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Abstract:

1. Three anaerobes isolated from sheep suspected of having died of a disease resembling "black
disease" were studied© These were com-pared with a New Zealand strain 7 which had been isolated
from a known ease of "black disease".

2. A brain-liver broth medium with a pH of 7.2- 7.4, consisting of minced beef brain, liver broth plus
0.1 per cent dextrose, an iron Wire, and .5 cc. laked sheep blood, was found to produce optimum
growth© 3. Optimum growth conditions were determined by direct counts of bacteria in definite
quantities of culture media.

4. A medium composed of a sugar free broth, laked sheep blood and an iron wire was found to favor
optimum growth in carbohydrate test cultures.

5. Two strains (572 and 591) proved to be Clostridium sporogenes, while strain 590 was Clostridium
oedematiens and identical with strain 7. 6. It could not be demonstrated that immunity could be
produced by bacterins prepared from strain 590 of Clostridium oedemations.
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INTRCDUCTION

A disense of sheep ocourring in western Nontens has been investi-
gated by the Montane. Véterinary Research Leboratory. This disease had
the characteristies of the "black disease" of sheep described by Turner
(10, 11, 12) and Albiston (1) in Australiae

The data recorded in this paper are de?ived fram & study of the
disease as it ocourred in Montena and deals only with the identifica-
tion and cultural characteriétics of orgenisms which wore isolated‘frém

sheep that had died of a disease which resembled "black diseass”.

Lo e
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METHEDS OF PROCEDURE

Strains 572, 590, and 591 were obtained frem the livers of two
sheeﬁ dying of suspected black disease. Strain 7 was obtained from New

4

Zealand and used as a ‘control throughout the works

Morphology and staining.

These orgenisms are among the larger anaerobeso

~ Strain 572 measured 3 to 8.2 microms in lemg'th and 1 micron in
widthe |

Stréain 591 measured 5 to 10 mi.erons in length and 1 to 1.5 microns
in width. '

Strein 590 measured 4.5 to. 6.7 microns in length and .8 to 1.2
microns in widthe

Strain 7 measured 1.5 to 5.5 ﬁicrons in length and .8 to- 1 micron
in widtho

In young cultures, in a modified brein-liver broth inedium (see
page 8) the rods usgall’y occurred s‘ingly or in filementous chains of
from 2 to 5 indivﬁ&uaiso In e medium favoring grow;th\ the organisms
occurred singly or in pairs, while in an inhibiting medium there was a
tendency for the developzﬁent of filaments,

In hanging drop preperations, the organ&.éﬁaé':' ghowed sluggish motile
itye

The bacilli in the vegetative state, stained readily with the

most of the ordinary steining reagenté and were grem positive; but showed
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é. tendency, as the age of the culture increased, to lose the ability to
retaiﬂ the crystal violet stain,

Spores formed readily in modified brain-liver broth medium end
were looated subterminally. They were more oval than elliptical and dis-
tended the vegetative rode. Iﬁ other kinds of media spore formation was
greatly diminished or entirely lackinéu-

\ The coionies of 572 in deep agar were roﬁghly spherical and clus=
teredo Those of 591 were smell, compact, and rowghly sphericals those of
590 were small, compact and roughly spherieal with woolly borders; those
of 7 were small, compacf and roughly spherical with woolly borders. The
sbove dascription of the _ox‘gm;isms we.s fbé;sed upon the work of Heller (5)

on the coleny formation of anaerobes in deep agere

Ehysiologre
Nutriti}one.l requirementa.

| The bacilli reqﬁired anaerobic conditions, & rather narroﬁ ﬁ&drogen
ion renge, and a high concentration of zprotein in the meciiuma In the
preliminery ﬁr@rkg Hell's brain medium was used bub growtia of the orgem=
isms was insufficielnt fér investigational purposes. [After surveying the
literature relative to the oonditions favoring the development of the
organism causing "black disease" in sheep, thirty=four different kinds
of medie were inoculsted. and the results were noted. Frqm these, a med=
ium was selec‘beé which favored the maximum gr,qwth of the erganisms and :

which later proved.-'l;e be the best for practicel purposese This was de=

termined by the variation of Breed®s direct microscopic counts (3) as
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stated by Schaeffer and Fulton (7) in the staininghof endospores. By
means of a platinum loop of -1 ce., capaeity, films from the agitated
culture were spread over an area of 1 8q, cm. on a slide and allowed to
air dry. This waes then flooded with a malachite green sclution and heatw
ted to steaming three or four times within one half minutes The excess
stain was washed under the tap for about one half minute. A 0,05 per
cent aqueous, safranine solution was then applied for one half minute .
‘after which the specimen wa.s washed, blotted and driedg By taking the
everage of both vegetative and spore‘forms of tﬁn fields, it was possible
to determine which medium favdred‘suffieien# growth for the study of the
organisms and which did note |
It was found that the best growth occurred in a modified=brain

