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PRETFTACE

This atudy was initiated Dy me and the deglgn and ocovndust of
bhe experiments was whoelly in my hends. 1 prepaped the
culbtures, made and recorded the nocessary observations upon
them, and inogulated the fest eanimals. I made the
obgervabtions peguired in couneotion wibth the progress of the
infection in the animals, inclwlding the poat-mortem
oxaninatlons. Foxr the histological part of the iavestigation
my bhanks axe due to Dr. G.B8.9. Roberts of the Pathology
Department of the Uaiversity of Glasgow, who advised on
appropriate mothods of proceﬁaing, superviged the techuical
work conuncoted thewewlth, and eollaborated with me in
interpreting the sectlons. 1 an groteful Ho my supervisors
- firat, TProfessor C.H, Browning and later, Profespor

o ¥ Howie ~ ond b0 Mr. I,R.W, Lominskl for moany stimulating
diseusslonsg and for helplul suggestious; to Dr. Per Holm,
Gopenhagen, and o the Curator of the National CGollestion of
Type Cultures for mauny off the straing used in the work; %o
Mre Dovid Colvin, and Me, Frank Loasdele, teshniciana, for
help with some of the yha%agraphygg to Mr, Kerr for figuve
423 Fto the teehnieiang of the Bacterlology Deperiment for

medlsa; eand o the Rankin Fund for grants in alid of the work.

™ e

® The photo-mierographs (figs. 6-17, 21, 23, 25, 49, b1, 53)
were taken by myself.
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INTRODUCTION

While engaged in roubine bacteriological exemiaaticn ol
hogpibal specimens, I isolated strains of acltliunomycetes

Prom three clinical cages of human astinomycosis. Ia

two obther cases, morphologically similar orgunismg were

geen in dlpect filmg bub e¢ould nol he culibured, The technilical
¢ifficulty of isolabing, growing, snd keeping alive these
aultures arouged my interest. A study of the Literature
soon made 1t elear that laboratory animels could not be

uged for experimental study of the disease, No paper
examined showed an author with any dégree of confldence

that reproduelible vegul ts would £ollow inogulatvion of

gul bures Lnto animals,., In D801, raprodﬂotion of an
aetinomyaotié leplon in an experimental animal was evidently
aeiQOm aocomplished, Tho few posiﬁive rosnlta recorded
after inoculation wsually vepresented s small proporvtion of
o large number of ingculated animals. Theve wag nothlog
comparable, for exemple, to the use of the gulnca-pig Lov
stoudylng tuberculosis, 4lso, 1t waa cleay that the mouse
had wot been used ag an oxperimenial snlmal - on odd
omigsion because bthe monse s Inexpensive and easy Lo handle
and maintain in the labvoratory. Host published work deals

with the lnoculation of rabblts and guinea~pigs; but there



were references to the uwse of such animalas ag cows,
plge, rats, and kittens.

Hegroul and Boufiglioll (19§?) alone used
the mouse - but they inoculated only one animal. I
degided to experiment with the mouse, and this thesls
ig basged on the regults of inveulating this enimal with

three differvent asetinomycebtes: Actinomyces igraelii,

Aetinomycses graminig, and Nopardia asteroides.

D
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REVIBW OF THE LITBRATURE

Taxonomy snd nomenclabure

A word must fivgt be sald beisfly about baxonomy and
nomenclature: obtherwise the signiiicance of the variouns
names wsed by different aubhors guoted may Ve vnduly confusging

Bergey's Manual of E@térmiaative hagteriology {Breed, Mureay,

end Hitehenas, 1948) differentiates three geonera ol branghed
filamentous orgonisms -

(1) Achinomyces. - hngerobic or microserophilic organioms

characteriscd by production of filaments which, egpecially in
gultury, tend bo broak up into regulsy Iregmenis.

() HNocardis. - ALerobis organisms often pertislly acid fast;
meny, though not eoll, are pathogend,

(3) Streptomyces, - teroble filaments which produse abundant

serial spores. All are ssprophytes, many living free in soil
and produeing antibiotlon,.

Bergey's Moammel refews Yo the speeies Aebinowyces bovis (Harz)

. *
ag o pathogen of eatile and to Aebinomyees isrsell (Rruse) as
s pathogen of man. Roth are annerobes or mieroaeraphilic. An
alt@rnaﬁive'taxouamy prefers Yo recognise only oxne speoiss

Aotlnomyees hovis with two types:; hunan and boviae,

Both forms appear in the literature. Actiuomyveesy graminis

o ‘ | |
in agrecment with the nomenelature of the National (ollection
of Eype Ouliturss, the name A. iaraal@i is used throughout
thig thegis.
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{Bostroem) 18 an servobic ssprophyte which is badly named
beeause its growih chavacters properly pleace it in the genus

Streptomyces. Ibs importance is that it must be dlfTervenbtiate

from pathogenic species. In this thesis it is referred to

without qualification as dctinomyces graminis beeeuse this is

the most commonly used name - bhough not the soundesd
taxonomloally. In the work %o be deseribed heve, organiams
of eaeh of these three genera were examined in eulture and

for pathogenie effeats in animals.

Aetinomycosip: thg gatural dizease

Aetbinomycosis, the disesse, may be bdroadly defined
ag an infectlon in the host resulbing from invasion by eny
agtinomycete. To~day, however, although this definition
ghands ~ at lé&st for mon - tﬁe term agbilnomycogis 1is
generally teken to rofor to the infection ocaused by the

angerohbic Agtlaoomyces genus. Infectlon by the serohic

nembers ig referred to 28 noeardlosis. ﬂa%inamgpas g

Yocaprdle are both pothogenice for man and animals, albhough
the infections ere pelalively uncomumon.

Agtinomycoesls in man and animalsg, especislly catitle,
is & chromle grannlomatous disespe with suppuration. ~ The
individuel lesion is a large swelling often with many fistulas

dralning pugs The lesion i3 a chronlc suppurative ome and tie
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abgoesses nave a mulitilocular characber -~ bhe so-colled
honeycomd abaasss., Within the pus, amall yellow héra
granules, kaown as "gulphur? gronvles may be geen by the
naked eye. On mieroscopioc examinetion these granules are

l
Found 4o consist of aggregatiouns of muoh-branched
Gram-poai tive filamenis twined together with at the edge a
evedinte prrangement. Wibhin the ﬁi&au@a'ﬁf infegted animals
microscopic exsmlination shows Shat these sulphur gramnules
are gsuprrounded by chavacteristie Gramenegative velubg¥,
whose nature is diseusged later. (page L17). A btissue wall
forma around the central orgonlsms and celubs, Yhe tissue~wall
showg at 1ty outermest limiv & zone of fibrouvs tisauc.
Flthin this, theye lies a cellulay zone conbaining o great
meny polymorphs aand, characteristically, meny fozm celle -
magrophages laden with lipéid -~ whioh give the lining of cach
pooket o yellowish eolour. See Ooppeld (1951); 4Anderson
{1248},

Bollinger (18Y7) described the alinieal condition
of "lumpy Jaw" in eatbtle. From materisl given to him by
Pollinger, Herm (1878} desoribed the oceurrvence and
appearance of an Grggnism he paw 1n the tisgsues and nemed

1% fetinomyoes bovig. In 1878 lgrael gave an ageount of the

pogt-mortom apposranee seen lu two cases of huwen

actinemycosis, and noted that seobtheoxtroaction might lead
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o ecervico-freial actinomyeosig, UHo dogoribed snd drew
sulphur granules {and even the clubs) present in the btlssues;
furthermoere he sgain pregented drawings and chservations

that had been made by Lagenbeck {1845), also from peost-morten
meterial. Ponflek (1820} showed that bhe ¢linical oonditions
in men end saimal appoared to be gimilar, and ho suggested
that there was a common lufeeiing becteris.

