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Ephaerophorus necrophorus is of considerable economic impor-

tance since it iz the cause of many pathological conditions in a wide
variety of animals. One such condition is liver abscess of cattle.
This one condition costs tha packing industry saveral million dcllars
a ypar.

The invastigators have had to alter previous isolation tach-
nigues in erder to isolate the organism succesafully and this has led
to a nmmber of techniques. Gramt (15) suggested that a selective me-

dium be devised for the isolation and cultiwation of £. necrophorus.

Besrens (2) has used a veal infusion medium containimg brilliant green
for the isolation of the organism. This madium does not inhibit tha
group D streptococcus and jgreat cara his to ba used in making the
madium.

The difficulty of maintaining cell viability has b#sn shared by
many imvestigators. OUrcutt (26) and Tummnicliff (32) maintained tha
organisn on thair media for several ysars. GSome investigators have
had to transfer their culturss chce or twice a week to maintain cell
viability, amd even by doing this, tha cultures may ba lost in a fmw
months .

Tha veriety of isclation techniques have brought about the sug-
gest ion of many smdia that can be esed to cultivate 8. necrophorus.
Almcst all of these media are cheaieally undefimed.

A selective medium utilizing dyes amd Difco thioglycollate



sedium used 12 not a chemicsally defined medium but is lass complex

then most suggested media.



LITERATURE REVIEW

Sphaerophorus necrophorus hes long besn considered the organism
causing besf liver abscess. This wai clearly established in 1549 by
Madin (23). The organism has had many different names. Bergy (5)

names the organism Jphaerophorus necrophorus (Flugge 1886) Prevot,

1938. Bargy (5) also lists ten other synonyms. Wilson and Miles (33)
refer to the organism ss Schmorl's bacillus, Bang's necrosis bacillus,

and Fusiforwmis necrophorus. Dack and co-workers (8) list Bacterium
necrophorum and Bacterium fundiliformis ss additionsl synouyums.

The organism was first classified by Flugge in 1886, as Bacil-

lus diptherise vitulorum according to Kemnedy (19). In 1938 Prevot

(27) classified the organism as Spherophorus necrophorus. Breed (5)
changed the spalling of the genus nsme in 1955 to Sphaerophorus and

the name and spalling is now accepted by Bergy (5).
The following classification appears in Bergy's Mamual of De-

terminative Bacteriology 1957 (5):

Divisien I Protophyts.
Class I1 Schizomyeetes von Naegeli, 1857,
Order IV Eubacteriales Buchansn, 1917, order of true bacieria.
Family VI Bacteroidacese Breed, Muxry, and Smith, fam. nov.,
pleomorphic rods.
Genus IV Sphaerophorus Prevet, 1938, 18 species, pleo-
morphic strict anserodbes, produces spheroids
and filsments.
Gemus I Bactercidss Castellani and Chalmers, 1919,
rounded ends, simple, strict snaerches.
Gemus II  Fuscbacterium Enorr, 1922, poiaied ends, simplae,
strict anaercdes.
Gemus III Dialisger Bergy ot al., 1923, minute filtersbls,
rod shaped cells, with pointed ends, pearasitic,
anaerocbic.



Genus V Streptobacillus levaditi, Nicolau ard Poin-
cloux, 1925, facultative anaerobes, pleo-
worphic, L-type growth.

There is more agreement on the morphology of the organism,
Host stains exhibit filamewtous forms wp to 100-200 microns in lemgth.
Bacillary forms and eoccoidal cezlls msasuring 0.5 wmicrons have baan
reported. Bergy states that gome authors have reported that branched

forms exist. This iz not confirmed by Wileom and Miles (33). Swmith

(%) cbserved that Sphasropborus pecrophorws forms irregular swellings
in the center of the filaments. I[lainsbarger-Nobel (20) comnsiders
thase swellimgs or round bodies prebadbly equivalent to a sexusl proec-
ess in highsr orgamisss.

Cunningham (7) gave thes following as a susmation of the earli-
sst investigatioms concerned with 8. necrophorus:

The early work of isolstion and identifying A_ctin_o&eel necro-
phorus mmd correlating the lesions produced by it sttracted the
attention of some notable bacteriologists. liobert Eoch, Loef-
fler, Theobald Smith, Bang and many others investigated the or-
ganism, Dmmmsn prodably just obeerved the first clinical mani-
festations of Act. necrophorus in his investigation of diphther-
itic infections in calves in 1886. He thougdt, howewar, that
the disease was caused by Bacillus Diphtheriae. Loeffler (1E&&)
disproved this by showing that the p ting organism in

the diphtharitic lesions was a gram negative, thin rod with
filementous forms which he foumi on tha dorder between the

sound and the necrotic tissus. Koech bad previously found an
organism of similar morphology {n the sweast glands of sheep
having "sheeppox". Schultz (1888) found similar filiform bacil-
11 in the livers of cattle, and succeeded in transferring tham
into rabbits and mice. Theobald Smith (1889) sew long, gram—
negative bacilli in £he intastinal lesions of hog chelers. Imn
1890, Bamg identifisd the organism in hog cholera, and gave it
the name "necrosebasillus”. Echmorl (1891) isclated and cultured,
for the first tims, the sames organism from necrotic lesions of
rabbits during a virulent episcotic. Numsrous other workers have
subsequantly confirmsd these results and have investigated the
worpbelegic, cultural and pathologic characteristics of Act.
hecrophsrus in animals.



In 150% Mohler and Morme (24) made a study of Sphaerophorus nec-
rophorus. They reported that the organism was essentially a pleamor-
phic organism which varied in size from coccoid forms to filaments over
100 microns in lemgth and 0.75 to 1.5 microms in width. They found
that the older cultures of sither amimal tissues or artificial madia
exhibit almost excluaively bacillary forms of various langths, soma =so
short as to ba aasily mistaken for couaci.

