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INTROTVCTICE

Condsamed beef livers ceuse a loes of several willioa dollars
eagh y#sr, Thie loes le felt m0t oaly by the seat packer, dud My
the aaiaal hushsairymas es vell as the cossumer. /Ferceniageviees, the
Usited “Stetee snnually cecdemne ian federally inspected mest packiag
plents betwesn two and 20 percemt of sll beef livers., These beef livers
are priscipally of three pathologicsl types. These types include
liver ab:cesses, telsagiectasis, and the "gavdust liver., Thrcughout
the United States the liver adscers is the most common. It is cherse-
teri.ed Wy white sdscessos varying from wicroscopic size to & diametoer
of four isahes, These adrcesees ers very cdorous, cheeqy ia sppsarsace,
and oftea under pressure. The gecond iype of nonprocessabla® liver 1o
due to telsngleetnsls, Jensem, Froy, Cross, and Connell (24) write,
*Telangieotusis is 2 condition of liver charscterized W o single or
saltiple dark red foel throughout the pareachysa, resultiag froa vesoulsr
00ag%etion a2ad hemprrbage ia the foei.® Theeo iaveetigatora alsc vrite
of the third liver conditioa. "‘'Sawduat' is a meas laspectore’ ters
and refers %o a eondition of liver churacterised Ly siagle or sultiple
&y colored foci, each one 0 iwo aillimeteze ia dismeter."

Listle i known of the three livir econditions ia regard to thels
ocangative sgeate. By sicroeecpic examination ueuslly ose finds £faa-
segative, gresalar filameats epprozimctely 100 miorons ia leagih
pressat in the exndate froa the adbsceseed livere. Mhierocorguaisms of

sigaificance sre seldom found ia the telangiectasie snd "sawdust’ livere,



This investigation conceras an orgenicus isolated from a bYeef liver

abscess.



LITERAFURE REVIKW

T™he microorgaaiam that ic usually considered to de the causative
agent of beef liver adbscesees is ksown by a mumber of mames, Bergey (¢)

ammes the organies Snhasrechborus asercohoras (Flugge, 1886) Frevos,
1938, Bergey's Nasmual of Determinative Bacteriology alse 1lists the

followviag symonyss: Bacillus Recrophoraa Flugge. Bacillus dinkiherias

Yidulorua Flugee, Sirepsotbrix gunicull Sohmorl. Psoillns funduliforsis
Balle, Raglillus ihotoldes Rist, Actimomyge; pegrophorus Lelmaan sad
Zeumann, Sohaistirensothrix snaigull Chelmers and Christopherson, Bagier-
oldes fupduliforsis Bergey, Spherophorae funduliformis Prevot, amd
Secrovgcierius Ascronhorus Jomsen sad Thjgtta.

Ia addition, Wilson and Hiles (44) offer the following gynonyus:
Sehaorl's bacillue, Bapg's necrosis bacillus, aad IRaiformis RAggronhorus.
Dack and co-workers (8) add the sysowms, Eamtsrium Rssrouhoryg ssd
Bagterine fupduliforme. One oan readily visualize the difficulty that

arisss in securing inforaation from the literature, concerning the liver
abgoeee organiam, under such a taxonomical oonditioa.

Morpbolo&ically speakiag, inbasigLhofus SEOXADROTNS Sppesrs ae
either short or loag rods and filaments vith roumded ende. The
filements may reach s length of 100 mierone (41). %he filmmeate appeer
to have granulee or septa. VWilgoa snd Milee (44) olaim that bramchbing
does not occur, while Bergey (4) writes that some authore demy thie.

The bacterius is ezcily stained vith aniline dyes and is gres—negative.

W¥hile the investigators are not ia cezplete dissgreement Tegard-

ing morphology, little harmony sxiese conceraing the cultural gharaoter-



istios of SpbeerQuihorur QSCranaeTAs. Katsusdima (30) writes that he

aad hie co-workers were ukable to cultivate thie epecies §j yitre,
while bergey (4}, “ilson =nd Kilem (44), and Smith (41) 14ist a host of
favorabdie ssdin for the propagrtion of Sphseropherus RAgroLhorna.
Oreust (34) writes that the orgasaiea *....g&rows well on oriinary medias
plug e 1ittle serun.® Schrivaer (28) disagrees and claiss thet this
ieolete is very difficuld to grow,

Duck and oo-workers (7) founc that the coloaiee Of FpRASKORLGIRS
A80I2okerus wbes grown o blood ager were greyish. raleed, and smooth.
The ooloaies may grov 10 & dismeter of & sillimeter: (41). Brova oal-
turee of the organies aze uaiformly turvid with a slight, fise, direy-
white cediment (31). Aewson (32) hss cuptcessfully used braia medius
for the propagation of the baoterium. west asd co-workere (43) write
that ¢....unknown sudstoaces, which oocur ia Lryprtoas-glucoee—cysteine
@8diun But ave not present ia the myathatic nmedia, are rejuired ty
eertais etrainme....*