Wodlf and Igprsel (1891) were the f£irst to isclale in
pure sulibure the sangsal ﬁrgaaiam of human aad bovine
actinomycosin; they oalled the bacioriun A, bovis alter Haraz.
(Kruse (1896) oud Lachnar-3andoval (L898), for the firat {time,

‘uged the gynomym Agtinomyces igreeli for this organism

igolated by Wolf and Isrsel). The orvganism lgolated by Wolf
and Isreel was &n anaerobe, A&t the mame %ime Bostroom (189L)
isolated from setinomycosis in cattle an seroblc organismg
which in morphology was similer to the orgsnism of Wolf and
Ioreels The new seroble organism wag algo - though wrongly -

named by Bostroem potinomyces bovig on the assumption that it

wag the seme ap that flrst desoribed by Herge It in now
evident that Boatroem's seroble organism wag & gontaminent
and not the cause of the dimease. Unfortunately, Dostroem’s
publieation led b0 the ercation of two schools of thought
aboult the identity of the infeobing agent in sebinomyocosig.

Mueh of the eerxly work is diffleult b0 assess or follow Lfor
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this reasons ‘the anseroble organism isolated by Wolf and
Igrael is now secepted as the esusal orgenism and I shell

deal only with the literatuvre bosged on this conelusion.

¥ovphology and eoulbtural eharacters of A, lsraelll

The identification of A, doraelii iselated Lrom

pathogenic and non-pathogenic material wag and is chiefly
based on e stuwdy of the moephology of the organism. Direet
gxamnivsation of maﬁural materisl shows the presence ox

sbsence of ‘*sulphur' granvles, Wi film preparations of
8lightly squashed greuaales, show in the centre an indigbinet
meass of branching hysline hyphse and at the edge there is
often 8 radlal arvraagement of hyphae wilth swollen club like
endss, Films of the sgyuashed grenwles staived by Gramt's
method will show elther whole branching Gram-posltive
filaments magged in the c¢eatre of Lhe granule and surrounded
by Grawenegative olubs, ¢r if the graanule is very severely
macerated no elubs will be geen only brokenm up pileces of
filament. I¥ sulphur grenules are not pr@émnﬁ, £ilms sbailned
by Gram's mebthod will show if elther complete bravehed
Filemenbe or byroken vp remnanis, or both these chorscterigsie
bagterdial forms are present. Cul dure wndewy rveduoed Uy tension
will eonfimm the preseace of the actinomycete by yiolding

agolonies of the anaercobie A, igraelii. Ixsmination of these
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golonies by Urem~gbained £ilms will show the typical
branohing and breoken up fllaments. The informntbtion obtalned
by using bthese procedures hos been considered sufficiont

Lor idenbifying 4, israelii for clinleal dilagnositie purposes.

Biochemical and serolegiesl mebthods are very blme gsonsuaing
and do not ag yet help much in sub~dividilang the speeics, Yhe
uge of moyphologlcal eritevis, boith colonial and mieyoﬁcapié,
for sub-divigion Llotrodused great and unnecessary eenf&aion\
into the early litersture. %he result wes to railss dovubt
about what was the typleal sppesprance of & solony of

As Isr8elili.

The two straing of A. Israelll originally ;jso1eted

and deseribed by Wolf and Israel {1891) from two human csses
of Actinomyceosis were anserchic or microserophilic. On the
surface of sgar cultures they gove small, vough, hoeaped-up
gotonies atrongly adhervent 0 the medium by means of 4
radlate Iringe of hyphae. Hievoscopileally, the organismg
composing thewe colonles rvanged from long branshing filaments
t0 short gomma-ilke rods with c¢llve-gshaped swellings at the

ends. This is the ¢lagsionl Gescoription of the A. ipraciii

orgeniams, and oulbores from human materialy by all the
A}

workers iu thig £leld hsve yilelded sueh coloniel aand

norphologloal types. In addltion to this clasgsicel

wWolfw-Iavael type of aolony the occurwence of o second bype
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of colony, which ig gmooth, entire, and not adherens to

the medium has also been nobted. Wplght (19085) isvlated two
guch slrains, Colebmook {(1930) three strains: +these stralins
weing izolsied Ffrom human acblnomyeosis. Fumons (1958),
Lontze (1958), Rosebury eb al. (1944), and Holm (1948) ealso
isoleted sbraing giving smoobh eolonles from bobh pathogenie
maberial and Crom mouths (healthy and otherwise): Wagnugson
(L928) isolated the classical Wol f=Israsl organism Tron
satbtle sulfering from lumpy Jjaw; Irom gwiane wiith
actinomysosia, both eolonlal btypes of organism were igolated.
Material Lyom eleven gages of agtinomysosls in swine gave
both golonial types oxn cultupre; Y1 olses gave only the
slusaleal type, and ¢9 cases the smooith colony. With the
difference in colony, there wae also & difference in the type
of growbth in Iiguid mediuvm. The rough colony on platen when
svbeultured into broth tubes gave bvroadecrumd nAsses growing
at the bobttom of the tube with & clear guperansbtant £fluid; on
the obher hand the smooth golony geve a diffuse burbidlty
thronghout the medium with a Lfine depoesit at the botbom of
the tube. There was algo & diffeveuce in mieroscopic
morphnlogy between the two types of growth. The bread-crunb
messes wers aompesed of long-branching £ilﬁmenﬁa whereas the
even turbldity showed vegular, diphtherold forms. This

ralsed thyvee gquestions; (1) were thewse forme two different
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gpecics? - {(8) wes this merely the normgl variation in
colony type which ig met with in a large numbey of bacterle?®
(3) was an idendical organism rosponsible for the diseage
in men snd eattle? Regarding the possivility of solonial
variotlon, soveral workers Wolf and Isreel (1891}, Emmons
{1938), Grikson (1940}, Romebury et al. (1944), Miller and
Drake (1951), Morris (19561} have recorded that on eontinuous

gubesulbure the rough eolonirl sype of A, igraelll changed

into the smooth btype, and ssgocladed with this hags been &
corregponding change in the microgsecoplic morphology from
hranahing £ilamentous hyphue to Lhe wvegulayr diphtheroid form,
A particularly Interesting paper on this esgpeet wag that by
Lentze (1938). He recorded the change of a rough colonial

type of A, igraelil into a smeoth colony type; he deseribed,

and photeogrephed under the mieroscope, “halo'" coloales which
he found developed in the process, before the smooth colony
was Yormed. Lentze used the gpecific terms YR-Form" and

Th-Form” to degoeribe these solonial forms of A, lgraclii:

Lentze sgtated that on econbinunous subevlivre thig new S-~Form

of A. dgraclii wag ldentical blochemically and serologically

with fthe other $~Form previcwsly igelated by him from natursl

matorial, He collected 40 sirvains of 4. ispraeslii £rom humen

leailong and fouwd that thewe fell into the R-Foxm or the

Gm-Forms Furthermore he showed that thege R-Forms and S-Forms
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differed blochemiceally (saliein being Lermented by the R~Form
and not by the S¥owm.; and sevologically, the S«-Form heving
a more elabovets anbigenic complex.