Apcording to these muthors, tha usual laboratory msdia are not
satisfactory for tha cultivation of 6. necrophorus, but media esmployed
successfully included: agar-bouilleom, agar-galatin, serum-agar, and
serun-agar-gelatin. Thay experfianced difficulty in growing the organ-
ism in petri dishes. HEasithar the formation aof a wacuum nor displace-
mant of the air with hydrogan would satisfy the amaerobic sonditiona
required by the orgamism, Anserobiosis was obtaimed by the alkaline
pyrogalliol method. The colonies that formed on tha plates wers des-
cribod as follows: *...small, pinhead-siszed, dirty-white, opaque,
round colonies, possessing no distinctive features.... Under slight
magnification, ...these colonies ware seen to possess a yellowish-
brown centar surrcunded by a thin, light, almost translucent berder
wvhieh under thé# micruvacopa, appeared floccese.” Mohler and Morse (24)
ware also able to isolate the organism by the use of agar-dbouillem
shake cultures. Tha production of gas was so great that the shake-
cultures were &#ften rijptured.

Bolechak (25), in 1919, found that Bacillus necropharus, as ha

called the organiem, was an absolute anaecrobe mnd that it grew best in



ager stah culture. The organism started to grov at ths bottom of
the stab near the smd of the second dsy, and wmuld continue to im=
creasé upvard to within 1-1.5 am of the top of tha stab canal.

Fitch (12) reported in 1919 that serurm-sgar was the most suit-
sble medium for the growth of Sphasrophorus necropborus. His main
problem was in msintaining visbility. To mmintain cultures he found
it necessary to inoculate a rabbit and recover the orgsnism from the
lesions produced. This procedure was caxried out every two woeks, and
it ves not stated in the repart how he re-imolatsd the organism from
the rabbit.

In 1923 and 1734, Hagan (16) carried out experimsnts to test for
the production of hydrogam peroxide in cultures of §. necrophorus. Me
found that brief ewposure to air injures vegetatiwe forms and delays or
prevents growth of the organism. The injuricus substance waa found to
ba hydrogen peroxide. Young, vigorous cultures expoeed to air In shal-
low layers produced sufficiemt perozide to give a relatively strong
tast with Deusidine and fresh potato. Hagan found that hydrogen per-
ocxide accmmilatas for four to six hours and then its production dimine
ishes or ceases. During this time the concentratiom of peroxide can
resech 1310, 000.

Hagan considers cooked meat mmdium the most favorable substrate
for the cultivation of §. secrophoyus. He felt that the iron residus
of degenarating hemoglobin might ba the component of the mpat medium
vhieh csused the destruction of the peroxide, therefore allowing the
srganism to grow most rapidly. Ea also concluded that the reason



plate cultures of Sphaerophorus necrophorus were not successful was
because the inoculated medium was exposed to tha air from the tima the
plates were prepared until anaserobic comditions becass astablished in
the jar.

§. necrophorus is said to cause many different pathological
conditions in a wide variety of animals. Boyd (4), in 1¥2S found an
organism "suggestive of Bacillus necrophorus” occurring among snalas
and tortoises. Details of the &xact mathod of iselation were not
given, but im the authors wurds: "After paveral passages through
rabbits we were able to isclate from the liver the B, necrophorus im
pura cultura™,

Orcutt (26) im 1930, wade a study of tem strains of 8. necro-
phorus which were isolated from cowa. He stated the following about
the organism:

Bacillus necrophorus is an important organism in animal disease
since It produces sevare septic processes in a number of do-
mestic animals. The organism is widely distributed and is re-
sponeible for conaiderable losses. 1t may invade almost any
tissue and is associated with various necrotic foci, as in celf
diphtheria, necrotic ulcers of the intestines of bog cholera,
foot rot of sheep and cattle, grease heel or necrotic scratches
of borses, matastatic necrosis of liver and lungs of cattle end
svine, necrotic stomatitis of calves, lambs and pigs.

A few human cases of infection with a similar organism have
been reported. These are referred to by Rarris end Brown (1927)

wvho isolated from cases of puerperal infiction in women cultures
closely resembling B. necrophorus and designated by them Act.

Teswdo vecrophorus,
Orcutt used two methods for tha isclation of 8. necrophorus.
Ha wither mmde tha isclation directly from the abscasses into agar

sbhake cultures, or by passage through a rabbit followed by serum-agar



cultures, After colonies appecared in the serum-agar cultures tha agar
was removed and placed in a mterile petri dish and a colony was chosen
and reincculated in another serum-agar tubw. This was carried out tmo

agsidre a pure culture of Sphaerophorus necrophorus. The colonies were

dascribad by the suthor as "round or bicomvax, smooth, sven and com-
psct™”. s noted that his description did not agree with those of pra-
viousz fmvastigators.

Oreutt (26) carried out am extensive study on the effect of
oxygen on the culturss of $, mascrophorus. He exposed tha culturas to
air by placing a small ssount of the bouillon culture in petri dishes
#o &8 to have a very shallow layer of madium. At specifie intervals
of time a smell amount of this material was reinoculated into fraah
boufllon medium and incubated at 37 degrees Centigrade. Although his
results ware variable ha concluded that the longer the cultures were
exposed to air the longer it took for the subcultures to grow. Cul-
tures exposed to air for two hours required one te twe days for growth,
vhereas those sxposed for eleven hours required six to seven days to
show growth,

In his pathogenecity studies he found the organism to be pathe-
genie to ssvaral laberateory animals., He found that injection of 0.1 ml
to 0.2 ml of a bouillon culture into mice produced a spreading necrosis
causing the death of tha mica im eleven to twenty-five days. BHs alss
injected culture filtrates and these caused {llness or death within e
few hours.

Elder, lee, and Scriwmer (10), in 1931, investigated ths



diseass known a8 "calf diphtheria”. Thase workers isolated the organ-
imm by tve or three passages through rabbits, folleowed by inoculation
of the losion material into serumeagar shake=cultures., They were not
abla to obtain growth on plate isolations., 'Plates eand surface inocula-
tions grown in the Novy jar have not been as satisfactory in ocur
bands."

In 1933, Shaw (29) reviewed the literature om human infections
with Sphasreshorus pecrophotrus. Shaw stated that isclation can be
effective with the use of plating or of rabbit incculatiom followed by
plating. Ha recommended & mediux consisting of dextrose, peptone,
veal infusion, and eysatine for cultivating the organism. Serum was
sdded to this medium for primexy isolation. Shew was sble to cbtain
streak plates dy incubating them in an atmosphere of nitrogen. [a
described the colonies as "...small, pinhead-sized, dirty=white,
opague, round colonies.”

