l l y  u n ta r r e d  farm r o a d s ,  and n o t  from f i e l d s  c a r r y 

i n g  t h e i r  summer c r o p s .  Such road  d u s t  i s  a lm o s t  c e r t a i n  

t o  c o n t a in  p a r t i c l e s  o f  f a e c e s .  W ils o n  (1 9 3 5 )  s u g g e s t s  

t h a t  m i l k  may be c o n ta m in a te d  w i t h  a e r o g e n e s - c l o a c a e  t y p e s  

i n  summer from th e  d u s t  from f e e d i n g  s u b s t a n c e s ,  b u t  a s  

p r e v i o u s l y  s t a t e d ,  i n  summer, su c h  fo o d s  a r e  e i t h e r  n o t  

g iv e n  a t  a l l  o r  o n ly  t o  a v e r y  l i m i t e d  e x t e n t .

In  v ie w  o f  t h e s e  f a c t s  i t  was d e c id e d  t o  i n 

v e s t i g a t e  w h e th er  the  r e m a in in g  p r im a ry  s o u r c e  o f  c o l i f o r m  

c o n ta m in a t io n  o f  m i l k ,  b o v in e  f a e c e s ,  may n o t  b e  r e s p o n s i b le  

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

A lth o u g h  i t  i s  g e n e r a l l y  s t a t e d  and a c c e p t e d  t h a t  su ch  

o r g a n ism s  a r e  se ld o m  p r e s e n t  in  b o v in e  f a e c e s ,  n e v e r t h e l e s s j  

t h i s  v ie w  i s  n o t  su p p o r te d  by  th e  r e s u l t s  o f  some w o r k e r s .  

Thus A l l e n  (1 9 2 3 )  found t h a t  8 .4  p e r  c e n t ,  o f  th e  t o t a l  

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

ty p e  and D orner (1 9 2 6 )  showed t h a t  a t  c e r t a i n  p e r io d s  B. 

a e r o g e n e s  t y p e s  ap p ea red  t o  p red o m in a te  s t r o n g l y  b u t  a t  

o t h e r  p e r i o d s  B. c o l i .  M oreover Ford (1 9 2 7 )  s t a t e d  t h a t  

B. a e r o g e n e s  o c c u r s  c h i e f l y  i n  b o v in e  f a e c e s ,  w h i l e  a c c o r d 

in g  t o  Sherman (1 9 3 5 )  B. a e r o g e n e s  t y p e s  o c c u r  c o n s t a n t l y
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i n  a n im a l f a e c e s  th o u g h  i n  r e l a t i v e l y  s m a l l  n u m b ers . I t  

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

c lo a c a e  t y p e s  In b o v in e  f a e c e s  may be s i m i l a r  t o  what 

G ru ick sh an k  and G ruickshank  (1 9 3 1 )  and Hay (1 9 3 2 )  found  

w it h  human f a e c e s ,  nam ely  t h a t  su c h  o rg a n ism s  a re  a lm o st  /  

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

c a s e , th is ;  m a t e r i a l  may c o n s t i t u t e  an im p o r ta n t  prim ary  

s o u r c e  o f  t h e s e  t y p e s  in  m i l k ,  f o r  a l t h o u g h  t h e y  may b e  

p r e s e n t  o n ly  in  s m a l l  numbers i n  t h e  f a e c e s ,  t h e i r  r e 

l a t i v e l y  h ig h  pow ers o f  r e s i s t a n c e  may e n a b le  them t o  

become e n r ic h e d  i n  th e  m i lk ,  i n  th e  u t e n s i l s  and e l s e w h e r e .  

A c c o r d in g ly  in  t h e  f i r s t  p la c e  an i n v e s t i g a t i o n  was c a r r ie d  

o u t  t o  d e te r m in e  w h eth er  a q r o g e n e s - c lo a c a e  t y p e s  w ere  

f r e q u e n t l y  p r e s e n t  i n  b o v in e  f a e c e s .

Specim ens o f  f r e s h  f a e c e s : ,  b o t h  from cows 

c o n f in e d  t o  b y r e s  in  w in te r  and from cows a t  p a s t u r e  i n  

summer, w ere exam ined  b a c t e r i o l o g i c a l l y  t o  d e te r m in e  by  

th e  o r d in a r y  m ethods o f  i s o l a t i o n  th e  v a r io u s  t y p e s  o f  

c o l i f o r m  b a c t e r i a  w h ich  a re  p r e s e n t  u nd er t h e s e  v a r y in g  

c o n d i t i o n s .  The c u l t u r e s  th u s  i s o l a t e d  were found t o  

c o n s i s t  c h i e f l y  o f  B. c o l i  t y p e s ,  th e  m ost p r e v a l e n t  

o r g a n ism s  b e in g  B. c o l i  communier (MacConkey*s ty p e  n o . 7 1 )  

and B . c o l i  communis (MacConkey’s ty p e  n o . 3 4 ) ,  a s  i n  

f a e c e s  o f  human o r i g i n .  (More th a n  h a l f  o f  th e  c u l t u r e s
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w ere Of B . c o l i  communior t y p e ) .  C o m p a r a t iv e ly  few  

a e r o g e n e s - c l o a c a e  c u l t u r e s  w ere o b t a i n e d . There was no 

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

and summer c o n d i t i o n s .  H aving r e g a r d  t o  t h e s e  r e s u l t s  i t  

was c o n s id e r e d  t h a t  t h e  f a i l u r e  t o  o b t a in  a e r o g e n e s - c l o a c a e  

t y p e s  more f r e q u e n t l y  m ig h t  be due t o  th e  s m a ll  number o f  

t h e s e  o rg a n ism s  i n  t h e  f a e c e s  a s  compared w i t h  B . c o l i  

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

te r m in e  w h eth er  t h e  form er co u ld  be o b ta in e d  more f r e 

q u e n t ly  from b o v in e  f a e c e s  by e n r ic h m e n t  m ethods o f  i s o l a 

t i o n .  V a r io u s  m ethods w ere u sed  t o  e n r i c h  t h e  o rg a n ism s  

p r i o r  t o  p l a t i n g ,  e . g . ,  t h e i r  c u l t i v a t i o n  i n  p ep to n e  w a te r  

c o n t a i n i n g  b r i l l i a n t  g r e e n  o r  in  K o s e r ' s  f l u i d  c i t r a t e  

medium. I t  was found t h a t  more th a n  one s u b c u l t u r i n g  -  

two i n  t h e  c a s e  o f  b r i l l i a n t  g r e e n  p e p to n e  w a te r  and t h r e e  

i n  t h e  c a s e  o f  K oser*s medium -  in  t h e  en r ic h m e n t  medium 

was n e c e s s a r y  t o  e l i m i n a t e  th e  t y p i c a l  B . c o l l .  P r o t e u s  

t y p e s  grew  w e l l  i n  K oser^s medium b u t  c o u ld  be  ch eck ed  b y  

th e  a d d i t i o n  o f  1 :1 0 0 0  t o  1 :2 0 0 0  cop p er  s u l p h a t e .  By 

employing su c h  e n r ic h m e n t  m ethods i t  was found t h a t  o r g a n 

ism s o f  a e r o g e n e s - c l o a c a e  ty p e s  c o u ld  be  i s o l a t e d  from  

a lm o s t  a l l  th e  f a e c a l  sp ec im e n s  and t h e r e  was no s i g n i 

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

summer and w in t e r  c o n d i t i o n s . B . c lo a c a e  (M acConkey’s



- 1 8 -

ty p e  n o .  1 0 8 )  and. B. a e r o g e n e s  (MacConkey *s ty p e  n o . 1 0 3 )  

were th e  t y p e s  m ost f r e q u e n t l y  o b t a i n e d .

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

t i o n s  t h e  t y p i c a l  B . c o l i  p red o m in a te  i n  b o v in e  f a e c e s  

b u t  th e  a e r o g e n e s - c l o a c a e  t y p e s  a r e  p r a c t i c a l l y  a lw a y s  

p r e s e n t ,  th o u g h  n o r m a l ly  i n  s m a l l  num bers. The o c c u r r e h c e  

o f  a e r o g e n e s - c l o a c a e  t y p e s  i n  a lm o s t  a l l  t h e  sp e c im e n s  o f  

b o v in e  f a e c e s  showed t h a t  t h i s  m a t e r i a l  may c o n s t i t u t e  an 

im p o r ta n t  p r im ary  s o u r c e  o f  su c h  o r g a n ism s  i n  m i l k .  M ore

o v e r ,  t h i s  f i n d i n g  was su p p o rted  b y  t h e  o b s e r v a t i o n  t h a t  

in  t h e  w in t e r  t im e th e  same r a t i o s  h o ld  f o r  a e r o g e n e s -  

c l o a c a e  t y p e s  t o  B . c o l i  t y p e s  i n  th e  f a e c e s  and i n  th e  

m i l k .  W ith  r e g a r d  t o  t h e  in c i d e n c e  o f  th e  v a r i o u s  t y p e s  

i n  th e  s p e c im e n s ,  h o w e v e r ,  an e x p l a n a t i o n  had y e t  t o  be  

o b t a in e d  f o r  th e  f a c t  t h a t  th e  r a t i o  o f  a e r o g e n e s - c l o a c a e  

t y p e s  t o  B . c o l i  was much h ig h e r  in  summer w ith  th e  m i lk  

th a n  v / i th  th e  f a e c e s ,  and th e  r a t i o  was a l s o  much h ig h e r  

w it h  summer m i lk  th a n  w i t h  w in t e r  m i l k .  In  c o n s i d e r i n g  

t h i s  v a r i a t i o n  i n  th e  c o l i f o r m  f l o r a  o f  m i lk  a c c o r d in g  

t o  summer and w in t e r  c o n d i t i o n s ,  i t  was th o u g h t  t h a t  th e  

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

summer m i lk  may be due t o  t h e  f a c t  t h a t  w h i le  un d er  b o th  

summer and w in te r  c o n d i t i o n s  f a e c a l  c o n ta m in a t io n  o f  th e  

m ilk  may o c c u r ,  i n  w in t e r  t h e r e  i s  l i t t l e  o r  no g ro w th  o f



- 1 9 -

any c o l i f o r m  t y p e s  i n  th e  m i lk  so  t h a t  t h e  c o l i f o r m  

f l o r a  r e s e m b le s  t h a t  o f  f a e c e s ,  w h erea s  in  summer t h e r e  

i s  c o n s id e r a b l e  g ro w th  and m u l t i p l i c a t i o n  o f  th e  a e r o 

g e n e s  - c l o a c a e  t y p e s ,  b u t  n o t  o f  th e  B* c o l i ,  and a s  a 

r e s u l t  th e  form er become e n r ic h e d  in  t h e  m i lk .  There w ere  

grou n d s f o r  t h i s  s u p p o s i t i o n ,  a s  i t  had b e e n  foun d  i n  a 

p r e v io u s  i n v e s t i g a t i o n  (Malcolm 1 9 3 5 )  t h a t  (a )  th e  a v e r a g e  

b a c t e r i a l  c o n t e n t  o f  sp ec im en s  o f  m i lk  from a group  o f  

farm s i s  a s  a r u l e  much h ig h e r  i n  summer th a n  i n  w i n t e r ,

( b ) t h e  i n c id e n c e  o f  c o l i f o r m  o r g a n ism s  i n  th e  s p e c im e n s ,  

as  shown b y  th e  c o l i f o r m  t e s t ,  i s  much h ig h e r  i n  summer 

th a n  i n  w i n t e r ,  and ( c )  t h e r e  i s  a h ig h  c o r r e l a t i o n  b e -  

tv/een t h e  a v e r a g e  b a c t e r i a l  c o n t e n t  o f  a s e r i e s  o f  su ch  

s p e c im e n s ,  th e  p r o p o r t io n  o f  c o l l f o r m - p o s i t i v e  sam p les  

and t h e  mean o f  th e  d a i l y  minimum and maximum a tm o s p h e r ic  

t e m p e r a t u r e s .  At t h e  t im e  i t  was s u g g e s t e d  t h a t  t h i s  

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

t e m p e r a tu r e  on t h e  r a t e  o f  m u l t i p l i c a t i o n  o f  th e  b a c t e r i a l  

c o n ta m in a n ts  ( i n c l u d i n g  c o l i f o r m  o r g a n is m s )  b o t h  i n  m i lk ,  

w h ich  h a s  n o t  b e e n  p r o p e r ly  c o o l e d ,  and i n  u t e n s i l s  w h ich  

have n o t  b een  thoroughly^ s t e r i l i s e d .

In  v ie w  o f  t h e s e  f a c t s  i t  was d e c id e d  t o  c a r r y  

o u t a f u r t h e r  i n v e s t i g a t i o n  t o  f i n d  w h e th er  a e r o g e n e s -  

c lo a c a e  t y p e s  m ig h t  n o t  become e n r i c h e d  i n  m i lk  h e ld  a t
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lo w  te m p e r a tu r e s  su ch  a s  p r e v a i l  i n  d a i r y  p r a c t i c e .  C u l

t u r e s  o f  v a r io u s  t y p e s  o f  c o l i f o r m  b a c t e r i a  -  B . c o l i ,

B . c l o a c a e ,  B .o x y t o c u s  and B .a e r o g e n e s  -  were grown i n  

p a r t i a l l y  o r  c o m p le t e ly  s t e r i l i s e d  m i lk  f o r  24 h ou rs  a t  

1 7 ^ 0 . ,  th e  b a c t e r i a l  numbers i n  th e  m i lk  b e f o r e  and a f t e r  

in c u b a t i o n  b e in g  d e te r m in e d  b y  t h e  p l a t i n g  m eth od . In  

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

r a p i d l y  th a n  t h e  B. c o l i .  There was a p o s s i b i l i t y  t h a t  

d i f f e r e n t  r e s u l t s  m ig h t  have b e e n  o b ta in e d  i f  raw m i lk  

had b e e n  u se d  i n s t e a d  o f  s t e r i l i s e d ,  s i n c e  raw m i lk ,  

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

t e r i c i d a l  p r o p e r t i e s ,  w h ich  may h ave a g r e a t e r  e f f e c t  on  

a e r o g e n e s - c l o a c a e  t y p e s ,  th a n  on B , c o l i .  The e x p e r im e n t

was t h e r e f o r e  r e p e a t e d  w i t h  raw I n s t e a d  o f  s t e r i l i s e d
* ^

m i l k .  I t  was found t h a t  w h i le  th e  raw m i lk  had a marked  

b a c t e r i o s t a t i c  a c t i o n  on c e r t a i n  c o l i f o r m  o r g a n is m s ,  b o th  

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

c l o a c a e  were g e n e r a l l y  a f f e c t e d  t o  a much l e s s  e x t e n t  

th a n  th e  B . c o l i  and as a r u l e  m u l t i p l i e d  much more r a p i d 

l y .  As th e  p l a t e  c o u n t in g  m eth od , u se d  i n  t h e s e  e x p e r i 

m en ts  t o  d e te r m in e  t h e  r a t e  o f  b a c t e r i a l  m u l t i p l i c a t i o n ,  

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

i n  c l u s t e r s  i n  th e  m i l k ,  m ic r o s c o p ic  e x a m in a t io n  i n  many 

i n s t a n c e s  was made o f  t h e  p rim ary  b a c t e r i a l  s u s p e n s io n s
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w i t  h  w h ich  th é  m i lk  was I n o c u la t e d  and o f  t h e  i n o c u l a t e d  

m ilk  a f t e r  3 days in c u b a t io n  a t  1 7 ^ 0 . H owever, t h e r e  

was l i t t l e  or  no te n d e n c y  t o  c lu m p in g  e i t h e r  w i t h  th e  

s t e r i l i s e d  o r  w i t h  t h e  raw m i lk .  M o reo v er , th e  i n i t i a l  

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

w i t h  th e  e s t i m a t e  b a se d  on t h e  co u n t t o  w h ich  th e  p r im a ry  v 
s u s p e n s io n s  o f  t h e  in o cu lu m s had b e e n  s t a n d a r d i s e d  b y  th e  

o p a c i t y  m eth o d .

There was a p o s s i b i l i t y  t h a t  t h e  r e l a t i v e  r a t e s  

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

t y p e s  m ig h t  v a r y  w id e ly  a c c o r d in g  t o  w h eth er  th e  o rg a n ism s  

w ere l i v i n g  in  pure c u l t u r e s  o r  i n  m ixed  c u l t u r e s  o f  

c o l i f o r m  t y p e s .  E x p er im en ts  were t h e r e f o r e  c a r r ie d  o u t  

t o  d e te r m in e  w h eth er  a e r o g e n e s - c l o a c a e  t y p e s  would m u l t i p l y  

more r a p i d l y  th a n  B. c o l i ,  when m ixed  c u l t u r e s ,  e a c h  con-^ 

s l a t i n g  o f  a B. c o l i  and an a e r o g e n e s r c lo a c a e  t y p e ,  wer©̂  ̂ /  

grown i n  s t e r i l i s e d  m i lk  h e ld  a t  1 7 ^ 0 . f o r  24 h o u r s .  The 

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

t y p e s  i n  e a c h  c u l t u r e  was d e te r m in e d .  I t  was found t h a t  

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

more r a p i d l y  th a n  th e  B. c o l l ,  -  o f t e n  much more r a p id ly  /  

i . e . ,  th e  b e h a v io u r  o f  t h e  o rg a n ism s in  m ixed  c u l t u r e  was 

s i m i l a r  t o  t h a t  in  pure c u l t u r e .

The q u e s t i o n  was then  c o n s id e r e d  as t o  w h eth er



te m p e r a tu r e  had any marked i n f l u e n c e  on th e  r e s u l t s  • M ixed  

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

e x p e r im e n t ,  w ere  grown i n  m i lk  f o r  24 h o u r s ,  n o t  o n ly  a t  

1 7 °C . b u t  a l s o  a t  2 2 ° G . ,  3 0 ° G . ,  and 3 7 °C . The r e s u l t s  

showed t h a t  a t  2 2 ° C . ,  a s  a t  1Y °G ., t h e  a e r o g e n e s - c l o a c a e  

ty p e  m u l t i p l i e d  a s  a r u l e  more r a p i d l y  th a n  th e  B* c o l i ,  

h u t  a t  3 0 ^ 0 . and 3 7 ^ 0 . th e  r e v e r s e  was t h e  c a s e .  Thus 

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

and B. c o l i  t y p e s  i n  m ilk  v a r i e d  w i t h  t e m p e r a tu r e .

The i n v e s t i g a t i o n  had th u s  shown ( l ) t h a t  a e r o 

g e n e s  - c l o a c a e  t y p e s  w ere a lm o st  a lw a y s  p r e s e n t ,  th o u g h  i n  

sm a ll  num bers, in  b o v in e  f a e c e s  and (2 )  t h a t  th e y  m u l t i 

p l i e d  more r a p i d l y  th a n  B. c o l i  t y p e s  i n  m i lk  h e ld  a t  

22^ 0 . o r  lo w e r  t e m p e r a t u r e s .  From t h e s e  r e s u l t s  th e  i n -  ' 

f e r e n c e  was drawn t h a t  m i l k ,  w h ich  i s  co n ta m in a te d  w i t h  

b o v in e  f a e c e s ,  and c o o le d  and h e ld  a t  a te m p e ra tu r e  o f  

1 7 ^ 0 . o r  2 2 ^ 0 . 9 may u l t i m a t e l y  c o n t a in  a c o l i f o r m  f l o r a  

c o n s i s t i n g  l a r g e l y  o f  a e r o g e n e s - c l o a c a e  t y p e s .  To d e 

te r m in e  w h eth er  t h i s  was th e  c a s e ,  sp e c im e n s  o f  b o v in e  

f a e c e s  were i n o c u l a t e d  i n t o  raw m i lk  and th e  c u l t u r e s  k ep t  

a t  1 7 ^ 0 . f o r  36 h o u r s .  P l a t e s  o f  M acConkey’s a g a r  were  

s t r o k e d  i n  s e r i e s  from e a c h  m i lk  c u l t u r e  and a l a r g e  number 

o f  c o l o n i e s  p ic k e d  o f f  from e a c h  s e t  o f  p l a t e s  and typed  .

I t  was fou n d  t h a t  th e  a e r o g e n e s - c l o a c a e  t y p e s  o c c u r r in g  in
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t h e  f a e c e s  became e n r ic h e d  in  th e  m i l k ,  th e  c o l i  form f l o r a  

o f  t h e  m i lk  a t  t h e  end o f  t h e  in c u b a t io n  p e r i o d  f r e q u e n t l y  

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

From th e  r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s ,  th e  

c o n c l u s i o n  i s  drawn t h a t  th e  g r e a t e r  in c i d e n c e  o f  a e r o 

g e n e s  T c lo a c a e  t y p e s  i n  summer m i l k - l i i  S c o t la n d  compared 

w i t h  w in t e r  m i l k ,  a s  found in  a p r e v io u s  i n v e s t i g a t i o n ,  

may be due t o  th e  f a c t  t h a t  when m i lk  i s  c o n ta m in a ted  

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

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

i n  summer# Such en r ich m e n t  d o e s  n o t  o c c u r  i n  w i n t e r ,  th e  

h o l d i n g  te m p e r a tu r e  o f  th e  m ilk  b e in g  a s  a r u l e  so  lo w  

t h a t  t h e r e  i s  l i t t l e  o r  no p r o l i f e r a t i o n  o f  any c o l i f o r m  

t y p e s .  C o n seq u e n t ly  th e  r e l a t i v e  p r o p o r t io n s  o f  th e  v a r 

i o u s  c o l i  form t y p e s  in  w in te r  m i lk  te n d  t o  rem ain  s M i l a r  

t o  t h o s e  in  t h e  f a e c e s .

In  t h e s e  i n v e s t i g a t i o n s  l a r g e  numbers o f  c o n 

form b a c t e r i a  were i s o l a t e d .  The b i o l o g i c a l  c h a r a c t e r s  

o f  th e  o rg a n ism s were exam ined t o  e n a b le  them t o  be ty p e d  

and p la c e d  i n  t h e i r  p ro p er  grou p s -  B . c o l i ,  B . c l o a c a e ,

B. o x y t o c u s ,  B. a e r o g e n e s ,  e t c . There i s ,  however^ c o n 

s i d e r a b l e  d i f f e r e n c e  o f  o p in io n  a s  t o  how c o l i  form b a c 

t e r i a l  sh o u ld  be c l a s s i f i e d  and t h e r e f o r e  th e  q u e s t i o n  

a r o s e  a s  t o  w h ic h  c l a s s i f i c a t i o n  sh o u ld  be  a d o p te d .  In
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th e  c l a s s i f i c a t i o n s  o f  t h e  e a r l i e r  i n v e s t i g a t o r s  (Dyar  

and K e ith  1 8 9 4 ,  Sm ith  1 8 9 5 ,  R e f ik  1 8 9 6 ,  Gordon 1 8 9 7 ,  

G rim bert and h e g r o s  1 9 0 0 ,  Durham 1 9 0 0 - 1 9 0 1 ,  Ford 1 9 0 1 ,  

H ouston 1 9 0 2 -1 9 0 3  and 1 9 0 5 ,  Jordan 1 9 03 ,,  Savage 1 9 0 6 ) ,  

c o m p a r a t iv e ly  few  b i o l o g i c a l  c h a r a c t e r s  a r e  em ployed and 

a s  a r e s u l t  o n l y  a s m a ll  number o f  t y p e s  o r  grou p s a r e  

d i f f e r e n t i a t e d .  Such c l a s s i f i c a t i o n s  are  by no means 

co m p le te  and are  to o  crude f o r  u s e .  For e x a m p le ,  Durham 

s im p ly  a rra n g ed  th e  l a c t o s e - f e r m e n t i n g  t y p e s  o f  c o l i -  

t y p h o id  o rg a n ism s i n  t h r e e  grou p s  ; B . c o l i  communis -  

m o t i l e  and n o n - s u c r o s e - f e r m e n t in g ;  B. c o l i  communior -  

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

n o n # 4 0 o t ile  and p o l y s a c c h a r i d e - f e r m e n t i n g .  H ouston (1 9 0 5 )  

grou p ed  th e  c u l t u r e s  he i s o l a t e d  from m i lk  on th e  s o -  

c a l l e d  " flag inac**  b a s i s ,  nam ely  f  1 " -  p r o d u c t io n  o f  

f l u o r e s c e n c e  in  n e u t r a l  red  b r o t h ;  "ag" -  f e r m e n t a t io n  o f  

l a c t o s e  w i t h  fo r m a tio n  o f  a c i d  and g a s ;  "in" -  p r o d u c t io n  

o f  i n d o l e ;  "ac" -  m i lk  a c i d i f i e d  and c u r d le d .  He a l s o  

n o te d  w h eth er  th e  c u l t u r e s  ferm en ted  s u c r o s e  and l i q u e 

f i e d  g e l a t i n .

The f i r s t  com p reh en sive  c l a s s i f i c a t i o n  o f  c o n 

form b a c t e r i a  was t h a t  o f  MacGonkey (1 9 0 5 ,  1 9 0 6 ,  1 9 0 9 ) .

He s e l e c t e d  a s e r i e s  o f  b i o l o g i c a l  c h a r a c t e r s  w h ich  he  

c o n s id e r e d  o f  m o st  v a lu e  f o r  d i f f e r e n t i a l  p u r p o s e s ,  n am ely  

th e  f e r m e n t a t io n  o f  s u c r o s e ,  d u l c i t o l ,  a d o n i t o l ,  i n u l i n
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and I n o s i t o l ;  th e  p r o d u c t io n  o f  i n d o l e ;  th e  V o g e s -P r o s -  

k auer r e a c t i o n ,  d ep en d in g  on th e  p r o d u c t io n  o f  a c e t y l -  

m e t h y l - c a r b i n o l  from a fe r m e n ta b le  s u g a r ;  l i q u e f a c t i o n  

o f  g e l a t i n ;  and p r e s e n c e  o r  a b se n c e  o f  m o t i l i t y .  He 

d i v i d e d  th e  o rg a n ism s  i n t o  fo u r  su b -g r o u p s  a c c o r d in g  t o  

t h e i r  s u c r o s e  and d u l c i t o l  r e a c t i o n s  and s u b d iv id e d  th e  

s u b -g r o u p s  i n t o  a number o f  t y p e s  o r  v a r i e t i e s  a c c o r d in g  

t o  t h e  o t h e r  c h a r a c t e r s  m e n t io n e d .  U n f o r t u n a t e ly ,  

MacGonkey *s su b -g ro u p  c r i t e r i a  -  s u c r o s e  and d u l c i t o l  r e 

a c t i o n s  -  do n o t  c o r r e l a t e  v e r y  h i g h l y  w i t h  c e r t a i n  

f e a t u r e s  shown b y  l a t e r  w ork ers  t o  b e  o f  g r e a t  s y s t e m a t i c  

v a l u e ,  i . e . ,  th e  V o g e s -P r o s k a u e r ,  K oser and i n d o l e  r e 

a c t i o n s .  In  f a c t  th e  s u c r o s e  and d u l c i t o l  r e a c t i o n s  a r e  

o f  no v a lu e  f o r  th e  d i f f e r e n t i a t i o n  o f  th e  t y p i c a l  B. c o l i  

from a e r o g e n e s - c l o a c a e  t y p e s ,  b o th  B . c o l i  and a e r o g e n e s -  

c l o a c a e  t y p e s  o c c u r r in g  i n  e a c h  o f  M acGonkey's s u b - g r o u p s .  

W h ile  MacGonkey em ployed th e  V o g e s -P r o sk a u e r  and in d o l e  

r e a c t i o n s  f o r  s y s t e m a t i c  p u r p o se s  he a t t a c h e d  no s p e c i a l  

Im p ortan ce  t o  them , b u t  s im p ly  in c lu d e d  them i n  a s e r i e s  

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

t y p e s .  MacGonkey *8 c l a s s i f i c a t i o n  p r o v id e d  f o r  t h e  d i f 

f e r e n t i a t i o n  o f  128 t y p e s .  He a c t u a l l y  o b ta in e d  t h i r t y -  

s i x  o f  t h e s e  t y p e s  w i t h  497  s t r a i n s  w h ich  he i s o l a t e d  

from v a r i o u s  s o u r c e s .  B erg ey  & Deehan (1 9 0 8 )  and o t h e r s
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u s e d  MacGonkey^s c l a s s i f i c a t i o n .  J a ck so n  (1 9 1 1 )  a d o p ted  

a somewhat s i m i l a r  c l a s s i f i c a t i o n ,  b u t  a l s o  made u s e  o f  

t h e  r a f f i n o s e ,  m a n n lto l  and n i t r a t e  r e a c t i o n s  f o r  t h e  

d i f f e r e n t i a t i o n  o f  t y p e s .  One g r e a t  d is a d v a n ta g e  o f  

MacGonkey*3 and s i m i l a r  c l a s s i f i c a t i o n s  i s  t h a t  th e y  l e a d  

t o  a m u l t i p l i c i t y  o f  t y p e s ,  th e  d i f f e r e n c e s  b e tw een  w h ich  

in  many i n s t a n c e s  are  so  s l i g h t  a s  t o  be o f  l i t t l e  or  no  

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

ev e n  f o r  s y s t e m a t i c  p u r p o s e s .  As th e  number o f  r e a c t i o n s  

u se d  as d i f f e r e n t i a t i n g  c r i t e r i a  i n c r e a s e s ,  th e  number o f  

p o s s i b l e  t y p e s  i n c r e a s e s .  Thus B erg ey  & Deehan (1 9 0 8 )  

em ployed  e i g h t  r e a c t i o n s  in  t h e i r  c l a s s i f i c a t i o n  and t h e r e 

f o r e  made i t  p o s s i b l e  t o  d i f f e r e n t i a t e  256 t y p e s .

In  an i n v e s t i g a t i o n  o f  t h e  c h a r a c t e r s  o f  630- 

s t r a i n s  o f  B. c o l i  o b ta in e d  from human f a e c e s ,  Howe (1 9 1 2 )  

shov/ed t h a t  th e r e  was no c o r r e l a t i o n  b e tw e e n  c e r t a i n  

f e a t u r e s ,  e . g . ,  m o t i l i t y ,  f e r m e n t a t io n  o f  d u l c i t o l  and 

m a n n l t o l ,  in d o l e  p r o d u c t io n  and n i t r a t e  r e d u c t i o n .  Con

s e q u e n t l y ,  he d i s t i n g u i s h e d  o n ly  two t y p e s ,  B. communis 

( s u c r o s e - n e g a t i v e ) and B. communior ( s u c r o s e - p o s i t i v e ) .  

K l i g l e r  (1 9 1 4 )  s u g g e s t e d  t h a t  th e  l a c t o s e - fe r m e n te r a  sh o u ld  

be s u b d iv id e d  a c c o r d in g  t o  t h e i r  r e a c t i o n s  w i t h  s u c r o s e  

and s a l i c i n  i n s t e a d  o f  w i t h  s u c r o s e  and d u 3 .c i t o l ,  as he  

found t h a t  th e  s u c r o s e - s a l i c i n  su b -g r o u p s  c o r r e l a t e d  more
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h i g h l y  w i t h  t h e  i n d o l e ,  V o g es-P ro sk a u er  and g e l a t i n  r e 

a c t i o n s ,  th a n  d id  th é  s u c r o s e - d u l c i t o l  s u b -g r o u p s .  P r e s 

c o t t  & W inslow  ( 1 9 1 5 ) ,  l i k e  How© ( 1 9 1 2 ) ,  were o f  th e  

o p in io n  t h a t  th e  c o r r e l a t i o n  o f  c h a r a c t e r s  sh o u ld  be ta k e n  

i n t o  c o n s i d e r a t i o n ,  and t h a t  c o l l f o r m  o rg a n ism s  s h o u ld  be  

c l a s s i f i e d  on a s t a t i s t i c a l  b a s i s .

R ogers and h i s  co -w o rk ers  ( 1 9 1 4 -1 8 )  in  an e x 

a m in a t io n  o f  t h e  c h a r a c t e r s  o f  c o l i f o r m  s t r a i n s  from f a e c e s ,  

m ilk  and g r a i n s , con firm ed  th e  f i n d i n g s  o f  Sm ith  (1 8 9 0 ,  ' 

1 8 9 3 ,  1 8 9 5 ) ,  R u s s e l l  & B a s s e t t  ( 1 8 9 9 ) ,  Harden (1 9 0 1 ,  1 9 0 5 ) ,  

and Harden and W alpole  ( 1 9 0 6 ) ,  and o t h e r s  a s  t o  th e  v a lu e  ’ 

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

OOg t o  Hg i n  t h e i r  f e r m e n ta t io n  p r o d u c t s .  R ogers and h is V  I 

a s s o c i a t e s  d i s t i n g u i s h e d  two grou p s  o f  c o l i f o r m  o r g a n is m s ,  Î

(1 )  a l o w - r a t i o  group c o n s i s t i n g  o f  s t r a i n s  w hich  gave  a % 

COg t o  Eg r a t i o  o f  1 « 0 6 ,  e . g . ,  B . c o l i ,  and (2 )  a h i g h -  

r a t i o  group c o n s i s t i n g  o f  s t r a i n s  w h ic h  gave  a GOg t o  Eg 

r a t i o  r a n g in g  from 1 # 9 0  up t o  3 * 0 0 ,  e . g . ,  B . a e r o g e n e s .

T hese w ork ers  found t h a t  t h e r e  was a c l o s e  c o r r e l a t i o n  

b etw e en  th e  g a s  r a t i o  o f  c u l t u r e s  o f  c o l l f o r m  b a c t e r i a  and Î 

t h e i r  s o u r c e .  G lark  & Lubs (1 9 1 5 )  showed t h a t  th e  lo w -  

r a t i o  group co u ld  be d i s t i n g u i s h e d  from t h e  h i g h - r a t i o  

group  by t h e i r  a c id - p r o d u c in g  p o w e r s ,  c u l t u r e s  o f  t h e  lo w -  

r a t i o  group p r o d u c in g  under c e r t a i n  c o n d i t i o n s  in  c a r b o 
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h y d r a te  m edia  a much h ig h e r  a c i d i t y  th a n  c u l t u r e s  o f  t h e  

h i g h - r a t i o  g ro u p . They found t h a t  th e  d i f f e r e n c e  in  d e 

g r e e  o f  a c i d i t y  c o u ld  be r e a d i l y  d e te r m in e d  by means o f  

th e  i n d i c a t o r ,  m eth y l  r e d ,  and in tr o d u c e d  th e  m e th y l - r e d  

t e s t  fo r  d i s t i n g u i s h i n g  lo w -  from h i g h - r a t i o  c o l i  form  

t y p e s . ,  L e v in e  (1 9 1 6 a ,  b ,  c ) , Johnson  ( 1 9 1 6 ) ,  H u iton 

( 1 9 1 6 ) ,  Johnson & L e v in e  ( 1 9 1 7 ) ,  L e v in e  ( 1 9 1 8 ) ,  R ogers  

a t  a l .  (1918  ) and o t h e r s ,  n o te d  t h a t  t h e r e  was an a lm o s t  

p e r f e c t  in v e r s e  c o r r e l a t i o n  b etw een  th e  m e th y l - r e d  and 

V o g es-P ro sk a u er  r e a c t i o n s  o f  c o l i f o r m  b a c t e r i a .  Thus 

th e  l o w - r a t i o  group was m e t h y l - r e d - p o s i t i v e  and V o g es-  

P r o s k a u e r - n e g a t i v e ; and th e  h i g h - r a t i o  g ro u p , m e t h y l - r e d -  

n e g a t i v e  and V o g e s - P r o s k a u e r - p o s i t i v e .

Levin© (1 9 1 8 )  in  a s t a t i s t i c a l  e x a m in a t io n  o f  

th e  c h a r a c t e r s  o f  c o l i f o r m  o rg a n ism s co n c lu d ed  t h a t  th e  

group  sh o u ld  be s u b d iv id e d  on c o r r e l a t e d  c h a r a c t e r s .  He 

e l a b o r a t e d  a scheme o f  c l a s s i f i c a t i o n  w hereby th e  l a c t o s e  

fe r m e n te r a  w ere s u b d iv id e d ,  a c c o r d in g  t o  t h e  m e t h y l - r e d ,  

V o g es-P ro sk a u er  and s t a r c h  r e a c t i o n s ,  i n t o  an a e r o g e n e s -  

c l o a c a e  group ( e i t h e r  m e t h y l - r e d - n e g a t iv e  and V o g es-  

P r o s k a u e r - p o s i t i v e , or  s t a r c h - p o s i t i v e )  and a c o l i  group  

( m e t h y l - r e d - p o s i t i v e ,  V o g e s -P r o s k a u e r -n e g a t iv e  and 

s t a r c h - n e g a t i v e ) .  T hese su b -g ro u p s  w ere th e n  s u b d iv id e d  

a c c o r d in g  t o  v a r io u s  b io c h e m ic a l  r e a c t i o n s  and m o t i l i t y ^
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thô  c o r r e l a t i o n  o f  c h a r a c te r s  b e in g  a g a in  ta k e n  i n t o  

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

M ackie (1 9 2 1 )  s u g g e s t e d  t h a t  th e  i n o s i t o l  and  

i n d o l e  r e a c t i o n s  o f  c o l i f o r m  o rg a n ism s wore im p o r ta n t  

c r i t e r i a  f o r  t h e i r  c l a s s i f i c a t i o n .  He c o n s id e r e d  t h a t  

th e  f e r m e n t a t io n  o f  l a c t o s e  and o t h e r  c a r b o h y d r a te s  was 

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

g e s t e d  t h a t  a l l  th e  g lu c o s e - f e r m e n t i n g  s a p r o p h y t ic  members 

o f  t h e  c o l i - t y p h o i d  group sh o u ld  be r e c o g n iz e d  as  c o l i f o r m  

b a c t e r i a ,  i r r e s p e c t i v e  o f  th e  n a tu r e  o f  t h e i r  o t h e r  f e r 

m e n ta t iv e  r e a c t i o n s .  Thus he in c lu d e d  i n  th e  c o l i f o r m  

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

p h y t e s ,  w h ich  r e s e m b le  B. c o l i  in  t h e i r  g e n e r a l  c h a r a c t e r s ,  

b u t w h ic h  do n o t  ferm en t l a c t o s e  or  do s o  o n ly  a f t e r  m uta

t i o n ,  e . g . ,  th e  " p araco lon "  b a c i l l i .  M ackie found t h a t  

s t r a i n s  h a v in g  th e  c h a r a c t e r s  common t o  t h i s  c o l i f o r m

group d id  n o t  l i q u e f y  g e l a t i n ,  a p a r t  from s t r a i n s  w h ich
1

m igh t be c l a s s i f i e d  a s  P r o t e u s . He p o in t e d  o u t  t h a t  

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

^ ' i n  t e s t i n g  th e  p r o t e o l y t i c  p r o p e r t i e s  o f  h i s  s t r a i n s ,  
M ackie k e p t  g e l a t i n  s ta b  c u l t u r e s  a t  22^0» f o r  o n ly  2 
w e e k s .  In  t h i s  p e r io d  few o f  th e  s t r a i n s  o f  t h e  g e l a t i n -  
l i q u e f y i n g  t y p e s  in c lu d e d  b y  MacGonkey and o t h e r s  i n  th e  
c o l i f o r m  g r o u p , e . g .  B .c lo a c a e  and B. o z y t o c u s  p e r n i c i o s u s ,  
w ould  g i v e  p o s i t i v e  r e a c t i o n s .  T h ese  s t r a i n s  may ta k e  
from 4 t o  12  w eeks or more t o  l i q u e f y  g e l a t i n  a t  22^ 0 .  
and ev e n  a t  30  and 37®G.
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e . g . ,  n o n - m o t i l i t y ,  e n c a p s u l a t i o n ,  p r o d u c t io n  o f  l a r g e ,  

t h i c k ,  o p a q u e , s l im y  c o l o n i e s ,  and f e r m e n t a t io n  o f  

l a c t o s e ,  a d o n i t o l ,  s u c r o s e ,  r a f f i n o s e  and s a l i c i n .  He 

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

group i n t o  th e  f o l l o w i n g  s u b -g r o u p s ;

A. G a s -p r o d u c in g . I n d o le - fo r m in g ,  n o n - i n o s i t o l -
f e r m e n t in g  and n o n - l i q u e f y i n g ,  e . g . ,  " t y p ic a l"
B. c o l i .

B. G a s -p r o d u c in g ,  n o n - in d o le - f o r m in g ,  n o n - i n o s l t o l -
f e r m e n t in g ,  and n o n - l i q u e f y i n g .  No named s p e c i e s  
b e lo n g s  t o  t h i s  su b -g ro u p  i f  s lo w  l i q u e f y i n g  
t y p e s ,  e . g . ,  B. c l o a c a e ,  a re  e x c lu d e d .

0 .  G a s -p r o d u c in g , i n o s i t o l - f e r m e n t i n g ,  n o n - l i q u e f y i n g ,  
e . g . ,  B. l a c t i s  a e r o g e n e s .

D. N o n -g a s -p r o d u c in g  in  a l l  su g a r s  ferm en ted  and 
n o n - l i q u e f y i n g ,  e . g . ,  Bv c o l i  a n a e r o g e n e s .

S u b seq u en t to  t h e  p u b l i c a t i o n  o f  M ackie*s  

c l a s s i f i c a t i o n ,  a v a lu a b le  b i o l o g i c a l  f e a t u r e  f o r  th e  

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

r e s u l t  o f  t h e  work o f  Brown (1 9 2 1 )  and K oser (1 9 2 3 ,  1 9 2 4 ,  

1 9 2 6 ,  a , b , c ) .  T hese i n v e s t i g a t o r s  showed t h a t  a e r o g e n e s -  

c lo a c a e  t y p e s  w ere ca p a b le  o f  u t i l i s i n g  t h e  c i t r a t e  r a d i c l e  

a s  th e  s o l e  so u r c e  o f  ca r b o n , w h i le  B . c o l i  t y p e s  were  

u n a b le  t o  do s o .  C o n s e q u e n t ly ,  th e  form er grew r e a d i l y  in  

a s y n t h e t i c  c i t r a t e  medium (a p o s i t i v e  K oser r e a c t i o n )  

w h i le  th e  l a t t e r  d id  n o t  d e v e lo p  (a n e g a t i v e  K oser r e a c t i o n ).
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However, Koser found t h a t  i n  some i n s t a n c e s  o rg a n ism s

r e s e m b l in g  B. c o l i  ( m e t h y l - r e d - p o s i t i v e ,  V o g e s -P r o s k a u e r -

n e g a t i v e ) b u t  o f  s o i l  o r i g i n  c o u ld  a t t a c k  th e  c i t r a t e

r a d i c l e  and g i v e  a p o s i t i v e  Koser r e a c t i o n .  T hese K o se r -

p o s i t i v e ,  m e t h y l - r e d - p o s i t i v e , V o g e s - P r o s k a u e r - n e g a t iv e

s o i l  t y p e s  w ere d i s s i m i l a r  to  a e r o g e n e s - c l o a c a e  t y p e s ,

b u t  r e se m b le d  B . c o l i ,  i n  t h a t  t h e y  w ere  u n a b le  t o  grow
a c id

i n  m edia  c o n t a in i n g  u r i c / u n l e s s  some o t h e r  so u r c e  o f  

n i t r o g e n  was a v a i l a b l e  (K oser 1 9 1 8 ,  Chen and R e t t g e r  1 9 2 0 )  

The sy s te m  o f  c l a s s i f i c a t i o n  em ployed by  B erg ey  

(1 9 2 5 ,  1 9 5 4 )  i s  a lm o s t  e n t i r e l y  d i f f e r e n t  from t h a t  o f  

M a c k ie . He d i v i d e s  th e  l a c t o s e - fe r m e n te r a  i n t o  V o g es-  

P r o s k a u e r - n e g a t iv e  t y p e s ,  gen u s E s c h e r i c h i a ;  and V o g es-  

P r o s k a u e r - p o s i t i v e  t y p e s ,  gen u s  A e r o b a c t o r .  The E s c h e r i 

c h ia  a r e  s u b d iv id e d  i n t o  tw e n ty - tw o  s p e c i e s  a c c o r d in g  t o  

s u c r o s e  f e r m e n t a t io n ,  g e l a t i n  l i q u e f a c t i o n ,  m o t i l i t y ,  

s a l i c i n  and d u l c i t o l  f e r m e n t a t io n s ,  a c t i o n  on m i lk  and 

n i t r a t e  r e d u c t io n *  The A e r o b a c te r  a r e  s u b d iv id e d  I n to  

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

f e r m e n t a t io n s ,  g e l a t i n  l i q u e f a c t i o n  and gas  fo r m a t io n  a t  

37^ 0 . Owing t o  t h e  f a c t  t h a t  th e  V o g e s -P r o sk a u e r  r e a c t i o n  

shows an a lm o st  co m p le te  i n v e r s e  c o r r e l a t i o n  w i t h  th e  

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

th e  g a s  r a t i o  o f  c o l l f o r m  ty p e s *  C o n s e q u e n t ly ,  th e  gen u s
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E s c h e r i c h i a  c o n s i s t s  o f  m e t h y l - r e d - p o s i t i v e  and l o w - r a t i o  

t y p e s ,  and t h e  gen us A e r o b a c te r  o f  m e t h y l - r e d -n e g a t i v e  and 

h i g h - r a t i o  t y p e s .

The c l a s s i f i c a t i o n  o f  B e r g e y ,  h o w e v e r ,  i s  n o t  

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

f o l l o w s

(1 )  The c o n f o r m  group o f  b a c t e r i a  c o n s i s t s  o f  a Ir

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

r e n d e r  i t  u n d e s i r a b le  t o  d i v i d e  t h e  group i n t o  two g e n e r a .  

Thus a l t h o u g h  th e  E s c h e r i c h ia  t y p e s  o f  B e rg e y  d i f f e r  from • 

t h e  A e r o b a c te r  in  t h e i r  manner o f  c a r r y in g  o u t  f e r m e n t a t io n ,  

n e v e r t h e l e s s ,  w i t h  r e g a r d  t o  o t h e r  c h a r a c t e r s  th e  form er  

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

B. f r i e d l a h d e r i  ( E s c h e r ic h ia  t y p e s , )  and B . a e r o g e n e s  

(A e r o b a c te r  t y p e s ) .

