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HISTORICAL.,

+ In 1894, a specific bacillus was first isolated from fish
»sufferimg}@bhq so-called furunculosis, by Emmerich and Weibel,

and named by them, Bacillus salmonicida. In 1902, Marsh in

4Michigan, described an organism isolated from diseased trout,

- which he called Bacillus truttae. This organism was found to

" be identicalwithB. salmonicida of Emmerich and Weibel, and

because of priority, their nomenclature was given preference,
In l9Q9, Plehn reported a disease which she identified as
furunculosis, occurring in Southern Germany; She stated that

previous to this date the disease had been found only in

/// K3 \ 3 3 .
v domesticated waters, but from 1¢09 repeated epidemics were

S
/
V.

reported in natural waters,

The first occurrence 6f the disease in Great Britain was
reported in 1911 by Masterman and Arkwright. In 1914 Hettam
described an outbresk in Seotland, Sinog then numerous epid-
emics have occurred throughout the Britiéh Isles,

In 19342 Duff reported that the causdtive organism of an
epidemic among the game fish at Elk River, British Columbia,

was B. salmonicida. He has subseguently reported the presence

of this organism in other locations in the province,.



INTRODUCTION.

The means by which this infection spreads from one host
to another has never been clearly demonstrated. The organism
,if an obligate parasite, would of neeessityrrequire to bs
transmitted alwmost directly from fish to fish. If, however,
w/the organismcou/d exist saprophytically, it could survive for
a considerable period after leaving the body of the host.

The first investigations of this nature were done by Plehn

in-1909. She tested the viability of B. salmonicida in

bottled samples of pure and polluted waters, . Before inocul-
ation the waters were made presumably sterile by passage thr-
\ﬂ/ough a Berkfeldt filter. Plehn's experiments (table 1)

present evidence to show that B. salmonicida can survive and

multiply for a lohger time,'ﬁnder laboratory conditions, in

water of high organic content, than in relatively pure water.
In 1¢28, furthef work was reported by;Williamson, who was

working under the Furunculosis Committee of Great Britain,

She "emulsified" a young agar slant of B, salmonicida in

15 c.c. of unsterilized distilled, tap and lightly polluted
water, At twenty-four hour intervals she plated a loopful of

the emulsions. She failed to recover B. salmonicida after

forty—eight hours from theflightly polluted water. (table 2)

?
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TABLE 1.
kPLATE COUNTS EXPRESSED AS COLONIES PER C,C.

cep

T TME POLLUTED WATER PURE WATER

Inoculum 5,800 " 6,536

‘.o.o.'luocooocauootu00000000000o.oo'oal.'o't-.ctotuo!oc

24 hours ‘9,182 273
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48 hours 440,000 0

M R A I R I R O O R I T T B N N T S S S PR

72 hours 8,803,000 0

TABLE 2.

DISTILLED TAP POLLUTED

DAYS - WATER WATER WATER.

. + + +
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3 ' -+ . wery scanty 0
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4 + | 0 0
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From these results Williamson concluded thgt B. salmoncida

does not exist as a saprophyte in polluted waters, but
suggests that the organism is introduced in some way, as by
“importation of fish carrying the disease. In the case of an

f epizootic B, salmonicida is probably liberated from diseased

fish and distributed throughout the water, where apparently
.it,can survive for a period sufficiently long to allow for
its wide-spread distribution.

Obviously, the experimental basis of Williamson's conclus-
ions are open to critism, ‘

The "emulsification” of a whole agar slant in 15 c.c.
of fluid will give billions of organisms per G.C., and be out
6f all relation to the number which could enter natural waters
from dead and sick fish, Furthermore, a large mass of bacter-
ial grthh when transferred to a small volume of fluid, will
carry over with it a considerable amount of bacterial excret-
ory products, together with a dgfinite, though smell, prop-
ortion of nutriehts dissolved from the agar. The presence
of such substances in_the test fluid will be likely to in-
fluence, at least to some extent, the survival time of the
bacterial population.

