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HISTORICAL. 

;/ In 1894, a s p e c i f i c b a c i l l u s was f i r s t i s o l a t e d f r o m f i s h 

• s u f f e r i n g -from, s o - c a l l e d f u r u n c u l o s i s , by Emmerich and W e i b e l , 

and named by them, B a c i l l u s s a l m o n i c i d a . I n 1.902, Marsh i n 

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

w h ich he c a l l e d B a c i l l u s t r u t t a e . T h i s o r g a n i s m was foun<4 t o 

be i d e n t i c a l wrthB. s a l m o n i c i d a of Emmerich and W e i b e l , and 

because o f p r i o r i t y , t h e i r n o m e n c l a t u r e was g i v e n p r e f e r e n c e . 

In 1909, P l e h n r e p o r t e d a d i s e a s e w h i c h she i d e n t i f i e d as 

f u r u n c u l o s i s , o c c u r r i n g i n S o u t h e r n Germany. She s t a t e d t h a t 

p r e v i o u s to t h i s date the d i s e a s e had been f o u n d o n l y i n 

d o m e s t i c a t e d w a t e r s , but f r o m 1909 r e p e a t e d e p i d e m i c s were 

r e p o r t e d i n n a t u r a l w a t e r s . 

The f i r s t o c c u r r e n c e of the d i s e a s e i n G r e a t B r i t a i n was 

r e p o r t e d i n 1911 by Masterman and A r k w r i g h t . In 1914 Mettam 

d e s c r i b e d a n o u t b r e a k i n S c o t l a n d . S i n c e t h e n numerous e p i d 

emics have o c c u r r e d t h r o u g h o u t the B r i t i s h I s l e s , 

In 1932 D u f f r e p o r t e d t h a t the c a u s a t i v e o r g a n i s m of an 

e p i d e m i c among the game f i s h a t E l k R i v e r , B r i t i s h Columbia, 

was B. s a l m o n i c i d a . He has s u b s e q u e n t l y r e p o r t e d the p r e s e n c e 

of t h i s o r g a n i s m i n o t h e r l o c a t i o n s i n the p r o v i n c e . 



INTRODUCTION. 

The means by w h i c h t h i s i n f e c t i o n s p r e a d s from one h o s t 

to a n o t h e r has never been c l e a r l y d e m o n s t r a t e d . The organism, 

i f an o b l i g a t e p a r a s i t e , would o f n e c e s s i t y r e q u i r e to be 

t r a n s m i t t e d a l m o s t d i r e c t l y from f i s h t o f i s h . I f , however, 

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

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

The f i r s t i n v e s t i g a t i o n s o f t h i s n a t u r e were done by P l e h n , 

i n 1909. She t e s t e d the v i a b i l i t y of B. s a l m o n i c i d a i n 

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

a t i o n the waters were made presumably s t e r i l e by passage t h r 

ough a B e r k f e l d : f i l t e r . P l e h n ' s e x p e r i m e n t s ( t a b l e 1) 

p r e s e n t e v i d e n c e t o show t h a t B. s a l m o n i c i d a can s u r v i v e and 

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

water o f h i g h o r g a n i c c o n t e n t , t h a n i n r e l a t i v e l y pure w a t e r . 

In 1928, f u r t h e r work was r e p o r t e d by W i l l i a m s o n , who was 

w o r k i n g u n d e r the F u r u n c u l o s i s Committee of G r e a t B r i t a i n , 

She " e m u l s i f i e d " a young agar s l a n t o f B. s a l m o n i c i d a i n 

15 c . c . of u n s t e r i l i z e d d i s t i l l e d , tap and l i g h t l y p o l l u t e d 

w a t e r . At t w e n t y - f o u r hour i n t e r v a l s she p l a t e d a l o o p f u l of 

the e m u l s i o n s . She f a i l e d to r e c o v e r B. s a l m o n i c i d a a f t e r 

f o r t y - e i g h t hours f r o m the l i g h t l y p o l l u t e d w a t e r . ( t a b l e 2) 



TABLE 1. 

PLATE COUNTS EXPRESSED AS COLONIES PER C.C. 

TIME POLLUTED WATER PURE WATER 

Inoculum 5,800 ' 6,336 

24 hours '9,182 273-

48 hours • 440,000 0 

7 2 hours 8,803,000 0 

TABLE 2. 

DAYS 

DISTILLED 

WATER 

+ . 

- f 

• 9© - 9 * • e * <» • 

4-
* « 

4 -

TAP 

WATER 

4-

POLLUTED 

WATER. 

s c a n t y s c a n t y 
• • « • • 

v e r y s c a n t y 0 

0 0 



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

does n o t e x i s t as a s a p r o p h y t e i n p o l l u t e d w a t e r s , b u t 

s u g g e s t s t h a t t h e o r g a n i s m i s i n t r o d u c e d i n some way, as by 

i m p o r t a t i o n of f i s h c a r r y i n g the d i s e a s e . I n the case of an 

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

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

I t can s u r v i v e f o r a p e r i o d s u f f i c i e n t l y l o n g to a l l o w f o r 

i t s w i d e - s p r e a d d i s t r i b u t i o n . 