( 2 )  The i n o s i t o l  and i n d o l e  r e a c t i o n s  have n o t  b ee n

em p loyed  a s  d i f f e r e n t i a l  c r i t e r i a  in  s p i t e  o f  th e  f a c t  t h a t ,

a s  shown b y  M ackie (1 9 2 1 )  and t h e  w r i t e r  (1 9 3 3 :  s e e  a l s o  

S e c t i o n  I V . ) ,  t h e y  a r e  h i g h l y  c h a r a c t e r i s t i c  p r o p e r t i e s  o f  

v a r io u s  im p o r ta n t  su b -g r o u p s  o f  c o l i f o r m  b a c t e r i a .  F u r th e r ,  

th e  im p o r ta n ce  o f  t h e  i n o s i t o l  r e a c t i o n  a s  a d i f f e r e n t i a l

i s  e v i d e n t  from th e  f i n d i n g s  O f Hay (1 9 3 2 )  in  a s tu d y  o f  th e  

B. m ucosus c a p s u la t u s  group ( i n o s i t o l - f e r m e n t i n g  o rg a n ism s  

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

(3 )  The g e l a t i n  r e a c t i o n  i s  n o t  s a t i s f a c t o r y  f o r  

d i f f e r e n t i a t i n g  t y p e s ,  a s  th o s e  c o l i f o r m  o rg a n ism s w hich  

l i q u e f y  g e l a t i n  do s o  a s  a r u le  v e r y  s l o w l y ,  th e  p r o c e s s  

t a k in g  p erh a p s  from 4 t o  12  w eeks a t  20^G. and e v e n  a t  

30  and 3 7 ^ 0 . The t e s t  i s  t h e r e f o r e  o f  l i t t l e  v a lu e  in  

th e  r o u t i n e  a n a l y s i s  o f  w a t e r ,  e t c . In a d d i t i o n ,  a 

f a i r l y  h ig h  p r o p o r t io n  o f  s t r a i n s  o t h e r w is e  o f  c l a s s i c  

g e l a t i n - l i q u e f y i n g  t y p e s ,  e . g . ,  B . c lo a c a e  (MacGonkey*s 

ty p e  n o . 1 0 8 )  and B. o x y t o c u s  p e r n i c i o s u s  (MacGonkey*s 

ty p e  n o . 6 5 ) ,  f a i l  t o  l i q u e f y  g e l a t i n  e v e n  a f t e r  p r o lo n g e d  

in c u b a t io n  (M alcolm , 1 9 3 3 ;  s e e  a l s o  S e c t i o n  I V . ) .  A l s o ,  

m i s l e a d i n g  r e s u l t s  may be o b ta in e d  u nd er  su c h  c o n d i t i o n s  

o w in g  t o  t h e  l i q u e f a c t i o n  b e in g  due m e r e ly  t o  th e  a c t i o n  

o f  e n d o p r o te a s e s  w h ic h  have b een  l i b e r a t e d  from th e  dead ( 

b a c t e r i a l  c e l l s  (Committee on B a c t e r i o l o g i c a l  T e c h n ic  o f  

th e  S o c i e t y  o f  A m erican B a c t e r i o l o g i s t s ,  1 9 3 4 ) .  In any  

c a s e ,  g e l  a t  i n - l i q u e f y i n g  s t r a i n s  o f  c o l i  f o m  b a c t e r i a  can  

u s u a l l y  be i d e n t i f i e d  by o th e r  p r o p e r t i e s  ( s e e  l a t e r ) .  

B e r g e y  in  th e  Key t o  t h e  g e n e r a  o f  t r i b e  B a c t e r i e a e ,  n o t e s  

t h a t  g e l a t i n  i s  n o t  l i q u e f i e d  b y  th e  members o f  th e  genu s  

E s c h e r i c h i a ,  b u t  i n c l u d e s  in  t h e  gen u s a number o f  l i q u e 

f y i n g  s p e c i e s .

(4 )  In  S e r g e y ’ s c l a s s i f i c a t i o n  t h e  s a l i c i n  r e a c t i o n
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h a s  b ean  u sed  f o r  d i f f e r e n t i a t i n g  s p e c i e s  o f  E s c h e r i c h i a .  

The w r i t e r  ( 1 9 3 3 ) ,  h o w ev er , found t h a t  d i f f e r e n t  s t r a i n s  

o f  ev e n  th e  c l a s s i c  t y p e s ,  e . g . ,  B . c o l i  communis E s c h e r ip h  

and B. c o l i  communior, v a r ie d  i n  t h e i r  s a l i c i n  r e a c t i o n s .  

Thus w i t h  n i n e t y - f i v e  c u l t u r e s  o f  B . c o l i  communis E s c h e -  

r i c h ,  o b ta in e d  from m i lk ,  s i x t y - n i n e  gave  p o s i t i v e  r e 

a c t i o n s  i n  s a l i c i n  and t w e n t y - s i x  g a v é  n e g a t i v e .  W ith  193  

c u l t u r e s  o f  B . c o l i  communior, 181 gave p o s i t i v e  r e a c t i o n s  

and t w e lv e  gave n e g a t i v e .  M ackie (1 9 2 1 )  o b ta in e d  s i m i l a r  

r e s u l t s  w i t h  s t r a i n s  o f  B. c o l i  communis E s c h e r ic h ,  B . c o l i ;  

communior and o t h e r  t y p e s  i s o l a t e d  from human f a e c e s  and ’ 

from o t h e r  s o u r c e s .

(5 )  B e r g e y ’8 s u b - d i v i s i o n  o f  th e  n o n - m o t l i e , V o g es -  W 

B r o s k a u e r - p o s i t i v e  t y p e s  a c c o r d in g  t o  th e  s u c r o s e  and d u l- ;  ; 

c i t o l  f e r m e n t a t io n s  i s  n o t  s a t i s f a c t o r y ,  a s  i t  I n c lu d e s  i n  

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

f e r m e n t in g  t y p e s  w h ic h  produce I n d o le  and l i q u e f y  g e l a t i n .  

T h ese  t y p e s ,  e x c e p t  f o r  t h e i r  d u l c i t o l  r e a c t i o n s ,  are  v e r y  

s i m i l a r  t o  B . o x y to c u s  t y p e s ,  and s h o u ld  be in c lu d e d  in  

th e  same s p e c i e s ,  n a m e ly , A e r o b a c te r  oxy tocu m . On th e  

o t h e r  hand , in  t h e  ca se  o f  non-m ot l i e  V o g e s -P r o sk a u e r -  

p o s i t i v e  ty p e s  in d o l e  p r o d u c t io n ,  u n l i k e  d u l c i t o l  fe r m e n ta 

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

g e l a t i n  and t h e r e f o r e  i s  o f  more v a lu e  f o r  d i f f e r e n t i a l
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pur p o se  s .

Werkman & G i l l e n  (1 9 5 2 )  s u g g e s t e d  t h a t  c e r t a i n  

c o l i f o r m  ty p e s  w h ich  produced  t r im e t h y l e n e  g l y c o l  sh o u ld  

be p la c e d  in  a s e p a r a t e  g e n u s ,  term ed C it i» o b a ct© r. T hese  

t y p e s  w ere m e t h y l - r e d - p o s i t i v e ,  V o g e s - P r o s k a u e r - n e g a t iv e  

and K o s e r - p o s i t i v e  and t h e r e f o r e  w ere in t e r m e d ia t e  b e t w e e n #  

B . c o l i  and B. a e r o g e n e s  t y p e s .  L e v in e  and h i s  c o -w o rk er s  

(1 9 3 2 )  found t h a t  in t e r m e d ia t e  c o l i f o r m  t y p e s  o b ta in e d  

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

s u l p h u r e t t e d  h yd rogen  from D i f c o  p r o t e o s e  p e p to n e ,  b u t  

d id  n o t  know w h eth er  t h e  form er p rod uced  t r im e t h y l e h e  

g l y c o l .  In  a l l  i n s t a n c e s  t h e i r  in t e r m e d ia t e  s t r a i n s  f a i l e d  

t o  p ro d u ce  i n d o l e .  On th e  o t h e r  h an d , T i t t s l e r  and 

S a n d h o lz e r  (1 9 5 5 )  showed t h a t  in t e r m e d ia t e  c o l i f o r m  t y p e s  

v a r ie d  w i t h  r e g a r d  to  K oser r e a c t i o n ,  s u lp h u r e t t e d  h y d r o 

gen  and in d o l e  p r o d u c t io n  and c e l l o b i o s a  and o C -m e th y l-  

g l u c o s i d e  f e r m e n t a t io n ,  and c o n c lu d e d  t h a t  in t e r m e d ia t e  

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

t h e i r  i n c l u s i o n  i n  a s e p a r a t e  gen u s was h a r d ly  j u s t i f i e d .

W ilso n  (1 9 3 5 )  s u b d iv id e s  c o l i f o r m  o rg a n ism s  

a c c o r d in g  t o  t h e i r  m e t h y l - r e d ,  V o g e s -P r o s k a u e r ,  K oser c i t ^  

r a t e , E ijkm an, i n d o l e  and g e l a t i n  r e a c t i o n s .  The Eijkman  

r e a c t i o n  depends upon t h e  a b i l i t y  o f  t h e  o rg a n ism s  t o  

produce g a s  i n  d e x t r o s e  b r o t h  when in c u b a t e d  a t  4 6 ^ 0 . ,
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B. c o l i  t y p e s  g i v i n g  p o s i t i v e  r e a c t i o n s  and a e r o g e n e s -  

c lo a c a e  n e g a t i v e .  I n v e s t i g a t o r s  a r e , by no means unanim ous  

a s  t o  th e  r e l i a b i l i t y  o f  t h i s  t e s t ,  a l t h o u g h  W ilso n  (1 9 5 5 )  

c la im s  t h a t  t h e  d i s c r e p a n c ie s ,  i n  th e  r e s u l t s  o f  t h e  v a r 

i o u s  w ork ers  have b een  due to  f a i l u r e  to  m a in t a in  a c o n 

s t a n t  te m p e r a tu r e  o f  45 t o  4 5 ^ 0 . in  th e  medium d u r in g  

i n c u b a t i o n .

I t  i s  e v i d e n t  from a com p arison  o f  B e r g e y ’s 

c l a s s i f i c a t i o n  w i t h  t h a t  o f  M a c k ie ,  W ilso n  and o t h e r s ,  

t h a t  t h e r e  i s  a w ide d iv e r g e n c e  o f  o p in i o n s  as to  th e  

c l a s s i f i c a t i o n  o f  c o l i f o r m  b a c t e r i a .  In  th e  v a r io u s  

s y s te m s  o f  c l a s s i f i c a t i o n  w h ic h  have b e e n  u s e d ,  d i f f e r 

e n c e s  o c c u r ,  n o t  o n ly  in  t h e  c r i t e r i a  em ployed  f o r  d i f 

f e r e n t i a l  p u r p o s e s ,  b u t ,  where th e  same c r i t e r i a  have  

b e e n  a d o p te d ,  in  th e  v a lu e  a t t a c h e d  t o  them . T h e r e f o r e , 

t o  anyone , fa c e d  w i t h  th e  d e t e r m in a t io n  o f  c o n f o r m  ty p e s  

o r  en gaged  i n  s y s t e m a t i c  work, th e  q u e s t i o n  a r i s e s  as  t o  

what c l a s s i f i c a t i o n  sh o u ld  be a d o p te d .  R o u t in e  ex a m in a 

t i o n  o f  w a te r  and m i lk  f o r  c o l i f o r m  b a c t e r i a  by P u b l i c  

H e a lth  A u t h o r i t i e s  i s  d i r e c t e d  s o l e l y  t o  d e t e c t i n g  th e  

p r e s e n c e  o f  t h e s e  o r g a n is m s ,  and in  t h e  c a s e  o f  w a te r ,  

a s c e r t a i n i n g  w h eth er  th e y  are  " t y p ic a l"  B. c o l i  or n o t .

As a r u le  no a t te m p t  i s  made t o  i d e n t i f y  p a r t i c u l a r  t y p e s .  

On t h e  o t h e r  hand , when c o l l f o r m  b a c t e r i a  are  a s s o c i a t e d
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w i t h  d i s e a s e  c o n d i t i o n s  or  w it h  t h e  p r o d u c t io n  o f  

s p e c i f i c  t a i n t s  i n  d a ir y  p r o d u c e ,  th e  r e c o g n i t i o n  o f
'

p a r t i c u l a r  t y p e s  may be  o f  g r e a t  im p o r ta n c e .  For t h i s  

p u rp ose  and f o r  th e  s y s t e m a t i c  s tu d y  o f  t h e  b i o l o g i c a l  

c h a r a c t e r s  o f  th e  g ro u p , a com p reh en sive  c l a s s i f i c a t i o n  

o f  t y p e s  i s  e s s e n t i a l .  I t  i s  a l s o  n e c e s s a r y  i n  i n v e s t i g a - j  

t i o n s  ( s u c h  as th e  p r e s e n t  o n e ) o f  t h e  t y p e s  o f  c o l i f o r m  

b a c t e r i a  o c c u r r in g  in  f a e c e s ,  m i l k ,  e t c .  C o n s e q u e n t ly  i n  

c a r r y in g  o u t  t h e  e x a m in a t io n  o f  thé\j c o l i f d r m  ; f l o r a ^ o f  Xbovihç

f a e c e s ,  i t  was d e c id e d  t o  make a t  t h e  same t im e  a d e t a i l e d
' .  - -'I

s tu d y  o f  th e  b i o l o g i c a l  c h a r a c t e r s  o f  a l l  th e  c o l i f o r m  

c u l t u r e s  i s o l a t e d  from th e  b o v in e  f a e c e s  and a l s o  o f  t h o s e  f  

i s o l a t e d  i n  a p r e v io u s  i n v e s t i g a t i o n  (M alcolm 1 9 5 5 )  from  

sp e c h n e n s  o f  m i l k .  I t  was th o u g h t  t h a t  i n  t h i s  way i n -  , " 

form at io n )  m ig h t  be g a in e d  w i t h  r e g a r d  to j  th e  v a lu e  o f  

t h e s e  f e a t u r e s  as  d i f f e r e n t i a l  c r i t e r i a ,  and a s a t i s f a c t 

o r y  m ethod o f  c l a s s i f i c a t i o n  be o b j îa in e d .

One o f  t h e  c h i e f  d i f f i c u l t i e s  i n  th e  c l a s s i f i c a - ^  % 

t i o n  o f  c o l i  form b a c t e r i a  a r i s e s  from th e  f a c t  t h a t  w h i le   ̂

h a v in g  a number o f  c h a r a c t e r s  i n  common, t h e y  show w ide  

v a r i a t i o n  w i t h  r@8&rd t o  c e r t a i n  o t h e r s ,  th e  t r u e  v a lu e  

o f  w h ic h  f o r  d i f f e r e n t i a l  p u r p o se s  i s  n o t  known. In  o rd er  

t o  overcom e t h i s  d i f f i c u l t y  i t  was d e c id e d  t o  a s s e s s  th e  

s y s t e m a t i c  v a lu e  o f  e a c h  c h a r a c t e r ,  n o t  o n ly  on i t s
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m o r p h o lo g ic a l  or  b i o l o g i c a l  s i g n i f i c a n c e ,  b u t  a l s o  on th e  

d e g r e e  t o  w h ich  i t  was c o r r e l a t e d  w i t h  o t h e r  c h a r a c t e r s .

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

b e e n  c a r r i e d  o u t  to  any c o n s id e r a b le  e x t e n t ,  e x c e p t  by  

L e v in e  ( 1 9 1 8 ) .  A c c o r d in g ly  th e  c h a r a c t e r s  o f  c e r t a i n  

w e l l  r e c o g n iz e d  ty p e s  o f  c o l i f o r m  b a c t e r i a ,  n am ely  B. c o l i ,

B . a e r o g e n e s ,  B. c lo a c a e  and B. o x y t o c u s ,  w ere exam ined  

and th e  m ost o u t s t a n d in g  f e a t u r e s  d e te r m in e d .  A s tu d y  was 

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

1 ,6 3 6  i n  number, w h ic h  had b een  i s o l a t e d  from m i lk  and 

b o v in e  f a e c e s ,  and th e  d e g r e e  o f  c o r r e l a t i o n  b etw een  th e  

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

I t  was found t h a t  th e r e  a re  numerous ty p e s  o f  

c o l i f o r m  b a c t e r i a .  T hese t y p e s  a r e  so  c l o s e l y  i n t e r l i n k e d  

i n  c h a r a c t e r s  and in  r e l a t i o n s  t o  en v ir o n m en t  as  t o  r en d er  

i t  u n d e s i r a b le  t o  make an a r b i t r a r y  d i v i s i o n  o f  th e  group  

i n t o  two or  more g e n e r a .  H owever, f o r  s y s t e m a t i c  p u r p o se s  

and t o  e n a b le  t y p e s  t o  be i d e n t i f i e d  more r e a d i l y ,  th e  

group may be s u b d iv id e d  i n t o  a s e r i e s  o f  su b -g r o u p s  by  

means o f  fo u r  b i o l o g i c a l  c h a r a c t e r s ,  n am ely  th e  V o g es-  

P r o s k a u e r ,  K oser c i t r a t e ,  i n o s i t o l  and in d o l e  r e a c t i o n s .  

T hese  d i f f e r e n t i a l  c r i t e r i a  are n o t  o n ly  r e l i a b l e  and o u t 

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

f e c t l y  w i t h  v a r io u s  o t h e r  c h a r a c t e r s ,  and b y  t h e i r  u se  th e
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group  may be d iv id e d  i n t o  p a r t i c u l a r l y  w e l l  d e f in e d  s u b 

g r o u p s .  Thus th e  V o g es-P ro sk a u er  r e a c t i o n  n o t  o n ly  a f 

fo r d s  an in d e x  o f  t h e  g a s  r a t i o  (COg:Hg) o f  a c o l i  form  

t y p e ,  b u t  a l s o  o f  i t s  a c id - p r o d u c in g  power or  m e t h y l - r e d  

r e a c t i o n .  As r e g a r d s  th e  c u l t u r e s  ex a m in e d , t h e r e  was 

an a lm o s t  p e r f e c t  c o r r e l a t i o n  b e tw e e n  th e  V o g es -P ro sk a u er  

and m e t h y l - r e d  r e a c t i o n s .  M oreover, th e  V o g e s -P r o s k a u e r -  

p o s i t i v e  c u l t u r e s  wore w i t h  r a r e  e x c e p t i o n s  K o s e r - p o s i t i v e . 

The K oser r e a c t i o n  was found t o  g i v e  r e l i a b l e  in fo r m a t io n  

w i t h  r e g a r d  t o  t h e  v i a b i l i t y  o f  th e  o r g a n is m s ,  K o se r -  

p o s i t i v e  t y p e s  b e in g  more r e s i s t a n t  t o  th e  a n t i s e p t i c  

a c t i o n  o f  b r i l l i a n t  g r e e n  th a n  K o s e r - n e g a t i v e . The g r e a t e r  

v ig o u r  o f  th e  K o s e r - p o s i t i v e  t y p e s  was f u r t h e r  i n d i c a t e d  

by t h e  f a c t  t h a t  n o t  o n ly  co u ld  t h e y  a t t a c k  t h e  c i t r a t e  

r a d i c l e ,  b u t  t h e y  f r e q u e n t l y  ferm en ted  i n o s i t o l  and i n  many 

i n s t a n c e s  p rod uced  t h i c k  m ucoid c o l o n i e s  and became e n 

c a p s u l a t e d .  M oreover , K o se r - n e g a t i v e  ty p e s  were i n  n e a r l y  

a l l  i n s t a n c e s  t y p i c a l  B . c o l l ,  i . e . ,  t h e y  gave V oges-  

P r o sk a u e r  n e g a t i v e ,  i n o s i t o l - n e g a t i v e  and i n d o l e - p o s i t i v e  

r e a c t i o n s .  There was a v e r y  h ig h  n e g a t i v e  c o r r e l a t i o n  b e 

tw een  t h e  i n o s i t o l  r e a c t i o n  and m o t i l i t y ;  and an a lm o s t  . 

p e r f e c t  p o s i t i v e  c o r r e l a t i o n  betw een  th e  I n o s i t o l  and 

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

p o s i t i v e  t y p i c a l  B. c o l i ,  t h e s e  l a t t e r ,  l i k e  a l l  o t h e r  Voges
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P r o s k a u e r - n e g a t i v e ,  K o s e r - n e g a t iv e  c o l i f o r m  t y p e s ,  were  

in  a l l  i n s t a n c e s  i n o s i t o l - n e g a t i v e . I n o s i t o l - fe r m e n te r a  

w ere a l s o  found to  be K o s e r - p o s i t i v e , s u c r o s e - p o s i t i v e  and 

r a f f i n o s e - p o s i t i v e ; t h e y  were f r e q u e n t l y  e n c a p s u la t e d  and 

formed t h i c k  m ucoid c o l o n i e s . .  The i n d o l e  r e a c t i o n  c o r r e 

l a t e d  v e r y  h i g h l y  i n  a n e g a t iv e  s e n s e  w ith  t h e  Koser  

r e a c t i o n ;  b u t  i n d o l e - p o s i t i v e , I n o s i t o l - p o s i t i v e  t y p e s  were  

K o s e r - p o s i t i v e .  Thus i h d o l e - n e g a t i v e  t y p e s  were K o ser -  

p o s i t i v e ,  w h i le  i n d o l e - p o s i t i v e  t y p e s  were as a r u le .  K o ser -  

p o s i t i v e  or n e g a t i v e  a c c o r d in g  t o  w h e th er  th e  i n o s i t o l  r e 

a c t i o n s  w ere p o s i t i v e  o r  n e g a t i v e .

S e l e c t i n g  t h e s e  fo u r  c h a r a c t e r s  -  th e  V bges-  

P r o s k a u e r ,  K o se r , i n o s i t o l  and I n d o le  r e a c t i o n s  -  a s  d i f 

f e r e n t i a l  c r i t e r i a ,  a sy s te m  o f  c l a s s i f i c a t i o n  was f o r 

m u la te d  by means o f  w h ich  th e  c u l t u r e s  w h ich  had b een  - 

i s o l a t e d ,  were arran ged  in  e i g h t  s u b -g r o u p s .  The p r o t o 

t y p e s  o f  f i v e  o f  t h e s e  su b -g ro u p s  w ere o f  c l a s s i c  c o l l f o r m  

t y p e s ,  nam ely  B. c o l i  communis, B. f r i e d l a n d e r i ,  B. 

c l o a c a e ,  B. o x y to c u s  and B. a e r o g e n e s .  No named t y p e s  

b e lo n g e d  t o  th e  o th e r  t h r e e  s u b -g r o u p s ,  th o u g h  org a n ism s o f  

t h e s e  su b -g r o u p s  have a l s o  b een  o b t a in e d  by MacGonkey 

(1 9 0 5 ,  1 9 0 9 ) ,  M ackie ( 1 9 2 1 ) ,  Koser (1 9 2 4 ,  1 9 2 6 ) ,  B a r d s le y  

(1 9 2 6 ,  1 9 3 4 )  and o t h e r s .
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S E C T I O N  II.

THE TYPES OF CQLIEQRM BACTERIA IN BOVINE FAECES.

Specim ens o f  b o v in e  f a e c e s ,  b o t h  from cows c o n f in e d  

t o  b y r e s  and from cows a t  p a s t u r e ,  were exam ined  b a c t e r i o -  

l o g i c a l l y ,  w i t h  t h e  f o l l o w i n g  o b j e c t s :  (1 )  t o  d e te r m in e  by  

th e  o r d in a r y  ipiethods o f  i s o l a t i o n  t h e  v a r i o u s  type s o f  c o l i -  

form b a c t e r i a  w h ich  a re  p r e s e n t  i n  b o v in e  f a e c e s  under t h e s e  

v a r y in g  c o n d i t i o n s ,  ( 2 )  i n  th e  e v e n t  o f  a e r o g e n e s - c l o a c a e  

t y p e s  b e in g  r a r e l y  o b ta in e d  by t h e s e  m e th o d s ,  t o  a t te m p t  t o  

i s o l a t e  them more f r e q u e n t l y  by e n r ich m en t  m eth o d s , and (3 )  

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

form o rg a n ism s i s o l a t e d .

I . The Types o f  Ce l l f o r m  B a c t e r ia  i s o l a t e d  from b o v in e
■— I iwiTiiiB iip p .M jf.ir t ii I — i — n i.T r-n -M —m -n w rr— ~T i— i.* i imr n— — ■■■— — . w . — — — — i—

f a e c e s  by O rdinary M eth od s .

One hundred and f o u r t e e n  sp e c im e n s  o f  b o v in e  fa e c e i  

were exam ined* The sp ec im e n s  were ta k e n  a t  d i f f e r e n t  p e r 

io d s  o f  t h e  y e a r ,  e i g h t y -on e  b e in g  o b ta in e d  d u r in g  a w in te r  

p e r io d  e x t e n d in g  from  November t o  A p r i l ,  when t h e  a n im a ls  

w ere c o n f in e d  t o  b y r e s  f o r  m ost o f  th e  d a y ,  and t h i r t y - t h r e e  

d u r in g  a summer p e r io d  e x te n d in g  from May t o  O cto b er , when 

t h e  cows were a t  p a s tu r e  f o r  th e  w hole  o r  g r e a t e r  p a r t  o f
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th e  d a y .  M ost o f  th e  sp ec im en s  were o b t a in e d  from s i x  

cow s, and were p ro cu red  from th e  c e n t r e  p o r t io n s  o f  f r e s h  

d r o p p in g s .

The sp ec im en s  were exam ined  w i t h i n  a few h o u rs  o f  

e v a c u a t i o n ,  th e  e x a m in a t io n  b e in g  c a r r i e d  o u t  a s  e a r l y  as  

p r a c t i c a b l e  i n  v iew  o f  th e  p o s s i b i l i t y  o f  c e r t a i n  o rg a n ism s  

d y in g  o f f  r a p i d l y  i n  su ch  m a t e r i a l s  (Browning 1 9 1 8 ) .  I f  

th e  f a e c e s  co u ld  n o t  be exam ined w i t h i n  6 or  8 h o u r s ,  t h e y  

w ere t r e a t e d  a t  once w i t h  Teague and Glurm an’s g l y c e r i n e  

and s a l t  s o l u t i o n  ( s e e  Browning 1 9 1 8 ) .

Methods o f  i s o l a t i o n .

An e m u ls io n  o f  th e  f a e c e s  was p rep a re d  in  s t e r i l e  

w a te r .  At f i r s t  one l a r g e  l o o p f u l  o f  th e  sp ec im en  was 

m ixed w i t h  a p p r o x im a te ly  5 m l.  s t e r i l e  t a p  w a te r ,  th e  d i a 

m eter  o f  th e  lo o p  b e in g  ab out 4 mn& L a t e r ,  when i t  was 

o b se r v e d  t h a t  no c o l l f o r m  c u l t u r e s  w ere o b ta in e d  from some 

s p e c im e n s ,  a much d e n se r  e m u ls io n  was p r e p a r e d ,  s i x  to  t e n  

l o o p f u l s  o f  f a e c e s  b e in g  added t o  th e  s t e r i l e  w a t e r .

The f o l l o w i n g  m ethods o f  i s o l a t i o n  were em p loyed;

(a )  s t r o k e d  p l a t e s  o f  b i l e - s a l t  l a c t o s e  a g a r ,  and ( b ) 

p r e l im in a r y  en r ich m en t in  b i l e - s a l t  l a c t o s e  b o u i l l o n .

S tr o k e d p l a t e s  o f  n e u t r a l - r e d  b i l e - s a l t  l a c t o s e  a_gar 

(Muir and R i t c h i e  1 9 5 7 ) .  One l a r g e  l o o p f u l  o f  th e  f a e c a l  

e m u ls io n  was s t r o k e d  on a b i l e - s a l t  a g a r  p l a t e  and i n 
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cu b a te d  a t  37^0# f o r  24 h o u r s .  T y p ic a l  c o l o n i e s  ( a t  f i r s t  

s i x  b u t  l a t e r  i n  t h e  i n v e s t i g a t i o n  t h r e e )  w ere t r a n s f e r r e d  

t o  Durham’s f e r m e n t a t io n  tu b e s  o f  b i l e - s a l t  l a c t o s e  b o u i l l o n . 

S u b c u l t u r e s  w h ic h  f a i l e d  t o  p roduce a c id  and g a s  w i t h i n  14  

d ays  a t  37 C* were d i s c a r d e d .  The o t h e r s ,  as soon  a s  b o th  

a c i d  and gas  were' a p p a ren t  in  th e  f l u i d  c u l t u r e s ,  w ere su b -  

c u l t u r e d  on b i l e - s a l t  a g a r  p l a t e s .  S i n g l e  c o l o n i e s  were  

a g a in  s u b c u l tu r e d  i n t o  b i l e - s a l t  l a c t o s e  b o u i l l o n ,  and i f  

p r o d u c in g  a c i d  and g a s ,  t r a n s f e r r e d  t o  ag a r  s l o p e s .  R e-  

p l a t i n g  from a b r o t h  c u l t u r e  was c o n s id e r e d  t o  be a d v i s a b l e  

ow ing t o  th e  d i f f i c u l t y  o f t e n  e x p e r ie n c e d  i n  s e p a r a t in g  c u l 

t u r e s  o f  c o n f o r m  o rg a n ism s from m ixed  c u l t u r e s . T h is  p r o 

cedu re  h a s 'b e e n  recommended f o r  s i m i l a r  r e a s o n s  by R u c h h o ft ,  

K a l l a s ,  Chinn and C o u lte r  ( 1 9 3 1 ) .  C o lifo r m  c u l t u r e s  were  

n o t  o b t a in e d  by t h i s  m ethod from s i x t e e n  s p e c im e n s ,  b u t  t h e y  

were i s o l a t e d  from t w e lv e  o f  t h e s e  sp e c im e n s  b y  o t h e r  m ethods  

w h ich  w ere b e in g  u sed  a t  th e  t im e .  Thus o n ly  fo u r  sp ec im e n s  

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

em p lo y ed . I t  was p o s s i b l e  t h a t  in  some i n s t a n c e s  c o l 1 form  

c o l o n i e s  had b een  o v e r lo o k e d  on th e  b i l e - s a l t  agar p l a t e s ,  

and so  th e  p r a c t i c e  was f i n a l l y  a d o p ted  o f  k e e p in g  t h e  p la t©  

c u l t u r e s '  from w h ich  c o l o n i e s  had b een  t a k e n , f o r  6 o r  7 d a y s .  

I f  th e  b o u i l l o n  s u b c u l t u r e s  f a i l e d  t o  prod uce  a c id  and g a s  

w i t h i n  t h a t  t im e ,  f r e s h  s u b c u l t u r e s  were made from o t h e r
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c o l o n i e s .  Three o f  t h e  fo u r  sp ec im e n s  w h ich  y i e l d e d  no 

c o l i  form c u l t u r e s  w ere exam ined  in  th e  e a r l y  s t a g e s  o f  th e  

work b e f o r e  t h i s  p r a c t i c e  was f o l l o w e d .  The p r e s e n c e  o f  

" sp r ea d in g "  c o l o n i e s ,  c h i e f l y  P r o te u s  t y p e s ,  on th e  p l a t e s  

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

f i c u l t .  I t  i s  n o te w o r th y  t h a t  D orner (1 9 2 6 )  f r e q u e n t l y  

f a i l e d  t o  o b t a in  any c o l i f o r m  s t r a i n s  from sp ec im e n s  o f  

b o v in e  f a e c e s ,  e s p e c i a l l y  w i t h  c e r t a in :  cow s. As a r u le  

c u l t u r e s  from t h r e e  c o l o n i e s  o f  c o l i f o r m  o rg a n ism s were  

i s o l a t e d  b y  t h i s  m ethod from e a c h  s p e c im e n . I f  th e  c o l 

o n i e s  d i f f e r e d  in  a p p e a r a n c e ,  s u b c u l t u r e s  were made from  

e a c h  t y p e .  The t o t a l  number o f  c u l t u r e s  o b ta in e d  was 2 6 2 .

Growth in  b i l e - s a l t  l a c t o s e  b o u i l l o n  b e f o r e  s t r o k 

in g  on b i l e - s a l t  l a c t o s e  agar p l a t e s .  S’e v e r a l  lo o p  f u i s  

o f  th e  f a e c a l  e m u ls io n  were added t o  a Durham’s fe r m e n ta 

t i o n  tu b e  o f  b i l e - s a l t  l a c t o s e  b o u i l l o n  and in c u b a t e d ,a t  

3 7 ^ 0 . When a c id  and g a s  were p rod uced  ( u s u a l l y  w i t h i n  

1 8 - 2 4  h o u r s ) ,  th e  c u l t u r e  was s t r o k e d  on a p l a t e  o f  b i l e -  

s a l t  a g a r .  The su b se q u e n t  p ro ce d u re  was th e  same a s  i n  

th e  f i r s t  m ethod , b u t  o n ly  one c o lo n y  was i n o c u l a t e d  i n t o  

l a c t o s e  b o u i l l o n ,  and a s  a r e s u l t  n o t  more th a n  one c u l 

tu r e  was i s o l a t e d  from ea c h  sp e c im e n . (Where th e  s p e c i 

men c o n ta in e d  s e v e r a l  t y p e s  o f  c o l i f o r m  b a c t e r i a ,  th e
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ty p o  i s o l a t e d  would depend t o  some e x t e n t  on th e  r e l a t i v e  

numbers o f  t h e  v a r io u s  ty p e s  i n  t h e  f a e c e s  and a l s o  on 

t h e i r  r e l a t i v e  r a t e s  o f  grow th  in  th e  b i l e - s a l t  b o u i l l o n ) .  

T h is  m ethod was n o t  u se d  a t  th e  o u t s e t  o f  t h e  w ork, b u t  

was em ployed w i t h  t h e  p l a t i n g  method ( s e e  a b o v e )  in  th e  

e x a m in a t io n  o f  th e  l a s t  e i g h t y - f i v e  s p e c im e n s ,  i . e . ,  th e  

t h i r t y - t h r e e  summer specim ens, and f i f t y - t w o  o f  th e  e i g h t y -  

one w in te r  s p e c im e n s . C o lifo rm  c u ltu r e s ;  were o b ta in e d  

by i t s  u se  from e i g h t y  o f  t h e s e  s p e c im e n s .  I n c lu d in g  s e v e n  

from w h ich  none was o b ta in e d  by t h e  p r e v io u s  m ethod . The 

t o t a l  number o f  c u l t u r e s  i s o l a t e d  was e i g h t y .

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

S t a in e d  sm ears were p r e p a r e d  from th e  a g a r - s lo p e  

c u l t u r e s  and exam ined  m i c r o s c o p i c a l l y  t o  d e te r m in e  w heth er  

t h e  o rg a n ism s  were o f  c o l i f o r m  t y p e , i . e . ,  n o n - s p o r in g .  

G ra m -n eg a tiv e  and r o d - s h a p e d .  C u ltu r e s  w h ic h  had n o t  

t h e s e  c h a r a c t e r s  and f a i l e d  t o  grow under a e r o b ic  c o n 

d i t i o n s  were d i s c a r d e d .  L iv in g  p r e p a r a t io n s  from p e p to n e -  

w a te r  c u l t u r e s  w ere exam ined f o r  m o t i l i t y .  The f o l l o w i n g  

b io c h e m ic a l  r e a c t i o n s  w ere a l s o  d e te r m in e d :  f e r m e n ta t io n  

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

r a f f i n o s e  and i n o s i t o l ; a c t i o n  on m i lk ;  th e  m e t h y l - r e d  

and V o g es“P ro sk a u er  r e a c t i o n s ;  p r o d u c t io n  o f  i n d o l e ;  

l i q u e f a c t i o n  o f  g e l a t i n  and a b i l i t y  t o  grow and p rod uce
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t u r b i d l t y  In  K o s e r ’s  f l u i d  c i t r a t e  medium (K oser 1 9 2 4 ) .

The v a r io u s  t e s t s  were c a r r i e d  o u t  i n  th e  manner d e s c r ib e d  

on p a g e s  94 t o  9 8 .  ’

R e s u l t s .

Three hundred and f o r t y - t w o  c u l t u r e s  o f  c o l i f o r m  

b a c t e r i a  were i s o l a t e d  b y  t h e s e  m ethods* The c u l t u r e s  

o b t a in e d  by b o th  th e  m ethods co r re sp o n d ed  v e r y  c l o s e l y  

in  t y p e ,  and c o n s e q u e n t ly  th e  r e s u l t s  o b ta in e d  b y  b o th  

a r e  combined i n  T ab le  1 ,  page 1 4 6 , w h ich  shows t h e  number 

o f  c u l t u r e s  i s o l a t e d  d u r in g  t h e  w in t e r  and summer p e r i o d s ,  

and d u r in g  th e  w hole  p e r i o d .  The c u l t u r e s  a re  arra n g ed  

i n  su b -g ro u p s  a c c o r d in g  t o  th e  f o l l o w i n g  r e a c t i o n s  

(a )  V o g ea -P ro sk a u er  r e a c t i o n ,  ( b ) grow th  in  K o s e r ’s f l u i d  

c i t r a t e  medium, ( c )  f e r m e n ta t io n  o f  i n o s i t o l  and (d)  

p r o d u c t io n  o f  i n d o l e .  T h is  m ethod o f  g r o u p in g  i s  su p 

p o r te d  by th e  f a c t s  g iv e n  in  S e c t i o n  IV , page 9 3 .

I t  w i l l  be seen  from T ab le  1 ,  t h a t  i n  e a c h  o f  th e

p e r io d s  m ost o f  th e  c u l t u r e s  b e lo n g e d  t o  su b -g ro u p  1 ,  th e

t y p i c a l  B . c o l i .  Of t h e  342 c u l t u r e s  i s o l a t e d ,  330 b e lo n g 

ed t o  t h i s  su b -g ro u p  and o n ly  t w e lv e  t o  t h e  o th e r  su b 

g r o u p s .  W ith  r e g a r d  t o  t h e s e  B . c o l i  c u l t u r e s  ( su b -g r o u p  1 )  

th e  f o l l o w i n g  t y p e s  o f  MacGonkey (MacGonkey 1 9 0 5 ,  1909  ) 

were o b t a in e d ,  th e  f i g u r e  in  b r a c k e t s  i n d i c a t i n g  th e  

number o f  c u l t u r e s  o f  e a c h  i s o l a t e d :  n o s .  71 or  B. c o l i
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coïnmimlor (1 8 5 , , I . e . ,  more th a n  h a l f  o f  th e  t o t a l  number 

o f  c u l t u r e s  i s o l a t e d ) ,  34 or  B. c o l l  communis E s c h e r lc h  

( 6 9 ) ,  1 ( 2 3 ) ,  72 ( 1 4 ) ,  35 ( 1 1 ) ,  4 ( 8 ) ,  5 ( 5 ) ,  107  ( 5 ) ,

106 ( 3 ) ,  2 or  B . a e l d l  l a c t i c !  ( 3 ) ,  100  ( 2 ) ,  33 . ( 1 ) ,  

and an a t y p i c a l  s t r a i n  ( 1 ) .  In f a e c e s  o f  human o r i g i n  a 

s i m i l a r  c o n d i t i o n  e x i s t s , th e  m ost p r e v a l e n t  c o l l f o r m  

o rg a n ism s  a re  t y p i c a l  B. c o l l ,  and o f  t h e s e  n o s . 71 and 34 

a re  m ost f r e q u e n t l y  found (Muir and R i t c h i e  1 9 3 7 ;  C r u lc k -  

shank  and G ruickshank  1931 ; Hay 1 9 3 2 ) .  The t w e lv e  o t h e r  

c u l t u r e s  b e lo n g e d  t o  th e  f o l l o w i n g  MacOonkey t y p e s ,  th e  

f i g u r e  in  b r a c k e t s  i n d i c a t i n g  th e  number o f  ea ch  ty p e  

o b t a in e d :  n o s . 103 ( 3 ) ,  65 ( 3 ) ,  7 ( 1 ) ,  67 ( 1 ) ,  68 ( 1 ) ,

73 ( 1 ) ,  74 (1 )  and 108  ( 1 ) .  Pour o f  t h e s e  c u l t u r e s  were  

o b t a in e d  from t h e  one s p e c M e n .

C u ltu r e s  o f  a e r o g e n e s - c l o a c a e  and o t h e r  K o se r -  

p o s i t i v e  t y p e s  were t h e r e f o r e  se ldom  o b ta in e d  from b o v in e  

f a e c e s  b y  th e  o r d in a r y  m ethods o f  i s o l a t i o n .  The q u e s t io n  

th e n  a r o s e  as  t o  w h e th er  t h i s  was due t o  t h e i r  r a r e  o c c u r r 

en ce  i n  b o v in e  f a e c e s  o r  t o  t h e  f a c t  t h a t  t h e y  w ere p r e s e n t  

in  s u c h  s m a ll  numbers as  t o  ren d er  t h e i r  i s o l a t i o n  d i f f i 

c u l t  b y  th e  o r d in a r y  m eth o d s . C o n s e q u e n t ly  th e  work was 

c o n t in u e d  w ith  t h e  o b j e c t  o f  d e t e r m in in g  t o  what e x t e n t  

t h e y  c o u ld  be o b ta in e d  from b o v in e  f a e c e s  by u s in g  m ethods  

o f  i s o l a t i o n  s u i t a b l e  fo r  t h e i r  e n r ic h m e n t .
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I I .  The I n c id e n c e  o f  A e r o g e n e s -c lo a c a ©  and o t h e r  
Kos e r - p o s i t i v e  t y p e s  in  b o v in e  f a e c e s ,  aa 
d e te r m in e d  b y  th e  u se  o f  e n r ich m e n t  m ethods  

o f  i s o l a t i o n .

One hundred specim ens, o f  b o v in e  f a e c e s  were  

e x a m in ed , ,Kos e r - p o s i t i v e  c u l t u r e s  b e in g  i s o l a t e d  from 

n i n e t y - f i v e  o f  them by v a r io u s  e n r ic h m e n t  m e th o d s .  F i f t y  

o f  t h e  sp e c im e n s  were o b ta in e d  d u r in g  summer when th e  

cows ware a t  p a s t u r e , and f i f t y  d u r in g  w in t e r  when th e  

a n im a ls  were c o n f in e d  t o  b y r e s .  The sp ec im en s  were from 

v a r i o u s  cows on fo u r  fa r m s . The same p ro ce d u re  was a d o p t 

ed  w i t h  r e g a r d  t o  c o l l e c t i o n  o f  t h e  sp ec im e n s  as in  th e  

p r e v io u s  work.

The f o l l o w i n g  m ethods o f  i s o l a t i o n  were em ployed:  

(a )  p r e l im in a r y  en r ich m e n t  in  K oser^s f l u i d  medium, ( b ) 

p r e l im in a r y  en r ic h m e n t  in  a f l u i d  medium c o n t a in i n g  

b r i l l i a n t  g r e e n ,  ( c )  p r e l im in a r y  en r ic h m e n t  in  K oser^s  

f l u i d  medium p lu s  copper s u l p h a t e ,  and (d )  s t r o k e d  p l a t e s  

o f  Simmons  ̂ c i t r a t e  a g a r .

E nrichm ent in  K oser^s f l u i d  c i t r a t e  medium 

p r i o r  t o  s t r o k i n g  on a b i l e - s a l t  l a c t o s e  a g a r  p l a t e .

A tub e  o f  K oser^s f l u i d  medium was in o c u l a t e d  w i t h  th e  

f a e c a l  e m u ls io n .  (For t h i s  p rim ary  c u l t u r e  a t  f i r s t  

20 m l .  o f  K oser^s medium and t e n  l o o p f u l s  o f  t h e  f a e c a l
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e m u ls io n  were u s e d ,  b u t  l a t e r  o n ly  1 0  m l .  o f  th e  medium 

and t h r e e  l a r g e  l o o p f u l s  o f  th e  f a e c e s ) .  When grow th  

was a p p a r e n t ,  u s u a l l y  a f t e r  18  or  24 h ou rs*  I n c u b a t io n ,  

a s u b c u l t u r e  was made i n t o  a n o th e r  tuba o f  K oser*s  medium, 

a s m a l le r  amount i o f  inocu lum  b e in g  u se d  th a n  t h a t  em ployed  

f o r  t h e  p rim ary  c u l t u r e . I f  th e  s e c o n d  tub e  showed t u r 

b i d i t y  (a  p o s i t i v e  Koser r e a c t i o n ) ,  a n o th e r  s u b c u l tu r e  

was made s i m i l a r l y  in  th e  same medium. When th e  t h i r d  

Koser tu b e  gave a p o s i t i v e  r e a c t i o n ,  th e  c u l t u r e  was t e s t 

ed in  b i l e - s a l t  l a c t o s e  b o u i l l o n ,  and i f  a c id  and g a s  were  

p rod uced  i t  was s t r o k e d  on a b i l e - s a l t  l a c t o s e  a g a r p L a te .

A c o lo n y  from th e  p la t©  was s u b c u l tu r e d  i n  b i l e - s a l t  

l a c t o s e  b o u i l l o n  and in  K oser*s c i t r a t e  medium. I f  th e  

r e a c t i o n s  i n  b o t h  c a s e s  were p o s i t i v e ,  th e  c u l t u r e  was 

a g a in  s t r o k e d  on b i l e - s a l t  a g a r  ; a c o lo n y  was t e s t e d  in  

l a c t o s e  b o u i l l o n  and i n  K oser *s medium and th e n  a su b 

c u l t u r e  made on an a g a r  s l o p e . I f  a c u l t u r e  f a i l e d  a f t e r ,  

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

a c t i o n s  i n  b o th  l a c t o s e  b o u i l l o n  and Koser *s medium, 

f r e s h  s u b c u l t u r e s  were made from o t h e r  c o l o n i e s  on th e  

p l a t e .  At f i r s t  an in c u b a t io n  te m p e r a tu r e  o f  37^0♦ was 

u se d  i n  t h i s  and th e  o th e r  en r ich m en t m e th o d s ,  b u t  l a t e r  

i t  was r e d u ced  t o  3 0 ^ 0 . ,  as i t  was found  t h a t  c o l o n i e s  

o f  K o s e r - p o s i t i v e  t y p e s  d e v e lo p e d  t o  a g r e a t e r  e x t e n t  a t
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t h l s  t e m p e r a tu r e  th a n  c o l o n i e s  o f  B . c o l i  t y p e s .

As a r u le  no a t te m p t  was made t o  i s o l a t e  more

th a n  one c u l t u r e  from e a c h  s p e c ta e n  b y  t h i s  m eth o d . In

t h i r t y - e i g h t  sp ec im e n s  no c u l t u r e s  w ere i s o l a t e d ,  i n

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

o b ta in e d  b y  one o r  more o f  t h e  o t h e r  : en r ich m e n t  m e th o d s .

F a i lu r e  t o  o b t a in  c u l t u r e s  was due to  th e  f o l l o w i n g

f a c t o r s .  (1 )  C u ltu r e s  were f r e q u e n t l y  o b ta in e d  w h ich

p ro v ed  on r e p l a t i n g  and f u r t h e r  e x a m in a t io n  t o  be m ixed

c u l t u r e s  o f  K o s e r - n e g a t iv e  c o l i f o r m  t y p e s  and K o se r -

p o s i t i v e  n o n - c o l i f o r m  ( e s p e c i a l l y  P r o t e u s )  t y p e s .  T h is

d i f f i c u l t y  was overcom e t o  some e x t e n t  by r e t a i n i n g  th e

p l a t e  c u l t u r e s  fo r  some t im e a f t e r  s u b c u l t u r e s  from t h e

c o l o n i e s  had b een  m ade. The s u b c u l t u r e s  were t e s t e d  as

u s u a l  i n  l a c t o s e  b o u i l l o n  and K oser*s  medium, r e p l a t e d

and t e s t e d  a g a in  i n  l a c t o s e  b o u i l l o n  and K oser*s  medium.

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

t h e s e  m e d ia ,  f r e s h  s u b c u l t u r e s  were made from o t h e r

c o l o n i e s  on t h e  p r im ary  p l a t e s .  However, a s  th e  work

p r o g r e s s e d  and e x p e r ie n c e  was g a i n e d ,  K o s e r - p o s i t i v e

c o l o n i e s  c o u ld  be p ic k e d  o f f  from th e  p l a t e s  w i t h  a

g r e a t e r  d e g r e e  o f  c e r t a i n t y ,  © s p e c i a l l y  i f  the p l a t e s
o

were k ep t f o r  24 h o u rs  a t  30 G. and th e n  f o r  s e v e r a l  days  

a t  room tem p e ra tu r e  b e f o r e  th e  c o l o n i e s  were e x a m in ed .