Srikgon {1940) also found the halo-btypes of colony
deserlibed by lLentze, but she wag unable 4o obtain sbable,
songiatent cultures and preferred to wregard these forms as

being oaly varistions in the A, ilmreelli colony., LErikson

aid nob, however, approve of lentze's terminology, becmuse
gho counsidered that he had atretcehed Hoo Lar the sccepbed
mesning of the degerlipeive torme R and &5,

Though A igracliil lsolabted feom hwmen sowrced

shows o¢ither rough or smeobtht golenial ferms, Brikson {(1Y4Q)
and Thompson {(1¥50) showed Hthe srgenism isolated from catbbtle
usually was of bthe smooth colony btype. HErikson {(L940)
gompered culturally, bloehemieslly, and serologieally fLive
ptraine of bovine ovigin with 18 strains of human origila.
Four of the 15 human gtralng showed transient changes Lrom
rougn Ho smeoth eolonies, the smooth forme going baek %o
rough again after two pasgages - one in brobth and ene on
agar. By using direeb slide micressopy [Uvskov, 1983) of
growling eultures, Ivikson found that the bovine straing did
not produce aseriasl hyphae during bhe Lirst 48 houvrs of
growth, whereas many of the human streias 4id so. (It shouvld

be emphaslised thet Nrikson's Yaerial hyphae" were Pow, siender,
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and trangiont - alitogebher diflevent Lrom those observed on

Streptomyess) s Farbthermore, the colunial and microsoopic

morpholegy of the bovine stralns wes different from that of
the buman styaing, in that they formed smeoth c¢olonies inghead
of vough colonies snd baeillary forms lnstesd of bravching
filamenb$¢ Scmetimes on egy oulbures B-3 weeks old, bovine
forms gave branching filements. Bilochemically the bovine
stroine 4id not Ferment salicin and mannitel (Holm 1930)
whereas bthe human stralas 4id. Serologleslly the bovine
stralog 4Ald not react with antlgers prepared agalngt the

numan streins, anld vige versa, Erikeon was convianced that

the two grovps of orgenisms were different, though she was
not dogmatic about thelr speeificity for thelr particvlar
hogtes It is meinly on Brikson's work thet the glasgification

of the genus Actinomyoees in Bergey's Haaual of Determinntive

Boctericlogy im hased.

Thompgon (1960} also compared the morphology of
gtralog of actinomysetes igolated Lrom both humen snd animal
gourees. After geven deys on hormone-sger, ten of eleven
atraias Lrom bovine casesg gave smooth colonles with =
bgeillovy Lorm, The eleventh straln, however, had the rough,
pebbled adherent eolony charscterisile of the clammie
Wolf~lsrael type, with the mioroscople appearence of branching

f1llaments. This eleventh strain was exunotly similar to eight
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stralng of &, larselil recsntly isclated from cases of

houmen acbinomycoais. Ia additvion there was an importaut
aunlbural difference among the sbralng, whebther of bovime or
humaen origin when they weve grown ia liguld medium.. The
rough human strains and the one rough bovine strain grew
1o the form of bhreadecrumb masges dn thioglyecollate broth,
wheress the smoobh bovine sbraing grew diffusely throughout
the madlum,

Thompson recordy thot aflber several mounbthal! sulbure
there was ne evidence of cheounge from oue colonial bype bHo
the obther, Thompsen considered that his resulia agroed with
those of Hyikson -~ nemely, that the iufectinz sgoenits of
human and bovine aotinemycosie could be disbtbinguished
morphologically. Unlike Brikeoan, however, he cousldered
that eash type hag & speeifice host, To explain the Linding
of & wough type ol acbtlinomycebe in one cow, therefore, he
suggested that this animal had been infected with & human
stralnl Morris (1951) carried oub a cytological exemination

of strains of 4, lseaelll, tea of bovine opigin and two of

huwnan oplgin. He fourd - Shouzh he did not stabe whigh

stralng were ifwvolved - that bobth rough and smooth colonies
were presenv, and he stabted thset the wough colonies changed
inte emooth colonies. Both types of colony had exaetly the

same life oycle {involving haploid and diploid stabes), the
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only difference being that in the smooth colenies tha
danghter cells geparsted immedlately alter cell-a4ivigion,
thug giving the separate bacillaxy Lformg and not the lang;
branching filamentous hyphas.

At the vpresent moment, the position regording
the gpecikfieity of the infestive agsent in human and bovine
infeationg ig not eleay, and work ia appacently i progress
at the progent moment uwander bhe &gﬂpioeﬁ of o committes not

only o setitle this polat (Hee Internationsl Rullebin of

Begterial Nomengleture and faxonomy: 1952, 8 49),

but also to exemine the charsctery of the actluomycates,
Hany workers have used gorology in the atbempt to
produce a fupbther moeans of gubwdivigion of straing of

Ay dgreelil. The major dlfficulty, however, eapeclally

with the rough colony formg, whebhor growa in Liguid or
s01id mediwn, has been the finding of sponbaneous
egglubination (Colebrook (1920), lentme (1938), Ludwlg and
Hotehingon (1949) ). Slack, Ludwiz, Bird aand Sanby {1951)

vged ulbra-gonice vibration for the preparation of As israslil

antigen, but ceneluded that the particles produced even by
thig method were too large and gave rise té large Tlogcules
in the eontrol tube witheub gerum. Holm (1930), Lrilkaon
{1940) have peported successful experliments ﬁaing glither

fomslin-trested eclls ov drisd ground cells as antigen, bub
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aven with these, antisera of diseppointingly low titres
have baen;preadﬁe&a The labour of aueh work 1s impressive
but ite cantrihﬁﬁian 4o understanding cannot be sald to be

£0lly apparent.

Aotinomyeogig; the experimental infeetion

In reading the literabure deallng with ebttempts

at the experimental transmission of 4. igreelil to enimals,

1% beceme clear to me that no two opinlons segreed about what
might be regarded as & posglilve result. 248 will be apparent
from the details given later in my review of the litverature,
gome workers wregarded bhe ﬁraduatiaa of bumours, however

Tew, ag being & poslitive transmission of sotinomycosis. On
the obther hand, move exsating workers conaidered that the
inoculated animalg should die with the widegpread development
of sctinomyeotic absoegges ~ that ig; &'faﬁal progregasive
digeage shoull develop; Vefore an abtempd et transmission
was vegerded as positive., Personally, I think that to adoph
so exsobing o erlbeprion is to toke an exageerated view of the

pathogeaice possibvilities of Aetinomyoss and to shul oneseld

off Trom the experimental stody of the (isease -
experimental study, moreover, which could furnish usgeful
information about the matural infectlon. Any swelling or

lesion that arlises in a laboratory aaimal ss the result of
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inoewlation iz worbh regerding as & poasillve result,
regardleoss of the ultimate fate of the lesion or the snimal.
In the Litersture on experimental actinomycosis,
great slress hag been laid on the Tinding of sulphur granules
with well developed elubs in animal losiong siance Hthieg ie &
fomture of the humen dlseane; in feaot demongiratlon of thene
graﬂnles in gtained preparations ean be used for laboratony
diagnosls of the infeobion. Horeover, apart Ifrom thelr
morphologlical appearance the glubhg d4fTer Lron Lhe Lliloments
in belng seld-fost (resistant to 2%Hp80,). The motual
mechonism of club-formation is hest tissue hes been ancther