Beveridge (3), im 1934, was sble te cbtain growth on streak
plates and in broth medim under ansercbic coanditions. Ha found that
be could expose these cultures to air fuwr fourteen days end the cells
would still be viable. This finding is not in accord with Orcutt's
(26) work on the oxygen tolermmoe of the organism. Beveridge reported

that Sphasrophoxws nacrophorus is mch less susceptible to emasrcbic
conditions vhen it is sssocisted with either Staphlegooous geceus or

Eschericha goli.
An investigation by Scrivmer and Lee (28) is 1934 was carried
out to cbtain a method for the imolation of [. meerophoxus. These
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suthors had difficulty in isolating the organism in pure culture.

They noted that previous workers also had this éifficulty. Thay
quoted from Mattam and Carmichel: "“Meny attempts to isolate B. mescro-
phorus in pure culture proved abortive. This fsilure is in accord
vith experience of megy other muthors who have worked with this organ=
tem."

After several attempts to isolste Sphaerophorus necrophorus
from calf diphtheria lesions had been tried unsuccessfully by Serivmer
snd Lee, thay finslly developed a method which was considered success-
ful. Among the mathods tried was the one described by Orcutt (26).

The following steps were included in Scrivmer and Lee's scheme:

1. Material from a lecion was injected subcutanecusly into a
rabbit.

2. The rabbit was autopsisd sfter an average of eight days,
and two milliliters of heart blecd was inoculated into
cooked meat medium,

3. GSerus-ager shake cultures were made from the growth ob-
tained in the cooked meat medium.

&. After three days incubation, colonies ware picked from the
shake-cultures and iuoculeted into cooked meat medium con-
taining ten per cemt serum.

5. Serwm~agar shake cultures were again made following growth
in the adbove waedium.

6. Celonies pickiad from the above shake cultures were



11

inoculated into cookad mmat mediwum enrichad with serum, and
thia culture was comanfidered pure.

Tha suthors could not obtain good growth on ordinary laboratory
media. As a standard medimm, Ehgy recommended @ cooked maat medium
#imilar to Hagan's (16).

Scrivner and Lee alio reportsd that tha virulance of livar ise=
lante was incrassad wvhan they were injescted into & rabbit in mixed
culture.

Feldman et al. (11), in 1936, »m the other hand, found it rela-
tively easy to obtain pure cultures of Sphaeronhorus necrophorus,
Their method was to inoculate the ariginal pus msterial into Roseunsu's
dextrose=brain broth, and examine thes culturas micrescopically after
two to five days incubation. These wvorkers stated, "It was not umoom=
mon to obtain the organism in pure culture. Bafore the cultuxe was
considered pure, however, a shakée culture was made mmil Ehen & colony
was secured and transferred to dextrose~brain broth."”

Dack et 8l. (8), im 1937, were able to mske routime isolatious
of §. necrophorus from ceses of ulcerative colitis im humans. They
aade their isolations on streak plates of tan per cent blood agar.

The plates ware incubated amaerocbically im Pyrix desiccators which
were first evacuated, then filled with cerbom dioxide and again evacws=
ated, The remaining oxygen was asbsorbed by alkaline pyrogallol. They
described their colounies as "...greyish, raised and smooth."

Twasicliff (32) in 1938 devised a wedium for the continued
cultivatiom of 5. pecrophorus. His medium was a ecificatiocn of
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Haslmi’s liver brain wedius, which included gelatin, buffer salts, and
ferric amuew fum citrats. He reported that nine strains were viable
after 460 daye of storage at roon température in this es:diom.

Orcu’t (26) wmsintained a viable culture for three and cue-half
years but he dad to trangfer his cultures many times during this
period.

Fraderick (13), in 1943, reported on the gconomic and nutri-
tional importance of boviue hepatic disturbancae. He included tel-
angiectaels, rav-dust condition, adacess, mnd distomianis. The one
conditicn, abecessed livers, was the third highest in the economic
loss of the liver. In a servan year pariod 3,674,514 besf livars were
oomberd and at an averafs weiBht, according to Frederick, of ten
pounds , that wogld be 36,745, 140 pownfis of liver. He reported that as
of Aagusrt 11, 1942 the average wholesale price was 28 cents @ pound,
so that a total of $10,288,639.20 was 1ost.

This author reported that the invasion route was throngd the
intestime to tbe portal syotea to the liver, Ha etated that no wutous
cenfifang lesiob is uscagsary as a wediaposing factor.

Jaxsen (18) et al., in 1937, uade a study se to wvhen the liver
abstags forwod and their relationship to telangZiectasis and ssw—duet
liver conditions. They conclpded that although telangiectasie pradie-
poses liver tissos to abscesges, this predisposing condition is weot
abmpl¢tely Devessary for tha formetios of liver abscesses.

Aecording to these workers, the Inien S%0ck Yarda of Chicage,
I11iy fworeported tdat in tha United States 5% of the condesnad 1ivers
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ara condemnad bacause of abmcesses. The monetary loas was astimated
to be $2,000,000 in 1944,
Madin (23) in 1949, as stated previously in this report, clsar-

ly establizhed that the organism now knmown as Sphaesrophorus necrophorms

is the camsitive organism of bovine liver abscesses. His study was
carried out to determine tha bacteriological flora of 55 abscessad
bovine livers. Ha found 8. necrophorus in 89.2% of the abscesses
tested, He also stated this organism is the *...bacterial agent re-
sponsibla for pathology seen in bovine liver abscesses.”