- 5 1 -

(2 )  T ro u b le  was e x p e r ie n c e d  in  i s o l a t i n g  c u l t u r e s  from  

some o f  th e  p l a t e s  ow ing to  th e  abundant grow th  o f  P r o 

t e u s  t y p e s ,  w h ich  had n o t  b een  e l i m i n a t e d  b y  th e  su b -  

c u l t u r i n g  in  K oser*a medium. I t  was found t h a t  grow th  

o f  s u c h  o rg a n ism s in  K oser *s medium co u ld  be p r e v e n te d  b y  

th e  a d d i t i o n  o f  cop p er  s u lp h a te  ( A l l i s o n  and A y l ln g  1 9 2 9 )  

( s e e  e n r ic h m e n t  m ethod ( c ) * )  A l l  t h e  K o s e r - n e g a t iv e  c u l 

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

o f  t h e  w ork , i . e .  by t h e s e  en r ic h m e n t  m e th o d s ,  were d i s 

card ed  and are  t h e r e f o r e  n o t  in c lu d e d  i n  T a b le s  2 ,

(page 147) and : 3 (page 1 4 8 ) .

E nrichm ent i n  b r i l l i a n t  g r e e n  p e p to n e -w a te r  

b e f o r e  p l a t i n g  i n  b i l e - s a l t  l a c t o s e  agi:ar (Muir and R i t c h i e  

1 9 3 7 ,  Browning 1 9 1 8 ) .  P r e l im in a r y  e x p e r im e n t  had shown  

t h a t  th e  a d d i t i o n  o f  0 * 7 , 1 and e v e n  1*5  m l .  o f  a 

1 : 1 0 ,0 0 0  s o l u t i o n  o f  b r i l l i a n t  g r e e n  t o  10  m l.  amounts  

o f  p e p t o n e - w a t e r , w h ic h  had b een  i n o c u l a t e d  w it h  b o v in e  

f a e c e s ,  was i n s u f f i c i e n t  to  e l i m i n a t e  B. c o l i  t y p e s ,  a 

f a c t  w h ich  was p r o b a b ly  due t o  th e  e f f e c t  o f  th e  l a r g e  

q u a n t i t y  o f  e x t r a n e o u s  m a tte r  in tr o d u c e d  w it h  t h e  in o cu lu m .  

C o n s e q u e n t ly  th e  p r a c t i c e  was ad op ted  o f  s u b c u l t u r in g  

t w ic e  in  th e  b r i l l i a n t  g r e e n  medium. As p rim ary  c u l t u r e s ,  

s e v e r a l  l a r g e  l o o p f u l s  o f  th e  f a e c a l  e m u ls io n  were i n 

o c u la t e d  i n t o  two tu b e s  c o n t a in i n g  10  m l .  p e p to n e -w a te r  

p lu s  0 ’ 7 and 1*0  m l .  o f  a 1 : 1 0 ,0 0 0  s o l u t i o n  o f  b r i l l i a n t
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g r e e n  r e s p e c t i v e l y .  Then, a f t e r  1 8 - 2 4  hours*  in c u b a t io n  

a t  3 0 ^ 0 . ,  a s u b c u l tu r e  was mad© from e a c h  i n t o  p e p to n e -  

w a te r  c o n t a in i n g  th e  same c o n c e n t r a t io n  o f  th e  dye as th e  

p rim a ry  c u l t u r e .  At th e  same t i m e . p l a t e s  o f  b i l e - s a l t  

l a c t o s e  Agar were s t r b k e d . The s e c o n d a r y  c u l t u r e s  i n  p ep ton e  

w a te r  were In cu b a ted  f o r  24 h o u r s 'a n d  th e n  s tr o k e d  on b i l e - : 

s a l t  a g a r . There were t h e r e f o r e  two p a i r s  o f  p l a t e s ,  one  

from t h e  p r im a ry  and t h e  o th e r  from th e  se co n d a ry  c u l t u r e s ^  ;; 

The p l a t e s  were in c u b a te d  a t  30 G. and one c o lo n y  from - -y 

e a c h  was t e s t e d  i n  b i l e - s a l t  l a c t o s e  b o u i l l o n  and Koser*©; 

f l u i d  c i t r a t e  medium. I f  p o s i t i v e  r e a c t i o n s  were o b ta in e d  

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

c o lo n y  was s u b c u l tu r e d  from i t  and t e s t e d  i n  b i l e - s a l t  

l a c t o s e  b o u i l l o n  and E b ser*s  medium. I f  th e  r e a c t i o n s  

v/ere p o s i t i v e ,  th e  c u l t u r e  was t r a n s f e r r e d  t o  an agar  

s l o p e . Only one c u l t u r e  as a ru].e was i s o l a t e d  by t h i s  

m ethod from e a c h  p rim ary  and s e c o n d a r y  c u l t u r e . K o se r -  

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

c a r d e d .  As w i t h  th e  K oser f l u i d  e n r ich m e n t  m ethod , th e  - 

p l a t e  c u l t u r e s  were r e t a i n e d  f o r  some t im e ,  s o  t h a t  i n  th e  

e v e n t  o f  th e  s u b c u l t u r e s  from t h e  c o l o n i e s  p r o v in g  t o  be  

K o s e r - n e g a t iv e  o t h e r  s u b c u l t u r e s  c o u ld  b e  m ade.

In  th e  e x a m in a t io n  o f  t h e  l a s t  f i f t y  sp ec im en s  

( th e  w in te r  sp e c im e n s )  th e  method was m o d i f ie d  a s  f o l l o w s .
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Two p rim ary  c u l t u r e s  were made in  p e p to n e -w a te r  c o n t a i n 

in g  1 . 0  m l .  o f  th e  d y e ,  th e  in ocu lu m  b e in g  in  th e  one i n 

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

sp ec im en  and i n  t h e  o t h e r  t w ic e  o r  t h r e e  t im e s  t h a t  quan

t i t y .  A f t e r  1 8 -2 4  hours*  in c u b a t io n  a t  3 0 ^ 0 . se c o n d a r y  

c u l t u r e s  were m ade,from  e a c h  i n  p e p to n e -w a te r  c o n t a in i n g  

1 . 0  m l . o f  t h e  d y e .  P l a t e s  o f  b i l e - s a l t  ag a r  were s tr o k e d  

o n l y  from t h e  se c o n d a r y  c u l t u r e s .  Thé su b se q u e n t  p r o 

ced u re  was th e  same as p r e v i o u s l y  d e t a i l e d . C u ltu r e s  were  

n o t  o b ta in e d  by th e  v a r io u s  b r i l l i a n t  g r e e n  en r ich m en t  

m ethods from n i n e t e e n  o f  th e  100  s p e c im e n s ,  a l th o u g h  th e y  

w ere o b ta in e d  from f o u r t e e n  o f  t h e s e  n i n e t e e n  specimenèï^  

by one o r  more o f  t h e  o th e r  en r ich m e n t  m e th o d s .

E n r ichment i n  Koser * s f l u i d  medium c o n t a in i n g  

copper s u lp h a t e  p r io r  to  p l a t i n g  on b i l e - s a l t  a g a r .

T roub le  had b een  e x p e r ie n c e d  in  I s o l a t i n g  K o s e r - p o s i t i v e  

c u l t u r e s  by en r ic h m e n t  in  Koser *s medium ow ing t o  th e  

abundant grow th  o f  P r o te u s  t y p e s .  To overcom e t h i s  

d i f f i c u l t y  a s t e r i l e  copper s u lp h a te  s o l u t i o n  was added  

t o  th e  medium a f t e r  s t e r i l i s a t i o n  ( A l l i s o n  and A y l ln g  

1 9 2 9 ) .  At th e  o u t s e t  1 m l.  o f  a 1 ; 1 0 0  s o l u t i o n  o f  

copper s u lp h a t e  was added t o  1 0  m l.  o f  K oser*s  medium, 

g i v i n g  a c o n c e n t r a t io n  o f  cop p er  s u lp h a t e  in  th e  medium 

o f  1 ; 1 0 0 0 ,  b u t in  th e  l a t e r  work o n ly  0 ,6  m l .  was added .
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y l e l d î n g  a c o n c e n t r a t io n  o f  1 : 2 0 0 0 .  The l a t t e r  p r o 

ced u re  gave th e  more s u c c e s s f u l  r e s u l t s .  C u l tu r e s  w ere  

n o t  o b ta in e d  by t h i s  m ethod from f i f t y - s e v e n  s p e c im e n s .

S tr o k e d  p l a t e s  o f  Simmons* c i t r a t e  a g a r .

A tte m p ts  were made t o  i s o l a t e  K o s e r - p o s i t i v e  c u l t u r e s  by  

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

o f  th e  f a e c a l  e m u ls io n s  (Simmons 1 9 2 6 ) .  T h is  m eth od , how

e v e r ,  was d i s c a r d e d ,  a s  i t  was found t h a t  P r o te u s  t y p e s  

grew w e l l  on th e  p l a t e s  and a l s o  t h a t  c o l o n i e s  o f  K o se r -  

n é g a t i v e  c o l l f o r m  o r g a n ism s  w ere f r e q u e n t l y  p r e s e n t .  The 

gro w th  o f  th e  l a t t e r  on th e  c i t r a t e  ag a r  was p r o b a b ly  

prom oted  by th e  p r e s e n c e  o f  e x t r a n e o u s  o r g a n ic  s u b s t a n c e s  

in t r o d u c e d  a lo n g  w i t h  th e  in o c u lu m .

R e s u l t s .

©f t h e  1 0 0  sp e c im e n s  exam ined  b y  t h e s e  e n r ic h m e n t  

m e th o d s ,  K o s e r - p o s i t i v e  c o l l f o r m  c u l t u r e s  w ere o b ta in e d  

from n i n e t y - f i v e .  The f a i l u r e  t o  o b t a in  them from f i v e  

sp e c im e n s  was p o s s i b l y  n o t  due t o  t h e i r  a b se n c e  from th e  

f a e c e s  b u t  t o  t h e  f a c t  t h a t  th e  p ro p er  c o l o n i e s  had n o t  

b e e n  sub c u l t u r e d  from th e  p l a t e s . As a l r e a d y  m e n t io n e d ,  

in  many i n s t a n c e s  s u b c u l t u r e s  from th e  c o l o n i e s  gave  

p o s i t i v e  K oser and l a c t o s e  r e a c t i o n s ,  b u t  o n  r e p l a t in g  t h e y  

p roved  t o  be  m ixed  c u l t u r e s  o f  K o s e r - n e g a t i v e  c o l l f o r m
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t y p e s  and E b se r - p o s i t i v e  n o n - c o l i form t y p e s ,  m ost f r e -  

q u e n t ly  P r o t e u s .

In  T ab le  ' 2 , page 14 7 ,1 s  shown th e  number o f  

K o s e r - p o s i t i v e  c o l l f o r m  c u l t u r e s  i s o l a t e d  d u r in g  th e  

v a r io u s  p e r i o d s ,  t h e  c u l t u r e s  b e in g  a rr a n g ed  a c c o r d in g  

t o  th e  same b io c h e m ic a l  r e a c t i o n s  as  i n  T ab le  . 3 ,  page  

1 4 8 .  As no c o r r e l a t i o n  c o u ld  be o b s e r v e d  b e tw e e n  th e  

f r e q u e n c i e s  o f  t h e  t y p e s  o b ta in e d  and th e  v a r io u s  e n 

r ic h m e n t  m ethods o f  i s o l a t i o n ,  th e  c u l t u r e s  a re  n o t  

grouped  a c c o r d in g  t o  m ethod o f  i s o l a t i o n  u s e d .  I t  w i l l  

be s e e n  from th e  t a b l e  t h a t  i n  e a c h  o f  t h e  p e r io d s  m ost  

o f  th e  c u l t u r e s  b e lo n g e d  t o  su b -g r o u p s  6 and 8 ,  i . e . ,  

t h e y  w ere o f  B. c lo a c a e  and B. a e r o g e n e s  t y p e s .  The 

l a t t e r  p red o m in a ted  in  th e  summer and th e  form er in  th e  

w i n t e r .  However, t h e r e  ap p eared  to  be  no s i g n i f i c a n t  

d i f f e r e n c e  b e tw e en  t h e i r  r e l a t i v e  f r e q u e n c i e s  f o r  t h e  two 

p e r i o d s ,  and a lm o s t  th e  same number o f  c u l t u r e s  o f  each  

( e i g h t y - t h r e e  in  t h e  ca se  o f  B. c loaca©  and e i g h t y - s i x  

i n  th e  c a s e  o f  B. a e r o g e n e s )  were o b ta in e d  d u r in g  th e  

w hole  p e r i o d .  I t  i s  n o te w o r th y  t h a t  w h i le  e i g h t y  i n o s i t o l  

fe r m e n te r a  and f o r t y w e ig h t  i n o s i t o l  n o n - fe r m e n te r a  were 

i s o l a t e d  d u r in g  t h e  summer, f o r t y - f o u r  o f  th e  form er and 

e i g h t y - o n e  o f  t h e  l a t t e r  were o b ta in e d  d u r in g  th e  w i n t e r ,  

i . e . ,  p r a c t i c a l l y  th e  numbers were r e v e r s e d .  Ho r e a s o n
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can be g iv e n  f o r  t h i s  v a r i a t i o n .

The f o l l o w i n g  are  th e  t y p e s  o f  Mac Con key w h ich  

w ere o b t a i n e d ,  th e  f i g u r e  in  b r a c k e t s  b e i n g  th e  numbers 

o f  c u l t u r e s  o f  e a c h  i s o l a t e d :  n o . 108  ( 6 6 ,  two b e in g  o f  

a n a e r o g e n e s  t y p e ) ,  105 ( 5 7 ) ,  67 ( 1 8 ) ,  73 ( 1 6 ) ,  98 ( 1 3 ) ,

109 ( 1 3 ) ,  7 ( 1 0 ) ,  66 ( 1 0 ) ,  102  ( 8 ) ,  69 ( 6 ) ,  76 ( 6 ) ,  101  

( 6 ) ,  66 ( 6 ) ,  104 ( 4 ) ,  36 ( 3 ) ,  6 8 , ( 2 ) ,  97  ( 2 ) ,  8 ( 1 ) ,  and 

74 ( 1 ) .  There were t h i r t y - s e v e n  a t y p i c a l  s t r a in s ;^ .  E ig h t  

o f  t h e s e  were B . , c o l i  t y p e s  (MacOonkey*s t y p e s ,  n o s .  7 1 ,  1 

and 6 )  g i v i n g  a t y p i c a l  ( i . e .  p o s i t i v e )  K oser r e a c t i o n s .

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

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

are  g iv e n  in  T ab le  ;■ ;3 ,  page 148, a l l  th e  c u l t u r e s  shown 

i n  T a b le s  1 ,  and 2 ,  b e in g  i n c lu d e d .  The l a c t o s e ,  g lu c o s e  

m a n n i t o l ,  r a f f i n o s e  and m e th y l - r e d  r e a c t i o n s  have been  

o m it t e d  from t h e  t a b l e  f o r  th e  f o l l o w i n g  r e a s o n s .  The 

l a c t o s e ,  g lu c o s e  and m a n n ito l  r e a c t i o n s  were p o s i t i v e  in  

a l l  i n s t a n c e s .  The r a f f i n o s e  r e a c t i o n s  c o r re sp o n d ed  v e r y  

c l o s e l y  w i t h  th e  s u c r o s e .  The m e t h y l - r e d  r e a c t i o n s  as  

a r u l e  were p o s i t i v e  when th e  V o g e s -P r o sk a u e r  were n e g a 

t i v e ,  and t h e y  were n e g a t i v e  when th e  V o g e s -P r o sk a u e r f  were  

p o s i t i v e .  The m a j o r i t y  o f  t h e  c u l t u r e s  w h ich  were e x 

c e p t i o n s  t o  t h i s  r u l e  were i n d o l e - n e g a t iv © , V b g es-P ro sk a u er  

p o s i t i v e  t y p e s ,  g i v i n g  as a r u l e  n e u t r a l  m e t h y l - r e d  r e -
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a c t i o n s ,  a s  was n o te d  i n  th e  p r e v io u s  i n v e s t i g a t i o n  

(M alcolm 1 9 3 3 ) .  The g e l a t i n  r e a c t i o n  h as  b een  o m i t t e d ,  a s  

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

o f  c o l l f o r m  t y p e s .  See page 1 3 5 .  I t  i s ,  h o w ev er , n o t e 

w o rth y  t h a t  a f a i r l y  h ig h  p r o p o r t io n  o f  c u l t u r e s  o f  c l a s s i c  

g e l a t i n  l i q u e f y i n g  t y p e s ,  e . g . ,  M acConkey's t y p e s ,  n o s .

6 5 ,  7 3 ,  9 7 ,  102 and 1 0 8 , f a i l e d  t o  l i q u e f y  g e l a t i n  ev e n  ,
Oa f t e r  p r o lo n g e d  in c u b a t io n  a t  37 C. o r  lov /er  t e m p e r a t u r e s .  

T hus, w i t h  reg a rd  t o  th e  f o r t y - s e v e n  c u l t u r e s  o f  t h e s e  

f i v e  t y p e s  i s o l a t e d  by th e  en r ich m e n t  m ethods d u r in g  th e  

summer p e r i o d ,  f i f t e e n  f a i l e d  t o  l i q u e f y  g e l a t i n .

The b i o l o g i c a l  c h a r a c t e r s  o f  c o l l f o r m  o rg a n ism s  

a re  f u l l y  d i s c u s s e d  in  S e c t i o n  IV, p age  9 3 ,  i n  d e a l i n g  ' 

w it h  c u l t u r e s  i s o l a t e d  n o t  o n ly  from b o v in e  f a e c e s  b u t  

a l s o  from o th e r  s o u r c e s .  A b r i e f  s ta te m e n t  how ever i s  

g iv e n  h e r e  w i t h  r e g a r d  to  th e  c h a r a c t e r s  o f  th e  f a e c a l  

c u l t u r e s  a l o n e ,  i . e . ,  th e  c u l t u r e s  in c lu d e d  in  T ab le  3^

The V o g e s - P r o s k a u e r - n e g a t iv e  c u l t u r e s  w ere in  m ost i n -  

s t a n c e s  K o s e r - n e g a t iv e  (330  ou t o f  3 9 3 ) ,  i n o s i t o l - n e g a t i v e  

(372  o u t  o f  3 9 3 )  and i n d o l e - p o s i t i v ©  (352  o u t  o f  3 9 3 ) .

The V o g e s - P r o s k a u e r -p o s i t iv ©  c u l t u r e s  were a lw a y s  K o se r -  

p o s i t i v e  , and m ost f r e q u e n t l y  i n d o l e - n e g a t i v e  (175  ou t  

o f  2 0 2 ) ;  111 were i n o s i t o l - p o s i t i v e  and n i n e t y - o n e  i n o s i 

t o l - n e g a t i v e .  The K o s e r - n e g a t iv e  c u l t u r e s  were i n v a r i a b l y
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V o g e s - P r o s k a u e r - n e g a t iv e , I n o s i t o l - n e g a t i v e  and i n d o l e -  

p o s i t i v e ,  i . e . ,  t h e y  w ere in  a l l  o a s e s  t y p i c a l  B. c o l i .

The m a j o r i t y  o f  t h e  K o s e r - p o s i t i v e  c u l t u r e s  were V o g e s -  

P r o s k a u e r - p o s i t i v e  (202  o u t  o f  26 5 )  and I n d o l e - n e g a t i v e  

(2 1 6  o u t  o f  2 6 5 ) ;  133  were i n o s i t o l - n e g a t i v e  and 132  

i n o s i t o l - p o s i t i v e . As r e g a r d s  th e  n o n - i n o s i t o l - f e r m e n t -  

e r s ,  th e  i n d o l e - n e g a t i v e  c u l t u r e s  were a lw a y s  K o se r -  

p o s i t i v e  b u t  th e  i n d o l e - p o s i t i v e  c u l t u r e s  wore m ost f r e 

q u e n t ly  K o s e r - n e g a t iv e  (330  o u t  o f  3 4 7 ) .  The n o n - i n o s i t o l -  

f e r m e n t in g  c u l t u r e s  w ere a l s o  i n  m ost  i n s t a n c e s  V o g e s -  

P r o s k a u e r - n e g a t iv e  (372  o u t  o f  4 63) and i n d o l e - p o s i t i v e  

(347  o u t  o f  4 6 3 ) .  M oreover , t h e y  were a s  a r u l e  m o t i l e  

and a d o n i t o l - n e g a t i v e ; th e  o n ly  c u l t u r e s  w h ic h  were  

a d o n i t o l - p o s i t i v e  and I n o s i t o l - n e g a t i v e ,  were MacOonkey*s 

t y p e s , n o s .  1 ,  2 ,  33 and 1 0 0 .  The i n o s i t o l - f e r m e n t i n g  

c u l t u r e s  were i n v a r i a b l y  K o s e r - p o s i t i v e .  T h is  a p p l i e d  

ev e n  t o  i n d o l e - p o s i t i v e  i n o s i t o l - f e r m e n t i n g  t y p e s ,  e . g . ,  

MacOonkey*s n o s , 6 5 ,  97 and 1 0 1 .  The i n o s i t o l - f e r m e n t i n g  

c u l t u r e s  were a l s o  in  m ost c a s e s  V o g e s - P r o s k a u e r - p o s i t i v e  

(111 o u t  o f  1 3 2 )  and i n d o l e - n e g a t i v e  (100  o u t  o f  1 3 2 ) ;  

t h e y  prod uced  m ucoid c o l o n i e s  and were as a r u le  n o n m o t i le ,  

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

i n o s i t o l - f e r m e n t e r s w ere  c h i e f l y  a t y p i c a l  ( i n o s i t o l - p o s t -  ; 

t i v e ) c u l t u r e s  o f  MacOonkey*s ty p e  n o . 1 0 8 ,  and c u l t u r e s
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o f  ty p e  n o .1 0 2 .  A l l  th e  I n d o l e - n e g a t i v e  c u l t u r e s  i s o l a t e d  

from th e  f a e c e s  were K o s e r - p o s i t i v e ,  and m ost o f  them were  

V o g e s - P r o s k a u e r - p o s i t iv e  (175 o u t  o f  2 1 6 ) ;  116  were  

i n o s i t o l - n e g a t i v e • The i n d o l © - p o s i t i v e  c u l t u r e s  were  

m ost f r e q u e n t l y  K o se r - n e g a t i v e  (350  o u t  o f  3 7 9 ) ,  V o g es-  

P r o s k a u e r - n e g a t iv e  (352  o u t  o f  3 7 9 )  and i n o s i t o l - n e g a t i v e  

(347  o u t  o f  3 7 9 ) .

W ith  r e g a r d  t o  T ab le  3 ,  t h e  c u l t u r e s  o f  su b 

group  1 ,  i . e . ,  B . c o l i  t y p e s ,  in c lu d e d  MacOonkey*s t y p e s ,  

n o s .  1 ,  2 ,  4 ,  5 ,  3 5 ,  3 4 ,  3 5 ,  7 1 ,  7 2 ,  1 0 0 ,  106  and 1 0 7 .

M ost o f  t h e  c u l t u r e s  i n  t h i s  sub«group  were m o t i l e  (292  

o u t  o f  3 3 0 )  and o n ly  t h i r t y  o u t  o f  330  gave p o s i t i v e  

a d o n i t o l  r e a c t i o n s .  The m a j o r i t y  o f  th e  c u l t u r e s  v/ere 

p o s i t i v e  i n  s u c r o s e  and d u l c i t o l ,  and a l l  were i n u l i n -  

n e g a t i v e ,  The c u l t u r e s  o f  su b -g ro u p  6 ,  i . e . ,  B. c lo a c a e  

t y p e s ,  in c lu d e d  MacOonkey *s t y p e s ,  n o s .  6 9 ,  73 and 1 0 8 .  

C u ltu r e s  o f  t y p e s  n os*  3 and 1 0 5 ,  w h ich  a l s o  b e lo n g  t o  

t h i s  s u b -g r o u p ,  were n o t  o b t a in e d .  M ost o f  th e  c u l t u r e s  

( e i g h t y - t w o  o u t  o f  n i n e t y - o n e )  were m o t i l e  and o n ly  t h r e e  

ferm en ted  a d o n i t o l .  They a l l  gave p o s i t i v e  s u c r o s e  r e 

a c t i o n s .  S ix  o f  t h e s e  B. c loaca©  c u l t u r e s  were a t y p i c a l  

i n  t h a t  t h e y  p rod uced  i n d o l e ,  (See page 116). The c u l t u r e s  

o f  s u b -g r o u p s ,  n o s .  2 ,  3 ,  4 and 5 ,  were in t e r m e d ia t e  in  ., 

ty p e  b etv /een  th e  B. c o l i  and B# c lo a c a e  s u b -g r o u p s .  The



—6 0 “

c u l t m ’o s  o f  su b -g ro u p  5 in c lu d e d  MacOonkey *s t y p e s ,  n o s .

7 ,  5 6 ,  74 and 1 0 9 ;  t h o s e  o f  su b -g ro u p  4 in c lu d e d  ty p e  

1 0 1 ;  t h o s e  o f  su b -g ro u p  5 , i . e . ,  B . f r ie d l lT n d e r i  t y p e s ,  

in c lu d e d  ty p e  n o . 68 and a ty p e  s i m i l a f  t o  n o . 104 b u t  

d i f f e r i n g  from i t  in  i n o s i t o l  r e a c t i o n .  Ho c u l t u r e s  o f  

ty p e  n o . 70  (su b -g r o u p  3 )  and n o . 99 ( su b -g r o u p  5 )  were  

o b t a i n e d .  The c u l t u r e s  o f  su b -g ro u p  8 ,  B. a e r o g e n e s  t y p e s ,  

were MacOonkey *s t y p e s ,  n o s . 6 7 ,  98  and 1 0 3 .  No c u l t u r e s  

o f  ty p e  n o . 102 (su b -g ro u p  8 )  were i s o l a t e d .  In  m ost  

i n s t a n c e s  : th e  c u l t u r e s  o f  su b -g ro u p  8 were n o n m o t i l e .

Only a few c u l t u r e s  ( f i v e  o u t  o f  n i n e t y )  f a i l e d  t o  ferm en t  

a d o n i t o l .  They a l l  ferm en ted  s u c r o s e .  The c u l t u r e s  o f  

su b -g ro u p  7 ,  i . e . ,  B. o x y to c u s  t y p e s ,  in c lu d e d  MacOonkey *s 

t y p e , n o . 65 and a ty p e  s i m i l a r  t o  n o . 9 7 ,  b u t  d i f f e r i n g  

from i t  in  i n o s i t o l  r e a c t i o n .  These c u l t u r e s  r e se m b led  

B. a e r o g e n e s ,  a p a r t  from th e  f a c t  t h a t  t h e y  p roduced  i n 

d o le  and in  many c a s e s  l i q u e f i e d  g e l a t i n .

DISCUSSION

R eg a r d in g  th e  in c id e n c e  o f  c o l i f o r m  t y p e s  in  

b o v in e  f a e c e s ,  i t  h as b ee n  d e f i n i t e l y  e s t a b l i s h e d  b y  th e  

work o f  numerous i n v e s t i g a t o r s  t h a t  th e  t y p i c a l  B. c o l i  

a r e  th e  m ost p r e v a l e n t  and c h a r a c t e r i s t i c  t y p e s  o f  c o n 

form b a c t e r i a  in  f a e c e s  o f  human and an im al o r i g i n .
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C u ltu r e s  o f  t h e s e  t y p e s  can be i s o l a t e d  from m o s t ,  i f  n o t  

a l l ,  sp ec im e n s  o f  f a e c e s .  The r e s u l t s  o f  t h e  p r e s e n t  

i n v e s t i g a t i o n  are  in  agreem en t w i t h  t h e s e  f i n d i n g s .

T y p ic a l  B* c o l i  c u l t u r e s  were o b ta in e d  from 107  o u t  o f  

1 14  sp e c im e n s  o f  b o v in e  f a e c e s .  F a i lu r e  t o  o b t a i n  them  

in  se v en  sp e c im e n s  was v e r y  p o s s i b l y  d u e , n o t  t o  t h e i r  

a b se n c e  from t h e  f a e c e s ,  b u t  t o  v a r i o u s  f a c t o r s  w h ich  

p r e v e n te d  t h e i r  i s o l a t i o n ,  e . g . ,  o v e r g r o w th  o f  P r o te u s  

and o t h e r  o rg a n ism s in  t h e  c u l t u r e s , ( D o r n e r  (1 9 2 6 )  f r e 

q u e n t ly  f a i l e d  t o  o b t a in  C o lifo rm  o r g a n ism s  o f  any ty p e  

from sp ec im e n s  o f  b o v in e  f a e c e s ) .  The p a r t i c u l a r  

MacCbnkey t y p e s  w h ich  were as a r u l e  o b ta in e d  were t h o s e  

w h ich  are  a l s o  found m ost f r e q u e n t l y  in  human f a e c e s ,  

n a m e ly ,  n o s . 71 and 34 (Muir and R i t c h i e  1 9 3 7 ;  G ruickshank  

and G ruickshan k  1 9 3 1 ;  Hay 1 9 3 2 ) .

W ith  r e g a r d  t o  th e  a e r o g e n e s - c l o a c a e  t y p e s  o f  

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

a s  t o  t h e i r  in c id e n c e  in  human and a n im a l f a e c e s .  A c c o r d 

in g  t o  t h e  f i n d i n g s  o f  m ost w o r k e r s ,  su c h  t y p e s  are  

se ldom  p r e s e n t  in  f a e c e s ,  b u t  a re  th e  m ost p r e v a l e n t  

c o l i f o r m  t y p e s  in  th e  s o i l ,  on p l a n t s  and g r a in s  and in  

w a t e r . T h ese  i n v e s t i g a t o r s  c o n c lu d e  t h a t  su ch  b a c t e r i a  . 

a r e  n o t  norm al i n h a b i t a n t s  o f  th e  human and anirnal i n 

t e s t i n e ,  and are  c o n s e q u e n t ly  t o  be r e g a r d e d  as n o n - f a e c a l
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o r g a n is m s .  On t h e  o t h e r  h and , o t h e r  w ork ers  have f r e 

q u e n t ly  o b ta in e d  a e r o g e n e s - c l o a c a e  c u l t u r e s  from f a e c e s .  

(MacOonkey 1 9 0 5 ,  1 9 0 9 ;  R o g e r s ,  C lark  and Lubs 1 9 1 8 ;  A l l e n  

1 9 2 3 ;  D orner 1 9 2 6 ;  Ford 1 9 2 7 ;  Sherman 1 9 3 5 ;  G ruickshan k  

and G ru ickshan k  1 9 3 1 ;  Hay 1 9 3 2 ) .  The r e s u l t s  o b ta in e d  

i n  t h e  p r e s e n t  i n v e s t i g a t i o n  are  in  a cc o r d a n c e  w i t h  th e  

f i n d i n g s  o f  th e  l a t t e r  group o f  w o r k e r s .  W hile  B. a e r o 

g e n e s ,  B. c lo a c a e  and o th e r  K o s e r - p o s i t i v e  c u l t u r e s  were  

se ldom  o b ta in e d  from sp ec im en s  o f  b o v in e  f a e c e s  by th e  

o r d in a r y  m ethods o f  i s o l a t i o n ,  t h e y  w ere found in  m ost  

sp e c im e n s  when s p e c i a l  en r ich m e n t  m ethods were u s e d ,

A c c o r d in g ly  i t  would ap pear  t h a t  su c h  o rg a n ism s  

a re  n o r m a l ly  p r e s e n t  in  th e  i n t e s t i n e s ,  b u t  in  sm a ll  

numbers compared w i t h  B. c o l i  t y p e s .  F u r th e r ,  t h e  f a c t  

t h a t  t h e y  can n ot be r e a d i l y  i s o l a t e d  b y  th e  o r d in a r y  

m e th o d s ,  in  b o t h  summer and w in te r  f a e c e s ,  shows t h a t  a s  

a r u l e  t h e y  o c c u r  r e l a t i v e l y  s c a n t i l y  in  f a e c e s ,  no  

m a tte r  w h eth er  th e  cows are  a t  p a s tu r e  o r  r e c e i v i n g  

h o u s e - f e e d i n g .  I t  was found t h a t  t h e y  c o u ld  be o b ta in e d  

much more r e a d i l y  from th e  sp e c im e n s  from p a r t i c u l a r  

cow s. T h e ir  a p p a r e n t ly  g r e a t e r  in c id e n c e  in  t h e s e  s p e c i 

mens c o u ld  n o t  be a c c o u n te d  f o r  b y  d i f f e r e n c e s  in  th e  

f e e d in g  and t r e a tm e n t  o f  t h e  cow s, a s  s u c h  sp ec im en s  were  

met w i t h  b o th  i n  th e  summer and w in t e r  p e r i o d s .  F u r th e r ,
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o n ly  one o r  two sp e c im e n s  m ig h t  e x h i b i t  t h i s  p e c u l i a r i t y  

o u t  o f  a s e t  o f  t e n  sp ec im en s  o b ta in e d  s im u l t a n e o u s ly  

from th e  same farm from cows r e c e i v i n g  th e  same f e e d in g  

and t r e a t m e n t .  Dorner (1 926) found t h a t  th e  number o f  

c o l l f o r m  o rg a n ism s ( c o l i - a e r o g e n e s - c l o a c a e  t y p e s )  in  

f a e c e s  v a r ie d  g r e a t l y  w i t h  i n d i v i d u a l  co w s, and t h a t  

t h i s  v a r i a t i o n  c o u ld  n o t  be a t t r i b u t e d  t o  th e  f e e d i n g ,  

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

th e  o t h e r  hand . Hay (1 9 3 2 )  found t h a t  t h e  r e l a t i v e  numbers ; 

o f  B. a e r o g e n e s  t y p e s  in  human f a e c e s  w ere g r e a t e r  in  

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

I t  may be c o n c lu d ed  t h a t  a l t h o u g h  a e r o g e n e s -  

c loaca©  t y p e s  may be th e  m ost p r e v a l e n t  c o l l f o r m  o rg â n lsm s  

in  s o i l  and on fo d d e r  and g r a i n s ,  t h e y  are  a l s o  norm al 

in h a b i t a n t s  o f  th e  i n t e s t i n e s ,  a re  commonly p r e s e n t  in  

f a e c e s ,  and t h e r e f o r e  th ey  can not be r e g a r d e d  as n o n - fa e c a l ;  

b a c t e r i a .

SUMMARY

1 .  In an e x a m in a t io n  o f  t h e  c o l l f o r m  f l o r a  o f  114  

sp e c im e n s  o f  b o v in e  f a e c e s ,  342 c u l t u r e s  o f  c o l l f o r m  

b a c t e r i a  were i s o l a t e d  by t h e  o r d in a r y  m e th o d s .  Of th e  

c u l t u r e s  o b t a in e d ,  330  (or  9 6 .4  p er  c e n t . )  were t y p i c a l  

B. c o l i  and o n ly  t w e lv e  (or  3 . 5  p er  c e n t . )  were o f  B.



—64  —

a e r o g e n e s ,  B . c lo a c a e  and o t h e r  K o s e r - p o s i t i v e  t y p e s .

The m ost p r e v a l e n t  t y p e s  o f  B. c o l i  were MacOonkey*© 

t y p e s ,  n o .7 1 ,  or  B . c o l i  communior (185  c u l t u r e s  or  56 

p er  c e n t . ) ,  n o . 3 4 ,  or  B . c o l i  communis E s c h e r i c h  ( s i x t y -  

n in e  c u l t u r e s  or  2 0 .9  p er  c e n t . ) ,  and n o . 1 ( t w e n t y - t h r e e  

c u l t u r e s  or  6 .9  p er  c e n t . ) .

2 .  One hundred f u r t h e r  sp ec im e n s  o f  b o v in e  f a e c e s  

w ere exam ined  b y  v a r io u s  en r ich m en t m e th o d s ,  253 c u l t u r e s  

o f  B . a e r o g e n e s ,  B . c lo a c a e  and o t h e r  K o s e r - p o s i t i v e  

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

f i v e  o f  them . E i g h t y - t h r e e  (o r  3 2 .7  p er  c e n t . )  o f  t h e  

c u l t u r e s  w ere o f  B. c loaca©  t y p e s  and e i g h t y - s i x  (or  3 3 .9  

p er c e n t . )  o f  B. a e r o g e n e s  t y p e s .  I t  w ould  a p p e a r ,  t h e r e 

f o r e ,  t h a t  K o s e r - p o s i t i v e  c o l i  form o r g a n ism s  are p r a c 

t i c a l l y  a lw a y s  p r e s e n t  in  b o v in e  f a e c e s ,  a l th o u g h  t h e y  

o c c u r  n o r m a l ly  in  s m a ll  n u m bers, V a r io u s  w ork ers have  

found t h a t  a s i m i l a r  s t a t e  o f  a f f a i r s  o b t a i n s  f o r  human 

f a e c e s ,

3 .  There was no s i g n i f i c a n t  v a r i a t i o n  i n  th e  t y p e s  

o f  c o l i f o r m  b a c t e r i a  in  th e  f a e c e s  w i t h  w in t e r  and summer 

c o n d i t i o n s .

4 .  A e r o g e n e s - c lo a c a e  ty p e s  can be e n r ic h e d  p r io r

t o  p l a t i n g  e i t h e r  by  means o f  (a )  p e p to n e -w a te r  c o n t a in i n g  

c e r t a i n  c o n c e n t r a t io n s  o f  b r i l l i a n t  g r e e n ,  o r  ( b ) Koser *s



- 6 5 -

f l u i d  c i t r a t e  medium. More than  one s u b c u l t u r in g  (two  

in  th e  c a se  o f  b r i l l i a n t  g r e e n  p e p to n e -w a te r  and t h r e e  

i n  t h e  ca se  o f  Koser *s mediiim) in  t h e  en r ich m en t medium , 

g i v e s  th e  m ost s a t i s f a c t o r y  r e s u l t s .  P r o te u s  t y p e s  grow  

a b u n d a n t ly  in  Koser ' s medium, b u t  a re  checked  by  th e  

a d d i t i o n  o f  1 ; 1000  t o  1 : 2000 copper s u lp h a t e .

5 .  A v e r y  h ig h  c o r r e l a t i o n  was shown b e tw een  

v a r io u s  b i o l o g i c a l  c h a r a c te r s  o f  th e  f a e c a l  c u l t u r e s ,  

e . g . ,  th e  V o g es-P ro sk a u er  and m e th y l« r e d  r e a c t i o n s ;  th e  

Koser and in d o le  r e a c t i o n s ;  th e  I n o s i t o l  and a d o n i t o l  

r e a c t i o n s ;  th e  i n o s i t o l  r e a c t i o n  and m o t i l i t y ;  th e  

s u c r o s e  and r a f f i n o s e  r e a c t i o n s .
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S E C T I O N  III.

THE ENRICHMENT OP AEROGENES-CLOACAE TYPES in  
MILK h e ld  a t  LOW TEMPERATURES : WITH OBSERVA-  
TIONS on THE RELATIVE RATES o f  GROWTH o f  
AEROGENES -CL OA CAE and B . COLI TYPES in  MILK 
a t  DIFFERENT TEMPERATURES.

The o c c u r r e n c e  o f  a e r o g e n e s - c l o a c a e  ty p e s  in  

p r a c t i c a l l y  a l l  th e  f a e c a l  sp ec im en s  showed t h a t  b o v in e  

f a e c e s  m ig h t  c o n s t i t u t e  an im p o r ta n t  p r im a ry  so u r c e  o f  

su ch  c o l l f o r m  t y p e s  in  m i lk ,  f o r  th ou gh  t h e y  m ig h t  be  

o n ly  s c a n t i l y  p r e s e n t  in  f a e c e s ,  i t  was p o s s i b l e  t h a t  t h e s e  

o r g a n is m s ,  b e in g  r e l a t i v e l y  r e s i s t a n t ,  m ig h t  become e n 

r i c h e d  i n  th e  u t e n s i l s  and e l s e w h e r e  and i n  th e  m i l k .  T h is  

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

w h e th er  a e r o g e n e s - c lo a c a ©  t y p e s  m igh t n o t  become e n r ic h e d  : 

in  m i lk  h e ld  a t  lo w  te m p e r a tu r e s ,  su ch  a s  a re  u se d  in  

d a ir y  p r a c t i c e .

1 .  R ate o f  m u l t i p l i c a t i o n  o f  pure c u l t u r e s  o f

ims in  m i lk  h e ld  a t  17^ 0 .

S e v e n t y - f i v e  c u l t u r e s  o f  v a r io u s  t y p e s  o f  c o l i 

form b a c t e r i a  (B . c o l i ,  B . a e r o g e n e s ,  B . c lo a c a e  and B. 

o x y t o c u s )  were u se d  in  t h i s  e x p e r im e n t ;  t h i r t y - o n e  o f  t h e s e  

c u l t u r e s  had b e e n  o b ta in e d  from m i l k ,  t w e n t y - n in e  from
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bo v in e  f a e c e s ,  s i x  from b o v in e  u r in e  and n in e  from human 

s o u r c e s .  T w enty-tw o o f  th e  c u l t u r e s  had b e e n  i n  s t o c k  

f o r  s e v e r a l  y e a r s ,  th e  r e m a in in g  f i f t y - t h r e e  were r e c e n t l y  

i s o l a t e d .  In  a l l  i n s t a n c e s ,  b e f o r e  b e i n g  u sed  in  th e  

e x p e r im e n t ,  th e  c u l t u r e s  were s u b c u l tu r e d  d a i l y  a t  3 7 ^ 0 .  

f o r  s e v e n  o r  e i g h t  d a y s  on y e a s t r e l  m i lk  a g a r  (W ilso n  

1 9 3 5 )  s l o p e s .  Then from a 24 hours*  o l d  agar  slop©  c u l -  

t u r e , a s a l i n e  s u s p e n s io n  was p r e p a r e d ;  a 1 / 1 0 0 ,0 0 0  d i l u 

t i o n  o f  t h e  s u s p e n s io n  was made i n  s t e r i l e  w a te r ;  and 1 m l.  

o f  t h i s  d i l u t i o n  was added t o  50 m l.  o f  m i lk ,  w h ic h  had  

b een  p a r t i a l l y  o r  c o m p le t e ly  s t e r i l i s e d .  ( P a r t i a l  s t e r 

i l i s a t i o n  was c a r r i e d  o u t  by a s i n g l e  h e a t i n g  o f  th e  m i lk  

f o r  o v er  h a l f  an hour in  a Koch*s steam  s t e r i l i s e r ,  f o l l o w 

ed  b y  im m ediate  c o o l i n g  t o  5^ 0 . C om plete s t e r i l i s a t i o n  

was c a r r ie d  o u t  b y  t h e  i n t e r m i t t e n t  m eth o d . There was no 

s i g n i f i c a n t  v a r i a t i o n  in  th e  r e s u l t s  o f  th e  e x p e r im e n ts  

a c c o r d in g  t o  th e  m ethod o f  s t e r i l i s a t i o n  e m p lo y e d ) .  In  

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

culum was r e d u ce d  and s t e p s  were ta k e n  t o  e n su r e  t h a t  in  

d i f f e r e n t  e x p e r im e n ts  th e  m i lk  w ould be in o c u la t e d  w i t h  

a p p r o x im a te ly  th e  same number o f  b a c t e r i a .  Thus th e  

s a l i n e  s u s p e n s i o n s ,  p rep a red  from th e  a g a r  s lo p e  c u l t u r e s ,  

were s t a n d a r d i s e d  t o  c o n t a in  a p p r o x im a te ly  3 0 0 ,0 0 0 ,0 0 0  

o rg a n ism s p er  m l.  b y  th e  o p a c i t y  m ethod o f  Brown and
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Kîrwan ( 1 9 1 5 ) ,  C o n s e q u e n t ly ,  in  t h e s e  e x p e r im e n ts  th e  

1 / 1 0 0 , 0 0 0  d i l u t i o n  c o n ta in e d  r o u g h ly  5 ,0 0 0  b a c t e r i a  p er  

m l.  and th e  i n o c u l a t e d  m i lk  s i x t y  p er  m l .  Hov/ever, in  a l l  

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

was d e te r m in e d  by  t h e  p l a t i n g  m eth o d , p l a t e s  b e in g  made 

in  y e a s t r e l  m i lk  a g a r  w i t h  1 m l . ,  0 .1  m l .  and 0 .0 1  m l .  o f  

th e  m i l k .  At f i r s t  th e  1 m l .  and 0 .1  m l .  p l a t e s  were p r e 

p a red  i n  d u p l i c a t e ,  and th e  0 .0 1  m l .  p l a t e s  in  q u l n t u p l i -  

c a t e ,  (M alcolm  1 9 3 2 ) ,  b u t  l a t e r ,  when th e  amount o f  i n 

oculum  was red u ced  and s t a n d a r d i s e d ,  t h e  1 m l .  p l a t e s  were  

made i n  q u i n t u p l i c a t e  and th e  0 .1  m l .  p l a t e s  in  d u p l i c a t e ,  

and no 0 .0 1  m l .  p l a t e s  were u s e d . (The 1 m l .  and 0 .1  m l.  

p l a t e s  w ere  p rep a re d  by m e a su r in g  1 m l .  and 0 .1  m l .  o f  

th e  m i lk  i n t o  th e  r e s p e c t i v e  P e t r i  p l a t e s ;  th e  0 .0 1  m l .  

p l a t e s ,  by  a d d in g  1 m l . o f  th e  m i lk  t o  99 m l .  s t e r i l e  

w a te r  and t r a n s f e r r i n g  1 m l . o f  t h i s  d i l u t i o n  t o  e a c h  

p l a t e ) .  The p l a t e s  were in c u b a te d  a t  37*^0. f o r  48 hours  

and th e  c o l o n i e s  c o u n te d .

The i n o c u l a t e d  m i lk  was in c u b a t e d  a t  1 7 ^ 0 . ,  t h i s  

b e in g  th e  l o w e s t  tem p e ra tu r e  t h a t  c o u ld  be o b ta in e d  by  

th e  lo w  te m p e r a tu r e  in c u b a t o r  i n  u se  a t  th e  commencement 

o f  th e  e x p e r im e n t .  (T h is  tem p e r a tu r e  c o r r e s p o n d s  c l o s e l y  

w it h  th e  te m p e r a tu r e  a t  w h ich  m i lk  o f  th e  " T u b e r cu lin  

T ested "  g ra d e  and o r d in a r y  m i lk  i s  h e l d  and m ark eted  in
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S c o t la n d  i n  stuimier, b u t  i t  i s  h ig h e r  th a n  th e  tem p era tu re  

f r e q u e n t l y  foun d  i n  th e  c a s e  o f  " C e r t i f i e d "  m i l k .  In  

a c c o r d a n c e  w i t h  The M ilk  ( S p e c i a l  D e s i g n a t i o n s )  Order 

( S c o t l a n d ) ,  1 9 3 6 ,  " T u b e r c u lin  T e s te d "  m i lk  m ust be c o o le d  

t o  60^P. or 1 5 .5 ^ 0 * ,  and " C e r t i f i e d "  m i l k  t o  50^P. or  

lO'^C ) .  A f t e r  th e  m i lk  had b een  in c u b a t e d  f o r  24 h o u r s , 

a n o th e r  b a c t e r i a l  coun t was made. In  th e  e a r l i e r  p a r t  

o f  th e  I n v e s t i g a t i o n  d i l u t i o n s  o f  i / 1 0 0 0 ,  1 / 1 0 , 0 0 0  and 

1 / 1 0 0 , 0 0 0  were p rep a re d  t o  e n a b le  d u p l i c a t e  p l a t e s  f o r  

0 .0 0 1  m l . ,  q u i n t u p l i c a t e  p l a t e s  f o r  0 . 0 0 0 1 -ml. and dup

l i c a t e  p l a t e s  f o r  0 .0 0 0 0 1  m l .  q u a n t i t i e s  o f  th e  m i lk  t o  

be m ade, b u t  l a t e r  when t h e  amount o f  th e  in o cu lu m  was 

r e d u c e d ,  d i l u t i o n s  o f  o n ly  l / lO O  and 1 / 1 , 0 0 0  w ere m ade, 

q u i n t u p l i c a t e  p l a t e s  b e in g  p rep a red  f o r  0 ,01  m l .  o f  th e  

m i l k ,  and d u p l i c a t e  p l a t e s  f o r  0 .001 m l .