contiroversial point bthough not of parameunt imporitance. Also,

attompbe have heen made to produvce clubs in A. isrmelii growing
in pure culitupres, SHegarding the ocoeurrence of ’01&%35 at bthe
periphery of the guiphur granules fouwad in scetlinomycotic pus,
wo theories were ¢xtant, The simplesy and at the t;me the
moet ageeptable conaldered that the clubs were only very
swollen thickened ends of hacterial Lilameuts which arose ap a
proteation for the internal mass of branching hyphae. The
second theory congidered that the olubs were a defensive
meghanism, produced by the .animal hest, ag & means of walling

off the invading A, lsraelii. As evidence for thig latter

view, bobh Weight (1905) and Meyer (1934) showed thab the

inoculation intpa-peritoneally of heat-killed broth
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gultures into guinea-pigs and rabbits wegpectively, gave
rige bo club~developmeut round the killed crganisms in
lesiony prodused in bthe snimal host. The formation ol olubs
in natural ocoureing materiel from actinomy¢osia is not
confined ouly bo iufectiong with 4. israelli.

Tignieres and Spitz (1902) showed that, in
actinobacillonis of aattle, pua containing granules wag
obtained from the nleerating leslons, and abt the periphery
of these granules there were radisting club-like stmictures,

-Anside of which wasg the gausal ovgenlam Actbinobaclllug

tisnieresi. Similarly in botryomycosls of catile dus to

Staphylococeus asureus infeehlon, olubs were aleo seen ab the
paziphery of the granules.

Te Qifferentiate between these three infechions,
miercgcopic examination of the granules, hoth by wet films
and stained preperations, is essentials. In granules from
setinomyeosis, long, braunching, Gram-positive [ilanenbs
aYe AlWEyS Seel |

Regarding the development of elubegitructures in

pure culbures of A« igreelii Wright (1900) and Naeglund

{193)) stated bthat the addition of pleweitie fluwid rich in
£ibrin or of gerum %o boulllon gave rise to celub-~formation

in the filements of A, lsraelii iu pure culture, bub thatb

eloby were Toymed only where the Lilament was in contaet
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wibh the enviched medivm, Bayne~Jones (1925} veported thatb,
unlike Wright, he had geen elub~formation in simple medisn
froe from serum and animel protoin; in addition he obmerved
the behaviovr of lsclated glubs in gluoosc broth when
ineubated as hanglng-drop culbures. Two clubs showed growth
of filaments which f@aohe@ 50 to 100)¢ in 10 dayes ond
thon eeaged; the growbh book place at the thin end of the
fileament, bthere being no change in the club structure
ibaell,

Glbson (1934) considered that oclubs were really
abnormel forms developed in 0ld culitures 1 liquid media.
Horris (1951 ), however, regarded alabnlika SLLPUCTUYECH as.
plaomorphlic forma developing in the 1ife~gyele of

Ae Loreelii.

Atvbempte to produce actinomycogls in animaly

Regult of & Siugle intra-peritonenl injeetion

Wolf mnd Israel (1891) were the firvst to Llsolate
ant grow in pnre culture the esusal organism of humen
sctinomysoais, In sddition to earvying out a metleulous
examination of the morpholegy, culturel requirvements  and
bicchemleal properties of the organigm, the suthors were

the Clrst to try to reprodmee fetinomycosis experimentelly
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in laboratory animals with pure enltures. They lnooulated
intra-peritoneally ~ velng the techuigue of laparobomy -
14 rabbits, three guinea-plgs and one sheep, with bthe two

gtraing of 4. igraelii isoclated from thedir two cageg of

human sebigomycesls. Fleces of agar coniaining eolonies

of Ao israelii were planted deep In the peritoncal cavity
of easch animal, A8 2 control experimend, one prabbit had
pleces of gterlle sgar withoub eny orgenlsmg pleced in ite
perituﬁ&um, and the resetion of thiy animal ¢ the agar
slone wag ohbaerved, Wolf and Israel inoculated three other
rabbity (with the same technligue), bulb in these animals

saline guspensious of A. isreelll were employed as inoeulum.

A galine guspenglon of Ay laraelii was inoewlated directly

intoe the liver of bthe first rabblty & mixed saline

gugpension of A, israelil and Ftuphylogosccus aureus was

injected into the liver of the sesond rabbit; and a mixture

of As isreelil and lightly cooked ezg yolk wap placed in the

peritonoun of dthe third rabbitb.

ALl the experimental animals with the exeeption
of four {two guinea-pigs and two rabbibs) were killed Irom
four to geven weeks after inoeulation.

AL post mordem the killed animals - exeept the

sheep snd the rabbiv incgulated with sberile agar — ghowed
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bampur growths over the perlioneal cavity. Lhese tumours
vanged in size from that of & willet seed to that of a
plum, and were adherent to the abdominel wall, omenbunm,
megentery, and liver, Yhe largest tumours were found iu
the animals inoculated witbth pileces of ager contélining

colonles of A, Israelii; those animals inoculated with

the suspengions of A, israelil showed only scaunbty, tiny

twnours on the pervitoneal surfoces, The tumours were in

fagt abscesses containing cheesy pug. In the pus of the
lavgeat sbgcesses Woll and Ispael found definite amall yellow
tsulphur' granules present. These gronules « ohserved by
web-film and ateined preparations -~ were composed of

either masgey of hr&nahiﬁg'ﬁilmm@abouﬂ bacteris or of a
mixbure of shord rod Leems and bfak@n up Lilamenbs. 46 the
periphery of the granules, a riogg of well developed clubs

was usually prosent esaclosing tho enbtlre mass of organisms.,
Prom these animel absceszen Woll and Israel were able to

lpolate in pure culture the A. laracliil and compare it with

the original strain used for anlmal laoculabtioxn.

The rabbit ineculated with the sterile pieces of
agar ghowed ne abgcess development; some of +the agar had
disappeared, and the reomaining porbion wayg wrapped rouwnd
with a few Fibrin strandsg: the addition of sterile sger

per e did not lead te the developmeny of actbinomycotie




abscesses, Wold and Ipracl sxperimentally vransplanted the
tunours found in one rabbit to anobher rabbiit peritoneun
but the regultlng leoslouns in the gecond rabbid were no
graater than thoge in the firgt; there was no inerease in

the invasive power of the A. dlgroeelil.

Thig work of Holf and isxmel was apnd is important
voth for the bacteriologlast and the patholeglat, az gestlons
of these experimenbally produced actinomyeotlc abgcesses
wore for the first tine ghown to be ldentleal higtologloslly
to geetlions of aotloomycobie abscesnes developing as a
result of natural 1ﬁfeetian in man and cattle., - Wolf and
Tavael wore convineed thal the opganigm they had isolated
from humanr astinomycosls was the oaussl orgenism of both
human and bovine actinomyoecails sud furthormore that they
had pascegsfully reproduced in experimental animals the
eharastoristio actinomyaobie absecess containing sulphur
grenules. Though their conclusions were correet, it must
be emphagised that thelr animals did not develop progresslve
actinonyecsgis ending in the death of the animal ag four of
the inoculated animals were sHLll alive and heslthy seven
$0 nine monthg after incoulation, albthoush on palpation
tumours (7actinomycotic abseesses) eould be felt in their
reritoneuns.