Generally, it has deen fommd that glucose, fructoess, an: maltoee
are fermsated vith ecid and gee Oy §phasrophorus ReCMARDOINS. Meanitel,
sordite, arsbisoss, ealicia, tSredalose, rhampose, and Iyloes are not
fermented (V). Bergey (4) amt Dack snd co-workere (7) write Shet sucroee
is met fermeate:, vhile ¥ileoa and Kilee (44) claim thst this charsoter-
ietic ie variedls, Bergey (4) ead Dask and ®o-wvorkere (7) also write
that glycerol s adt fermsoted, while Gaith (41) hus reported feraentation
of glycerol. Indole is formed from tryptoplisse (4, 7, 4l. 44), hydroges

sulfids 18 forased (4, 41, 44), lead scetute 1o durkesed (7), bdub aitretes



are not reduced to aitritee (4, 44). Suith (¢41) end Rergey (4) reeord
Shat gelatin is 2ot liguified, while Dack and co-workers (7) have found
ligusfection ia tvo of nine strsine. Dack aad co-workers (7) and Ssith
(41) write Shat no change ocoure ia litsue milk, while “ileon md Hiles
(44) bhave found a goft clot to de present, and Borgey (4) records that
coagulation 1e present vhea the mediua 1e 1nooulsted with the orguaiem,
Reikctions to Dotk the methyl red snd Vouges-iroeksaer testes oTe nsgative
(ee).

Cultivetion of the orgeniem ie difficult unless o fermeatudle
earbolyirate is present, slthough st times serus or coysteine wmay de
substituted (41). CGraat (15) fousd (hst a medius contalsiog ooly
glucoee, omsitons, sodium chloride and L-oyetine wae natritioaslly
suffiolent for growth of Hphasmovhorus DOSro LOKAE. ?The orgeniss s a
striot anssrode (38). Deok saud co-workers (7) huve groun the organism
% exhanstifg the atsogpherio pressure %o four or five cemtimeters of
mereury and thes odaitting cardcn dioxide. Some etrains or® bepolytic
%o thr erythrceytee of sheep, horses, oettle, raddbise, sad humsas (41).
It hae beasn moticed that s greea some surrounde cvloaies Of Zphadrophorwug
B2Srordorus ¢rown on blood ager vhea emposed eesrobhically (?, 41). Saitd
(41) writee thad it 15 50t uneommos for cultures t0 exRLLLL a 1lag Phase
of eeVeral deye duaring routine transfers. This lag phase aight de
acooudted for dy the feot Vhst hydrogea percxide is produced vhen ke
orgenim 1s exposed %o the alr (17, 16, 16).

Beef livere thst eontain adegecses are condemaed in federally
indrected st praking plaats throughout the Uaised tates. s 1937,

10.? percent of all boef livers in Colorssde were oOndemfied begaiee of



abeceeess (32). 8mith (41) writes that between ten snd 30 p-roent of all
bYeef livers are condemmed for humaa consumption dus to absgesses. Ia a
study of 66 abacessed livers, Medin (29) fouamd that 89.3 peroent ocomtained
Sphasrozhorus pecrazhorus. In 1942, 5.35 percent of all oattle slaughtered
in fedsrally iagpected meat packing plaats in the United States had
1liver absceesee, sccoordiag to 3mith (40). He also writes that the Deaver
market condemmed 13,3 percent, cities on the West Coast, betweea 10,7
end 11.7 peroent. The Ft. VWorth area is the lowvest nationally with a
3.9 percent condemnation (40). Smith (40) eetimeted thie loss o be
two million dollars annmnally in the United 5tates. According to the
Meat Ilaspection Divieion of the Umited States Bureau of Aaimel Industry,
ia 1943 the anuual loss reeultiag from condemned livers vas $3,601,355.30
(14),

Sphserophorus necrophorug hae been known Yy its @monyms for wany
Jeare. Dammann pudlished work in 1878 descridiag hies iavestigrtione of
calf ciphtheria (39). The organism iteelf, howsver, was first studied,
in 1884, by Loeffler who had isolated it from a case of calf diphtheria
(44). Leeffler isoculated mice sudoutansously with the diphtherio
meadbrens and vas adble to produce aecrotic lessione. HMe wes also suocessful
ia odtaining a primary culture of the organism from the mice and in cult-
ivating it in calf seram, but failed ia attempts to smboultur” the
bacterium. Shutx, ia 1888, fcund the filamentoue bacteria in the livers
cf cattle and succeeded in transferring the decteria to radbite and mlee
(5). One year later, in 1889, Theobald observed eimilar orgsnimms ia
the intestinel lesions of hog cholera (5). Sohmorl, ia 1891, fouad