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

T a b le  4 ,  page 149. The i n i t i a l  and f i n a l  c o u n ts  are  shown  

and a l s o  t h e  r a t i o s  o f  th e  l a t t e r  t o  t h e  fo r m e r . I t  w i l l  

be s e e n  from t h e s e  r a t i o s  t h a t  i n  a l l  i n s t a n c e s  th e  B. 

a e r o g e n e s ,  B. c lo a c a e  and B, o x y t o c u s  c u l t u r e s  have m u l

t i p l i e d  more r a p i d l y  th a n  th e  B. c o l i ,  and i n  many c a s e s > 

a t  much h ig h e r  r a t e s .  But c o n s id e r a b l e  v a r i a t i o n  i n  th e  

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

t h e  same c o l l f o r m  s u b -g r o u p . Thus th e  r a t i o  o f  th e
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f i n a l  t o  t h e  i n i t i a l  cou n t v a r i e s  w i t h  t h e  B . c o l i  c u l 

t u r e s  from n i n e t e e n  t o  4 2 7 ;  w i t h  t h e  B . c l o a c a e ,  from  

648 t o  6 2 6 4 ;  w i t h  th e  B, o x y to c u s  from 829 t o  8 6 0 0 , and  

w i t h  t h e  B. a e r o g e n e s  from 577 t o  3 9 0 5 .  No s i g n i f i c a n t  

d i f f e r e n c e  was o b se r v e d  in  th e  r a t e  o f  m u l t i p l i c a t i o n  

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

s e v e r a l  y e a r s  o r  had b e e n  r e c e n t l y  i s o l a t e d .

T here was a p o s s i b i l i t y  t h a t  t h e  numbers o f  

c o l i f o r m  b a c t e r i a  i n  th e  m i lk ,  as e s t im a t e d  b y  th e  p l a t i n g  

m eth o d , m ig h t  be a f f e c t e d  by th e  o c c u r r e n c e  o f  th e  o r g a n 

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

T h is  how ever d id  n o t  ap pear  t o  be  th e  c a s e  w i t h  th e  

I n i t i a l  c o u n t s ,  b e c a u s e ,  a s  w i l l  be s e e n  from T a b le  4 ,  

when s t a n d a r d i s e d  s u s p e n s io n s  were u se d  f o r  i n o c u l a t i n g  

th e  m i l k ,  t h e r e  was a f a i r l y  c l o s e  agreem en t b e tw een  t h e  

i n i t i a l  co u n ts  o f  t h e  v a r io u s  b o t t l e s  o f  i n o c u l a t e d  

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

e s t i m a t e  b a s e d  on t h e  co u n t t o  w h ic h  t h e  p r im a ry  s u s 

p e n s io n s  were s t a n d a r d i s e d  by t h e  o p a c i t y  m eth o d . N e v e r 

t h e l e s s ,  t h e r e  was a p o s s i b i l i t y  t h a t  c lu m p in g  o f  th e  

b a c t e r i a  m ig h t  o c c u r  i n  t h e  m i lk  d u r in g  th e  p e r i o d  o f  

i n c u b a t i o n ,  i . e . ,  w h ile  th e  o rg a n ism s  w ere  g ro w in g  and 

m u l t i p l y i n g .  To d e te r m in e  w heth er  t h i s  was th e  c a s e  a 

f u r t h e r  e x p e r im e n t  was c a r r i e d  o u t ,  em p lo y in g  t h i r t y - t w o
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o f  t h e  c u l t u r e s  u sed  In th e  p r e v io u s  e x p e r im e n t ,  f i f 

t e e n  o f  t h e s e  c u l t u r e s  b e in g  o f  B. c o l i  ty p e s  and s e v e n 

t e e n  o f  a e r o g e n e s - c l o a c a e ,

By th e  p ro ced u re  a lr e a d y  d e s c r i b e d ,  s t a n d a r d 

i s e d  s u s p e n s io n s  c o n t a in in g  a p p r o x im a te ly  3 0 0 , ,0 0 0 ,0 0 0  

o rg a n ism s  p er  m l . w ere p rep ared  from  24 h o u r s * o ld  agar  

s l o p e  c u l t u r e s .  S ta in e d  smear p r e p a r a t io n s  were made 

from t h e s e  s u s p e n s io n s  and exam ined  m i c r o s c o p i c a l l y  t o  

co n f ir m  th e  f a c t  t h a t  t h e  o rg a n ism s  d id  n o t  o c c u r  i n  

c l u s t e r s .  The s u s p e n s io n s  w ere t h e n  d i l u t e d  1 0 0 ,0 0 0  

t im e s  and 1 m l .  amounts t r a n s f e r r e d  t o  b o t t l e s  c o n t a i n 

in g  50 m l . o f  p a r t i a l l y  s t e r i l i s e d  m i l k ,  a s  i n  th e  p r e 

v i o u s  e x p e r im e n t .  As th e  i n o c u l a t e d  m i lk  c o n ta in e d  

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

d e te r m in e  by  m ic r o s c o p ic  e x a m in a t io n  w h eth er  c lum ping  /  

o f  th e  o rg a n ism s  had o c c u r r e d  on t h e  a d d i t i o n  o f  th e  

in ocu lu m  t o  t h e  m i l k ,  b u t , a s  p r e v i o u s l y  m e n t io n e d ,  t h e  

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

t h i s  e s t i m a t e  showed t h a t  c lum ping had n o t  ta k e n  p l a c e .

The b o t t l e s  o f  i n o c u la t e d  m i lk  were in c u b a te d  

a t  17  C. The p e r io d  o f  in c u b a t io n  was e x te n d e d  to  t h r e e  

d a y s  t o  a l l o w  th e  b a c t e r i a  t o  m u l t i p l y  t o  su ch  an e x t e n t  

t h a t  on m ic r o s c o p ic  e x a m in a t io n  o f  s t a i n e d  sm ears from  

th e  m i l k  a c o n s id e r a b le  number o f  o rg a n ism s  would o c c u r
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i n  e a c h  m ic r o s c o p ic  f i e l d . T here was th e  a d d i t i o n a l  

a d v a n ta g e  t h a t  sh o u ld  th e r e  be any t e n d e n c y  o f  th e  

o rg a n ism s  t o  form c l u s t e r s ,  t h e  e f f e c t  o f  t h i s  w ou ld  

be much g r e a t e r  a f t e r  72 hours* in c u b a t io n  th a n  a f t e r  a; 

o n l y  24 h o u r s . S ta in e d  smear p r e p a r a t io n s  o f  th e  m ilk :  

were made a f t e r  48 h o u r a n d  72 hours* in c u b a t io n  and  

tpBBQ were exam ined m i c r o s c o p i c a l l y  t o  d e ter m in e  w h eth er  

th e  o r g a n ism s  o c c u r r e d  in  c l u s t e r s  o r  n ot*

M ic r o s c o p ic  e x a m in a t io n  o f  th e  prim ary  s u s 

p e n s io n s  and o f  t h e  m i lk  c u l t u r e s  a f t e r  48  hours* and  

72 h o u rs  i n c u b a t io n  showed t h a t  i n  a l l  i n s t a n c e s  t h e r e  

was no te n d e n c y  t o  c lu m p in g . The o rg a n ism s  o c c u r r e d  

i n  t h e  sm ears e i t h e r  s i n g l y  o r  i n  p a i r s  • C lu s t e r s  w ere  

v e r y  r a r e l y  o b se r v e d  and t h e s e  i n  a l l  c a s e s  were s m a ll  

i n  s i z e .  A c c o r d in g ly ,  l i t t l e  or  no Im portan ce  can  be 

a t t a c h e d  t o  t h e  e f f e c t  o f  c lum ping  on t h e  c o i l  form  

c o u n ts  o b ta in e d  i n  th e  p r e v io u s  e x p e r im e n t .

The marked b a c t e r i o s t a t i c  a c t i o n  o f  f r e s h  "raw" 

m i l k  on c e r t a i n  o rg a n ism s i s  d e s t r o y e d  b y  b o i l i n g .  

C o n s e q u e n t ly  t h e r e  was a p o s s i b i l i t y  t h a t  in  t h e  f i r s t  

e x p e r im e n t  th e  r a t e s  o f  m u l t i p l i c a t i o n  o f  th e  v a r io u s  

c o l i f o m  o rg a n ism s m ig h t  have b e en  d i f f e r e n t  i f  f r e s h  

u n h e a te d  m i l k  had b een  u se d  i n s t e a d  o f  m i l k  h e a te d  to  

lOO^C. t o  e f f e c t  s t e r i l i s a t i o n .  The e x p e r im e n t  was 

t h e r e f o r e  r e p e a te d  w i t h  f r e s h  raw m i l k .  A cow p roved
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t o  be f r e e  from m a s t i t i s  was s e l e c t e d  from which, t o  

o b t a in  m i lk  o f  a low  b a c t e r i a l  c o n t e n t .  The cow^s 

udder and t e a t s  and t h e  w o r k e r 's  hands were c a r e f u l l y  

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

m i l k  was d is c a r d e d  from e a c h  t e a t ,  th e n  p a r t  o f  th e  

rem a in d er  drawn d i r e c t l y  i n t o  l a r g e  s t e r i l e  b o t t l e s .  y 

The m i l k  was c o o l e d  im m e d ia te ly  by im m ersing  th e  b o t t l e s
’ v '

i n  c o ld  w a te r  ; t h e r e a f t e r  b ro u g h t  t o  th e  l a b o r a t o r y  and 

p la c e d  in  a r e f r i g e r a t o r .  Then fo u r  hours a f t e r  m i l k 

i n g ,  th e  sp ec im en  was th o r o u g h ly  m ixed  and d i s t r i b u t e d  

i n  40  m l .  amounts in  s t e r i l e  g l a s s - s t o p p e r e d  b o t t l e s *  " 

The d i f f e r e n t  l o t s  o f  m i lk  w ere th e n  i n o c u l a t e d ,  a s  i n  

th e  f i r s t  e x p e r im e n t ,  from s t a n d a r d i s e d  s u s p e n s io n s  of - xy-  

pure c u l t u r e s  o f  c o l l f o r m  b a c t e r i a .  In  t h i s  c a s e ,  how- ; 

e v e r ,  ow ing t o  t h e  f a c t  t h a t  o t h e r  o rg a n ism s  m ig h t  be  

p r e s e n t  i n  t h e  m i l k ,  a h e a v ie r  i n o c u l a t i o n  was made to  

e n su r e  t h a t  t h e  c o l l fo r m  Organism s w ould  p r e p o n d e r a te .  

Thus ea ch  b o t t l e  o f  m i lk  was i n o c u l a t e d  w i t h  1 ml* o f  

th e  1 / 1 0 , 0 0 0  d i l u t i o n  o f  th e  p r im ary  s u s p e n s io n  o f  t h e  

organ ism  i n s t e a d  o f  1 m l.  o f  th e  1 / 1 0 0 , 0 0 0  d i l u t i o n .  

T w e n ty -n in e  c u l t u r e s  o f  d i f f e r e n t  c o l l f o r m  o rg a n ism s  

were u sed  i n  t h i s  e x p e r im e n t ,  t h i r t e e n  o f  t h e s e  c u l t u r e s  

were o f  B . c o l i  t y p e s  and s i x t e e n  o f  a e r o g e n e s - c l o a c a e .

As c o n t r o l ,  two b o t t l e s  o f  m i lk  were n o t  i n o c u l a t e d .
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The b a c t e r i a l  numbers p r e s e n t  in  th e  in o c u l a t e d  m i lk s  

and in  t h e  c o n t r o l s  were th e n  d e te r m in e d  by th e  p l a t 

in g  m eth od , t r i p l i c a t e  p l a t e s  b e in g  made w i t h  0*1 m l .  

and 0 .0 1  m l.  q u a n t i t i e s  o f  t h e  i n o c u l a t e d  m i lk s  and 

w it h  1 m l . ,  0 . 1  m l .  and 0 .0 1  m l .  q u a n t i t i e s  o f  th e  

c o n t r o l s .  The ^counting was c a r r i e d  o u t  a f t e r  th e  

p l a t e s  had b een  in c u b a te d  a t  37°C . f o r  48 h o u r s .  The 

number o f  c o l l f o r m  o rg a n ism s w i t h  w h ic h  e a c h  b o t t l e  o f  

m i l k  had b een  in o c u la t e d  was th e n  c a l c u l a t e d  b y  su b 

t r a c t i n g  th e  a v e r a g e  b a c t e r i a l  c o n te n t  o f  th e  two  

c o n t r o l s  (282 o rg a n ism s p er  m l . )  from th e  b a c t e r i a l  

c o n t e n t  o f  th e  in o c u la t e d  m i l k .

The b o t t l e s ,  o f  in o c u l a t e d  m i l k  and o f  th e  c o n 

t r o l s  were k ep t a t  1 7 § ' b .  fo r  24 h ou rs  and th e n  t h e  

number o f  o rg a n ism s i n  e a c h  a g a in  d e te r m in e d .  In  t h i s  

c a s e  p l a t e s  w ere made w i t h  0 .0 0 1  m l . ,  0 .0 0 0 1  m l .  and 

0 .0 0 0 0 1  m l .  q u a n t i t i e s  o f  th e  i n o c u l a t e d  m i lk s  and 

0 .0 1  m l . ,  0 .0 0 1  m l.  and 0 .0 0 0 1  m l .  q u a n t i t i e s  o f  th e  

c o n t r o l s .  The p l a t e s  were in c u b a te d  a t  3 7 ^ 0 . f o r  48  

h o u rs  and th e  c o u n ts  m ade. The f i n a l  c o l l f o r m  cou nt  

o f  e a c h  b o t t l e  o f  in o c u l a t e d  m i lk  was th e n  c a l c u l a t e d  

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

two c o n t r o l s  a f t e r  in c u b a t io n  ( 2 ,8 0 0  o rg a n ism s p er  m l . ) 

from th e  f i n a l  b a c t e r i a l  c o n te n t  o f  t h e  i n o c u la t e d  

m i l k .
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The r e s u l t s  o f  t h i s  e x p e r im e n t  a r e  g iv e n  in  

T a b le  6 ,  page 1 5 1 .  The r a t e s  o f  m u l t i p l i c a t i o n  o f  

t w e n t y - t h r e e  o f  t h e  c u l t u r e s  had b e e n  d e te r m in e d  in  

s t e r i l i s e d  m i lk  as w e l l  as raw m i lk  and t h e r e f o r e  a 

com p arison  c o u ld  be made i n  t h e  c a s e  o f  ea ch  o f  t h e s e  

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

s t e r i l i s e d  and i n  t h e  raw m i l k .  See T a b le  6 ,  page 162 ,  

I t  w i l l  b e  s e e n  from T a b le s  5 and 6 t h a t  t h e  raw m i lk  

had a marked b a c t e r i o s t a t i c  a c t i o n  on c e r t a i n  s t r a i n s ,  

o f  b o th  B . c o l i  and a e r o g e n e s - c l o a c a e  t y p e s ,  th e  

a e r o g e n e s - c l o a c a e  t y p e s  b e in g  g e n e r a l l y  a f f e c t e d  t o  a 

much l e s s  e x t e n t  th a n  th e  B« c o l i . (T h is  i s  what one  

w ould  e x p e c t ,  ta lc in g  i n t o  a c c o u n t  th e  f a c t  t h a t  th e  

a e r o g e n e s - c l o a c a e  t y p e s ,  u n l i k e  th e  B . c o l i ,  are  f r e 

q u e n t ly  e n c a p s u l a t e d ) .  The r a t e s  o f  m u l t i p l i c a t i o n  o f  

th e  v a r i o u s  o rg a n ism s were on t h e  w hole  much lo w e r  

w i t h  t h e  raw m i lk  th a n  w i t h  t h e  s t e r i l i s e d .  N e v e r t h e 

l e s s ,  i n  th e  c a s e  o f  th e  raw m i l k ,  a s  i n  th e  c a s e  o f  

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

a s  a r u l e  much more r a p i d l y  th a n  th e  B . c o l i .  Thus 

th e  f i n d i n g s  o f  t h e  f i r s t  e x p e r im e n t ,  i . e . ,  a e r o g e n e s -  

c lo a c a e  t y p e s  m u l t i p l y  much more r a p i d l y  th a n  B . c o l i  

i n  m i lk  h e ld  a t . 1 7 ^ 0 . ,  h o ld  good  no m a t te r  w h eth er  raw  

or  h e a t - s t e r i l i s e d  m i lk  i s  u s e d .
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In c a r r y in g  o u t  th e  e x p e r im e n t  w it h  raw m i lk ,  

th e  i n o c u l a t e d  sp ec im e n s  a f t e r  72  hours* i n c u b a t io n  a t  

1 7 ^ 0 . w ere exam ined m i c r o s c o p i c a l l y  b y  th e  p ro ce d u re  

a l r e a d y  d e s c r i b e d ,  t o  d e te r m in e  w h e th e r  t h e r e  was a 

t e n d e n c y  f o r  t h e  o rg a n ism s  t o  o c c u r  in  c l u s t e r s . I t  

was found  t h a t  e v e n  a f t e r  t h i s  p r o lo n g e d  p e r io d  o f  

in c u b a t i o n  t h e r e  w as , w i t h  t h e  e x c e p t i o n  o f  t h r e e  

s t r a i n s # o f  o r g a n is m s ,  l i t t l e  or  no t e n d e n c y  t o  clum p

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

s i n g l y  o r  i n  p a i r s *  C lt is ta r s  were o c c a s i o n a l l y  o b 

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

d e r iv e d  from  t h e  o r i g i n a l  f l o r a  o f  t h e  m i l k .  B reed  

and S t a c k in g  (1 9 2 0 )  o b ta in e d  s i m i l a r  r e s u l t s  w i t h  

sa m p les  o f  raw m i lk  in o c u l a t e d  w i t h  c o l i  form o r g a n is m s .

The i n v e s t i g a t i o n  wâs th e n  c o n t in u e d  t o  d e 

te r m in e  w h e th e r  s i m i l a r  r e s u l t s  t o  t h o s e  o f  t h e  f o r e  

g o in g  e x p e r im e n ts  w ould  be o b ta in e d  i f  m ixed  c u l t u r e s ,  

e a c h  c o n s i s t i n g  o f  a B . c o l i  ty p e  and an a e r o g e n e s -  

c lo a c a e  t y p e , were grown a t  low  t e m p e r a tu r e s  in  m i l k .

2 .  The r a t e  o f  m u l t i p l i c a t i o n  o f  B . c o l i ,  B .

c l o a c a e ,  B . o x y t o c u s  and B* a e r o g e n e s  t y p e s ,  . 

when g ro w in g  in  m ix ed  c u l t u r e s  o f  c o l l f o r m  

t y p e s  i n  m i l k  h e l d  a t  1 7 ^ 0 .

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

o f  a B . c o l i  and an a e r o g e n e s - c lo a c a ©  t y p e .  As i n  th e
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p r e v io u s  e x p e r im e n t s ,  s a l i n e  s u s p e n s io n s  o f  pure c u l t u r e s  

o f  th e  o rg a n ism s were p rep a red  and s t a n d a r d is e d  by t h e  

o p a c i t y  m ethod t o  c o n ta in  a p p r o x im a te ly  3 0 0 ,0 0 0 ,0 0 0  

o r g a n ism s  p er  m l .  Then 1 / 1 0 0 ,0 0 0  d i l u t i o n s  o f  t h e  s u s 

p e n s io n s  w ere made in  s t e r i l e  w a te r ,  and th e  m ixed  c u l t u r e  

was p rep a re d  by a d d in g  0 .6  m l.  o f  t h e  B . c o l i  s u s p e n s io n  

and 0 . 5  m l .  o f  th e  a e r o g e n e  s - c l o a c a e  s u s p e n s io n  t o  50 m l .  

o f  s t e r i l e  m i l k .  The b a c t e r i a l  c o n t e n t  o f  t h e  m i lk  was 

now e s t i m a t e d ,  th e  number o f  e a c h  t y p e  o f  organ ism  p r e s e n t  

b e in g  d e te r m in e d  by a m eth o d , w h ich  was b a se d  on t h e  f a c t  

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

do n b t  grow a t  4 5 ^ 0 . (S ee  "The g row th  o f  B . c o l l  and 

a e r o g e n e s - c l o a c a e  ty p e s  a t  37^ 0 . and 4 5 ^ 0 ." ,  page 91 ) .  

Only t h o s e  a e r o g e n e s - c l o a c a e  c u l t u r e s  were u sed  w h ich  

f a i l e d  t o  grow a t  t h i s  t e m p e r a tu r e .  The p ro ce d u re  a d o p ted  

was b r i e f l y  a s  f o l l o w s  : -  d i l u t i o n s  o f  1 / 1 0  and 1 /1 0 0  

were p rep a red  from t h e  m i l k ,  and p l a t e s  were made i n  quad

r u p l i c a t e  f o r  1 m l .  1 / 1 0  m l .  and 1 / 1 0 0  m l .  amounts o f  th e  

m i l k .  Of e a c h  s e t  o f  q u a d r u p l ic a te  p l a t e s ,  two were i n 

c u b a te d  a t  3 7 ^ 0 . and two a t  4 5 ^ 0 . The c o l o n i e s  were cou n t  

ed a t  t h e  end o f  48  hours' in c u b a t i o n .  The number o f  c o l 

o n i e s  on t h e  p l a t e s  w h ic h  had been in c u b a te d  a t  4 5 ^ 0 .  

i n d i c a t e d  t h e  number o f  B . c o l i  o r g a n ism s  p r e s e n t  in  th e  

m i l k ,  and t h e  number o f  c o l o n i e s  on t h e  p l a t e s  in c u b a te d
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a t  3 7 ^ 0 .  I n d i c a t e d  th e  number o f  o r g a n ism s  o f  b o t h  B . c o l i  

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

cou n t from t h e  s e c o n d ,  t h e  number o f  a e r o g e n e  s - c l o a c a e  

o r g a n ism s  p r e s e n t  in  t h e  m i lk  was o b t a i n e d .  The r a t i o  o f  

t h e  number o f  b a c t e r i a  o f  a e r o g e n e s - c l o a c a e  ty p e  t o  t h e  

number o f  B . c o l i  ty p e  was now e s t i m a t e d .

The in o c u l a t e d  m i lk  was in c u b a te d  a t  1 7 ° 0 .  f o r  

24 h o u r s ,  and th e n  a s e c o n d  cou n t was made o f  e a c h  t y p e  

o f  org a n ism  p r e s e n t ,  t h e  p ro ced u re  b e in g  t h e  same a s  b e 

f o r e ,  b u t  d i l u t i o n s  o f  l / lO O ,  1 / 1 , 0 0 0 ,  1 / 1 0 , 0 0 0  and 

1 / 1 0 0 , 0 0 0  b e i n g  e m p lo y e d . The r a t i o  o f  th e  number o f  

a e r o g e n e s - c l o a c a e  o r g a n ism s  t o  th e  number o f  B. c o l i  was 

e s t i m a t e d .  Then b y  com paring t h i s  r a t i o  w i t h  th e  c o r r e s 

p o n d in g  r a t i o  fo r  th e  i n i t i a l  c o u n t s ,  th e  r e l a t i v e  r a t e s  

o f  m u l t i p l i c a t i o n  o f  th e  two t y p e s  o f  o r g a n ism s  p r e s e n t  

i n  t h e  m i lk  w ere d e t e r m in e d .

The r e s u l t s  o f  t h i s  e x p e r im e n t  a r e  shown i n  

T a b le  7 ,  page 1 5 3 ,  o n l y  th e  r a t i o  e x p r e s s i n g  t h e  r a t e  o f  

m u l t i p l i c a t i o n  o f  t h e  a e r o g e n e s - c lo a c a ©  ty p e  r e l a t i v e  t o  

th e  B . c o l i  ty p e  b e in g  g i v e n .  I t  w i l l  b e  s e e n  from th e  

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

c l o a c a e  w i t h  a B . c o l i  t y p e ,  th e  form er in  t h i r t y - f o u r  

i n s t a n c e s  m u l t i p l i e d  more r a p i d l y  th a n  t h e  l a t t e r ,  w h i le  

in  o n l y  s i x  i n s t a n c e s  d id  th e  r e v e r s e  o c c u r .  H owever,
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t h e r e  w ere  g r e a t  v a r i a t i o n s ;  th u s  th e  r a t i o s  e x p r e s s i n g  

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

c lo a c a e  and B. c o l l  t y p e s  ranged  from 9 0 . 7  t o  0 .1  a l t h o u g h  

t h e  m a j o r i t y  ( t w e n t y - e i g h t  o u t  o f  f o r t y )  w ere b e tw e en  2 5 .6  

and 2 . 8 .

3 .  The i n f l u e n c e  o f  te m p e r a tu r e  on th e  r e l a t i v e  

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

and a e r o g e n e s - c l o a c a e  t y p e s ,  when g ro w in g  in  

m ixed  c u l t u r e s  o f  c o l i f o r m  t y p e s  in  m i l k .

I t  was e v i d e n t  from th e  r e s u l t s  o b ta in e d  b o th  i n  

th e  se co n d  and in  th e  f i r s t  . p a r t  o f  th is  i n v e s t i g a t i o n  

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

m u l t i p l i e d  much more r a p i d l y  in  m i lk  a t  1 7 ^ 0 . th a n  d id  

th e  B. c o l i  t y p e s .  W hile  th e  se c o n d  p a r t  o f  th e  i n v e s t i 

g a t i o n  was in  p r o g r e s s ,  th e  q u e s t io n  a r o s e  w h eth er  te m p e r a 

t u r e  had any marked i n f l u e n c e  on t h e  r e s u l t s .  A c c o r d in g ly ,  

in  tw e n ty -o n e  i n s t a n c e s  th e  m i l k ,  a f t e r  b e in g  in o c u la t e d  

w it h  th e  c u l t u r e s  o f  t h e  two ty p e s  o f  c o l l f o r m  b a c t e r i a ,  

and th e  p l a t e s  f o r  t h e  e s t i m a t i o n  o f  th e  b a c t e r i a l  numbers 

had b een  made, was d iv id e d  i n t o  fo u r  p o r t i o n s .  These were  

in c u b a te d  f o r  24 h o u rs  r e s p e c t i v e l y  a t  17*^0#, 2 2 ^ 0 . ,  3 0 ^ 0 .  

and 37  C. The number o f  B . c o l i  and th e  number b f  a e r o -
é

g e n e s - c l o a c a e  . in  e a c h  p o r t io n  o f  t h e  m i lk  w ere %hen de -
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te r m in e d  by t h e  m ethod  a lr e a d y  d e s c r i b e d ;  and t h e  r a t i o  

o f  t h e  a e r o g e n e s - c l o a c a e  coun t t o  t h e  B . c o l i  and th e  

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

g e n e s  - c l o a c a e  t o  t h a t  o f  th e  B. c o l i  w ere  e s t im a t e d  a s  

shown on  pagel#7."f.N ^

The r e s u l t s  o f  t h i s  e x p e r im e n t  are  g iv e n  in  

T a b le  8 ,  page 1 5 4 , o n ly  th e  r a t i o s  e x p r e s s i n g  t h e  r e l a t i v e  

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

c o l i  t y p e s  a t  th e  d i f f e r e n t  t e m p e r a tu r e s  b e in g  shown.

I t  w i l l  be s e e n  t h a t  a t  1 7 ^ 0 . t h e  a e r o g e n e s - c l o a c a e  t y p e s  

m u l t i p l i e d  more r a p i d l y  th a n  th e  B. c o l i  in  s i x t e e n  i n 

s t a n c e s  o u t  o f  tw e n ty ;  a t  2 2 ^ 0 . ,  t h e y  d id  so  in  e i g h t e e n

c a s e s  o u t  o f  t w e n t y - o n e ;  a t  30*^0., in  o n ly  f i v e  i n s t a n c e s
oo u t  o f  t w e n ty ;  and a t  37 C . , in  o n ly  fo u r  o u t  o f  t w e n t y -  

o n e .  A c c o r d in g ly  tem p e ra tu re  h a s  a marked e f f e c t  on th e  

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

and B. c o l i  t y p e s  in  m i l k .  There may be c o n s id e r a b le  

v a r i a t i o n  b e tw e en  d i f f e r e n t  c u l t u r e s  o f  t h e  same ty p e  w ith  

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

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

more r a p i d l y  th a n  t h e  B. c o l i ,  in  m i lk  h e l d  a t  1 7 ^ 0 . and  

2 2 ^ 0 . ,  w h i l e  th e  B. c o l i  t y p e s  i n  m ost  i n s t a n c e s  m u l t i p l y  

more r a p i d l y  th a n  th e  a e r o g e n e s - c lo a c a ©  in  m i l k  h e ld  a t  

30 ^ 0 . and 37<^C.
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4* The o b i 1 form f l o r a  o f  raw m i l k ,  w h ich  has

b een  in o c u la te d ,  w i t h  b o v in e  f a e c e s ,  and h e ld  

f o r  36 h o u rs  a t  1 7 ^ 0 .

T h is  e x p e r im e n t  was c a r r i e d  o u t  t o  d e te rm in e  

w h e th er  en r ich m e n t  o f  a e r o g e n e s - c l o a c a e  s t r a i n s  o c c u r s  

when b o v in e  f a e c e s  c o n t a in in g  them a re  in o c u l a t e d  i n t o  

m ilk  and t h e  c u l t u r e  k ep t  f o r  66 h o u r s  a t  1 7 ^ 0 . The m i lk  

u se d  in  t h e  e x p er im en t  was u n h ea ted  f r e s h  m i lk  o f  t h e  

S c o t t i s h  " C e r t i f i e d "  grad e  from farm s known t o  p rod uce  

c l e a n  m i l k  o f  lo w  b a c t e r i a l  c o u n t .  On i t s  a r r i v a l  i n  t h e  â  

l a b o r a t o r y  i t  was s u b j e c t e d  to  t h e  c o l l f o r m  t e s t ,  1 m l .
' •/

q u a n t i t i e s  b e in g  i n o c u l a t e d  in  t r i p l i c a t e  i n t o  MacGonkey' s ! 

b o u i l l o n .  A lth o u g h  t h e  r e s u l t s  o f  t h i s  t e s t  co u ld  n o t  

be d e te r m in e d  u n t i l  t h e  b o u i l l o n  c u l t u r e s  had b een  i n 

c u b a te d  f o r  two d a y s ,  t h e  m i lk  was u se d  im m e d ia te ly  f o r  

e x p e r im e n ta l  p u r p o s e s ,  t h e  r e s u l t s  b e in g  d i s c a r d e d  when  

th e  m i lk  was shown to  c o n t a in  c o l l f o r m  b a c t e r i a .

In c a r r y in g  o u t  t h e  e x p e r im e n t ,  t h e  m i lk  was 

added in  50 m l .  amounts t o  s t e r i l e  b o t t l e s .  The b o t t l e s  

w ere th e n  in o c u l a t e d  w i t h  d i f f e r e n t  sp ec im e n s  o f  b o v in e  

f a e c e s ,  w h ic h  were from one t o  t h r e e  d ays o ld *  In th e
■ - ’ A

c a s e  o f  th e  f i r s t  s i x  f a e c a l  sp e c im e n s  two l o o p f u l s  o f  

th e  f a e c e s  were u sed  as th e  in ocu lu m  in  e a c h  i n s t a n c e .

But w i t h  t h e  l a s t  s i x  sp ec im en s  th e  q u a n t i t y  o f  th e
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Inoculum  was red u ced  and v a r io u s  amounts were u s e d .

Thus th e  p r a c t i c e  was t o  p r e p a r e  a f a i r l y  h ea v y  s u s p e n s io n  

o f  e a c h  o f  t h e s e  f a e c a l  sp ec im e n s  i n  s t e r i l e  w a te r  and t o  

i n o c u l a t e  s e p a r a te  b o t t l e s  o f  m i lk  w i t h  1 m l . ,  0 . 5  m l .  

and 0 .2 5  m l .  o f  t h e  s u s p e n s io n .  The b o t t l e s  o f  i n o c u la t e d  

m ilk  were in c u b a te d  in  a l l  i n s t a n c e s  a t  1 7 ^ 0 .  f o r  36  

h o u r s .  Then t h r e e  p l a t e s  o f  MacGonkey»s a g a r  were s t r o k e d  

i n  s e r i e s  from ea c h  b o t t l e  and in c u b a te d  a t  3 7 ^ 0 . f o r  two  

d a y s .  Over t h i r t y  c o l o n i e s  were p ic k e d  o f f  e a c h  s e t  o f  

t r i p l i c a t e  p l a t e s  and t r a n s f e r r e d  t o  MacGonkey»s b o u i l l o n .  

A c c o r d in g ly  o v e r  t h i r t y  b o u i l l o n  c u l t u r e s  were o b ta in e d  

from e a c h  b o t t l e  o f  i n o c u la t e d  m i l k ,  i . e . ,  o v e r  t h i r t y  

b o u i l l o n  c u l t u r e s  from ea c h  o f  th e  f i r s t  s i x  f a e c a l  

sp e c im e n s  and o v e r  n i n e t y  from e a c h  o f  t h e  l a s t  s i x  s p e c i 

m en s . The b o u i l l o n  c u l t u r e s  w h ic h  p rod u ced  a c id  and g a s  

were r e p l a t e d  in  MacGonkey's a g a r  t o  e n su r e  t h e i r  p u r i t y .  

Then a s u b - c u l t u r e  in  M acGonkey's b o u i l l o n  was made from 

e a c h  p l a t e .  I f  a c i d  and g a s  were p rod uced  t h e  o rg a n ism s  

were exam ined  m i c r o s c o p i c a l l y ,  a f t e r  s t a i n i n g  by Gf*am»s 

m eth od , and i d e n t i f i e d  by t h e i r  V o g e s -P r o s k a u e r , K o se r ,  

i n o s i t o l  and i n d o l e  r e a c t i o n s .  See S e c t i o n  IV , page 9 3 .

The r e s u l t s  o f  t h i s  e x p e r im e n t  a re  g iv e n  i n  

T a b le  9 ,  page 1 5 5 .  I t  w i l l  be s e e n  t h a t  in  f o u r t e e n  i n 

s t a n c e s  o u t  o f  t w e n t y - f o u r ,  s t r a i n s  o f  th e  a e r o g e n e s -
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c lo a c a e  and in t e r m e d ia t e  t y p e s  t o g e t h e r  c o n s t i t u t e d  th é  

g r e a t e r  p r o p o r t io n  o f  t h e  f l o r a  o f  th e  m i l k .  In  t w e lv e  

c a s e s  th e  a e r o g e n e s - c l o a c a e  s t r a i n s  b y  th e m s e lv e s  were  

in  e x c e s s  o f  t h e  B. c o l i ,  w h i le  in  o t h e r  t w e lv e  c a s e s  t h e  

r e v e r s e  o c c u r r e d .  W ith  fo u r  o f  t h e  s i x  f a e c a l  sp e c im e n s  

when 0 .2 5  m l .  o f  t h e  f a e c a l  s u s p e n s io n  was u se d  a s  th e  

in o c u lu m , a e r o g e n e s - c l o a c a e  s t r a i n s  w ere o b t a in e d  from  

th e  m i l k ,  and in  t h r e e  o f  t h e s e  i n s t a n c e s  t h e y  w ere th e  

p red om inan t c o l i f o r m  s t r a i n s .  A c c o r d in g l y ,  a l th o u g h  

a e r o g e n e s - c l o a c a e  t y p e s  o c c u r  in  b o v in e  f a e c e s  o n ly  in  

c o m p a r a t iv e ly  s m a ll  num bers, t h e y  become e n r ic h e d  in  m i lk  

in o c u l a t e d  w i t h  t h e  f a e c e s  and h e ld  a t  1 7 ^ 0 . C o n s e q u e n t ly  

t h e y  a r e  f r e q u e n t l y  th e  predom inant c o l i  form t y p e s  i n  

su ch  m i l k .

BISCirSSION
-■ ; • V'-

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

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

i s e d  m ark et m i l k  r e q u i r e s  t o  be c o n s id e r e d  and i n  t h i s  

c o n n e c t io n  th e  f o l l o w i n g  f a c t s  a r e  o f  Im p o r ta n ce .

1 .  P r e v io u s  work (M alcolm 1 9 5 3 )  h as  shown t h a t  th e  

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

m arket m i l k  a re  B. c o l i  communior and B. c o l i  communis 

E s c h e r ic h  and t h e s e ,  a c c o r d in g  t o  th e  r e s u l t s  o f  th e
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p r e v io u s  p a r t  o f  th e  p r e s e n t  i n v e s t i g a t i o n ,  a re  a l s o  

th e  m ost p r e v a l e n t  c o l i f o r m  t y p e s  in  b o v in e  f a e c e s .  

F u r th e r , t h e r e  i s  a v e r y  h ig h  c o r r e l a t i o n  b etw e en  th e  

r e l a t i v e  numbers o f  B. c o l i  communior and B . c o l i  

communis in  m i l k  and i n  b o v in e  f a e c e s ,  B . c o l i  commun- 

i o r  o c c u r r in g  in  ea c h  c a s e  w i t h  g r e a t e r  fr e q u e n c y  th a n  

B. c o l i  communis. On th e  o t h e r  h and , t h e s e  c o l l f o r m  

t y p e s  have b een  found by  numerous I n v e s t i g a t o r s  t o  be  

o f  c o m p a r a t iv e ly  r a r e  o c c u r r e n c e  on fo d d e r ,  g r a in  and  

in  s o i l  in  th e  a b sen c e  o f  r e c e n t  f a e c a l  c o n ta m in a t io n .

2 .  I t  h as a l s o  b e e n  shown (M alcolm  1 9 3 5 )  t h a t  

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

su b -g r o u p s  in  u n p a s t e u r i s e d  m ark et m i lk  v a r i e s  w id e ly  

a c c o r d in g  t o  w in te r  and summer c o n d i t i o n s .  D uring  

w in t e r  7 1 .0  p er  c e n t ,  o f  t h e  s t r a i n s  o b t a in e d  from 

sp e c im e n s  o f  su ch  m i lk  were t y p i c a l  B . c o l i ,  1 6 .1

p e r  c e n t w e r e  a e r o g e n e s - c l o a c a e  t y p e s  and 1 2 .9  p er  

c e n t ,  were in t e r m e d ia t e  t y p e s ,  w h erea s  d u r in g  summer 

4 0 .4  p er  c e n t ,  o f  th e  s t r a i n s  ware t y p i c a l  B . c o l i ,

3 2 . 2  p e r  c e n t ,  were a e r o g e n e s - c l o a c a e  t y p e s  and 2 7 .4  

p e r  c e n t ,  w ere in t e r m e d ia t e  t y p e s .

3 .  In w in te r  th e r e  i s  a much g r e a t e r  p o s s i b i l i t y  

o f  g r o s s  f a e c a l  c o n ta m in a t io n  o f  t h e  m i lk  th a n  in
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summer. T h is  i s  due t o  th e  f a c t  t h a t  i n  S c o t la n d  d u r in g  

w in t e r  th e  cows are  c o n f in e d  aliriost e n t i r e l y  t o  b y r e s ,
V'A

b e in g  a l lo w e d  o u t  d u r in g  th e  day t o  t h e  f i e l d s  o n ly  f o r  

a b r i e f  p e r io d  f o r  e x e r c i s e .  In  summer t h e y  are  a t  

p a s t u r e  and a re  in  th e  b y r e s  o n l y  a t  m i l k i n g  t i m e .

4 .  I t  h a s  b e e n  found i n  th e  p r e s e n t  i n v e s t i g a t i o n  

(a )  t h a t  a e r o g e n e s - c l o a c a e  ty p e s  a s  a r u l e  m u l t i p l y  much A 

more r a p i d l y  in  m i lk  a t  low  t e m p e r a t u r e s ,  17*^0. t o  22®C/, a  

th a n  B . c o l i  t y p e s ,  t h i s  b e in g  t h e  c a s e  w h eth er  raw or  par

t i a l l y  s t e r i l i s e d  m i lk  i s  u s e d ,  and (b )  t h a t  t h e  c o l l f o r m  

f l o r a  o f  m i lk  w h ich  h a s  b een  I n o c u la t e d  w i t h  b o v in e  

f a e c e s  and h e ld  f o r  36 h o u rs  a t  1 7 ^ 0 .  f r e q u e n t l y  c o n s i s t s  

c h i e f l y  o f  a e r o g e n e s - c lo a c a ©  t y p e s .  T h ese  r e s u l t s  a r e  

i n  agreem en t w i t h  t h o s e  o f  o t h e r  i n v e s t i g a t o r s .  T hus,  

R o g e r s ,  C lark  and hubs (1 9 1 8 )  q u o te  A y er s  a s  f i n d i n g  t h a t  i
\  ' ' ' ' ' " ' : A

when s t e r i l e  m i lk  was i n o c u l a t e d  w i t h  b o v in e  f a e c e s  and 

in c u b a te d  a t  20 C. th e  a e r o g e n e s  t y p e s  p red om in ated  a t  

th e  t i m e :o f  d u r d l i n g , and t h e y  found t h a t  t h i s  a l s o  h o ld s  

good f o r  human f a e c e s .  Hammer (1 9 2 8 )  s t a t e s  t h a t  th e  

"Aei’o b a c t e r  t y p e " can grow in  m i l k  a t  a lo w e r  tem p era tu re

th a n  th e  " E s c h e r ic h ia  t y p e " ,  so  t h a t  i t  i s  o f  more im - /

p o r ta n c e  from th e  s t a n d p o in t  o f  d ev e lo p m en t  i n  m i lk  under
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o r d in a r y  c o n d î t i c n a From t h e s e  f a c t s  th e  i n f e r e n c e  

may be drawn t h a t  i f  m i lk  w h ich  i s  con tam in ated ; w i t h  

f a e c a l  m a t t e r  i s  k ep t  a t  tem p era tu res  o f  from 17®C. t o  

2 2 ^ 0 $ , i t  may u l t i m a t e l y  c o n t a in  l a r g e  numbers o f  

a e r o g e n e s - c l o a c a e  t y p e s ,  ev en  th o u g h  t h e s e  o rg a n ism s  

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

f a i r s  i s  l i a b l e  t o  a r i s e  in  summer, b e c a u s e  a s  p r e v i o u s 

l y  m e n tio n e d  1 7 ^ 0 . (63® F .)  i s  a common tem p e r a tu r e  f o r  

farm m i lk  a t  t h a t  p e r i o d .  On t h e  o t h e r  h and , m i lk  i s  

g e n e r a l l y  k ep t  in  w in t e r  a t  su c h  lo w  t e m p e r a tu r e s ,  e . g . ,  

5°C . ( 4 1 ° P . )  t o  1 3°C . (5 5 ° P .) »  i . e . ,  a t  ab out 1 0 °C .  

( 5 0 ^ F . ) ,  t h a t  t h e r e  i s  l i t t l e  o r  no grow th  and p r o l i f é r a ^  

t i o n  e v e n  o f  a e r o g e n e s - c l o a c a e  t y p e s .  ( A y e r s  and 

Olemmer CL918) and F i n k e l s t e i n  (1 9 1 9 )  fou n d  t h a t  t h e r e

was l i t t l e  o r  no grow th  o f  any c o l i f o r m  t y p e s  in  m i lk
o

a t  o f  b e lo w  10  C .)  C o n seq u e n t ly  th e  r e l a t i v e  in c id e n c e  

o f  th e  d i f f e r e n t  c o l i  form t y p e s  i n  t h e  m i lk  w i l l  te n d  

t o  rem ain  u n a l t e r e d ,  and w i l l  c o r r e sp o n d  f a i r l y  c l o s e l y  

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

w h ich  i t  was c o n ta m in a te d .

5 .  B . l a c t i s  a e r o g e n e s  and B . o x y t o c u s ,  i . e . ,  th e

**'Wilson (1 9 3 5 )  foun d  t h a t  when e i g h t  m ixed  c u l t u r e s  o f  
B. c o l i  and B . a e r o g e n e s  s t r a i n s  w ere grown f o r  24 
h o u rs  in  m i lk  a t  2 2 0 C , , th e  B . c o l i  i n  a l l  i n s t a n c e s  
m u l t i p l i e d  more r a p i d l y  th a n  th e  B . a e r o g e n e s .  But he  
makes no c la im  t h a t  g e n e r a l  c o n c l u s i o n s  can  b e  drawn 
from h i s  e x p e r im e n ts  ow ing t o  th e  s m a l l  number o f  
s t r a i n s  ex a m in ed .

; A
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© n c a p su la te d  ty p e s  o f  c o l i f o m  b a c t e r i a ,  a re  much more 

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

c a p s u la t e d  t y p e s ,  e . g . ,  th e  t y p i c a l  B . c o l l .  Thus 

Clem esha ( 1 9 1 2 ) ,  R ogers ( 1 9 1 8 ) ,  W in slo w .a n d  Cohen ( 1 9 1 8 ) ,  

Gray ( 1 9 3 2 ) ,  B u rk e-G a ffn ey  ( 1 9 3 3 ) ,  P l a t t  (1 9 3 5 )  and 

o t h e r s ,  h ave found t h a t  B. a e r o g e n e s  h as  g r e a t e r  pow ers  

o f  r e s i s t a n c e  and can g e n e r a l l y  s u r v iv e  l o n g e r  th a n  B. 

c o l i  in  w a ter*  A c c o r d in g ly ,  i f  m i lk  u t e n s i l s  w h ich  have  

become co n ta m in a ted  w i t h  c o l i f o r m  o rg a n ism s as a r e s u l t  

o f  f a e c a l  c o n ta m in a t io n  o f  th e  m i lk  o r  o f  t h e  U t e n s i l s  

t h e m s e l v e s ,  a r e  n o t  p r o p e r ly  washed and s t e r i l i s e d ,  t h e  

B. a e r o g e n e s  ty p e s  w i l l  v e r y  p o s s i b l y  s u r v iv e  i n  them t o  

a g r e a t e r  e x t e n t  th a n  th e  B. c o l i  t y p e s .  T h is  i s  s u p p o r t 

ed b y  t h e  r e s u l t s  o f  an  i n v e s t i g a t i o n  c a r r i e d  o u t  by th e  

l a t e  P r o f e s s o r  R .H .L e i t c h  o f  The West o f  S c o t la n d  A g r l -  

c u l t u r a l  p o l l e g e .  In  a p e r s o n a l  com m unication  he s t a t e d  

t h a t  he found t h a t  m i lk  i s  f r e q u e n t ly  i n f e c t e d  w i t h  c o n 

form b a c t e r i a  and e s p e c i a l l y  a e f o g e n e s  t y p e s  from th e  

u t e n s i l s .