Secénd. |

15 c.c., of f£luid seems to be an extremely small vol-
ume, in view of the fact that conclusions derived from the
behaviour of the organism in this volume are applied, direct-

ly, to its probable behaviour in extremely large volumes under



natural conditions.

Third.

The sample taken daily, from the fluid under test,
‘'was quite inadequate.

Fourth.

Williamson makes no statement as to how many plates
were made at each sampling, whether dilutions were wused, or
as to the use of any differential medium. Cur own experiences
suggest the practical iﬁpossibility of recognizing B. salmon-
ggigg colonies among thousands of colonies of sewage origin
without the use of speoifie methods.,

Fifth,

Winslow in an article on "Rise and Fall of Bacterial
Population"” points out that unless the medium is extremely
unfavorable, there is always, in bottled experiments, a
phase of adjustment by the bacterial population, followed by
a period of inorease@‘ !

This was strikingly illustrated by Miguel in 1891, in a
study of the growth curve of bécteria in a series of spring
waters stored in flasks at 300C, (see graph) and also byv
Fuller in 1894, at the Lawrence Experimental Station (see
table 5), He worked with bottled samples of sewage,

Although this work had been done before that of Williamson
and should have come to her notice, yet, on the ﬁasis of

a bottled experiment, she states that B. salmonicida does not

live in polluted waters, but dies out in two or three days.



TABLE 3.
Bacterla
Time per c.ic.
Originally contained.sesevvueaeess. 1,190,000

2%hoursoo0'.00.'00000'0.000'0000.0 108,000

Rose steadily to maximum-

in 35‘%‘ homs\o ® e s 6 270 5 6 8 806 o8 25,100,000

o Fall steadily. On 8th day.........2,341,000

n
.

In an effort to throw some light on the opposing conclus-

ion of Plehn and Williamson, Stewart, in 1951, began exper-

iments with raw and sterilized sewage, Finding that B, sal-

monicida could not be distinguished on ordinary nutrient

agar plates from sewage organisms, she abandoned the raw

sewage and continued with the sterilized material only,

4 series of 2 litre flasks were set up, each containing

500 c.c. of varying dilutions ofkeffluentg
Flask (a) undiluted’sewage
(b) sewage diluted....;.o,o..¢...e....l
(c) E " ...;,;,........,....1
O
(e) n n ..;......,...,...;.,l
(£) v T e ieerea il

(g) n " eooooo'oooeo-eoveooosl

.
.

10

“100

1000
10,000
100,000
1,000,000

These wereksterilized and seeded with an inoculum of B.

salmonicida which gave a population of approximately 300 to

400 bacteria per ec.c, Then 1 c.c. samples were plated daily



on nutrient agar plates.
In the undiluted effluent the plates remained crowded

with B. salmonicida throughout the experiment, that is, for

-thirty~five days. In the lower dilutions, (b), (¢) and (4)
there was a decrease at the beginning, and on the ninth day aJL/
sudden yrergiein the number of bacteria per c.c. As the dil-
utions made were not high enough the plates were too crowded
to count, and remained so throughout the experiment. A slight
decrease was noticed on the twenty-ninth day. In the more ’
/ diluted effluents (e), (f)’and (g)kthehﬁﬁﬁgwdid not come until
the eleventh day, then there was a subsequent fall on the
fourteenth day, and a secondary increase on the sixteenth day.
- From here the plétes were crowded, as dilutions made were not
high enoughav A slight decrease was noticed on the twenty-
third day. These results would seem to indicate that when
iess organig material was present the bacteria took longer to
start multiplying, and their numbers started to decrease
sooner,

Since Stewart's work was witﬂ Sewége that had been steril-
ized Macarthur, in 1932, continued the research. First she

looked for a medium which would differentiate B, salmonicida

from sewage organisms.,. After trying many media such as:-
Endo's égar, Me Corkey's bile salt agar, eosin methylene blue

agar, Krumwiede's brilliant green -medium, and blood agar, she’

devised a maltose blood agar medium,
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* Bacto Nutrient Agar
1.5%_DH 7.5 '&ooetolooﬁatoeoloo.loococe