similor organisme in sa epizootic in whigh necrosis of the lover lip wae



spread smoRg leborstory rabbite (44), ichmerl assed hie 1solate, firmi-
208brix sualcull. Wile working with their isolste, Sohmorl sad aa
ageistant develeped lesione on their hsnds (39). Thie wae the firet time
thet Sphasrcohorns Aooroshorns bed been recorded from a Bumes eoures.
Vellloa asd 2uben, ia 1897, worked vith other pathogons of this gemns
(41). 1a 1498, Walle rtudicd & bucillus, mov Shomght %0 de Sphasropherus
Recrophoris, assooisted with gerital iafectioas of mea (20). MNalle
2aged the orgmniem Deoillae funduliformis. Sodasrophorus Aecronhorns

was first dafinitively Lsolated sad caltured from & humaa gUTree by

Stemen and ERav (39) im 1910. They 1soleted their bBeoterium f¥oa a
losion which had develored o0a the haad of a me=t inspoctor, The mest
Snepector had previonely scratehed his hend on a chesp'e teeth while
OXAB{NiaL AR adnoess OR She 1ip of the animsl.

Sohasrophorus Recrophoris and related alcoroorganisas 6b tack many
aaipals, inoluding sen, and produce a variety of jpathological copditsiocae.
While this paper is mainly concerasd with liver ades@es iafections of
beef cattle, it im 4lso interesting t0 BOts thess other conditions.

Ingk aad co-workere (7) write that the orgcaiem ie & Cosson inhabitang

of tbe intestinel traet of maa, sookeys, asd babooas. The orgaaises

find fuvoradle coaditionas for grovih im uloere of the iateetines. Deok

(6) also writes that the orguaiem e Prodably s mormal iakabitant of the
masous membrases of mas sad saisale. Kelly (28), sbrouth her imvesti-
gntions, writes that the booterium wee Rot fousd 1o the healtly oropharyas
of monkeye, mor did it arpear is er$ifieislly prodused aecroiic lesioas of
thnt region, Orcutt atiridutes 10 thie orgesnien the following patdological

oonditions found ta snimels (3¢): "....oal? diphtheria, meOrotio uleers of



she intestine in rog cholera, foot-rot in shesy and cattle, gradee hesl
or aecrotic scratahes of horees, 1ip snd leg ulcerstioa of sheey, gan-
gTrenous dersatitie of horses, metontatic necroeis of liver and lungs of
¢sttle and swini, oecrotic ssoustitie of celves, lamtiz rnd pige.® Fliat
snd Jenren (13) add tbet oattle suifer from Arthritis of tbe coffis Joiat
which is also due to Jubagronhorus RAteRORROIYL. FYitoh (11) writes thet
thie agant causer five principal 3iseanss in swine: necrotic stomatitis,
aecrotic rhinitis, necrotic geetrinitis and sxteritis, aeccrotic dersatitia,
and megrotio pasusonia. An Aoetrelisr imvestigator, Harls (18), hae
recorded otaervations of the orgsnian in cases fetel to younZ lambds
between eeven sad tem days old. Taith (41) liete the following anissls
kpowa to be imfeoted with Spheera:horus psergphofun! horsee. cattle,
Pige. sheey, gocts, ebickens, radbits, reindesr, xmaksroos, monkeys, end
antelope. Wilsom end Y1les (&4) clainm that the organian i6 Dot pathogenie
for guiaca pigs, dogse, oets, pigesne, and beas. (m She other hoad, the
becteriun bos bYeen stucied from lesions from the heads of chickeas (10).
Boyu (3) hae 4s0lated the organien fros ceses of *sors mouth” ia
tortoieee and snekee. Rosen and co-workers (38), im writing of foot
rot dys to Sphagronhopus peqrosnorns, ¢laim thos 4t ¥., ., conesitutes a
serious thraat to the continuous existence of deer oa somse of the
raages of Califormia.*

Saith (41) dsscrives the deef liver adsceseon as Whing froa a
fow millimeters 0 neveral cestimeters in difmeter, yollow-white ia
oolor, eonsisting of centrsl neerotic caapous masses surrounded bWy
large ammders of chroaic-types reactive coelle with 20000 0f polymorpho-

auglear leysseytes. The filamoatous brcteris sre foand primrily ia



the leusoqyte sone vwithin a capsular layer of coaneotive tiesue fiber.
Jeneen, Flint, eand Oriner (22) write that in the early stagee of acute
adsocess formation the animsls sre sick and mgy die. In chroniec stages
of adecess formation and throughout the eatire courese of the disease,
tbe animals are not clinically sick and, consecuently, continus to eat
aad gala veight (23).