In v iew  o f  t h e s e  f a c t s  and a l s o  t h o s e ,  d i s c u s s e d  

in  p a g e s  1 2  t o  1 5 ,  w i t h  re g a rd  to  th e  p o s s i b i l i t y  o f  m i lk  

b e in g  co n ta m in a te d  w i t h  a e r o g e n e s - c l o a c a e  t y p e s  from  

n o n - f a e c a l  s o u r c e s ,  e . g . ,  f o d d e r ,  b e d d in g ,  c e r e a l  g r a in s  

and s o i l ,  i t  seem s r e a s o n a b le  t o  su p p o se  t h a t  n o t
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o n ly  th e  t y p i c a l  B. c o l i ,  b u t  a l s o  th e  a e r o g e n e s -  

c lo a c a a  t y p e s ,  p r e s e n t  in  m i lk  a r e  d e r iv e d  t o  a c o n 

s i d e r a b l e  e x t e n t  from b o v in e  f a e c e s .  The r e l a t i v e l y  

h ig h e r  i n c id e n c e  o f  th e  l a t t e r  i n  summer m i lk  can be  

e x p la in e d  in  term s o f  th e  f o r e g o i n g  f i n d i n g s  a s  b e in g  

due t o  a co m b in a t io n  o f  f a c t o r s .  T h e ir  g r e a t e r  h a r d i 

n e s s  w i l l  a l lo w  them t o  s u r v iv e  i n  im p r o p e r ly  s t e r i l 

i s e d  u t e n s i l s ,  w h i le  th e  tem p e ra tu r e  o f  th e  en v iro n m en t  

i n  th e  summer months w i l l  be a lm o s t  o p t im a l  f o r  t h e i r  

m u l t i p l i c a t i o n  b o th  in  th e  u t e n s i l s ,  e . g . ,  th e  c a n s ,  

s t r a i n e r  and c o o l e r ,  and in  t h e  m i lk  i t s e l f .  Thus 

g iv e n  f a e c a l  c o n ta m in a t io n  o f  th e  m i l k ,  f o r  w h ich  t h e r e  

i s  abundant e v i d e n c e ,  e v e n  th e  s m a l l  numbers o f  a e r o 

g e n e s  t y p e s  p r e s e n t  i n  th e  f a e c e s  w i l l  under t h e s e  

s u i t a b l e  c o n d i t i o n s  f o r  grow th  form a l a r g e  p r o p o r t io n  

o f  th e  c o l i  form t y p e s  in  m i lk  d u r in g  th e  summer m o n th s .  

They w i l l  b e ,  h ow ever , r e l a t i v e l y  r a r e  in  w in t e r  when  

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

t a m in a t io n  o f  th e  m i l k ,  and when ow in g  t o  t h e  low  

tem p e ra tu r e  o f  t h e  en v iron m en t t h e r e  w i l l  be compara

t i v e l y  l i t t l e  grow th  ev e n  o f  t h e s e  ty p e s  o f  c o l i  form  

o rg a n ism s  in  th e  u t e n s i l s  and i n  th e  m i l k .
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SUMMARY

1 .  Se v e n t  y - f i v e  pure c u l t u r e s  o f  v a r io u s  t y p e s  o f

c o l l f o r m  b a c t e r i a  were grown in  s t e r i l i s e d  or p a r t i a l l y

s t e r i l i s e d  m i lk  f o r  24 h ou rs  a t  1 7 ^ 0 .  The c u l t u r e s  o f

B. a e r o g e n e s , . B .  o x y to c u s  and B* c lo a c a e  ty p e s  as  a

r u l e  m u l t i p l i e d  much more r a p i d l y  th a n  th o s e  o f  th e  B.

c o l i  t y p e s .  S im i la r  r e s u l t s  were o b ta in e d  when t w e n t y -

n in e  c u l t u r e s  o f  v a r io u s  c o l l f o r m  t y p e s  were grown in

raw m i lk  f o r  24 h ours a t  1 7 ^ 0 . There was g e n e r a l l y

l i t t l e  or no te n d e n c y  t o  c lum ping  o f  th e  o rg a n ism s i n
oth e  m i l k ,  ev e n  a f t e r  3 days  ̂ in c u b a t io n  a t  17 C.

2 .  F o r ty  m ixed  c u l t u r e s ,  e a c h  c o n s i s t i n g  o f  an 

a e r o g e n e s - c l o a c a e  ty p e  and a B. c o l i ,  were grown in  

m ilk  f o r  24 h o u rs  a t  1 7 ^ 0 . In t h i r t y - f o u r  i n s t a n c e s  

th e  a e r o g e n e s -c lo a c a ©  ty p e  m u l t i p l i e d  more r a p i d l y  

th a n  th e  B# c o l i .

3 .  T w enty-on e o f  t h e s e  m ix ed  c u l t u r e s  w ere a l s o  

grown in  m i lk  f o r  24 h ou rs a t  22*^0., 30^ 0 . and 37^ 0 .

At 2 2 ^ 0 . ,  a s  a t  1 7 ^ 0 . ,  th e  a e r o g e n e s - c l o a c a e  ty p e  

m u l t i p l i e d  a s  a r u l e  more r a p i d l y  th a n  t h e  B. c o l i ,  

w h i le  a t  30®C. and 37°G . th e  r e v e r s e  was th e  c a s e .

4 .  Twelve sp ec im en s  o f  b o v in e  f a e c e s  w ere i n o c u l -
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a t e d  i n t o  raw m i lk  and t h e  c u l t u r e s  k ep t  a t  1 7 ^ 0 .  

f o r  36  h o u r s .  A e r o g e n e s - c lo a c a e  t y p e s  o c c u r r in g  i n  

th e  f a e c e s  became e n r ic h e d  i n  t h e  m i l k ,  th e  c o l i f o r m  

f l o r a  o f  th e  m i lk  a t  th e  end o f  th e  in c u b a t io n  p e r i o d  

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

5 .  The g r e a t e r  in c id e n c e  o f  a e r o g e n e s - c l o a c a e  

ty p e s  in  summer m i lk  in  S c o t la n d  a s  compared w i t h  

w in t e r  m i l k ,  found i n  a p r e v io u s  i n v e s t i g a t i o n ,  may 

be e x p la in e d  by t h e  f a c t  t h a t  when m i lk  i s  co n ta m in 

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

become e n r ic h e d  a t  th e  te m p e r a tu r e s  o f  h o ld i n g  common

l y  em ployed  in  summer. Such e n r ich m en t  d o es  n o t  

o c c u r  i n  w i n t e r ,  th e  h o ld i n g  tem p e ra tu r e  o f  th e  m i lk  

b e in g  a s  a r u l e  so  lo w  t h a t  t h e r e  i s  l i t t l e  or  no  

p r o l i f e r a t i o n  o f  any c o l i f o r m  t y p e s .  C o n se q u e n t ly  

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

i n  w in t e r  m i lk  te n d  t o  rem ain  s i m i l a r  t o  t h o s e  i n  th e  

f a e c e s .
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NOTE TO SECTION I I I .

The grow th  o f  B. c o l t  and a e r o g e n e s - c l o a c a e  

t y p e s  a t  3 7 ^ 0 . and 45^C.

A l l  t h e  c u l t u r e s  o f  B* c o l i  ty p e  u se d  in  

S e c t i o n  I I I .  o f  t h e  i n v e s t i g a t i o n  grew w e l l  in  b o u i l l o n  

a t  45^C. There w a s , h o w ev er , a p o s s i b i l i t y  t h a t  th e  

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

th e  p l a t e s  w ere in c u b a te d  a t  4 5 ^ 0 . th a n  a t  3 7 ^ 0 . An

e x p e r im e n t  was t h e r e f o r e  c a r r ie d  o u t  t o  d e te r m in e  w h eth er  

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

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

s e v e r a l  d a y s ,  were p l a t e d  o u t  on y e a s t r e l  m i l k  a g a r .

S ix  p a r a l l e l  p l a t e s  w ere made f o r  e a c h  o f  t h e  f o l l o w i n g  

q u a n t i t i e s  o f  t h e  c u l t u r e s : -  0 .0 0 0 0 1  m l . ,  0 .0 0 0 0 0 1  and

0 .0 0 0 0 0 0 1  m l .  The p l a t e s  w ere in c u b a te d  f o r  two d a y s ,  

t h r e e  o f  e a c h  s e t  o f  p a r a l l e l  p l a t e s  b e in g  k ep t  a t  3 7 ^ 0 .  

and t h e  r e m a in in g  t h r e e  a t  45*^0. The c o u n ts  were th en  

m ad e. The f o l l o w i n g  t a b l e  shows t h e  b a c t e r i a l  c o n te n t  

p er  m l .  o f  e a c h  c u l t u r e  a s  d e te r m in e d  b y  p l a t i n g  a t  3 7 ^ 0 .  

and a t  45®C.
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B a c t e r i a l  c o n te n t  p er  m l . o f  b o u i l l o n  c u l t u r e  
when p l a t e s  in c u b a te d  a t  -

S t r a i n  37®C. 45®C.

1 .  2 7 0 ,0 0 0 ,0 0 0  2 8 0 ,0 0 0 ,0 0 0
2 .  1 6 0 ,0 0 0 ,0 0 0  1 6 0 ,0 0 0 ,0 0 0
3 .  3 0 0 ,0 0 0 ,0 0 0  4 2 0 ,0 0 0 ,0 0 0
4 .  2 0 5 ,0 0 0 ,0 0 0  3 0 0 ,0 0 0 ,0 0 0
5 .   ̂ ; À 1 4 0 ,0 0 0 ,0 0 0  1 5 0 ,0 0 0 ,0 0 0
6 .  2 6 9 ,0 0 0 ,0 0 0  4 2 3 ,0 0 0 ,0 0 0
7 .  3 9 0 ,0 0 0 ,0 0 0  3 8 0 ,0 0 0 ,0 0 0
8 .  4 1 0 ,0 0 0 ,0 0 0  3 6 0 ,0 0 0 ,0 0 0
9 .  57©., 0 0 0 ,0 0 0  4 5 0 ,0 0 0 ,0 0 0

I t  w i l l  be s e e n  from t h e  t a b l e  t h a t  in  m ost  

i n s t a n c e s  t h e r e  was a c l o s e  c o r r e sp o n d e n c e  b e tw een  th e  c o u n ts  

f o r  e a c h  s t r a i n .  A c c o r d in g ly  w i t h  B . c o l i  s t r a i n s  th e  

a c c u r a c y  o f  the  p l a t e  coun t i s  n o t  a f f e c t e d  b y  em p lo y in g  an  

in c u b a t io n  te m p e r a tu r e  o f  4 5 ^ 0 . i n s t e a d  o f  37^ 0 . On th e  

o t h e r  h an d , i t  was found t h a t  f o u r t e e n  o u t  o f  f i f t y - f i v e  

a e r o g e n e s - c l o a c a e  s t r a i n s  grew in  b o u i l l o n  a t  45®C. Con

s e q u e n t l y ,  t h i s  m ethod o f  m aking a d i f f e r e n t i a l  cou n t o f  

B . c o l i  and a e r o g e n e s - c l o a c a e  t y p e s  can o n ly  b e  em ployed  

p r o v id e d  su c h  a t y p i c a l  a e r o g e n e s - c l o a c a e  s t r a i n s  a re  a b s e n t . 

The f o u r t e e n  a e r o g e n e s - c l o a c a e  s t r a i n s  w h ich  grew a t  4 5 ^ 0 .  

w ere t h e r e f o r e  n o t  u se d  in  i n v e s t i g a t i n g  t h e  r e l a t i v e  r a t e s  

o f  grow th  o f  B i c o l i  and a e r o g e n e s - c l o a c a e  t y p e s  i n  m i l k .
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S E C T I O N  I V .

THE CLASSIFICATION OP COLIFORM BACTERIA

The c o l i f o r m  o rg a n ism s co m p rise  a l a r g e  group  

o f  l a c t o s e - f e r m e n t i n g .  O r a m -n e g a t iv e , r o d -s h a p e d  b a c t e r i a .  

W hile  t h e r e  i s  c o n s id e r a b l e  v a r i a t i o n  i n  th e  c r i t e r i a  

em ployed by  d i f f e r e n t  w ork ers f o r  t h e  i d e n t i f i c a t i o n  o f  

th e  numerous t y p e s  o r  v a r i e t i e s  w h ic h  e x i s t ,  th e  f o l l o w i n g  

c h a r a c t e r s  a r e  g e n e r a l l y  a c c e p te d  as  common t o  th e  group  ; 

O r a m -n e g a t iv e , n o n - s p o r in g ,  a e r o b i c  b u t  f a c u l t a t i v e l y  

a n a e r o b ic ,  f e r m e n t in g  g lu c o s e  and l a c t o s e ,  grow in g  w e l l  

a t  5 7 ^ C ., and s a p r o p h y t ic  b u t  p o t e n t i a l l y  p a t h o g e n ic .

In th e  i n v e s t i g a t i o n s  o f  th e  c o l i f o r m  f l o r a  o f  

m i l k  (M alcolm  1 9 3 3 )  and b o v in e  f a e c e s  ( s e e  S e c t i o n  I I ,  

page 4 1 ) ,  1 6 3 6  c u l t u r e s  o f  l a c t o s e - f e r m e n t in g  c o l i f o r m  

b a c t e r i a  were I s o l a t e d ,  797 from m i l k  and 839 from b o v in e  

f a e c e s . T h is  f i g u r e  i n c lu d e s  244 c u l t u r e s  o b ta in e d  from  

b o v in e  f a e c e s  d u r in g  p r e l im in a r y  e x p e r im e n ta l  w ork . The 

c u l t u r e s  w ere ty p e d  a c c o r d in g  t o  MacGonkey*s c r i t e r i a  

and K oser»s c i t r a t e  r e a c t i o n .  The t y p e s  from m i lk  were  

grou p ed  a c c o r d in g  t o  th e  K o se r , i n d o l e ,  V o g e s-P ro sk a u e r  

and g e l a t i n  r e a c t i o n s ,  b u t  t h i s  was re g a rd ed  m e r e ly  as  a
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p r o v i s i o n a l  and t e n t a t i v e  arrangem ent u n t i l  s u c h  a t im e  

as  i t  was p o s s i b l e  t o  make a more d e t a i l e d  s tu d y  o f  th e  

c h a r a c t e r s  o f  a l l  t h e  c u l t u r e s  i s o l a t e d  in  t h a t  and th e  

p r e s e n t  i n v e s t i g a t i o n .  A c c o r d in g ly  t h e  f o l l o w i n g  o b s e r 

v a t i o n s  on th e  c l a s s i f i c a t i o n  o f  c o l i f o r m  b a c t e r i a  a r e  

b a s e d  on a s t u d y  o f  t h e  c h a r a c te r s  o f  1636  c u l t u r e s  o b 

t a i n e d  from m i lk  and b o v in e  f a e c e s .

The I d e n t i f i c a t i o n  o f  T y p es .

A l l  th e  c u l t u r e s  under e x a m in a t io n  had th e  

f o l l o w i n g  c h a r a c t e r s :  G r a m -n e g a t iv e , n o n - s p o r in g  and r o d 

sh a p e d ;  c a p a b le  o f  grow in g  under a e r o b i c  c o n d i t i o n s  and 

a t  37®C; fe r m e n t in g  g lu c o s e  and l a c t o s e  w i t h  fo r m a t io n  o f  

a c id  and g a s .  The f o l l o w i n g  a d d i t i o n a l  c h a r a c t e r s  were  

d e te r m in e d  :fârm@nta t io n  o f  s u c r o s e ,  d u l c i t o l ,  a d o n i t o l ,  

i n u l i n ,  m a n n i t o l ,  i n o s i t o l ,  r a f f i n o s e  and s a l i c i n ;  p r o 

d u c t io n  o f  i n d o l e ;  grow th  in  Koser *s c i t r a t e  medium; 

V o g e s -P r o sk a u e r  and m e t h y l - r e d  r e a c t i o n s ;  l i q u e f a c t i o n  o f  

g e l a t i n ;  and , in  many i n s t a n c e s ,  e n c a p s u l a t i o n .  The r e 

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

d e x t r i n  were n o t  d e term in ed  b e c a u s e ,  a s  shown b y  M ackie  

( 1 9 8 1 ) ,  t h e s e  s u b s t a n c e s  a re  ferm en ted  as a r u l e  b y  a l l  

l a c t o s e - f e r m e n t i n g  c o l l f o r m  b a c t e r i a .

M e th o d s .

S ta in e d  sm ears were made from a g a r -s lo p ©  c u l t u r e s
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t o  f i n d  o u t  w h eth er  t h e  o rg a n ism s w ere G r a m -n e g a t iv e , 

n o n - s p o r in g  r o d s . The t e s t s  t o  d e te r m in e  t h e  p r e s e n c e  

or a b se n c e  o f  m o t i l i t y  and th e  b io c h e m ic a l  r e a c t i o n s  were  

th e n  c a r r ie d  o u t  as  f o l l o w s  ; -

( 1 )  M o t i l i t y .  C u ltu r e s  in  p e p to n e -w a te r  medium 

w ere k ep t  a t  room te m p e ra tu r e  and exam ined  f o r  m o t i l i t y

a t  24 and 48  h r .  Much b e t t e r  r e s u l t s  were o b ta in e d  b y  t h i s  

m ethod th a n  b y  in c u b a t in g  t h e  c u l t u r e s  a t  37®C* and t e s t 

in g  f o r  m o t i l i t y  a t  6 ,  8 and 24 h r .  I t  was found  t h a t  

th e  o r g a n ism s  were g e n e r a l l y  more a c t i v e l y  m o t i l e  a t  room 

t e m p e r a tu r e .  C u ltu r e s  w h ich  ap p ea red  t o  be n o n - m o t i le  

w ere r e t e s t e d  a t  l e a s t  t w i c e ,  f r e s h  c u l t u r e s  b e in g  p rep a re d  

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

(2 )  , E n c a p s u la t io n .  C u ltu r e s  in  b r o t h  o r  on a g a r  were  

exam ined  a f t e r  1 - 4  d a y s ’ in c u b a t io n  by  t h e  m ethod recom 

mended by Howie K ir k p a t r ic k  ( 1 9 3 4 ) . ,  The o rg a n ism s  in  

t h e  b r o t h  c u l t u r e  o r  I n  a s u s p e n s io n  in  b r o t h  from t h e  

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

c a r b o l - f u c h s i n . E o s in  s o l u t i o n  was now added t o  p r o v id e  

th e  background  f o r  th e  d e m o n s tr a t io n  o f  c a p s u le s  b y  

n e g a t i v e  s t a i n i n g .  Then a f i lm  p r e p a r a t io n  was made and 

a l lo w e d  t o  d r y .  The s l i d e  was exam in ed  under th e  o i l -  

im m ersion  l e n s .  Good r e s u l t s  w ere a l s o  o b ta in e d  by a 

s i m i l a r  p r o c e d u r e ,  b u t  e m p lo y in g  r o s e  b e n g a l  (1% aq ueous
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s o l u t i o n )  i n s t e a d  o f  c a r b o l - f u c h s i n j  and n ig r o s in ©  {1% ; a ^

aqu eous s o l u t i o n )  i n s t e a d  o f  e o s i n  s o l u t i o n .  T h is  m ethod  

i s  recommended b y  M aneval ( 1 9 3 4 ) .  I f  d i f f i c u l t y  was 

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

b u t  u n f i x e d ,  smear was made from t h e  c u l t u r e  o r  s u s p e n s io n  v 

aad th e  r o s e - b e n g a l  and n i g r o s i n e  s o l u t i o n s  were th e n  a p -  /  

p l i e d  a s  b e f o r e .

(5 )  F e r m e n ta t io n  o f  g lu c o se ^  e t c . The f e r m e n t a t io n  

t e s t s  w ere c a r r ie d  o u t  a t  37 C. b y  m eans o f  Durham’s f e r -  A 

m e n ta t io n  t u b e s , th e  medium c o n s i s t i n g  o f  1% p e p to n e -w a te r  Î 

w it h  A n d ra d e’s i n d i c a t o r  and 0 .6 ^  o f  th e  f e r m e n ta b le  su b 

s t a n c e  . In  th e  c a s e  o f  l a c t o s e ,  MacGonkey’s l a c t o s e  b i l e  

s a l t  b r o t h  was u s e d .  I n c u b a t io n  was c o n t in u e d  f o r  14 

d a y s .

(4 )  P r o d u c t io n  o f  i n d o l e .  C u l tu r e s  in  tu b e s  c o n -  

t a i n  in g  4 or 5 m l .  p ep to n e  ( W i t t e ’s o r  F a i r c h i l d ’s )  w a ter  

medium were in c u b a te d  a t  37®G. f o r  1 0  days and th e n  t e s t e d  

f o r  i n d o l e  by means o f  E h r l i c h ’s t e s t .  Good r e s u l t s  were % : 

a l s o  o b ta in e d  by th e  u se  o f  t h e  i n d o l e  r e a g e n t  em ployed • 

b y Ko va 0 8  ( 1 9 2 8 ) .  T h is  r e a g e n t  c o n s i s t s  o f  5 g .  p-rdim ethy^  

a m in o -b e n z a ld e h y d e , 75 m l .  amyl a l c o h o l  and 25 m l .  c o n -  

c e n t r a t e d  HCl. A p p r o x im a te ly  0 .4  m l .  o f  t h e  r e a g e n t  was 

added t o  e a c h  c u l t u r e ,  th e  tu b e  b e in g  shaken and a l lo w e d  

t o  s ta n d  f o r  a few  m in u te s  b e f o r e  t h e  o b s e r v a t i o n  was made.
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( 5 )  The K b s e r - c i t r a t e  r e a c t i o n .  C u ltu r e a  In  Kbaer^s

f l u i d  c i t r a t e  medium were in c u b a te d  a t  3 7 ^ 0 . ,  a p o s i t i v e  

r e a c t i o n  b e in g  i n d i c a t e d  by t h e  p r e s e n c e  o f  mai'ked t u r 

b i d i t y  w i t h i n  7 d a y s .  I f  th e  r e a c t i o n  was n e g a t i v e  or  

t h e r e  was o n ly  a f a i n t  t u r b i d i t y ,  t h e  t e s t  was r e p e a t e d  

i n  d u p l i c a t e .

( 6 ) The m e t h y l - r e d  and V oges-J^roskauer r e a c t i o n s .  

C u ltu r e s  i n  a p e p to n e - w a te r  medium c o n t a i n i n g  0 .6 ^  p e p t o n e ,  

0*5% g l u c o s e  and 0 .6 ^  d ip o t a s s iu m  h y d ro g en  p h o s p h a te ,  

w ere in c u b a t e d  a t  3 7 ^ 0 . f o r  3 d ays and th e n  t e s t e d  f o r  

m e t h ^ r e d  and V o g es -P r o sk a u er  r e a c t i o n s .  I f  t h e  m e t h y l -  

r e d  and V o g e s -P r o sk a u e r  r e a c t i o n s  d id  n o t  c o r r e l a t e  

i n v e r s e l y ,  r e p e a t  t e s t s  were made w i t h  s u b - c u l t u r e s  2 4 ,

43  and 96 h r .  o l d .

I t  h a s  b een  shown b y  L in to n  ( 1 9 2 4 ) ,  G eorg ia  & 

M o r a les  ( 1 9 2 6 ) ,  P a in e  ( 1 9 2 7 ) ,  W il l ia m s  3c Morrow (1 9 2 8 )  

and R u c h h o ft  e t  a l .  (1 9 3 1 )  t h a t  t h e  V o g e s -P r o sk a u e r  t e s t  

may g i v e  anom alous r e s u l t s  ow ing t o  t h e  f a c t  t h a t  w i t h  

c e r t a i n  V o g e s - P r o s k a u e r - p o s i t i v e  t y p e s  a c e t y l  - m e t h y l -  

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

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

o f  in c u b a t io n  a t  w h ich  th e  p r e s e n c e  o f  t h i s  s u b s ta n c e  

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

d e f i n i t e  p e r io d  a t  w h ich  th e  t e s t  s h o u ld  be m ade, th e
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b e a t  p ro ce d u re  in  p r a c t i c e  w i t h  c u l t u r e s  g i v i n g  d o u b t f u l  

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

v a r io u s  a g e s ,  a s  s t a t e d  a b o v e .

(7 )  L i q u e f a c t i o n  o f  g e l a t i n .  Two t u b e s  o f  g e l a t i n  

medium w ere h e a v i l y  i n o c u l a t e d  from an a g a r - s lo p e  c u l t u r e  

and capped t o  p r e v e n t  e v a p o r a t io n *  The one s u b c u l t u r e  

was k ep t  a t  37^0* fo r  12 w e e k s ,  t h e  tu b e  b e i n g  exam ined  

a t  i n t e r v a l s  fo r  d i g e s t i o n  by p l a c i n g  i t  i n  c o ld  w a te r  

f o r  a few h o u r s  t o  p e r m it  u n d ig e s t e d  g e l a t i n  t o  s o l i d i f y .  

I f  th e  g e l a t i n  f a i l e d  t o  s o l i d i f y ,  t h e  tu b e  was k ep t  

f o r  a f u r t h e r  24 h r  * a t  room tem p e ra tu r e  b e f o r e  th e  r e 

a c t i o n  was r e c o r d e d .  The o th e r  s u b c u l tu r e  was k ep t  a t  

room tem p e ra tu r e  fo r  8 w e e k s ,  and i f  t h e  g e l a t i n  was 

s t i l l  n o t  d i g e s t e d  i t  was th e n  in c u b a te d  a t  3 7 ^ 0 . f o r  

4 w e e k s .

Im p ortan t C o lifo r m  Subgroups and t h e i r  d i s t i n g u i s h i n g

c h a r a c t e r s  *

A lth o u g h  t h e r e  i s  a v e r y  l a r g e  number o f  d i f 

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

o f  t h e s e  t y p e s  can be in c lu d e d  i n  a few  s u b - g r o u p s ,  ea c h  

o f  w h ich  i s  c h a r a c t e r i z e d  b y  an a sse m b la g e  o f  o u t s t a n d 

i n g  f e a t u r e s .  The su b -g ro u p s  m ost commonly r e c o g n iz e d  

a re  th e  B* c o l i  o r  t y p i c a l ” B. c o l i ,  th e  B . a e r o g e n e s ,  

th e  B . c lo a c a e  and th e  B. o x y t o c u s .
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The B* c o l i  t y p e s  are  t h e  m o st  p r e v a l e n t  o r g a n 

ism s in  th e  i n t e s t i n e s  and i n  f a e c e s . They prod uce a 

r e l a t i v e l y  h ig h  a c i d i t y  i n  c a r b o h y d ra te  m e d ia ,  g i v i n g  

m e t h y l - r e d - p o s i t i v e  r e a c t io n s ^  and form a m od erate  amount 

o f  g a s ,  th e  OOg t o  Hg r a t i o  o f  w h ic h  i s  lo w ,  v a r y in g  from 

1 t o  0 . 5 .  They do n o t  p rod uce a c e t y l - m e t h y l - c a r b i n o l  

( n e g a t iv e  V o g es -P ro sk a u er  r e a c t i o n ) .  They ferm en t  g l u c o s e ,  

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

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

d u l c i t o l  and s a l i c i n ,  and in  o n ly  a c o m p a r a t iv e ly  sm a ll  

number o f  i n s t a n c e s ,  a d o n i t o l . They a l l  f a i l  t o  ferm en t  

i n o s i t o l ,  i n u l i n  and s t a r c h ,  and can not o b t a in  t h e i r  

carbon  from c i t r a t e s  ( n e g a t iv e  K o s e r - c i t r a t e  r e a c t i o n )  

o r  t h e i r  n i t r o g e n  from u r i c  a c i d .  They a t t a c k  tr y p to p h a n e  

w i t h  p r o d u c t io n  o f  i n d o l e ,  b u t  do n o t  l i q u e f y  g e l a t i n .

They a r e  n o n - e n c a p s u la t e d ,  do n o t  p rod uce r a i s e d  m uco id  

c o l o n i e s ,  and are  m ost f r e q u e n t l y  m o t i l e .

The B . a e r o g e n e s  t y p e s  c a r r y  o u t  f e r m e n t a t io n  in  

a d i f f e r e n t  manner t o  B . c o l l .  Thus t h e y  p roduce a low  

a c i d i t y  in  c a r b o h y d r a te  m e d ia ,  g i v i n g  m e t h y l - r e d - n e g a t i v e  

r e a c t i o n s ,  b u t  form  a r e l a t i v e l y  l a r g e  amount o f  g a s ,  th e  

COg t o  Hg r a t i o  o f  w h ic h  i s  h i g h ,  v a r y in g  from 2 t o  3 .

They a l s o  p rod uce a c e t y l - m e t h y l - c a r b i n o l  ( p o s i t i v e  V o g es-  

P ro sk a u er  r e a c t i o n ) .  They have much h ig h e r  f e r m e n t a t iv e
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pow ers th a n  th e  B . c o l i  t y p e s ,  a t t a c k i n g  in  a l l  i n 

s t a n c e s  a w id e  range o f  s u b s t a n c e s ,  i n c l u d i n g  n o t  o n ly  

t h o s e  s u b s ta n c e s  u s u a l l y  ferm en ted  by  th e  B. c o l l  b u t  

a l s o  i n o s i t o l  and a d o n i t o l .  They a lm o s t  a lw a y s  fer m e n t  

s a l i c i n ,  s u c r o s e  and r a f f i n o s e ;  many can  a t t a c k  i n u l i n ,  

and some ev e n  s ta r c h *  F u r th e r ,  t h e y  can  u t i l i z e  c i t r a t e  

a s  a s o u r c e  o f  carbon  ( p o s i t i v e  K o s e r - c i t r a t e  r e a c t i o n )  

and u r i c  a c i d  a s  a so u r c e  o f  n i t r o g e n .  They do n o t  

p rod u ce  in d o l e  and do n o t  l i q u e f y  g e l a t i n .  They are  

f r e q u e n t l y  e n c a p s u la t e d  and as a r u l e  n o n - m o t i l e . They  

grow v e r y  s t r o n g l y  on  a r t i f i c i a l  m e d ia ,  fo rm in g  c o l o n i e s  

w h ic h  are  l a r g e r  and t h i c k e r  th a n  t h o s e  o f  B. c o l i  and 

a re  in  many i n s t a n c e s  m u c o id .

The B . c lo a c a e  t y p e s  p rod uce  a lo w  a c i d i t y  in  

c a r b o h y d r a te  m ed ia  ( n e g a t iv e  m e t h y l - r e d  r e a c t i o n ) ,  b u t  a 

r e l a t i v e l y  l a r g e  amount o f  g a s . The COg t o  Hg r a t i o  

i s  h i g h ,  v a r y in g  from 2 t o  3 .  They a r e  V o g e s -P r o sk a u e r -  

p o s i t i v a .  They have n o t  so  w ide f e r m e n t a t iv e  powers a s  

B. a e r o g e n e s ,  f a i l i n g  t o  ferm en t i n o s i t o l  and a d o n i t o l .  

H owever, t h e y  can u t i l i z e  c i t r a t e  a s  a so u r c e  o f  carbon  

( p o s i t i v e  K o s e r - c i t r a t e  r e a c t i o n )  and o b t a in  t h e i r  n i t r o 

gen  from u r i c  a c i d .  They do n o t  p rod uce  i n d o l e ,  b u t  

a re  c a p a b le  o f  c a u s in g  s lo w  l i q u e f a c t i o n  o f  g e l a t i n .  They  

a r e  m o t i l e ,  f r e q u e n t l y  e n c a p s u la t e d  and p roduce l a r g e .
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t h i c k  m ucoid  c o l o n i e s .  The B. o x y to c u s  t y p e s  p roduce a 

lo w  a c i d i t y  in  ca r b o h y d ra te  m ed ia  ( n e g a t iv e  m e t h y l - r e d  

r e a c t i o n ) ,  b u t  a l a r g e  amount o f  g a s .  The COg t o  Hg 

r a t i o  i s  h ig h ,  v a r y in g  from 2 t o  3 .  They a r e  V o g e s -P r o s 

k au er  - p o s i t i v e ,  and have wide f e r m e n t a t iv e  p o w e rs , ev e n  

w id e r  th a n  th e  B . a e r o g e n e s .  Not o n ly  do t h e y  ferm en t in  

a l l  i n s t a n c e s  i n o s i t o l ,  a d o n i t o l ,  s u c r o s e ,  r a f f i n o s e  % and  

s a l i c i n ,  b u t  t h e y  g e n e r a l l y  ferm en t d u l c i t o l  and i n u l i n .  

They can o b t a in  t h e i r  carbon  from c i t r a t e s  ( p o s i t i v e  Koser  

c i t r a t e  r e a c t i o n )  and t h e i r  n i t r o g e n  from u r i c  a c i d .

They produce in d o l e  from tr y p to p h a n e  and can s lo w ly  

l i q u e f y  g e l a t i n .  They are  n o n - m o t l i e ,  a r e  f r e q u e n t l y  

e n c a p s u la t e d  and p roduce l a r g e ,  t h i c k ,  m uco id  c o l o n i e s .

I t  i s  e v i d e n t  t h a t  t h e r e  i s  a w e ll-m a rk e d  c o n 

t r a s t  b etw een  th e  B. c o l i  and B* a e r o g e n e s  ty p e s  w i t h  

r e g a r d  t o  a c id - p r o d u c in g  p o w ers , as i n d i c a t e d  by th e  

m e t h y l - r e d  re  a c t  i o n ; amount o f  g a s  fo im ed ;  r a t i o  o f  COg 

t o  Hg; V o g e s -P r o sk a u e r ,  K o se r , i n o s i t o l  and in d o le  r e 

a c t i o n s ;  m o t i l i t y ;  e n c a p s u la t io n  and ty p e  o f  c o l o n y .  On 

th e  o th e r  h and , ty p e s  b e lo n g in g  t o  t h e  B. c lo a c a e  and B .  

o x y to c u s  su b -g r o u p s  are  in t e r m e d ia t e  in  c h a r a c t e r .  T h ese  

fo u r  su b -g ro u p s  can be r e a d i l y  d i s t i n g u i s h e d  from one  

a n o th e r  by th e  f o l l o w i n g  im p o r ta n t  c h a r a c t e r s :  V o g es-

P ro sk a u er  r e a c t i o n ,  Koser r e a c t i o n ,  i n o s i t o l  f e r m e n t a t io n
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: : î
and in d o l e  p r o d u c t io n .  I t  i s  n o t  n e c e s s a r y  t o  in c lu d e  j 

th e  g a s  r a t i o  and m e t h y l - r e d  r e a c t i o n ,  a s  t h e r e  i s  an

a lm o s t  co m p le te  c o r r e l a t i o n  b etw e en  t h e s e  f e a t u r e s  and th e
■ ,

Voge8 -P r o sk a u e r  r e a c t i o n .  I f  th e  V o g e s -P r o s k a u e r ,  K o se r , * 

i n o s i t o l  and i n d o l e  r e a c t i o n s  are u sed  as  d i f f e r e n t i a t i n g  ^
- .■:-H

c r i t e r i a ,  i t  i s  p o s s i b l e  t o  s u b - d iv id e  th e  c o l i f o r m  group |  

i n t o  e i g h t  s u b -g r o u p s ,  e a c h  c o n s i s t i n g  o f  a number o f  

MacConkey and o t h e r  t y p e s  ( s e e  T ab le  1 0 ,  page 1 5 6 ) .

The b i o l o g i c a l  char a c t e r s  o f  t h e  s u b -g r o u p s .
— l a — 1 »    MX I« . r w n  ■■ mn Wmii mu c w  mmifmw K#* j  , ééh mi i m u iwiUMm# .m m m i v <mu\iim \i. m., mi n m\ i mi, i J f t i t i <

8u b -grou p  1 ( B . c o l i  t y p e s ) :  V o g e s -P r o sk a u e r -  

n e g a t i v e ,  K o s e r - n e g a t i v e ,  i n o s i t o l - n e g a t i v e , i n d o l e -  

p o s i t i v e .  The o rg a n ism s o f  t h i s  su b -g ro u p  a r e  commonly 

term ed  th e  ”t y p i c a l ” B. c o l i  and in c lu d e  MacConkey’s  

t y p e s  n o s . l ,  2 (B . a c i d i  l a c t i c i  Huppe), 4 ( B .g r û h t h a l ) ,

5 (B . v e s i c u l o s u s ) ,  3 3 ,  34 (B. c o l i  communis E s c h e r i eh or  

E s c h e r i c h ia  c o l i ) ,  35 ( B . s c h a f f e r i ) , 71 (B . c o l i  communior  ̂

o r  E s c h e r i c h ia  com m unier), 72 (B .ne a p o l  i t  a n u s ) ,  1 0 0 ,  106  

and 1 0 7 ,  The p r o to ty p e  i s  B . c o l i  communis E s c h e r ie h  

(MacConkey*s ty p e  n o . 3 4 ) .  The c u l t u r e s  o f  t h i s  group gave   ̂

m e t h y l - r e d - p o s i t i v e  r e a c t i o n s .  They d id  n o t  p roduce r a i s e d  

m ucoid  c o l o n i e s  and d id  n o t  become e n c a p s u l a t e d .  The maj-tw

o r l t y  (785  o u t  o f  882 ) were m o t i l e  ( s e e  T a b le  1 0 ) ; th e  n o n -  -

m o t i l e  c u l t u r e s  were c h i e f l y  o f  MacConkey t y p e s  n o s . 2 ,  J

5 ,  3 6 ,  72 and 1 0 7 .  Most o f  th e  c u l t u r e s  (776  o u t  o f  8 8 2 )
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gave n e g a t i v e  r e a c t i o n s  in  a d o n i t o l .  The 106  a d o n i t o l -  

p o s i t i v e  cultxir^es w ere a lm o st  th e  o n l y  c o l i  form c u l t u r e s  

w h ic h  f a i l e d  t o  show a d i r e c t  c o r r e l a t i o n  b e tw e en  th e  

i n o s i t o l  and a d o n i t o l  r e a c t i o n s .  The c u l t u r e s  v a r i e d  

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

no s i g n i f i c a n c e  c o u ld  t h e r e f o r e  be a t t a c h e d  t o  t h e s e  

f e a t u r e s  a s  group c r i t e r i a ,  b u t  t h e y  w ere  o f  v a lu e  f o r  th e  

d i f f e r e n t i a t i o n  o f  t y p e s .  None o f  th e  c u l t u r e s  ferm en ted  

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

g e l a t i n  w i t h i n  3 m o n th s .  Some o f  th e  i n t e r m e d ia t e  c u l 

t u r e s  ( f e r m e n t in g  c e l l o b i o s e  or p r o d u c in g  HgS) o f  T i t t s l e r  

and S a n d h o lz e r  a p p a r e n t ly  b e lo n g e d  t o  t h i s  s u b -g r o u p .

The t y p e s  b e lo n g in g  t o  t h i s  su b -g ro u p  a r e  by  

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

and se w a g e ,  and i f  o r d in a r y  m eth od s o f  i s o l a t i o n  a re  em

p l o y e d ,  t h e y  in c lu d e  th e  b u lk  o f  t h e  c o l i  form c u l t u r e s  

o b t a in e d  from s u c h  s o u r c e s  ( s e é  T a b le  I I ,  page 1 5 8 ) .  They  

a r e  a l s o  th e  m o st  p r e v a l e n t  form s in  m i l k  ( s e e  T a b le  11 ) ,  

t h e i r  p r e s e n c e  b e i n g  due t o  d i r e c t  o r  i n d i r e c t  c o n ta m in a 

t i o n  w i t h  f a e c e s  (Malcolm 1 9 3 3 ) .  W h ile  882 o f  t h e  1636  

c u l t u r e s  i s o l a t e d  from m i lk  and b o v in e  f a e c e s  ( s e e  T ab le  

1 0 )  were B . c o l i  t y p e s ,  th e  m m h er  w ould  have b e e n  much 

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

s p e c im e n s ,  m ethod s o f  i s o l a t i o n  w ere em ployed s u i t a b l e  f o r
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t h e  en r ic h m e n t  o f  K o s e r - p o s i t i v e  t y p e s ,  and a l l  B . c o l i  

c u l t u r e s  o b t a in e d  from t h e s e  sp e c im e n s  were d i s c a r d e d .

S u b -grou p  2 .  ( K o s e r - p o s i t i v e  B . c o l i ) ;  V o g es-  

P r o s k a u e r - n e g a t i v e , K o s e r - p o s i t i v e , i n o s i t o l - n e g a t i v e  and  

i n d o l e - p o s i t i v e . T h ese  t y p e s  a r e  s i m i l a r  in  a l l  r e s p e c t s  

t o  B . c o l i  t y p e s  a p a r t  from t h e  f a c t  t h a t  t h e y  a re  K o se r -  

p o s i t i v e .  K oser (1 9 2 4 )  o b ta in e d  V o g e s - P r o s k a u e r - n e g a t i v e , 

K o s e r - p o s i t i v e , i n d o l e - p o s i t i v e  t y p e s  from s o i l  b ut r a r e l y  

from  f a e c e s .  R u ch h oft  e t  a l .  (1 9 3 1 )  found them o c c a s i o n 

a l l y  in  s u r f a c e  w a te r s  and th o u g h t  t h a t  t h e y  w ere o f  s o i l  

r a t h e r  th a n  o f  f a e c a l  o r i g i n .  T h ese  i n v e s t i g a t o r s  d id  

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

r e a c t i o n ,  b u t  K oser *s c u l t u r e s  o f  t h e s e  t y p e s  were i n  a l l  

i n s t a n c e s  a d o n i t o l - n e g a t i v e  and t h e r e f o r e  m u st h ave b e 

lo n g e d  t o  t h i s  s u b -g r o u p .  Hay (1 9 3 2 )  a l s o  r e p o r t s  t h e  

o c c u r r e n c e  o f  su c h  K o s e r - p o s i t i v e  B . c o l i  t y p e s ,  and some 

o f  th e  in t e r m e d ia t e  c u l t u r e s  ( c e l l o b i o s e - p o s i t i v e  a s  w e l l  

a s  c e l l o b i o s e - n e g a t i v e ) o f  T i t t s l e r  & S a n d h o lz e r  (1 9 3 5 )  

a p p ea r  t o  h ave  b e lo n g e d  t o  t h i s  s u b -g r o u p .

I t  w i l l  be s e e n  from T a b le  1 0  t h a t  o n l y  e i g h t e e n  

c u l t u r e s  o f  t h i s  su b -g ro u p  were i s o l a t e d ;  one o f  t h e s e  

was from m i lk  and s e v e n t e e n  from  b o v in e  f a e c e s .  The f a e c a l  

c u l t u r e s  were o b t a in e d  by b r i l l i a n t  g r e e n  and o t h e r  e n r i c h 

m ent m ethods o f  i s o l a t i o n  ( s e e  S e c t i o n  I I ,  page 41 ) .  I t
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w ould  t h e r e f o r e  ap pear t h a t  su ch  t y p e s  a r e  o f  c o m p a r a t iv e -  

l y  r a r e  o c c u r r e n c e  in. f a e c e s  and in  m i l k .  T h is  s u b 

group may be r e g a r d e d  as p a r t i c u l a r l y  h ard y  B . c o l i  t y p e s ,
;

w h ic h  a r e  h i g h l y  r e s i s t a n t  t o  b r i l l i a n t  g r e e n  and can grow
■ : %

s u f f i c i e n t l y  w e l l  in  K oser fs  c i t r a t e  medium t o  g i v e  a 

d i s t i n c t  t u r b i d i t y  (a  p o s i t i v e  r e a c t i o n ) .  T h is  v a r i a t i o n  i 

from t h e  B . c o l i  t y p e s  i s  o f  l e s s  s i g n i f i c a n c e  when i t  . 

i s  borne i n  mind t h a t ,  a s  shown by R u ch h oft  e t  a l .  ( 1 9 S 1 ) ,  J 

e v e n  th e  t y p i c a l  B. c o l i  grow s l i g h t l y  in  th e  c i t r a t e  

medium. M oreover , a l a r g e  number o f  t h e  c u l t u r e s ,  w h ic h  

were o b t a in e d  from f a e c e s  and w h ich  h ave b e e n  in c lu d e d  

in  t h i s  su b -g r o u p ,  a f t e r  s u b c u l t u r in g  f o r  s e v e r a l  y e a r s  : Æ 

i n  a r t i f i c i a l  m edia  gave  K o s e r - n e g a t iv e  r e a c t i o n s ,  in  

o t h e r  words th e y  w ere  s i m i l a r  t o  t h e  t y p i c a l  B# c o l i .

Sub-group  6: V o g e s - P r o s k a u e r - n e g a t iv e ,  K o se r -

p o s i t i v e , i n o s i t o l - n e g a t i v e  and i n d o l e - n e g a t i v e . T h is  

su b -g ro u p  i n c l u d e s  MacConkey^s t y p e s  n o s .  7 ,  3 6 ,  7 0 ,  74  

and 1 0 9 .  T h ese  t y p e s  re se m b le  t h e  B. c o l i  w i t h  r e g a r d  

t o  t h e i r  V o g e s -P r o s k a u e r ,  m e t h y l - r e d ,  i n o s i t o l ,  a d o n i t o l ,  

i n u l i n  and g e l a t i n  r e a c t i o n s ,  and a l s o  in  th e  f a c t  t h a t  

in  a lm o s t  a l l  i n s t a n c e s  t h e y  a re  m o t i l e ,  b u t  th e y  d i f f e r  

from them in  b e in g  K b s e r - p o s i t i v e  and i n d o l e - n e g a t i v e ,  

an d , in  some i n s t a n c e s ,  in  p r o d u c in g  l a r g e  m ucoid  c o l o n i e s  

and in  b ecom in g  e n c a p s u la t e d .  L ik e  th e  B. c o l i ,  t h e y  v a r y
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w id e ly  i n  t h e i r  s u c r o s e  and d u l c i t o l  r e a c t i o n s  ( s e e  

T a b le  1 0 ) .

K oser  (1 9 2 4 ,  1 9 2 6 )  f r e q u e n t l y  o b t a in e d  V o g e s -  

P ro sk a u er  - n e g a t i v e ,  K o se r - p o s i t i v e , i n d o l e - n e g a t i v e  c u l 

t u r e s  from t h e  s o i l ,  b u t  r a r e l y  from f a e c e s .  R u ch h o ft  

e t  a l .  (1 9 3 1 )  found t h a t  th e y  w ere  o f  e x t r e m e ly  r a r e  

o c c u r r e n c e  i n  human and an im al f a e c e s .  They have a l s o  

b e e n  i s o l a t e d  from w a ter  by B a r d s le y  (1 '9 2 6 ) ,  L ew is  & P i t t 

man ( 1 9 2 8 ) ,  R u chh oft  e t  a l .  (1 9 3 1 )  and o t h e r s ,  Burke -  

G a ffn e y  (1 9 3 2 )  showed t h a t  t h e y  o c c u r r e d  more f r e q u e n t l y  

th a n  o t h e r  c o l i f o r m  ty p e s  i n  sa m p les  o f  s o i l  c o l l e c t e d  

i n  E u ro p e , b u t  l e s s  f r e q u e n t l y  th a n  B . a e r o g e n e s  t y p e s  i n  

s o i l  from E a s t  A f r i c a .  B a r d s le y  (1 9 3 4 )  found t h a t  th e y  

w ere th e  m ost p r e v a l e n t  t y p e s  o f  c o l i f o r m  b a c t e r i a  i n  s o i l , 

b u t  t h e i r  i n c id e n c e  was lo w e r  in  w a te r  and f a e c e s .  Some 

o f  th e  G i t r o b a c t e r  (o r  t r i m e t h y l e n e - g l y c o l - p r o d u c i n g ) 

t y p e s  o f  Workman & G i l l e n  (1 9 3 2 )  and i n  a l l  l i k e l i h o o d  

many o f  th e  in t e r m e d ia t e  t y p e s  o f  L e v in e  e t  a l .  ( 1 9 3 2 )  

and t h o s e  o f  T i t t s l e r  & S a n d h o lz e r  (1 9 3 6 )  b e lo n g e d  t o  t h i s  

s u b -g r o u p .  As th e  i n o s i t o l  and a d o n i t o l  r e a c t i o n s  are  in  

some i n s t a n c e s  n o t  r e c o r d e d  by  t h e  a b o v e -m e n t io n e d  w o r k e r s ,  

i t  i s  n o t  a lw a y s  p o s s i b l e  t o  d e te r m in e  w h e th er  t h e i r  c u l 

t u r e s  b e lo n g e d  t o  t h i s  su b -g ro u p  o r  su b -g r o u p  6 .

