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BACTXRIAL DESTRUCTION OF COPEPODSe

e

-

During the summe r of 1916 I was investigating the
bacteriological content of YSBwelled Cannea Fish' forthe Bio=-
logical Board of Canada at the Marine Station, Ste Andrews,
NeBe

Wnile there Dre Artaur Willey (Professor of Zoology,
McGill University) called my attention to the condition of some

of the copepods - calanus finmarchicus - upon which he was

conducting researche se Under the microscope it was seen that
many parts of the tissue of copepods which had died in culture
flasks were completely destroyed by masses of what appeared to
be vacteriae It was particularly noticed that the axial cav-
ity in the first antennae was entirely occupied by a dense
column of writhing organismse “Tubes of nutrient broth were
inoculated direct from the copepods and after two days' incu-
bation at room temperature a definite clouding of the medium
was notede

AL the request and on the suggestion of Dre. Willey I
nave proceeded with the eXamination of the cultures secured,
and have obitained in pure culture the organisms concerneds
Ihree gpecific stralns of bacteria have been isolated,

Inasmuch as the work may have some practical signifi-
cance in relation to the general subject of marine Biology,and
18 of scientific interest, the report of the detailed studies

of these organisms 1s presenteds
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MEDIA EMPLOYEDe

et e ot oo
L

I began by using various medla prepared from fish con-
coctions in add:tion to the ordinary laboratory medlae The
latter, however, proved to be more satisfactory in every way
and I have therefore confined myself to thelr use entirelye

Beel Peptone Agarle Standard Methods (1) - beef extract
being substituted for meates

Beel peptone gelatinee. Standard metnodse (1)

Glucose agare yg glucose added to agar prepared as
above, immediately before tubinge

Sodium Indigo Sulphate 3% sodiwm inaigo sulphate with 2%
Agare glucose added to neutral agar, tubed
and sterilised in flowing steam for
three successive dayse

Tochte rmann's Serum agare (2) For digestion teste

Foeffler ‘s Blood Serulte (3) v u "
Aesculin agare(4) For specific reaction ot organism of the

ceclon aerogenes groupe Loops of a broth
culture spread on platese

Neutral Bile Salt Agare(b) aittoe al1ttoe

Bouillon for Voges Proskauer reactione (6)

Bouillon forthe Mellyl Red Keactions (7)

Solution Tfor reduction of Nitrates to Nitritese Giltay's
gynthetic solution was used, and also
a peptone potassium-nitrate solutions

Dunham Solution I'or 1% peptone, B NaCl dlssolwed in dis-
Indol productione tilled water, the reaction adjusted

to + 10, medium cleared with white of
egg, Tiltereq, tubed and sterilisede.
After 7 days'incubation at 37i0C, the
cultures were tested for indol by the
Bolue Ehrlich test (8); the developuent
Of a cherry red codour indicating tne
presence of indole

Fermentation brothse IThe various sugars, alconols, glucosides

used were prepared separately as 1%
Solutions 1In distillea water, and ster-




Se

-ilised for 15 minutes 1n flowing steam ror three
successive dayse. Immediately before inoculation
these were added to tubes oi protn made up as per
the indol test -- the use of peptone water without
veel ellminates any risk of the reaction velng
wasked by action on tne muscle sugar =-—- in such
proportions as to give a final le sugar or other
carvonydrate brotgs Dunnam tubes were used ror
the collection of the gase FoOr acid production
the acid fuchsin indicator of Andrade (9) as
adapted oy Hollman was used at the rate of Zpe

In the preparation of the 1indicator I have noticed
as reported by Amdrade ana Hollmann that tne colour
which results Iroin the addaition of the normal
caustic soda 1s perceptibly aflfected by belng left
opern. to the aire 8By awulng tne caustic soda to
fresnly prepared acid fuchsin solution at inter-
vals tnroughout tne aay, Jleaving the reagent mean-
wnile exposed to tne air, I have found tnat 2% cce
n/NaCH will decolorise to the proper shade of

amber 100 ccCe fuchsin solutlorie

Litwus kilKe e milk freshly separated and tubed was sterilised
Tor three successive days for %0 minutes in tlowing
stealle the lilmus was made up separately; a T9e
solution or “kerck®sY litwus in aistilled water,
heated in the steamer for 30 minutes and left over
nignt 1n the incubator, riltered, sterilised ror
three successive days in f'lowing steam and added
to the milk lmwedlately berore inoculation at tane
rate o' 1§ per cente

NOYE = It will be seen frouw page ¥ that Culiure 3 of
this paper exniocited an unusual degree of sensi-
tiveness to the LltwusSe Lor this reason I now
consider tne proportion ol the 1indaicator added to
be oI sowe imporiancee
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MOTILITY e~
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CULTURAL STUDIESe

CULIURYE Ie

liicroscopically = 2& hour old agar culture at 3700.-
short rods varying up to 1ls6 illong and 1 h@{fbroad;
some larger forms; stains unevenly with Kuhne's'
methylene blue, and 1s Gram negativees NoO Spores are
formed and no capsule showne

Decided brownlan movement, but not the violent
agltation noted in Culture 3« NoO motilitye

CULTURAL CHARACTFRISTICSe—

Agar Slopee— 24 nrse. at 37°% e growth luxuriant, rais-
ed, slightly spreading, molst, glisten=—
ing, porcelain-wnlite, eages echinulatee

Glucose Agar Siopee. Gas, growth luxuriant, raiseqd,
molst, glistening, wocolly appeararnce,
haze, porcelain-white, spreadinge

Tocuterrann's Serum Agar Slopee Reseuwbling growth
on gluccse agar but no woolly gppearance.
In 8 days growtn had permeated medium as
flakes; gas, heavy precipitate collect—
ed ati base of slopee

Loeffler's slood Serume Moderate, spreading, Tlat,
no digestion, no discoloratione 1In
7 days no digestion; colour isabella,
lwxuriant, moist. slightly raised,
iridiscent.

Sodium Indigo Sulphate Agar Slopes Luxuriant, ralsedq,
moist, spreading, noreduction. 1In & days
no reductions

Gelatine Stabe 2100. 24 nours, growth Tiliform, equal
surface and stabe In 7 days as before;
gas bubbles - presumably from the muscle
sugar in the beel extract - in tubes
In 6 weeks no liguefaction, growtn brown,
ecninulate, medium unchangeds

Hutrient Broths 37°C. 24 nrse Clouding abundant,
medium clearing, flaky sediment at
bottoaw,bluish rim at tope In three days
flocculent yellowlisn-wnite rim at top,

€asily dislodged on shakin Y
almost clears cv Hediun
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Potatoe Abundant along track of needle, glisteuning,

= contsuied, isabella zolour, growth slightly
raised; in tnree days iridiscence percepiible
ané medium slightly browneds

MilXe Coagulation in 24=30 hrs.; curd proken by gas
bubbvlese In & weeks curd contracted, no
diges tiole

Litmus }dlKe In 20 hours-lilac, much gas, 10 coagu-
lation; in 36 hours coagulatlion with gassy
cuard; in 5 days curd bleacned; in 6 weeks no
digestione

Aegcullin Agare Luxuriant, molst, black reaction-

Neutral Red Bile Salt Agare Luxuriant, raised, gils-

tening, moiste Characteristic red reactions

Peptone Broth + Aesculine Black reactiorne
(1st appearance) 5 days at 21°¢C.
Surfaye colonies up to 1 mme. diameter, ralsed,
glightly darker 1a centre, paling t,wards
elgesSe Under the low power objective homogen-
ous, granular, edges entire.

Agar Coloniese. 24 hrs. at 3700. Surface coloanles
up to 3 mme. diameter, raised, concave, glis-
taning, vyellowlish-white at centre, paling
Towara3 edges, edges entire, cclonies bluish
by transmitted lighte Unuer low power objec-
tive edges entlre, finely granular,amorphouS.

Tir snA LTHY RELATIONS e

Thermal Deatg Point. 10 mne exposure in nutrient broth
at 609Cs

Qptimunm Te;gerature. 37°Ce Cultures incubated at 37 .
217, and 14°C, respectively.

Vitality on Culturc ealae Active cultures have been

rgc%gg*ed grom agar after 5 min. at temperature
0

RELATION TO OXYGENe Facultative anaerobe; glucose agars

_a——..,-

BIOCHEILICAL REACTIONSe

——

Indol production : Indol produceds
Reduction ol Nitrates : Nitrates reduced to nitrites,

Voges Proskauer reaction : Negativee
Methyl red reaction : Aclde
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FERMENTATION OF CARBOHYDRATESe

Glucosee Lactoses Saccharosees Maltosee Mannitee Dulcitee

++ ++ ++ ++ ++ ++

Dextrine, Salicine Rafrfinose. Adonltee Inuline Xylosee.

+4 ++ ++ ++ + ++
Glycerinee
++
+ = acide
++ = aclid and gase

Culturally and biochemically this organism is a varia-
tion of the Be coll type according to the description of Escher-—
ich (10)e The variety I have isolated differs from the original
description in that it is non-motile and ferments saccharose to
acid and gase The degree of importance to be attached to aiy
one character nas been discussed at considerable length in the
literature during the last thirty years; owing to the fact tnat
thils organism is used as a presumptive test ror faecal contamin-
ation in systematic water analysise Of the two variations from
the original type mentioned above, the presence or absence of
motility may rfirst be consierede

There has been a tendency by some workers to consider

a non-motile form of Bs coli (Eschericn)uas Be aerogenes ( Esch-

erich) )ll)e 1his position, however, is not substantiated by
the researchnes of kscherich and Pfaundler, MacConkey, Jackson
and otnerse Escherich and Pfaundler (1 amé/2) in describing the
original Be coli state that generally there is motility, some-

times 8light; a characteristic movement as of short forward
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pushes, swinging in space with sometimes no change of place 1is
also noteds The absence oi definite moticn as recorded by
Tafel, Frankel and others is cited in tine same papere Lembke (13)
conslders that motility in Be coll is variablee. McWeeyney (1)
in discussing what he would regard as the genuine Be coll remarks:
*on the motility of individuals or its absence I hesitate to lay
much stresseY Houston (15) in using a broad classification for
the true colon group adopts his "flaginac* test whichn leaves open
the question of motilitye Durham (16) considers that all members
of the true colon group are probably motile; but in the same
Paper states ! vspeaking generally morphological characters are
not of much value for subdivision of these vacteriae®

liacConkey (17) discusses tne inf'luence of temperature
and medium on motility,; and while he considers the presence or
absence as important he says : vit 1is very dirricult to arrive
at a conclusion with regard to tnis charactere® xEllis (18) has
proved the presence ol rlagella in give species of the genus
Bacterium which were hithierto held to be non-motile; and he
consgiders that aii\ﬁﬁe genus Bacterium when suitably cultivated
can be shown to be motilee His conclusions would appear to be
not sufrficiently substantiated on the data givene The English
Commission on the Standardisation of Methods for the bacteriolog-
lcal examination of water (19); and the American Commission on
Standard Methods (1) each specify motility as one Characteristic
of the true Be coll; but a comparison of the two standards re-
veals variance as to the significance to be attached to thnis
speciric features Prescott and Winslow (20) consider thne sugar

Termentations, particularly the fermentations of glucose and

lactose, are of prime lmportances Savage (21) considers motility
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as one of the essential characters of the true Bscolle Migula (22)

includes Be. neapolitanus (Emmerich) (23) which is non-motile,

e

as identiml with Be coll (Escherich)e

Thus while the concensus of opinion 1s undoubtedly in

Tavour of specifying wmotility as a character pf the true B.co;ii)
there would seem to be no justification according to present
classification for excluding from this type an organism prepon-

J;
deratingly similar and placing it with Be aerogenes (Escherich) /

on account solely of the absence of motilitye Harrison (28)

railses the question as %o whether, provided the argument re

motility 1s admitted, 1t removes Be. neapolitanus to a different
genus from B, colle.

The second variation to which I have referred (page (; )
18 the Termentation of saccharose t0 acid and gase Be coll (Hsch-
erich) {(10) has no action upon saccharosee Theobald Smith, cited
by 2escott and wimslow (20) stated in 1893 that Be coli could be
divided into two distinct sub-types,- the one negative to sacch-
arose or in other words the original Be coll, and the other fer-
menting thls sugar to acid and gase Durham (16) isolated

gaccnarose-poslitive organiams and gave the naume Becoli communior,

since contracted to Becommuniore Jackson (24%) has classified the
organism of the lactose fermenting type and confirms the sub-type

Bscommunior of Durhame The classification of Jackson has since

been adopted by the Laboratory Section of the American Public
Health Association (1) and on this copytinent has received almost
general approvale Using saccharose and dulcite as differential
fermentation tests Jackson considers those oyganisms Positive to
lactose and dulcite as Be coli (Eschericn)gaiositive to lactose,

sacchnarose ana .dulcite as B. cqpmunior(Durnamfs positive to lactose
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and saccharose but negative to dulcite as Be aerogenes (Escherich);

positive to lactose but negative to saccharose and dultite as

Be acidi-lacticie Further subdivision according to the action on

mannite and raffinose/are used for further differentiatione.
AT
MacConkey uses the Voges-Prosgkauer reaction as one of
nis differential tests and finds that the true B.coll 13 always

Voges-Proskauer negative, while the Be aerogenes type is Voges-

Proskauver positivee 1In the same paper he revives the name
Beneapolitanus (Emmerich) (23) and uses this nomenclature ror his
saccharose positive dulcite positive strains instead of the name

gilven by Durham - Be.cuommuniore MacConkey obtained a pure culture

labelled Be neapolitanus from Krdl, and out of 480 coli-like
organisms isolated from human and animal faeces he found that

2%, gave blochemical reactions identical with the Krdl culture
used by himas controle He states thatl he cannot agree with Migulsa
in describing Be neapolitanus (Eumerich) as ldentiaal with B.coll
(Escherich)e AS, hnowever, the differentiation by means of carbo-
hydrates other than glucose and lactose nas been amplified since
the classification by Migula, the conclusions of both Migula and
MacConkey on thls particular point are perfectly leglitimate.
Jordan (25) 1in designating the saccharose-positive dulcite-positive

group uses Be communior and Be neapolitanusg lnterchangeably;

blochemlically tnis &8s correct, but the former is motile (16), the
latter non-motile (23)e Levine (26) who apparently follows
MacConkey has lately studled 333 strains of lactose fermenting
bacteria from various sourcese He goes one step rurther and giving

Be neapolltanus its original character of non-motility according to

Bimerich (23) uses that nomenclature to include non-motile forms of
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Becommunior (Durham)e To say tneheast it 18 interesting to

revive B. neapolitanus as a sub-type of Becoll (Escherich) in
view of the following statement by Jordan (25a) : YAccording to
a strict application of the rules of priority, the bacillus now

knownn a3 Be @ 1ll snould be called Be neapolltanuss® The dates

4, n
of the original publication by Eumerich and Escherich of course
bear out Jordan's statement.
However, according to the first descriptions of Eummer-

by o, ‘
ich (23) and Eschierich (10) the former found a non-motile, strath

of a lactose fermenting organlisme Later work already refgfred
t0 has separated these two strains on ihne basis of saccharose
Termentation =8)e We thus nave two features in which the res-
pective strains differe A propos of the stand taken by Durhan
and McConkey, Harrison (28) opens the question as to whether it
1s legitimate to name as a species an organism diffeinng only in
the Termenting of one sugare

It would tanerefore seem legitimate, on the ground of
present day classification, to tentatively characterlise the
organism I have isolate%’a non-motile, lactose, sabiharose,

dulcite positive, Voges Proakauer negative strain, as a variety

of the sub-type Beneapolitanus of the classic Bescoll type of

Escheriche (26) t€3F. TO use Be_neapolitanus eonflicts witnh the

nomenclature Be communior more usually accepted for the strains

gilving ldentical reactionse. If motility is considered, Be nea-

politanus and B. communior are not strictly the same; but to use

the slngle characteristic, absence or presence of motility, to

separate Be communior and Be neapolitanus, and at the same time

to say that a non-motile form of colon is identical wita a motile

form may seem inconslstente.
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The difficulty can be overcome by the tentative classification
of the organism I have isolated as a non-motile strain of the

sub=type Be communior (Durham) of the type Be.coll (Escherich);

or to take the differentiation further, as Be neapolitanus, a

sub-type of Becoll (Escherich)e
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CULTURE Iie

uicroscopically - 24 nrs old agar culture at 37%. -

rods varying up to le6 myﬂ,lang and 8 'ébbroad;

some not much longer than broad; stalns evenly with
e's wethylene vlue and 1s Graw negatives. NO spores;

noc capsules fnave uween demonstiratede

Rapld movement, darting to and Iro, many revolve as on
an axise

CULTURAL CHARACTERISTICSe

Agar Slopee— 24 hrs at 3700.— moderate, bluish by trans-
mitted light, moist,glistening,sligntly
raised, later Dbecoming by tranguitted light
yellawish in centre gradually merging into
transparencye

Glucose Agar Slopee- Gas, growth moderate to luxurient,
glistening, sligntly raisede

Tochtermann®s Serum Agar Slopes Molst, slightly ralsed,
bluish vy transmitied 1lignt, spreadlng
discrete colonles, gase In 8 days growth
had become yellow, lnuch water oI condensa-
tion, heavy greyish vinite precipitate at
bpase of slopee

Loefrler®s Blood Serums Moderate, I'iliform,moist,
glistening,no liqueraction,no discoloratione
In 7 days no digestion, no discolorzatione

Sodium Sulpnate Agar Slopee Hailsed, spreading,molst,
no reductione In 8 days no reductione

Gelatine sStabe zlgc. 24 hours growth filirorm,equal sur-
face ana stab; 7 days tenaency to echinulate,
In 6 weeks no liqueractiun, growtn yellow-
ish brcwn,; characteristic lateral growths

regewbling a poplar tree against thne norizon;
mediuwn unchangede

Nutrient Brothe 37°C. 24 hourse Clouding abundant, no
pellicle, no sedime nt, pblulgh rim at tGPe
In 1 week, slight sediuent,otnerwise no change,

Potatoe lioderate, Ilat,yellowish-white along track of
needle,
MilKe In 6 weeks no changes

Lituus ilkKe

Varies Irom no change to a tint 8lightly more

alkaline than control; oplue rim at top
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Aesculin Agars Black reactionsa, growth less luxuriant
than in Culture I.