Fathological oconditions have arisen in human caees due to Sphesrg-
phorus necrophorus and related orgsnieme. ?The orgenism 1s coneidered to
be a norsal inhabitant of the mouth and intestinal trrmet (44). The
humen strains of the bacterium are similar to the animal strains vish
the exoeption of lover pathogenicity to ledoratory animale (44).
Sphaerophorus Aecrophorys has been obeerved in the followimg pathologiecal
conditione of humans: localirad superficisl lesions, female genital traos,
basteremia, menengitia, empyema, lung sheoeeses, dronchiectasis, urinary
trect imfeotions, chronic otitia media, maxillary sinusitis, osteomyelitis,
corvical sinuses, abdominal abscesses, end thyroiditis (1). Aatibodiee
to the organiem have been found in the blood of individuals suffering
froa chronic ulcerative ocolitis dut not in the dlood of healthy pereome
(41). Buman cases of Sphacrophoris necrophorus infection ending
fatally have besn recorded (5, 28). Wilson and Miles (44) write that
the sortality rate in oasss of humane sufferiag from well-estadblished
infections of the organiem is over fifty percent. Several suggestions
have been proposed as to the possible route of infection of Sphagrg-
RRorus gecronhorus. HSewson (32) wrote thist liver adsceszees vere

believed to be occused by the feeding of beet by-produots to cattle.



The orgsnisme wore absorbed through the digestive traet and csrried so
the liver throush the portal ciroulstion. Dack sad oo-worksre (7)

@lain that the bdnoterium finde favoradle oconditions ia the {asestigs.
Jeneen #nd co-vorkere (24, 23) believe, hovevar, that the orgonisas
eater the livor dy the portal dlood stresm via a leelon of the rumen.
They write, "1a fattened bdeef cuttle, rusenitis oocurs commonly. The
lesione probadly lover effioiesey of utilizastion of feed. ZThrough fool
of injury, busteris, espesially Sphagronhorus A28f0phorus. are abdle to
penetrate the rusmes wall, enter the noriml blood, amd be carried to ths
liver vhere seeondsry fool of iafection BAY becone eatadlished (23).°
T™hie theory ecoas ontirsly feasitle as Rodinson, Jagper, and Suilpert
(35) have ieclated Sphasropborus peerophorug from the rumen ia their
experiments. Tunnicliff (42) has erperinented vith the organiss ss to
its poesidle route of infection in regard to foot rot of cattle, Ke
concludes that fphserophbofys pegrophorus ie mot a nstural inkaditast of
the 301l and remains there only a ehort time. Prederick (14) reperte

of hie exneriments the emme charncterietio behavior of the organima,
After inveatigating young tsmds which had aied of the Spbaerouvhorhe
pegrophorug infection, Eayris (19) writee, *It would ssex that the

lmmbs probsbly becsma iafegted by vey of the umballicus, prodably during
the firsts ¢ houre after dirth: that the infeetion looalized in the liver,
but thut only ofter the lesions had developed during a period of seversl
d4aye wag there sufficient disturdance of fumction to oause gynmptome
end gl timatoly death.® It ie intereeting to note thet “mith (41) fousd

thot in Denver liver abscesses sre most common from September to
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January with the peak of infections oecurring in Novemder. lossibdbly
thie faot m&y bear some relation %o the route or routee of infection
of Sphesropborua necrophorua.

The agglutination fest is not aa sid to the dlagnosis of aa
infection of Sphssrapborms nesrosia (39). PTitree of 1:800 are foumd
in the dlood of normnl osttle, horses, shesp, and swvine (44). Deok and
co-workere (7) have found that strains of the orgeniam are antigenically
heterogeancue.

Smith (41) claime that immuaiszation of experimental animels was
attespted dut that it ylelded an imsunity of lov order amd that sporadie-
ally. Jeveridge also was unadle to demonstrate imsunity (7). Kis
investigations employed raddbits vhioh had received two sudboutaneous
doses of formalinised culture. Jensex and oo-workers (33) write,

"gheep were not protected by multiple intraperitoneal inJjections of
sterile polyvaleat culture filtrate of J, pnecrophlrus agsiast a ohallenge
dose of viable §, pegrophorug inoeculated intraportally.” 3XElder, Lee

end Scrivaner (9) report, hovever, that they succeeded in preparing an
antissrus which wvould protect radtits sgainet experisentel inoculations
of the organiem. Their vork in imwunising calves hae not been successful,