A l t o g e t h e r  1 2 6  c u l t u r e s ,  o f  su b -g r o u p  3 w ere o b -
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t a l n e d  by  th e  w r i t e r ,  s e v e n t y - f o u r  from m i l k  and f i f t y -  

two from b 6 v in e  f a e c e s *  C u ltu r e s  w ere i s o l a t e d  from 

o n ly  two sp ec im e n s  o f  b o v in e  f a e c e s  by th e  o r d in a r y  

m e th o d s ,  b u t  t h e y  were o b ta in e d  from a p p r o x im a te ly  o n e -  

s e y e n t h  o f  th e  sp ec im en s when m ethod s s u i t a b l e  f o r  

th e  en r ich m e n t  o f  K o s e r - p o s i t i v e  o rg a n ism s were em p loy 

ed* I t  w ould  t h e r e f o r e  appear t h a t  su c h  b a c t e r i a  are  

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

s m a ll  n um bers.

S ub -group  4 :  V o g e s - P r o s k a u e r - n e g a t iv e , K o se r -

p o s i t i v e ,  in o s  i t o l - p o s i t i v e  and i n d o l e - p o s i t i v e  * T h is  : ;i 

su b -g r o u p  i n c l u d e s  MacConkey*s ty p e  n o . 101 and a n o th e r  |  

t y p e  w h ich  i s  s i m i l a r  in  a l l  r e s p e c t s  t o  MacConkey 

ty p e  n o . 66 a p a r t  from th e  f a c t  t h a t  i t  i s  i n o s i t o l -  

p o s i t i v e .  (MacConkey*3 ty p e  n o . 66 i s  p e c u l i a r  i n  t h a t  

th e  a d o n i t o l  r e a c t i o n ,  b e in g  p o s i t i v e ,  d o e s  n o t  c o r r e -  

l a t e  w i t h  th e  i n o s i t o l  r e a c t i o n ) .  S ix  c u l t u r e s  o f  t h e  

m o d i f i e d  o r  i n o s i t o l - p o s i t i v e  ty p e  n o . 66 w ere o b ta in e d  

from m i lk  and b o v in e  f a e c e s ,  w h i le  o n ly  one c u l t u r e  was 

i s o l a t e d  o f  MacConkey»s ty p e  h o . 6 6 .  The l a t t e r  h as b e e n  

in c lu d e d  i n  su b -g ro u p  2 .  M ackie (1 9 2 1 )  o b ta in e d  th ree '^ ^  

c u l t u r e s  o f  t h i s  m o d if ie d  ty p e  n o . 66 from human f a e c e s  

He d id  n o t  o b t a in  any c u l t u r e s  o f  t y p i c a l  n o . 6 6 .

W hile  t h e  c u l t u r e s  o f  sub*^group 4 r e se m b le  th e
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B . c o l l  su b -g ro u p  in  b e in g  l o w - r a t i o  t y p e s ,  g i v i n g  

V o g e s - P r o s k a u e r - n e g a t iv e  and m e t h y l - r e d - p o s i t i v e  r e a c t io n s ^  

and in  p r o d u c in g  i n d o l e ,  t h e y  are  s i m i l a r  to  th e  B. 

a e r o g e n e s  su b -g ro u p  in  t h e i r  K b ser , i n o s i t o l ,  a d o n i t o l  

and s u c r o s e  r e a c t i o n s ,  and in  t h e  f a c t  t h a t  t h e y  a r e  

a lm o s t  a lw a y s  n o n - m o t l ie  and in  many i n s t a n c e s  p roduce  

l a r g e  m ucoid  c o l o n i e s  and show e n c a p s u l a t i o n .  Workman 

& G i l l e n  (1 9 5 2 )  found t h a t  c e r t a i n  t y p e s  a p p a r e n t ly  b e 

l o n g i n g  t o  t h i s  su b -g ro u p  p rod u ced  t r im e t h y l e n e  g l y c o l  

and in c lu d e d  t h e s e  t y p e s  in  t h e  gen u s G i t r o b a c t e r .

Only t w e n t y - t h r e e  c u l t u r e s  o f  t y p e s  o f  su b -g ro u p  

4 were o b ta in e d  b y  th e  w r i t e r ,  t h i r t e e n  from m i lk  and  

t e n  from b o v in e  f a e c e s .  A l l  th e  f a e c a l  c u l t u r e s  were  

i s o l a t e d  by e n r ic h m e n t  m e th o d s .  M ackie (1 9 2 1 )  o b ta in e d  

o n ly  s e v e n  o f  s u c h  c u l t u r e s  from human f a e c e s  and one  

from u r in e  o u t  o f  a t o t a l  o f  246 c u l t u r e s  i s o l a t e d  from 

v a r io u s  s o u r c e s .  K oser (1 9 2 4 )  d id  n o t  o b t a in  any o f  

t h e s e  t y p e s  from t h e  s o i l ,  h i s  V o g e s - P r o s k a u e r - n e g a t iv e ,  

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

c a s e s  a d o n i t o l - n e g a t i v e . I t  w ould  t h e r e f o r e  a p p ea r  t h a t  

t y p e s  o f  su b -g ro u p  4 are  o f  c o m p a r a t iv e ly  r a r e  o c c u r r e n c e  

i n  m i l k ,  f a e c e s ,  s o i l  and w ater*

S ub -grou p  5; (B . f r i e d l A h d e r i  t y p e s ) :  V o g e s -

P ro sk a u er  - n e g a t i v e  , K o s e r - p o s i t i v e , i n o s i t o l - p o s i t i v e
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and i n d o l e - n e g a t i v e . T h is  su b -g ro u p  i n c l u d e s  M acConkey’s 

t y p e s  n o s  .6 8  (B . f r i e d lS lh d e r i  ) ,  99 and 104  * These

o r g a n ism s  a re  in t e r m e d ia t e  in  c h a r a c te r  b e tw e en  th e  B . 

c o l i  and t h e  B* a e r o g e n e s  t y p e s . Thus t h e y  are  s i m i l a r  

t o  th e  B . c o l l  in  t h a t  t h e y  a re  l o w - r a t i o  t y p e s ,  and g iv e  

V o g e a -P r o s k a u e r -n e g a t iv e  and m e t h y l - r e d - p o s i t i v e  r e a c t i o n s ,  

b u t  t h e y  r e se m b le  c l o s e l y  th e  B. a e r o g e n e s  t y p e s  in  t h e i r  

K o se r , i n o s i t o l ,  i n d o l e ,  a d o n i t o l  and s u c r o s e  r e a c t i o n s  

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

prod uce l a r g e ,  t h i c k ,  m ucoid  c o l o n i e s  and show e n c a p s u la 

t i o n .  W ith  few  e x c e p t i o n s  th e y  f a i l  t o  l i q u e f y  g e l a t i n .  

Only t h i r t y - t h r e e  c u l t u r e s  o f  t h e s e  t y p e s  were i s o l a t e d ,  

tw e n ty  b e in g  from m i lk  and t h i r t e e n  from f a e c e s .  W ith  

one e x c e p t i o n ,  t h e  f a e c a l  c u l t u r e s  w ere o b t a in e d  by  

e n r ic h m e n t  m eth od s o f  i s o l a t i o n .  M ackie (1 9 2 1 )  and Hay 

(1 9 5 2 )  have o b t a in e d  s t r a i n s  o f  t h i s  su b -g ro u p  from human 

f a e c e s .  I t  w ould  t h e r e f o r e  appear t h a t  su ch  o rg a n ism s  

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

s a i d  t o  be found p a r t i c u l a r l y  in  th e  u pp er  r e s p i r a t o r y  

t r a c t ,  whence i t  may f in d  i t s  way t o  t h e  i n t e s t i n e s ,  b u t  

c a p s u la t e d  c o l l  form o rg a n ism s found in  t h e  n o se  o r  n a s o 

pharynx may g iv e  th e  b i o l o g i c a l  r e a c t i o n s  o f  t y p i c a l  B. 

a e r o g e n e s .

S u b -grou p  6 .  (B . c lo a c a e  t y p e s ) ;  V oges^-Proskauer-  

1 .  D i f f e r i n g  from MacConkey^s ty p e  i n  i n o s i t o l  r e a c t i o n .
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p o s î t i v e ,  K o s e r - p o s i t i v e ,  i n o s i t o l - n e g a t i v e  and i n d o l e -  

n e g a t i v e .  T h is  su b -g ro u p  in c l u d e s  M acConkey’s t y p e s  n o s .

# ,  6 9 ,  7 3 ,  7 5 ,^  105  and 1 0 8 ,  th e  p r o t o t y p e  b e in g  n o . 1 0 8  

( B .c l o a c a e  o r  A e r o b a c te r  c l o a c a e ) .  The o rg a n ism s o f  

t h i s  su b -g ro u p  a r e  in t e r m e d ia t e  i n  c h a r a c t e r  b e tw e en  th e  

B . c o l i  and th e  B . a e r o g e n e s  t y p e s .  L ik e  th e  B. a e r o g e n e s  

t h e y  are  h i g h - g a s - r a t i o  t y p e s .  They a l s o  re se m b le  them  

i n  t h e i r  V o g e s -P r o s k a u e r ,  m e t h y l - r e d ,  K o se r ,  in d o l e  and 

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

n a t u r a l  c o n d i t i o n s  in  th e  s o i l  and in  w a t e r ,  and i n  t h e i r  

r e s i s t a n c e  t o  b r i l l i a n t  g r e e n .  F u r th e r ,  t h e y  f r e q u e n t l y  

p rod u ce  l a r g e ,  m ucoid  c o l o n i e s  and becom e e n c a p s u l a t e d .

They a r e , h o w e v er , s i m i l a r  t o  th e  B . c o l i  t y p e s  in  t h e i r  

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

m o st  i n s t a n c e s  th e y  a r e  m o t i l e .  They a r e  p e c u l i a r  i n  t h a t  

t h e y  f r e q u e n t l y  l i q u e f y  g e l a t i n .  W hile  B . c lo a c a e  t y p e s  

a r e  K o s e r - p o s i t i v e ,  Hay (1 9 3 2 )  found t h a t  t h e y  do n o t  grpw  

s o  s t r o n g l y  on Simmons* c i t r a t e  a g a r  a s  B . a e r o g e n e s  t y p e s ,  

and t h e r e f o r e  t h e y  a p p a r e n t ly  do n o t  u s e  t h e  c i t r a t e  so  

r e a d i l y  a s  th e  l a t t e r .

The B . c lo a c a e  t y p e s  a r e  commonly re g a r d e d  as non^ 

f a e c a l  o r g a n is m s ,  a s  in  numerous i n v e s t i g a t i o n s  t h e y  have  

b een  r a r e l y  o b ta in e d  from f a e c e s  b u t  f r e q u e n t l y  from t h e  

s o i l ,  w a t e r ,  p l a n t s  and g r a i n ,  and co n ta m in a te d  m i l k .

! •  D i f f e r i n g  from MacConkey*s ty p e  in  i n o s i t o l  r e a c t i o n .
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Of t h e  t o t a l  number o f  c u l t u r e s  i s o l a t e d  ( s e e  T a b le  1 0 ) ,  

211 b e lo n g e d  t o  t h i s  su b -g r o u p ;  n i n e t y - f o u r  o f  t h e s e  

c u l t u r e s  were o b ta in e d  from m i lk  and 1 1 7  from b o v in e  

f a e c e s .  A lm ost a l l  th e  c u l t u r e s  from th e  f a e c a l  sp ec im e n s  

were o b ta in e d  b y  e n r ic h m e n t  m ethod s o f  i s o l a t i o n  ( s e e  

T ab le  1 1 ) .  I t  w ould t h e r e f o r e  appear t h a t  B. c lo a c a e  

t y p e s  o c c u r  i n  s m a l l  numbers in  b o v in e  f a e c e s  b u t  are  

v e r y  f r e q u e n t l y  p r e s e n t .  T h is  i s  in  a cc o r d a n c e  w i t h  t h e  

r e s u l t s  o b ta in e d  f o r  human f a e c e s  b y  C ru ick sh an k  & G ru ick -  

shank (1 9 3 1 )  and Hay ( 1 9 3 2 ) ,  who h ave shown b y  en r ich m en t  

m ethods t h a t  su ch  o rg a n ism s are  p r e s e n t  in  s m a ll  numbers  

in  m ost sp e c im e n s  o f  human f a e c e s .  The o rg a n ism s  o f  t h i s  

su b -g ro u p  cann ot t h e r e f o r e  be r e g a r d e d  a s  n o n - f a e c a l  t y p e à 

S ub -group  7 .  (B. o x y to c u s  t y p e s ) ;  V o g e s -P r o sk a u e r -

p o s i t i v e ,  K o s e r - p o s i t i v e ,  i n o s i t o l - p o s i t i v e  and i n d o l e -  

p o s i t i v e .  T h is  su b -g ro u p  in c l u d e s  MacConkey*s t ;jp es  n o s .  

65 (B . o x y to c u s  p e r n i c i o s u s  or  A e r o b a c te r  oxytocu m ) and  

9 7 .^  They a r e  h ig h - g a s  r a t i o  t y p e s  and g i v e  m e t h y l - r e d -  

n e g a t i v e  r e a c t i o n s  . They prod uce l a r g e ,  t h i c k  m ucoid  

c o l o n i e s  and are  f r e q u e n t l y  e n c a p s u l a t e d .  They may be  

c o n s id e r e d  t o  be  i n d o l e - p o s i t i v e  B . a e r o g e n e s  t y p e s  

(J o r d a n , 1 9 2 8 ;  R u ch h oft  e t  a l .  1 9 3 1 ) ,  b u t  t h e y  have as  

a r u l e  g r e a t e r  f e r m e n t a t iv e  pow ers th a n  B . a e r o g e n e s  and

1 .  D i f f e r i n g  from MacConkey*s ty p e  i n  i n o s i t o l
r e a c t i o n .
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in  many i n s t a n c e s  s lo w l y  l i q u e f y  g e l a t i n .  They are  more 

c l o s e l y  a l l i e d  t o  B . a e r o g e n e s  th a n  t o  B. c lo a c a e  a s  shown 

by t h e  f a c t  t h a t  t h e y  are  i n o s i t o l - f e r m e n t e r a ,  and a s  a 

r u l e  n o n - m o t i l e .  I t  w i l l  be s e e n  from T a b le  1 0 ,  t h a t  

w it h  few e x c e p t i o n s  th e  c u l t u r e s  o f  t h i s  su b -g ro u p  f e r 

m ented  a d o n i t o l ,  s u c r o s e ,  d u l c i t o l  and e v e n  i n u l i n .  No 

o t h e r  su b -g ro u p  c o n ta in e d  so  h ig h  a p r o p o r t io n  o f  i n u l i n -  

f e r m e n t e r a .  The m a j o r i t y  o f  t h e  c u l t u r e s  a l s o  s lo w ly  

l i q u e f i e d  g e l a t i n .  S e v e n ty -o n e  c u l t u r e s  o f  t h i s  su b 

group w ere i s o l a t e d ;  tw e n ty - tw o  were o b ta in e d  from m i lk  

and f o r t y - n i n e  from b o v in e  f a e c e s .  The f a e c a l  c u l t u r e s ,  

w it h  t h r e e  e x c e p t i o n s ,  w ere o b ta in e d  by  en r ich m e n t  m ethods  

I t  i s  t h e r e f o r e  e v i d e n t  t h a t  t h e s e  o rg a n ism s  a re  f r e q u e n t 

l y  p r e s e n t  i n  b o v in e  f a e c e s ,  b u t  o n ly  i n  sm a ll  n um bers.  

T h is  i s  i n  a c c o r d a n c e  w i t h  th e  r e s u l t s  o b ta in e d  f o r  human 

f a e c e s  b y  G ruickshank  & C ru ick sh ank  (1 9 3 1 )  and Hay ( 1 9 3 2 ) .

S ub -group  8 .  (B . a e r o g e n e s  t y p e s ) :  V o g e s -P r o s k a u e r -

p o s i t i v e ,  K o s e r - p o s i t i v e ,  i n o s i t o l - p o s i t i v e  and i n d o l e -  

n e g a t i v e .  T h is  su b -g ro u p  in c lu d e s  MacConkey*s t y p e s  n o s .  

6 7 ,  9 8 ,  102  and 1 0 3 ,  th e  p r o t o ty p e  b e i n g  n o . 1 0 3  (B . l a c t i s  

a e r o g e n e s  oi* A e r o b a c te r  a e r o g e n e s  ) .  The o rg a n ism s o f  

t h i s  su b -g ro u p  a r e  h i g h - g a s - r a t i o  t y p e s ,  g i v i n g  m e t h y l -  

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

ment e r a ,  b e in g  e n c a p s u la t e d ,  u s u a l l y  n o n - m o t i l e ,  and
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fô rm in g  l a r g e ,  t h i c k ,  muobid c o l o n i e s .  I t  w i l l  h e  s e e n  

from T ab le  10  t h a t  w i t h  few e x c e p t i o n s  t h e y  ferm en ted  

a d o n i t o l  and s u c r o s e .  They v a r ie d  in  t h e i r  d u l c i t o l  and 

i n u l i n  r e a c t i o n s  and as a r u le  f a i l e d  t o  l i q u e f y  g e l a t i n  

w it h in  3 m o n th s .

The t h i r t y - f o u r  m o t i l e  c u l t u r e s  o f  t h i s  su b -grou p  

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

s t r a i n s  o f  MacConkey*s ty p e  n o . 1 0 2 ,  and t e n  c u l t u r e s  o f  

ty p e s  w h ich  w ere v e r y  s i m i l a r  t o  B# c lo a c a e  t y p e s ,  b u t  

were i n o s i t o l - p o s i t i v e . T hese m o t i l e  c u l t u r e s  were  

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

shown in  T ab le  1 0 .  The c u l t u r e s ,  w h ic h  r e se m b le d  B. 

c lo a c a e  t y p e s ,  w ere  a d o n i t o l - n e g a t i v e ,  and t a k in g  i n t o  

a c c o u n t  th e  h ig h  c o r r e l a t i o n  b e tw e e n  t h e  i n o s i t o l  and  

a d o n i t o l  r e a c t i o n s  o f  su ch  K o s e r - p o s i t i v e  t y p e s ,  th e  c o n 

c l u s i o n  m ig h t  w e l l  be drawn t h a t  t h e s e  t e n  c u l t u r e s  were  

B. c lo a c a e  t y p e s  g i v i n g  a t y p i c a l  i n o s i t o l  r e a c t i o n s .  To 

overcom e t h e  d i f f i c u l t y  p r e s e n te d  by  su c h  b o r d e r - l i n e  

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

be u sed  as  su b -g r o u p  c r i t e r i a ,  su b -g r o u p s  1 ,  2 ,  3 and 6 ;

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

o r  a d o n i t o l ,  and su b -g ro u p s  4 ,  5 ,  7 and 8 c o n s i s t i n g  o f  

t y p e s  g i v i n g  p o s i t i v e  r e a c t i o n s  in  b o t h  i n o s i t o l  and 

a d o n i t o l .  The a d o p t io n  o f  su c h  a sy s te m  would n e c e s s i t a t e
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t h e  r e g r o u p in g  o f  o n ly  t w e lv e  c u l t u r e s  in  th e  t a b l e ,  

n a m e ly ,  one c u l t u r e  in  su b -grou p  7 ,  and e l e v e n  c u l t u r e s  

in  su b -g ro u p  8 ;  and i t  is» d o u b t f u l  i f  t h e  e x t r a  t r o u b le  

w ould  be j u s t i f i e d .  F u r th e r ,  i t  i s  p o s s i b l e  t h a t  a 

t y p i c a l  i n o s i t o l - f e r m e n te r  m igh t g i v e  a n e g a t i v e  ( i . e . ,  

an a t y p i b a l )  a d o n i t o l  r e a c t i o n .  T h is  a p p e a r s  t o  b e  th e  

c a s e  w i t h  th e  a d o n i t o l - n e g a t i v e  c u l t u r e  o f  su b -g ro u p  7 .

The v ie w  i s  w id e ly  h e ld  t h a t  B . a e r o g e n e s  t y p e s  

a re  n o t  norm al i n h a b i t a n t s  o f  th e  human and an im al i n 

t e s t i n e  and are  o f  r a r e  o c c u r r e n c e  in  f a e c e s ,  b u t  a r e  

common in  th e  s o i l , on p l a n t s  and g r a i n s  and in  w a t e r ,  

or i n  o th e r  w ord s , t h e y  are n o n - f a e c a l  o r g a n is m s .  On
“■

th e  o t h e r  hand MacConkey (1 9 0 9 )  i s o l a t e d  h i s  s t r a i n s  

o f  n o . 105  m ost f r e q u e n t l y  from human f a e c e s  and i n  o n ly  

a few c a s e s  from s o i l  and c h e e s e . Ford (1 9 2 7 )  s t a t e s  

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

w h i le  a c c o r d in g  t o  Sherman ( 1 9 3 5 ) ,  B. a e r o g e n e s  t y p e s  

o c c u r  c o n s t a n t l y  in  an im al f a e c e s ,  th o u g h  in  r e l a t i v e l y  

s m a ll  numbers* C ru ick shank  & C ru ick sh an k  ( 1 9 3 1 ) ,  Hay 

(1 9 3 2 )  and B a r d s le y  (1 9 3 4 )  showed t h a t  su ch  o rg a n ism s  

w ere p r e s e n t  in  s m a l l  numbers in  m ost  specimens^ o f  

human f a e c e s .  B a r d s le y  a l s o  found t h a t  t h e y  o c c u r r e d  

l e s s  f r e q u e n t l y  th a n  B . c o l i  t y p e s  in  u p la n d  s u r f a c e  

w a t e r s ,  in  w a te r  from s h a l lo w  w e l l s  and s p r in g s ,  and in
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s o i l .  The w r i t e r  o b t a in e d  233 ou3 .tures o f  t h i s  su b -g r o u p ,  

105  from m i lk  and 1 2 8  from b o v in e  f a e c e s .  W ith  fo u r  e x 

c e p t i o n s  t h e  c u l t u r e s  from b o v in e  f a e c e s  w ere o b ta in e d  

b y  en r ich m e n t  m e th o d s ,  t h e s e  c u l t u r e s  b e i n g  i s o l a t e d  from  

a p p r o x im a te ly  o n e - h a l f  o f  t h e  number o f  sp e c im e n s  ex a m in 

e d .  I t  i s  t h e r e f o r e  e v i d e n t  t h a t  t h e s e  o rg a n ism s  are  

f r e q u e n t l y  p r e s e n t  in  s m a ll  numbers i n  b o v in e  f a e c e s  a s  

i n  human f a e c e s .

Anom alous s t r a i n s .  T h i r t y - n i n e  c u l t u r e s  were  

a t y p i c a l  and were c o n s e q u e n t ly  n o t  in c lu d e d  In  t h e s e  su b -  

g r o u p s .  Twenty o f  t h e s e  c u l t u r e s  a p p a r e n t ly  b e lo n g e d  t o  

th e  K o s e r - p o s i t i v e  s u b -g r o u p s ,  3 ( s e v e n  c u l t u r e s ) ,  6 

( s e v e n  c u l t u r e s ) ,  7 ( th r e e  c u l t u r e s )  and 8 ( t h r e e  c u l t u r e s ) ^  

b u t  t h e y  d id  n o t  produce s u f f i c i e n t  g row th  in  K oser*s  

medium t o  g iv e  p o s i t i v e  r e a c t i o n s .  In  a l l  o t h e r  r e s p e c t s  

t h e y  w ere s i m i l a r  t o  t h e  o t h e r  t y p e s  o f  th e  r e s p e c t i v e  

s u b - g r o u p s .  The r e m a in in g  n i n e t e e n  anom alous c u l t u r e s  

ap p eared  t o  be B. c lo a c a e  s t r a i n s  g i v i n g  p o s i t i v e  i n d o l e  

r e a c t i o n s .  Such c u l t u r e s  a re  c o m p a r a t iv e ly  r a r e , b u t  i t  

i s  commonly a c c e p te d  t h a t  th e y  do o c c u r .  Thus R uchh oft  

e t  a l .  (1 9 3 1 )  s t a t e  t h a t  i t  i s  w e l l  known t h a t  B . c lo a c a e  

p r o d u c e s  in d o le  and t h e y  r e p o r t  t h a t  su ch  a t y p i c a l  s t r a i n s  

a r e  o c c a s i o n a l l y  p r e s e n t  in  w a t e r .  They a l s o  n o te  t h a t  

Bahlman & Sohn*s r e s u l t s  i n d i c a t e  t h a t  t h e s e  o rg a n ism s
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a re  seldom  found i n  r o u t in e  w ork . E le v e n  o f  th e  in d o l e  -
■ ■  - 3

p o s i t i v e  B. c lo a c a e  c u l t u r e s  i s o l a t e d  b y  th e  w r i t e r  d id  

n o t  grow s u f f i c i e n t l y  in  K bser*s medium t o  p roduce p o s i -  

t i v e  Koser r e a c t i o n s .  Such K o s e r - n e g a t i v e ,  i n d o l e -  

p o s i t i v e  B. c lo a c a e  s t r a i n s  a re  o f  i n t e r e s t  a s  t h e y  may 

be r e g a r d e d  as in t e r m e d ia t e  t y p e s ,  fo r m in g  a l i n k  b etw e en  ' 

th e  B. c o l i  and B* c lo a c a e  s u b - g r o u p s .

A number o f  t h e  t h i r t y - n i n e  anom alous c u l t u r e s  

d id  n o t  g iv e  w e l l - d e f i n e d  r e a c t i o n s .  Thus some o f  t h e  

i n d o l e - p o s i t i v e  B* c lo a c a e  t y p e s  ap p eared  t o  p roduce o n ly  

t r a c e s  o f  i n d o l e .  The c o lo u r  change on th e  a d d i t i o n  o f  

th e  I n d o le  r e a g e n t ,  b e in g  so  s l i g h t  t h a t  c o n f ir m a to r y  

t e s t s  had t o  be made. Some o f  th e  K b s e r -n e g a t iv e  a t y p i c a l  

c u l t u r e s  produced  v e r y  s l i g h t  t u r b i d i t y  in  K bser*s c i t r a t e  

medium; i t  i s  p o s s i b l e  t h a t  t h e s e  c u l t u r e s  sh o u ld  have  

b e e n  r e c o r d e d  as K b s e r - p o s i t i v e .  I t  i s  w orth y  o f  n o te  

t h a t  m ost  o f  th e  anom alous c u l t u r e s  w ere i s o l a t e d  f^om 

m i l k .  3

B o r d e r - l in e  s t r a i n s ,  i . e . ,  t h o s e  w h ich  appear  

t o  b e lo n g  t o  r e c o g n iz e d  ty p e s  b u t  are  a t y p i c a l  w i t h  r e g a r d :  

t o  one or o t h e r  o f  t h e  su b -g ro u p  c r i t e r i a ,  p r e s e n t  a 

problem  in  t h e  c l a s s i f i c a t i o n  o f  c o l i f o r m  b a c t e r i a ,  no  

m a tte r  what c r i t e r i a  a re  u s e d .  H ow ever, by em p lo y in g  

th e  V o g e s -P r o sk a u e r ,  K o ser , i n o s i t o l  and i n d o l e  r e a c t i o n s
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f o r  th e  d i f f e r e n t i a t i o n  o f  s u b -g r o u p s ,  th e  number o f  su ch  

c u l t u r e s  o b ta in e d  i s  c o m p a r a t iv e ly  s m a l l ,  am ounting  i n  

t h e s e  i n v e s t i g a t i o n s  o f  m i lk  and b o v in e  f a e c e s  t o  f i f t y -  

one c u l t u r e s  ( i n c l u d i n g  th e  twelve K o s e r - p o s i t i v e  c u l t u r e s  

w h ic h  ware i n o s i t o l - p o s i t i v e  and a d o n i t o l - n e g a t i v e ) o u t  

o f  a t o t a l  o f  1 6 3 6 ,  i . e . ,  3 , 1 ^ .  There a p p ea rs  t o  be no  

r e a s o n  why su c h  anom alous c u l t u r e s  sh o u ld  n o t  be in c lu d e d  

i n  t h e  su b -g r o u p s  w i t h  w h ich , a p a r t  from t h e i r  a t y p i c a l  

r e a c t i o n s ,  th e y  h ave th e  m ost c h a r a c t e r s  in  common. In  

any c a s e ,  i n  r o u t in e  work i t  i s  a s  a r u l e  s u f f i c i e n t  t o  

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

t y p e s ,  and a s  th e  form er (su b -g r o u p  1 )  a r e  p a r t i c u l a r l y  

w e l l - d e f i n e d  ow ing t o  th e  c o r r e l a t i o n  w h ich  e x i s t s  b e 

tw een  t h e  su b -g ro u p  c r i t e r i a  ( s e e  l a t e r ) ,  th e  problem  

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

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

The C o r r e la t io n  b etw een  V a r io u s  B i o l o g i c a l

C h a r a c t e r s .

In  d e t e r m in in g  th e  c o r r e l a t i o n  shown b y  a group  

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

p o s s i b l e  c o m b in a t io n s  o f  t h e s e  c h a r a c t e r s  a re  c o n s id e r e d .  

Thus i f  two c h a r a c t e r s  x and y  h ave  e i t h e r  p o s i t i v e  or  

n e g a t i v e  v a lu e s  in  t h e  ca se  o f  d i f f e r e n t  t y p e s  o f  b a c t e r i a
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b e l o n g i n g  t o  a p a r t i c u l a r  g ro u p , th e  f r e q u e n c y  o f  a l l

p o s s i b l e  c o m b in a t io n s  o f  p o s i t i v e  o r  n e g a t i v e  v a lu e s

f o r  t h e s e  c h a r a c t e r s  ( e . g . ,  + x ,  + y ;  + x ,  - y ; - x ,  * + y ; -x , -y )

i s  ta k e n  i n t o  a c c o u n t .  The c o e f f i c i e n t  o f  a s s o c i a t i o n

can  be c a l c u l a t e d  by means o f  t h e  fo im u la  ,
ad + b e

where a, e q u a ls  th e  number o f  c u l t u r e s  o f  th e  v a r io u s  

t y p e s  w it h  + x ,  +y  r e a c t i o n s ;  b ,  t h e  number w i t h  + x ,  -  y  

r e a c t i o n s ;  c ,  t h e  number w i t h  - x ,  +y r e a c t i o n s ;  and d ,  

t h e  number w i t h  -  x ,  -  y  r e a c t i o n s  ( s e e  Y u le , 1 9 3 7 ) .

The V o g es -P r o sk a u e r  and m e t h y l - r e d  r e a c t i o n s .

T here was an a lm o st  co m p le te  c o r r e l a t i o n  b e tw e e n  th e  

V o g e s -P ro sk a u e r  and m e t h y l - r e d  r e a c t i o n s .  Thus in  t h e  

c a s e  o f  th e  797 c u l t u r e s  o b ta in e d  b y  th e  w r i t e r  from  

m i l k ,  th e  c o e f f i c i e n t  o f  a s s o c i a t i o n  was -  0 .9 9 9 .

The V o g e s-P ro sk a u e r  and Kosei^ r e a c t i o n s .  There  

was a h ig h  c o r r e l a t i o n  b etw een  th e  V o g e s-P r o sk a u e r  and  

K oser r e a c t i o n s ,  th e  c o e f f i c i e n t  o f  a s s o c i a t i o n  b e in g  

+ 0 . 9 8 0 .  Of 547 V o g e s - P r o s k a u e r - p o s i t i v e  c u l t u r e s ,  o n ly  

t w e n t y - f o u r  w ere K b s e r - n e g a t iv e , and a l l  t h e s e  K o se r -  

n e g a t i v e  c u l t u r e s  w ere a t y p i c a l  s t r a i n s . On th e  o t h e r  

h a n d , o f  1089 V o g e s - P r o s k a u e r - n e g a t iv e  c u l t u r e s ,  889  

w ere K o s e r - n e g a t iv e  and 200 K o s e r - p o s i t i v e . A g a in ,  o f  

913  K o s e r - n e g a t iv e  c u l t u r e s ,  889 were V o g e s -P r o s k a u e r -  

n e g a t i v e ,  b u t  o n ly  623 o u t  o f  723 K b s e r - p o s i t i v e  c u l t u r e s
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w ere V o g e s - P r o s k a u e r - p o s î t i v e . The V o g e s -P r o s k a u e r -  

n e g a t i v e  K o s e r - n e g a t iv e  c u l t u r e s  b e lo n g e d  t o  su b -g ro u p  1 ,  

t h e  t y p i c a l  B . c o l i ; .  th e  V o g e s - P r o s k a u e r - n e g a t iv e  K o se r -  

p o s i t i v e  c u l t u r e s  b e lo n g e d  t o  su b -g r o u p s  2 ,  3 ,  4 and 5-  

A l a r g e  p r o p o r t io n  (159  o u t  o f  200 )  o f  t h e s e  V oges-P ros 

k a u e r - n e g a t iv e  K o s e r - p o s i t i v e  c u l t u r e s  were o f  i n d o l e -  

n e g a t i v e  t y p e s .  On th e  o th e r  h an d , t h e  V o g e s -P r o s k a u e r -  

n e g a t i v e  K o s e r - n e g a t iv e  c u l t u r e s ,  w i t h  r a r e  e x c e p t i o n s ,  

w ere i n d o l e - p o s i t i v e .
1 .

The V o g es-P ro sk a u er  and i n o s i t o l  r e a c t i o n s .

A h i g h  c o r r e l a t i o n  was found b e tw e e n  th e  V o g es-P ro sk a u er  

r e a c t i o n  and th e  f e r m e n ta t io n  o f  i n o s i t o l ,  t h e  c o e f f i c i 

e n t  o f  a s s o c i a t i o n  b e in g  0 .9 1 0 .  Most o f  th e  V o g es -  

P r o s k a u e r - n e g a t iv e  c u l t u r e s  (773  o u t  o f  8 2 6 ) ,  i n c l u d i n g  

a l l  th e  c u l t u r e s  w h ich  were V o g e s - P r o s k a u e r - n e g a t iv e ,  

K o s e r - n e g a t iv e  and i n d o l e - p o s i t i v e ,  i . e . ,  su b -g ro u p  1 

(o r  t y p i c a l  B . c o l i ) ,  f a i l e d  t o  ferm en t i n o s i t o l .  V o g es-  

P r o s k a u e r - n e g a t iv e  i n o s i t o l - p o s i t i v e  t y p e s  b e lo n g e d  t o  

s u b -g r o u p s  4 and 5 .  As r e g a r d s  th e  V o g e s -P r o s k a u e r -  

p o s i t i v e  c u l t u r e s , 291 ( c h i e f l y  o f  B . a e r o g e n e s  and B .

1 .  The i n o s i t o l  t e s t  was n o t  u se d  in  t h e  e a r l y  s t a g e s  o f  
th e  i n v e s t i g a t i o n  o f  th e  c o l i  form f l o r a  o f  m i l k ,  and  
t h e r e f o r e  th e  i n o s i t o l  r e a c t i o n  h as  b e e n  d e te r m in ed  in  
o n ly  1316  c u l t u r e s ,  C o n s e q u e n t ly ,  i n  s t a t i n g  th e  c o r r e 
l a t i o n  b e tw e en  th e  i n o s i t o l  r e a c t i o n  and o t h e r  c h a r a c t e r s ,  
th e  f i g u r e s  g iv e n  do n o t  co rresp o n d  w i t h  t h o s e  o f  T a b le  
10 .
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o x y to c u s  t y p e s )  gave p o s i t i v e  i n o s i t o l  r e a c t i o n s  and 

199 ( c h i e f l y  B . c lo a c a e  t y p e s )  gave n e g a t i v e .  A g a in ,  

o u t  o f  344 i n o s i t o l - p o s i t i v e  c u l t u r e s ,  291 ( 8 4 .6 ^ )  were : 

V o g e s - P r o s k a u e r * p o 3 i t iv e , and o f  972  i n o s i t o l - n e g a t i v e  

c u l t u r e s ,  773 ( 7 9 .3 ^ )  were V o g e a - P r o s k a u e r - n e g a t iv e .

The V o g es-P ro sk a u er  and in d o le  r e a c t i o n s .  The 

c o e f f i c i e n t  o f  a s s o c i a t i o n  b etw e en  t h e  V o g es-P ro sk a u er  

and in d o le  r e a c t i o n s  was -  0 .9 2 9 .  Of 1089 V o g e s -P r o s 

kauer - n e g a t i v e  c u l t u r e s ,  923 were i n d o l e - p o s i t i v e ,  th e  

e x c e p t i o n s  b e in g  c h i e f l y  K b s e r - p o s i t i v e  ty p e s  ( s u b 

grou p s  3 and 6 ) .  C u ltu r e s  g i v i n g  n e g a t i v e  V o g e s -P r o s 

kauer , Kbser and in d o le  r e a c t i o n s  w ere se ldom  o b t a in e d .

Of th e  647 V o g e s - P r o s k a u e r - p o s i t iv e  c u l t u r e s ,  454 w ere  

i n d o l e - n e g a t i v e  ( c h i e f l y  B . a e r o g e n e s  and B. c lo a c a e  

t y p e s )  and 93 i n d o l e - p o s i t i v e  ( c h i e f l y  B. o x y to c u s  t y p e s ) .  

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

o n ly  93 o u t  o f  1016 were V o g e s - P r o s k a u e r - p o s i t iv e  and 

t h e s e  were c h i e f l y  o f  su b -grou p  7 ,  i . e . ,  B . o x y to c u s  

t y p e s .  As r e g a r d s  th e  620 i n d o l e - n e g a t i v e  c u l t u r e s ,  166  

were V o g a s -P r o s k a u e r -n e g a t iv e  and 454 V o g e s -P r o sk a u e r -  

p o s i t i v e .

The K oser and i n o s i t o l  r e a c t i o n s .  The c o e f f i c i e h t  

o f  a s s o c i a t i o n  b e tw een  th e  Koser and i n o s i t o l  r e a c t i o n s
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was h i g h ,  b e in g  -f 0 .9 8 7 .  K o s e r - n e g a t iv e  s t r a i n s  were  

a lm o st  a lw a y s  i n o s i t o l - n e g a t i v e , t h e r e  b e in g  o n ly  f i v e  

i n o s i t o l - p o s i t i v e  c u l t u r e s  ou t o f  675 K o s e r - n e g a t i v e . On 

t h e  o t h e r  h and , o u t  o f  723 K o s e r - p o s i t i v e  c u l t u r e s ,  363  

were i n o s i t o l - h e g a t l v e  and 360 i n o s i t o l - p o s i t i v e . The 

i n o s i t o l - fe r m e n te r a  were a lm o s t  a lw a y s  K b s e r - p o s i t i v e ,  

o n ly  f i v e  o u t  o f  344 i n o s i t o l - p o s i t i v e  c u l t u r e s  ( 1 .5 ^ )  

b e in g  K b s e r - n e g a t iv e . The i n o s i t o l - n e g a t i v e  c u l t u r e s ,  

h o w ev er , v a r i e d  in  t h e i r  Koser r e a c t i o n s  a c c o r d in g  t o  t h e  

in d o le  r e a c t i o n s ,  the  i n d o l e - p o s i t i v e  t y p e s ,  e . g . ,  B. c o l i , :  

In m ost i n s t a n c e s  (659 ou t o f  6 8 3 ,  i . e . ,  9 6 .5 ^ )  g i v i n g  

n e g a t i v e  Koser r e a c t i o n s ,  and th e  in d o l© - n e g a t iv e  t y p e s ,  

e . g . ,  B . c l o a c a e ,  in  m ost c a s e s  (278  o u t  o f  2 8 9 ,  i . e . ,

9 6 .2 ^ )  g i v i n g  p o s i t i v e  Koser r e a c t i o n s .  The t w e n t y - fo u r  

c u l t u r e s  w h ich  were i n o s i t o l - n e g a t i v e , i n d o l © - p o s i t i v e  

and K o s e r - p o s i t i v e  b e lo n g e d  c h i e f l y  t o  su b -grou p  2 and 

were in  m ost i n s t a n c e s  K o s e r - p o s i t i v e  s t r a i n s  o f  MacConkéy Is
t

t y p e s  n o s . 5 ,  34 and 7 1 .  The e l e v e n  c u l t u r e s  w h ic h  w ere  

I i n o s i t o l - n e g a t i v e , i n d o l e - n e g a t i v e  and K b s e r - n e g a t iv e ,

* were a t y p i c a l  s t r a i n s ,  b e in g  c h i e f l y  K o s e r - n e g a t iv e  c u l -
I
I t u r e s  o f  MacConkey *s ty p e s  n o s .  7 ,  7 3 ,  7 4 ,  1 0 8  and 1 0 9 .

! The Koser and in d o le  r e a c t i o n s .  There was an

a lm o s t  co m p le te  I n v e r s e  c o r r e l a t i o n  b e tw e e n  th e  Koser and 

in d o le  r e a c t i o n s ,  t h e  c h i e f  e x c e p t i o n s  b e in g  t y p e s  w hich
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wer© b o th  i n o s i t o l -  and I n d o l e - p o s i t i v e ,  e . g . ,  t h o s e  o f  

sub grou p s 4 and 7 .  T h ese  i n o s i t o l - p o s i t i v e  i n d o l e -  

p o s i t i v e  s t r a i n s  w ere a s  a r u le  Koa e r - p o s i t i v e ,  o n ly  two  

b e i n g  K o s e r - n e g a t iv e  o u t  o f  n i n e t y - f i v e .  W hile  th e  c o 

e f f i c i e n t  o f  a s s o c i a t i o n  b etw een  th e  Koser and in d o le  

r e a c t i o n s  was -  0 .9 9 2 ,  i t  would h ave  b een  as  h ig h  a s  

** 0 .9 9 8 ,  i f  t h e s e  i n o s i t o l - p o s i t i v e  i n d o l e - p o s i t i v e  c u l 

t u r e s  had b een  e x c lu d e d .  A c c o r d in g ly ,  i n d o l e - n e g a t i v e  

c u l t u r e s  are  K o s e r - p o s i t i v e ,  w h i le  i n d o l e - p o s i t i v e  c u l 

t u r e s  a re  K o s e r - p o s i t i v e  o r  n e g a t i v e  a c c o r d in g  t o  w h eth er  

th e  i n o s i t o l  r e a c t i o n s  a re  p o s i t i v e  o r  n e g a t i v e .  There  

a re  v e r y  few e x c e p t i o n s  t o  t h i s  r u l e .  T h is  c o r r e l a t i o n  

b etw e en  th e  in d o l e  and Koser r e a c t i o n s  h o ld s  good i r 

r e s p e c t i v e  o f  t h e  n a tu r e  o f  th e  V o g e s-P r o sk a u e r  r e a c t i o n .

The I n o s i t o l  and indol©  r e a c t i o n s . The c o e f f i c i 

e n t  o f  a s s o c i a t i o n  b etw een  th e  i n o s i t o l  and i n d o l e  r e 

a c t i o n s  was lo w ,  b e in g  o n ly  -  0 . 7 2 2 .  However, c u l t u r e s  

w h ic h  w ere b o th  i n d o l e - p o s i t i v e  and K o s e r - n e g a t iv e  were  

a lm o s t  a lw a y s  (659 o u t  o f  661) i n o s i t o l - n e g a t i v e .

The i n o s i t o l  and a d o n i t o l  r e a c t i o n s .  There was 

an a lm o s t  co m p le te  c o r r e l a t i o n  b e tw e e n  th e  i n o s i t o l  and 

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

p o s i t i v e  ty p e s  o f  su b -g ro u p  1 ,  e . g . ,  MacConkey’s t y p e s  

n o s . 1 ,  2 ,  35 and 1 0 0 .  T hese B. c o l i  s t r a i n s ,  l i k e  a l l
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o t h e r  s t r a i n s  w h ich  were b o th  K o s e r - n e g a t iv e  and V o g es-  

P r o sk a u e r  - n e g a t i v e  , gave i n  a l l  i n s t a n c e s  n e g a t i v e  i n o s i 

t o l  r e a c t i o n s . I f  t h e s e  K o s e r - n e g a t iv e  V o g e s -P r o s k a u e r -  

n e g a t i v e  s t r a i n s  had b een  e x c lu d e d ,  t h e  c o e f f i c i e n t  o f  

a s s o c i a t i o n  b etw e en  th e  I n o s i t o l  and a d o n i t o l  r e a c t i o n s  

w ould  have b een  + 0 .9 9 7 .  I t  i s  n o te w o r th y  t h a t  w h i le  th e  

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

t i o n  w i t h  a d o n i t o l ,  t h e y  d i f f e r e d  from t h e  i n o s i t o l  r e 

a c t i o n s  n o te d  by MacConkey f o r  t y p e s  w h ich  were s i m i l a r  

to  them i n  a l l  t h e i r  o t h e r  c h a r a c t e r s .  Thus t h e s e  c u l 

t u r e s  w h ic h  ap p eared  t o  be o f  M a c C o n k e y t y p e s  n o s . 66 and  

97 were found t o  be i n o s i t o l - p o s i t i v e  i n s t e a d  o f  n e g a t i v e ,

and t h o s e  o f  t y p e  n o . 75 were found t o  be n e g a t i v e  i n s t e a d

o f  p o s i t i v e . F u r th e r ,  t h e  c u l t u r e s  w h ich  were a p p a r e n t ly  

o f  ty p e  n o . 104  gave p o s i t i v e  i n o s i t o l  r e a c t i o n s ,  and t h o s e

o f  ty p e  n o . 109 gave  n e g a t i v e  r e a c t i o n s ,  w h erea s  a c c o r d in g

t o  MacConkey, t h e y  b o th  p rod uce a c i d  o n ly  in  i n o s i t o l .

The i n o s i t o l  and o t h e r  r e a c t i o n s  and m o t i l i t y .

There was a much h ig h e r  c o r r e l a t i o n  b e tw e en  th e  i n o s i t o l  ; 

r e a c t i o n  and m o t i l i t y  th a n  b e tw e en  th e  V o g e s -P r o sk a u e r ,  

K oser and in d o l e  r e a c t i o n s  and m o t i l i t y .  The c o e f f i c i e n t  

o f  a s s o c i a t i o n  i n  th e  1316  c u l t u r e s  t e s t e d  i n  i n o s i t o l  

was -  0 . 9 6 7 .  Thus o f  978  n o n - i n o s i t o l - f e r m e n t i n g  c u l t u r e s ,  

o n ly  104  ( 1 0 .7 ^ )  were n o n - m o t i l e . T h ese  non-mo t i l e  c u l 
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t u r e s  b e lo n g e d  c h i e f l y  t o  su b -g r o u p  1 ,  b e in g  n o n - m o t l i e  

B. c o l i  t y p e s  e . g . ,  M a c C o n k e y t y p e s  n o s .  2 ,  5 ,  3 5 ,  72  

and 1 0 7 .  As r e g a r d s  th e  344 I n o s i t o l - f e r m e n t i n g  c u l t u r e s ,  

o n l y  f o r t y - t w o  ( 12 . 2%)  were m o t i l e ;  t h e s e  m o t i l e  i n o s i t o l - 

f e r m e n t in g  c u l t u r e s  b e lo n g e d  c h i e f l y  t o  MacConkey*s ty p e  

n o . 1 0 2  ( V o g e s - P r o s k a u e r - p o s i t i v e , K o s e r - p o s i t i v e ,  i n o s i 

t o l  - p o s i t i v e ,  i n d o l e - n e g a t i v e , g e l a t i n - p o s i t i v e  and 

m o t i l e )  and t o  a ty p e  w h ic h  r e se m b le d  n o . 1 0 8  (B. c l o a c a e )  

b u t  gave  p o s i t i v e  i n o s i t o l  r e a c t i o n s .  (The a b s e n c e  o f  

m o t i l i t y  in  i n o s i t o l - f e r m e n t e r s  can  be a c c o u n te d  f o r  

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

V o g e s - P r o s k a u e r - n e g a t iv e  c u l t u r e s  w ere m ost  

f r e q u e n t l y  (934  o u t  o f  1 0 8 9 )  m o t i l e ,  b u t  o n l y  259 o u t  

o f  th e  547  V o g e s - P r o s k a u e r - p o s i t iv e  t y p e s  w ere  m o t i l e .