After the work of Wolf and lIsreel, geveral workers

¥
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reported the luolsticu of anzeroblc acbinomycetes from
nunen cases o? aghbinomycosis bubt Wrightls (1905) work is
the beat doeumended. Weight eriticized the regsulls of

Wold and Isresl. Wright egreed thal lesglons hilzstologieally
ginilar to those found in the humsn had been produced, bub
he argusd that they &id not represent the outcome of an
aetiva, progregsive, ianfectious provesg, Wright himasell
inoonlated 14 prabbibs, H6 guinee~pigs, 1% "anlmels™ (an
wnspecified nwnber of rabblfs wnd of gulnea-plgs) one brown
movse, one kitten, and one call. Broth cultuves and sgaw

pultures of 1% sbraing of A« lersellil imolated from hupman

and two Trom bovine astinonycomis were used ag inoeulum,
Wright considered that hig husen straing belonged to the
gome gpecies a8 the sebinomyoete deseribed by Weld and
Iareel {1891); furthermore, he was slso of the opinien that
the bovine and human straing of achiacomycetes he himmelf had
impolated belonged Ho one gpeclem ag the organisms showed
only minor cultural ditferences. Wright was not in favour
off Wolf and Ipvasl's mebhod of placing pileces of agar with
actinomyces in the peritesneum off animalg; he preferrved
bouillon cultures, Wright stated; fﬂhaﬁ particles of agar
provoke the formbion of grenuletion timsue sbout them and
vecome encapsulated moe that tumour nodules are formed whieh

obgeure the eoffecis produced by the micro-organism.” Not
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surprisingly perhaps the diffovence in method of Inoeulation
was reflected in a 4llfference in resulis between the
experiments of Wright and those of Wolf and Isreel. O the
86 snimals laooculatbed and killed for exaniunstion by Welght,
ounly R4 gulnea-pigzs and four rabblbts showed nodules Lrom
1~10 mm in diemeter Geveloping over the peritoneum. These
nodulen gave the same genernl appearance on seetion ag thosge
geon by Wolf and Isr#el, bub in some of Wrlight's lesions
elubd formation wag notd found. Wreight wes interested in the
influencee of the time of eultivation of the culture used as
inoculum in producing lesiovng. He considered that the
largeast and mogt marked ebseegses developed whea straing of
organiang cultiveted in the laboraitory for only a ‘'short
time ! were uged for inoeulationes Ag proof Weight showed
thalt & eulture whieh he had mainbeined in the laboratory Lorx
wo yearsg produced ne lesions when inoculated into aninmals,
Wright himgelf stated thel the repulis of his snimal
exporiments with young cultures were by no means eonshand
and that meny lacculsaiions were negative. Progressive
a¢tlnomycoais was notv oblialned, furthormore no attempt

was made to re-igolate the organism from the legions. In
addition b0 the use of organismg Wright tried the effeeot

of transplantlng "oalt shells™ along with organisms inbto the
peritoneuns He almo examined the offeet of adding melted
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bubttery bo the laosulum and the use of silk sstons placed in
inoeculated museles; visceral tissue, and bthe tomgues Yhese
experimnents were disappointing, Quly in one xabbit, whioh way
transfized elmogt everywhere wilth setons impregnoted with
el ture, were braces of iunfeeblon found. Small nodules were
found in the connective tlssues when the rabblt was killed
41 Qays alber inneﬁiaﬁion. Thig wes nob & speetacular reswlb
from g0 much efforts One brown mounse bestvad 814 not develop

infection alter inéeala%ian_cf a d~week-0ld culture. The
‘ kitben inoculated subeubinecusly and intraw-peritoneally formed
o subeutaneons abscess which opened and healed spontaneously.
A 08lf wts not infeeted efter beling incoulated in the jaw and
by the intre~peritoneal roube.

| In his seblele Wright was very erilbicsl of the work

of hig aontomporaries on the problem of actisomycosis. He
oriticlsed those who ul&iméd %o have isolated the ceausal
oprganism, whiach often was & contaminant and had no
regemblange %o the Woellf-lIsrvael gtrain, Thig stemmed Lrom the
Bostroom-isrsel confusion already menticued {(pe 7 ).
Welight also summarily dlsmissed the ¢laims of workers of
the 1891 period who attempted to reproduce agtinemycetic
legiong in animals by Qireet inoeulation of pus. Their
experimentel animals often died Trom dacterisl luafections

other than agbinomycosis.
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Musgrave, Olegg, and Polk {(1908) were primarily
interested in the miseellaneous conditicus kuowa ng
yestoma', which asroese from iafection with sercbie
aetinomycetes, With strains of such organisms, enimals
were inpeculated., The authers were unsble to oblain cultures

of the anaeroble 4. isroelii, so they used the observalblons

madé by Wreight {(L905) concemiing the eulbtural ehavaciter and
snimal pathogenlcity of thiag organlsm &g & yardstick for
gomparison with their resulta. This is & most interesting
paper, as it cerefully elassifios in ebwonological order all
the early literature dealing wibth the mctlnomyces group,
ineluding the Lirst recognition of the elinlecal goudition of
agbinomycogis, the early dilscussions on nomenclabnre and
taxonomy, @«nd the isolation by many authors of both aerobic
and. anaercohic actlnomycetes. HHany of the papers mentioned
by Muwsgrave et al, ave interegting hisboricully bub exact
debails are lacking.

Naeglund (1951) inoculated intra~peritoneslly
rabbits, guinea-pige, pigs, and sattle with pure cultures of

A. israeilli isolated from human setinomyeosis. All animals

inoculated falled 4o show infeetbion except o one~m0nthmaid
- heifey whieh developed sctinomycotic lesions at the site of
injectlion., Three weeks after inocculation the lesion

discharged sulphur granules with clubs. Iwn bthis and in other




reports by Naeglund, i€ ls notable that catitle are readily
infeoted with maberlial that ls without slffect in laboraiory
SRinels .

This monograph by Naeslund (L951) is vexy
infarmativ@ ou general guestions deallng with the problems
of setinomycetes. He gives an exiensive reoview of the sarly
literature on the actlological agent la asetinomycogis, boih
humaa and animal , and on the guestion of the natural habitatb

of As levaelil and the theories of how infection in

initiated, This laeludes o calm aypra;aal of Hho relative
merdits of the two sldes in the early coubroversy 04 @XOSEAOUS
agalngt endogenous infeetion, e diseussed elso the role of
aallvary congretions in sebiing up infection, These pointe
are fealt with oniy lightly in thig thesis end only in so far
a8 they are related to experimental trvansmisaion of diseage,
Fgr a full account of the gueations, Naeslund's veview may

be consulbed with counfidencc.