. Yiver broth mediums This consisted of 0.l gmo dextrose, 50 gm. of fine-
ly minced beef brain and 100 ce, of liver broth;_ The pH of the medium
wes adjusted so as to gi%e e pH of 702 = To4 after forty five minutes

of sterilization at 115°C, at 15 pounds pressure. The finer the brain was
minced, the more luxuriant the growth of the orgenisms. About § grems of
the minced brain was placed in a culture tube to which 10 ec. of liver
broth was added., A two inch piece of iron wire introduced into the medium
was found to be & factor which affected the growth of the organisms.
Scott and Brandly (9) reccmmended the use of reduced iron for the culti=
vation of anserobic organisms., Reduced iron was substituted for the iron
wire but gave negative'results as did also ferriec ammonium citréteo One
helf cubic‘cenfimeter of sterile leked sheep blood was added asepticaily

to each tube after sterilization, followed by an incubation test of
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forty eight hours, This culture medium greatly inecreased the growth of
the organisms, so it was used throughout the work as the basic culture

medium,

Reduction of carbohydratess

<

A& sugar free broth was preparedfby the inoccula tion of a flask of

hormone broth with a culture of Clostridium ﬁelchiio This was incubated

for a period of four days until it was thought that complete reduction
had teken places It was then clarified by the addition of a whipped
egg, followed by one hour of sterilizatiom which killed the orgenisms
and coagulated the egg. The reaction was adjusted to give a pH of 7.2
after the final sterilization., After heating again for twenty minutes,
the reduced broth was filtered through cotton and filter paper. Since
the addition of the laked sheep blood,: appeared necessary for aciive
growt]ﬁ9 the question arosé as to whether the carbohydrates contained in
the blood would lowser the pH of the médiume This was found not te be
the case. To this medium was added aﬁ,iron wire; and 1/2 cco of sterile,
leked, sheep 5lood in Dunham's fermentation tubes for the carbohydréﬁ@
tosts. The sterile leked, sheep blood amd 1/2 cc. of a sterile, 15 per
cent solution of sach carbohydrate used was added aseptically. This was
then sterilized for twenty minutes'at-115°co at 15 pounds pressure. The
tesf for sferility consisted of incubation for 48 hours, after tﬁe addi-
tion of the sugars and laked bloods . | |
The presence éf the laked bloodéfprécluded the use of an indi-

cator. So determinastion of é@ﬁipp@ﬁuction’of‘the carbohydrates was mede




on each test by use of the La Motte shell wial hydrogen ion set using

the indicators necessary to cover the various hydrogen ion ranges.,

Teble Noo I, Reduotion of Carbohydrates

8l

Strain

oo ea ]

: 2 8
Garbohydrate 5 Tt MU se1 ’ 590 ' 7 , Control
: 3 § 3. 3
3 s 3 3 s
“Dextrose $ 4 H + g + 3 & s I
. '3 s : s :
Lactose : - 8 = H = g = : -
3 : z 3 3
Sucrose H e s - s = S = -8 =
3 s : H s
Maltose H 4 ] <+ ] + t <% s o
5 s t : % H
Glycerine : + & + 3 + H + 3 -
) 8 2 8 3
Ga.lactose s - g e g o 3 - -8 .
s H ] z 4
Levulose 8 + : + s % (3 + 2 o
-3 H 2 H : z
Saliein 3 o z - S ) H = -8 -
z s H g ]
Reffinose s ® z @ % - 3 - z =
2 g s s &
Mennose H ] s = 8 + ] + H] o
' 8 t $ s -3
Xylose 8 o 2 - % = 2 - ‘2 -
) 2 H & 4 H
Dulecite 2 = s @ H - ] - s e
$ ‘& s R ‘ 3 ‘
Arabinose H - 3 = -8 = g - z .
8 ] ] : H
Mermite % = s © s @ e - t o
s H g H 3
Inulin s ® 5 = s & H @ Y =
3. ] 3 s H
Sorbite H + H = g ® 3 & 3 -
' 3 : 3 3 3
; ;
+ = acid = == no acid produced

Bach test was made in dyplicate with the corresponding uninocula-

ted ocarbohydrate control end the experiment was repeated as a check.