B

Peptone Brotn + Aesculine Black reactione.

Gelatine Colonles - 5 days at 21°C.--colonies up to
5 mns diameter; under low power oOb-
Jective granular; edges lobular to
contured, centre dark with paling to-
wards edgese Deep surface colonies
gramular centire with dark concentric
Tingse

Agar colonies. 24 hours at 37°Ce - surface 1 mm. diam.
raised,concave, bluish by transmitted
lignt, round, smooth, edges entire.
Under low power objective granular,
edges entire.

THMP YRATURE RELATIONSS

Thermal death point : 10 m&nutes exXposure 1in nutrient
broth at 55 Ce

Optimum temperature : 37009; cultures incubated at
37°C, 21°9C, and 1u40C, respectively.

VITALITY ON CULTURE MEDIA 3

Active cultures have been rescovered from agar tubes
af'ter 5 months at teuperature of 159- 20°C,

RELATION TO OXYGENe

Facultative anarobe; glucose agars

BIOCHEMICAL REACTIONS :

Indol productione Indol not producede

Reduction of nitratess Nitrates reduced to nttrites.

Voges Proskauer reactions Positive, after 6 hours,

Methyl red reaction. Faint acildity, 8hortly follow-
ed by reversion to alkalinity,

FERMENTATION OF CARBOHYDRATES

Glucoses Lactosee. Saccharose. Raffinoses. Maltose,
++ - ++ - - +4

Mannltes Dulclites Adonite. Salicin, Dextrine. Inulin,
++ - - - - ++ b

Xyloses Glycerinee

++ ++ (8lowly ).
+
++

aclde.
acld and gas.
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Notee- The fermentation of lactose to acid is faint, and in
2 days reduction 18 notede

The classification of thilis culture must be purely tentative.
It will Ye seen that while saccharose, maltose, mannite, salicin
and dextrin are fermented to acid and gas, the organism fails to
ferment lactose to gas and only falntly to acide Thls has per-
sistently been the case through several monthsg; on one occasion,
however, a small bubovle of gas - 1 mme dlameter - appeared in a
Durhaum tubees This I have been unable to obtain since confirming
in triplicatees MacConkey states : %1t has been my experimamce that
where an organism produces acid and gas in one medium and appar-
entiy only acid in another, under proper subcultivation the organ-
ism will produce Bas in the second mediume® (17,footnote)e
Harrison in this laboratory has frequently cited to me verbally
nis own experience in this matter wnich bears out the statement
of MacConkeye Whnile the organism is defipitely motile it differs
from Be cloacae of Jordan (29) in that it fails after three months

to llquefy gelatine, falls to rerment lactose to gas, and fails to
coagulate milk after several weekse KRogers Clarke and Evans found
that the group of the types they isolated from grains - Group B =
fernented to acid and gas glucose, @accharose, mannite, glycerine
and adonit, but like my culture falled to ferment lactose; on

the other hand thls group liguefied gelatine (30)e Thnese workers
consider that such group has at best only a 8light connection

with the colon-aerogenes groupe Taking the classification adopted

by the American Public Health Association (1) the culture would

be ruled out of the colon-aerogenes group at once on account of

its failure to produce gas from laictose; further, milk is not

coagulatede Certain of tne biochemical reactions would tend to
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suggest the Gaertner groupe According to Besson (31) the organisms
of thls group are negative to lactose, saccharose, salicinjraffin-
ose and inulin; while those carbohydrates to which the group 1s
positive include dulclitee 'fhis organism, it will be noted, 1is
negativ_e to dulcite, lactose and inulin but positive to sacch-
arose and salicine Jordan (32) in a study of 74 strains of the
Gaertner group cites that the reaction to dulclte and xXylose 1s
variable, but includes dextirine among the fermentable substances not
attacked; thus establishing at once a similarity and a variation
respectively as compared with the organism here describvede In the
Samwe paper Jordan describes strains wnéke reaction to litius milk
cannot be differentiated from the controle Savage (33%) in a clas-
sification of the Gaertner group divlides such imto two sub-groups :

ae Irue-G ther ® \

Ye Para~Gaertner vabilll,;

to which nhe had previously drawn attention in reports to the Local
Government Board 1906-7-8. Citing from Savage : "The bacilli of the

para-Gaertner sub-group are a number of organiams, for the most part

unnamed, which appear to be not very uncommon in the healthy animal
and human intestine, and which are of chief interest from tineir

close resemblance to irue Gaertner bdacillie « « They can only be

culturally differentiated from the irue Gaertner organisms by an

extended serles of fermentation tests wnile they fail to be
agglutindted by lmmunising animals with any of the members of the

true Gaertner sub=-groupe They are also for the most part non-patho-

genice They have not so far been found as a cause of disease in

man or in animals.*

Until I am able to secure for comparative cultural tests
strains of this sub-group from Dre Savage 1t would not bve wise to
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attempt a more definite classification of the organism herein
discussede In view, however, of the deciaed variation from the

Voges-Proakauer type of the colon-aerogenes group as lately given

by Levine (27), and considering the many cultural features and
fermentative reactions which suggest at any rate a distant re-

lationshlip to the para-Gaertner group, it seewms nat undesirable to

suggest that based on the cultural features and biochemical
reactions this organism be considered tentatively as an atypical

form of the para—Gaertner group according to Savages (33)e
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CULTURE III.

e =

Microscopically *the organlism appears as a COCCus,
in pairs, in masses, and as short streptococci; the
average dlameter from a 24 hour old agar culture at
370Ce being e Mg, stained with Kihne's methylene
bluee The organism is Gram positive and non-spore-
forming; capsules faintly discerniblee.

Tests for motility made in hanging drop of conden=—
sation water from a young agar culturee No motil-
itye Violeat agitationcan be noticed, and rotation
of the cells as on an axlis, but the position in the
drop is unchanged,

CULTURAL CHARACTERISTICSe=-

Agar Slopee 24 nrse at 37°C. growtn scanty,bluish
by transmitted 1light, filiform,flat,
withh later a tendency to spreadinge

Glucose Agar Slopee Growih moderate,heavier than
on agar, discrete colonies, flat,spread-
ing, glisteninge

Tochtermann's Serum Agar Slopee Growth scant to mod-
erate, bluisn by transmitted light,heavy
clouding of the condensation watere In

5 days slight digestion of the medium
notede

Loeffler's Blood Serume Growth rfiliform,medium chan-
nelled and slightly darker in coloure In

5 days growth glistening, yellowish,
8lignht digestione

Sodium Indigo Sulphate Agar Slopee Faint growth, no

reduction of colour,24 nrse In 14 days
reduced to reddish browne

Gelatine Stabe 21°Ce In two days liquefaction begin-
ninge In 7 days stratiform liquefaction
for 4 of tube,even clouding with yellowlihmh

flocculent precipitate at bottom, Lique-
faction complete in 1 month.

Nutrient Brothe 379Ce even clouding, moderate, no

pgllicle. o sediment; later medium clear-
8Ge

Potato. Barely discernible growth in 24 hrs, In

3 days faint growth, flat,s

Preadi white,
metallic lustree. Hee
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i 370Ce In 36 hours weak coagulum, no gas
notede In 72 hrs digestion had begun, a
clear lemon coloured liquid extending for 4
tubee In 7 days tube half fluid, curd soft,
gelatinous, bright and of a solidity resemb-
ling macaroni; easily disintegrated on shak-
ing, after 2 montns some curd still remain-
ing, lemon yellow in colour, consistency as
befores

Litmus MilXe The reaction of the organism to this
- mediwme 18 unusual, and it is due to the sen-

sitiveness here dlscovered that I have adopt~-
ed the uniform percentage of litmus,noted on
pige % e If 1litmus be added at the rate of
1z% coagulation preceded by bleaching takes
Place within 36 - 43 nourse. Digestion then
begins and proceeds slightly more rapidly
than in the milk, the contents of the tube
varying in colour from a lemon yellow to
claret with decided fluorescence in 72 hrse
In 2 months digestion is not complete, 1-2
cme Of a Jjelly-like claret coloured curd
remaininge.
If the quantity of litmus added be more than
1% the reaction is quite difr erent,varying
according to the percentage of litmus added.
There may or may not be coagulation, the ~ol=-
our varying from isabella to a muddy burpur-
eus,; flakes of tigted curd can later be noted.
In 2 montns a condition resembling broken
Jelly of a variety of shades of Purpureus
has besn recordede A note referring to tnis
Pnenoumenon in greater detail is being pub-
lished elsewhere.

Aesculin agare. Growth moderate, flat,dry,brown to
blacke

Neutral Red Bile Salt Agare Growtn scant, no char-
acteristic colour reactione

Pertone Broth + Aesculine Black in 12 hourse

Geiatine Colonles (1st appearance)e 21°C. 4 days,
buncilforn to pinhead colonles,depression
in wedium commencing; under the low power
objective structure Compact,finely granular,
Paler towards the edges; edges ciliate.

Agar colonisse 37°Ce growth slowe 2i Lrs colonies
«5 mme in diameter, growth tends to ve
subsurfacee Under tne low bower objective
colonies rounda or eliptical,edges entire to
undilate,internal structure granular,dark
halo in surrounding medium,
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TEMPERATURE RAELATIONSe-

Thermal death pointe 10 minutes' exposure in nutrient
broth at 60°Ce

Optimun temperaturee 37 Ces cultures incubateda at 37 Ces
21°C and 14°C. respectivelye

VITALITY OF CULTURE MiDIA: Active cultures nave been recovered
from agar tubes arter 5 months at temperature of 158-20°C.

RELATION TO OXYGENe Facultative anarone. Under anarobic condition
on glucose agar,growth visible in 24 hrse at 37%Ce

BIOCHEMICAL REACTIONS <

Indol production. No indol 1in 7 dayse
Reduction of nitrdtese. No reduction to nitrites.
Voges Proskauer reactiones Negative.

Methyl rea reactione. Acid to methyl red.

FERMENTATION OF CARBOLYDRATESe

Glucosee Lactosee Sacchiarosee Maltose, Mamitee Dulcite
+ + + + + - -

Dextrine Salicine Raffinose. Adonlitee Inuline Xylosee.

+ + - e= - .. - e - o=

Glycerinee.

- ne

+ = Acid.

++ = Acld and gas.

In accordance with the cultural results this organism

is properly included among the liquefying streptococcie Winslow
(34%) takes the Stregracilis of Escherich, Lehmann and Neumann as

thevtype centrevof these liquerilerse He considers that the
various streptococcl which peptonise gelatine more or less active.
ly are variants of this type; intermediate between it and some of

those characterised by Andrews and Horder (35).

I find, however, a closer resemolance to an organism des.

crived by MacCallum d&nd Hastings (BQ) as Micrococeus zymogenes,

Thls was 18olated from a fatal case of acute endocarditis,

and
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while 1t shows the same main characteristics as Strggraciligjit

liquefies serum slightly and subsequent to- coagulating milk digests

the clote This organism was later found by Birge (37)e It isAn the
{
two last characteristics that I find the close resemblance to Mezymo-

genes noted aboves The original aescription of Stregracilis of Escher.

ieh cited by winslow (34%) includes non-liquefaction of blood serum
and failure to coagulate milk; but sumning up the variations/ Winslow

provisionally defines his "type centret Stregracilis as follows :

Small coccus, appearing in chains, ferments lactose and coagulates
milk, may ferment mannite and S8alicin, liquefies gelatine activelye.
Wnile the organism I have described appears to have certain
particular characteristicg,l hesitate to depart from winslow's view
regarding the relationship of the variants in his tentative group of
streptococcus liquefiers (34)e I conclude therefore tnat this organ-
ism which culturally and blochemlcally 18 identical with the liezymo-

gene, g of MacCallum and Hastings (36) should be Placed as a variety
of the type Sire. gracilise
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SUMMARY AND CONCLUSIONSe

——

Three strains of bacteria have been isolated from the destroyed

tissue of copepods which had died in culture I laskse

Summarised the biologlical features are as follows =

I II III

Rod-IoXie Rod=-f'orm CocCuse
Gram’s Stain - - +
Spores - - -
Capsule - - +
Motility - + -
Agar uxuriant koderate Scant
Gelatine No liquefe. No liquef. Liquefe
Potato Abundant Moderate Scant
Loeffler*s Bloody No diges- No digese Slight digese

Serue tione

Milke Coagulage No change Coageand digeste
Thermal death pt 60°Ce 559C e 60°C.
optimum temperature, 37°Ce. 37%C. 370Cs

Summarised, the blochemical reactiong are :=
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- .
I. Ile LiIe
Indol. + - -
Nitrate reductione. + ! + -
Voges Proskauere - + -
Methyl Rede. acld §§iﬁ§l§1§§§f'ﬁ acla
Glucoses | 4 ++ +
Lactoses ++ + o +
Saccharose. e+ 4 +
Raffinoses ++ - -
ialtosee +t At +
Mannitiee 14 td +
Lulcite. ++ o o
Adonitee ++ - —
Salicine ++ +4 +
Dextrinee ++ +4 +
Inuline + - - - -
Xylosee ++ ++ - -
Glycerinee L ++ - -

+ = gcide
++ = acid and gase

Based on thelr cultural features and biochemical reactions the
organlisms are classified as follows :=

CULTURE le Tentatively am a non-motile strain of the sub-type
Becompunior (Durham) of the type Becoli (Escherich)
or to take the differentiativa furthner, as
Beneapolitamus, a sub-type oI Becoll fEscherich;e.

CULTURE lle Considered tentatively as an atypical form
(o)
Para-Gaertner group after Savages T tne
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CULTURE IIle {dentical with mezZymogenes and placed
as a variety of tie type of lique-
fying streptococci, Streptococcus
gracillige

No inoculations of these cultures have been made into nealthy

copepods owing to distance from the seae.