The most suceessful of the attempts atbt reproduction
of aectlnomycotic lesions in animale was thet reported by
HaZen, Litvle, and Hoesadek (1968). By using hamsbers for bthe
Livst time as za exporimentel animal for actinonycosis, bhe
aubhors woere able to a@munéﬁrate that, after a single
intre~peritonesl incculation of 1 nl. of broth culiure

seldiments of eight humen atr&ihﬁ of Ay bovie {= 4, israelii)




21 of 28 snimals killed from four to six weeks laber showed
extensive abgcess fomnation throughout the peritoneal cevity
(the number of hematers incculabed with each strain ef

As _bovig ronged from btwo to six,) In addition, in five of
the hamsters the infection extealded through the peritoneal
wall with einus fofmatian, However, seven of the 2B animals
kiilled showed no ovidencs of gross infection although
"duplicate” animals inoculated at the some bime with the

atme oulbure showeld gevere veaction. A, bovia was 1solated
From legions observed in the 21 "posltive" animals and the
presence of grasules with well marked olub~formation was &
constant Testure., The ouimels were not kept unﬂer.
obasrvatlion beyond six weeks. If the animsalg had been kept
elive Lor a loager period, aéfinita ¢gvidence of what
hoppened to the lesions would have boen obtalned. Would
thege animals have dled of progyessive asctinomycosis —~ &
posaibility in view of the experimental evidence, 0x would
the leslons have regressed and the siaus infection gleared up?
(Momt of the work of the present themis was (one and repoyted
to the Fathologieal Hoolety in 1951 -~ i.e. before

publication of the work of Hazen gt al, deseribed here.)




29,

Regult of repeated inoeulatlon of A, igreelil

Since inoculation of mingle domes of A. israelii

did unot give rise to congtently reproducible legiouns in auny
ex@erimcntal eninel many workers used rape&tad ingculations,
ginnn the injeetinns after the Lirst either by the same

route or by & combination of different routes. This method
however 4ld net prove entirely suecegsful for it 4ld not
attain the objective of & eonstantly reproducidble lesion in
experimentsl animals. However the resulbs reported by various
workers are worth discussing for they show some dilferences.

Heeslund (1929a) used pure cultbures of 4, israelil

igolated from five human cages in an attempt bto reproduce
netinomyeotic lesions in animals. Cattle and pigs were
inoceculated subeundsneously, gulnea~pigh intra-~peritonesally,
and rebbits subeubsneously, intra-peribtoneally, intravenocusly,
and into the anterior echamber of tho eye. The resulbts ia the
pigs aud guinea-pigs were negative. One of the rabhits
¥illed two montha after inoculsatlion showed the development of
"tight peow~gized™ tumours, whqa@ contents were viseous and
pasbtys Snears showed the presence of Gramepositive bthreads
and rods, bwbk the organism 4id not grow on culture.

02 the woix rabbibts Inoculated in the anterior

chamber of the eye, one showed, L4 deys afber the inooulation,




30,

infleanmation of the corned. Ixenminabion of f£luld
sapirated Lrom the eye showed a heavy growih of myoellum

which geve & pure ouliure of the A« Igraelil, Similar fluid

from the other five animals ghowed only short rods; and

cul tures from the eyes were negative Tor A, isreelii. All

the enimals were killled 27 days afber inoeulatvion, when 1%
was found that the rabbld showing acute inflaémation of the
cornes had ean iris with thiekening and 1nfi1ﬁrat10n'wit5
rownd cells and leucogytes, The othey Tive animels had
eyes without obvious | pabthological chanzep.

Heeslund regurded thege resulhs ia rebbits as
"anegative"; but with eabttle his resulis were dogeribed as
Tposivive, Flve cows were inoculated subeutanesusly with
younz oulbtures growing vigorouwsly in sscitic broth. 4 total
of 80 injoctions was giveny bulb it is nob olenr how maxy
injeations each cow received, Afber aix monbhs four cows
ghowed no reaebion, The Lifth animal -~ an eight-month-o0ld
heifer — developed indurated swollings at two of the
inpeulation sites.‘ The two awellings began bto develop
three woeks after lnoculation; +hey increased 1ln size
. during the next six months, and one grew into "a polyp
the glze of an egg' and exuded pus, The seeond bumour was
sunller and gave rise to & dissharging flgbwlae, in the

exudate of whieh eowld be seon the charvacteristic 'sulphur
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eroanles’ with olubs. The ovganlsm wes lsolated iun pure
gunlbure. Haeslund vessonsdbly csonsidered bLthis was “a live
progressive actinomycosis! experimeontally produced in
eabitle,

Mmthieson, Harrison, Rammoud, and Henriei (1938)
ineculated five guinef-plgs, @iving them each from two o
five injecvlons over periods of from 10 to L5 days up o
pix months. For one of the Injestiovns crushed grauules
from human aebincmycoetic puo was used, pure cultbures ol

human strains 4, bovie (= 4, israelil) veing used for the

others. The inoouletlon wouves were not idoubtiesl far all
animalg. Thus one gulnea-plg was inoculated ouly in the
tegtiole; one only in the perivonesl cavity; sand the other
thres received their inoeulations by o combination ol
intra~teaticulear, intra-peritoneal, and suboubaneous routes.

Kone of the gulnea~pigs reagted to the Livst dose,
but three that pregelved later injeeblons developed induraied
legiong ranging in dlanwtey from l-3ome 84 the incculation
gites, When killed, these animels showed the preseance of smell
noduleg in the perivonoum - oneé nodule in one guinea-plg
showing granule formation. Agother series of four guinea-plegs
regalved anlbiple Injections with purs guliures of Al bovis,
Two of these aulmalsg vecelved inbra-peritonesl ianjecblong

ol the sgame strain of crgenlem, one guineo-pig receiving two
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and. the other three injections., When killed seven deys alter
the last injeetlon, and sboult 50 days efter the flwet, both
andmals were found to have lesions on amanﬁumg Liver, snd
digphragm. Morthermore i the anlmal that received two
intre~peritoneal injections, & gbriking appearsnce was
obhagerved in that the Liver, omenbum, and intestine weére
adherenat to cue snother by & leslon contaiuning grenular pus.
Seoblon of this lesion revealed large abscouges conbtalining
siall typical granvles. In the other two guines«plgs of thig
geries, which reaeived four and six injections respectively
of two different ptraiuns of As bovis by a combinabion of
intra-testicular, suvbeulaneous, and lantra-peritoneal roubes,
abscesses were developed on the btestiele, liver, and omenbam.
In one of these animale the inbtre~testlcoular abscess was
shown o contain typical granules with clubss ‘he other
guines-plg had oauly a swall lesion on & testlcele; garaaules
were not found in pus from this lesion. Mo animed in either
perleg developed & leslon after only one injection; ab leasi
three more were necessary to preduce sueh & vesulb,
Mathleson gt _al, oconcluded from these experiments that
rvepeated lnoculation with 4. bovis led to the seusibization
of the animsl host, and that this sensitization was Bud ig an
importent faetor in the actiology of actinomyeosim. Lunons

(1935) was unable to obtain resulis comparable to thome of
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Mathieson et i, In his work, guinee-ples (the number is notd
sbated) were repeatedly inoculated intramuscularly wlith

cultuves of A, bovie (=~ 4, israselil). Az Lo the result

Emmons stotes onky that "with the lnteamuseular lnjeotions,
the later inoculation produced local abscesses, which
persisted longer than in animals inceulated Lor the Tiret
time', 'Frem these sbscesses gmall fungous colouies

{("part of the original inéeulum perbhepat} could be recovered
after one week; these colonies bowover did not show club
Lormation, Inpuffiocient details aboubt the snimel experiments
are given in this paper for them Lo be fully uvnderstood and
adeguately discuseged. A briel menbtion is mede howaver of
gome of the methods uwsed - pamely, the use of foreign bodiesg,
the offect of varying the dose of organism, ithe use of
gifferent inooulation routes snd the bechnigue of repeated
inooulation for increasing the invasiveness of the organism,
but these methods over a period of months geve noe progreasive
lesions. 3Similarly Negronl and Bonfiglioli (1937%) were
nnsuecessful with repeated inceuvlation of rabbity, Three
pabbits were each given two. injections of pure culbures of

A, isreelii of human origin, esch rabbit being inoculaied by

a difderent woute, intra-peritoneally, intramugeularly, or
intravenously. The dose of the gecond injection was ben

timen greater bthan that given as the fiest; 11 days slapsed
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bobtweon fthe twe injeedlionn. The vabbits were Rilled fron six
o 14 deys afbor the gsecond injeetion; on exeminadlon ail
sheee Teilet 5o show lopionss In o 1&%@@'@&@@3, fmpons
(1988) again shabed ket he was uwnsble o predugse

progpassive Lesiong in snimole by rvepeated lgocnlebion.