Y . -
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The pH of each culture was determined every five days for fifteen days.
No gas production By any of the strains in the different earbohydrates

was noteds,

Proteolysis
Hydrogen sulphide formation.

The basis mediﬁ? previously described wes usedo A small strip of
lead acetate paper, held in place by the sobiton plug, was suspended in
the culture tube ebout one centimeter above the surface of the medium,

Strains 572 and 591 blackéned the lead acetate paper within 3=6
days indieating a distinct production of hydrogen sulphide. Strgins 590
and 7 did not blacken the lead acetate pape? within that time but showed
e partial resction 10=l4 days 1atéra

. To demonatrate the blackening of brain, & mediun consisting of
minced beef brain cooked in an Armold for thirty minutes was used. The
water conbent of the medium was separated and to it 1 per cent dextrose
was added. The brain and the water were then mixed and tubed. 4An irom
wire was placed in each tube and the medium wes then sterilized for
forty five minutes at 115°C, at 15 éounds éfeﬂaureo Strains 572 and 591
showed distinct blackening of the brain, but sirains 590 and 7 did not.

A 10 per cent nutrient gelatin medium having a pH of 7.4 after
sterilization was used to determine gelatin liquefaction. Tests were
made at 379C.,at approximatély 269C, and at 15°C, Strains 572 and 591

liquefied the gelatin at all_temperatufés and turned the sediment black,

" while strains 590 end 7 neifher:liquefied the gelatin nor turned the




=l2=

sediment blacke

Action on litmus milk,

Twenty cubic centimeters per liter of a neutral, aqueous solution
of litmus added to skimmed milk was used to determine ;he action of the
organisms on ﬁhis mediume

Straeins 572 end 591 in two days redueced the litmus, coagulated
the milk and showed much proteslytic actiqn by completely digesting the .
curde Strains 590 and 7 did not reduce the litmus end showed no coagula=
tion or proteolytic effests upon the milk within 10-14 days. To determine‘
whether growth had taken.place, smears made from strains 590 and % showed
that moderate growth was present and after two weeks some slight change

to acid in the litmus mlilk was nobed.

Coagulation serum liquefaction.

Sterile horse seruﬁ was placed in sterile, plugged tubes, and co=
agulated serum slants were made by heating in an inspissator. These slants
were inoculeted from recent transfers of the organismgo vCulfureé by the
Wright method for enacrobiosis were madép Tests were twice repsated as
checks on thé first results, .Strains 572 and 591 showed nearly complete

liquefaction within 7«10 days while strdins 590 end 7 did noto

Oxygen reguirements.

All four strains were striet anaerobes. There was no growth on
tﬁé sﬁrfaee of solid media in the presence of airg |

"Table Noo. II summarizes the ﬁorphologic and cultural characteris»'

ties of the organismse
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Pathogeniclity.

Strains 572 and 591 were at all times nompathogenic for guinea
pigs while ?trains‘ﬁeo and 7 were pwthogeyiea

Pathogenic straix.zs were kept available by inoreasing the paﬁhOm
genicity of the cultures by guinea pig inoculation. The organisms were
recovered after the deasth of the a.nime.lé purified and many cultures.
sealed for storage. Seéled cultures in sto;age retained.their‘pathogens
icity, but those repeatedly transferred on artificial media lost ite

Guinea pigs .inoculated intramuscularly with .2 ¢éees to 1 ce. of
8 'Ewenty«-four hm_zr» culture in the modified braineliver: b;"oth mediuvm
usually succumbed in 18 to 24 hours., Smaller doses prolonged the time
of death. There was pronounced swailing9 the edema'extending'from'the
inoculated hind leg to the sternum in some eases. There was no’evidence
of gas in the tissues, The subcutenecus tissues of the inoculated leg
and the abdomen were infiltrated with # glear jelly=3ike exudate. Some
cases showed a slightly blood tinged exudate ﬁ@ar'theisite of inoeulations
~ The ebdominal vlscera were congested, The stomach and small intesﬁip@@
were inflamed and congested,," with ‘small hemorrhagic areas. The spleen
and liver appesred mormal, but the organism,génerally could be recovered
from the liver. It was readily obtained near the site of inoculations
Thefe.was little exceses of pleural fluid and the lungs appeared to be

normal with no hemorrhages visible;

Toxin production:

Filtrates wers prepared from. cultures of strains 590 and 7 growm
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in peptic digest broth. This was'prepared by mineing 250 gﬁo of pig's
stomach, 250 gm., of beef, and 250 gmo of beéf livere A liter of water
plus 2 per cent hydrochlorie acid was added to this mixture. This mae=
terial was thoroughly mixed and held at 56§Cu for 24 hours, and then
raiséd to 80°C, for fifteen minutes., The inocreased temperature inacti-
veted the enzymes present. fhe flask Qf material was then removed from
the broth and allowed to stand for two hours. The clear fluid was then-
poured off and the pH adjusted to T.4. After heating for fifteen minutes
tﬁis was filtered through paper.