It is not legitimate to draw axy definite conclusions regarding
the relationship of these organisms to the destruction of the
copepods, as no inoculation experiments nave veen carried out,
and the postulates of Koch nave not yet been satisflede Accord-
ing to tne descriptions presented, however, the evidence is

gtrong in favour of Culture Iii being a possiple causal agent.

I wish to thank Dre Ae.B.Macallum I'or permission so

readily granted to present a note elsewhere on certaln features

of Culture III; Dre FeCeHarrison for his kindness in reading

the proofs, and particularly for his valuable and eritical
asslistance witn regard to the classification of the Becoli

group; and Dre. Arthur Wwilley for the initial suggestion that I

should undertake the investigationg
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THE BACLTERIOLOGY OF SWELLED CANNED FISHe

e T
——————

——

In a survey of the literature relating to the bvac-
teriology of “Canned Fisn® it is round, with a I'ew exceptions,
that the investigations recorded have veen undertaken in con-
mnection with proved and alleged cases of food poisoninge
consequently the data available is largely interrelated with
data on the bacteriology of canned meats, and of ordinary meats
as supplied unpreservedes The exceptions of which I have know-
ledge are the investigations of Prescott and Underwood (1897)
om *Microorganisms in the Cann&ne Indugtries"; the wor_k of
Macphail assoclated with Bruére (1897) on vDiscoloration in
Canned Lobsters*; and the recent work of Obst on %A Bacteriolog.
ical Study of SaéZines° 1916.3. Prescoit and Underwood working
on cand of spolled clams and 1obsterq,1solated specles of
bacteria, two classed as micrococcl, tne other seven as bacilli,
The investigators found the cans to be badly decomposed, in some
cases almost entirely liquefied, much darkened in colour and
of a very dlsagreeable odours

of the bacilli,six coagulated and digested milk, while
none of the seven produced gas in sugar solutionse. According to
the description given certain of tnese cultures pear a.close resem=—
blance to some recorded by me among thne organisms in Class II on
page Sq « Both strains of micrococcil 1solated by these workers
falled io coagulate milk and falled to produce gas in sugar sol-

utione The bacteria were not nameds
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Macpnail and sBruére in their work on IODsterg/isolated and

recorded the reatures of four strains of bacterla; two were cocci,
and two were fine rodse &Hach of tine four were inoculated 1into
sterile cans ol lobster, and in due course the rules of prool were
satisfiede Some of the organisms I have 1solaned/oear a resemblance
to certain of the strains described by macpnail and Bruére, but 1%
impossible to express a definite opinion as to their mutual iden-
titye '

Obstj in the report of her investigations on *A Bacterio-
logical Study of Sardines" states hhat a bacillus,designated
“Bacillus Av, has been founa in pure culture in two aundred and
eightyseven swelled sardine canse The org;ggzgwqgfg$§pore-former'
and according to Obst 18 possibly identical with BeWalfischrausch=-
brand (Ivexr Nielsen)t

The only reference I can find to the bacillius or Nlelsen4
fails to give Irull cultural detallsge In the fall of last year I

was in communication witn Migs Obst but at tnat time ner report

was nol avallapnle; as 1 have received no copy I consider it pro-

bable that it 1s not yet publisinede X¥rom the referenée cited5
which‘%%tracts a recent paper read before the Society of American
Bacteriologists/I am unable to compare any of my strains wita the
WBacillusA'. Ihe rel'erence does not mention the thermal death point

W An o e R i1 s

in laboratory media,but states that the organnsmAsurvives vathing
in boiling water for 1 hourse With tne strains described in umy
report no experiments fnhﬁbmmercial conditions nave yet been con-

ductede FoOr the present I am not justified in = further than
A

! ’
- A1

= In tneAptrains I have 1solaned,no evidence of spores has been
demonstratedes



te—etats~thatlbased on such inrformation as 1s avallable it 1s -
probable tnat tane strains isolated by mg/are identical with the

*BacillusAY of Obste

The relationship of bacterla to sardines was discussed by
5
Auche (1894) but the paper 18 not availablee

ITne ass clation ol mussels with food poisoning 1s cited by
6
Vaughan, 1892 ; citing from vVaughan®s paper =

“That chemical polisons may be transmitted Ifrom the lower animals
to man in the food is shown by the history of poisoning with
mussels and witn fishe AS early as 1827 Combe described in
detalil the symptoms induced by the eating of polsonous pus-
Sels, and a valuable contripution to the same subject has
recently been made by Schmitdmann, who has found tnat non-
Polsonous mussels placed in thne water of wilhelmsnaven soon
became poisonous, and tunat tne polsonous mussels frow the
harbour scon losge their harmiul properties when placed in the
open seaes Llnder has found in the water of this bay and in
the mussels living in it a great variety of protozoa,amoeba,
bacteria, and other low I'orms ol lii'e, which are not found
in the water of the open sea, nor in tine non-=pcisonous
mussele He has also round that 11 the water of the bay

be filtered, non-polisonous mussels placed in it do not
become poisonouse He therefore concludes tiat polsonous
mussels are those which are sultering frow Gisease due

Lo residence in filthy watere*

In view ol' the close relationshlpy to musselB of clams,a
variety of shell-fisn canned in both New Brunswick and iaine,UeSeAs,
the observations ol Linder cited by Vaughan are of considerable
intereste In thne same paper, Vaughan describes the case of one of
his own patients who showed poisoning symptoms after eating freely
of camned salmone Lhe patient under treatment recovered, Vaughan
submitted the remains of the salmen to various tests and found an
organism whicn he d_escribes as follows :=

“The only geym‘which could be found,either by direct microscop-
ic exanination or by the preparation of plate cultures, was a

micrococcus, and this was present in the salmon in great nua-
berse 1This germ grew ralrly well in beef-tea,but tne injec-



-tion or five cubic centimeters of the beel-tea culture of
difi'erent ages Ialled to affect winite rats, kittens or
rabbitse However, tnils wicrococcus whern grown ior 20 days
in a sterilizea egg, arfter Hueppe's method of anaeronic
culture, produces a most potent proteld polsone The white
of the egg becoumes thin,watery,markealy alkalirne, and 10
drops of thnis suilices to Kill white ratse

Evidently in tne preparation ofthe salmon this can was not
Sterlilised; 1t was sealed, and for months, possibly longer,
this germ nad been growing anaeropbically, and elaborating
a chemical polsgone®

Savage in ingland who nas investigated many outbreaks of
Lé;}‘ Ta "‘g-'?
food polsoning has 1solated Be enteritides Irom tinned salmone
' 8
Griffiths cited by Vaughan eaertfier) and Novy claims to nave

isolated a ptomalne,K sardinin from sardines.

In view of the typerol bacteria I have 1solated in tne
present 1nvestigat10n/1n 1s of 1i1mportance :0 note tanat Poels8
in Rotterdam has 1solated varieties oI Be C0ll Irom cases of food
poiscning due to th» eating of meal Irom a suppodedly healthy
animale McWeeney9 considers tzat meat poisoning outoreaks are

due to organisms of the foliowing groups :-

(a) ihe igpho-coll gruup, including Leenteritides (Gaertner)

(b) The group ol putrefactive aerobes (groteqs €lCe )

(c) The onligate anaerobes (S«boTUlintls)e
It will oe seen, page . ', tnat oI the organisms L have isolated,
some sStralns are varletles of the Proteus group, and somg/varieties
of the B.col} ErouPe Vaughian and Novry descrioe‘ the most coummon
form of food poisonlng/nhat caused by contamination of foods with
8aprophytic bacteria; sucn bacteria either pefore or after the

food has been eaten,elaborating chemical poisonse
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PRESENT INVESTIGALIONe

e comy s o—
s e s g — o—

The investigation herein described of the ¥YBacterlology
of Swelled Canned Fish" nas been undertake_n on behall of the
Biological Board of Canadae The work was commenced in the summer
of 1916 at the Marine Biological Station, Ste Andrews, NeBe, and
hag since been continued in the laboratories at the Collegee To
the canners/tne apﬁggﬁgﬁée of vYgwells",as they are termed, in the
cases of canned fish sent out from the factories,is a matte_r of
conslderable concerne The desirability of undertaking experimental
work in the nope of eliminating any risk of cans developing the
swelled conditlon suggested itsell to tue Principal of this College,
Dre FeCoHarrison, in the summer oI 1915« Al that time Dr. Harrison
was engaged at tne iarine Station, Ste Andrews, in theexamination of
;g@ﬁbn(at+acked by a bacterlal disease, and it was while conducting
this 1nvest1gation,tnat the problem now under discussion came under
his noticee

The matter was brought to the attention of Dre. AsBeMacallum

NLLuhysdr - ‘QJS? v tl oy
Secretary of the Board, and in due course it was my good fortune to

be asked to take up the worke The procedure to ve adopted was l:ft
entirely in my own handse Dre Macallum and Dre A.G.Huntsmanl/
Curator of the Marine Station at Ste. Andrews, have througnhout given
me every encouragewent, and the greatest possible help in every way
which seemed likely to assist in the elucidation of the problems

On arriving at the Station in July/tne necessary arrange-

ments were made by Dre Huntsman enabling me to visit a mumber of

the New Brunswick canning factoriese ZLater it was made possible



for us to visit several of the largest plants operating in the State
of Mainee. I was thus brougnt into close touch with the industry of
canning as a commercial undertaking, nhad exceptional opportunities of
seeing the metnods of packing as generally adopted, and accumulated
a store of information as a result of discussions with the canners
themselvegse Factories were visiteda which were engaged in the cann-
ing of herring, sardines, Haddaock and clams respectivelyes It is
hardly necessary to say thal the sardines of New Brunswick and the
State of Maine are small herringse It was apparent tnat the canning
factories were principally concerned in the packing of sardines; and
while both during tae summe;/and since returning to the College,
swelled cans of sardines, herring, naddock.lcbsteg/ana shrimps have
been gradually accumulating, the work nhas up to the present been
confined entirely to sardines and possible influences affecting the
Samnee After nine months work I find that I have been able to do
little more tiian touch the fringe of the problem considered as a
wholee The report nere presented therefore is principally concerned
in recording the work accomplished up to tie present, such conclu-
sions as 1t 18 legitimate to draw at this early stage, and such infor
-mation as to methods and media used in the laboratory as will make
the work of some service to tihe continuance of the investigatione
Under the clrcumstances I do not propose to enter into a
detailed description of the equipment, methods of treatmengMand
gsystem of packing of tne fisn, and general procedure of the factor-
les engaged in tnhe camned rish industry; suchwill be more appropriate

when the work has progressed to a more advanced stage.



The one phase of the canning process of which brief mention
must be made at this point isthe temperature employed in the secalled
Sterilisation of the cans when packed and rinishede As the most
coumon size of can produced from all thﬁkactories 1s one weighing
from 3 %0 4 oz./the temperatures given shall be tnose applied to
cans of this sizee

In the majority or the Tactories visited, the cans are iu-
mersed in .baths of boiling water for a period of 1§ hourse. That
complates the heating processe Briefly the essentials of the treat-
ment of the fish-which nave been salted in the uvoats as taken from
the welrsyg~on arrival at the factorx,is as Iollows := immersed in a
mixture of sea water and salt for 1 - 1l hours; spread on racks, term
ed flakes, in thin layers, and for 10 minutes placed in flowing
Steam; dried in room through which hot air is continually circulated
for 1 hour; heads discarded an_d the remalnder of the fish arranged

in the cans; oil automatically added and tops put ¢n and fastened by

)
elthier the Yrolling' or the "pressing" pmocesse The cans are then

heated as specified abovee

In some factories the preliminary steaming for 10 minutes
is dispensed with, and a continuous:progression through a bath of
cottonseed o1l at a teuperature of 20000. is substituted, this occu-
pying 2 - 3 minutese. In such factories the final heating is as
above, 12 hours in batns of boiling watere

In one factory where the fish are fried in oil for 3 min-
utes or 8o, the final neatiing is dne under pressure at a temperature

of 225%F, for a shorter periode

It should be added that in all the sardine factories visited
the most careful supervision is exercised in the final packing of the
cans in cases before shippinge Hach individual can is rapidly passed
througn the nands of an expert "tapper' who discards cans diéplayi
any irregularity, such being reprocessed or entirely discarded, e
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cans 18

method S,

follows

The project of the invegtigation may be logically stated
"Essentially to determine whether or not the swelling of the
due to the activities of bacteriae®

IT on examination/and when submitted to suitable cultural

strains of bacterla are isolated, the procedure to be as

o=

le Purify and obtain in pure culturee.

2« Determine the morphologieal, biological and biochnemical
characteristics of the organisms,’

3¢ Inoculate the strains obtalned in pure culture into
normal cans,and record condition at stated inter-
valse

4o Treat "control' normal cans in a similar manner except
for the inoculation with the culture.

5¢ II swelling occurs in the inoculated cans and no change
is noted in the ¥“control" cans the presumption is
ralsed that the swelllng 1s aue to the organisms

used for inoculatione

B

3

6e Examine tngﬁ?;wélled' cand and determine in culture the
Presence or absence of bacteriae

Te IT bacterla are found,purify and compare culturally witn
the stralns used for inoculations

8» I on comparison the strains be found culturally identi-
cal, the cause of tne Yswelling" nas been establisn-
ed; and experimental proof has been obtained to war-
rant the statement “that the swelling of the cans

18 due toO the actitities orf bacteriae.¥



The data recorded in this report show that up to this point
the work has been successfully accomplisned in so far as concerns
certaln strains of Dbacteria; and the ®Postulates of Koch' have been
Satisfiede

While at the Biological Station)I not only visited the fac-
torles as already stated, bul many swellea cans of sardines were
secured and a number of organisms in the cans isolated in culture.

An attempt was also made to discover the source of the organismse
Samples of sea water taken from the welrs, sawmples of oil and tomato
sauce as used in the packing, intestines of Ifresin herrings and the
excreta of herrings were obtainede

No organisms8 were found in the 0il; the tomato sauce in
sealed receptacles as imported from Italy nhas still to be examined;
but from the sea water, herring intestines, and nerring excreta several
strains of bacteria were 1solateds These, with those I found in the
gsardine cans, I brought back ©®n my return to the Raboratory heree
During the succeedfing months a number of tne cultures nave died out,
and those remaining from sea water, herring intestines,or excreta
all fail to produce gas in carbonydratese.

¥or the sake of convenience I nave divided the strains of
bacteria isolated at Ste Andrews and at various times during the fall
and winter into two main classes <

Class I Gas=producerses
Class II Non=-gas-producerse
For obvious reasons my atiention nas been principally confined to the

gas producers, Class Ie., and it is to the descriptions of these that

the cultural part of the report is chlefly directed,



Regarding the influence of these organisms included in Class
II on the condition of the fish in the swelled cans, I am not in a
pesition to express any opinion. I have, however, submitted marny of
them to certain preliminary tests, the results of which are recorded,-
Page;&vbﬂ Beyond this I have not gone, and no comments respecting
the class are madee

Concerning the gas-producers, Class I, g'strains have been
described morpnologically, blologrally and piochemicallye The detall-
ed desfriptions are found on pages Q4~{E
On pages 9.0 g summary arranged in tabular form is shownp-e

The nmumber of cultures described in Class I, and those more
briefly referred to in Class II, bear noFelationsnip to the total
nunber of cultures isolated in the course of the worke As was to De
exyecteq,preliminary tests of a differential nature revealed the fact
that many stralns were 1in duplicate and sometimes even in triplicate.
By repeated series of tests the duplicates or triplicates mere grad-
ually eliminatede In the pages devoted to the cultures in Class II,
pages ™ a note is added as to the comparative frequency of
the respectivestrainse In eliminating strains Irom the cultures in
Class I/greater precautions were taken on account of their closer
relationsnip to the abnormal condlition of the cans; some of the final
cultures desgeribed representing the individual strains) ¢é;ter the
elimination of as many as four or five strains had been found having
the main characteristiics in common; further, three cultur, es of Clasg
I were finally eliminated to avoid duplication in description, Just
prior to the preparation of the manuscrips, these being identical with
Cultures 34, 37 and 64 respectivelye.