Endo's —Anhydrous'sodium sulphite .......... 25 grams

6 e & e

Indicator 10% alcoholic solution of basic
fuehsin ...iviiieonese 35 coc,

MaltoSe teeusoeosessosensnnsasasstsoconsessssossass 1 gram

Citrated rabbit’'s Dlood (..seecerrosorssssnsesnss D CeCo

The sodium sulphite was dissolved in 5 c.c. of water, the
basic fuchsin added and the'mixture then added to the melted
nutrient agar. To prevent haemolysis the sugar was steril-
ized separately in a thin walled bulb blown from glass tubing.
The open end was plugged with cotton, and the bulb was held in
side the flask, above the solution, by the plug of the flask.

When the agar was melted and cooled to 459C the bulb was

* A dehydrated nutrient medium produced by Digestive
Ferments Co. |
Compqsition,
Bacto beef eXtT8CH veveewvsnnsesnsocnsences B grams
Bacto peplone «..eiivvesonsocscancacsceansos D grams
S031ium GhLOTIA€ vuvivsonscoroocscavcnssonss 8 grams

Bacto agar QQ'U'COOOQI.80..’0'IOO!.O.Q.‘&.O.'ls gramSF
o1 grams

6.1 grams of this nutrient agar was added to 100 c.c. of

water and the sgar dissolved.,
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broken and the sugar dissolved. At the same time the cit-
rated rabbit's blood was added. This medium, however, is

not entirely satisfactory as there are a few polluted water

’organisms which show some resemblance to B, salmonicida on
maitose blood agaf.
However, using this medium, Macarthur attempted to follow

_
the survival of B, salmonicida in raw sewage. But as the med-

ium could not be depended on to differentiate B. salmonicida

completely, no quantitative count was made, but it was def- .-

initeiy shown that muwltiplication of this organism took place.,



EXPERIMENTAL.

The following experimentnméﬁe a continuation of the work
of Stewart and Macarthur. The primary objectwks to determ- «
ine gquantitalively the fluctuations and time of survival of an .-

inoculum of B, salmonicida in bottled sewage water.,

A further attempt was made to f£ind a more satisfactory
differentiatiﬁg medium, Starch agar, starch blood agar,
maltose starch blood agar, and aesculin bile salt agar were o~
tried,. but none were fbund to be as satisfactory as the mal-
tose blood agar of Macarthur, Therefore, it was decided b o
use this medium, but to try and kill some of the sewage or-
ganisms, while still preserving the chemical nature of the
polluted water, and its ability to support life, as evidenced
by the retention of a reduded‘number of sewage organisms in

L
f.

‘a viable condition.

Treatment of sewage with Ether Vapor.f‘

300 c.c. of the sewage effluent were placéd in a 2 litre
flask, closed tightly with a rubber cork. From this cork the
ether was suspended in an open vial, above the surface of the
liquid. Ten c.c. of ether were added to the vial. The flask
was shaken frequently, being careful not to spill the ether,
When the‘ether had completely evaporated, a sterile cotton
plug was subsfituted for the rubber cork. When the odor of
ether could no longer be detected, samples were plated from

the flask. It was found that the sewage organisms which were
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left cowuld be differentiated from B. salmonicida on maltose

blood agar plates.

Before inoculating the flask with B, salmonicida the strain

_to be used was tested for morphology, pigment production and

L
sugar fermentation.-

Morphology.
Small gram-rods (almost coccoid) v

Nutrient Agar Slant.

Growth was whitish, effuse, glistening, convex and trans- v
lucent. There was a brownish pigment in the medium.

Carbohydrate Reactions.

The organism was sbwn on the following carbohydrates andt/
the changes recorded. /
Mannite .eeeeseesecesnssoossocs 4
MaltoSe sseceveceoscssesosanssnn t
Lylose .,..o,,,,.;a,c...;;....e -
Arabinose ..c.sescscsoccssoccas
LACEOSE ovuneooannnncossnssocns =
Sucrose ............}...@.,.oe.‘—

B, salmonicida usually ferments xylese, but this partic-

ular straiﬁ did not.