Three filtrate cultures'wefe made of each-strain, using for the
toxin producing media, peptic digest broth, modified brain-liver brotﬁ
and hormone broth plus 0.1 per cent dextrose. ‘Fortymeight howr cultures
were filtered through Berkefeld V candles., After sterility had been
proven, six 250 gme guinea pigs were inoculeted intremuscularly with the
filtrates in 1 cco doses. Guinea pigs we?e‘inoeuiated with filtrates
from, cultures of both strains §90 and 7 grown in each of the three media@“

All tests for toxic effects of the above strains on guinea pigs
were negative. The experiment was repeated using the same filtrates;
White’miee were inoculated subcutaneously with x/z cc. of the filtrates
produced from each strain. ' No toxic effects were noted end the results

for toxin production were recorded as negativee

Inmunity.
Formolized whole=culture bacterins were prepared from active

cultures of strains 590 and 7. At intervalé over g period of three weeks,

Ity
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cultures were made from the bacterin to ascertein if the added Q.5 per
cent formolin had killed the orgenismses When the orgenisms no loﬁg@r
grew on a suiteble medium, end therefore considered dead, 250 gm.
guines pigs were giw_ren repeated injections. The inlitial dosage of
0.25 cec. of the bacterin was increased to 1 cco Four injections at five
day intervals were given. Folllowing this fréatment the two groups of
injected guinea pigs were inoculated with .05 cc. and o025 c¢, of viru=-
lent culture respectfully. Controls were given 5025 ¢6s, the amount
previously shown to be more then the minimum lethal dose. All the bace
terinized guinea pigs and the controls died within 48 hours. There did
not seem to be any difference between the bacterinized and contrel groupse
These results led to the conclusion that the methods of immunizing and

the type of immunizing material used gave no protection to the animalse

.Identification of the eorganisms.
The first step was to separate the proteolytic, from tﬁe non=
" proteolytic strains. Strains 5'?2 and 5‘;91 were proteolytie while stfains
590 and 7 were nonproteolytice. Identif‘icat_j.on of the orgaxzi'sms wes 't;»ased
on the following: morphology, character of the vwegetative and spore |
forms, motility, cultural reactions, action on proteins, action on the
earbohydrates, and pathogenicity. Identification wes based on the chart

given below which was taken from Hall's sporulating enserobic key (a).

~

"(Spores subterminal rarely ceniral; always when mature swelling the rods
into clostridiwms,

Motile rodse
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Coaguleted albumin liquefied; brain blackened; gelatin liquefied.
Lactose fermented =ec<wm=a seescesscasmrec=ae B, perofetidus.
Lactose not fermented,

Filtrates toxic for guinea pigs on feeding ~=== B. botulinus,

Toxi¢ for chickens eesccmcmcecceans - type 4o

Slightly or non toxic for chickens seseccoccccs typo Bo
Filtrates non toxic on feedings-

Cultures pathogenic on injection of 1 cc, or lsss; lytie

~action peculiar to this species ew-<mweec=w= B, histolyticus.

Cultures non pathogénic except in lerge doses =~ B. sporogenes .
Coagulated albumin not liquefied; brain not blackenedo
Gelatin liquefied; usually pathogenic for guiﬁea pigs (see B,
novyi ).
Lactose fermented.
Saccharose fermented; selicin not fermented =--= B. chauvaei.

Saccharose not fermented; salicin fermented ---= Vibrion septique.