To continue the statement as to the project of the investi-

gation, initiated on page " , it is further required that in order



to confirm the work up to the Present and complete the investi-
gation it is desirdle :-

9« That many more cans shall be examined and the contents
carltured.

10 That if possible the source of tne responsible organ-
isms be determined, and also the stage at which
infection takes placee

lle That experiments be conducted both under laboratory
conditions, and under conditions Prevailing in
the canning factories, with a view to determining
the most satisfactory means ot eliminating
"swellinge¥

12 That possibly tne Pathogenicity or degree of bPathogen-
lcity of the strains proved responsible for the
“swelling" be determined by inoculation into
Suitable laboratory animals.

Arrangements have been made by Dr. Huntsman whereby
during the caming sumser I shall have opportunities of deter-—
mining if possible the source or sources of the Causal organismg
of the swelled condition of cans of Sardiness.

The future scope of the laboratory work will necessar-
11y include examination of swelled cans of other varieties of
fish, including those of which mention 1s made on page 57 .

Wnen visiting the canning factories last summer tne
manager of one of the largest of these told us that a Pressing
problem with whic%ne had to contend was the frequent appearance

among sardine cans of what are termed "sour Tlatse* The condji-



tlon 18 one of which there appears at present to be no satis-
factory explanatione 4%he product is rendered unmarketable, and

the condition is one which cannot be detected until the cans

are openeds



MEDIA *MPLOYEDe
e

In this investligation I have used media prepared from r'ish
coricoctions, thne ordinary laboratory media)and certain special
mediae In the early part of the work when exXperimenting with
methods prior to the adoption or a definite proceaurg/aifriculqy
was experienced in growing some of the strains isolated. Yhe
colonies developing on some of the plates at tnis time were too
small to be subcultureds I tierefore utilised tune warine resources
at hand and prepared media frau fresh derrings, Irom clams, and
from seaweed, using fresh sea water inste_ad or t376r distilled
watere It mas found later tnat the organisms which necessitated
this media were those I nave put in the main Class Ii, the non-
gas-producerse After successive suvbculturing in tne laboratory these
Same strains nave grown moderatexy well on the usual standard mediae

‘he organlsms of my main Class I, the gas-producing Strains,
have grown well in the standard mediae. ‘The growth of souwe strains
has been more luxuriant on herring media or clam media, but I have
gradually eliminated the use of such for two reasons

(1) the satistractay growtn obtailned pn standard media, and
the convenience of 1is8 use;

(2) tue necessity of using the standard media in order to
compare the strains 1solated with varieties already

described in literatures

HERRING BROLH : Fresh herrings ovbtained direct from the weirs were
washed 1n running water and ground up, no portions
discarded, tarougn a weat grinder, mixed with sea

water, 1 part ground nerring to 1-2 parts sea water,



and heatea for seve_ral hours in tae steamer Or
autoclave The mixture was aliowed to cool and the
fat siimmed off; again heated and strained through
cheese clothe Ihe strained liquid served as the
standard nerring ex waclte Varying sirengtins or
broth were made up, good results peing obtained
from the following mixture :-
500 cce Standard brothe
1000 cce sea watlere
15 grams peptonee

The ingredlents were heated together in the
steamer, neutralised with n/20 NaOH to + 10

(pnenol pathaleln indicator) cleareda with white

of egg, tubed ana sterilised 1in the usual waye

HERRING AGAR ¢ To 500 cce Of the standara broto,mentioned above,

were added 500 cc or 1000 cc. Sea water, peptone
at the rate of 1% and agar at the rate ol le2p;

the whode heatea together until ingredients dig-
solved, neutrallsed to + 10, cleared with white

of egg, Tiltered, tubed and sterilised i1n tae

usual waye

CLAM AGAR o ¥resh clams were dug up on the peach, washed in

running water, opened and ground through meat
grinder; to tials was added sea water at the rate
of 1 part clams 30 2 parts sea water, and the
whole heated for sSeveral hours in steamer or
autoclave Ihe stewed mixture was strained through

cheese cloth; this filtrate constitutibg the

Standard brothe TO 500 cce Of the standard broth



were added 1000 cce Sea water, peptone at the rate
of 1%, and agar at thne rae of le2s»; thne whole heated
together until ingredients dissolved, neutralised to
+ 10, cdeared with wnite of egg, filtered, tubed and
sterllised in the usual waye

I have also steamed clams in the shell in sea
water, approximately weight for weight; retaining the
Julce which has a typical'sheen'; then af ter opening
the clams using them as described aboves

In the earlier part of the work the medium was
used successtully to some considerable extent; and
in comparison with standard beef Peptone agar 1t
appeared to exercise a selective action towards cer—
tain strains of bacteria obtained from Various sourcese
This in all probability would be due to theglycogen
contente VWhille the use of this medium has for some
time been discontinued, I propose to test its value
for certain‘pnases of the laboratory analysese

(10

0
Baur® ' in working at Kiel on the denitrifying bac-

teria used and recommends a broth ot which mussels are

the essential componente

S et e e we w w—

0
BEEF PEPLONE AGAR :  Standard methodss''’

)
BEEF PHEPTONE GEIA TINE : Standard metnods.(p

GLUCOSE AGAR @ Lo glucose added to agar DPrepared as above, lmmediately
berfore tuhinge
d3)

(13)
LOEFFLEK *S_TYPHOLD SOLULION This meaium containing malachite

IOFFFLER'S BLOOD SERUM :

green
has been recomwendeda by LoefTrler for uwse in Culturing



C strains of the colon-paratypnoid-typhoid groupe
)
AESCULIN AGAR For specilic reaction of organisms gqgtne colon-

gerogenes group; loops of a brotan culture spread on

platese
s,
MACCONKEY *S NEUTRALIRED 5ILE SALY LACTOSE BROILHS' = For reduction

test of organisms of the colon-aerogenes groupPe

BOUIZLON ¥OR VOGES PROSKAUEK KEACTION : [0/

BOUILLON FOR METHYL KD RHACTION @ W,

K
‘}8/

- -

SOLUTION FOR REDUCTICN OF NITRATES 10O NILRILES Giltay ‘s synthe-

tic solution was useds

DUNHAM SOLUTION ¥OR INDOL PRODUCTIONe Y9/

i)
GLUCOSE BROTH : 1% glucose in Dunham solutione ¥

FERMENTATION BROTHS For the fermentation reactions I have used

ten test substancese It widl be seen that in addition
to the glucose salicin I have adopted tne use of
another glucoside Aesculin - used in conjunction with
iron citrate by Harrison and Vanderleck - a8 a
Tfermentable test substance in Dunham brothe I have
been using aesculin for this purpose during the last
four months in connection with work on the gas pro=-
ducing organisms in the Ottawaﬁiver water, and find a
correlation in the black reaction of the aesculin agar
medium , and the production of acid and gas in
agsculln used as a carbohydrate test substance,
LITMUS MILK :

. —————— 0 S——————



METHODS e

On account of the comparative paucity in the 11terarur9 of
descriptions of actual methods adopted in the isolation of bacteria
from swelled canned fisg/tne procedure I have followed has largely
been determined by experience as tne work has progressede This pro=-
cedure has been changed as better methods suggested themselves: and
in the culturing from the many cans still awaiting examinationyl
Propose further changes affecting detailiwhile the use of additional
media waich will be to the advantage of the work has suggested
itgelfls
ISOLATION OF BACTERIA FROM THE CANSe

The 01ly greasy surface characteristic of the cans with
pronounced swelling/necessitatekp tne use of a disinfecting agent
walch would disinfect and remove the 0il at the same timee. AbSolute
alcokol has proved to be simple in application,and quite satisfac-
torye The cans were first cleaned with a weaker alcohol (70% tb 90% )
then thoroughly treated with the absolute alconole Can openers,
Torceps, and dissecting sclssors were immersed in alcohol and flamed
immediately before uses When a sufficiently large aperture had been
made in the can, pieces of fish and a portion of the oil or sauce
were removed with forceps and pipettes.and inoculated into tubes
of liquid mediume

At the commencement it was at once obvious that direct
Plating from the cans would not be at all satlsfactory on account

of the olly nature of the contents; liquid media have tnerefore

{7

been used for the } inoculation from the cans, the Procedure

having the additional advantage in that such media 8erve as enrich-



7 /nVVf) '

ment fluidse I FHred usedﬁpeptone broth (Dunham), herring broth
and nutrient broth; later, the addition to the series of glucose
peptone broth proved to havé advantagese. AS a result of the addi-
tional xnowledge provided by thevstééiﬁs-of organisms already worked
out it will be desirable in BRQ furtner work to use media naving
differential qualities for the ﬁaime inoculations; in addition to the
brths already in usee

The tubes were incubated at 37°Cs except during the six
weeks spent at Ste. Andrews, when all 1%%%6%56&@ were(ét room temper-—
turees The broths were examined in 18 - 24 hours for clouding; if no
growth was apparent further incubation was resorted to; if growth
caa%iléexpoted/series of plates were made, The preliminary incu-
bation in é§th tubes had the additional advantage to those already
mentionedyin that the o1l nhad riseld to tne surface leaving the sub-

surface liquid comparatively freees Finely drawn out plpettesﬁwere

J&u&aumi. with the finger over the end?\passed through the layer of

oil and the culture fluld drawn upe After sultable dilutions nad
been madg,plates were poured using herring agar, clam agar, beef
peptone agar, and glucose agar, in the more recent work glucose agar
being used almost solelye The plates were incubated - temperatures
ag aforementioned - and when growth was sufficlent those colonies
most common were streaked on agar slopes, from these the necessary
purification by plates being made.

NOTE : The preliminary incubation in broth tubes was in some

cases, but not always, duplicated aerobically and

anaerobicallye
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THE FOLLOWING APPLY 70 THE MAIN ULASS I @

MICROSCOPIC EXAMINATIONS ¢ The microscopic preparations were uni-

formly made from beef peptone agar
slopes incubated 18-24 hours at 379Ce
MOTILITY - Hunging drops for these tests were made
from the water of condensation, agar
slopes; young cultures incubated at
3700. never longer than 24 hours.
INOCULATION OF MEDIA = All tubes of media used for the deter=-
mination of cultural features and bio-
chemical reactions were inoculated from
young pepitone broth cultures of the
particular organisme The use of peptone
salt solution instead of nutrient brotn
eliminated to a minimum any risk due to
the presence of muscle sugare It may bhe
mentioned that repeated tests for the
pr_esence of muscle sugar in the pbptone
used}gave a negative reaction based on
the absence of acid and gas, the tubes
belng inoculated from an active strain
of the Becoll groupe
Prior to the inoculations of the series,
peptone broth tubes were inoculated from
agar slopes, and incubated at 370Ce After
X8-24 hours, usually about 20 hours, the
whole series would be inoculated with the

broth from a 1 CCe Dpipette; 2=3 drops of



culture to each tubee Slopes of solid media were
Streaked with a standard 3 mmeloop platinum needlee.
The number of tubes involved/and the amount of test
substances necessitated/have been considerable
throughout the work, and to insure economy of expense
and time/strictly quantitative estimations of the
gas evolved nave not been carried out other than by
means of the Dunham tubee In view of the metnod
noted above, however, the results are truly come
parative throughoute Moreovey, for the particular
burpose of the present work tne essential point to
be decide_d remding the fermentation Of the test
substances to gas is this - does a Particular cul-
ture produce gas, Or does itnoe produce gas t? It is
not only of considerable inﬁerest. but of much
practical and classificatory value to know whether
the amount of gas produced in a given time at a
given temperature in a given substance is8 great or
small? fﬁgainy5such information can be comparatively
well shown by the use of the Dunnam tubes

INDOL PRODUCTION: Tne tubes to be tested for Indol were incubated at

37°Cs for 7 days; the Bohme Enrlich test being usedq,
REDUCTION OF NITRATES: The Giltay solution was tested after 3-i4 days

incubation at 37°Ce for the presence of nitrites.
The sulphanilic acid and a-napthylamin reagents were

useds



VOGES PROSKAUER REACTION: After 48-72 nours incubation at 37°C.tne

METHYL RED REACTION:

).,

culture{;ested with a strong sodution of
KeQoHe ihe test é; Positive has usually
shown the typical eosin adade in the upper
layers within 2 hours at room temperature,
Determined after incubation at 37°C. for

48 - 72 nourse.



CANS OF SARDINES »

-

General Descriptione

Appearance of Cans and Conditiong of Contents.

Oowing to the varieties of 'Brands® of sardines produced by
the canning factorles,the various metnods of packing adopted,
and the different substances utilised for the giving of flavour
and-consisteney to the finished product, it 18 not possible
other than in a general way/to describe the conditions met with
in my examinationse

NORMAL CANSe

In outward appearance there 1s a couplete absence of any
Ybulging'; the top and bottom are either quite flat or almost
imperceptibly concavee On shaking tnere is no ‘'rattle' and
scarcely any mov_ement of tne contents can be heards Winen open-
ed with the cutter there 1s no expulsbon of alr or gas, with
little if any exuding of the 01l or other material used in the
process of packinge

The contents are firm, not macerated, and often white
in colour; this last, however, depending to some extent upon
the materials used in the packinge The smell is mildly charac-
teristic & the fish, qualified by the variety of oil or tomato
sauce usede There 1s in appearance and odour a complete absence
of putrefactione The Iish are saturated to a greater or lesser
extent with the oil,sauce, or other flavouring agents used, but
without losing their firm and solild conditione The oil or sauce
will be seen asa layer over and in the-igi§;i¥¥;é§ between the
individual fisn rather than actually within the bogies.



SWELLED CANSe

outwardly the cans vary from a slight *bulged' appearance
to a more pronounced swellinge The top and bottom are forced out as
a result of the pressure and present a decided convex surfacee AS
the swelllng becomes greater the o1l or sauce W 1ll be forced out
between the soldered parts of tne can;ana in pronounced cases the
olitside surface 18 greasy and wet, and possibly covered with the
0ll or saucee Swelled cans when shaken have a characteristic
‘rattle’ on account of the extra space within resulting from the
swellinge When the cans are opened gas is expelled, accompanied
in advanced swellings by portions of tne liquid contents. In
advanced cases there 1s a tendency for the oil or sauce to pour out
over the surface of the canss

The condition of the contents varies considera lye Usually
the fish are macerated, disintegrated and soft, and are intermixed
with the oll or sauce; they have lost their entitye The odour is
variable,- frequently it 1s not unpleasant, resewbling to an accen-
tuated degree the natural smqv;l of normal sardinese In other
instances a pronounced putrefactive odour is evidente It may Dbe
that the putrefactive odour 1s present at alﬂiimes and is masked by
the spices or other ingredients of the sauces That is a point which
can only be definitely pronounced upon after a more extended

investigatione



CANS EXAMINED e

Up to the pr esent I have examined forty cans, normal and
8wellede The cans have been obtained bersonally or by express :
(1) direct from various canndng factories in tne Province
Of New Brunswick and in the State of Maine,UeS.Ae
(2) From the Health Department of a city in tne Maritime
Provinces.
(3) From retail grocery storese

Many of thne normal cans, representative of the various fac-
torles, proved to ve sterile; from Ssome have been isolated spore
forming bacteria, inactive on fermentable carbonydrates,- see page
and in no instance have gas Producing organisms been found.