Grant (15), in 1953, in his summary of the literature, stated
that: "In general, the igolation of Spherephorus necrophorus is dif-
ficult to accomplish. Home workers consider animal inoculation a
necassary part of isolation techniquasm.” Grant made his imolation by
searing the abacesses with a heated spatula, making an incision with
a red hot scalpal and withdrawing the pus with a sterila inoculating
loop. Isolation attemptws were mada Gsing both the original pus mate-
rial and growth which occurred in the fluid thieglycol late madimm
(Racto), Brewer's medimm, and Rosenau's medium,

He used shake caltures exclusiwvaly at first but later tried
using the strea) plats method because of its conwenience. Hs made
the shake cultures by placing a loopful of pus in a broth mace from
beaf extract amid water and inoculating varying amocunts of this sus-
pensicn, 0.2 ml to 1.0 &1, isto the shake-cultures. Afier a few at-
tampts using tha standard 1.5 per cent &sgar be changed to m 1.0 per

cant agar te allow greater ease of recovaring tha agar columm from

S > UTH DAKOTA STATE COLLEGE LIB
144468 — RARY
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his shake tubes,

The medla he used feor these imolatiom attempts included “..pue
trient sgar; nutrient asgar enriched with serszj; double strength nutri-
ent agar, both with and without sera; fluld thioglycollats mmdium,
both with and without dextrose, amd solidified with agar; and Formu=
las 7 and 9, suolidified with agor."

Graat found that Sphagrophorus mscrophgrus could compete fa-
vorably with the contaminatimg bacteria in the pus when thioglycole
late medium was used. He used thi® mediun in making shake=cultures
and also for the atreak plates. He used a 250 mm desiccator for the
plates. 7Two methods for ansercbioeis were used, the first ending in
failura biecause the carbon diomide tension praduced was not satisfac=
tory #ince the carbon dioxide was taken up by alkaline pyrogallol.
Grant dswvalopsd a method by which the oxygen was #hsorbed by Eha alka-
line pyrogallol preceeding the release of the cardbon dioxide. To
allow this delayed release of carbon dioxide he placed sodium carbon-
ate im a gelatin capsule vhich was them placad f{n 2 Koplin jear of
concentrated hydrochloric asid,

Grmat stated: "More than 200 shake=cultures utilizing the me-
dia 1isted in Chapter III, and involving nok less thamn 50 straims of
Spherophorus necrophorus, were prepared. In gemeral, shake cultures
have yielded erratic results.” Tha shake cultures which contained
glucose were usually shattered by gas befure the coloniss were large
encugh to be transferred. Ouission of glucose rendered the medis un=

suitable for 5. peerophorus. The addition of sera produced cultures



15

with eclonias too numercus to allow salecting any one single colomy.
When Grant used smaller inocula for the serum shake cultures ha found
mo growth of Sphaerophorus necrophorus.

By using his modifisd mechod for tha preductiom of carbom
dioxide he foumd that he could get colony productiom om atreak
platss. When the colonies wers trimsferred to thioglycollate madium
they often fmiled to grow.

It was also stated by Grant in sumarizing the isolation at-
tempts that shake~culture colonies transferred to liquid madim often
developed mixed cultures,

Three other authorsz (6) (1%) (21) later used thieoglycollate
medium for the iszolation of 5. zecrophorus. Their methods employed
fluid thioglycollata. Canada (6) found it difficult to subcultivate
the organism after the initiasl growth from the pus had occurred, The
other two (19) (21) wers mot confronted with this problam as often as
was Canada.

Tha three authors usad spproximetely the same method far the
primary isoclation attempt. They swabbed the abscess with alecchol or
tincture of iodine mmi removed & smzll portiem of the pus by the use
of a two cubic centimeter eyrimge and an eighteen gsuge needle. This
materfal was inoculszted into the thisglycollate broth, mnd subse=
quently incubated at 37 degress Cemtigrade. Although mone of the
three authors used media spacifically selective for 5. Recrophorus

they were able to obtain pure cultures. EKennedy (19) statad: "..fortys

six attempts to isslate Fphasrunherys mecrephorus were made. Of
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thes® forty-#ix attempts, 30 percent failed to show growth, 20 per-
cent Showed contaminating gr outh present, and 50 percent geve char ge
teristic isolamts showing good growth and spparently an absgnos of
contaminating organi sms."

Canada (6) found that injecting mice with Sphserophorus necroe
phoruf intraperitouneally produced death within 24 hourws. Tha size of
doseg® Was not given by the author. Law (21) was able to inocul atws
0.1 to 0.01 ml of a 24 hour culture intrasperitoneally into mice. Ha
found that some mice survived for only a few hours after inoculastien,
vhereas others survived for several days. After an incubation time
of flwa to seven days the mice were autopsied and it was obmervad
that thet mice hed abscessed aroas intermally. Thess abscess arsas
vere &t the site of inoculation end/or the liver, lumgs, amd kidneys.

Gottasacker (14) investigated the action of malachite green
and 1Es effect upon Escherichis coll and Salmosclls typhoss, [e was
trying to find & method to inhibit E. colli and allow §. Eyplhosa to
grov. Ha found that in the colorless statas the dya is ingffective in
inhibiting =ither organism. If the dye is added to a medium and 1t is
inoculated fmmediately with E. coli, this organism will ba inhibited.
Be stated, "Frash dye inhibits the growth of coli and allows the
SalzTozllas to grow, Vheress in agad media, the coli will syergrow the
Salmome ] las "

Ingrabham (17) mads s study of the bactgriostatic mcriwn of
gentisn violet in relationship tov the oxidstiom-reduction poteantial.

This author contluded that when g@mtian violet 1is in a colorless g tate



17

it lomea its inhibitory posser.

Beerens (1) investigated the possibility of the differemtiation
of anaerobic bacteriaz by the use of gentism violat. He also usad
basic fuchsine and thionine but found only gemtian violet suitabla to

differentiate tha Ristella, Spherophorus, and Fusiformis groups. In

this work he found that Spherophorus grew in concentratiems of

1:80,000.
Basrans (2) in later work also used brilliant green for routine

isolation of Epheserophorus necrophorus.
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PLOCEDURES

§ix separste attampts to isolate Sphaerophorus necrophorps
were madeé utiliring abscessed portions of bovine liwer. Tha livers
vere made available through the cooperation of John Horrell and Coms
pany of Sloux Falls, South Dakota md the Fedaral Maat Inspectors of
the packing plant. The sbscessed portions of the bovine livers ware
cut from the extirpated livers by tha federal meat inspactors, placed
in plastic bags and stored in amn imsulated cooler containing ice.

The abicesies ringad in size from ofi centimiter to fiwe centimuters

in dimater.