K o s e r - n e g a t iv e  c u l t u r e s  w ere a s  a r u l e  m o t i l e , 

o n ly  105  o u t  o f  9 1 3  b e in g  n o n - m o t i l e . T h ese  n o n - m o t i l e  

c u l t u r e s  w ere c h i e f l y  n o n - m o t i l e  B . c q l i ,  e . g . ,

M acConkey*8 t y p e s  n o s .  2 ,  3 5 ,  72  and 1 0 7 .  On t h e  o t h e r  

h and , a s  r e g a r d s  th e  723 K o s e r - p o s i t i v e  c u l t u r e s ,  385  

w ere m o t i l e  ( e . g . ,  B . c lo a c a e  t y p e s  ) and 338  w ere n o n -  

m o t i l e  ( e . g . ,  B . a e r o g e n e s  and B. o x y t o c u s  t y p e s ) .

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

m o t i l e  (8 2 0  o u t  o f  1 0 1 6 ) ,  b u t  o n ly  373  o f  th e  620 i n d o l e -  

n e g a t i v e  c u l t u r e s  were m o t i l e .
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Other b io c h e m ic a l  r e a c t i o n s  » The s u c r o s e ,  r a f f i -  

n o s e ,  d u l c i t o l  and i n u l i n  r e a c t i o n s  d id  n o t  show a h ig h  

d e g r e e  o f  c o r r e l a t i o n  w i t h  t h e  V o g e s -P r o s k a u e r ,  K o ser ,  

i n o s i t o l  and i n d o l e  r e a c t i o n s  ( s e e  T a b le  1 0 ) .  However, £ 

c u l t u r e s  o f  su bgroup s 4 ,  5 ,  6 ,  7 and 8 ( i . e . ,  a l l  th e  

i n o s i t o l - p o s i t i v e  su b -g r o u p s  and a l s o  th e  B . c l o a c a e ) ,  

w it h  t h e  e x c e p t io n  o f  o n ly  one c u l t u r e ,  ferm en ted  s u c r o s e ;  

and a l l  th e  c u l t u r e s  o f  su b -g r o u p s  1 ,  2 and 5 f a i l e d  t o  

ferm en t i n u l i n .  The r a f f i n o s e  r e a c t i o n  c o r r e l a t e d  a lm o s t  

c o m p le t e ly  w i t h  t h e  s u c r o s e ,  th e  c o e f f i c i e n t  o f  a s s o c i a 

t i o n  i n  th e  797 c u l t u r e s  o b ta in e d  from m i lk  b e in g  t  0 .9 9 9 8  

The K o s e r - n e g a t iv e  c u l t u r e s  r a r e l y  l i q u e f i e d  g e l a t i n ,  

o n ly  n in e  o u t  o f  915 l i q u e f y i n g  g e l a t i n  w i t h i n  t h r e e  

m o n th s .  But 231 o f  t h e  723  K o s e r - p o s i t i v e  c u l t u r e s  were  

g e l a t i n - l i q u e f i e r s . A l l  th e  c u l t u r e s  ferm en ted  m a n n i t o l .  

As r e g a r d s  th e  a c t i o n  on s a l i c l n ,  K o s e r - p o s i t i v e  t y p e s , 

i . e . ,  t y p e s  o f  su b -g r o u p s  2 - 8 ,  in  m ost  i n s t a n c e s  (560  

o u t  o f  5 8 3 )  gave p o s i t i v e  r e a c t i o n s ,  w h i le  K o s e r - n e g a t iv e  

t y p e s ,  i . e . ,  t y p e s  o f  su b -g ro u p  1 ,  v a r i e d  in  t h e i r  

s a l i c i n  r e a c t i o n s  b u t were m ost  f r e q u e n t l y  (383  o u t  o f  

4 6 5 )  p o s i t i v e I t  was a l s o  found  t h a t  d i f f e r e n t  

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

in  t h e i r  s a l i c i n  r e a c t i o n s .  Thus s i x t y - e i g h t  o f  th e

1 .  The s a l i c i n  r e a c t i o n  was d e te r m in e d  in  th e  
c a s e  o f  o n ly  1 0 4 8  c u l t u r e s .



- 1 2 6 -

c u l t u r e s  o f  B. c o l i  communis ( B s c h e r lc h )  i s o l a t e d  from  

m i l k  gave  p o s i t i v e  s a l i c i n  r e a c t i o n s  and t w e n t y - s i x  gave  

n e g a t i v e ;  181 o f  t h e  c u l t u r e s  o f  B . c o l i  commuhior from  

th e  same so u r c e  gave p o s i t i v e  r e a c t i o n s  and t w e lv e  gave  

n e g a t i v e ;  t h i r t e e n  o f  t h e  c u l t u r e s  o f  MacConkey^s ty p e  

n o . 4 ga v e  p o s i t i v e  r e a c t i o n s  and t h i r t e e n  gave  n e g a t i v e .  

M ackie (1 9 2 1 )  o b ta in e d  s i m i l a r  r e s u l t s  w i t h  c u l t u r e s  from  

human f a e c e s  and o t h e r  s o u r c e s .  The w r i t e r  fo u n d  t h a t  

w it h  t h e  m a j o r i t y  o f  th e  t y p e s  in  w h ic h  s a l i c i n . - n e g a t i v e  

c u l t u r e s  c o u ld  be o b t a in e d ,  t h e r e  was a p rep o n d e ra n ce  o f  

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

The V alue o f  V a r io u s  C h a r a c te r s  f o r  

S y s t e m a t ic  P u r p o s e s .

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

have c e r t a i n  c h a r a c t e r s  in  common, t h e y  d i f f e r  w i d e l y  

from e a c h  o t h e r  w i t h  r e g a r d  to  v a r i o u s  o t h e r  c h a r a c t e r s ,  

th e  t r u e  s y s t e m a t i c  v a lu e  o f  w h ich  i s  unknown. T h is  

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

t h e s e  o r g a n is m s .  In t h i s  c o n n ex io n  i t  m ust be b orn e in  

m ind t h a t  w i t h  b a c t e r i a  in  g e n e r a l  i t  i s  f r e q u e n t l y  

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

a t i c  p u r p o s e s .  C e r ta in  f e a t u r e s ,  o w in g  t o  t h e i r  m orpho

l o g i c a l  o r  b i o l o g i c a l  s i g n i f i c a n c e  and a l s o  t o  t h e i r
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s t a b i l i t y ,  a re  u n i v e r s a l l y  r e c o g n iz e d  t o  be v a lu a b le  and  

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

g r o u p s ,  e . g . ,  shape o f  th e  c e l l ,  sp o r e  fo r m a t io n ,  p o s i t i o n  

o f  f ] . a g e l l a  on th e  c e l l ,  r e a c t i o n  t o  Grain’s s t a i n ,  a c i d 

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

GOg t o  Eg in  th e  f e r m e n t a t io n  p r o d u c t s ,  e t c .  Other c h a r 

a c t e r s ,  w h ic h  ap p ear  t o  be o f  m inor m o r p h o lo g ic a l  or  

b i o l o g i c a l  Im p o r ta n c e ,  b u t  w h ich  a r e  c o n s t a n t  f e a t u r e s  o f  

th e  o r g a n is m s ,  a re  a l s o  u s e d ,  e . g . ,  f e r m e n t a t io n  o f  

s u g a r s ,  l i q u e f a c t i o n  o f  g e l a t i n ,  e t c .  A g r e a t e r  im p o r t 

an ce  can  be a t t a c h e d  t o  th e  l a t t e r  i f  t h e y  show some r e 

l a t i o n s h i p  t o  o t h e r  f e a t u r e s  o f  t h e  o r g a n ism ; . . The v a lu e  

o f  any c h a r a c t e r  f o r  s y s t e m a t i c  p u r p o s e s  d ep en ds t h e r e 

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

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

w it h  o t h e r  c h a r a c t e r s .

The V o g e s -P r o sk a u e r  r e a c t i o n .  The im p o rta n ce  

o f  th e  V o g e s -P r o sk a u e r  r e a c t i o n  f o r  d i f f e r e n t i a l  p u r p o se s  

h as  b een  s t r e s s e d  by  L e v in e  (1 9 1 6 a ,  b ,  c ,  1 9 1 8 ,  1 9 2 1 ) ,  

Johnson  ( 1 9 1 6 ) ,  H u lton  ( 1 9 1 6 ) ,  Johnson  & L e v in e  ( 1 9 1 7 ) ,  

R ogers  e t  a l .  ( 1 9 1 8 ) ,  Chen & R e t t g e r  ( 1 9 2 0 ) ,  B e r g e y  (1 9 2 3 ,  

1 9 3 4 ) ,  R uoh h oft e t  a l .  (1 9 3 1 )  and many o t h e r s .  I t s  g r e a t  

v a lu e  as  a c r i t e r i o n  in  s y s t e m a t i c  work i s  i n d i c a t e d  b y  

th e  f a c t  t h a t  i t  shows an a lm o st  c o m p le te  c o r r e l a t i o n
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w i t h  t h e  a c i d - p r o d u c i n g  power (o r  m e t h y l - r e d  r e a c t i o n ) ,  

w it h  th e  amount o f  g a s  produced  and w i t h  th e  r a t i o  o f  

COg t o  Hg in  th e  f e r m e n t a t io n  p r o d u c t s .  D i f f e r e n c e s  i n  

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

m e ta b o lism  o f  t h e  o r g a n is m s .  The V o g e s - P r o s k a u e r - n e g a t iv e

t y p e s ,  su b -g r o u p s  1 ,  2 ,  3 ,  4 and 5 ( th e  gen u s E s c h e r i c h ia
' ' ' 

o f  B e r g e y ) ,  p rod u ce  in  c a r b o h y d r a te  m ed ia  a h ig h  a c i d i t y

(a m e t h y l - r e d - p o s i t i v e  r e a c t i o n ) ,  a m od erate  amount o f  

g a s  and a lo w  g a s  r a t i o  ( th e  COg t o  Eg r a t i o  r a n g in g  from  

1 t o  0 . 5 ) .  On th e  o t h e r  h and , t h e  V o g e s - P r o s k a u e r - p o s i 

t i v e  t y p e s ,  su b -g r o u p s  6 ,  7 ,  and 8 ( th e  gen u s A e r o b a c te r  

o f  B e r g e y ) ,  p rod uce a low  a c i d i t y  (a m e t h y l - r e d - n e g a t i v e  

r e a c t i o n ) ,  a c o m p a r a t iv e ly  l a r g e  amount o f  g a s  and a h ig h  

g a s  r a t i o  ( th e  COg t o  Eg r a t i o  r a n g in g  from 2 t o  3 ) .  

F u r th e r ,  V o g e s - P r o s k a u e r - p o s i t iv e  t y p e s  are  a lm o st  a lw a y s  

K o s e r - p o s i t i v e .  V o g e s - P r o s k a u e r - n e g a t iv e  t y p e s  a re  K b ser -  

n e g a t i v e  i n  t h e  c a s e  o f  su b -grou p  1 (B . c o l i  t y p e s ) ,  and  

K o s e r - p o s i t i v e  i n  th e  c a s e  o f  su b -g ro u p s  2 ,  3 ,  4 and 5*

3h  B e r g e y 's  c l a s s i f i c a t i o n  ( 1 9 3 4 ) ,  th e  V o g es-P ro sk a u er  

r e a c t i o n  i s  em ployed  as th e  s o l e  c r i t e r i o n  f o r  th e  prim ary  

s u b d i v i s i o n  o f  t h e  c o l i f o r m  group i n t o  two g e n e r a ,  and  

a s  a r e s u l t  t h e s e  V o g e s - P r o s k a u e r - n e g a t iv e ,  K o s e r - p o s i t iv e ;  

t y p e s  ( su b -g r o u p s  2 ,  3 ,  4 and 5 )  a re  p la c e d  i n  th e  same 

g e n u s ,  E s c h e r i c h i a ,  a s  t h e  V o g e s - P r o s k a u e r - n e g a t iv e ,



- 1 2 9 -

Ko0 0 r - n e g a t i v e  t y p e s  ( su b -g r o u p  1 o r  B . c o l l  t y p e s ) .  

H owever, t y p e s  o f  s u b -g r o u p s  4 and 5 i n  many r e s p e c t s  r e 

sem ble  v e r y  c l o s e l y  su b -g ro u p  8 ,  th e  B . a e r o g e n e s  t y p e s .  

Thus t h e y  a r e  n o t  o n ly  K o s e r - p o s i t i v e  (and in  t h e  c a s e  o f  

su b -g r o u p  5 ,  th e  B . f r i e d l a n d e r i  t y p e s ,  i n d o l e - n e g a t i v e ) 

b u t  t h e y  a l s o  have v e r y  h ig h  f e r m e n t a t iv e  p o w e rs , f e r m e n t 

in g  in  a l l  i n s t a n c e s  i n o s i t o l ,  a d o n i t o l  and s u c r o s e .  

M o reo v er , l i k e  B . a e r o g e n e s ,  t h e y  a r e  n o n - m o t i l e ,  w i t h  

r e l a t i v e l y  h ig h  pow ers o f  r e s i s t a n c e  t o  b r i l l i a n t  g r e e n  

and w i t h  th e  a b i l i t y  t o  produce l a r g e  t h i c k  m ucoid  c o l o n i e s  

and become e n c a p s u l a t e d .  A c c o r d in g ly ,  t h e s e  t y p e s  are  

in t e r m e d ia t e  in  t h e i r  c h a r a c t e r s  b e tw e en  t h e  B . c o l i  and 

t h e  B . a e r o g e n e s .  On th e  o t h e r  h and , su b -g ro u p  6 (B. 

c l o a c a e )  b e in g  V o g e s - P r o s k a u e r - p o s i t i v e ,  m e t h y l - r e d - n e g a 

t i v e  and o f  h ig h  gas r a t i o ,  i s  in c lu d e d  b y  B erg ey  in  th e  

g en u s  A e r o b a c t e r . N e v e r t h e l e s s ,  th e  in t e r m e d ia t e  c h a r a c te r  

o f  t h e s e , t y p e s  i s  shown by  th e  f a c t  t h a t ,  l i k e  B . c o l i ,  

t h e y  do n o t  ferm en t i n o s i t o l  and w i t h  r a r e  e x c e p t i o n s ,  

a d o n i t o l ,  and a re  a s  a r u l e  m o t i l e .

The Koser r e a c t i o n .  The v a lu e  o f  th e  K oser r e 

a c t i o n  f o r  th e  g r o u p in g  o f  c o l i  form t y p e s  h a s  b e e n  shown 

b y  R a g h a v a ch a r i ( 1 9 2 6 ) ,  H icks ( 1 9 2 7 ) ,  P e r r y  ( 1 9 2 9 ) ,

R uoh h oft e t  a l .  ( 1 9 3 1 ) ,  Hay ( 1 9 3 2 ) ,  t h e  w r i t e r  (1 9 3 3 )  and  

B a r d a le y  ( 1 9 3 4 ) .  I t s  employment f o r  s y s t e m a t i c  p u r p o se s
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e n a b le s  su b -g ro u p  1 or  B . c o l l  (Kos o r - n e g a t i v e  t y p e s )  

t o  be d i f f e r e n t i a t e d  from t h e  o t h e r  su b -g r o u p s  (K o se r -  

p o s i t i v e  t y p e s ) .  W ith  v e r y  few e x c e p t i o n s ,  K o s e r - n e g a t iv e  

c o l i f o r m  t y p e s  are  V o g e s - P r o s k a u e r - n e g a t iv e ,  i n o s i t o l -  

n e g a t i v e  and i n d o l e - p o s i t i v e ,  or  i n  o t h e r  w o rd s , are  

t y p i c a l  B . c o l i .  F u r th er  t h e r e  i s  an a lm o s t  co m p le te  

n e g a t i v e  c o r r e l a t i o n  b e tw e e n  th e  K oser and in d o l e  r e a c t i o n s  

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

t y p e s  ( s u b -g r o u p s  4 and 7 )  -  t h e s e  a s  a r u l e  a re  K o ser -  

p o s i t i v e .  The K oser r e a c t i o n  i s  a l s o  an im p o r ta n t  in d ex  

o f  th e  v i a b i l i t y  o f  d i f f e r e n t  t y p e s  o f  c o l i fo r m  o rg a n ism s  

under a r t i f i c i a l  and n a t u r a l  c o n d i t i o n s .  Thus K o se r -  

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

i n o s i t o l - p o s i t i v e ) a re  more h i g h l y  r e s i s t a n t  t o  t h e  a n t i 

s e p t i c  a c t i o n  o f  b r i l l i a n t  g r e e n  th a n  K o s e r - n e g a t iv e  

(See S e c t i o n  I I ,  page 41 ) .  The g r e a t e r  v ig o u r  o f  th e  

K o s e r - p o s i t i v e  s t r a i n s ,  a s  compared w i t h  t h e  K o se r -  

n e g a t i v e ,  i s  a l s o  shown b y  t h e i r  a b i l i t y  t o  a t t a c k  th e  

c i t r a t e  r a d i c l e ;  t h e i r  g r e a t e r  v i a b i l i t y  in  p o l l u t e d  

stream s and i n  s t o r e d  w a te r  ( Clerneaha, 1 9 1 2 ;  R o g e r s ,  1 9 1 8 ;  

W inslow  & Cohen, 1 9 1 8 ;  P l a t t ,  1 9 3 5 ) ;  t h e i r  a b i l i t y  i n  

many i n s t a n c e s  t o  ferm en t i n o s i t o l ,  and b y  th e  f a c t  t h a t  

t h e y  can f r e q u e n t l y  become e n c a p s u l a t e d .

The i n o s i t o l  r e a c t i o n .  The im p o r ta n ce  o f  th e
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i n o s i t o l  r e a c t i o n  f o r  t h e  c l a s s i f i c a t i o n  o f  c o l i f o r m  

b a c t e r i a  h as  b een  shown by M ackie (1 9 2 1 )  and Hay ( 1 9 3 2 ) .

In  t h e  c a s e  o f  V o g e s - P r o s k a u e r - n e g a t iv e  t y p e s ,  i t  s h a r p l y -  

d i f f e r e n t i a t e s  su b -g r o u p s  1 (B. c o l i ) ,  2 and 3 ,  from s u b 

grou p s  4 and 5 (B . f r le d là V id e r i  ) ; and In  t h e  c a s e  o f  

V o g e s - P r o s k a u e r - p o s i t iv e  t y p e s ,  i t  d i f f e r e n t i a t e s  s u b 

group 6 (B . c l o a c a e )  from su b -g r o u p s  7 (B . o x y t o c u s )  and  

8 (B . a e r o g e n e s ) .  I t s  employment a s  a group c r i t e r i o n  

i s  j u s t i f i e d  b y  t h e  w e ll-m a rk ed  f e a t u r e s  o f  t h e  I n o s i t o l -  

f e r m e n t in g  ty p e s  ( su b -g r o u p s  4 ,  5 ,  7 and 8 )  w h ich  may be  

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

c o n se q u e n t  p r o d u c t io n  o f  l a r g e ,  m ucoid  c o l o n i e s ,  and as  

a r u l e  t h e  a b se n c e  o f  m o t i l i t y ;  v e r y  w ide f e r m e n t a t iv e  

a c t i v i t y  -  w i t h  few  e x c e p t i o n s ,  a d o n i t o l - a n d  s u c r o s e -  

p o s i t i v e ;  a p o s i t i v e  Koser r e a c t i o n ;  th e  p o s s e s s i o n  o f  

r e l a t i v e l y  h ig h  pow ers o f  r e s i s t a n c e  t o  b r i l l i a n t  g r e e n ;  

in  m ost i n s t a n c e s  a p o s i t i v e  V o g e s -P r o sk a u e r  r e a c t i o n .

On th e  o t h e r  h an d , th e  n o n - i n o s i t o l - f e r m e n t e r s ( s u b 

gro u p s 1 ,  2 ,  3 and 6 )  a r e  as a r u l e  m o t i l e  and h a v e  n o t  

so  h ig h  f e r m e n t a t iv e  pow ers as  th e  i n o s i t o l - f e r m e n t e r a . 

A l s o ,  e x c e p t  f o r  su b -g ro u p  2 ,  th e y  v a r y  in  t h e i r  Koser  

r e a c t i o n s  a c c o r d in g  t o  t h e i r  in d o l e  r e a c t i o n s ,  th e  I n d o l e -  

n e g a t i v e  t y p e s  g i v i n g  p o s i t i v e  K oser r e a c t i o n s  and v i c e  

v e r s a .  W ith ou t e x c e p t i o n ,  t y p e s  w h ich  are  K o s e r - n e g a t i v e ,



—1 3 2 -

i n d o l e - p o s i t i v e  and V o g e s - P r o s k a u e r - n e g a t iv e ,  i . e . ,  su b 

group  1 o r  B* c o l i  t y p e s ,  f a i l  t o  ferm en t i n o s i t o l .  T h is  

r u l e  a p p l i e s  ev en  t o  t h e  t y p e s  o f  t h i s  s u b -g r o u p ,  w h ic h  

ferm en t a d o n i t o l ;  t h e s e  a re  th e  o n ly  c o l i f o r m  t y p e s  f a i l 

in g  t o  show a p o s i t i v e  c o r r e l a t i o n  b e tw e e n  th e  i n o s i t o l  

and a d o n i t o l  r e a c t i o n s .  F u r th e r ,  th e  K o s e r - n e g a t i v e ,  

n o n - i n o s i t o l - f e r m e n te r a  ( i . e . ,  su b -g r o u p  1 ) h ave com para

t i v e l y  low  |)ow©rs o f  r e s i s t a n c e  t o  b r i l l i a n t  g r e e n ,  do 

n o t  become e n c a p s u la t e d  and f a i l  t o  p ro d u ce  l a r g e ,  m ucoid  

c o l o n i e s ;  th e  K o s e r - p o s i t i v e  n o n - i n o s i t o l - f e r m e n t e r s  

h ave  a s  a r u l e  c o m p a r a t iv e ly  h i g h  pow ers o f  r e s i s t a n c e  

t o  b r i l l i a n t  g r e e n ,  and some o f  t h e  t y p e s  b e lo n g in g  t o  

su b -g r o u p  3 ,  and many b e lo n g in g  t o  su b -g r o u p  6 , becom e  

e n c a p s u la t e d  and p rod u ce  l a r g e ,  t h i c k  m u co id  c o l o n i e s .

The i n d o l e  r e a c t io n *  M ackie ( 1 9 2 1 ) ,  H ick s ( 1 9 2 7 ) ,  

P e r r y  ( 1 9 2 9 ) ,  R uoh h oft e t  a l .  ( 1 9 3 1 ) ,  th e  w r i t e r  (1 9 3 3 )  and 

o t h e r s  h ave s t r e s s e d  th e  im p o rta n ce  o f  t h e  i n d o l e  r e a c t i o n  

f o r  th e  d i f f e r e n t i a t i o n  o f  c o l i f o r m  t y p e s  and s u b - g r o u p s .  

I t s  em p loym ent, a lo n g  w i t h  t h e  o t h e r  t h r e e  r e a c t i o n s ,  f o r  

s y s t e m a t i c  p u r p o se s  e n a b le s  su b -g ro u p  1 ,  th e  B. c o l i ,  t o  

be v e r y  w e l l - d e f i n e d  -  a m ost  im p o r ta n t  m a t t e r  i n  p u b l i c  

h e a l t h  w o rk . F u r t h e r , i t  e n a b le s  su b -g r o u p  2 t o  b e  d i s 

t i n g u i s h e d  from su b -g r o u p  3 ;  and su b -g r o u p  4 from s u b -
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t
group  5* I t  a l s o  a l lo w s  su b -g ro u p  7 ( B .o x y t o o u s )  t o  be  

d i f f e r e n t i a t e d  from su b -g ro u p  8  (B . a e r o g e n e s )  and a s  a 

r e s u l t  th e  a c t i o n  on g e l a t i n  d o es  n o t  r e q u ir e  t o  be d e 

t e r m in e d .  (B . o x y to c u s  t y p e s  d i f f e r  c h i e f l y  from B. 

a e r o g e n e s  in  t h a t  t h e y  p rod uce in d o l e  and s lo w ly  l i q u e f yt ;
g e l a t i n . )

W hile i n d o l e - n e g a t i v e  t y p e s  are  K o s e r - p o s i t i v e ,  

i n d o l e - p o s i t i v e  t y p e s  v a ry  i n  t h e i r  K oser r e a c t i o n s ,  th e  

n o n - i n o s i t o l - f e r m e n te r a  b e in g  K o s e r - n e g a t iv e  and th e  

i n o s i t o l - f e r m e n t e r s ,  K o s e r - p o s i t i v e .  There are  v e r y  

few  e x c e p t i o n s  t o  t h i s  r u le  and t h e s e  b e lo n g  c h i e f l y  t o  

su b -g r o u p  2 .  Thus th e  B. c lo a c a e  t y p e s  (su b -g r o u p  6 ) 

and B . a e r o g e n e s  t y p e s  ( su b -g r o u p  8 ) a r e  i n d o l e - n e g a t i v e  

and K o s e r - p o s i t i v e ;  th e  t y p i c a l  B. c o l i  ( su b -g r o u p  1 )  

a r e  i n d o l e - p o s i t i v e , K o s e r - n e g a t iv e  and i n o s i t o l - n e g a t i v e j  

and t h e  B . o x y to c u s  ty p e s  (su b -g r o u p  7 )  are  i n d o l e - p o s i 

t i v e  , K o s e r - p o s i t i v e  and i n o s i t o l - p o s i t i v e .  M o reo v er ,  

t h e r e  i s  a h ig h  c o r r e l a t i o n  b e tw e e n  t h e  in d o l e  and V o g es-  

P r o sk a u e r  r e a c t i o n s .

O ther b io c h e m ic a l  r e a c t i o n s .  The s u c r o s e ,  

r a f f i n o s e ,  d u l c i t o l  and i n u l i n  r e a c t i o n s  have n o t  b ee n  

em ployed  f o r  t h e  d i f f e r e n t i a t i o n  o f  s u b - g r o u p s ,  b e c a u s e  

t h e s e  r e a c t i o n s  do n o t  c o r r e l a t e  h i g h l y  w i t h  t h e  V o g es-  

P r o s k a u e r ,  K o ser , i n o s i t o l  and in d o l e  r e a c t i o n s .  I t  i s .
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h o w ev er , w o rth y  o f  n o te  t h a t  su b-group s 4 ,  5 ,  7 and 8 , 

i . e . ,  a l l  th e  I n o s i t o l - p o s i t i v e  s u b -g r o u p s ,a n d  a l s o  su b 

group 6 , th e  B* c l o a c a e ,  are s u c r o s e - p o s i t i v e , w h i le  su b 

grou p s 1 ,  2 ,  and 3 a re  i n u l I n - n e g a t i v e . The a d o n i t o l  r e 

a c t i o n  c o r r e l a t e s  a lm o s t  c o m p le te ly  w i t h  th e  i n o s i t o l  

w it h  th e  e x c e p t i o n  o f  a d o n i t o l - p o s i t i v e  t y p e s  o f  su b 

group 1 ( th e  B , c o l i  s u b -g r o u p ) .  T h ese  ty p e s  are  s i m i l a r  

in  o t h e r  c h a r a c t e r s  t o  o t h e r  t y p e s  o f  t h i s  s u b -g r o u p ,  so  

t h a t  t h e r e  a p p ea rs  t o  be no n e c e s s i t y  t o  p la c e  them i n  

a s e p a r a t e  g ro u p . C o n s e q u e n t ly ,  t h e  a d o n i t o l  r e a c t i o n  

h a s  n o t  b e en  u se d  as  a group c r i t e r i o n .  However, i t  

may be s u b s t i t u t e d  f o r  t h e  i n o s i t o l  r e a c t i o n  t o  r e d u ce  

e x p e n s e s  in  r o u t in e  w ork, p r o v id e d  i t  i s  b orn e in  mind  

t h a t  K o s e r - n e g a t iv e  V o g es-P ro sk a u er-^ n eg a t iv e  t y p e s  e . g . ,  

th e  By c o l i  s u b -g r o u p , are i n o s i t o l - n e g a t i v e ,  e v e n  a l 

thou gh  t h e y  g iv e  p o s i t i v e  a d o n i t o l  r e a c t i o n s .  The m a n n ito l  

r e a c t i o n  i s  o f  no v a lu e  f o r  d i f f e r e n t i a t i n g  su b -g r o u p s  

or ty p e s  a s  a l l  l a c t o s e - f e r m e n t i n g  c o l i f o r m  b a c t e r i a  

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

no v a lu e  a s  a su b -g r o u p  c r i t e r i o n ,  a s  t y p e s  o f  su b -g r o u p s  

2 -8  ( th e  K o s e r - p o s i t i v e  t y p e s ) a s  a r u l e  g iv e  p o s i t i v e  

r e a c t i o n s  w h i le  t y p e s  o f  su b -g ro u p  1  v a r y  g r e a t l y  in  t h e i r  

s a l i c i n  r e a c t i o n s ,  b u t  a re  m ost f r e q u e n t l y  p o s i t i v e .  As 

has a lr e a d y  b een  shown, d i f f e r e n t  c u l t u r e s  o f  e v e n  c l a s s i c
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t y p e s  o f  c o l i f o r m  b a c t e r i a  v a r y  i n  t h e i r  s a l i c i n  r e a c t i o n s .  

W hile  th e  g e l a t i n  r e a c t i o n  i s  o f  v a lu e  f o r  th e  

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

b a c t e r i a ,  e . g . ,  P r o t e u s ,  from s lo w  l i q u e f y i n g  or  n o n 

l i q u e f y i n g  t y p e s ,  e . g . ,  B . c o l i ,  i t  i s  o f  l i t t l e  v a lu e  

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

form b a c t e r i a .  Those c o l i f o r m  c u l t u r e s  w h ic h  l i q u e f y

g e l a t i n  do so  in  m ost i n s t a n c e s  v e r y  s l o w l y ,  th e  p r o c e s s
ot a k i n g  f r e q u e n t l y  from 4 to  12  w eeks a t  20 o r  37 C. A 

f a i r l y  h ig h  p r o p o r t io n  ( a p p r o x im a te ly  o n e - t h i r d  in  th e  

w r i t e r ’s i n v e s t i g a t i o n s )  o f  th e  c u l t u r e s  o f  c l a s s i c  

g e l a t i n - l i q u e f y i n g  t y p e s ,  e . g . , M acConkey’s t y p e s  n o s .

108  (B . c l o a c a e )  and 65 (B. o x y to c u s  p e r n i c i o s u s  ) ,  may 

f a i l  t o  l i q u e f y  g e l a t i n  w i t h in  3 m o n th s .  G e l a t i n - l i q u e 

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

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

Thus l i q u e f y i n g  t y p e s  are  r a r e l y  K o s e r - n e g a t i v e .  They  

a re  g e n e r a l l y  K o s e r - p o s i t i v e ,  V o g e s - P r o s k a u e r - p o s i t i v e  

t y p e s  w h ich  a re  e i t h e r  m o t i l e ,  e . g . ,  B . c l o a c a e ,  o r  n o n -  

m o t i l e  and i n d o l e - p o s i t i v e ,  e . g . ,  B . o x y t o c u s .  (MacConkey’s 

t y p e s  n o s .  36 and 70  a re  l i q u e f y i n g  b u t  are  n o t  in c lu d e d  

in  e i t h e r  o f  t h e s e  c a t e g o r i e s .  They a re  K o s e r - p o s i t i v e ,  

m o t i l e ,  i n d o l e - n e g a t i v e , and V o g e s - P r o s k a u e r - n e g a t iv e .

They r e sem b le  in  t h e s e  c h a r a c t e r s  c e r t a i n  n o n - l i q u e f y i n g
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t y p e s ,  e . g . ,  MacConkey’s t y p e s  n o s .  7 ,  74 and 1 0 9 ,  b ut

t h e y  can  be d i s t i n g u i s h e d  from t h e  l a t t e r  by  o t h e r  b i o -
' ... 

c h e m ic a l  r e a c t i o n s ,  and anyway, t h e y  a re  o f  c o m p a r a t iv e ly

r a r e  o c c u r r e n c e . )

M o t i l i t y .  As th e  c o e f f i c i e n t  o f  a s s o c i a t i o n  

b etw een  m o t i l i t y  and th e  i n o s i t o l  r e a c t i o n  i s  h ig h  

( -  0 . 9 6 7 ) ,  th e  i n o s i t o l - n e g a t i v e  su b -g r o u p s  a re  c h a r a c t e r 

i z e d  by m o t i l i t y ,  and th e  i n o s i t o l - p o s i t i v e  b y  n o n - m o t i l i t y  

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

i n o s i t o l - n e g a t i v e  t y p e s  w h ic h  a re  commonly a c c e p t e d  as  

b e in g  t y p i c a l  B . c o l i  ( su b -g ro u p  1 ) ,  e . g . ,  M acConkey’s 

t y p e s  n o s .  2 ,  5 ,  3 5 ,  72 and 1 0 7 .  There a p p e a rs  t o  be no  

n eed  t o  group t h e s e  a p a r t  from t h e  m o t i l e  B. c o l i  t y p e s .

The few i n o s i t o l - f e r m e n t i n g  c u l t u r e s ,  w h ich  are  m o t i l e ,  

b e lo n g  c h i e f l y  t o  MacConkey’s ty p e  n o .  102  or  are  o f  

a t y p i c a l  s t r a i n s .  C u ltu r e s  o f  n o .  102  are  s i m i l a r  to  B. 

a e r o g e n e s  ty p e s  in  t h e i r  V o g e s -P r o sk a u e r ,  K o se r , i n o s i t o l  

and i n d o l e  r e a c t i o n s  and are  t h e r e f o r e  in c lu d e d  in  t h a t  

s u b -g r o u p .  A c c o r d in g ly ,  i t  would ap p ear  t h a t  i f  th e  

i n o s i t o l  r e a c t i o n  i s  em ployed  a s  a group c r i t e r i o n ,  t h e r e  

i s  no n e ed  t o  u se  in  a d d i t i o n  t h e  p r e s e n c e  o r  a b se n c e  o f  

m o t i l i t y .  B erg ey  (1 9 2 3 ,  1 9 3 4 )  s u b d iv id e s  th e  V o g e s -P r o s 

kauer - p o s i t  iv e  t y p e s ,  th e  genus A e r o b a c te r ,  a c c o r d in g  t o  

m o t i l i t y  and th u s  d i f f e r e n t i a t e s  B . c l o a c a e  t y p e s  from B.
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a e r o g e n e s  and B. o x y t o c u s .  On th e  o t h e r  h and , b y  em p loy 

in g  th e  V o g e s -P r o s k a u e r ,  K o ser , i n o s i t o l  and i n d o l e  r e 

a c t i o n s  as  group c r i t e r i a ,  th e  B. c lo a c a e  t y p e s  a re  d i f 

f e r e n t i a t e d  from th e  B. a e r o g e n e s  and B. o x y to c u s  t y p e s  

b y  th e  i n o s i t o l  r e a c t i o n ,  and th e  B . o x y t o eus from t h e  

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

DISCUSSION

(1 )  The members o f  th e  c o l i f o r m  group  a re  a p p a r e n t 

l y  so  num erous and so  c l o s e l y  i n t e r l i n k e d ,  t h a t  no m a t te r  

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

can g e n e r a l l y  be d i s t i n g u i s h e d  w h ich  a r e  i d e n t i c a l  in  a l l ;  

o t h e r  r e s p e c t s .  T hus, a l th o u g h  th e  V o g e s -P r o s k a u e r -  

n e g a t i v e  t y p e s  ( t h e  E s c h e r i c h ia  t y p e s  o f  B erg ey  (1 9 2 3 ,  5

1 9 3 4 ))  d i f f e r  from th e  V o g e s - P r o s k a u e r - p o s i t i v e  ( th e  

A e r o b a c te r  t y p e s  o f  B e rg e y )  i n  t h e i r  manner o f  c a r r y in g  

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

c h a r a c t e r s ,  th e  form er f r e q u e n t l y  p r e s e n t  i d e n t i c a l  

f e a t u r e s  t o  t h e  l a t t e r ,  a s  in  B . f r ie d là * n d e r i  (a V o g es -  

P r o s k a u e r - n e g a t iv e  or  E s c h e r i c h ia  t y p e ) and B. a e r o g e n e s  

(a V o g e s - P r o s k a u e r - p o s i t iv e  o r  A e r o b a c te r  t y p e ) .  A g a i n , ' 

i f  t h e  s a l i c i n  r e a c t i o n  i s  u se d  a s  a d i f f e r e n t i a l  in  

a d d i t i o n  t o  t h o s e  c h a r a c t e r s  em ployed b y  MacConkey, i t  

i s  p o s s i b l e  t o  d i s t i n g u i s h  two t y p e s  o f  e a c h  o f  su ch



- 1 5 8 -

c l a s s  l e  o rg a n ism s a s  B* c o l i  communis Es ch er  i  oh (E s c h e 

r i c h i a  communis) and B. c o l i  communior ( E s c h e r ic h ia  com- 

m u n io r ) .  In a few i n s t a n c e s  a c h a r a c t e r  shows a v ery  

h ig h  c o r r e l a t i o n  w ith  one o r  more o t h e r  c h a r a c t e r s ,  h u t  

e v e n  in  su c h  c a s e s ,  t y p e s  can g e n e r a l l y  he found i n  w h ic h  

th e  c o r r e l a t i o n  d o es  n o t  o c c ü r .  Even w i t h  t h e  c l a s s i c  

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

found w h ich  h ave a t y p i c a l  f e a t u r e s .  Thus c u l t u r e s  may 

he s h n i l a r  in  t h e i r  c h a r a c te r s  t o  B . 1 a c t  i s  a e r o g e n e s  

(A e r o b a c te r  a e r o g e n e s )  or  t o  B . c lo a c a e  (A e r o b a c ter  

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

r e a c t i o n s .

F u r th e r ,  th e  e n v ir o n m e n ta l  o r i g i n  o f  d i f f e r e n t  

t y p e s  i s  now c o n s id e r e d  t o  be much l e s s  s i g n i f i c a n t  s i n c e  

i t  has b een  shown t h a t  th e  s o - c a l l e d  n o n - f a e c a l  t y p e s  

( th e  a e r o g e n e s - c l o a c a e  t y p e s )  are  a lm o s t  a lw a y s  p r e s e n t  £ 

in  human and a n im a l f a e c e s ,  a l th o u g h  i n  r e l a t i v e l y  sm a ll  

numbers under norm al c o n d i t i o n s .  W hile  t h e s e  o rg a n ism s  

may be p r e s e n t  in  s o i l  and w a ter  and on fo d d er  and g r a i n s ,  

ev e n  in  a b se n c e  o f  r e c e n t  f a e c a l  c o n ta m in a t io n ,  i t  would  

appear from t h e  f i n d i n g s  o f  B a r d s le y  (1 9 5 4 )  and o t h e r s  

t h a t ,  l i k e  t h e  B . c o l i  t y p e s ,  t h e y  a r e  n o t  w id e ly  d i s 

t r i b u t e d  in  n a tu r e  e x c e p t  where t h e r e  h a s  b een  a t  some 

t im e  o r  o th e r  f a e c a l  c o n ta m in a t io n .



- 139 -

T aking  i n t o  a c c o u n t  a l l  t h e s e  f a c t s ,  i t  would  

a p p ea r  t h a t  th e  c o l i f o r m  group s h o u ld  n o t  be d iv id e d  i n t o  

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

in  one genus i s  j u s t i f i e d  by t h e  c l o s e  i n t e r - r e l a t i o n  

shown b y  them in  t h e i r  b i o l o g i c a l  c h a r a c t e r s  and i n  t h e i r  

r e l a t i o n s  t o  e n v ir o n m e n t . The g r o u p , h o w e v e r ,  m a y b e  

d i v i d e d  i n t o  e i g h t  s u b -g r o u p s ,  b y  e m p lo y in g  th e  V o g es-  

P r o s k a u e r ,  K o ser , i n o s i t o l  and I n d o le  r e a c t i o n s  as  su b 

group  c r i t e r i a .  Of t h e s e  s u b -g r o u p s ,  n o . l ,  i . e . ,  th e  B. 

c o l i  t y p e s  o r  t y p i c a l  B . c o l i  ( V o g e s - P r o s k a u e r - n e g a t iv e , 

K o s e r - n e g a t i v e ,  i n o s i t o l - n e g a t i v e , i n d o l e - p o s i t i v e ) and  

n o . 8 , i . e . ,  th e  B . a e r o g e n e s  t y p e s  ( V o g e s -P r o sk a u e r -  

p o s i t i v e ,  K o s e r - p o s i t i v e ,  i n o s i t o l - p o s i t i v e ,  i n d o l e -  

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

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

a c i d  p rod u ced  in  ca r b o h y d ra te  m edia  (m e th y l- r e d  r e a c t i o n ) ,  

COg t o  Hg r a t i o ,  V o g es-P ro sk a u er  r e a c t i o n ,  a b i l i t y  t o  

o b t a i n  t h e i r  carbon  from c i t r a t e s  and t h e i r  n i t r o g e n  from  

u r i c  a c i d ,  pow ers o f  f e r m e n t a t io n ,  in d o l e  f o im a t lo n  and  

r e s i s t a n c e  t o  b r i l l i a n t  g r e e n .  The ty p e s  c o m p r is in g  th e  

o t h e r  su b -g r o u p s  a r e  in t e r m e d ia t e  i n  t h e i r  c h a r a c te r s  

b etw e en  th e  B . c o l i  and t h e  B. a e r o g e n e s ;  th u s  th e  n o n -  

i n o s i t o l  - f e r m e n t in g  V o g e s -P r o s k a u e r -n e g a t iv e  t y p e s ,  i . e . ,  

su b -g r o u p s  2 and 3 ,  re sem b le  f a i r l y  c l o s e l y  th e  B . c o l i ;
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th e  n o n - I n o s i t o l - f o m e n t i n g  V o g e s -P r o sk a u e r -p o s  i t  i v e  

t y p e s ,  i . e . ,  su b -g ro u p  6 ,  o r  B. c lo a c a e  t y p e s ,  re sem b le  

in  some r e s p e c t s  th e  B. c o l i  t y p e s  and i n  o t h e r  r e s p e c t s ,  

th e  B . a e r o g e n e s ;  and th e  i n o s i t o l - fe r m e n te r a  (V o g e s -  

P ro sk a u er  - n e g a t i v e  as w e l l  a s  V o g e s - P r o s k a u e r - p o s i t iv e  

t y p e s ) ,  i . e . ,  su b -g r o u p s  4 ,  5 ,  and 7 ,  a r e  v e r y  s i m i l a r  

t o  th e  B . a e r o g e n e s *  £

(2 )  Of a l l  th e  c o l i f o r m  su b -g r o u p s  n o . l  ( th e  B. c o l i  

or t y p i c a l  B, c o l i )  i s  w id e ly  r e c o g n i s e d  t o  be o f  s p e c i a l  

im portan ce ,. T h is  i s  due t o  t h e  f a c t  t h a t  i t  i n c lu d e s  

t h o s e  . t y p e s  w h ich  a re  by f a r  th e  m o st  p r e v a l e n t  in  human 

and an im al f a e c e s ,  co m p r is in g  t h e  g r e a t  m a j o r i t y  o f  

c o l i f o r m  c u l t u r e s  o b ta in e d  from s u c h  s o u r c e s  when i s o l a T 

t i o n s  are  made by  th e  u s u a l  m ethods ( s e e  T ab le  11 )*  

O rganisms o f  t h e s e  t y p e s  may a l s o  be found i n  s o i l .  In  

w a te r  and on p l a n t s ;  b u t  in  a b sen ce  o f  r e c e n t  f a e c a l  

c o n ta m in a t io n  t h e i r  in c id e n c e  in  s u c h  en v iro n m en t i s  com

p a r a t i v e l y  lo w  and in  many I n s t a n c e s  t h e y  a re  n o t  t o  be 

fo u n d . I t  would t h e r e f o r e  appear t h a t  t h e y  t h r i v e  b e s t  

in  t h e  i n t e s t i n e s  and can n ot p e r s i s t  i n d e f i n i t e l y  in  s o i l  

and w a te r*  On th e  o th e r  hand , a l l  t h e  o th e r  c o l i f o r m  

s u b -g r o u p s ,  e . g . ,  th e  B. a e r o g e n e s ,  B. o x y to c u s  and B . 

c l o a c a e ,  c o n s i s t  o f  ty p e s  w h ich  o c c u r  i n  r e l a t i v e l y  sm a ll  

numbers in  human and anim al f a e c e s ,  a l t h o u g h  t h e y  are
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a lraost a lw ays  p r e s e n t ,  a s  can be d e m o n str a te d  by e n r i c h 

m ent m e th o d s .  As a lr e a d y  m e n t io n e d ,  t h e y  may be found  

i n  n a t u r e ,  e . g . ,  in  s o i l  and w a te r  and on g r a i n s ,  ev en  

in  a b se n c e  o f  r e c e n t  f a e c a l  c o n ta m in a t io n ,  a l t h o u g h  t h e y  

a r e  a p p a r e n t ly  n o t  w id e ly  d i s t r i b u t e d  e x c e p t  where t h e r e  

h as b e e n ,  a t  some t im e  or o t h e r ,  s u c h  c o n ta m in a t io n .  

However, t h e y  are  g e n e r a l l y  th e  dom inant c o l i f o r m  t y p e s  

i n  s o i l ,  b e in g  a p p a r e n t ly  b e t t e r  a d a p ted  th a n  th e  B. c o l i  

t y p e s  t o  l i v e  in  a n a t u r a l  e n v ir o n m e n t ,  b u t  l e s s  ad ap ted  

t o  l i v e  in  t h e  i n t e s t i n e s .  T h is  i s  b orn e  o u t  by th e  

f o l l o w i n g  f a c t s ;

(a )  The B. a e r o g e n e s  ty p e s  o c c u r  in  f r e s h  f a e c e s

a s  a r u le  o n ly  in  sm a ll  num bers; b u t  a s  shown b y  Clemesha  

( 1 9 1 2 ) ,  i f  w a te r  i s  p o l l u t e d  w i t h  se w a g e ,  t h e s e  t y p e s ,  

th o u g h  r a r e  a t  f i r s t ,  are  e x t r e m e ly  common a f t e r  a few  

d a y s .  R ogers  (1 9 1 8 )  showed t h a t  t h e y  were a b le  t o  s u r 

v iv e  lo n g e r  th a n  B . c o l i  t y p e s  in  w a te r  h e ld  in  b o t t l e s ,  

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

s u l t s  a s  r e g a r d s  s t o r e d  w a te r  are  su p p o rted  by th e  f i n d 

i n g s  o f  W inslow & Cohen (1 9 1 8 )  and P l a t t  ( 1 9 3 5 ) .

( b ) The i n o s i t o l - p o s i t i v e  t y p e s  and th e  B . c lo a c a e  

( su b -g r o u p s  4 - 8 )  are  f r e q u e n t l y  e n c a p s u la t e d ,  and t h e r e 

f o r e  m ig h t  be e x p e c te d  t o  be more r e s i s t a n t  t o  a d v e r s e  

c o n d i t i o n s  g e n e r a l l y  th an  th e  n o n - c a p s u la t e d  c o l i f o r m
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ty p e s  w h ich  are  p r e v a l e n t  in  th e  i n t e s t i n e s .  Thus t h e y  

can r e s i s t  a h ig h e r  c o n c e n t r a t io n  o f  b r i l l i a n t  g r e e n  th a n  

th e  l a t t e r .  In  a d d i t io n  t h e y  can a t t a c k  a much w id er  

ran ge  o f  s u b s t a n c e s  th an  th e  B. c o l i  t y p e s .