From certain of the swelled cans I have isolated a varlety of
strains of gas-producing bacteria, none of which show evidencse of
spore formatione The cans from which these strains have been
1solated are representative of tnree or the factories engaged 1n [

camning; and for the sake of c;aglzy these factories have been-spoci-
fied 2q Packer A, Packer B, and Packer C. respectivelys Further,from

swelled cans I have also isolated strains of bacteria waich fail to
ferment any of the carbohydrates used as test substances, It remaina¢
thereferd,.to de added tha*t from some cans abviously ‘swelled® I nave
falled to isolate gas producing bacteriae

A8 already stated (page q ) the organisms i1solated from the
various sources have for the sake of convenience been arranged in two
main classes :

Class I gas-producers,

Class II non=gas=producers,



The gas-producers (see page( 14-x) have been isolated solely from swel-
led cans of sardinese Of the swelled cans examined the majority were
obtained from sources 1 and 3 (page Wt ), some were submitted by
source 2, Under the circumstances 1t has seemed desirable to use some
means of differentiatione. Accordingly the swelled cans obtained

(1) from the camning factories, and (3) from retail grocery stores
have been designated 'Swelled cans,Series I'; those submitted by

(2) a certain City Health Department, 'Swelled Cans Series II.'

SWELLED CANS, SERIES I

Can Ie. Packer Be ODbtalned direct from canning factory; packed with

tomato sauce; characteristic 'swelled' appearancee
The pressure of the gas was 8o great that on the can
belng opened part of the contents were strewn over
the laboratory venche The odour was pleasant though
pungent, and may best be described as the natural
smell of normal sardines accentuatede It is of

int rest to note that the pdates.mads, using herring
agarA ?apidly developed at room temperature a putrid
smell resembling,as expressed by a laboratory cole
league, that of an Yoriental latrine."

See Culture 32, Class I.

Can IIe.Packer Ae Obtalned frog a retall grocery store;packed in

cottonseed oil; same brand as those of “Swelled Cans
Sere.II'e This can was passed as saleable and normal
by a reputable salesman, and on personal examination
of his stock I retained it as suspiciouss I have no

Xnowledge as to the date of Packinge In appearance



the can was slightly swollen, convex, but there was
no evidence of oil exuding due to pressure of gasSe
On opening, a perceptible amount of gas was forced
oute The contents were soft and disintegrated;
colour slightly darker white/than,normal; odour an
accentuation of the normale

See Culture 34, Class I.

Can IITe Packer Ae Somrce and brand as Can II of this seriese This

can IV,Packer Be

Can Ve Packer Be

can submitted to me wy the saleswane The appearance
of the can, the appearance, condition and colour of
the contents identical with description applied to
Can II.

See Culture 35, Class I.

Source and brand as Can I of this seriese. In tnis
can the swelling had not progressed as far as in
Can I, and on opening the gas was not so Profuse,
The description there applied to the contents and to
the nature of the subsequent Plates is equally
applicable in this instances

See Culture 36, Class I.
Source and brand as Can I of this series. The extent
to which the can had swelled, and tne Turther desg-
criptions used above for Can IV apply nere,

See Culture 37,Class I.



Can VI,Packer Ce Obtalned direé¢t from canning factory;packed in

tomato sSauce; characteristic 'swelled’ appearance
top and bottom convexe On opening a small amount
of gas escaped. The odour was not unpleasant,and
may be described as the natural smell of normal
sardines accentuatede The contents of tne can
ware not nearly so much disintegratea as noted in
some previously mentioned, were somewhatl dry and @
l1ittle less hard than the contents of normal cans,

See Culture 64, Class Ie

SWELLZD CANS,SERIES IIe PACKER Ae

A cargo of sardines exported by Packer A had been sunk in a
harbour, remaining under water for six weekse When the cargo was
salvaged a ;%gggggiqn=of the cans were visibly swelledes The local
Health Department submitted a number or these cans for examination,
as a result of which the cargo was condemnede Such cans,of course,
do not represent the 'swelled cans' of commerce. AS, however, their

condition,and the nature of thelr contents appeared somewhat simi-

/
lar to the swelleé cans obtained from other sources, the character-
istics of some of the organisms isolated nhave been included in this
rapoTrtle

To differentiate from the swelled cans obtained direct from
the camning factories and from retalle rs I have designated the
gsalvaged cans as “Swelled Cans Series II*. The brand of sardines
of wnich this cargo consisted 1s one of the least expensive brands
on the market; cottonseed oll is usede.
Can II. on shaking,perceptivle ‘rattle' characteristic of the

swollen canse On opening with the cutter,escape of gas



Can III‘.

and pronounced putrefactive odour; contents soft and
disintegrated; colour dirty white with tendency to red-
néess in inmmer portionse
See Culture 24, Class I.
Culture 1%, Class II,
Characteristic ‘rattle’; escape of gas and pronounced
DPutrefactive odour on opening of can; contents soft and
disintegrated, and of a dirty white ciglours
See Culture 26, Class I.
Culture 16, Class II.



CULTURE 2Ue

Source < Can II, Series II, Packer Ae

MORPHOLOGY ¢ Microscopically : coccus rorms to short thick rods twice
as long as broad; average length «8 — 1 Nne  Gram nega-
tive.* From 0old agar cultures no evidence Of sporese

MOTILITY {n hanglng drop occurring singly, 1n twos and in chains;
some individuals witn rapid movement, sowe having slow
undulating wmwotione

CULTURAL CHARACTHRISTICS *

Agar slope : 36 hrs, 37°Ce. - growth luxuriant, raised,
glistening, iridiscent, yellowisi-white by
transmitted lighte

Loeffler's Blood Serume- 24 hrs, 37°C. moderate, yellow-
ish white, no liquefaction.

Ioeffler*s Malachlte Green Sole: Green precipltate or weak
coagulum at pbottom of tube; this very slowly
changes ana within 14 days partially digest-
ed; liquid portion assuming brownlish tinte

Gelatine Stabe Roow temperature t liquefaction begins in
24 nrse crateriform; in three days liquefac-
tion on surface and along track of needle,
crateriform to infundiviliform; growtn very
8liny on this medium; in 7 days yellowish
cloudy stratiform extending 1 cm. from sur-—
face, remainder infundibiliform with heavy
yellow flocculent sediment to bottom of tube,
In 18 days liquefaction not yet complete;
upper portion heavy milky even cloudiness,
merging into layers of semitransparent clou=-
diness, the lower portion a heavy ferric yel-
low mass of precipitate.

Nutrient Sroth : 24 nrs, 37°Ce - heavy clouding with bluish
rim; in 3 days rlocculent flakes of bluisn
tint on sides of tube; in 5 days very heavy

dense even clouding, watered silk appearance:
this condition persistse PP &

Herring Broth : Condition similar to above; very heavy

growth; in 9 days a loop or the 1iquid show-
ing decided iridiscent bluish sheeg. o

Milk @ In 24 nrse wnchanged, except that i

| - on snaking; in snéay's coagglatéd. sg%% g?’&?
¢ some whey expressed; in 9 days yellow digest-
i Iy, ed fluld 2/3 of tube, remainder wnite sofl't

curd; in 14 days rppin

€88 noted
almost entirely digest » and medium

ed with slight amount



of flocculent curd at bottom of tube; in 5 weeks
almost wholly turpid yellowlsn digested fluid with
slight jelly-like yellowisn iridiscent flocculent
curd on base ol tubee

Litmus #ilk : In 24 hrse much frotn on shaking, violaceus for
1 cue from surface, remainder paler; in 3 days
partly coagulated soft curd, violaceus; in 9 days
digestion proceeding, fluid yellowish; 1in 14 aays
blue rim at surface, mediwa 5/6 digested,reddish
brown tint; in 5 weeks slignt flocculence,curd
at base of tube, rec:ainder partially cleared and
tinted dark purpureus to heliotroupe.

Aesculin agar : 1 loop from peptone broth culture streasked on
Platese In 24 hours growth but no definite black
reaction; later assumes brown to black tint,
moderate growthe

Aesculin dbroth : In 2% hours black reactione

MacConkey ‘s NeReBeBrot : No reduction to canary yellow in 24
hourse

Gelatine colonies : (1st appearance) in 72 nours liguefaction
well advanced; individual colonies up to 3 mme
dlameter, rowid, saucer-sgshaped, entire edges;
liqueTaction typical of the proteus groupe centre
of colony dark white spotl <5 mme diameter,remaind
-er of colony varying rrow clear space to fine
precipitated granulese Under tne 1low power ob-
Jective opaque centre, edges entire; medium
tinted green, and distinct eartny smells

Agar colonies : 20 hrse at 37°Ce growth moderate, surrace
colonies round,concave,glistening,raised,distinct-
1y radiate; by trausmitted light young colonies
bluish, older colonies becoming whiter, more opaque
and darker in centree Subsurface colonies amall
but well defined, whilitee Under low bPower object-
ive surface colonies distinctly yellowish with
entire edges; on focussing tnrough, dense and
dark; structure cannot be derined; smaller Col=-
onies dark centre, thnen pale yellow, and near
the edges almost transparente Subsurface colon-
les well defined, edges entire, yellow to dense.

TEMPERATURE RELATIONS o

Thermal death point : 10 minutes* exposure in hutri
2t 00T . ent broth

Optimum temperature : cultures incubated at room tem
e
and at 379Ce grow wells Most satisfactg rayure
at 37°Ce Iy growth




Vitality on Culture Media : The culture survives
geveral montns in artiricial medium,
agar or gelatinee

RELATION TQ OXYGHhNe The culture is a facultative an'aobe;incubated
' for 36 nours under anarobic conditicdhs moderate
growth on glucose agar, as discrete colonies along
track of needle 1 - 2 mme diameter; by transmitted
lignht concave, dark white centres, paling to blue
at edgese Growth is not so luxuriant as under
arabic conditionse.

BIOCHEMICAL REACTIONS :

Indol production : Indol not produced.

Reduction of Nitrates : Nitrates reduced to nitrites
Voges Proskauer reaction : Positives

Methyl red reaction : Alkalinee

Fermentation of Carbohydrates : [his culture does not rapidly
ferment many of the carbohydrates. In 24 hours
lactose 18 but feebly fermented to acid; saccharpse,
manni te and xylose are fermented to acld and gas
with prpfuse frothing; arabinose and inulin give
sllight gas; while gas appears in glycerine only
al'ter a period of 72 nourse The remaining sub-
stances used are fermented moderately well in 24
hours to aclid and to gase

Glucosees Lactosee Saccharosee Mamnitee Dulcite,
+ + + - + + + + + =

Adonite Ralfinoses Arabinose. Xylose. Salicin.
- - + + + + + + + +

Aesculine Glycerinee Iauline
+ + + + + +

+ = @gcide

+ + = aclid and gase



ULTURE 26

C
=

8O0URCE : cCan III, Sere II, Packer Ae.

MORPHOLOGY Microscopically, rods l4 to 14 times as long as broad;
average length l.6 Maf/ with many longer forms even in
Joung culturese Gram negative*; from old agar cultures
no evikence of sporess
Miicroscopic preparations made from cultures of tuis
organism incubated at the same and at differe nt temper-
atures have shown much variation in worphology; success-
ive plate culturing however has falled to show impurity,.

MOTILITY : In hanging drop occurring singly, and in twos,sometimes
Blde by side; longer rforms noted; non-motilas

CULTURAL CHARACTHRISTICS

Agar slope : 36 hrs,. 3700. moderate,along track or needle,
glisteniyg yellowisn-waite by transuitted
lighte

Loeffler*s Blood Serum _: Growtn slignt after 72 hours ,
Fo liquefactione

Loeffler’s walachite GreenSolution : 24 hrs, 37°C.,coagu-
lated as soft! junket like curd attached to
sldes and vottom of tube, green,witn pale

green liquid expresseds After 14 days no
charnges

Gelatine Stabe-= Roonm temperature - in 3 days scant growth,
Tiliform,no liquefaction; in 18days no cn

%gart from increased growth, no liqueface-
Olle

Nutrient Broth : 24 hrss 37°Ce moderate clouding, no pel-
licle, no sediment,no ring; in 3 days water-
ed 8ilk appearance; in 9 days no change
€xcept al ignt sediment a¥ bottom or tube,

Herring broth : Similar to above butg much more luxuriant
Erowthe

Milk in 24 nrs. at 37°C. no coagulation, much

- froth on Shaking; in 3 days Coagulation begin-
ning; in 5 days from coagulum,no g£asy no
digestion; in 16 days curq Slightly split by

gase INn 5 weeks shrinking of curd but no
digestione

Litmus mMilk : in 24 hours violaceus much £
2ga§3§§$lafion; in 3 déys 111§gggugnw§%§k%2§§
» 10 b days curd slight
828« In 5 weeks np g i pee . Loked RY

isabella, lgestion;pale 11140 to
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Aesculin agar : One loop from peptone brotn culture streaked
on plates; no reactione

Aesculin proth :in z4 nrseslight change but no vlack reaction;
later medium darkened slowly in several days
becoming blacke

MacConkey 's NeReBebroth : No reduction to canary yellow in 48
nourse

Gelatine Colonies :(1st appearance), 72 nours at room temper-
aturee Surface colonies yellowisn wilte oy
transmitted light, - 1% mm. diameter; a
characteristic depression immediately around
edge of colony could be seen on tilting tae
plate; no oblulsh appearance; no liquefactione
Under the low power objective colonies pale
yellow,with paler rim, and entir e edges,
structure finely granulare

Agar colonles: 20 nrse 37%Ce growth slow, punctiform,scarcely
visible to the eyee Examined 3 day s; by
transmitted light surrace colonies greyishn
white, elllptical and round, the larger colon-
les o5 mme diametere Subsurface colonies
slmilar to above; majority or the colonies
immediately under tune surfacee Under the low
power objective all colonies appeared dense
compact with edges entire to 8ligntly serratede

TEMPERATURY RELATLONS :

Ihermal death Qoinnézolo mlnutes exposure in nutrient broth
at 60°C,

Optimum temperature : ORr agar grows moderately well, room
temperature and at 379C.

Vitality on Culture uedia : The culture survives several months
in artificlal medium, agar or gelatine,

RELATION 10 OXYGEN : Incupated for 36 nours under anaerobic conditions
gscant growth on glucose agar, swall gas bubbles in medium,
clouding of condensation water. While growth 1s noted, the
organism prefers aeroobic conditionse

BIOCHEMICAL REACTIONS :

Indol production : indol not produced.
Reduction of nltrates : ?

Voges Proskauer reaction : Negative.

Metnyl red reaction Slightly acid,

Fermentation ol Carbohydrates : Ihe carbohydrates used are put

Teebly acted upon by this culturee In e
however,-with tne exception or 1nﬁlin -aggoggse.

substances which are frermented to g£as have




shown the positive reaction within 24 hours at 37°9C.,
and no further gas production has taken lace even
after 5 dayse lhe Andrade indicator has changed to a
clear scarlet and no reduction nas taken place after
Prolonged incubatione 7The two substances most easlily
acted upon are glucose and saccharosSee

Glucosee Lactosee Saccharose. Mannitee Dulcitee
+ + + + + + + + t -

Adonit,. Rarfinosee Arabinosee. XylosSee Sallcine
- - + + + + + + + +

Aesculine Glycerinee Inuline
+ + + - + I

+ = aclde

++ = acid and gag-*



CULTURE 3Ze

Source : can I, Sere I, Packer Be

MORPHCLOGY : Microscopically short,thick rods iwice as long as broad;
aversge lengtih le6 Wg¥stalning unevenly with Kuhne*s
methylene blue; some Monger and thinmer forms, but re-
Peated replaiing has railed to show impuriitye. Gram
negative®; from old agar cultures no evidence of sporess

MOTILITY < In hanging drop occurring singly and in twosg,actively
motile, progression as in semicirclese

CULTURAL CHARACTHRISTICS

Agar slope : 36 hrs, 37°Ce luxuriant,raised,thick,along
track of needle,glistening,lridiscent,yel-
lowish white transuitted ligant, medium
slight tendency (o browne

Herring agar : 20 hrse 32%Ce growth abundant and heavy
alorg track of needle,contoured,yellowisiy
wilte; spreading over slope as bluisn film
of discrete colonies,transmitted 1lignht,
glistening,iridiscent; heavy clouding con-
densation water.