Methods of Isolgtion
Three methods of isolating Iphssrepherus pecrophorus from the
shacessed portions were used,
1. The shecessed portions were swabbed with a tinecture of fo=
dine solution. Utilizimg a two milliliter syringe and
18 gauge necdle, mme milliliter of sterile fluid thioglye
collate broth was drswm into the syringe. Onme half of .this
wvas (noculstad dinto & 22 s X 175 == test tube containimg
15 ml of sterile fluid thieglycollate broth. This was
dome to imsure sterility of the syrimge and needla. The
remainiag 0.5 ml wvas injected inte the abscess. Using the
same needle and syringe, abscess material was withdrawn
end this materizsl was vlaced in a 22 mm X 175 mm test tube

containing 15 ml of fluid thioglycollate broth. The tubes
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ware then incubatad st 37 degraes Cemtigrede. The compo-
nents of Difco NIR thioglycollata (9) are listed ia Ta»

ble 1. This medium vas used as tha base medium for all

the experimsnts in this study.

The absceesed portions ware treated exactly as Ehiy were in
the first methad. After imcubation for 24 hours at 37 de=
grees Centigrsde four tenths of s milliliter of the broth
containing growth was transferred to a tuba contalining

15 ml of fluid thicglycollate plus a wmeasured amount of dye
solution and these tubes wers incubated at 37 degrces Centis
grada. The dys solutions were essh prepsred by adding one
gram of dye to 100 ml of distilled watar. The dyes im=
cluded sasin, brillismt green, mathyleme blue, cryastal
viclet, basic fuchain, and thionin. One milliliter of dye
solution wma added to 100 ml of fluid thieglycollate

broth. Fifteen milliliters of this medium were placed in
22 ma X 175 sm teat tubes and steriliced at 121 degraes
Cantigrade &nd 15 pounds pressure for 15 minutes.

Five wore dye solutions were added (milachite green, tass=
taxylin, ommgo red, erythrosin, smd acid green) to those
used in methed two. These fiwe dyss wers prepared using
the same method used for the origimal five dyes. These
five solutions and the prececrding @ix dye solutioms ccusti-
tuted the stock solutions of dyes used throughsut this

study. To the fluid thioglycollate, 1.1 per cent sgar was



TABLB 1. COMPOSITION OF DIFOU FLUID THIOGLYCOLLATE MEDIUM
e e o ____

Components Amount per liter
Cagitone 15.0 gramy

Yeast axtract 5.0 LT Eme
Glucosa 5.0 gra=m
Sodium chloride 2.5 grams
l-Cystinas 0.5 Erama
Thioglycollic acia 0.3 milliliter
Sodimm t:{oglycol late 0.5 £ ama

Agar 0.75 grams
kamazurin 0.001 grams
Distilled water 1000.0 wmilliliters
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added to make a semi-soft ager. Two tenths, four tanths,
and one millilitar of sach dye solution were added to

100 ml of the thioglycollate agir. Tha same wmethod of iso-
lation of the organisms present in the abscess used in
method one was used up to the incubation period. After
placing the abscessed material from the syringe into tha
thioglycollate broth, two tenths milliliter of the resiult-
ing dilution was placed in a patri dish by using a one
milliliter sterile pipette. Two tenths of a milliliter of
the same material was alsc transferred into amather 15 ml
of fluid thioglycollats. To each petri dish approximately
40 ml of tha thioglycollate-dye medium were added. Tha
plates were than rotated slowly to assure mixing of the
added organisms and medium. Control plates were mads by
adding plaim thisglycollats agar to platas similarly inoc-
ulated. All plates were incubated at 37 degrees Centi-

grads and observed periodically.

Continued Preservation

The method for contimusd preservation te maintafn s#ll via-
bility was the sams when methods 1 amd 2 ware ussd to isolate
Sphaeropborus necrophorus frow dovine livers. This myiléid included
the tramsfer of the broth cultures to freshly pzepared thioglycollate
broth every two days for ome week. MFallowing this the cultures were

transferred every four days and IR¢ubDaAtHd at 37 degrees Centigrade.
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Pericdically during the cultivation of -Sghquhorus necrophorus a

check for virulance was made. This was accomplished by inoculatimg
mice intraperitoneally with 0.1 ml and 0.01 ml of the broth culture
suspension.

The mice were observed for sywptoms of the disease, The mice
that remained alive after saven days were autopsied. Thoss that smuc-
cunbed to the S. necrophorus befors the end of sevan daya ware autop-
sied immediately aftar demth,

Whan the third method of isolation was used tha continuad
preservation was simplified. The plates were seiled to pravent tha
evaporation of water from the pedium and placed in a large desiccator
jar which was th&n evacuat#d. The desiccator containing tha petri
dishes was thesn incubated at 37 degrees Centigrade.

Eveary wesk for a period of twelve weeks a colony was taken
from each petri dish and inoculated into 25 ml of thioglycollats
broth and incubated at 37 degrees Centigrade. The culturass obtaimed
in this manner were sarially transferred @very threas days until cell

viakility was lost.

Culture Contaminant Determinatiom

Culture contazzissiion was detgrmined by making gram staing of
all cultures and by streaking a sterile butrient agar slant with &
loopful of a 34 hour culture, This was a double check for contamina-

tion. Considering the plecsorphism of 5. necrepherus it i{s diffieslt
to detarmine that only §. nscrophorus is present in a culture. 8.
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necrophorus is unable to grow om nutrient agar slants and the contam=
inants normally found existing in mbsst abscesies are able to gErow on

tha slants.

Morphology

Many shapes and forms of lgln_croghetu- necreghoruo have h&&n
observed from ths cultures obtained during tha course of this stady.
8. neecrophorus was noted to be a very pleomorphic orgamnism. Changes
in anvironment or madia usually changed the morphology of the organ-
iem. It was observed that even in the same culture the organiam
could range from filssmnt s 30 to 100 microns long to coccoid cwlls
.5 to 1.5 microns in lengith. Tha Gram's method of staining was used
on cultures im thia study. All forms of §. mecrophgrus ware Gram

negative,.