O b v i o u s l y , the e x p e r i m e n t a l b a s i s of W i l l i a m s o n ' s c o n c l u s 

i o n s a r e open to c r i t i s m . 

F i r s t . 

The " e m u l s i f i c a t i o n " o f a whole" a g a r s l a n t i n 15 c . c . 

of f l u i d w i l l g i v e b i l l i o n s of o r g a n i s m s per c . c . and be out 

of a l l r e l a t i o n to the number w h i c h c o u l d e n t e r n a t u r a l w a t ers 

f r o m dead and s i c k f i s h . F u r t h e r m o r e , a l a r g e mass of b a c t e r 

i a l growth when t r a n s f e r r e d to a s m a l l volume o f f l u i d , w i l l 

c a r r y o v e r w i t h i t a c o n s i d e r a b l e amount; of b a c t e r i a l e x c r e t 

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

o r t i o n of n u t r i e n t s d i s s o l v e d from th e a g a r . The p r e s e n c e 

of s u c h s u b s t a n c e s i n t h e t e s t f l u i d w i l l be l i k e l y to i n 

f l u e n c e , a t l e a s t to some e x t e n t , t h e - s u r v i v a l time o f the 

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

S econd. 

15 c . c . of f l u i d seems t o be an e x t r e m e l y s m a l l v o l 

ume, i n view of the f a c t t h a t c o n c l u s i o n s d e r i v e d f r o m the 

b e h a v i o u r of the o r g a n i s m i n t h i s volume are a p p l i e d , d i r e c t 

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



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

T h i r d . 

' The sample t a k e n d a i l y , f r o m the f l u i d under t e s t , 

"was q u i t e i n a d e q u a t e . 

F o u r t h . 

W i l l i a m s o n makes no s t a t e m e n t as t o how many p l a t e s 

were made at e a c h s a m p l i n g , whether d i l u t i o n s were used, or 

as to the use of any d i f f e r e n t i a l medium. Our own e x p e r i e n c e s 

s u g g e s t the p r a c t i c a l i m p o s s i b i l i t y o f r e c o g n i z i n g B. salmon

i c i d a c o l o n i e s among thousands o f c o l o n i e s o f sewage o r i g i n 

w i t h o u t the use of s p e c i f i c methods. 

F i f t h . 

Winslow i n an a r t i c l e on " R i s e and F a l l of B a c t e r i a l 

P o p u l a t i o n " p o i n t s out t h a t u n l e s s the medium i s e x t r e m e l y 

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

phase of a d j u s t m e n t by t h e b a c t e r i a l p o p u l a t i o n , f o l l o w e d by 

a p e r i o d of i n c r e a s e . 

T h i s was s t r i k i n g l y i l l u s t r a t e d by M i q u e l i n 1891, i n a 

s t u d y of the growth c u r v e o f b a c t e r i a i n a s e r i e s o f s p r i n g 

w a t e r s s t o r e d i n f l a s k s a t 30°C, (see graph) and a l s o by 

F u l l e r i n 1894, a t the Lawrence E x p e r i m e n t a l S t a t i o n (see 

t a b l e 3 ) . He worked w i t h b o t t l e d samples of sewage. 

A l t h o u g h t h i s work had been done b e f o r e t h a t o f W i l l i a m s o n 

and s h o u l d have come t o her n o t i c e , y e t , on t h e b a s i s of 

a b o t t l e d e x p e r i m e n t , she s t a t e s t h a t B. s a l m o n i c i d a does not 

l i v e i n p o l l u t e d w a t e r s , b u t d i e s out i n two or t h r e e d a y s . 



5. 
TABLE 3 . 

Time 

B a c t e r i a 

per.p;e> 

O r i g i n a l l y c o n t a i n e d 1 ,190 ,000 

2 t hours 108,000 

Rose s t e a d i l y t o maximum 

i n 35J- hours 23 ,100 ,000 

S~ F a i l s t e a d i l y . On 8 t h day . . . . 2 , 3 4 1 , 0 0 0 

I n an e f f o r t to throw some l i g h t on the o p p o s i n g c o n c l u s 

i o n of P l e h n and W i l l i a m s o n , S t e w a r t , i n 1931 , began e x p e r 

iments w i t h raw and s t e r i l i z e d sewage. F i n d i n g t h a t B. s a l 

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

agar p l a t e s f r o m sewage o r g a n i s m s , she abandoned the raw 

sewage and c o n t i n u e d w i t h the s t e r i l i z e d m a t e r i a l o n l y . 