Lactose not fermented ewececucmcossumncamcnanmonas gf‘nozxi)v
Strains 572 and 591 may, by the use of this key, be identified as

Clostridium sporogenes while strains 590 and 7 fall under the classifica~

%lon of Clostridium novyi.
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DISCUSSION

Since streins 572 end 591 heve been determined to be Clostridium
sporogenes, they mey be cénsideréd of no significénoe in relation to
black disease. Strains 590 and 7 were considered to be same species
with some slight differences in éhe fermentation of the e&rbohyérateso
The cultural characterisfics of both orgenisms were idenfiéal, and the
only variation in the fermentation reactions was that strain‘59d for=
mented inulin and 7 did note - | |

Strain 590 was slightly longer than strain 7. Otherwise no differs
ences in morphology were notedo

Both stéains were subjected to the different tests at the same
timeo Duplicﬁte testslandnconﬁrOIstere made in each case., Much of the
cultural work wes based on the work of Turner (10, 11, 12) and Hall (5).
The 590 strain compared fevorably with the strains isclated by Turmer
and Hall in respeect to'éulturallreﬁctionsg but appéaréd'to be smaller
in sizeo_‘Thﬁre were Some differences in the fermeﬁtatipn :eagtions bes
tween strain 590 and the organisﬁ isclated by Turner. Strain 590 f@?w«

mented dextrose, maltose, glycerin, levulose, mannose, and inulin, while

the strain (B. Do 8)‘of Turner of Clostridium oedematiens fermented
" glucose, maltésé, ievulose;4and galactose, wﬂthﬁno fermentation of glycer=.,
ines - |

Teble No. III show;‘the comparisoh pf the 590 strain with other
strains of similar organismss According to Turner (12) the strains

listed in this table include one humsn ("Weinberg")s one equine (“Bo
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novyl 139”), and eight strains isolated from "black disease”, whose re-
actions were 1identical and are listed as B.D. 8, Other strains recorded
for comparison are, one strain described by Edgar (B.D. bacillus), two
strains described by Zeissler (. oodematiens and gigas), Clostridium
oedematiens described by Bergey (2) and a strain described by McEwen (6)

(B. paludis) isolated from sheep.

Table No. 111I.

«4

8 «S

X =K = = = - X KX
New Zealand - —*F — :;:-T-*-_*_

A

Strain 7 - P Fe = = 0/ . e = e = de kK - %
Montana - - = 0 - - - - -
Strain 590 - =
=Weinberg” 0

it oo 130 -] X M-, DI00I-I0! ©
[ SR 0002

- K
New South Wales

- - - - - - * -5
Edgar. B.D. bacillus *I+ MR S - o ;O=
Zelssfer. 6. oeSeina- 7 = =77 - = 7,77 7 : -7
tiens
- X

cetssters oo vions Mt T
Berg_eyl_S/lanual o_f De- +*—-—*+’k—*|'*|'*—*—*—*—*—*—*
terminative Bacteriology* -2k = m =

T ! - = e = S =
Clostridium Oedematlens:* - m

O T S
uctwen BUu sttt ER

—definite acidity. - —no acidity. O —not tried.

%

wk. = weak acidity production
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From the above table it mey be seen that the Montene 590 strain
was nearly identical in resction with some that are listed, but differs

in others. -According to Bergey (2) Clostridium cedematiens ferments

dextrose, maltose, galactose and levulose. The $90 strain did not fere
ment galactose., In addition to fermenting dextrose; meltose, and levu~
lose, it férmented glycerine, mennose and inulina.

Scott (8) (9) stated that the different media that have been recw
ommended for the production of toxins by enaerobes have failed to reveal
the presence of such toxins, This may explain why the 590 strain did
not produce a ﬁoxine

From & sur#ey of the literature concgrﬁing the cultural and fere

mentation reactions of Clostridium osdematiens, it is to be néted that

strain 590 compared favorably with the cultural reactions stated by
other investigators, but that there was some difference in the sacchar-

olytie properties,
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SUMMARY AND CONCLUSIONS

1. Three anserobes isolated from sheep suspected of having died “ ‘
of a disease resembling "black disease" were studiedc. Thess were come .
pared with a New Zealand strain 7 which had been isolated from a lmown
case of "black diseass™,
éo A brain-liver broth medium with a PH of 702 =~ Ts4d, consisting
of minced beef brain, liver broth plus 0.1 per cent dextrose, an iron
Wirég and o5 ¢o, laked sheep blood, was found to p%oduge opbimum growthe
3o Optimum growth eenditions were determined by diresct counts
of bacteria in definite quantities of culture media.
4o A medium composed of a sugar free broth, laked sheep blooé
end en iron wire was found ‘to favor optimum growth in 6arbohydrate test
culturess. | |

5, Two strains (572 and 591) proved to be Clostridium sporogenes,

while stfain 590 was Clostridium cedemstiens and idembical with strain 7.

6o It could not be demonstrated that immunity could be produced

by becterins preéared from strain 590 of Clostridium ocedematienss
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