Loeffler"s Blood Serum :24 hrs. 3700. moderate,moist,
spreading; no liguefaction after 7 dayse

Loefflar's Malacnite Green Sols: Coagulated as soft
Junket lix2 curd attached to sides and
bottom of Sube,green,gas bubbles,light green
clear fluid expressed; after 14 days coagu-
lum as precipltation on sides of tube,no

reduction of coloure

Gelatine stab : Room temperature - 24 nours filiform,no
llguefaction; in 4 days growth abundant; in
1 week no liquefaction and no change in
medium, growtn equally good in stab and on
surface; no liguefaction in 21 dayse

Nutcient broth @ 24 hrs. 37°Ce Moderate,clouding,slight
pellicle easlly dislodged,pale bluisn rim at
top,very slighnt tendency to Tlocculency;in
43 hours floccuient precipitate suspendead
and ap bottom; in 7 days aiscrete particles
adnering to tube at surface,even clouding,
clotted sediment on shakinge




Herring broth : similar to above, but much heavier,

Milk 18 nours, 37°Ce much froth on shaking,
no coagulation; in 72 nours coagulation
beginning, frothy; in 4 days weak coagu-
lum with whey expressed, gas bubbles,
curd splitting, whey white cloudy,; in
10 days condition accentuated,no lique-
factione

Litmus milk : In 18hours frothy,no coagulation,viola-
ceus,merging into lignt violaceus near
bottom of wmbe; in 48 hours lilaceus,
frothy,no coagulation; in 72 hours s8till
frothy,coagulation beginning;in 4 days
coagulated, some whey expressed,curd split
by gas holes; in 14 days bleached with
red rim at tope

Aesculin agar : 1 loop from peptone broth culture
streaked on platese In 24 hours 37°Ce
growth brown-black reactione

Aesculin broth : In 24 hours,black reactione

MacConkeyds NeReBsbroths No reduction to canary
yellow in 48 hourss

Gelatine colonies : Room temperature (1lst appear-

ancej, In 72 hours growth luxuriant and
rapid; surface colonies up to # - 1 mm.
diameter, white and glistening; depres-
8ion around edge of colony, as irf gela-
tine under tension - See Culture 26,
Swaller colonies bluisn to white, round;
subsurface colonies small,bluisn to
bluish wnitee Under low power objective
surface colonies dense pale yellow with
Paler rim and entire edges, structure
finely granular; ubsurface colonies sim.
ilar with nomogenous structure,round,
edges clearly defined and entire,

Agar colonies : 20 nhrs. 37°Ce growth rapid,abundant,
surface colonies 1# - 2 mm, diameter,
concave, smooth,glistening, tendency to
Strlate; by transmitted light ferric to
yellowish white centre, paling to blue
tint at edages, smaller colonies bluishn
white; subsurface colonies up to o5 mm.
dlameter, yellowish white, Under low
bower objective surface colonies fine
granular structure,ferric yellow paling
at edges,edges entire; subsurface Col=-
onies dark %mounge appearance in centre
i:mainder Pale lemon.finely granular wiih

ndeacy to grumose, edges entire,




Herring agar colonieg : Two to three times diameter of
above, umbonate,radliate,concentrically ringed

TEMPERATURE RELATIONS :

- e

Thermal death point : Some variation has been exhibited and
furtneﬂtests require %o be made; tests per-
formed up to thg present indicate the TeDePe
to be around 60 Ce exposed for 10 minutes

in nutrient bdrothe

Optimum temperature : Cultures incubated at room temper-
ature and at 370Ce. grow well; most satisfactory

growth at 379Ce.

Vitality on culture media ¢ The cultu re survives several
months on artificial medium,agar or gelatinee

RELATION TOOXYGEN : Tne culture is a facultative anaerobe;incubated
for 36 hours at 37°C. under anaerobic conditions moderate
growth on slope of glucose agar; medium cracked and split
by gas bubbles, much froth in tube and heavy clouding of
condensation watere <rhe organism appears to grow equally
well in the presence or in the absence ol oxXygene

BIOCHEMICAL REACTIONS :

-

Indol production s Indol not produceds
Reduction of nitrfates - Nitrates reduced to nitritese
Voges Proskaue r reaction : Negativee

Methyl red reaction ¢ Alkalines

Fermentation of Carbohyvdrates : The action of tnis culture
on lactose 1s feeble and slow, gas not appearing
until the second day; dulcite i1s but 8lightly
Termented to acid and no gas 1is Producede Aescul-
in 1s fermented to acid and gas in 24 hours and
in 9 days the Andrade indicator reduced to a
lemon vellow turbid imidiscent colour,while no
requction is noted in the case of salicine All
the other test substances are Termented to acid
and to gas rapidly with profuse frothing ana
heavy turbidity within 2% hours.

Glucosee Lactosee Saccharose, Mannitee Dulcite

+ + + + + + + + -
Adonite Rarffinose, Arabinoses Xyloses Salicin,
- - + + + + + + +
Aesculine Glycerine. Inulin,
+ + + + + +
+ acid,

++ = acid and gas,



MORPHOLOGY

MOTILITY :

CULIUEAL CHARACTHRISTICS

L]
L ]

CULIURE 3i4e

ann——
—————

Source : Can II, Ser’ I, Packer Ae

Microscopically varying I'rom coccus forms to short rods;

the majority & - 1 kil long and twice as long as broad,
many thinner; stain unevenly with Kinne's methylene

blue; Gram negative *; from ola agar cultures no evidence
of spores.

in hanging drop occurring singly and in twos; aetively
motiles

Agar slope

o0

36 nrs at 37%C. woderate along track: of
needle,glistening iridiscent,bluisn vy
transmitted light,gas bubivles in medium
Presumably due to lermentation ol the
miscle sugar in beei extracte In agar
culture 2 months 0ld distinct sliminess
nas veen notede

Herring agar : 20 hrse 3200. growtn abundant,contoured,
yellowish white growth along track of
needle, spreading over slope as bluish film
of discrete colonies; glistentyg, iridiscent;
heavy clouding ot condensation waters

Loeffler's slood Serum: 24 hrse 37°Ce Moderate,rerric
yellow,growth, no liquelfaction after 7 dayse

Loefrler's lalachite Green Sole: In 24 nrs. 37°C. coag-
ulated as described in Culture 32; in 14
days medium assuwing a greenisin brown tint,
no definite reduction and no liquefactione

Gelatine stab : Roowm temperature = 24 nours filiform,no
liquefaction, equally good on surrace ana
in stab; 1n 4 days growth abundant; in 7
days no liquefaction and no ciange in mede
ium; no liquefaction in 21 dayse

Nutrient broth : 18 hrse 57%Ce clouding moderate,slignt
pellicle; on shaking small I'lakes percept=-
ivle in medium; bluisn rim; slignt viscid
sediment; in 72 hours cloudy waves, as

watered silk, some I'locculent peec
in suspensioﬁ. P tpitation

Herring broth : Similar to above, but heavier,

-

Milk : 18 nrse 37°Ce much froth on shaking, no
coagulation; in 48 nrse. weak coagulum begin-
ning; in 72 ars, coagulated witn gas and

expulsion or whey,curd later
gas nolos, > Splitting witn



Litmus milk : 18 hrs. 3700. much Iroth on shaking lila-
ceous, no coagulation; in 48 nours weak
coagulation pbeginuning; in 72 hours coagula-
ted, gas, whey expressed, later bleaching
to isabella and muchn splitting of curd ny
E&8e

NOTE := BMilks and litmus milks incubated
for 2 months have appeared to be
slowly digesting; up to tue pres-—
ent I have been unable to verity
thlis and turther tests must be
made to establish the final con-
dition o1 tne clote

Aesculin agar :1 loop from peptone broth culture streaked
on platee In 24 hours at 379Ce. reaction
brown=-hlacke

Aesculln brotf ! In 2% nours black reactione

MacConkey ‘8 NeReBSeBroth :In 48 hours.37°€. slight reduc-
tion to eosin tint, but no rinal reductiam:

10 canary yellowe.

Gelatine colonies : Room temperature (1st appearance) sur-
Tace colonies up to 3 mme diame; by trans-
mitted lignt bluisn-white,glistening,almost
transparent, resmelbing more tie description
of the Belyphosus colonies than the typical
BeCOll cofdny; flat; subsurface colonies
Smaller, white to yellowish-white, depres-
sion around edges, see Culture 32e Under
the low power oovjective surface colonies
bale yellow,paling near rim with edges
entire; structure finely granular witi a
clearly defined border around more dense
central structure; subsurface colonies
similere

Agar colonies :20 nrs. 37°Ce growth moderate,not so rapid
as other cultures;surface colonies 1 - 1%
mme diameter,round.concave.glistening;by
transritted lignt bluish with bin point dark
wh}te centre, distinctly radiates Subsurface
colonies dirty white; organism growing
better just under surface. Under low power
objective surface colonies dark cenire,re-
maincer of co.lony faintly discernibile as
finely granular lemon yellow,with edges

entire, subsurrace colonies d
too dense ror structure tobeaggfgggggggét-
ed, edges entire,




TEMPERATURE RELATIONS <

inermal deatn;gg;nt ¢ 10 minutes exposure in nutrient broth at
0CCe.

Optimum temperature : Cultures incubated at room temperature
and at 37°Ce grow well; most satisfactory growth
at 37°Ce.

Vitality on Culture medium : The culture survives several monthns
on artificial medium, agar or gelatinee.

RELATION 10 OXYGEN : The culture is a facultative anserobe;incubated

for 36 houra at 379Ce under anaeronic conditions growth scant
on slope as fine discrete colonies; neavy growth and clouding

in condensation watere Slope broken and cracked by gas bubvles,
these ¢ come diameter and extending tnroughout the medium; much
frothe

BIOCHEMICAL REACTLONS :

(X )

Indol production Indol notu producede

Reduction of Nitrates : Nitrates reduced to nitritese
Voges Proskauer reactions : Negative
Methyl red reaction + AlXalinee

Fermentation of Carbonydrates : 1he culture has a characteristic
action upon dulcite; this test substance being fer-
mented profusely 10 gz28 in 48 hours; acid and some
gas produced within 24 hourse In aesculin gas appears
within 48 hourse Inulin 1s fermented to gas only
after 7 = 10 days incubatione The remaining test
substauces are fermented moderately well to acid and
gas within 24 hours; but in no case on turther
incubation 1s tine reaction profuse as in tne fermen-
tation of dulcitee

Glucosee Lactosee Saccharoses Mannitees Dulcite,
+ + + + + + + + + +

Adonite Rarfinosee Aravinosee Xyloses Salicine
S + + + + + + + +

Aesculine Glycerinee 1Inuline

+ + + - + +
+ = acid.
++ = acld and gase



CULTURE 35e

SOURCY¥ : Can III, Sere I, Packer Ae

MORPECLOGY

MOTILITY ¢
CULIURAL CH

L ]
L

microscopically large coccus forms to short thick rods,
.8 mm. diame to 1 ijtlong; stain evenly witn Kunne's
metly lene blue; Gram negative®; from old agar cultures
no eviaence of sSporese

in hanging drop appearing singly and in Lwos; 1o motility,

ARACTHRISTICS 1

Agar Slope : 36 hrse. 37°Ce ioderate to abundant along
track of needle,glistening,iridiscent,porce-
lain white by transmitted lighte

Herring Agar Slope : 20 hrse 320Ce growth abundant,yellow
-ish white along track of needle,raised edg-
es, g£listening iridiscent,by transmitted
light the thinner parts blulish discrete
coloniese

.

Loefrler's Blood Serum: 24 hrse 37°Ce luxuriant,moist;
no liguefaction after 7 dayse

Loeffler's malachite Green Solution :24 hrs.37°Ce Coagu-
lated Jjunket-1like coagulum clinging to sides
of tube, gas, in 72 hours reduced greenish
yellow, in 14 days reduced to yellowlsh-bDrown
gl iny looking 1liquid,partially digestedes

Gelatine Stab: Room temperature, in 24 hours filiform
growth equally good surface and sStab,no lique
-factiong 8light gas - presuwably Irom musble

sugar - growth luxuriante No liguefaction in
21 day se

Nutrient srothh ¢ 18 hrse 3700. clouding even,no pellicle,
no sediment,blulsh rim at surface;in 48 ars
neavy clouding,viscid sediment at botitom on
Shaking; 1in 72 nours fiocculent suspension,
later sediment lucreasing,medium becoming
clearer,and flocculencye

Herring Broth ! moderate clouding, bluish rim at surl'ace,

pellicle, viscid precipitate on shaking; in
4 days very heavy brown-black sediment, later
flocculency and heavy clouding,

Milk In 18 nrse at 37°Ce frothy but no coagulat
- In 72 hrse coagulation commencing.ga:% in i?n
days gas holes in curd frothy; in 10 days
clear whey on surface ot soflt gasgy curd
In 2 montns no digestion, )
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Litmus silk 2 In 18 hours 37%°lilacecus,much froth and gas,

no coagulation; in 72 nours coagulation begin-
ning; in 10 days tinted whey on surrace of sorft
curd pinkisn to isabella; no digestion in 2
nmonthse

Aesculin agare 379Cs One loup from peptone broth culture
streaked on plates; in 24 nours reaction brown
10 blacks

Aesculin brothe 37°% e Slack reaction in 2i nourse

uacConkey ‘s NeKeBebrotnd 57° In 48 hours no reduction to
canary yeLlowe

Gelatine Colonies : (Room temperature; (1lst appearance)-
Surface colonies up to 5 mm, dliameter,bluish
white to white, glistening,smaller colonies
more distinectly olue; depression around col-
onies as noted Culture 32, Subsurtiace colon-
les yellowish white smalle Under Low power
objective tine centre yellowisnh drowi dense
compact surrounded oy pale border 4 diaumeter
of colony; edges entire clearly defined and
nyalinee The differentiation of boruer from
centre bears a close resemblance to colony
of Aslatic cnolera (Plate 227 Kolle & Wasser-
mann Atlas Tafel 10), and 18 not wilike Plate
45 of colon colony (Park & williams, Pathe
Micro-organisms, 5th edition, rPage 110)e. In the
large surlface colonies the whole structure is
more homogenouse Subsurface colonies appear
similare.

Agar colonies : 20 hrs. 37%C. surface colonies 13 - 2 mme
diametere Flat to uwsbonate,growth rapid,colony
rowid, surface smooth,glistening,iridiscent,

By transmitted light ferric-yellow centre pal=
ing to bdluish at edge. Subsurface colonies
punctiforme Under tne low power objective
surface colonles are dark in centre, Ymoundv
appearance,gradually maerging to pale lemon-
brown colour, structure iinely granular to
grumose,; subsuriace colonies similar,

THEMPERATURE RELATIONS *

Ihermal Death Point : 10 minutes exposure in nutrient broth
at 600C,

Optimum iemperature : Cultures incuvated at room temperature
and at 37°Ce grow well; better g rowtn at 370C

Vitalliy on Culture wedia: Survives several mantns in arti-
ficlal medala, agar or gelatine, ’



RELATION TO OXYGHEN: Facultative anaerobe; incubated at 379Ce for

36 nours under anaerobic conditions,moderate blulsh growth

by transmitied light,on glucose agar; sSpr eading over slope

as blulsh rilm,small discrete colonies with centre more
opaguee Condensation water heavily clouded; much froth;
madium throughout tube ridaled withn gas bubpblese The organ-
ism appears to grow equally well aeroblcally or anaeropically.

BIOCHE MICAL REACTIONS @

e v—

Indol production Indol not producede

Prgduction ol Nitrates : Nitrates reduced to nitritess
Voges Proskauer rveaction + Positive.