The flask was then inoculated with an inoculum of B. sal-
moniclda which would give a populatlon of approximately
BOOO bacteria per c.c.

Determination of Amount of Inoculum.

lc.c., 0.6 c.c. and 0.3 c.c. amounts of a saline suspen-
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sion of a'forty-eight hour agar slant éulture diluted to the
turbidity of No.4 suspension, Mc Farland's nephelometer,

were inocﬁlated into 300 c.c. quantities of sterile tap water.
- These were shaken thoroughly and allowed to stand for one
hour. Then 1 c¢c.c., amounts were plated in dupiicatej from
each. Plates of the flask inoculated with 1 c.c. £8ve approx-
imately,BOO colonies per c.c. Tnerefore, to dbtain an initial
inoculum of 2000 colonies per c.c., 10 c¢.c.-of a No, 4 sus-
pension were used. Hvery twenty-four hours 1 c.c. sampLes
were plafed in triplicate on maltose blood agar.r The flask
Qés always thoroughly shaken before samples were taken. Dil-
utions were made whén necessary in sterile ﬁater blanks,

Plating Technique.

B. salmonicida was found to grow very slowly in poured
plates, therefore, the 1 c.c. samples were placed on the sur-
face of the agar, and the plate was gently rolled until the

liquid was seen to cover the whole surface, But even using

this technique B, salmonicida colonies could not be counted
until four days after plating. ‘Plates were incubated at 22°C,
Table 4 shows quantita%wﬁﬁythe variation in organisms per ..~
¢.,c, There was a suddenJﬁan@fright at the beginning. Un-
fortunately, as there was no way of knowing that this trem-
endous multiplication was going to take place the dilutions
made were not high enough. The plates made from a 1 dilution b//w
were too crowded to count. On the tenth day therelggg a8 sud-
den fall in the number of colonies per c,c. Again, there was

no way of knowing this sudden decrease would occur, and this
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time the dilutions made were not low enough, On the fifteenth
day a gradual increase started, until the twenty-fourth day

when there was a gradual decline, B, salmonicida colonies

rwere recovered from the sewage up to and including the sixty-

seventh day.

When the number of B, salmonicida colonies were very low
the sewage organisms were more numerous, and on the sixty-
eighth day the plates were covered with sewage bacteria, v

Beach day, colonies which were presumably B. salmonicida

were.picked onto nutrient agar slants and checked as to their
identity by pigment‘production and morphology. When counts
became low a check was alse made on carbohydrates., By the

use of such checks one is able to make the above statements,uﬁ

regarding the behaviour of B. salmonicida in sewage, with

complete confidence.

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 )
. 85000 89,000 !
250,000
2 Dilutions not | 1
400,000 + v

high enough.

Ou'l’&tQle..‘00'GOO"O...'.'OQG.'I..C'OCQ'OQO‘Q Ve
o

3 L 400,000 +
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TABLE 4.

continued

DAYS COLONIES per C.C, AVERAGE,

4 ' Dilutions not
400,000+
high enough

00'.QQ"D‘0.0.0'900.COOQ.O.iOO‘D.QQGQOD..QOQOO'

5 " 400,000+ -

LA AR A O B R R IR AR R R T I T I R P S N R S G P A )

7 ‘ 314,000
297,000 306,000
17,000 :
8 . 4,280,000 .
1,%S0,000 1,690,000 4
1,990,000

3 606509 4% 0¢85 2060500080250 3040000e506CH 60 L0000 CO OO

10 Dilutions not

low enough
0“.900‘00@0‘.‘006'.COO.DO.‘0@.0000.@#900000...0

i m

i'.b".‘...QO.'O0.0'.000..0..00.0.00000009.0'00

12 170
A 240 a 210
. 210
14 120
Ay 154
164
15 » oo», LR Y 00245
302 261
256
17 1,020
1,120 : 1,130
1,250
18 1:810 ® ¢ v 0 L 4 ‘. ¢ & L LN
. ~ 1,190 1,510
1,160