A s e r i e s of 2 l i t r e f l a s k s were s e t up, ea c h c o n t a i n i n g 

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

F l a s k (a) u n d i l u t e d sewage 

lb) sewage d i l u t e d . . . . . . . . . .1 * 10 

\ / . . . . . . . . . . . . . . . . . . . . J - e J-UU 

(@) • • • • • • • • • • • • • • • • • • • • 3 . • -L 0 | 000 

( f ) < • » t « * « « < « « « « « • i« *«»i> • 100 y 0 00 

( ^ ) « « ® » * < » ' « « < # 4 » » « « e « 9 « » « e X • I J O O O J O O O 

These were s t e r i l i z e d a n d seeded w i t h an i n o c u l u m of B.  

s a l m o n i c i d a w h i c h gave a p o p u l a t i o n of a p p r o x i m a t e l y 300 t o 

400 b a c t e r i a p e r c . c . Then 1 c . c . samples were p l a t e d d a i l y 



6 . 

on n u t r i e n t agar p l a t e s . 

In the u n d i l u t e d e f f l u e n t the p l a t e s r e m a i ned crowded 

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

• t h i r t y - f i v e d a y s . I n t h e l o w e r d i l u t i o n s , ( b ) , (c) and (d) 

t h e r e was a d e c r e a s e a t the beginning,•. and on t h e n i n t h day a 

sudden mceejgein the number of b a c t e r i a p e r c . c . As t h e d i l 

u t i o n s made were n o t h i g h enough the p l a t e s were t o o crowded 

to c o u nt, and remained so t h r o u g h o u t the e x p e r i m e n t . A s l i g h t 

d e c r e a s e was n o t i c e d on the t w e n t y - n i n t h day. In the more 

d i l u t e d e f f l u e n t s ( e ) , ( f ) and (g) the /nt*e<g*?did n o t come u n t i l 

t h e e l e v e n t h day, t h e n t h e r e was a subsequent f a l l on the 

f o u r t e e n t h day, and a s e c o n d a r y i n c r e a s e on the s i x t e e n t h day. 

From he r e the p l a t e s were crowded, as d i l u t i o n s made were n o t 

h i g h enough. A s l i g h t d e c r e a s e was n o t i c e d on the twenty-

t h i r d day. These r e s u l t s would seem to i n d i c a t e t h a t when 

l e s s o r g a n i c m a t e r i a l was p r e s e n t t h e b a c t e r i a t o o k l o n g e r to 

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

s o o n e r . 

S i n c e S t e w a r t ' s work was w i t h sewage t h a t had been s t e r i l 

i z e d M a c a r t h u r , i n 1932, c o n t i n u e d t h e r e s e a r c h . F i r s t she 

l o o k e d f o r a medium which would d i f f e r e n t i a t e B. s a l m o n i c i d a 

f r o m sewage o r g a n i s m s . . A f t e r t r y i n g many media s u c h a s : -

Endo's a g a r , Mc C o r k e y ' s b i l e s a l t a g a r , e o s i n methylene b l u e 

agar, Krumwiede's b r i l l i a n t g r e e n medium, and b l o o d a g a r , she 

d e v i s e d a m a l t o s e b l o o d agar medium. 



* B a eto N u t r i e n t . A g a r 

1*5 jo J3H 7 »3 « » » * * • * • « e « i o«# XOOc «c t 
• 

Endo's . Anhydrous sodium s u l p h i t e 25 grams 
9 

I n d i c a t o r . 10^ a l c o h o l i c s o l u t i o n of b a s i c 

1$9.11oss •«•••••»• • * ••«««*«••« • e c 4 o « « * « « « * » o « o 1 ^rsiro 

G i t r a t e d r a b b i t ' s b l o o d . , .. 5 c . c . 

The sodium s u l p h i t e was d i s s o l v e d i n 5 c . c . of water, the 

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

n u t r i e n t a g a r . To p r e v e n t h a e m o l y s i s t h e su g a r was s t e r i l 

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

The open end was p l u g g e d w i t h c o t t o n , and the b u l b was h e l d i n 

s i d e the f l a s k , above t h e s o l u t i o n , by the p l u g of the f l a s k . 

When the agar was m e l t e d and c o o l e d to 45°C the b u l b was 

* A d e h y d r a t e d n u t r i e n t medium p r o d u c e d by D i g e s t i v e 

Ferments Co. 

C o m p o s i t i o n . 

Baeto b e e f e x t r a c t ., 3 grams 

Sodium c h l o r i d e 8 grams 

J33.G"to &gs.r •••««•••••••«»••••••••*••«#»«•• * 1 *5 grs.ms 

31 grams 

3.1 grams o f t h i s n u t r i e n t agar was added to 100 c . c . o f 

water and the agar d i s s o l v e d . 



b r o k e n and the sugar d i s s o l v e d . At the same time t h e e i t -

r a t e d r a b b i t ' s b l o o d was added.. T h i s medium, however, i s 

not e n t i r e l y s a t i s f a c t o r y as t h e r e a r e a few p o l l u t e d water 

organisms w h i c h show some resemblance to B. s a l m o n i c i d a on 

ma l t o s e blood, a g a r . 

However, u s i n g t h i s medium, M a c a r t h u r a t t e m p t e d to f o l l o w 

the s u r v i v a l of B. s a l m o n i c i d a i n raw sewage. But as the med 

ium c o u l d n o t be depended on to d i f f e r e n t i a t e B. s a l m o n i c i d a 

c o m p l e t e l y , no q u a n t i t a t i v e count was made, b u t i t was d e f 

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



EXPER IMEHTAL. 