AlKalilee

*Q

Methyl red reaction

Fermentation or Caroohydrates : 1Tne action oif the culture
on dulclite 1s variable out it evidently 18 able to
Teriment this alconol to gas, Some tests being posi-
tive,some negative,; the alcoiol adonit on the other
hand is fermented to acid and profuse gas with Ifroth-
ing in 2% hourse ‘Lthe action on inulin is somewhat
characteristic,fermentation to acld and gas with
frothing in 24 hours; no otner strain isoclated has
such pronounced effect on tiis test substance.
within 24 hours all the remaipning carbohydrates are
fermented to acid and profusely to gas with very pro-
nounced frothinge In general this cultur e i1s much more
active in 1ts rermentation reaction than any of the
cultures hitherto describede

Glucosee Lactosees Saccharosee, Mamite., Dulcite,
+ + + + + + + + +1

Adonite Rallinoses Arabinose. Xylosee Salicine
+ + + + + + + + + +

Aesculine Glycerinee Inuline
+ + + + + +

+ = aClle

+ + = acld and gase



CULTURE 36

e
a1

SOURCE : Can IV, Sers I, Packer Be

MORPHOLOGY : microscoplcally varying from very short stumpy rods to
forms twice as long as broad; the majority .émsl to 1%,
long, staining unevenly witn Kuhne‘®s methylene blue,;
Gram negative*; Irom 0ld agar culture no evidence of

SPOTresse

MOTILITY 3 In hanging drop occurring singly and in pairs;extremely
active motilitye.

CULTURAL CHARACTERISTIS:

Agar slope: 36 hrse 3700. woderate along track of needle,glisten-
ing iridiscent,pro:elain to yellowish white by trans-—
mitted lignte.

Herring Agar slope: 20 hrs at 320Ce growtn moderate sligntly
raised dry but glistenling, some discrete colonlies,by
transmitted lignt blue to yellows

Joeftler's Blood Serum : 24 hrse 370Ce moderate,glisteninge No
liguefaction after 7 dayse

Loeffler s Malachite Green Sole: 24 hrse 37°Ce coagulated as Cul-
ture 34, much gas; in 72 hours reduced to greenisn
yellowe In 14 days cagulum nct further reduced but
Precipitated on sides and bottom of tube; ferric
yellow liquld expressede

Gelatine stab: Room temperature - 1in 24 hours filiform growth
equally good on surface and in stab; in 48 hours rno
liquefaction growth on gurface showing,moist;in 4 days
growtih luxuriant; ig 7 days growth becoming brown,
medium sliightly tinted; no liquefaction after 21 dayse

Nutrient Broth :18 hrs. 37°Ce moderate even clouding,no pellicle,
bluish rim at top, no sediment; in 48 hours heavy
clouding watered silk appearance, later sediment
noticeable; no pellicle even after 10 dayse

Herring broth : Moderate growth,clouding flocculent suspension,
bilulsh xim, no pellicle; in 48 nours brown viscid
sediment precipitated; in 10 days ring on surface,
very heavy Iflocculent growth,black sediment,

Milk 18 hrse 579C. Much gas on shaking, with frotn persisg-
tent, no coagulation; in 14 days weak coagulum com-

mencing and coagulation slowly completed wnen
at the end of two montnse eXamined

Litmus silk ¢ In 18 hours no coagulatvion,mucn €28 on snaking with

frotn persisting; violaceus mer
D ; £ing into neliot ;
no further change in 10 days; in 11 days lila%eizp:;
>



coagulation ; when examined 6 weeks later coagulation com-
plete, lilaceus.

Aesculin agar : One loop Irom peptone broth culture streaked on
plates; in 24 nours 370Ce brown to black reactione

Aesculin brotu : lthe typical black reaction not green arfter 7
day 8, change only to browne

MacConkeyds NeReBeSrotn : In 48 hours 370Ce an eosin tint but no
reductiion to canary yellow after 7 daysSe

Gelatine colonies : Roou temperature (lst appear=nce) in 72 nours
surface colonies small,average 4 mme :‘diameter,glistening
flat,round;by transmittea lignt bluishwnite, almost trans-
parent; characteristic ring in gelatine as noted - Culture
32e; Surrace colonies yellowish white,small,rounde Under
the low power objective surlace colounles round distinctly
granular and dark yellow centre,surrounded by pale border
and edges entire and nyaline; on gelatiue,tne colounies
unlike those previously describede

NeBe On referring to the notes made when this culture was
originalliy isolated slX monthns ago,I find that on
agar the colonies were characteristically difrerent
from the colonies of cultures 32, 34, Or 35 It 1is
of interest 10 note tnat tnis individuality has been
maintained tnroughout a period of this length,and
in spite of naving mary times been subcultured on
laboratory mediae

Agar Colonies:

20 hours.37oc. growta rapid; surface colonies 1 - 14 mm.
alameter; I'lat,glistening,iridiscent; some colonlies extend
-ing as thin blue protuberances over the medium; by traus-
mitted 1lignht colonles bluish,little darker and more opague
in cenire. ©Sybsurface colonies up to 25 mme diameters
Under the low power objective suriace colonies coarsely
granularn, ilmmediate centre slightly darker and well de-
Tined; remalnder same sStructure throughout; edges entire;
gubsurface colonies compact,grumose 10 “mound® like
structure; often the surrounding medium a lignt ferric

colour due to precipitated granules with no uefinite oug-
linece

TEMPERATURE RELATIONS °

Thermal Death Point 10 minutes exposure to 60°Ce in nu-
trient brothe

Optdmum Tempe rature : Growth satistactory when incubated

elther at room temperature or at 37°C. uost
satisfactory growtn at 379C,

vitaity on wulture iiedial i1he culture Survives several
months on artificial media,agar or gelatine,




RELATION 10 OXYGEN

Facultative anaerobe; 1lucupbated for 36 hours at

379Ce under anaerobic conditions grows on glucose agar as pale
bluish thin 1'ilm aloung track of needle,transmitted lilght;spread-
ing over slope as discrete colonies; heavy cloudy growth in

condensation water; much rroth in tube, gas buobles ¢

meter throughout medium.

BIOCHEMICAL RHACTLONS:?

Incol production
Reduction ol nitrates

Voges Proskauer reaction

Cllle dia“‘

‘he organism grows equally well
aerobically or anaerobicallye

Indol not producede
Nitrates reduced to nitritese

Positives

Methyl red reaction ¢ Alkalinee

Feruentation of Caroonydrates : ine culture ferments lactose
to acid, but gas 18 not produced until 72 hours after
inoculation; the amount then 1s swall and no increase
is observed on furtner incubation; glucose, saccharose,
Xylose, arabinose and mannite are fermented to acid
with proruse evolution o gas within 24 nourse The
action upon rarfinose 1s feebles Lhe Andrade indicator
1s rapldly decolourised 1n the aesculin,assuming a
lemon yellow tint,such persisting; this colour is par-
tially due to tne glucoside itselts

Glucosees Lactosee ©Saccharosee Mannitee Dulcltes
+ + + + + + + + - -
Adonites Raffinosee Arabinosee Xylosee Salicine
- - + - + + + & - -
Aesculine 8lycerinee Inulilie B

+ - + - + -
+ = acide
++ = acld and gase



CULTURE 3T7e

—

Source ¢ Can V, Series II, Packer B

MORPHOLOGY : Rods, three times as long as broad; average length l.oMy
Stain evenly,Gram negative®; from old agar cultures rno-
evidence of s8porese

MOTILITY In hanging drop occurring singly and in twos; motile;
movement varying from revolving motion to a wavellke undu.
lating motione

CULTURAL CHARACTERISTICS =

Agar slope : %6 hrse 379Ce luxuriant along track of needle,
ralsed, glistening, irldiscent, yellowish-
white by transuitted lignht; gas bubbles in
medium presumably from muscle sugar in meat
ex tractes At times, particularly 1in the older
cultures, agar growth decidedly slimy,drawing

out on the neeales In 7 days medium lemon
£0 browne

Herring agar : 20 hours at 32°C. Along track of needle
heavy,raised,compadt,greyish white,glisten-
ing, spreading as thick vlue-green veil, by
transmitted light slightly iridiscent,heavy
clouding of condensation watere

Loeffler ‘s Blood Serum : 24 hrs, 379Ce luxuriant,raised,
Wiile,spreading, no liquefaction in 7 dayse

loelfler's Malachite Green Sole: In 24 hrs. precipitated

- et ol

lignt green coagulum on sides of tube; in 48
hrss reduction to yellow beginning in 7 days

reduced to yellow and almost entirely digest-
ede

Gelatine Stabe- Room temperature - in 24 hrs. liguefac-
tion commencing; in 48 hours crateriform to
extent of 3mme,continuing down the stab as
infundivuliform; in 7 days liquefaction
complete and medium sharply divided into lay-
ers; lumediately below surface liquefaction
appears the colour of turbid whey, in succes-
8lve layers turbidity and cloudiness gradual-

ly disappearing; heavy yellow fl -
tate at bottom.. v aky precipi

Nutrient Broth : 18 nrse 379Ce heavy,clouding,surface
lridiscent,pellicle,bluish rim easily detach-
ed on shaking - life-belt form - medium
8lightly flocculent; in 4 days clouding very
heavy, blulsh rim; later sediment,

Herring broth : Very similar to above but Neavier growth;
»



in 4 days neavy clouding and thick bluish
wnite pellicle; later flocculente.

Milk 18 nrs, cogulation commencing; in 48 nours coagu-
lated with gas and digestion well advanced; in
10 days more than half digested, whey yellow—
ish, heavy pellicle, soft curd; in 14 aays gas
bubbles still persisting, uaigestion proceeded,
4 tuve, the soft curd adhering to tne glass,
digestion not proceeding directly from surface
to bottome. At a later date when tne @rganism
had been in pure culture for several monthns,

a decided ropiness was noted, milk tubes being
distinctly slimy within 24 hours after inocu-
latione This feature appears to have developed
wnder cultivation and has s8ince persisteds

Litmus M11lk : in 18 nours violaceus, no coagulation; in
48 hours gas, heavy pellicle,coagulated and
digestion proc_eeding; in 4 days a vellow
digested fluid extending 2 cm. below surface,
remainder violaceus; in 10 days 4 digested,
remainder soft gelatinous curd; in 14 days
except for tint, appearance very similar to
milk as noted abovee

Aesculin agar ¢ 1 loop from peptone broth culture streak-
ed on platese In 24 nours vplack reactione

MacConkey ‘s NeReBeBroth : In 24 nours heavy growthe No
reduction to canary yellowe. Later colour slignt-
1y changed but nor definite reduction.

Gelatine Colonies : (1lst appearance)e In 72 hours lique-
faction well advanced; individual colonies up
to 3 mme. diam., round, saucer-shaped, character-
istic of the organisms of the proteus group;
centre of colony dark white spot «25 mm., diam,.,
then clear space, then semi-transpaeent rime
Under the low power objective opaque centre
merging into myceloid filaments, then clear
space, and neavidy clouded borders with entire
edges; medium unchanged, no characteristic smell,

Agar colonies : 20 hours at 379Ce growth rapid,surface col-
onles concave, 1z - 2 mm. diameter; very slimy
af ter repeated sub-culturing drawing out on
needle 1l0-15 cme; glistening; by transmitted
light distinctly radlate, whole colony bluish but
sligntly more opaque in centire; subsurface colon-
ies bluisn to whites Under the low power objec-
tive surface colonies brownish with dark opaque
ce:itre in some, finely to coarsely granular; some
colonles same structure taroughout; edges entire

hyalinee Subsurface colonies dist
e inct,grumose to




TEMPERATURE RELATIONS o

10 minutes exposure in nutrient
broth at 609Ce

(X ]

Inermal death point

Cultures incubated at room temper-
ature and at 379Ce grow welle MoSt
gatisfactory growth at 370C,.

oe

Optimum temperature

Vitality on Culture Media : The cultur e survives several
months §n artificlal medium agar
or gelatine,

RELATION TQ OXYGENe—- The cultur.e is a facultative anaerovel :incubat-
ad for 36 nours under anaerobic conditiéns mod-
arate growth on glucose agar slope, blulsh tint;
very heavy clouding of condensation water,; an
the slope seen as discrete colonies varying from
a thin bluish film to concave moist colonies

1l mme dlameter with ferric yellow centre paling
towards edgese Tne medium riddledwith gas bub-
bles 3 - 1 cme diameter, much froth in tubee
This organism appears to grow equally well aero-
bically or anaerobicallye

BIOCHEMICAL REACTIONS 2

Indol production : Indol producede

Reduction of Nitrates : Nitrates reduced to
nitritese
Voges=-Proakauer reaction : Positives

Methyl red reaction alkal inee

Fermentation of Carbohydrates : Tnis cultur e ferments
lactose feebly to acid, the andrade indicator
showing reduction in 44 hours, and no gas is
Produceds Rafrinose,glycerine and inulin are
feruented to acid witn slignt production of gas;
the gas in glycerine not appearing until the
second daye The remaining fermentable substances
are acted upon rapidly,evolving gas Profusely
within 24 hourse It will be seen that of the two
glucogides used, Salicin and Aesculin, the former
only 18 fermented to gase
In the later cultural experiments a distinct
sliminess appeared in all tubes, in Peptone brotns
with and without added sugars; a pale white rim
at surface observed to pe slimy after several
days at 370Ce

Glucosee. Lactose. Saccharosee Mannite, Dulcite,

+ + + - + + + + - -
Adonite KHaff'inosé. Arabinose, Xy lo se. Salicin,
- - + + + + + + + +
Aescullne Glycerine. Inulin,
+ = acid. + - o o+
+t+ = acld ang ~3Se



CULLURE 6l

SOWRCE ¢+ Can VI, Sere I, Packer Ce

From this @rur€2 four strains nave pbeen isolated - 64, 64a, 6ub
aerobically, and 6i4c anaerobdbicallye i1ne similarity of the strains
in culture 1s sucnh that a detailed description of e.ch is not
warrartede There are, however, certain cultural aifterences in
64a, 64b and 64c as compared with 64, whica I have thought wortay
of special mention; and these have been noted in tine following
description.

MORPHOLOGY : Microscopically varying from coccus forms to short
thick rods; the rormer «8 X diameter* the latter 1l
times as long as obroaa; Gr egativee The culture

has been recently isolated, and no evidence of spores
nas been obtained; this r'eature cainot at present bve

finally reporved upone

MOTILITY in hanging drop occurring singly and in twos,; very
actlively motile; meteoric flashing across the I'ielde.

CULTURAL CHARACTERISTICSS

Agar Slope: 24 hours, 37°Ce.woderate along track of needle,
flat, slightly contoured,edges well def'ined,
iridiscent, by jransmitteda lignt yellowish
white with bluish edgese

Loefiler's slood Serum ! moderate, no liquefaction; in 12
hours moderate,much less tinan Culture 65.

Loeffler's Malachite Green Sols: 24 hours 37°C. precipitate
at bottom of tuvbe, no coagulum,liquid turbiq,
Pea green colour; in 7 days yellowish brown
turbvid f'luid witnu ferric precipitate at
bot tonie

Gelatine Stabe: Room temperature - 24 hours,filiform,no
liquelaction; in 7 days nv iiquefaction,growth
%?xuriant.surrace and in stab; yellow grow:h

1 stabe

Nutrient Broth: 24 nours 37°Ce even clouding abundant,
‘watered silk*® appearance, no pellicle,no
sediment; in 7 days clouding even,no pellicle,

heaVy viscld yellowish shite sediment at
bottom of tubee.