Iohserophorus aecrophorus has deen reported to produce a soludle
exotoxia (2, 31, 7) end a solubdle endotoxin (3, 31, 7, 44). HKerchaat
ond Packer (31) found that the exotoxin produced an edema vhem inocu~
lated intradersally into rebbite. The ability to produce lesions in
animal tissue is largely due to the production of a necrotizing endo~

toxin found in the celle of the isolate (44),
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la asture Johysropborus usoropholis 1e rarely, if ever, fouad ia

pure culture. This association with other amlcroorguniasms significaantly
iacreasee the bacterium's viruleance to the host (31). DPeveridge (2)
reporte that Snbperopborus pecrophorus is awach less susceptidle to
msrobic conditions wvhen it is associsted with either Mjcrococeun Drogens
zeriesxy surens or fsaherichis £0lj. Schrivmer wad Lee (38) havs found
that virulenoce of the liver abscess fsolcte is increaeed when injeoted
iato rabdits if 1t is ia a mixed baoteriaml flora. Suith ($1) writes
that other orgenisms increase ip virulence when the endotoxis of
Bohserophorue necrophorys ie added.

Iaformation on She control snd preveuntioca of Sphestoulorig BReQLO-
Dherus imfectdione ie soanty. FXitehr (11) oclaias that the proper dieposal
of manure would lower iafections due to the organiem. Ryff and Lee (37)
write, "Narked vitamin deficlengy increaced the severity of the leeione
ebserved, dut oomversely, feeding cod liver oil or ascordiec acid did not
dscrease the severity under th:t for contrel groups.®” MHoCallough (27)
fousd that a severe acordutue bad to be present in guinea pigs defore
there vas a drop ia resietance to Sphaeropherus necrophorus. Ia 1919,
Belechek (33) wrote ia regmurd to the treatment of Spbaorevhoruz ReGre-

phorus <sused foot iafectione in horses and sales, "....esch fors mist

Ve treated with ome object ia viewi expose the orgasism to the air,
This 1is essily accomplished with the knife.® The sulfonemide drugs
bhave becn found to be veneficiel in the treatmeat of rabdits with
artificially produced leslons duwe to Sphaqropholfus ACCLORROLRS (44).
Shav (39) edds that potassium 10dide should be given iateruslly for the

treataenat of visceral lesions akd entiseptics should de epplied 12
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cutaneous cages. He also writesm that there is a possidbility that x-ray
may b# bemeficlal in the treatment of both visceral and cuteneous
lesioms. 7Tliat (12), ia rocent experiments, has found that materially
fewer liver abscessas oscur with continuous fesding of 70 milligrems of
Aurcomyein per animal per dsy, His investigations iavolved 1,895
cattle over & period of two years; 714 anisale sarved se controls and

1,181 animsls received tha Aursomyein.

126425 $ZUTH DAKOTA STATE COLLEGE LIBRARY



PROCEDURES, EBBSULTS, AND DISCUSSIuvA

Aseletion sf the picroorganigm from e beef liver abecess

Omn the 31lst. of July, 1957, iafected liver material was obtained
from aevly elaughtered cattle at Morrell'e Meat facking Flaat of Sioux
Jalle, South Dakota. Specimens from three types of nonproceseable beef
livers were obtained. These types included the liver mbecess, telangi-
eotasis, and the "sawduat" liver. MNaterial from the liver abscesses
vas ocollected by several methode, iscluding the severance of whole
iatact absceeses (approximetely golf ball sise), contact swadbding with
the absceass exudate, and direct inocuistion with the abscess exudate.
Material from the telengiectasis and "savduet" livers was collected by
direot swabbing of the meat and by the severance of the meat in
approximstely one inch cubes. All smaterial collected was then eealed,
refrigerated, esnd transported to the Bacteriology Laboratory of South
Dakota State College of Nechmnical and Agricul tural Arts at Brookings,
South Pakota.

After arriving at the laboratory the material was 1nocunt.ed
immediately iato various culture media. Theae medie included fluid
thioglycollate, liver bdroth, mutrient broth, beef blood ager, rabdbdit
Ylood agar, beef dlood broth, rabbit bvlood droth, beef serum broth, and
radbit serus broth. The cultures were incubdbated doth aerobically amd
anaerobically st 37 degreee Centigrade. Anaerobdioais was mainteined dy
the use of a Brewer's Jar. Approximately two cudbic centimeters of the

abscess exudste were inooulated into a large radbit sudcutaneously,



Aftsr 48 hours of incubstion, the 13 yitIg cultures were axamjned
for growihh, MNaterial from the liver adsoess exuldsts supprorted grovwth
of gram-asgative, grarular filamsats, approximstely 100 miercna ia
length wvhen grown in fluid thioglycollate and liver droth. The other
msdia used did not support growvth of aignificaat microorganisme. AS
n $ime vere microorginisme of any significazmce isoclated from 1B yiirs
caltures inoculzted with material from the "ssvdust® and telamgiectesis
liver eoaditioas. Attempts vere made to sudculture the microerganisms
ieclated from the liver abscess by LB Yi8Z0 pseesgee. These atteapts
proved unsucceseful,