The f o l l o w i n g experimentay/tsre a c o n t i n u a t i o n o f the work 

.of S t e w a r t and M a c a r t h u r . The p r i m a r y objectwus t o determ

i n e quant i t ati'velj the f l u c t u a t i o n s and time o f s u r v i v a l o f an 

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

A f u r t h e r attempt was made to f i n d a more s a t i s f a c t o r y 

d i f f e r e n t i a t i n g medium. S t a r c h a g a r , s t a r c h b l o o d a g a r , 

maltose s t a r c h b l o o d a g a r , and a e s c u l i n b i l e s a l t agar were 

t r i e d , , b u t none were f o u n d to be as s a t i s f a c t o r y as t h e mal

t o s e b l o o d agar of M a c a r t h u r . T h e r e f o r e , i t was d e c i d e d t o 

use t h i s medium, b u t to t r y and k i l l some o f t h e sewage o r 

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

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

by t h e r e t e n t i o n of a r e d u c e d number of sewage organisms i n 

a v i a b l e c o n d i t i o n . 

T r e a t m e n t o f sewage w i t h E t h e r Vapor.,. 

300 c . c . o f the sewage e f f l u e n t were p l a c e d i n a 2 l i t r e 

f l a s k , c l o s e d t i g h t l y w i t h a r u b b e r c o r k . From t h i s c o r k the 

e t h e r was suspended i n an open v i a l , above the s u r f a c e o f the 

l i q u i d . Ten c . c . of e t h e r were added to the v i a l . The f l a s k 

was shaken f r e q u e n t l y , b e i n g c a r e f u l n ot to s p i l l t h e e t h e r . 

When the e t h e r had c o m p l e t e l y e v a p o r a t e d , a s t e r i l e c o t t o n 

p l u g was s u b s t i t u t e d f o r t h e r u b b e r c o r k . When the odor o f 

e t h e r c o u l d no l o n g e r be d e t e c t e d , samples were p l a t e d from 

the f l a s k . I t was f o u n d t h a t the sewage organisms w h i c h were 



10. 

l e f t c o u l d be d i f f e r e n t i a t e d f r o m B. s a l m o n i c i d a on m a l t o s e 

b l o o d agar p l a t e s . 

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

t o be used was t e s t e d f o r morphology, pigment p r o d u c t i o n and 
V ' 

s u g a r f e r m e n t a t i o n . 

M o r p h o l o g y . 

S m a l l gram-rods ( a l m o s t c o c c o i d ) 

N u t r i e n t Agar S l a n t . 

Growth was w h i t i s h , e f f u s e , g l i s t e n i n g , convex and t r a n s - v 

l u c e n t . There was a b r o w n i s h pigment i n the medium. 

C a r b o h y d r a t e R e a c t i o n s . 

The o r g a n i s m was sown on t h e f o l l o w i n g c a r b o h y d r a t e s and / 

t h e changes r e c o r d e d . 

M a l t o s e 4. 

Pi X* Sib 1 HO S e e«e »a««eooe$«««9«s»e@ —|— 

L e i OijOSe » « 9 e « o e 9 « s « * « f t « * » 9 « « « « « 

SlJ.GrOS e • *«««««««« «•««*« $*eaeo<» 

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

u l a r s t r a i n d i d n o t . 

The f l a s k was t h e n i n o c u l a t e d with an i n o c u l u m of B. s a l 

m o n i c i d a w h i c h would g i v e a p o p u l a t i o n of a p p r o x i m a t e l y 

SOOO b a c t e r i a p e r c . c . 

D e t e r m i n a t i o n of Amount of Inoculum. 

1 c . c , 0.5 c . c . and 0.3 c . c . amounts of a s a l i n e s u s p e n -
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s i o n o f a f o r t y - e i g h t hour agar s l a n t c u l t u r e d i l u t e d t o the 

t u r b i d i t y of So.4 s u s p e n s i o n , Mc P a r l a n d ' s n e p h e l o m e t e r , 

were i n o c u l a t e d i n t o 300 c . c . q u a n t i t i e s of s t e r i l e t a p w a t e r . 

These were shaken t h o r o u g h l y and a l l o w e d t o s t a n d f o r one 

h o u r . Then 1 c . c . amounts were p l a t e d i n d u p l i c a t e , f r o m 

e a c h . P l a t e s of the f l a s k i n o c u l a t e d w i t h 1 c . c . gave approx

i m a t e l y 200 c o l o n i e s per c . c . T h e r e f o r e , to o b t a i n an i n i t i a l 

i n o c u l u m of 2000 c o l o n i e s per c . c , 10 c . c - of a Ho. 4 s u s 

p e n s i o n were u s e d . E v e r y t w e n t y - f o u r hours 1 c . c . samples 

were p l a t e d i n t r i p l i c a t e on m a l t o s e b l o o d a g a r . The f l a s k 

was always t h o r o u g h l y shaken b e f o r e samples were t a k e n . D i l 

u t i o n s were made when n e c e s s a r y i n s t e r i l e w a t e r b l a n k s . 