TABLE 4,
continued

DAYS COLONIES per C.C. AVERAGE,

19 1,490 . .
, 1,630 ‘ 1,620
1,740
21 3,200
4,300 4,200
5,100

22 5,100
52200 5,100
5,000
24 1,810,000 |
1,430,000 1,600,000
1,570,000
....Qéé.’.“"...'.v’ ééé:ééé' o o ?
530,000 550,000
560,000
e 480,000
' 500,000 480,000
470,000
g8 T 420,000
400,000 ; 420,000
450,000
29 200,000
190,000 200,000
220,000
30 "7140,000
160,000 150,000
150,000
® Q.Qél' e & & . L] 60’)’30@ »
61,200 60,700
60,600
L BN .éé."..‘.".“. .'éO’OOO
90,000 80,000
70,000
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TABLE 4,

continued

DAYS COLONIES per C.C. AVERAGE,

35 91,000
94000 92,000
93,000 ‘
4 & 0 o éé'."'. 98’000
93 000 95,000
94000
eoeové,;o R lll,OOO 3
88000 93,000
79,000
38 65,000
79000 73,000
75,000 |
2 'Zé. e »’ L3 L2 L] 60,060 /' *® L) L]
55,000 59,000
61,000
® s ‘46 & ¢ % e s o 529000 &
36.000 44,000
43,000
a2 | 31,000 )
| 30,000 L 32,000
35,000
45 L B L2 289000' L
29000 | 30,000
32000

.eo@a.ooooevaaoowseeﬁeooqoceooaoeo.a.catocooonoo'-ooe

45 N 10,000
11,000 10,000

9,000

47 5,300
5,700 5,700

6,100 .

Q.4§' & & 8 0 - * l’ééo
1,500 1,720

1,900
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TABLE 4,

continued

DAYS COLONIES per C.C. AVERAGE,

50 451

a7 470

487

* & & 51500 L 2 59

, 45 45
52
52 | g

4 4

| 5

53 48
62 61

72

- 00‘00966906‘QOCOAOOOQ'0000OOQCOQQOQ.‘OO0‘60&0.000.00

54 : 12
17 15
15
'lGO'.C.OO.IOOOO0.0v'.Q..l'0‘0000'0900600000000.0000
57 : 56 A
‘ 55 52
44
..'l..ol".I0.0..90‘0.0‘80600'OCO'OOOGOQ.QO@OO.QOOO’.
58 ‘ 66 ,
, 71 ! 68
66
00."‘.".0"&0000‘&00.'00.9000.0.00.0..‘00"000..'0
59 , 59
65 : 59
52
'..Q'Q'DG.B.OIQQQO!Q"G'G'QOOQO'.G.OOQQO'QQOQQGOOQUO
60 : 20 |
25 23
23
6000‘.000'0009..".CO0C0.00.0.0000000000000000000000
6d 1l
11 12
13
0l.!‘@.oy@'i"tl'.t"bo.0.‘0'00’6.0.'..0000000.0.e'o..a
64 8 )
22 12
10



'TABLE 4,

continued

DAYS - COLONIES per C.C. . AVERAGE
65

O ~3 W0
-Q

ote'eoooobbe’ooootonclooc-cootooaovnooDo--oovo

66

. |
O~T s Oid N

ol'otvnoo'voonooowcoant'.wees_eatoeeoovouooooooe

68

0000.000000000c'uue'woooooc»000@0000.0000000.00

69

eocooolqeoo.ttté’ﬁobeoohooe!b900.'.'.0.000@06.0

70

seccc&w'ocoactoo.oooeaoa0oee&oooeooooooooooo'eoo

nco'oecqoceoe‘eoo‘-b»‘eauoaoocotaoo»ooooooooaeoe.e

72

c.‘be'o.e'.eﬁ.i‘00‘000'NQOOGDD'..'IOQQOOQGOOCQ.

73--87

'0@"0000..0000.0600090900

93

s

O'QOO"Q.QO0.00.GCOG

o~'ceooocoo.o.'ooteoeeocioo-oo.o.noooao'uoaooou

99
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The agar slants picked from the colonies, presumably B.

salmonicida, on plates made from the forty-ninth day until

the end appeared to be contaminated. There were two dis-
- tinet types of growth:
1. 4 glistening,convex, effuse, and translucent growth.
Morphology.
Small gram-rods, almost coccoid.