3lood vas drswn at 34 hour intervals from the margianal ear vein
of the rsdbit inoculeted from the liver abscess. On the third day of
iagcudbation and following, gram-megntive gragular filameats, spproximately
100 nicrons in length, were cultured from the radbit'e dlood stream ia
agasrodic fluid thioglycollate sad liver broth. Agals, further att.eampte
S0 sudeulture the orgenisms proved unsuccessful. Xmasiation of the
radbit appearzed after the fifth day of inoubation. Loss of appetite wae
notioed on the followimg day. Oa the eeventh day of incudetioa the
radbbdit vas autopsied. A large lesion contatning a white, very odoroue
emifate wvas found at the site of the iajectioca. Miorosoopic exsmimatioa
of thie lesion revealed orgeaisms eimiler to those cultured fro=m the
blood strean.

The entire prooedure was imitiated again in mid-Angust. The
results were repeated vith the same sudbculturing difficuities. ZRarly
ia September, 43 xitrg eubculturing was cgain attempted. Yhe origisal

culture wves a tube of liver droth imoculinssd with bdlood from a raddit
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¥lete 1. Normal beef liver (left) cosparsd with
sbacessad deef liver (right), (Conrtsuy of Charles
Priser snd Company, Terre Houte, lmdiama).



Flate 11,
1000 simes.

The isolate megunified spproximastely
Stained by Gram's method.
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which was iafected with the liver adsocess orgtnieses. The swdculturiag
Shie tise proved eugoessful. Jraws-aegstive granular filaments appro®-
imately 100 alorous ia lengih vere cultivsted, Sodboulturing fros Ahia
culture wes elao sucoeosful.

It vee feared, #t thie point, that vith the aevly acquired adapts-
8ion of cultivatioa jp yitrg. viralemos say bave beea lost. This, how-
aver, vss Dot true. A lurge radbit wes rutoutaneously $moculated with
a saboulture of the orgenism. After five days of iacubation the rebdit
ves autapsied. Oram-negative grannlar filasents, approximetely 100
sicrons iz length, were present voth ia the blood stream and in e leeica
ot the site of iajection. Thees orsanieme hsd mot lost their virulence
througk their adaptation to subtculturiog 4R XiSEQ- Fure cultures of
the organism were obtained by selescting coloales from fluld thtoglycollase
$0 vhich 0.2 peroeat ngar had besn added. Migroorganiaems origiaating
from this strein vere used in the following experimentes.

Aalmel incculetions

Ezperimests were imitisted to study the p:thogenieity of the
isolate ia regird to lewer aniaals. 1t hed Geen found thet ladoratory
rebdiee, euceuabad to Vhe inrfeotion detweca the fifth and seventh day of
imoudation. A largé, very odorous, vhite. cheesay lesicn vae alweys
Preseas at the site of the sutoutasscus injection. The csusstive
orgenim oould de oultured from cither the Blooa stresm or She lesien.

Chick esdryoe were imoculated with cultur=e of the isolate grown
in fluid shieglyccllete. ‘uantities of 0.1 or 0.3 cubig oedtimoter of
the ealturse were inoculsted 4mdo the chorie-allantoic fluid of the

enbdryos, Sterile fluid Shioglyccllate in the ssmwe jusntities wae ales
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iaoculated by the seme route im other embryos, The chick embryos
wich were inoculated with the cu.ture died sfter 24 hours of
iaocubation. The onick embryes that were inoculated with sterile fluiad
thioglyocollste survived. Attespts to recover the organisas from ths
iafected chick eadryos roved unsuccessful.

Lavoratory aice were injected both suboutsneously and istrsperit-
oneally with cultures or the org:znism grown in fluid thioglycollate.
Mice were also injected wits sterile fluid thioglycollate by doth routes.
All mice receiving the eterile fluid thioglycollste survived. %The mice
$het wvere injeoted intraperitoneally with the cultures died after 34
houra of iacudbation. These animals were autopeied, bus nothing of
sigrificence was noticed. The mice which were imjected suboutameously
survived vithout aymptoms.

Laboratory sass wvere injeoted with the ipolate growa in fluid
Shioglycollate both intraperitoneally amd iatratesticularly. The latter
eite of tnecculstion was am attespt to dexoastrate a localized, dut noa-
fatal, infeation. Agaia, controls using eterile fluid thioglycollate
sboved no aymptoms. The rate whioh were 1njJected imsraperitomeally
received 0.2 culic oeatimeter ¢f tha oulture. Those animale died withia
three days. BMothing of significruce wae observed upon ansopay. The
aoimale which were injected intrstezticulurly were anesthetised and thea
insculated ia one testicle with 0.1 cubic centimeter of sthe culture.
These aaimals sboved no gmptose after five aays of iacubdetica. Upoa
sulopay nothing orf significence wss noted. L1he organism was not

reoovered ia an jg yiirg isooculaiion into fiuid shioglycoll®=te.