P l a t i n g T e c h n i q u e . 

B. s a l m o n i c i d a was f o u n d to grow v e r y s l o w l y i n p o u r e d 

p l a t e s , t h e r e f o r e , t h e 1 c . c . samples were p l a c e d on the s u r 

f a c e of the a g a r , a n d the p l a t e was g e n t l y r o l l e d u n t i l the 

l i q u i d was seen to c o v e r the whole s u r f a c e . But even u s i n g 

t h i s t e c h n i q u e B. s a l m o n i c i d a c o l o n i e s c o u l d not be c o u n t e d 

u n t i l f o u r days a f t e r p l a t i n g . P l a t e s were i n c u b a t e d at 22°C. 

T a b l e 4 shows q u a n t i t a t i v e l y the v a r i a t i o n i n organisms p e r 

c . c There was a suddenificmaseright a t the b e g i n n i n g . IJn-

f o r t u n a t e l y , as t h e r e was no way of knowing t h a t t h i s trem

endous m u l t i p l i c a t i o n was g o i n g t o take p l a c e the d i l u t i o n s 

made were n o t h i g h enough. The p l a t e s made f r o m a 1 d i l u t i o n 
1000 

were too crowded t o c o u n t . On the t e n t h day t h e r e was a sud

den f a l l i n t h e number of c o l o n i e s per c . c A g a i n , t h e r e was 

no way of knowing t h i s sudden d e c r e a s e would o c c u r , and t h i s 
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time the d i l u t i o n s made were n o t low enough. On t h e f i f t e e n t h 

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

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

• were r e c o v e r e d f r o m the sewage up to and i n c l u d i n g the s i x t y -

s e v e n t h day. 

When the number o f B. s a l m o n i c i d a c o l o n i e s were v e r y low 

the sewage org a n i s m s were more numerous, and on the s i x t y -

e i g h t h day the p l a t e s were c o v e r e d w i t h sewage b a c t e r i a . 

E a c h day, c o l o n i e s w h i c h were presumably B. s a l m o n i c i d a 

were p i c k e d onto n u t r i e n t agar s l a n t s and checked as to t h e i r 

i d e n t i t y by pigment p r o d u c t i o n and morphology. When cou n t s 

became low a check was also' made on c a r b o h y d r a t e s . By the 

use o f s u c h checks one i s a b l e t o make the above statements, 1"' 

r e g a r d i n g the b e h a v i o u r of B. s a l m o n i c i d a i n sewage, w i t h </' 

complete c o n f i d e n c e . 

TABLE 4. 

PLATE COUNTS OF B. SALMONICIDA IN SEWAGE TREATED  

WITH ETHER "VAPOR EXPRESSED AS COLONIES PER C.C. OF SAMPLE. 

DAYS COLONIES per C.C. AVERAGE 

1 94,000 
85,000 89,000 

250,000 
• * « « * « * 

D i l u t i o n s n o t 

h i g h enough. 
ri 

400,000 + 

400,000 -f-
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TABLE 4 . 

c o n t i n u e d 

DAYS COLONIES p e r C.C. AVERAGE. 

4 D i l u t i o n s n o t 

h i g h enough 
4 0 0 , 0 0 0 ^ 

5 n 400,000+-

7 314,000 
297,000 

17 ,000 
306,000 

8 4, .280,000 
1 ,390,000 
1 ,990,000 

1 ,690 ,000 

10 D i l u t i o n s not 

low enough 

11 

12 170 
240 

. 210 
210 

14 120' 
177 
164 

154 

15 245 
302 
236 

261 

17 1,020 
1,120 
1,250 

1,130 

18 1,810 
1,190 
1,160 

1,510 

/ 



TABLE 4. 

c o n t i n u e d 

DAYS COLONIES per C.C. AVERAGE. 

19 1,490 -
1,630 
1,740 

1,620 

21 3,200 
4,300 
5,100 

4,200 

22 

5,000 
5,100 

24 1,810,000 
1,430,000 
1,570,000 

1,600,000 

25 550,000 
530,000 
560,000 

550,000 

26 480,000 
500,000 
470,000 

480,000 

28 420,000 
400,000 
450,000 

420,000 

29 200,000 
190,000 
220,000 

200,000 

SO 140,000 
160,000 
150,000 

150,000 

31 60,300 
61,-200 
6 0 , 6 0 0 

60,700.-

33 80,000 
90,000 
70,000 

80,000 



TABLE 4. 

c o n t i n u e d 

DAYS COLONIES per C.C. AVERAGE. 

35 91,000 
94,000 
93,000 

92,000 

. 36 98,000 
93,000 
94,000 

95,000 

37 111,000 
88,000 
79,000 

93,000 

38 65,000 
79,000 
75,000 

73,000 

39 60,000 
55,000 
61,000 

59,000 

40 52,000 
36,000 
43,000 

44,000 

42 31,000 
30,000 
35,000 

32,000 

43 28,000 
29,000 
32 8000 

30,000 

45 10,000 
11,000 
9,000 

10,000 

47 5,300 
5,700 
6 ,100 

5,700 

49 1,800 
1,500 
1,900 

1,720 



TABLE 4. 

c o n t i n u e d 

-DAYS COLONIES p e r C.C. AVERAGE. 