Ha y ip g  r e g a r d  t o  th e  fo r e  g o i n g , i t  i s  e v id e n t  

t h a t  th e  in c id e n c e  o f  any ty p e  o f  c o l i f o r m  organ ism  in  

s o i l  o r  in  w a te r  s e r v e s  as an  I n d i c a t i o n  o f  f a e c a l  c o n 

t a m in a t io n .  The p r e s e n c e  o f  l a r g e  numbers o f  su b -g ro u p  1 

(B. c o l i  t y p e s )  In w a te r  i s  e v id e n c e  o f  r e c e n t  sewage  

p o l l u t i o n .  On th e  o t h e r  hand , i f  o rg a n ism s  o f  o n ly  s u b 

grou p s  2 - 8 ,  e . g . ,  B. a e r o g e n e s  and B . c lo a c a e  t y p e s ,  are  

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

c o n ta m in a t io n  h a s  o c c u r r e d ,  b u t  n o t  a t  a r e c e n t  d a t e .

The o cc u r i'en ce  o f  l a r g e  numbers o f  c o l i f o r m  o r 

ga n ism s in  m i lk  i s  a c c e p te d  as an in d e x  e i t h e r  o f  e x c e s s i v e  

c o n ta m in a t io n  o r  o f  s t o r a g e  a t  to o  h i g h  t e m p e r a t u r e s .

W hile  th e  s o u r c e s  o f  t h e s e  o rg a n ism s may be v a r i o u s ,  e . g . ,  , 

th e  u t e n s i l s ,  a n im a l ’s s k i n ,  b yre  d u s t ,  e t c . ,  th e  f a c t  

m ust be borne in  mind t h a t  b o v in e  f a e c e s  c o n t a in  l a r g e  

numbers o f  t h e  B. c o l l  t y p e s  and a lm o s t  a lw a y s ,  in  a d -   ̂

d i t  i o n ,  th e  B . c l o a c a e ,  B. a e r o g e n e s  and o t h e r  ty p e s  ( s u b 

grou p s  2 - 8 ) ,  th o u g h  i n  s m a l le r  n u m b ers . C o n s e q u e n t ly ,  

t h e r e  i s  a lw a y s  a p o s s i b i l i t y  t h a t  b o v in e  f a e c e s  may b e  

th e  o r i g i n a l  s o u r c e  o f  su c h  co n ta m in a n tsv in  m i lk ,  no
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m a t te r  w h eth er  t h e y  a re  o f  B. c o l i  o r  o t h e r  c o l i f o r m  t y p é s

SUMMARY

A s tu d y  o f  th e  b i o l o g i c a l  c h a r a c t e r s  o f  1636  

c u l t u r e s  o f  c o l i f o r m  b a c t e r i a ,  i s o l a t e d  from m i lk  and 

b o v in e  f a e c e s ,  shows t h a t  th e  c o l i f o r m  group c o n s i s t s  

o f  a l a r g e  number o f  d i f f e r e n t  t y p e s . These t y p e s  a r e  

s o  c l o s e l y  i n t e r l i n k e d  in  c h a r a c t e r s  and i n  r e l a t i o n s  t o  

en v iro n m en t a s  t o  j u s t i f y  t h e i r  i n c l u s i o n  i n  one g e n u s .  

N e v e r t h e l e s s ,  f o r  s y s t e m a t i c  p u r p o s e s ,  t h e  group may be  

s u b d iv id e d  i n t o  s u b -g r o u p s ,  th e  V o g e s -P r o sk a u e r ,  K oser ,  

i n o s i t o l  and in d o l e  r e a c t i o n s  b e in g  r e l i a b l e  and o u t 

s t a n d in g  c r i t e r i a  f o r  t h i s  p u r p o s e .  T hese c h a r a c te r s  

show a lm o s t  p e r f e c t  c o r r e l a t i o n s  w i t h  v a r io u s  o t h e r  

c h a r a c t e r s .  Thus V o g e s - P r o s k a u e r -n e g a t iv e  ty p e s  have a 

lo w  COg t o  Hg r a t i o  and are m e t h y l - r e d - p o s i t i v e  ; V o g es -  

P r o s k a u e r -p o s  i t  iv e  ty p e s  have a h ig h  COg t o  Hg r a t i o ,  

a r e  m e t h y l - r e d - n e g a t i v e  and K o s e r - p o s i t i v e .  K b se r -n e g a -  

t i v e  t y p e s  a r e  n o t  h i g h l y  r e s i s t a n t  to  b r i l l i a n t  g r e e n ,  

are  n o n - c a p s u la t e d ,  do n o t  form t h i c k  m ucoid  c o l o n i e s  and 

are  V o g e s - P r o s k a u e r - n e g a t iv e , i n o s i t o l - n e g a t i v e ,  and 

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

a n t  t o  b r i l l i a n t  g r e e n ,  and w i t h  t h e  e x c e p t i o n  o f  group  

B and c e r t a i n  members o f  group 3 ,  a re  f r e q u e n t l y  e n c a p 
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s u l a t e d  and form t h i c k ,  m ucoid  c o l o n i e s .  N o n - I n o s i t o l -  

f e r m e n te r s  a r e  as a r u l e  m o t i l e  and w i t h  t h e  e x c e p t i o n  

o f  a few t y p i c a l  B. c o l i ,  a d o n i t o l - n e g a t i v e . I n o s i t o l -  

fe r m e n te r a  a re  K o s e r - p o s i t i v e ,  a d o n i t o l - p o s i t i v e ,  s u c r o s e -  

p o s i t i v e  and r a f f i n o s e - p o s i t i v e ; a r e  f r e q u e n t l y  e n c a p 

s u l a t e d  and form t h i c k ,  m ucoid  c o l o n i e s ;  and a s  a r u l e  

are  n o n - m o t i l e . I n d o l e - n e g a t i v e  t y p e s  are  K o s e r - p o s i t i v e ,  

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

o r  n e g a t i v e  a c c o r d in g  to  w heth er  th e  i n o s i t o l  r e a c t i o n s  

are  p o s i t i v e  or  n e g a t i v e .

By means o f  t h e s e  fou r  c h a r a c t e r s  ( th e  V o g es-  

P r o s k a u e r ,  K o se r ,  i n o s i t o l  and in d o l e  r e a c t i o n s ) i t  

i s  p o s s i b l e  t o  a rra n g e  c o l i f o r m  t y p e s  in  th e  f o l l o w i n g  

w e l l  d e f in e d  s u b - g r o u p s : -
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TABLE 4. The rate of multiplication of different types of
c o l i f o r m  o r g a n ism s  in  pure c u l t u r e  in  s t e r i l i s e d  o r  p a r t i a l l y  
s t e r i l i s e d  m i l k  h e ld  a t  1 7 ^ 0 .  f o r  24 h o u r s .  The c u l t u r e s  b e 
l o n g i n g  t o  e a c h  su b -g r o u p  a re  arra n g ed  in  a s c e n d in g  v a lu e s  o f  
th e  r a t i o s  Of f i n a l  c o u n ts  t o  i n i t i a l  c o u n t s .

Type o f  
o r g a n ism s

I n i t i a l  count F in a l  co u n t
R a t io  o f  f i n a l  
cou n t t o  i n i t i a l

B . c o l l  su b -g ro u p  
(30  s t r a i n s ) .

B . c l o a  cae su b -g r o u p  
( i l  s t r a i n s )

p e r  ml . _  . p e r m l . c o u n t .

3 ,7 0 0 70 000 19
4 ,8 0 0 90 000 19

7 9 ,6 0 0 1 ,9 6 0 000 25
1 3 ,9 0 0 500 000 36
1 4 ,9 0 0 650 000 44

4 ,4 0 0 200 000 45
39 2 300 59

1 8 ,5 0 0 1 ,1 1 0 000 60
59 -f 4 300 73

1 3 ,7 0 0 1 ,0 2 0 000 74
33 + 2 600 79

6 ,8 0 0 570 000 84
35 + 3 1 0 0 89

1 ,6 6 0 160 000 96
1 2 ,8 0 0 1 ,2 4 0 000 97
1 1 ,6 0 0 1 ,1 5 0 000 99

7 ,0 0 0 740 000 106
41 4 900 120
29 + 3 500 121
43 + 6 4 0 0 126
59 + . 8 100 137

6 ,6 0 0 1 ,0 9 0 000 166
6 ,9 0 0 1 ,1 7 0 000 1 7 0

29 4- 5 900 203
3 ,8 0 0 770 000 .203

30 + 7 900 263
33 + 9 000 273
88 + 25 600 291
28 + 8 500 304
49 + 20 900 427

2 ,4 0 0 1 ,5 5 5 000 648
1 0 0 + 66 000 660

50 + 37 900 758
66 29 000 806
66 + 54 000 818

3 ,0 5 0 2 ,9 7 0 000 974
56 + 63 000 1 ,1 2 6
61 + 71 000 1 ,1 6 4
46 + 95 000 2 ,0 6 5

1 ,0 5 0 3 ,5 3 0 000 3 ,3 6 2
7 ,6 0 0 4 7 ,6 1 0 000 6 ,2 6 4
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TABLB 4 .  (C ontd)

Type o f  
o r g a n is m s .

I n i t i a l  count  
p er  m l .

B . o x y to c u s  su b 
group (20  s t r a i n s )

B. a e r o g e n e s  s u b 
group (14  s t r a i n s )

F i n a l  cou nt  
p e r  m l .

R a t io  o f  f i n a l  
cou n t t o  

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

14 + 1 1 ,6 0 0 829
58 + 5 2 ,3 0 0 9 0 2
19 + 1 9 ,0 0 0 1 ,0 0 0

1 ,4 0 0 1 , 4 7 0 , 0 0 0 1 ,0 6 0
4 0  + 4 4 ,0 0 0 1 ,1 0 0
47  + 5 3 ,0 0 0 1 ,1 2 8

131 + 1 6 1 ,0 0 0 1 ,2 2 9
58 + 7 2 ,0 0 0 1 ,2 4 1
33  + 4 2 ,0 0 0 1 ,2 7 3
77 + 1 0 5 ,7 0 0 1 ,3 7 3
36 + 5 0 ,0 0 0 1 ,5 8 9
60 + 8 6 ,0 0 0 1 ,4 3 3
47 + 8 9 ,0 0 0 1 ,8 9 4
55 + 1 0 5 ,0 0 0 1 ,9 0 9
74 + 1 6 8 ,5 0 0 2 ,2 7 7
81 + 2 0 5 ,5 0 0 2 ,5 3 7

850 3 , 1 5 0 , 0 0 0 3 ,7 0 6
57 + : 2 1 5 ,0 0 0 3 ,7 7 2

450 2 ,1 0 5 ,0 0 0 4 ,6 7 8
800 6 ,8 8 0 ,0 0 0 8 ,6 0 0

3 ,7 0 0 2 ,1 3 5 ,0 0 0 577
56 H- 3 5 ,3 0 0 630

7 ,9 0 0 6 , 1 3 0 , 0 0 0 776
18  + 1 5 ,4 0 0 866

119 + 1 2 9 ,0 0 0 1 ,0 8 4
4 ,2 5 0 4 , 6 6 5 , 0 0 0 1 ,0 9 0

43 + 6 7 ,0 0 0 1 ,5 5 8
47 + 9 9 ,0 0 0 2 ,1 0 6
65 + 1 4 0 ,0 0 0 2 ,1 5 4

1 ,4 0 0 3 , 3 9 0 , 0 0 0 2 ,4 2 1
46  + 1 4 5 ,0 0 0 3 ,1 5 2

7 ,2 0 0 2 3 ,2 4 0 ,0 0 0 3 ,2 2 8
8 ,3 0 0 2 6 ,8 3 0 ,0 0 0 3 ,2 3 3
3 ,8 0 0 1 4 ,8 4 0 ,0 0 0 3 ,9 0 5

+ E m ploying s t a n d a r d is e d  s u s p e n s i o n s .  See t e x t .
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TABLE 5* The r a t e  o f  m u l t i p l i c a t i o n  o f  d i f f e r e n t  t y p e s  o f  
c o l i f o r m  o rg a n ism s  in  pure c u l t u r e  in  a sp ec im en  o f  raw m i lk  
h e ld  a t  1 7 ^ 0 . f o r  24 h o u r s . The c u l t u r e s  b e l o n g i n g  t o  e a c h  
su b -g ro u p  a re  a rra n g ed  in  a s c e n d in g  v a lu e s  6 f  t h e  r a t i o s  o f  
f i n a l : c o u n t s  t o  i n i t i a l  c o u n t s .

R a t io  o f  f i n a l
Type o f I n i t i a l  count F in a l  count cou n t t o

o rg a n ism s p er  m l . p e r  m l . i n i t i a l  count

B • c o l i  su b -g ro u p 1 868 700 0 .5
(13 s t r a i n s  ) 2 618 1 200 0 . 5

2 208 2 700 1
2 638 10 200 4
2 908 16 200 6.
3 518 22 700 6
6 118 34 200 6
4 118 51 200 12
1 328 58 700 44
3 418 171 700 60
2 318 122 200 63
3 018 198 200 66
2 218 169 200 76

B .c lo a c a e  su b -g ro u p 4 018 80 200 20
(3 s t r a i n s ) 2 198 502 200 228

1 958 3 ,9 9 7 200 2 ,0 4 2

B . o x y to c u s  su b -g ro u p 10 218 18 200 2
(7  s t r a i n s ) 2 418 827 200 342

2 618 '992 200 379
2 318 2 ,0 5 2 200 885
2 1 4 8 2 ,7 6 2 200 1 ,2 8 6
2 338 3 ,7 9 4 200 1 ,6 2 3
2 118 4 ,1 9 7 200 1 ,9 8 2

B. a e r o g e n e s  su b -g ro u p 4 218 4 700 1
(6 s t r a i n s ) 1 788 627 200 351

2 818 2 ,2 3 7 200 794
3 448 3 ,1 3 7 200 910
2 818 4 ,9 9 7 200 1 ,7 7 3
3 118 7 ,5 9 7 200 2 ,4 3 7

C o n tr o l  w i th o u t  a d d i t i o n
o f  any c u l t u r e . 282 2 , 800 10

The I n i t i a l  and f i n a l  co u n ts o f  e a c h c o l i f o r m  ty p e  were
o b ta in e d  by s u b t r a c t i n g  th e i n i t i a l and f i n a l  c o u n ts  r e s p e c t i v e  -
l y  o f  th e  c o n t r o l  from th e  i n i t i a l and f i n a l c o u n ts  o f  e a c h
m i lk  c u l t u r e
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TABLE 6 .  The r a t e  o f  m u l t i p l i c a t i o n  o f  d i f f e r e n t  t y p e s  

o f  c o l i f o r m  o rg a n ism s  in  pure c u l t u r e  i n  (à )  s t e r i l i s e d  

m ilk  and ( b ) raw m i l k ,  h e ld  a t  1 7 ^ 0 . f o r  24 h o u r s .  The 

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

cou n t t o  i n i t i a l  cou n t o f  th e  m i l k .

RATE OF MBLTIPLICATION

S t e r i l i s e d  M ilk Raw M ilk

B. c o l i
(10  s t r a i n s )

A e r o g e n e s - c lo a c a e  
(15  s t r a i n s )

25
44
99

120
157
166
170
203
291
427

578
650
660
776
902

1 ,0 8 4
1 ,2 2 9
1 ,5 7 5
1 ,4 3 5
2 ,1 5 4
2 ,2 7 7
2 ,5 5 7
3 ,9 3 8

6
50
53

4
1 2

6
0 . 5
0 . 5
6

66

910
228
351
379
794

1 ,6 2 3
542
885

1 ,7 7 3
1 ,2 8 6
1 ,9 8 2

2
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TABLE 8 .  The i n f l u e n c e  o f  tem p eratu re  on th e  r e l a t i v e

r a t e s  o f  m u l t i p l i c a t i o n  o f  a e r o g e n e s - c l o a c a e  and B. c o l l  

t y p e s ,  when grow in g  in  m ixed  c u l t u r e  in  m i lk  f o r  24 h ou rs  

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

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

r a t e  o f  t h e  B. c o l i .

V I  V K l i22k V t  4 *  ,
TEMPERATURE OF INGUBATIOR

jixpei* iiriuiiu
1 7 ^ 0 . 82°C . 30°C . 37^ 0 .

2 1 . 0#6 9 . 2 0 .9 5 . 0  :
2 2 . 1 1 . 0 I S . 3 « - 1 1 .7  '

2 5 . 3 .7 4 3 .1 0 .3 0 .4
2 4 . 2 . 0 7 7 .0 1 . 7 1 . 3
2 5 . 1 2 .5 7 . 0 0 .3 0 .2  '
2 6 . 5 .2 2 0 .7 1 . 3 0 .3
2 7 . 3 . 0 1 . 5 0 .3 0 .3  ;

2 8 . 9 . 0 3 4 .8 0 .2 0 .1
2 9 . 0 .3 0 .2 0 .7 0 .1
3 0 . 2 5 .6 2 1 .5 1 . 3 0 .4
5 1 . 1 4 .1 2 3 .1 0 .1 0 .3
3 2 . 3 .1 ■ l . , 5  . 3 . 8 0 .3
3 3 .  / 6 :3 5 . 0  , 0 .3 0 .7
3 4 . 4 . 0 7 .4 0 .5 0 .2
3 5 .  . 0 .1 . .  0 .7 0 .2 0 .1
3 6 . ; o . 3 0 .4 0 .1 0 .4
3 7 . 1 4 .1 8 .9 0 .1 0 .3
3 8 . 4 . 0 5 .4 0 .2 '  0 .4  :

3 9 . 2 1 .2 1 9 .8 0 .3 0 .4
4 0 . 1 7 .4 2 5 .5 0 .2 0 .1
4 1 . 4 6 .7 7 . 2 3 . 8
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TABLB 9 .  The c o l i f o r m  f l o r a  o f  m i lk  w h ich  has b e e n  in o c u la t e d  
w it h  b o v in e  f a e c e s  and h e ld  f o r  36 h o u rs  a t  1 7 ^ 0 .

Tpo A 1 ■

NUMBER OF CULTURES ISOLATED FROM THE MILK
1/ tit? VtaJL

Specim en
B. c o l i  

t y p e s

1
In te r m e d ia te  

t y p e s .

A e r o g e n e s - c lo a c a e  type  
(B . a e r o g e n e s , B .c lo a c a e  
B .o x y t o c u s  and B.

f r i e d l a n d e r f ) .  ;

1 .

1

26 ■
2 , 1 5 23
3 . 6 4 3
4 . 1 3
5 . M — 2
6 . — 2 7

( a . 28
7 .  (b . 14 -

( c . 1 0 1

( a . 33
8 .  (b . 30 - 1

( c . 30 2 —

( a . » 5 9
9* (b . 2 3 10

( c .  ; : 6 1 18

(a . 26
1 0 .  ( b . 7

( c . 8 .X

(a .  , , 1. 13
1 1 .  (b . 4 1 6

( c . 2 — 8

( a . 5 3 1
1 2 .  (b . 2 an* 7

( c . 4 " 12

X C u ltu r e s  o f  a e r o g e n e s - c l o a c a e  t y p e s  were o b ta in e d  on  
r e - e x a m in a t io n  o f  c o l o n i e s  on o r i g i n a l  p l a t e s .

Inoculum  c o n s i s t e d  in  "a" o f  1 ml# o f  f a e c a l  s u s p e n s io n ;  
in  "b" o f  0 .5  m l . and in  "c" o f  0 .2 5  m l .
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TABLE 1 0 .  Show ing b i o l o g i c a l  c h a r a c t e r s  o f  1597  c u l t u r e s  o f
c o l i f o r m  b a c t e r i a  o b t a in e d  fr o n  m i lk  and b o v in e  f a e c e s  by  
o r d in a r y  and b y  e n r ic h m e n t  m ethods o f  i s o l a t i o n .

S u b -g ro u p s  o f  
t y p e s .

V o g e s -
P r o s -
k au er Koser I n o s i t o l I n d o le

MacConkey *3 
t y p e s

1 .  B . c o l i Low - - + 1 , 2 , 4 , 5 , 5 3 ,  
3 4 , 3 5 ,  7 1 ,  
7 2 ,  1 0 0 ,  
1G6> 1 0 7 .

2 . I n te r m e d ia te ft “ + As above b u t  
K o s e r - p o s i 
t i v e  .

3 .  I n te r m e d ia te If - + - - 7 , 3 6 , 7 0 , 7 4 ,
1 0 9 .

4 .  I n te r m e d ia te If - t 4- 6 6 ,^  1 0 1 .

5 .  B . f r i e d l a n d e r i II “ 4- — 6 8 ,9 9 ,1 0 4 ^

6 .  B . c lo a c a e High + + - — 3 , 6 9 , 7 5 , 7 5 ^
1 0 5 ,1 0 8

7 .  B .o x y t o c u s If + + + 4* 6 5 ,9 7 ^

8 .  B .a e r o g e n e s II + - + 6 7 , 9 8 , 1 0 2 ,
1 0 3 .

(The m a n n i t o l ,  r a f f i n o s a ,  s a l i c i n  and m e t h y l - r e d  r e a c t i o n s  have  

1 ,  D i f f e r i n g  from MacGonkey*s ty p e  i n  i n o s i t o l  r e a c t i o n s .  T hirty-r  

n o t  in c lu d e d  in  t h e  t a b l e .  D e t a i l s  o f  t h e i r  c h a r a c t e r s  a r e  g iv e n
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M o t i l i t y A d o n i t o l S u c r o se D u l c i t o l I n u l i n G e la t i n

+ - + - + — + — + - 4* - T o t a l

785 97 106 776 512 370 692 190 0 882 5 877 882

13 5 7 11 12 6 12 6 0 18 1 17 18

124 2 1 125 48 78 40 86 0 126 9 117 126

1 22 23 0 23 0 7 16 1 22 0 23 23

4 29 33 0 33 0 14 19 5 28 5 30 33

198 13 4 207 211 0 59 152 1 3 198 141 70 211

4 67 70 1 71 0 55 16 59 12 47 24 71

34 199 222 11 232 1 42 191 43 190 24 209 233

n o t  b een  in c lu d e d  f o r  r e a s o n s  g iv e n  in  t e x t . )

n in e  c u l t u r e s  o u t  o f  a t o t a l  o f  1636  were o f  a t y p i c a l  s t r a i n s  & are 

in  t e x t .



- 1 5 8 -

H
•

Hl_j
(D -aN

o0 i-b
y
g*cfy0 0P0cf 0
P
H* g

O cf
y P

y0
o w
y

0 00 y
y 0
i-j.
o o

ycf
0 p
y ycf b0
H p
0cf y,
y ' y
o Qp y
0
• y

o
<
S*p
0

f*b
P
0
O
0
0
çl

m
•o
S
H

g-

5-

5
«<j

00 o i a i 03 CO H
• • • • • • • •
Cd txt w

•
w
• y g &• ■

tx)
cf cf y

p o a H) 0 0 0 o0 w H y y y y o
y O H» S S U 1—'
o cf P 0 0 0 0 yO O Pi pi y pi0 O p H H* p. H*y y 0 P: P p P0 0 y y cf y
m P j 0 0 0

o
y
H*

+  +  4- I I I I

4* 4* 4* 4* •4' 4* +

4* 4* I 4* 4" I I

4* I I 4* I 4*

COî H H*
o CO CD CO H -4 03 H
Ü1 CO O O) H Ol

CJ1
«O CO M O CO o

03 ! H H
-q CO H M H y M

1 0> Ol CO O o <!

pi >  
H* H  
Cû H  O

g-
pi 
#

âci*
(D
01

CO
&

"Q

I
OQ

Ol-î)
cf

Q>
«

0 o m
(D M p
y I Dû

t

g*mQ>
y

g
wH*cf
O
M

g
O
H
(D

M) td
P O
0  <
O H.

M 0  y
0  0

O

a
S
p
y
N
U
0

f
p ,
ta

_  0
B y

*4) td 0  y
P  O y  1“**
0  <j y  o  td
p o  y«<!
0  y pi B
0  0 0  0

• y
et*

I
h”• 
H

kg
s
0
ta

o
1-b
O
oH
H*
y>
o

o ‘
p
oc+
y
H*
P
H.
M 
O i—' 
p  
c f  
(D 
pi



R E F E R E N C E S
• a  «te im «Mk Ml '



- 159 -

R E P E R B N C E S

A l l a n ,  P.W. ( 1 9 2 3 ) .  J .  D a ir y  S o l .  6 , 4 7 9 .

A l l i s o n ,  V.D. and A y l i n g ,  T .H. ( 1 9 2 9 ) .  J .  P a t h .  B a c t .  3 2 ,  2 9 9 .

A y e r s ,  S .H .  and Clenuner, P.W. ( 1 9 1 8 ) .  U . S . D e p t .  A g r l o . ,
B n l l .  N o .7 3 9 .

B a r d s l e y ,  D .A . ( 1 9 2 6 ) .  J .  H y g . ,  Camb., 2 5 ,  1 1 .
->...... _______ ( 1 9 3 4 ) .  I b i d .  3 4 ,  3 8 .

B e r g e y ,  D.H. ( 1 9 2 3 ,  1 9 3 4 ) .  “Manual o f  D e t e r m i n a t i v e
B a c t e r i o l o g y . ” London.

B e r g e y ,  D#H. & Deehan,  8 . J ,  (1 9 0 8 ) . ,  J .  Med. Res,. 1 9 ,  1 7 5 .

B r e e d ,  R . S .  and S t o c k i n g ,  W .A .,  J r .  ( 1 9 2 0 ) .  N .Y . S t . A g r i c .
Exp. S t a . ,  T ech .  B u l l .  N o .7 5 .

Brown, H.O. ( 1 9 2 1 ) .  L a n c e t ,  1 ,  2 2 .
■ ' ' ■ ■ ' ' '  ' ■ ,  'Brown, H.O. and Kirwan, E.W. O'G. ( 1 9 1 6 ) .  I n d .  J .  Med.

R e s .  2 ,  7 6 3 .

Browning,  G.E. ( 1 9 1 8 ) .  "A pplied  B a c t e r i o l o g y " .  London.

B u r k e - G a f fn e y ,  H .J .  O'D. ( 1 9 3 2 ) .  J .  H y g . ,  Camb., 3 2 ,  8 5 .
 ------------------------------------------  ( 1 9 3 3 ) .  I b i d .  3 3 ,  5 1 0 .

B u rr ,  R .H. ( 1 9 0 2 ) .  Z b l . B a k t .  A b t .  2 ,  Bd. 8 , 2 3 6 .

B u r to n ,  L .V .  and R e t t g a r ,  L . P .  ( 1 9 1 7 ) .  J .  I n f e c t .  D i s .  2 1 ,  16

Chen, 0 . 0 .  & R e t t g e r ,  L .P .  ( 1 9 2 0 ) .  J . B a c t .  5 ,  2 5 3 .

Chick,;Ki:' H . ( 1 9 0 0 ) .  Thompson Y a te s  L a b . R e p s .  3 ,  1 and 11 
Bovieaj R. - ( 1 9 0 1 ) .  I b i d .  4 ,  1 8 3 .

C la r k ,  H.W. ( 1 8 9 8 ) .  Rep. S t .  Bd. ELth. M a ss .  p . 4 8 6 .
---------------------  ( 1 8 9 9 ) .  I b i d .  p .  4 8 5 .  *

C la r k ,  W.M. & L u b s ,  H.A. ( 1 9 1 5 ) .  J . I n f e c t .  D i s .  1 7 ,  1 6 0 .



—160 —

C lem esha ,  W.W. ( 1 9 1 2 ) .  J .  Hyg*, Crnnb*, 1 2 ,  4 6 5 .

Committee on B a c t e r i o l o g i c a l  T ec l m ic  ( 1 9 5 4 ) .  Pure C u ltu re  
S tudy  o f  B a c t e r i a ,  2 ,  l e a f l e t  V, 8 .

Conn, E.W. ( 1 9 0 2 ) .  R e f .  Z b l .  B a k t .  A b t .  2 ,  Bd. 8 , 4 4 2 .

Conn, H.W. and Es t e n ,  W.M. ( 1 9 0 4 ) .  R e p r i n t s  o f  S t u d i e s  from
R o c k e f e l l e r  I n s t .  Med. R e s .

C ru ick sh a n k ,  J .  & C ru ick sh a n k ,  R. ( 1 9 3 1 ) .  “A System  o f
B a c t e r i o l o g y ” . (Med. R e s .  Coun. ) ,  8 , 3 3 4 ,  London

D o rn er ,  W. (1926  y. Le L a i t ,  6 , 50 5 ,  6 5 5 ,  8 5 0 .

Durham, H.E. ( 1 9 0 0 - 1 9 0 1 ) .  J .  E x p er .  Med. 5 ,  3 5 3 .

Dyar,  H.O. and K e i t h ,  B .C . ( 1 8 9 4 ) .  Z b l .  B a k t .  A b t .  1 ,  1 6 ,  838

P e r r i e r a ,  A . ,  H o r ta ,  A . C . ,  and P a r e d e s ,  C. ( 1 9 0 8 ) .  A r c h i v o s
de R ea l  I n s t i t u t e  B a c t e r i o l o g i c a  Camara P e s t a n a .  
L i s b o a ;  Tome 2 ,  P a s o .  2 .  4£-

P i n k e l s t e i n ,  H. ( 1 9 1 9 ) .  J .  D a ir y  S o i .  2 ,  4 6 0 .

Ford ,  W.W. ( 1 9 0 1 ) .  J .  Med. R e s .  6 , 2 1 1 .
'— -------:------  ( 1 9 2 7 ) .  “T e x t - b o o k  o f  B a c t e r i o l o g y . ” P h i l a d e l p h i a

and London, -*•

F r e u d e n r e i c h ,  Ed. von ( 1 9 0 2 ) ,  Z b l .  B a k t .  A b t .  2 ,  Bd. 8 , 6 7 4 .
—  ( 1 9 0 3 ) .  I b i d .  B d . lO ,  4 0 1 .
—  ( 1 9 0 4 ) .  I b i d .  B d . l 3 ,  2 8 1 .

F r e u d e n r e ic h  and Thoni ( 1 9 0 3 ) .  Z b l . B a k t .  A b t .  2 ,  B d . lO ,  3 0 5 .

F u l l e r ,  G.W. ( 1 8 9 9 ) .  R ep o r t  on t h e  i n v e s t i g a t i o n  i n t o  t h e  
p u r i f i c a t i o n  o f  t h e  Ohio R iv e r  w a te r  f o r  th e  
im proved w a te r  s u p p ly  o f  th e  C i t y  o f  C i n c i n n a t i ,

G e o r g ia ,  P .R .  & M o r a le s ,  R. (1926), .  J .  Amer. Wat. Wks.
A s s .  1 6 ,  6 3 1 .

Gordon, M.PI. ( 1 8 9 7 ) .  J .  P a t h .  B a c t .  4 ,  4 3 8 .

Gray, J .D .A .  ( 1 9 3 2 ) .  J .  H y g . ,  Camb., 3 2 ,  1 3 2 .

G r e e n f i e l d ,  M. ( 1 9 1 6 ) .  J .  I n f e c t .  D i s .  1 9 ,  6 4 7 .



- I G l -

Gr Imber t ,  L* and L e g r o s ,  G. ( 1 9 0 0 ) .  C.R* S o c .  B i o l .  5 2 ,  4 9 1 .  ^

Hammer, H.W. ( 1 9 2 8 ) .  "Dairy  B a c t e r i o l o g y . ” New York and London.

Harden, A. ( 1 9 0 1 ) .  J .  Ghem. S o c .  7 9 ,  6 1 0 .
( 1 9 0 5 ) .  J .  H y g . ,  Camb., 5 ,  4 8 8 .

Harden, A. and W a lp o le ,  G .S .  ( 1 9 0 6 ) .  P r o c .  Roy. S o c . ,
B, 7 7 ,  3 9 9 .

H a r r i s o n ,  P .C .  ( 1 9 0 5 ) .  Z b l .  B a k t .  A b t .  2 ,  Bd. 1 4 ,  3 5 9 .

Hay, H.L. ( 1 9 3 2 ) .  J .  H y g . ,  Camb., 3 2 ,  2 4 0 ,

Heihemann, ( 1 9 0 6 ) .  R e f .  B u l l .  I n s t .  P a s t e u r ,  4 ,  2 4 6 .

H ic k s ,  P . P .  ( 1 9 2 7 ) .  J .  H y g . ,  Camb., 2 6 ,  3 5 7 .

H o r ro ck s ,  L .  ( 1 9 0 1 ) .  " B a c t e r i o l o g i c a l  E x a m in a t io n  o f  W a t e r . ”
 ;-----——-  ( 1 9 0 3 ) .  J .  Roy. Army Med. C orps ,  1 ,  3 6 2 .

H ou ston ,  A .C .  ( 1 8 9 7 - 1 8 9 8 ) .  2 7 t h .  Ann. R e p . Med. O f f .  L o c .
Gov. Bd. p . 2 5 1 .

 :---------- — ----  ( 1 8 9 9 - 1 9 0 0 ) .  2 9 t h .  I b i d .  p p . 489 and 5 4 9 .
 ---- ---------------: ( 1 9 0 0 - 1 9 0 1 ) .  3 0 t h .  I b i d .  p .  5 1 1 .

( 1 9 0 1 - 1 9 0 2 ) .  3 1 s t .  I b i d .  p .  4 9 4 .
( 1 9 0 2 - 1 9 0 3 ) .  32 n d .  I b i d .  p p . 511 and 5 8 1 .
( 1 9 0 5 ) .  "The B a c t e r i o l o g i c a l  E x a m in a t io n  o f  

M i l k ” . Rep. Med. O f f .  L .C .C .

Howe, E .C .  ( 1 9 1 2 ) .  S c i e n c e ,  N .S .  3 5 ,  2 2 5 .

Howie,  J.W. 8c K i r k p a t r i c k ,  J .  ( 1 9 3 4 ) .  J .  P a t h .  B a c t .  3 9 ,  1 6 5 .
I

H u lto n ,  p .  ( 1 9 1 6 ) .  J .  I n f e c t .  D i s .  1 9 ,  6 0 6 .

H u n ter ,  O.W. ( 1 9 1 7 ) .  J .  B a c t .  2 ,  6 3 5 .

I r o n s ,  E . S .  ( 1 9 0 0 ) .  R e p o r t s  and P a p e r s  Amer. Pub. HLth.
A s s .  2 6 ,  3 1 0 .  *

— —— :------- : ( 1 9 0 2 ) .  J .  H y g . ,  Camb., 2 ,  3 1 4 .

J a c k s o n ,  D .D . ( 1 9 1 1 ) .  Amer. J . Pub. H Ith .  1 ,  9 3 0 .
  _____________  ( 1 9 1 1 ) .  J .  I n f e c t .  D i s .  8 , 2 4 1 .

J o h n so n ,  B .R .  ( 1 9 1 6 ) .  J .  B a c t .  1 ,  9 6 .



•162-

Johnaon,  B .R .  & L ev in e . ,  M. ( 1 9 1 7 ) .  J .  B a c t .  2 ,  3 7 9 .

Jord an ,  E .O. ( 1 9 0 1 ) .  J .  H y g . ,  Camb., 1 ,  2 9 5 .
 ------------------:—  ( 1 9 0 3 ) .  I b i d .  3 ,  1 .
 — :— ------ ( 1 9 2 6 ) .  J .  I n f e c t .  D i s .  3 8 ,  3 0 6 .
------------------------( 1 9 8 8 ) .  "G eneral  B a c t e r i o l o g y . "  W .B .Saunders  Co.

K le in  and Houston ( 1 8 9 7 - 1 8 9 8 ) .  2 7 t h .  Ann. Rep. Med. O f f .
L o c .  Gov. Bd. p .  3 1 8 .

K L lg le r ,  I . J . , ( 1 9 1 4 ) .  J .  I n f e c t .  D i s .  1 6 ,  1 8 7 .

K l i n e , E .K. ( 1 9 3 0 ) .  I n t e r n a t .  A s s .  D a ir y  and M i lk  I n s p e c t o r s ,
1 9 t h .  Ann. Rep. p .  6 8 . *

Kon, P.M. ( 1 9 3 3 ) .  J .  D a iry  R e s .  4 ,  2 0 6 .

Kbning, ( 1 9 0 5 ) .  R e f .  Z b l .  B a k t .  A b t .  2 ,  Bd. 1 4 ,  4 2 4 .

K o se r ,  S .A .  ( 1 9 1 8 ) .  J .  I n f e c t .  D i s .  2 3 ,  3 7 7 .
  ------ :- ( 1 9 2 3 ) .  J .  B a c t .  8 , 4 9 3 .
— ;-( 1 9 2 4 ) .  I b i d .  9 ,  5 9 .
________ :_____  ( 1 9 2 6 a ) . J .  Amer. Wat. Wks. A s s .  1 5 ,  6 4 1 .
 _( 1 9 2 6 b ) . J .  B a c t .  1 1 ,  4 0 9 .

 ------(1 9 2 6 c )  . J .  I n f e c t .  D i s .  3 8 ,  5 0 6 .

K ovaos ,  N. ( 1 9 2 8 ) .  Z. hnmun. P o r s c h .  5 5 ,  3 1 1 .  Cham. A b s .
2 2 ,  3 4 2 5 .

K ruse ,  W. ( 1 8 9 4 ) .  Z. Hyg. I n f e k t K r .  1 7 ,  1 .

L e v i n e ,  M. ( 1 9 1 6 a ) .  J .  B a c t .  1 ,  8 7 .
  ( 1 9 1 6 b ) .  I b i d .  1 ,  1 5 3 .

. ( 1 9 1 6 6 ) .  J .  I n f e c t .  D i s .  1 8 ,  3 5 8 .

. ( 1 9 1 6 d ) .  I b i d .  1 9 ,  7 7 3 .

. ( 1 9 1 6 e ) . J .  B a c t .  1 ,  6 1 9 .

. ( 1 9 1 8 ) .  I b i d .  3 ,  2 5 3 .
( 1 9 2 1 ) .  Engng. Exp. S t a . ,  B u l l ,  l a .  N o . 6 2 .

L e v i n e ,  M. and L i n t o n ,  O .S .  ( 1 9 2 4 ) .  Amer. J .  Pub. H l t h .
1 4 ,  9 5 .

L e v i n e ,  M . , Vaughn, R . ,  E p s t e i n ,  8 . 8 . & A n d erso n ,  D.Q. ( 1 9 3 2 ) .
P r o c . S o c .  Exp .  B i o l .  2 9 ,  1 0 2 8 .

L e w is ,  I .M . & P i t t m a n ,  E .E .  ( 1 9 2 8 ) .  J .  Amer. Wat. Wks.
A s s .  1 9 ,  7 8 .

L i n t o n ,  C .S .  ( 1 9 2 4 ) .  A b s .  B a c t .  8 , 2 9 6 .



F -163

L ux, A .  ( 1 9 0 4 ) .  Z b l .  B a k t .  À b t . 2 ,  Bd. 1 1 ,  195  and 2 6 7 .

MâcGpnkey, A. ( 1 9 0 5 ) .  J .  H y g . ,  Camb., 6 , 3 3 3 .
—  ---------( 1 9 0 6 ) .  I b i d .  6 , 3 8 5 .

^ 1 9 0 9 ) .  I b i d . 9 ,  8 6 .

M a ck ie ,  T , J .  (1921 ) .  T r a n s . Roy, S o c .  S .  A f r .  9 ,  3 1 6 .

Ma c k l  0 , T . J . aiïd È c Cartno y , J . E .  ( 1 9 3 8 ) .
"Handbook o f  P r a c t i c a l  B a c t e r i o l o g y . ” Sdinburgî

M a k g i l i ,  R.H. (19Ô 1) .  J .  H y g . ,  Camb., 1 ,  4 3 0 .

M alco lm , J . P .  ( 1 9 3 2 ) .  J .  D a ir y  R e s .  4 ,  9 1 .
— - 1 — — I bi d.  5 ,  1 5 .

Maneva1 ,  W.E. ( 1 9 3 4 ) .  S c i e n c e ,  8 0 ,  2 9 2 .

M uir ,  R. & R i t c h i e ,  J .  ( 1 9 3 7 ) .  "Manual o f  B a c t e r i o l o g y ” .
Oxford T J n iv a rs i ty  P r e s s .

Murray, T . J .  ( 1 9 1 6 ) .  J .  I n f e c t .  D i s .  1 9 ,  1 6 1 .

Ni c o l l e ,  C. and P e t i t ,  P .  ( 1 9 0 4 ) .  Revue Med. de Normand.,
25 D ec .  1 9 0 3 .  R é f .  B u l l .  I n s t .  P a s t e u r ,  2 ,  55Î

Orr, T. ( 1 9 0 8 ) .  Rep. on " I n v e s t i g a t i o n  a s  t o  t h e  c o n t a m in a t io n
p f  m i l k . ” County H a l l  B e v e r l e y ,  Y o r k s .  #

B a i n e ,  P . S .  ( 1 9 2 7 ) é  J .  B a c t .  1 3 ,  2 6 9 .

p a k e 8 , ( 1 9 0 0 ) .  .P u b l ic  H e a l t h ,  1 2 ,  4 5 .

P a rk ,  W.H. ( 1 9 0 1 ) .  J . . Hyg. ,  Camb., 1 ,  3 9 1 .

P e r r y ,  C.A. ( 1 9 2 9 ) . A m e r .  J .  Hyg. 1 0 ,  5Ë0^

P e r r y ,  M.C. and Mont f o r t , W,. P. (1921 ) ,  J .  B a c t . 6 , 5 3 .

P l a t t , A . E . (1935) .■  :H y g . ,  Camb. ,  3 5 ,  4 3 7 .

P r e s c o t t ,  B .C . & W ins low ,  C . -E .A .  ( 1 9 1 5 ) .  "Elem ents  o f
Water B a c t e r i o l o g y . ” John W i le y  and S o n . -AS-

R a g h a v a c h a r i ,  T . N . S . ( 1 9 2 6 ) .  In d .  J .  Med. R e s .  1 4 ,  4 7 .

Redman, T. ( 1 9 2 2 ) .  J .  B a c t .  P a t h .  2 5 ,  6 3 .



F —164 -

R e f i k ,  E. ( 1 8 9 6 ) .  Ann. I n s t .  P a s t e u r ,  1 0 ,  2 4 2 .

R o g e r s ,  L .A .  ( 1 9 1 6 ) .  J .  B a c t .  1 ,  8 2 .
—  ----------:------  ( 1 9 1 8 ) .  I b i d .  3 ,  3 1 3 .

R o g e r s ,  L . À . ,  C la rk ,  W.M,. 3c: D a v i s ,  B . J .  ( 1 9 1 4 ) .  J .  I n f e c t .
D i s .  1 4 ,  411 »

R o g e r s ,  L . A . , Clark,W.M. & Evans ,  A .C .  ( 1 9 1 4 ) .  J .  I n f e c t .
D i s .  1 5 ,  1 0 0 .

— ;— — — — ------_ _ _ _ _ -------- — —  ( 1 9 1 5 ) .  I b i d .  1 7 ,  1 3 7 .
  — :-------— ----------- — —- — — — — —  ( 1 9 1 6 ) ,  A m er .J .P u b .  '

HI t i l .  6 , 3 7 4 .

R o g e r s ,  L . A . ,  C la rk ,  W.M. 5c L u b s ,  H.A. ( 1 9 1 8 ) .  J . B a c t .  3 ,  2 3 1 .

R u c h h o f t ,  C .C . ,  K a l l a s ,  J . G . , Chinn, Ben 3c C o u l t e r ,  E.W. (1931
P a r t  1 ,  J .  B a c t ,  21 ,  4 0 7 ;  P a r t  2 ,  I b i d .  2 2 ,  
1 2 5 .

R u s s e l l ,  H.L.' & B a s s e t t ,  V.H. ( 1 8 9 9 ) .  P r o c .  Amer. P u b . H l t h .
A s s ,  2 5 ,  5 7 0 .  ^

S a v a g e ,  W.G. ( 1 9 0 1 ) .  J .  H y g . ,  Camb., 1 ,  4 3 7 .
 ----- — ----- :-----  ( 1 9 0 2 ) .  I b i d .  2 ,  . 3 2 0 .
 ------ —— —.—  ( 1 9 0 6 ) .  "The B a c t e r i o l o g i c a l  E x a m in a t io n  o f

Water S u p p l i e s . "  London.

Sherman, J.M. ( 1 9 3 5 ) .  "Fundamentals  o f  D a ir y  S c i e n c e . "  p .  2 8 0 .
New York: R e in h o ld  P u b l i s h i n g  C o r p o r a t io n .

Simmons, J . S .  ( 1 9 2 6 ) .  J .  I n f e c t .  D i s .  3 2 ,  4 5 6 .

S m ith ,  T. ( 1 8 9 0 ) .  Z b l .  B a k t .  7 ,  6 0 2 .  ^
 ----------------( 1 8 9 3 a ) .  1 3 t h .  ; Ann. Rep. S t .  Bd. N.Y. p .  6 8 0 .
 __ ______  ( 1 8 9 3 b ) .  "The' W ild er  Q uarter  C entury  Book,"  p . 1 8 7 .

  ( 1 8 9 5 ) .  Amer. J .  Med. S o i .  1 1 0 ,  2 8 3 .

T l t t s l e r ,  R .P .  5c S a n d h o l z e r ,  L .A . ( 1 9 3 5 ) .  J .  B a c t .  2 9 ,  3 4 9 .

Tonney, P .O .  and N o b l e ,  R .E .  ( 1 9 3 0 ) .  J .  Amer. Wat. Wks.
A s s .  2 2 ,  4 8 8 .

Workman, C.H. 5c G i l l e n ,  G.P. ( 1 9 3 2 ) .  J .  B a c t .  2 3 ,  1 6 7 .

Willem, and M ie le  ( 1 9 0 5 ) .  Revue G énéra le  du L a i t ,  p .  4 0 9 .
R e f .  B u l l .  I n s t .  P a s t e u r ,  3 ,  7 2 5 .



F - 1 6 5 -

W î l l l a m s ,  O.B. 5c Morrow, M.B. ( 1 9 2 8 ) .  J .  B a c t .  1 6 ,  4 3 .

W i l s o n ,  G.S .  ( 1 9 3 5 ) .  Med, R e s .  Coun. S p e c .  Hep. S e r . ,  N o .2 0 6 .

W inslow ,  C . -E .A .  Sc Cohen, B. ( 1 9 1 8 ) .  J .  I n f e c t .  D i s .  2 3 ,  8 2 .

W ins low ,  C . - E . A . ,  K l i g l e r ,  I . J .  5c R o th b erg ,  W. ( 1 9 1 9 ) .
J . B a c t .  4 ,  4 2 9 .

W ins low ,  C . - E .A .  and W alker ,  L .T .  ( 1 9 0 7 ) .  S c i e n c e  New S e r .  26 ,
7 9 7 .

Wood, D.R. ( 1 9 1 9 - 1 9 2 0 ) .  J .  H y g . ,  Camb., 1 8 ,  4 6 .

Y a l e ,  M.W. ( 1 9 3 3 ) .  J .  D a ir y  S c i .  1 6 ,  4 8 1 .

Y u l e , G-.XJ. ( 1 9 3 7 ) .  "An I n t r o d u c t i o n  t o  th e  Theory  o f
S t a t i s t i c s . "  London:, C. G r i f f i n  and Co. L td .

Z a v a g l i ,  V. ( 1 9 3 3 ) .  Z I n f e k t K r .  H a u s t i e r e ,  4 5 ,  1 1 0 .  ^

3€ S een  i n  a b s t r a c t  o n l y .