* Plated on maltose blood agar,

Typical B. salmonicida colonles appeared--the blood

was haemolyzed and the sugar fermented. Aiso, the col-
onies skated when pushed with a loop. ‘
Mbrphology. . . \/
Small grém-rods, almost coccoid. Picked single

colonies to nutrient agar slants. 4 brown plgment, typic-~

al of B, salmonicida was produced. Sowed into carbohyd-
rates;

Maltose ceeenesnes f

Mannite +.vveeeooo 4+

Xylose P o

Arabinose ....ese0

Lactose ...iececee O

SUCILOSE€ ceveesonss O

* This was done by touching a portion of the slant with
& loop, mixing this with a drop of sterile broth on the mal-

tose blood agar and spreading.,
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2., A few large single colonies, shiny, flat, viscous, with
irregular edges.
Morphology.
Large grem-rods, varying in length, and a few clubbed
shape rods.

A, Plated on maltose blood agar.

The growth appeared to be the same as that of B, sal-

monicida--the blood was haemolyzed and the sugar fermented.
Morphology.

Small gram-rods, almost coccoid, and a few longer
gram-rods. Picked single colonies ﬁo agar slants. A brown
pigment was produced, but there were two types of growth és
before: /

(a) ‘a glistening, convex effuse and translucent
growth. ‘
(b) a few large single oolonieé, shiny, flat, viscous,
with irregular edges. !

Subcultured from the maltose blood agar plate to nutrient

agar plate., Two types of colonies appeared.
() small round, shiny, convex, regular edge, skated on
agar when pushed with a loop,

Morphology.

- Small gram-rods, almost coccoid.

Picked to nutrient agar slant.,

Produced a brown pigment.
(b} larger colonies, flat, viscous, irregular edge,

a heavy creamy centre,



Morphology.
Large gram-rods with rounded ends. A few clubbed-

shape rods.

Picked to nutrient agar slant.

No brown pigment was produced. Sgwed into carbohyd- o
rates:

Maltose cuseeoscsesne

Mannite ..eeeooscens

XyloSe seevneacssono

ATEDINOSE +uveerann.

Lactose o,ivioeooses

o O O o o ©

SU,CI‘OS@ CECRUEE B A SRR I 2 3

~ B, Plated oﬁ nutrient agar,

b

Just one type of colony appeared--large flat colonies
viscous, irregular edge, and a heavy creamy centre.k‘
Morphologg‘o |
Large gram-rods with rounded en@s, and a few clubbed-
Shape rods. | |
For convenience we called tﬁis second type of growth "C",
As there seemed to be akpossibility that this form, "C'",
might be some form of dissociation,experﬁiments were begun to ..
attempt to bring about a reversion. Only half of the sixteen
cultures were used and these were picked at random. The
samé technique was applied to them all, and since in all cases
the results were identical, only one will be recorded,

(1) Alternative subculturesfrom broth to agar plates. v

The "C" form was grown for forty-eight hours in broth,
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a few drops were spread on a nutrient agar plate which was
incubated for forty-eight hours. Then a colony was sown inta
broth., Five such series affected no change in the morphology.

(2) Serial cultures on nutrient A82ar .

Subcultured from plate to plate. There was no apparent
change after seven transfers.

(3) Serial subcultures in broth.

A heavy, turbid, granular growth, with a surface pell-
icle,
Morphology.
Large gram-rods (longer and thinner than from agar

 plates). The twelfth tube revealed no morphological changes.

Whether the "C" form turns out eventually to be a new dis-

ociative form of B. salmonicida, or a contaminant of pecul-

e

iar behaviour, does not alter the accuracy of the findings as
“to the survival time of the original organism. This is true
because of the fact that by proper treagment, typical B, sal-
monicida could be recovered in every case.from the peculiar

colonies. v



DISCUSSION.

vPlehn stated that the number of B. salmonicida colonies -
" increased by millions,'ﬁnder laboratory conditions, in water
polluted with organic material, in the same time required for
it to die out in pure water. Also, that furunculosis, as it iﬂ
ocours in séwage polluted waters is commonly more infectious
and more "disgusting” than that found in clear water, v

Williamson noted that warm weather and low water were fav~- 7+

ourable to furunculosis. From her laboratory experiments

she claimed that B. salmonicida 4id not live and multiply in
polluted water.»