50 451 
473 
487 

470 

51 39 
45 
52 

45 

52 2 
4 
5 

4 

53 48 
62 
72 

61 

54 12 
17 
15 

15 

57 56 
55 
44 

52 

58 66 
71 
66 

68 

59 59 
65 
52 

• 59 

60 20 
25 
23 

23 

63 11 
11 
13 

12 

64 8 
22 
10 

12 



TABLE 4. 

c o n t i n u e d 

DAYS COLONIES p er C X •• AYE RAGE 

65 9 
7 
5 

7 

66 13 
4 
6 

8 

67 6 
7 
0 

6 

68 
0 0 

69 
o • 0 

70 
0 0 

71 
0 ; 0 

72 
0 o 

73—87 
0 0 

93 
0 0 

99 
0 0 



1 8 . 

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

s a l m o n i c i d a , on p l a t e s made f r o m th e f o r t y - n i n t h day u n t i l 

t h e end a p p e a r e d t o be c o n t a m i n a t e d . There were two d i s 

t i n c t t y p e s of. growth: 

1 . A g l i s t e n i n g , c o n v e x , e f f u s e , and t r a n s l u c e n t g rowth. 

M o r p h o l o g y . 

S m a l l gram-rods, almost c o c c o i d . 

* P l a t e d on m a l t o s e b l o o d a g a r . 

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

was haemolyzed an d the s u g a r f e r m e n t e d . A l s o , the c o l 

o n i e s s k a t e d when pushed w i t h a l o o p . 

M o r p h o l o g y . ,/ 

S m a l l gram-rods, al m o s t c o c c o i d . P i c k e d s i n g l e 

c o l o n i e s to n u t r i e n t agar s l a n t s . A brown pigment, t y p i c 

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

r a t e s . 

M a l t o s e 4-

M a n n i t e 4. 

Lose » • • • • • • • • « • 0 
A r a b i n o s e ........ 4. 

XjQ.c"bose « « « « * « « e * « 0 

Sucros e 0 

* T h i s was done by t o u c h i n g a p o r t i o n o f the s l a n t w i t h 

a l o o p , m i x i n g t h i s w i t h a drop o f s t e r i l e b r o t h on the mal

t o s e b l o o d agar and s p r e a d i n g . 
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2. A few l a r g e s i n g l e c o l o n i e s , s h i n y , f l a t , v i s c o u s , w i t h 

i r r e g u l a r edges, 

M o r p h o l o g y . 

L a r g e gram-rods, v a r y i n g i n l e n g t h , and a few c l u b b e d 

shape r o d s . 

A. P l a t e d on m a l t o s e blood, a g a r . 

The growth a p p e a r e d t o be t h e same as t h a t o f B. s a l 

m o n i c i d a — t h e b l o o d was haemolyzed and t h e s u g a r f e r m e n t e d . 

M o r p h o l o g y . 

S m a l l gram-rods, a l m o s t c o c c o i d , and a few l o n g e r 

gram-rods. P i c k e d s i n g l e c o l o n i e s to agar s l a n t s . A brown 

pigment was p r o d u c e d , b ut t h e r e were two t y p e s of growth as 

b e f o r e ; 

(a) a g l i s t e n i n g , convex e f f u s e and t r a n s l u c e n t 

g r o w t h . 

(b) a few l a r g e s i n g l e c o l o n i e s , s h i n y , f l a t , v i s c o u s , 
/ 

w i t h i r r e g u l a r edges. 

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

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

(a) s m a l l r o u n d , s h i n y , convex, r e g u l a r edge, s k a t e d on 

agar when pushed w i t h a l o o p . 

M o r p h o l o g y . 

S m a l l gram-rods, a l m o s t c o c c o i d . 

P i c k e d to n u t r i e n t agar s l a n t . 

P r o d u c e d a brown pigment, 

lb) l a r g e r c o l o n i e s , f l a t , v i s c o u s , i r r e g u l a r edge, 

a heavy creamy c e n t r e . 



M o r p h o l o g y . 

l a r g e gram-rods w i t h rounded ends. A few c l u b b e d - ^ 

shape r o d s . 

P i c k e d t o n u t r i e n t agar s l a n t . 

No brown pigment was p r o d u c e d . So..ved i n t o c a r b o h y d - ^ 

r a t e s : 

M a l t o s e 0 

Mann i t e , 0 

Arab i n o s e 0 

1> 9.0 "t> 0 S 6 •«•*•«••»«•• 0 

3 U L O JL1 0 S 6 • « 0 

B. P l a t e d on n u t r i e n t a g a r . 

J u s t one ty p e o f c o l o n y a p p e a r e d — l a r g e f l a t c o l o n i e s , 

v i s c o u s , i r r e g u l a r edge, and a heavy creamy c e n t r e . 