In Big latey papoy, however, he gove a fullor aecounld

pf hic oxpevineaty. Gulnesspligs planultonesusly regeived

3720 iméﬁ@%i&mﬁ (4 mla Iatpe~porditoneslly ond 0.5 ml.

subgulancounly) of puve gulburag of bveds (= 4s dareellil;

Dhe, BOY

bhe oultoros used wows lsclated from geses of human
aat&m@ﬁy@amiﬁ sad mlgo feom humin bengilds.  These dopble
injoctions™ were glveon over o porind of frow foup deys o
e wesks, sond sulsals reccdving an meuwy o ¢izhi double
injectlong befows bLelung killeds A% post-norben exsuinadion
prdy 8 Tow amall abueengesy woere found on the peviftonewn of
gome ol the animoly; ddssominsted sebinomyencis ald not
dovelops JThe orpganien: in theys lesions wes viable evesn itean
daye aftor the lantd injeovlon. Hdumonsts deudble injectinng
Gid not lend, thorafors, $o the deovelopmoent of the lesions
goalrad. BHefors rageiving the luoswluwe ol A bovip some of
e grineaspigs hal been Injeeted Mdebours proevieusly wibh
o phogphate dn ag stbempt bo meke them nopre suseeptible io
iafaction: this oleo whw undbacessful . Slagk (L9448} wepoxritsed

The mest sugecaninal voaulita of any thatb were obieinsd by



vepoated inocuvletion. Using the spun pedimentg of broth

cultures of A. israclll igolated from pyorrhvesl pus he

rapeatedly lunoculabted Live rabblts ilntravenously at intewxvals
of three woeks, lnereasiung the Gome ab each successive
injecetion. After Lrom three to four injections, three of the
five wabbite died with progresgive astinomycosgis. OFf the two
survivors, one anlmal waag killed because of extrems
enaeisation; the other died of intereurrent infection. In
four of the five rabhita, pogbt-mortem oxaminotion. showoed
legioun In Lthe lungsa, liver, gpleéen, and omentum. BEven the

kidneys showsd scattered areasg of neerpgls, filements of

A, dgraeliil being peen in oue kidney. The histology of the
lealong was similaf to that of the human lesion:
polymorphonuclear leuecoeytes, granulation tissue, macrophages,
snd glant cells helng prominent. Ab the perviphery of the
Liver legions, foom c¢lls with branching Gram-positive
Lilementa lnside them were wlso seens, la the lesiona,
granualesn with hyaline olubg were slso Lformed. Slack's
pugcess was due, I think, bo his being primarily interested
in the possibility of immunlgation by intravenous injections

for which he empioyai meggive doses of A, lgraclil uwader the

belief that his strals was nog-pabhogenic or nearly so.
This agsumpition isg supported by nobting the resulbs of a

preliminery experiment in whieh, using the same organism,
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Slack repoobtedly ai thrgenweek intervals inveulated a number
of guinee-pigs intra-peritoneally, but with negative resulta.
The difference between the inoculum used for the succesaful

andt the unsuccesaful experiments was possibly lmpertant. A4b

first, the strala of A, loraelil used would grow ouly in deep

tubes of agar, sud this agar, sontelning the colonies of the
organlem, was erushed in galine and uged foxr injeetion of the
gulnea~plgs -~ without produvelag lesions. Later Slack was
suscessiul in gfawing his organigm in broth culturesy, and for
his Latrevenous experimemts in rabbite he uwged the pooled
centrifuged sedlment off 12 broth eulbuves. Uslng this same
preparation he was now able to produce progressive 1eﬁions-im
a guinea-plg by luoculabting it intro-peritoneslly seven times,
This poasitive result wag in contrast to hig previous negabive
experiments, The macrogeopie and micromcople a@péarance of
the legions in the guineswplg rosembled those Lound in fhe
three rabbits that gave positive repulis. One difference
between the two geries was the laek of peripheral-elub
development in the granales fouad in the guines-pig, in
contrast to the well developed elubs found in the sulphur
gronnles in the rabbit.

Rosebury, Bpps and Olark (1944) attempied to repeat
Slack's exporimeonts bub reporited markedly different regulbs.

They inoculated a totval of 24 guineawpigﬁlan& 16 rabblis,
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of which ouly two guinea~pigs anl one rabblt developed

progresaive actinomycosis, Nine etraing of Ae dgraelil
were used for inooeulation, of whigh bthree glrains gava
poaitive reogulte, two from cages of human sgrvisco-facial
actinomycosle aud one satrain from human glinglval scrapings.

In this work the volume of the injecting dose of A. igraclii

was larges The spun sediments from glueose~broth eultures
suspended in saline were uged ag laoceula., At Lirst bthe doss
of organism given was 0.5 ~ 1 ml. for guinea~pigs and 1~2 ml.
for vabbits, then fthese volumes were lancereased to a maximan
of B8 mle for gulnee-~pigs and 5.5 mls for rabbits.s The
injectlons were given at bhree-~week intervals, the number
of thege given to any oune animsl vanging from one to eight.
At first the injeetions were given only intravenouvaly or
iIntra~peritoneally, but when no sxterunal slgns of
acbinomycosis (echronic weighi losa =28 deseribed by Slack
(U942} ) were seen the organlamse were inoculated
intrapleurally, sublingually and subcubaneously. The most
defined very precisely the critoria whioch they bhought
should ve Tulfilled before concluding bthat progressive
achinenmyceain was csbablished, They required that visible
signe of infeebion — for exemple, nodule formation or

extensive fibvogiy - should be present, and thet lesious
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should eontain typleal granuleg with or without club fermation
Theay coneceded that 1f the graaules were nol pregent but if

the opganism could be euliured from the legien, thig would be
accepted 88 & powitive result. On bhig hemils the anthors
Tfound that oaly five animaia developed actlve actlnomycosls,
three — two guines-pigs and one pabbit - ahowlng progressive
diseage and two rabbits locslised sstinomycosig. One of the
two guinea-pigs with the progressive lesions had received

two intre-pleural inceulations of A, igpselii; the second

injection ¢ongiating ol a mixture of organisms and sterile
salivary caleulus. One of the rabbibe showing signs of
localised astinomycosls had also beon injested once
intravenously with a mixture of organlsmg and sterile
galeulus. The oslculus appeared 0 be withowt enhancing
effect on the pathogenicity of the organism as Iln similer
gxperiments eight guinsa~pigy and eight rabbits also received
injectiong of organismg and sterile calcoulus intravenously,
iatrapleurally and sublingually without effect. Rosebury

et al. conecluded that In thelr experiments, on their criteris
the repeated Iintraveaouns or luitre~peritonesl inoeulation of