Broth Cultures

Initial growth af broth cultures arising from the ab-
scess material usually had the long filament form predominating, al-
though small rod shapes ware slsc present. This is shown in Plate I.
After several transfers the filamentous form was absent and the rod
and coccoid shapes predominated in the cultures (Flate I1). When
8. necrophorus was traneferred from a broth culture, which contains
tha rod shape of the organism, to the media containing the dyes, the
filamentous form predominated. After several transfirs in dye media

the organism reverted to the rod shaped forms.
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Flate I.

Initial growth in broth culturs after
24 hours incubation. 2000X. Gram's
stain.
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Agsx Cultures

Colony growth on the egar plates supported the fila-
mants 28 the predeminent form of the organism. Thars was lees more
phological chanmge of the crganisms when they were growm in the petri
dishes. This was true regardlessz of the age of the colony, Flats III
is of 1 colony taken from & plate which had been incubated at 37 de=
grees Centigrade for six weeks. The colmmies were takem from the
plates with the use of an inoculating loop. The loop was sterilized
md then the egar just ahove the colomy was yemoved, Tha loop was
again sterilized smd a eircle was cut in the agsr sround the coloay.
This agar circle vhich contained the colony was them placed in the
desirpd medium and mecersted. Vhen crystal viclet was used 28 the
dye the medium surrounding the colony was decclorized end the colomy
became more densely colored. Whem malachita greem and basic fuchsin
vere used the colony became denger, mmd a pracipitate formed =round
the colony. These observatiomns sre im sceord with those of Bear=
ens (1).

RESULTS AND DIECUSSION

The first isolation attempt wes méde using the first mothod
discussed in the procedura. Seventeen abscessed portions vers pro=
cured for this attempt to isolate Sphaerophorus necrophorus. O0f the
seventeen cultures cbteined, one failed to grow, four were pure cul-
tures of £, necrophorus snd the remaining twelve ware contaminatad
vith gram poaitive coccli and bacilli. N attempts to classify the
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contaninants were masde during the course of study. Beveridge report-

ad that Staphlococcus aureus is found in conjunction with Sphaerc—

phorus necrophorus in wmany liver abmcessem (3).

After four days of cultivation four cultures were chosen to be
used for mouse inoculatiomn. Two of thamse cultures were contaminated
vith gram positive cocci amnd bacilli, and two were pure cultures of
8. necrophorua. Four mice were used for mach culture, of thess four
mice two were small (approximately 1§ grams) and two were large
(approximately 35 grams). The mice weare inoculated with 0..10 el and
0.01 wml of the broth culture. Ome small and one large wouse was in-
oculated with ecach of the dosages.

After twelve hours the mice inmoculated with viable cultureas
all showed ruffled fur and were less active than those wmice inccu-
lated with sterile fluid thioglycollate medium. At the end of thirty
bhours two small mice imoculated with a 0.10 @l viable tulture suc-
cusbad. The autopsies revmiled an inflamed area around the site of
incculation. After 45 hours tvo More suall mice and oma large one
had died. The autopsy revealag an ahgcesssd srea at the pite of in-
oeulati;a but e other abscessas could be found in the mice. On Eha
seventh day after inoculation there ware eleven umice still alive, AR
this time the mice were sacrificed and asutopsied. Each of the mice
had an abscess at the site of {noculatior and small abscessed areas
on the liver. As these abacegses develop eithar the internal organs
are dastroyed or the skin is eroded and the visers are exposed, Tha
abscesses do not ragriss. four mice also had abscaased areas in thas



lungs and kidneys. It should be noted that all of the mice that wera
sacrificed would have succumbed to the infectiomn. Ne correlation be-
tween the pure cultures and those cultures that were contaminated
could be noted as to the time required for the mice to succumb to tha
dosage sdministered.

Thea autopsies of the mige used in this study were dona ascep-
tically im order that the small abscessed areas in the mice could ba
removied and cultivated in fluid thioglycellate madium. Tha abwscesses
used were removed and placed in tubes containimg 15 ml of sterils
fluid thioglycollate. Thease test tubes were subsequently incubated ak
37 degrees Centigrade. The sits from which ahscesses wers procured
and the isolant dagignation are listed in Table 2.

Twenty culturass were made from the mouse abscessas. Of thase
twenty cultures, eight failasd to grow, six were contaminated, amd six
were pure cultures of Sphaerophorus necrophorus. Three of the pure
cultures were from mice that had deen inoculated with the contaminated
cultures. Three of the contaminated cultures were from mice that had
bsen imoculated with & contaminated cultura.

Hadia containing dyes were imtroduced into tha study at this
point. Beerens reported that the bacteriostatic action of dyes has
been used by a mmber of inwvestigators (Rettger, Pratt, Spaulding and
Barry) as a selective agent for the isclation, in tha presence of
pathological materials, of the gram nagative anserobea (1). Nesrens
has succeassfully used brilliant greem in a veal infusion medium to
isolats 8. pecrophorus in pure culture.
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The dyea and fluid dye media were made as described on Faga
18. Of these six dyes two were zliminated immediately. BErilliant
green was reduced to a colorlesws state by the thisglycollate madium.
Methylene blues reacted with the thioglycollate in such a manner as to
give a precipitats during sterilization.

The pife cultures of Sphssroohorus pecrophorus snd the Cultures
known to be contaminated were inoculated into tha remaining four dye
mwedia (eomin, crystal violet, thionin, basic fuchsin) which were in-
corporated into the thioglycollate medium by adding 1 ml of th& mtock
solution to 100 ml of fluid thioglycollate. Thase cultures were
transferred every thrse dsys for nine days. A gram stain of each
culture was made after sach transfer and a mutrisnt agar slant was
inoculated to chack for the presence of contaminants. §. neerophorus
wvas sble to grow in tha pressmce of mach dya. Eosin and thiocain had
little or no effect on the contaminamts presamt in the cultures.
Basic fuchsin and crystal violet eliminated the contaminants from
four of the five contsminated cultures (Tabla 3). The ome culture
that did mot yield §. necrophorus in pure culture was very heavily
contaminated with gram positiwe cocci and rods. At the end of twelwm
days no §. pgcreophorus orgeaisms could be noted in the Gram stains
mads from this culture amd the growth of tha contaminating organisma
was reduced markedly. The characteristic odor produced by §. necro-
phorus when growm in vitro was sbsent from this culture.