Stewart found that B. salmonicida grew abundantly in sew-

age waterAwhich_had been sterilized, and remained viable for
at least thirty days.’ She found that there was first a dec-
line in the number of organisms present, followed by a rapid
increase. On the tenth day the plates were too crowded to
count, as high enough dilutions had not been made,

Macarthur also indicated that B. salmonicida is capable

of multiplication in_water of high organic content,

In the above experiments,kbefore inoculating with B. sal-
monicida, the sewage water was treated with ether vapor.
This wés done to try and kill some of the sewage organisms,
particularly those which confused the use of the differential
medium, while still preserving the chemical nature of the pol-

luted water and its ability to support life. In this
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menstruum, inocula of B, salmonicida first showed a rapid in-

crease In numbers, and then on the tenth day a sudden decrease.
On the fifteenth day a second increase started, more gradual
than the first, and on the twenty-fourth day the number of

orgsznisms per c,c, began to decrease, B, salmonicida was re-

covered from the sewage for sixty-seven days.

Although these experiments can in no way be said to reprod-
uce natural conditions, they seem %o indicate that B. salmon-
igcida can survive and multiply in water polluted with organic
material,

Whether or not the "C" form of growth on the agar slants
made from the maltose blood agar plates from the forty-ninth « v

‘day until the end, is a dissociated form of B. salmonicida,

cannot at present be stated. That it is in some way related

tb B. salmonicida is shown by first streaking on maltose

blood agar and then subculturing to nutrient sgar. When this
is done two types of colonies appear on the nutrient agar, v

one being typical B. salmonicida, and the other the "C" form,

previously described. Whereas, if it is streaked directly on
nutrient agar only the "C" form of colony appears.

Many theories could be applied to explain this sudden de- v
crease on the tenth day. Would the biochemical oxygen demand
of the polluted water have‘aﬁy effect? In connection with

this it would be interesting to investigate the growth of B.

salmonicida in tightly sealed flasks, that is in non-aerated
polluted water, and also, in water which was well aerated,

probably by bubbling sterile air through the polluted water,



Could this sudden increagse be due to some toxic effect
which was later overcome? Some metabolic product, produced

by the other bacteria in the sewage may be inhibitory to B.

"salmonicida, or, there might be some toxic substance in the
organic material.

Dissociation may be the cause of this phenomenon, That is, o
there might be something in the sewage which would cause the

dissociation of B. salmonicida, into a form at present unrec-

ognizatle, with subsequent reversion to the typical’growth.

The chief objection to such a theory is that the only dissoc-

- lant, of an organism, which would be likely to‘pass unnoticed,
would be the "G" form of Hadley. However, Hadley has stated,
that the reversion of "G" forms to the normal is a‘matter,

not of hours or days, but of months. One would therefore,

have %o postulate.a new "G" type of dissociant with extremely
quick powers of reversion. Such a form has not yet been rec-

orded in bacterioclogical literature.



CONCLUS IONS.,

1. Bacillus salmonicida, seeded into flasks of ether

treated sewage water, after evaporation of the ether, survives
for sixty-seven days.

-2+  The number of Bacillus salmonicida colonies per c.c.

of.fluid is at times greatly in excess of the number inocul-
ated. (inoculum=2000 per c.c., |

maximum'recor&ed#l,690,000 per c.c.)

During the period of observation, wide flucuation
obcurs in the concentration of this organf?h the Sewage.

$. The ether treatment of the sewage does not essen-

tially alter the capacity of the fluid yo support bacterial
growth., This is evidenced by:
| (a) marked multiplication of the initial inocuium of

B. salmoniciada,

(b) eventual multiplication of the surviving sewage

organisms.,
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