Uilk : 24 nrse 379C. frothy on shaking,no coagula-
tion, in 72 aours soft coaguluum,much gas
whey expressed, curd sarinking; in { days
white turbid whey, curd shrinking and split
by gase


http://pellicle.no
http://shaking.no

Litmus milk: In 24 hours lilaceus, wuch froth on shaking, no coagula-

tion; in 72 nours soft coaguluu, bleached tc isabella,
curd perceptivly shrinking; much gas; in 7 days complete-
1y bleached with heliotrope rim at surface, depth of 2
cme turvld tinted whey,curd rapidly disintegrating and
Permeated with gas holess

NeBe Thils culture is viclent in its action upon milke

Aesculin agar : 1 loop pepione broth culture streaked an-platess In
24 hours 379Ce black reactione

Aesculin brota : In 24 hours, 3700. black reactions

MacConkey !'s NeReBesrotn: in 48 hours, 3700. reduced to canary yellowe

Gelatine Colonlies: Rooum temperature (1lst appearance) - i1dentical with
Culture 35 - 64a presents some variatione In 72 hours
growth rapid abundant,more luxuriant tihan any ot fore-
going cultures; surface colonies up to 1 mme. dlameter,
compact, white, opaque with tendency to capitate,round;
the smaller colonies bluish to bluish whitee Subsurlace
colonies small coupacte Unaer tine low power objective
surface colonlies nave appearance ldentical witn the
literature description of the Be.coll colony, edges entim
centre dark and opaque; subsuriace colonies pale yellow
in colour, very finely granular, sligntly darker in
centrees See Culture 35e

Agar Colonies : 20 hours, 37°C. growth rapid,flat,surface colonies 1ji-
23 mms diaweter,round with tenaency to spread; by trans-
mitted lignt distinct blulsn appearance,glistening,iri-
discente Subsurface colonies up to 25 mme diameter
bluish $to whitee Under the low power objective surface
colonias have small well defined dark centre,remainder
lemon coloured; structure coarsely granular to grumose,
edges entire, nhyaline and well defined; pale radiate
filaments - star-like rays = emanate from the colonies
into surrounding mediume. Subsurface colonies dark gru-
mose to Ymound" likee

Agar Colonies 64ae <20 hours 37°Ce growth rapid,surface culonies blu-
ish from 1 - 2 mme. diameter, glistening,iridiscent,
tendency to run together, roruing blue film over agars
Subsurface colonies up to 1 mme dlameter white to yellow-
ish wnite; some force taelr way to surface and appear as
yellowish-wnite 1in centre, spreading on surface to 3 mm.,
diawetsr, blue, rlat, concetrically ringed, contoured,
edges undulate to lgpate. Under the low power objective
surface colonies (majority) finely granular at centre
to grumose near edge; 1in some instances characteristic
protuberances over agar as in Culture 64, edges entire:
subsurface lemon yellow, eages entires '



TEMPERATURE RELATIONS 3

Inermal Death Point

Exposed in nutrient broth for 10 minutes at

o0

600C. orzanism survives; exposed for 10
minutss at 70°Ce no subsequent growth;
eXact temperature not yet definitely
deterumineds

Optimum Temperature : Grows well at room temperature and at 3700-

P =Y

o

More satisfactory growth at 379C.

Vitality on Culture Media : Not yet determinede

RELATION 10 OXYGEN : TIhe culture 18 a facultative anaerobe;incubated

for %6 hours under anaerobic conditions at 37°Ce the medium --
glucose agar - i8 split, ridaled with gas bubbles and upper por-
tions blown to top of tube, much froth; heavy cloudy condensation
water permeated whole of mediume The oOrganism grows with extreme
rapldity both aerobically an_d anaerovicallye

CHEMICAL REACTIONS @

Indol production : Indol not producedes
Reduction of Nitrates + Nitrates reduced to nitritese.
Voges Proskauer reactions : ©Positive.

Methyl red reaction 1 Alkallnee

Fermentation of Carbphnydmates : lhe culture fails to ferment

dulcite and adonit to acid or gase All other test
substances used are fermented within 2% hours to acid,

and profusely with much frothing to gase In the
glucose, lactose, saccharouse, mannite, raffinose, and
arabinose tubes the Andrade ipdicator is completely
reduced within 24 nours, the reduction in the Xxylose,
gsalicin and aesculin tubes being slowere. Compared wimh
the other cultur-es described herein the rapid and
violent action upon the carbonydrates is woth distinct-
lve and cnaracteristic, as also is the rapidity witn
wnich the Andrade indicator 1s decolourisede The
decolourised tubes when tested with methyl red showed
decided alkallinitye The rapid reversion to an alkaline
reaction 18 a point of considerable interest,

The fermentation reactions are identical with those of
the above culture, but a striking difference, which may
be but temporary nowever, has been noted in tne actign
upon the Andrade indicatore NO reduction of the indi-
cator in any tubes was noted witiain 24 hours; in 72 nours
glucose, mannite, aravbinose, Xylose and salicin had chang-
ed from the scarlet tint of the acid reaction to a deep
pigk&shade. In .7 days the glucose, arabinose, and xylose
tubes only were completely reduced giving an alkaline
reacilion to methyl red.



I have as yet no explanation to offer regarding
this apparent selective action towards the Andrade
indicator; the inoculations were made at the same
time, the same amount of the respective peptone
broth cultur._es being added as tne inoculum, such
brota cultures being the same age, and all medium
used of the saune standard sStocke

In this connection it may be of interest to meniion
that for some months I have been experimenting with
Congo &ed as an indicator in connection with rout-
ine water analyses for thne colon group; these
experimants are as yet not sufficiently complete for
publication; I have used this indicator in sugar
broths as a confirmatory test and find that the
strainsg 64 and 64a exhivit again, as in the andrade
indicator, a selective actione

Glucosee Lactosee Saccharosee Mamnnitee Dulcite
+ o+ + + + + + + - -

Adonite Ralrinose. Arabinoses Xylose, Salicine

- - + + + + + + + +
Aesuline Glycerinees Inuline
+ + + + +
+ = gcide

++ = acld and gase
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EXPERIMENTAL SWELLED CANSe

—

Having 1solated strains of gas-proaucing vacteria fram
swelled cans of sar dines, and having determined their cultural
features and blochemical reactions, the next step was to attempt
the experimental swelling of normal cans by lnoculation of organ-
isms already isolatede up to the present I have used three cul-
tures for this purpose - Cultures 35, 37 and 64e 'hese three
cultures on the pasis of thelr bilological and viochemical reac-
tions are sufficlently difrerentiated (Page ) to warrant indi-
vidual trialse A number of normal cans of sardines were most
courteously supplied Oy tne lanager of utne Chamccok factory, Ste
Andrews, NeBe Some of the cans were of sardines packed in cotton-
seed ol1l, oclive 0il having been used for the remaindere Thne cans
had to be 'punched!, 1inoculated,and again sealede In order to
eliminate as far as possible any error of manipulation I obtained
by courtesy of the Chief Enginner the services of the College plumb-
er, who undertook the solderinge To avold trouble from escaping
01;/tne cans were placed on end rather tunan rlat on the pottome
By the usual method a layer of solder was Iirst spread over a
portion of the can; this I cleaned and sterilised with absolute
alcohol, and then witn a sterlile awl punched a hole 3 mue dliametere
From a lcCe pipette 2 - 3 drops of a young peptone drota culture
of the aesired organism were quickly dropped in; a small square
of sterilised tin heatea in tne I'lame was at once placed over the
nole and the soldering process perrormed. ‘Y‘he layer ol solder
previously spread over the can assisted materially in making the
process eftective. In tanis manner, cans were inoculated with the

respective cultures; the control cans receiving eéXactly the same



treatuent minus the inoculatione The cans, each placed in the half
of a large petri dish, wers incubated at a temperature of 30°- 3300.
They were examined at frequent intervals, and in 4 days swelling was
observed in those inoculatede In 7 days the swelling had become S0
pronounced that there appeared to be danger Irom explosionse The
cans were examined.

NORMAL CANSe

(Punched and resoldered)s These appeared perfectly
normal; no oil in petri dish, no moisture on outside of can, no
swelling, no ‘'rattle' ofi shakinge Wnen opened there was no escape
of gas; contents firm in textures flesh the white of the normal
gardines, and comparatively dry; odour typical and mild; normal in
every respectes

5&§g&zaé§ﬁ'55 ¢ Inoculated with Culture 35, oill in petri dlsh and on sur-
face orf can, pronounced swelling, top and vottom of can
convex; on shaking, the typical ‘*rattle’ of the original
‘gwells?; waen opened escape of gas and exuding of oile
The contents were sof't,molst,and disintegrated to an even
greater degree than in many of the original 'swellse! The
0ll was intermiXxed with the mgé%rated sardines and gas
bubhles were very evident throughout the wholee The colour
was a little darker than normale The odour was not putre-
factive, but an accentuation of the typical normal smell,
The conditions noted were as evident on the side immediate-
1y opposite the point of 1nooulation/as at the point of
inoculation 1itselfs The condition of this can and its con=

S0 Jualif o Gn A S adrevz
tents was in every respect ldentica ywitn the conditions
\

found when examining the original typical ‘swells,!



Can 37 : Inoculated with Culture 37 - the description given of Can

35 i3 nere strictly applicable; no variation could be notede

Cam 6% : Inoculated with Cultur e 64. The swelling of this can was
more pronounced, otherwise the description given of Can 35

is here strictly applicable in every respecte

ISOLATION OF ORGANISUS.

Pleces of fish were taken from the respective cans and
inoculated into series of liquid medlia; glucose peptone broth,peptone
brotn/and nutrient broth resgpectivelye. These tubes were incubated
at 3700. for24 nourss Pronounced clouding of the media hy each
inoculum was by that time evidente Plates were made on glucose agar,
and after incubation at 3700. Tor 24 nbung,typical colonies were pick-
ed off and streaked on agar sSloDesSe Subsequently/series off inocula-
tions were made and the respective organisms i1solated proved to be
identical with the stirain with which the experimental cans were
inoculatede

Cultur_es 35, 37 and 64 respectivelx,have experimentally
produced typical swelled cans, have been re—isolatedyand proved cul-
turally identical with the original stralne The Postulates of Koch

have heen satisflede



CULTURE Te

Source : Herring EXxcretae

MORPHOLOGY : Spore forming rods, occurring singly, in twos and in
long formse Gram negative.

CULTURAL CHARACTERISTIICSe

Nutrient broth : In 24 nrs at 37°C. membranous pellicle,
medium clear; 1 month yellow sediment,
mediwn cleare

Milk 2 In 5 days pellicle, no change; in 1
month yeilow turbid digestion extend-
ing 2/3 down tubee.

Litmus Milk In 24 nrse. no change; in 10 days
pellicle, sediment, digestion with
colour varying from yellow to dark
pPurplee

Gelatine Stab : Room temperature, liquefaction begin-
ning in 2 dayse In 5 days napiform to
a deptn of 5 mme,remainder filiform;
in 14 days liquefaction still proceed-
ing with lower part of stab a dscrete
villous growth; medium ferric lemon.

BIOCHHWMICAL REACTIONS :

Indol not producede
Nitrates not reduceds

Glucose broth acid, even clouding, no gase

This cultu;/e in 1ts reactions is typical of many strains

180lated from herring excretas



CULTURE 21.

——— P———— ~—

Source : Normal can, Sardines, Packer Ae

MORPHOLOGY : Extremely long tunin rods, forming spores; in hanging
drop occurring singly and in twos, motile, gram
Positive.

CULTURAL CHARACTERISTICS :

Nutrient broth : In 24 nrs at 37°C. slight clouding,
no pellicle; in three days membran-
ous cup-snaped pellicle, medium
cloudy; later,pellicle luxuriant, thick
creamy, mediwm yellowish browne

Milk No change up to 5 days, when weak
coagulum beginning; in 9 days tubes
half coagulated; in 16 days yellow
digestion nearly complete,remainder
of medium firm hard curd,

l

Litnus Milk No change in 24 nours; in 3 days pel-
licle, upper layers of milk dark
purple, remalnder violaceus, no coag-
ulation; in 9 days digested without
previous coagulation to muddy looking
yellowlish brown liquid.

Loeffler's Blood Serum : Rapid liquefaction,

Gelatine Stad : Room temperature, in 24 nrs crateri-
Torm liquefaction beginning; proceeding
clowly in 7 days to <5 cme. from sur-
face of stab; in 18days not complete,
layers of yellowisn Precipitate.

BIOCHEMICAL REACTIONS :

Indol not produced,
Nitrates not reduced,
Glucose broth acid, chiefly at surface, no gase

From the same can, and other normal cans, strains were

isolated which according to the reactions note%/proved to be
ldentical with this culturee



CULTURE 13e

o

Source : Swelled Can I Sere II,Packer Ae

MORPHQLOGY : Large coccus, occurring as staphylococcus, no spores,
Graw positive,

CULTURAL CHARACTHERISTICS =

Nutrient broth : 24 nrs. at 37°C. moderate, cloudy,; no
pelliclee

M1 : In 5 days no change; no change in 1
mornthe

Litwus milk : AS8 milkKe

Gelatine Stab : Room temperature. In 2 days no lique-
faction; in 5 days scant growth fili-
form to discrete; in 14 days mediunm
faintly browned,frowth in stab dis-
crete and ferric yellow tint; no
liqu efaction, growth better under

surface.
BIOCHEMICAL REACTIONS :
Indol Nor produceds
Nitrates ?

Glacose broin Acid, even clouding, no gase

CULTIURE 28e

a——
———

Source ! Same Can as culture l3.

MORPHOLOGY : Long rods many times longer tnan broad,oval gpores
formed; Graw negative; in hanging drop appear singly,
in twos and in long chains; motile with g£liding move-
mente

CULTURAL CHARACTERISTICS 2

Nutrient Brots : 24 nrs, 379C, moderate,cloudy,slight
Pellicle; in 1 month Cloudy with
Tlocculent yellow sediment,

Milk : In 5 days no change;in 1 montn diges-
- ted completely, yellow turbid riuid,
Litmus uillk @ In 10 days dark purple fluid with no

Previous Coagulation;unchanged in 1 wth



Loefrler's Blood Serum : Rapid liquefactions

Gelatine Stab : Hoow temperature, in 2 days slight

BIOCHHWLT CAL RIACTIONS :

Indol

Nitrates

Glucese broth

liguefaction noted; in 5 days
liquefaction progressed to dppth of
2 mme, Stratiform,rewainder of stab
discrete colonles; in 14 days 1i-
queTaction 1 cue depthy,stratiforu
yellowlisll layerse

not produceds.
noy reduceds

Acic, upper party, pellicle, no gas.

Cultures 13 and 28 typical of several strains isclated from

Suchh canse

CULTURE Llfe

Source : Swelled Can II,Serell,Packer Ae

MORPHOLOGY : Long rods manytimes longer than dbroad; sporese Gram posi-—
tive; 1n hanging drop occurring singly,in twos,and in
chains; appear at first immobile but prolonged examinatiocn
reveals slow laboured movement in some individuals appear-
ing to push themselves alonge

CULTURAL CHARACTERISTICS <

Nulrient broth

Milk

Litmus uilk

Gelatine Stab :

24 nrs at 379Ce rine precipitate suspend
-e¢d near surlace;lower portion clearer,
no pellicle; in 10 days even clouding
throughout,with »dusty® appearance;

in 1 wonth slight clouding,sediment

at bottome

Nochange in 1 monthe

In 24 hrs bleached,otnerwise no change;
in 1 wonth yellowish liquid.

Room temperature, in 2 days no liquefac.
tion; in 5 days luxuriant growih on
surface and aborescent growth in stap

no liquefaction; in 14 day s no furthe;
change; liquetaction observed in 1 monty



BIOCHEMICAL REACTIO NS :

Indol not producede
Nitrates not reduceds

Glucose broth acid, more particularly near surtace, no
gas, no pelliclees

CULTURE 16,

Source : Swelled Can III, Sere II, Packer A.

MORPHOLOGY & Coccus, occurring also as staphylococcl;e5 mme aver-
age dlawe ter,no evidence of spores,Gram positive;in
hanging drop many tetrads noted,; non-motiles

CULTURAL CHARACTERISTICS =2

Nutrient broth : z4 nrs,s7°Ce cloudy, flocculent pel-
licle; inlO days heavy clouding witn
some Tlocculency; in 1 montn clouding
%nd yellow precipitate at bottom of

ubee

Milk 2 {n 5 days nuv coagulation, ring,pellicle;
in 1 month coagulated, some yellow whey
expressede

Litwus milk : In 24 nrs no change;in 10 days lilac,
no coagulation; in 1 month coagulation,
and some whey expressed.

Gelatine Stab : Roow temperature - in ¢ days moderate
growtih, aip in gelatine; in 5 days
crateriform liquelaction and spreading
growth on surface or stab; in 14 days
liquefaction varied trom Veshaped to
crateriform to depti of 1 Chie, Cloudy;
remainder of stab discretes

BIOCHMMICAL REACTIONSvI

Indol not produceds
Nitrates not reducede
Glucose broih acid,more particularly near the surrace,

no gase
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