Aatidisties

4 preliminary experiment with the isolate ia regard %o sativietios
ves iaftieted. The antidiotics used were peaicillia, ALureosycia, deeit-
racia, asomycia, ead (yrothrycia. A loocp of the gultare was imoculated
{ate tudes contsining 20 cudic centimeters of fluld tbioglysollase
plus thres filtesr pad dises contsiniag five milligrase percent each of
the appropriate antidiotio. After 48 bhours of imcubUstios, growth was
preed®ut in the tubes contaiping the ncosycin and tyrvothrycia. Growth
was 20t cbserved ia the tudes coataining the peniociliia, Aurcomyeia,

ead baglitrrodn,

leshods of oreseryailen
During the ezperiments it vas secessary to traaefer the isolats

under ip yitrg conditioms every four days. There was consldersble risk
is trassfer es coataminante might be introduced or 2 autstiosal change
aight occur. Maturally, it would be advantegeous to preserve s stock
eultures 7The first attempt of preserveiioa esployed sterile anft gless
tubes t¢ which 10 cubic ceatimeters of a oulturs of the isolate grom
fn fluld thioglycollate wvere added., The mouths of thess glass tubes
were hented to softaess and then sesled under vecuum, Cultivetioca of
the preserved orgenisms after several weoks proved unsuccessful.

Cultures of the fsolate in both fluid Shicglycollate and liver
broth were frorea st & temperature of approxipatuoly aianus 60 degrees
Centigrade. Upon thawing, after seversl days of #torig® at thie
Seagersture, the cultures were found ¢ bve nonviabdble,

Finally, cultures of the vrgsnism were lyorhilived in an ettesps
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f0o precerve tham. One oudic centimeter of a hoavy suepeasion of the
feclata wvaz added to an equal voluze of sterile radbit dlood vhieh had
deon defitroseted. Two drops of this mixture then wors added %0 eseh of
several sterile Durbam tudbes contalaing sterile gouné glaee. Then the
Durbas tudles were plugged with cotton zad sexled ineide soft glaes
tudee uncer vacuum, After severs)l weeks of lyocphilizatics, oultivatioa
fro® these oulturer vas found to be unsuccessfal,

2axda

Experiments to determine the prezence of & toxin were run agcord-
iag %o the procedure of Snmith (41). It had been observed that intraperite
oneal injectlons of whole cultures were fatal to mice. It was suzpected
that either an exotoxin or an endotoxin or possidly both were present.

The exotoxim was prepewed in she following manner. XFive euble
osntimetors of & fluid thioglyccllate suepension of the orgsnieam were
precipitated by the use of a centrifuge; 0.2 of a oudic oentimster of
the cuperaetant were injeoted intraperitoneslly ipto each of several
sdoe. 4After thr-e hours of incubaticn the xica appsired to e sufferisp
from the effects of » virulent sxotoxim. However, these alce survived
tShie eruoisl perioé aazd fully recovered.

4o endotoxic wae prepared by reeuspending, in eterile fluid
Shioglycollate, the colls which kald bern precipitated ia the exotexin
experiment. The cells were oace agair yrecipitated dy She nee of »
oentrifuge cnd resusgended in stsrile fluled thicglycollate. ¥he nexh
sS0p wae tO precipitcte the cells, bdut this time to resuspend She celle
ia otorile distilled wvater, The dicztilled waler was aced 4¢ lyse ths

cells eng liverate any cndotoxim vhich might de preseat. Thle suspen-



olea was thea precipitsted: 0.3 of = sublo ceatimeter of the gupernatant
were iajectind iatrajeritoneally 1ato esch of esveral aice. Ag=ia. as
ia tho exotoxin experiment, the 2ice appeared to be 2ffeoted ¥y the
fajeetion »fter Sthree bours. Thess mice eurvivea shis initial shoek,
only to die detveen the fifthL and eizth days of facudation.
dniriticasl aSudiss