A check was made to smsure that §. negrophorus had not losg (ks
virulence wvhen subjected to the dyes. Four mice were used for each
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culture. These included two smsll mice (approximately 15 grams) amd
two large mice (approximately 35 grams). Oma isolant was used for the
inoculating organism. This isolant was grown in the fluid thioglycel-
late amd the fluid dye thioglycollate madia.

Control mice were injected with aterile thioglycollate medium
and with tha fluid dye~thioglycollate media. All of these contrel

mice survived and were not asutopsied. Cultures of Sphssrophorus macro-

phorus that had been grown only in thioglycollate were used as con-
trols to compare with those cultures which had bean subjacted to the
dyen. After twelwve hours the mice inoculated with viable cultures

all had ruffled fur and wera less actiwva than the control mice which
received the fluid thioglycollate or tha fluid dya-thicglycollats ms-
dium. At the end of 24 hours one small mouse inoculated with a fluid
thioglycollate culture succumbed. Tha autopsy revealed an inflamad area
at the sita of inoculation. After &8 hours two small mice and one
large mouse succumbed. All three of the mice had beem inoculated with
the btasic Ffuchsin culture. The area aurrounding the site of inocu-
lation was inflamad in all thres mice. Tha remaining twe)lve mic® were
alive aftar seven days. All of the mice inoculated with a wiable cul-
ture were very inactive and appeared to be very ill froa the 5. mecre-
phorus infectisn. Tha mice were autopsied at the end of saven days.
Tha mice injected with 0.10 ml of the cultures were morec heavily in-
fected than those incculated with 0.01 ml. The mice inmoculated with
the higher dosage had small abscessed areas on the liver, lungs, in-

testinal walls and the kidrneys. The mice receiving the smaller dosage



had abscesgsed areas on the lungs amd liver. Both dosages producsd a
large, cheesy, odifercuh lesion st the asite of inoculation.

The cultures grown in thioni® and #c2@in were comtaminated, bmt
the results of tha mouse inoculations were the same as those cultures
used that were grown in bagic fuchmin and crystal violet. The dyes
had no adverase @ffect on the Sphaerocphorus naet_oghotlu organism, Tha
characteristic appearance and lesions produced by the cultures ex-
posed to the dy=a coupared fimvorably with thoge from tha cultures
grown in fluid thioglycollata. The cultures acted in much the samm
manner as those culturas used in the first meuse inoculatiem (page
28). Scriveer and Lee (28) reported that §. necrophorus was more
virulent when injectad into xrabhits if it was ir a mixed flera. This
does mot ssam to be trm whemn nice are used am the experimental ani-
milg. The experimmnt described on pags 28 and the one discussed above
bear this sut. According to Spector (31) tha concentratioms of dyes
and sodium thioglycollate used are@ not toxic to mice.

Tha prellminary exper iments using the dye-agar medium dealt
with the sensitivity of §. necrophorus to the dyes in relation to tha
dye concentrations vhich were bacteriostatic for the contaminants,
Beth acid and basic dyes were ugsed. Congo Ted, erythrosin, aeid
green, ansin, and thienin were all el iminated because they had no
bactericatatic action even at ag high a concentratior as 1:10,000, 4.
mcrephorus was sble to tolerate all of these dyes, however, Crystal
violet, basic fuchsin, and malachite green secemed suitable for further
study wvhen thay were incorporatad in the thisglycollate agar. Crystal
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violet and basic fuchsin were also showm to e effective when they
were incorporited in the fluid thioglycollate.
Beerens (1) reported that eleven out of twelve strains of

Sphaerophorus mecrophorus were not susceptible to concentrations of

crystal violet ranging from 1:80,000 to 1:120,000. Gottasacker (14)
states that malachita green lomes its bacteriostatic actiom in tha re-
duced state (colorlass). During starilization malachite green is
#lightly reduced but it is thought that the high concemtrations that
are able to be incorporated allow enough dye to remain unreduced te
maintain its bacteriostatic action.

To further establish that $. necrophorus was mot affected by
the three dyes (crystal violet, basic fuchsin, and malachite grean)
concantrations of 1:5000, 1:2000, and 1:1000 were made of wach dye.
Four plates were used and were incubated at 37 degrees Centigrade and
obgarved for colony formatiom. Tha high comcentratiems of the dyes
made it very difficult tc observe coleny formation; however after omna
weak colonier could be fcund on all plates containing 1:5000 dy=as.
There were no colonies on tha 1:1000 glates and the 1:2000 plates.

These thr== dyes, cryital violet, basic fuchsin, and malachite
green, were used in furth&r primary isolation attempts, made as previ-
ously described on pags 15. Twslve abscessss were used in the firat
attampt to stillse dyes. Tam of these showed contaminating organisms
in the control hrwuth tubss and petri dishes. (The conceatrations of
dye used in the first isvlation attempt were 1:50,000, 1:1%,000 and

1:10,000). §. necrophorus was obtaimed in pure culture from the tem
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contza inated cultures from #.1]1 three €yws. All concentrations of the
thiwe dyea wrre effective in removing the contaminatiig organims fyan
the cultures.

The petri dishes were incubated st 37 degrees Centigrade for
three months. Every week during this tim® a colony from ¢ach plate
was transferred to @ tube of thioglycollate broth. Two of the colonine
chosen failed to grow. The two isolates that were odtwined original-
ly in pure culture were transferrad in thioglycollate broth evely
three days. After vine weeka theae t™O culturea wuzre lost, Cultures
represanting All teelve faclates takem £xrog® the plates, after deing
tranefarred to the broth, we@re gserYally subcultured at thme day
intervals. These imolates that were transferred serially remained
viable for sever to fifteen weets. The lemgth of time they remaired
viable in broth was not deperndent on the 12ngeh of tims that the igo-
lauts ware left in the petri dighes. Law (21), Canade (6) wnd Zen-
eady (19) were unable to maintain cultures in droth sdia longer than
two to four monthes. The {golanty they otte izad were not grown in Gbs
pregpnce of dyes or in a pemi-gol id wediwm.

The worphology of the igolante Wken from thepe Plates Wwas
atpller o the wmorphelogy of isolants growny in the thioglyecllate
broth, Thare were more Filaments present when the isolant was growing
in the colony form on the plates. Thia was true of ell colonieg of
Sphaerephorus necrophorus throughout the study.