M o r p h o l o g y . 

L a r g e gram-rods w i t h r o u n d e d ends, and a few c l u b b e d -

shape r o d s . 

F o r c o n v e n i e n c e we c a l l e d t h i s s econd type of growth "C". / 

As t h e r e seemed to be a p o s s i b i l i t y t h a t t h i s form, "C", 

might be some f o r m o f d i s s o c i a t i o n , e x p e r r l m e n t s were begun to 

atte m p t t o b r i n g about a r e v e r s i o n . Only h a l f of t h e s i x t e e n 

c u l t u r e s were used and t h e s e were p i c k e d a t random. The 

same t e c h n i q u e was a p p l i e d to them a l l , and s i n c e i n a l l c a s e s 

the r e s u l t s were i d e n t i c a l , o n l y one w i l l be r e c o r d e d . 

(1) A l t e r n a t i v e sub c u l t u r e s f r o m b r o t h t o ag a r p l a t e s . ^ 

The "C" f o r m was grown f o r f o r t y - e i g h t hours i n b r o t h , 



a few d r o p s were s p r e a d on a n u t r i e n t a g a r p l a t e which was 

i n c u b a t e d f o r f o r t y - e i g h t h o u r s . Then a c o l o n y was sown into; 

b r o t h . F i v e s u c h s e r i e s a f f e c t e d no change i n t h e morphology, 

(2) S e r i a l c u l t u r e s on n u t r i e n t a g a r . 

S u b c u l t u r e ! f r o m p l a t e to p l a t e . There was no a p p a r e n t 

change a f t e r s e v e n t r a n s f e r s , 

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

A heavy, t u r b i d , g r a n u l a r growth, w i t h a s u r f a c e p e l l 

i c l e . 

M o r p h o l o g y . 

l a r g e gram-rods ( l o n g e r and t h i n n e r t h a n from agar 

p l a t e s ) . The t w e l f t h tube r e v e a l e d no m o r p h o l o g i c a l c h a n g e s . 

Whether the "C" f o r m t u r n s out e v e n t u a l l y to be a new d i s -

o c i a t i v e f o r m o f B. s a l m o n i c i d a , or a c o n t a m i n a n t of p e c u l - L 

i a r b e h a v i o u r , , does n o t a l t e r the a c c u r a c y of the f i n d i n g s as 

to the s u r v i v a l time of the o r i g i n a l o r g a n i s m . T h i s i s t r u e 

because of the f a c t t h a t by p r o p e r t r e a t m e n t , t y p i c a l B. s a l -

m o n i c i d a c o u l d be r e c o v e r e d i n e v e r y e a s e , f r o m the p e c u l i a r 

c o l o n i e s . ^ 



DISCUSSION. 

P l e h n s t a t e d t h a t the number of B. s a l m o n i c i d a c o l o n i e s 

i n c r e a s e d by m i l l i o n s , u nder l a b o r a t o r y c o n d i t i o n s , i n water 

p o l l u t e d w i t h o r g a n i c m a t e r i a l , i n the same time r e q u i r e d f o r 

i t to d i e out i n pure w a t e r . A l s o , t h a t f u r u n c u l o s i s , as i t 

o c c u r s i n sewage p o l l u t e d w a t e r s i s commonly more i n f e c t i o u s 

and more " d i s g u s t i n g 1 ' t h a n t h a t f o u n d i n c l e a r w a t e r . 1 

W i l l i a m s o n n o t e d t h a t warm weather and low water were f a v 

o u r a b l e t o f u r u n c u l o s i s . From her l a b o r a t o r y e x p e r i m e n t s 

she c l a i m e d t h a t B. s a l m o n i c i d a d i d not l i v e and m u l t i p l y i n 

p o l l u t e d w a t e r . 

S t e w a r t f o u n d t h a t B. s a l m o n i c i d a grew a b u n d a n t l y i n sew

age water w h i c h had been s t e r i l i z e d , and r e m a i n e d v i a b l e f o r 

a t l e a s t t h i r t y d a y s . She f o u n d t h a t t h e r e was f i r s t a dec

l i n e i n the number of org a n i s m s p r e s e n t , f o l l o w e d by a r a p i d 

i n c r e a s e . On t h e t e n t h day the p l a t e s were t o o crowded t o 

c o u n t , as h i g h enough d i l u t i o n s had n o t been made, 

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

of m u l t i p l i c a t i o n i n water of h i g h o r g a n i c c o n t e n t . 

I n the above e x p e r i m e n t s , b e f o r e i n o c u l a t i n g w i t h B. s a l 

m o n i c i d a , the sewage w a t e r was t r e a t e d w i t h e t h e r v a p o r . 