foe fianl net of ezpwuriments was orgenized to deserains \he
sutritioaal re, uireassnte of the liver absecess igslyte. 1t had been
found that the orgislsm esuld be sueceecfully npropagsted in either 1iver
breth or fluld thioglyccllete. (The coxyposition of Shere media may He
ssen ea pege 26). Liver droth iz difficult. %0 prapare and of waryiag
shemieal coaposition. 7he deef liver shoald be souked im one liter of
tap water uader refrigeratica for spproximately 12 hours. Then the fad
ie skismed off the csurfmece. Hext the material (s beated in the sutoclave
for ten minutees under 15 pounds of pressure per sgusre inch, The meat
ie reaoved from the dreth Yy straiaing the smixture throuih cheese cloth.
Thie meat is saved for later use. Keopeptons snd dipotsesiua phesphate
are a ‘ded to the droth which 1s then bected %0 100 degrees Ceatigrade.
Upon ccolimg, sufficient tap weter is added te the “ixture to raise $te
velume %0 one liter. The p is adjusted to »ight sad she broth s
etre.fined Shrough peper. %hen sulture tubes are filled with one-half
fach of the previously strained meat =md enough broth ie added to
zaise thelovel $o three inches., The sedium is gterilized ia an
sutoclave st 15 pounds of pressure per squ're inch for 15 nlsutes,
Immedistaly before inoculniion, tubss of the wediusm should be heated

in & bollimg water bath for tea mimutec to resove the axygen, Shea



quickly cooled. After inoculation the culture is sealed with paraffia

Since the liver broth heas nct been chemically defined, fluid
thioglycollate vas used as a basal medium, Thioglycollic acid is preseat
to resist an oxygen uptake and resasurin eerves aes an aerodic indiecator.
Both of these constituents were elimimeted from the nutritional basel
mnedius,

The first medium prepared, X", was made in an atteapt to duplicate
the results ottained with fluid thioglycollate. Neither oatitone, a
proteolytio digeet of casein, mor lacystine were svailadle, so beef
peptone, a proteolytic digest of beef, and L-cysteine hydrochloride was
substituted. After inoculation and incudbation no growth was fouand to
be present in the "X medium. The ingredients, for which sutstitutes
bad been ueed, vere mcquired and added in the preparation of “Y* mediunm.
Thie medium was essentizlly fluid thioglycollate medium minne thioglycollic
acid and resasuria. Growth occurred after inoculation amd a suitable
incubation period.

The next medium prepared, "il", contained the dasal medium mimus
yozet extract. Yeaet extract is a good mupply of vitarine and nutrieats
but ie difficult to define chemically. Orowth wae obeerved iam the "22¢
medium, hovever, In "YY* L-cysteiaes was substisuted for the amino
acid, L-cystine. OGrowth vas preseat efter inoculation &ad imcubdatioen.

Beef peptone was subetituted for the cmeitome in *%Z" sedium.

Thies medium, containing the beef peptone, did not support growth of the
fisolate, however. “C" medium was compoeed of the daeal medium ingredi-

ents but contained neither of the amino acids, k-cystine, or L-acyeteine.



This medium did not support growth of the isolate. "D" medium coantained
the amino aoid, L-cyetine, but lacked the sugar, dextrose. No growth
of the isolate weas found to Ve prescant in this medium.

Nedia, "A" and "B¥, both conteined sgubstitutions for casitone.
The formsr medius employed vitamin-free cesein while the¢ latter had tea
percent cesein hydrolysats. OGrowth of the culturs wvas not preseant in

either "A" or "B" medium after inoculation andé incudbation.
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SUMMARY AND CONCLUSIONS

Fature boetericlegical resesrch on the causative orgsaism, or
organisme, of beef liver sdscesses is much in demand =¢ imdedd this
peper illustrates. Hueh of the time thst was spent by the suthor was
comsuned oaly W methode of propagatiag the isolate. CerSainly, the
reecepreh should oconsider mors than one isolate, Classifiocatioa aad
taxonony of the isolated microorgenisms should be more clearly defimed
ae well as mode of treasemissios, physiology, and pathogesaesis. MNow
there is evideace that aatidiotice pley a role ia comdeting the iafestioa.
Thie thermpeutic aeasure should de more fully investigated,

To summarisze this papsr ve fiad:

1) A microorgamism has beaa igolated frol a Yeef liver abdecess.
Thie ieolate reecemdlee Sphaerophorus Accrophorus (Flogge, 1066) Prevos,
1928 (4¢) morpholozically bdut &iffere ia physiclogicel reepeote. It
may be propsgated i3 viirp vithout a loes of virulemce to ladoratory
animels.

4) ?Thie emthor has unsucceesfully attempted to pressrve the
ergaaisn. 7he only mathod found o0 keep the isolate viadle wvae frequeat
AB it trensfers or coatinued saniwal passage.

3) The isolate, whea growa 1B yiirQ. is eemsitive to penmicillia,
Aureomycia, amd basitraein.

4) It 19 sugrested that an eadotoxia eay be preseat which is
viruleat to laboratory mice upon intraperitoneal injectioms. If an
exotoxin is present, it s of low order ia regard %o viruleance whes

1ajected iatreperitoneally iato ladoratory aiee.
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B8) The nutritive reguirements of the lsolute are satiefied Yt

caeldons, glucoee, sodium chloride, end either L-cystine or L-qyateine.
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