Pour more attempts were made to isolate 5. necrophorus from
bovines livers. There ware twenty—fiwe abscesges used in thase four



differant attempts. Thirteen of thess yielded pure cultures af
Sphasrophorus necrophorus, nine showed contaminants im the control me-
dimm, and four failed to yield viadble cultures. Two of thase isola-
tion attempts will be Gascribed in this paper.

Eight abscessed portions were procurad on January 17, 1960,
An attempt to {sclate 5. necrophorus in pure culture was wade using
the dye-agar madia. Pour of the resulting cultures were contaninatad
mnd four were pure cultures when grown on the thioglycollate agar
comtrol medium. Unly S. necrophorus grew on the plates containing tha
dyes. Tha 1:10,000 dilution plates vere sealed and incubated at 37
degrees Centizrade for six memths. At the end of each moith a coltay
was subcultured in fluid thisglycollate. All colonies used up to
five sonihs were viadbla when placed in thae fluid thioglycecllate. Five
of tha colenies selected at the end of six months were viable. Tun-
uflcliff's (32) modification of Haslam’'s madium wvas said to maintainm
8. necrophorus in a viaeble state for 460 days. It should be noted
that Tunnicliff’'s medium is mors couplex and more undefined than the
media used in this study.

After eighteen weeks of cultivation on tha plates, cne colony
from each plate was selacted to be injectad intraperitoneally into a
esuwse. A porticn of the colony was drasu into a two millilitar
sycvinga. A 20 gauge needle was than placed am the syringe and ome
aflliliter of niarile fluid thioglycollats was drswn into the syr-
icge. The syrings vas shaken gently to assure an even saspmnsiom of
the colony im this sedium. Than 0.10 ml of this suspensiom was givam



to cas mouse and 0.01 ml wes given another wouse. This procedure was
followed for ell eight cultures. Only large mics were \wed in this
experiment,

The over-all results of this experiswnt were the same es those
obtained in the two previous mowg inoculations, All of the mfce that
succumbed to the infection after two days had a smsll, grayish, cdif=-
erous, and chessy lesion at thhe »ite of inoculation. At the end of
se:von days only five mice recmined alive, These xicas were sacrificed
snd autopsied. These mice all had lesions in the liver and lungs.

€ix abscess portions of bovine liver were procured on August 25,
1960. The isolation attempt wisc pade using the dye-agar madis. Two
of thesa resultiug cultums were contazxinated when gram on the thio-
glycollate agar control mediuvsm=. The concentration of crystal violet,
malachite grecn, and basic fueloin used in this experiment was
12:25,000. Thie concentration wes cffective in removieg the contamin-
ssts in the two contgminated cultures. Thae primary isolation tech-
niques used ia this experiment %Were the sams & those described on
page 18.

Ths control plates smd dya-agar plates were incubated for
fourteen days at 37 degrees Cadtigrads. At ths end ¢f this time n
colony was picked from each of four plates for mouse inocvlation.

The procedurs usad to remowe the colony is described on pasge 23, Two
mice (s large and one small) ®»:re injseted from each colomny. The
lxrge mousy raceived 0.1 ml and the =mll mouse received 0.01 ml.

Control mice wers imoculated with zhe ntde doseggs. One mouse
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inoculated with 0.1 ml from thas crystal violat colony died within forty-
eight hour#. The remaining mice were autopzied sfter sgvem days of
incubation. The two mice injected with material from the baaiec fuch-
din colony were not infected. The remaining mice showed the usual
pathological condition previously described in this work. Plate IV

is a photograph of the mouse injected with .01 ml of the crystal

violet colony. The light areas represent the abscessed aresma of the
liver and spleen. This photograeph is representative of the patho~
logical conditions produced by Sphasvophorus mecrepherus cultures in
this vork.

Plates V through VIII show colamies as they appear on the
plates. Plate V is the colonisa a® they #ppear vhem growm in basic
fuchsin thioglycollate agar medimm; Plate VI im crystal violet; Plate
VII is malachite green; and Plate VIII is plain thioglycollate agar.:
The hazy appearance around thae basic fuchsin and mslachite green
colonies is thought to be & precipitation of tha dys. A spreading
growth which is apparent in the control plate is not uncommon if the
colony srises at the bottom of Eha petri dish. This effect has been
noted a number of times durimg thia study in both control and dye=

agar plates.



Plate iIV. Visceral lesionsg in wouse amight days
after intraperitoreal inoculatio® with
gphaerophorus necrophorus. 2X.
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Plate VI, m DECTD hgmleelonin in
crystal vio .t-tmglycol ate agar.

Clear zone surrourding colomy is ceused
by reduction of the dye by tha organism.
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agar. Rasy peavlnce und
colony is precipitated dye.




Flate VII1. Sphae horus necrophorus colomnies
in t oglyco late agar. The twe
lower left hand colonies show
spreading type growth.

- —
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SUMMARY AND CONCLUSIONS

Culture media are described in which the presendi of certain

dyes permits , rimary isolation of Sphaerophorus necrophorus in pure

culture from ah; cessed portions of bovine livers in which econt® in-

ating bacteria could be shown to be pm# ent. The cultures so cb-

tained were ¢, pared with other pums cultures of this organism, and

were not found to diffyr fram them in any significent w#¥ . In no

instance did these media yield contaminated cultures of S. BEEEO~

phorus.

The conclugiong drawm from this work are as follow®:

1.

’0

Crystal violet, basic fuchsin and m#lachite green can b®
used to remove contsminants from Sphaerophorus necgophorus
cultuzes.

Viability and pathogenicity are seemingly not affected by
dyes.

= Dnecrophorug can withstand high concentrations of dy%s.
etri dispes containing thioglycollate agar &¥e effective
medi , for maintaigsrce of §. mecrophorus.

Mice can g inf g£ted by us ing 0.1 or 0.01 mlof a broth
culture or su pension of a colomy.

Mice surviving for more than twoday ® after imoculation
show ab ge g¢d ar gas at th asi teof inoculati om, on the

liver and sometimes on thaspl sen, ki duap ond) ungs.
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