T h i s was done to t r y and k i l l some of the sewage o r g a n i s m s , 

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

medium, w h i l e s t i l l p r e s e r v i n g the c h e m i c a l n a t u r e of the p o l 

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



menstruum, i n o e u l a of B. s a l m o n i c i d a f i r s t showed a r a p i d i n 

c r e a s e i n numbers, and t h e n on the t e n t h day a sudden d e c r e a s e 

On the f i f t e e n t h day a second i n c r e a s e s t a r t e d , more g r a d u a l 

t h a n the f i r s t , and on t h e t w e n t y - f o u r t h day the number o f 

organisms p e r c . c . began t o d e c r e a s e . B. s a l m o n i c i d a was r e 

c o v e r e d f r o m the sewage f o r s i x t y - s e v e n d a y s . 

A l t h o u g h t h e s e e x p e r i m e n t s can i n no way be s a i d to r e p r o d 

uce n a t u r a l c o n d i t i o n s , they seem t o i n d i c a t e t h a t B. salmon

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

m a t e r i a l . 

Whether or n o t the "C" form of growth on the agar s l a n t s 

made f r o m the m a l t o s e b l o o d agar p l a t e s f r o m the f o r t y - n i n t h ^ 

day u n t i l the end, i s a d i s s o c i a t e d f o r m of B.. s a l m o n i c i d a . 

c a n n o t a t p r e s e n t be s t a t e d . T h a t i t i s i n some way r e l a t e d 

to B. s a l m o n i c i d a i s shown by f i r s t s t r e a k i n g on m a l t o s e 

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

i s done two t y p e s o f c o l o n i e s appear on the n u t r i e n t a g a r , 

one b e i n g t y p i c a l B. s a l m o n i c i d a . and the o t h e r the "C" form, 

p r e v i o u s l y d e s c r i b e d . Whereas,' i f i t i s s t r e a k e d d i r e c t l y on 

n u t r i e n t agar o n l y the "C" form o f c o l o n y a p p e a r s . 

Many t h e o r i e s c o u l d be a p p l i e d t o e x p l a i n t h i s sudden de

c r e a s e on the t e n t h day. Would the b i o c h e m i c a l oxygen demand 

of the p o l l u t e d water have any e f f e c t ? In c o n n e c t i o n w i t h 

t h i s i t would be i n t e r e s t i n g t o i n v e s t i g a t e the growth o f B. 

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

p o l l u t e d w ater, and a l s o , i n w a t e r which was w e l l a e r a t e d , 

p r o b a b l y by b u b b l i n g s t e r i l e a i r t h r o u g h the p o l l u t e d w a t e r . 



Co-old t h i s sudden i n c r e a s e be due to some t o x i c e f f e c t 

w h i c h was l a t e r overcome? Some m e t a b o l i c p r o d u c t , p r o d u c e d 

by the o t h e r b a c t e r i a i n the sewage may be i n h i b i t o r y t o B. 

s a l m o n i c i d a , o r , t h e r e might be some t o x i c s u b s t a n c e i n the 

o r g a n i c m a t e r i a l . 

D i s s o c i a t i o n may be the cause of t h i s phenomenon. That i s , 

t h e r e might be something i n the sewage w h i c h would cause the 

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

o g n i z a b l e , w i t h s u b s e q u e n t r e v e r s i o n to t h e t y p i c a l growth. 

The c h i e f o b j e c t i o n to s u c h a t h e o r y i s . t h a t the o n l y d i s s o c -

i a n t , of an o r g a n i s m , w h i c h would be l i k e l y to p a s s u n n o t i c e d , 

would be the "G" f o r m of H a d l e y . However, H a d l e y has s t a t e d , 

t h a t the r e v e r s i o n o f "G" forms t o the normal i s a m a t t e r , 

not o f h o u r s or days, but of months. One would t h e r e f o r e , 

have to p o s t u l a t e a new "G" type of d i s s o c i a n t w i t h e x t r e m e l y 

g u i c k powers o f r e v e r s i o n . Such a form has n o t y e t been r e c 

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



C O N C L U S I O N S . 

1. B a c i l l u s s a l m o n i c i d a , seeded i n t o f l a s k s of e t h e r 

t r e a t e d sewage w a t e r , a f t e r e v a p o r a t i o n of t h e e t h e r , s u r v i v e s 

f o r s i x t y - s e v e n d a y s . 

,2. The number of B a c i l l u s s a l m o n i c i d a c o l o n i e s p e r c . c . 

o f f l u i d i s a t ti m e s g r e a t l y i n e x c e s s of the number i n o c u l 

a t e d . ( inoculum=2000 per c . c , 

maximum r e c o r d e d = l , 690,000 p e r c . c ) 

D u r i n g the p e r i o d of o b s e r v a t i o n , wide f l u c u a t i o n 

o c c u r s i n the c o n c e n t r a t i o n o f t h i s o r g a a f i n the sewage. 

3. The e t h e r t r e a t m e n t o f the sewage does n o t e s s e n 

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

g r o wth. T h i s i s e v i d e n c e d by: 

(a) marked m u l t i p l i c a t i o n o f the i n i t i a l i n o c u l u m of 

B. s a l m o n i c i d a . 

(b) e v e n t u a l m u l t i p l i c a t i o n of the s u r v i v i n g sewage 

o r g a n i s m s . 



2,000, OOO 
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