Ae dgroeliil ALd not lead to the Qevelopment of progressive

eetbinomycogis, Teon snimaly (five rabbits and five
guines-pigs) were inoculated subcubaneously, of which eight

had already been. inovculated by a combination of other routes;
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Thug twoe animalsg received injecbions only by the
aubeubancous roubte. In this experiment nine animale showed
reaction at the inoculation slte. A moveable nolule oFf up
to 2+00m¢ developed uander the.skin rer & pericd of rangling
from 48 nourgs to two weeks, One rabblt aund one gulneaw-plg
which recelved two and thres subeubaneous injections
vespectively developed in aldition & chaln of nodules in the
gkin giving sn appearance which wag very remianlsceant of that
seen iun gkin scbtlaomyeosis ln man. The nodunlea contalned
cheesy pus and in one animal & granule without slubs was
seen, &11 the lesions eventually disagpeared elther by
evacuation or by vesorphtion. The re-isolaticn of the
organism Lrom bthe nodules wasg guecessful in only itwo instances
- Ramely, in lesions which developed four days afber
-lngculation and were examined., If a lenger interval elapsed
between leslon formatlon and examination (three weeks) no
organism could be isgolated. In no animel did & progressive
actinomyeonis vesult From subsubanscus invceulaitlon.

Miller and Drake (L951l) stitempted to confirm the work of
Slack (1942) by using the technique of Rosebury eb al.

of repeated incculation with beth moubh strains and & kunown

pathogenle lagolate of A, bovis (= A. israelii) from human

actinomycoals, Niller and Drake lsolated Lrom booth

seraplags of & normal mouth a filamentous anserobie
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actinomycaetbe whieh wag compared with a known sulibure of

Ay _bovis obbtained from the Amcrican National Gollectioa, in
régara 10 mcrpholagy;aul@&é&l vequiremenis, antigenioity,
nad enimal pathogeaieity. There were only minoy differences
morphologically and eulburally between the strains. The
auwbhors atate that they eould some to ne definite genciugion
regarding the comparabive pathogeniaily of the two strains,
their only evidenne belng the leck of resobion shown by the
inoculated saimels. Bight rabbits were repeatedly inoculsted
intravenously at monbthly weekly and dedly intervals: six
with the mouth strain, and two with the known A, bovis
atrein., The orgenisms were grown in 10ml. amounts of broth
and Iml. of the finel inecoulum consisted of the bobtal growth
from this 10 ml. of broth eulture; +Gthe density of the
inoeunlun being greater bthan the Ho. 10 tube of the
MeFarland nephelomebeor series. Six of the vabbits developed
local subeubaneous lesions on the marglinal ear vein whieh
eventuwally healed. In three casges the mouth strain was
laolated Lrom these lepions and shown bo be identical with
the ordginal incenlated culture, Only oane rabbib showed
gigns of achinomycosnis {(loss of weight) snd when examined
pix months alter receliving woekily lnoculations of the mouth
gtrain this rabblt showed e modular lesion on the dersal

peritonenl lining, This wnodule contalued pus but no salphor




granules and bhe orghalom was successiwily re-lisclated Lrom
%hﬁ legions, TFive guinea~pigs recelved ropoated
intra~peribtoneal inoculationg, three beliug injeoled with.
the moubh strain and two wibth the known A, bovia strain.
Of this series, two animels, each one of which received
the different strain of owganism, showed on post-morbtem
examinaction typical &éﬁinnmyouﬁie lesiong on the peritoneal
lining, on the mid and left venitral abdominal reglon.
Although easecous material was present ingide bthe lssglions
and Gram-ptained Lilng showed the presence of filaments and
Aiphtherolds, 1o sulphur granules were preseunb. Io addition
the auwtheors found it impossible Vo re-igoelate bobh strains
of bastveria Lfrom the reapective legionsg as an aunaerobic
sbrepvococcus was wlways present 1lu the sub-cultures.

The poor reasuwlts obitained by Miller and Dreke
are surprising in view of the massive dose of ewlbture given
to the animals., The pabblit which wag injecied inbtravenously
with the moubh strain vreceived, over 180 days by weekly
injectiong, 88.7 mls 0f the eounceabtrated inoculum. A &
result of this, thyee lesions only were found in the
periboneun,. Indeed the figures of Willer and Drake tend
to digcount Bmmons's and Mathleson ot sl's suggestion
thatl sensitizaition eould be used as a method of developilng

progresgive scbinomycoslie in oxperimental animals., (The
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guesgtion of seusgibizatlon i disousged on p. 7L of this

thesis ),

Abtempds bto produce experimental 1nfeqtion apleing

from Gisovssions on the habitat of A, israelil

As slready lndieated bthe source and exact nabure
of the infeeting organism of actinouycosis were both subjecls
aﬁlgreat argument, The investigationa on thess peinﬁs not
infpequently led fo avtompbs teo ialeet animels with oulturesn
or material Trom astural souwrces. These eoxperiments are in
a gatbegory of their own and seem to reguire separate notice,
ﬁbllnwera‘mf Boatroem's (L89L) theowry that an
aeroble organisn wos the osuse of actinomysosis were also of
the opinion that the souwree of infectlion lay outsiﬁe.ﬁhe body
of the host. In some actinomycotic leslong Hostroom found
pleces of grain or grosgs and he concluded thet the oansal
corgauism normally led a saprophyitic oxmistbence and that
injupy - for example, wiih a foreign body ~ was required
Qbef@ra e ovganism was implanted in the host aﬁ&.eoul&
produce disease. Woll and Ispacl (1891), however, considered
it rvoseible that thelr snzeroblc organlsm eould lead s
gaprophytic exlebence in the mouths of man and animels.

Wright {1908) was alse of this opinion and stated that
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A, igraeliil eould even be o commensal of the gastro-intestinel

troets Lord (1910), who azreed wlth Wright's view, made o

series of enimal experimentp with materie) Crom teeth and
tongils bubd whe unable He obtaln pure oulbures of bthe
actinomyestes, which he observed in his materlial. Neeslund
{19355 ) showed conelusively that there are three types of
aghinomyeete in the normal moubhs an anaerobie btype which
eulturally and worphologieally ig ldentieal with the

Wolf-Igrael (® A. loreaelii) sireine; an aeroble type of

actinomyeete; and & thizxd t&ye which may grow either
gorobioally or anserebieslly. In sdditilon, Neesluund (1926)
showed thet in tavbar«formdiion the actinomycebes, boih
seroble and ancerobic, play an dmportant pard in bullding
up the deposlts. Anseroble moubth streins inoculsted lubo
animnalyg may produce leslouns simllar to these found in husen
acbinomycosis. Tord (1910a) took the eontents of earious
teeth from 16 of 300 patients whem he exemined. (It must
be emphagised that thege pationts were not sulferiang Lrom
aetinomyeogig, but from other eolinical conditlons.) Iord
divided thoe materisl from each gample inbe porbions for
éultar@, microgeopy, and for animal inoeulation. In egeh
gpeeimen of materlal examined by direet wet-fllm and
Oram~gtained preparations, branchlag Lilaments but not célubws

weore seons. ALY abtltemplte at purve guliure failed, The porvtion
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of the material for animal inoculation was mixed with

proth aud injeated into guinea-pigs sach of whioh received
only one intra-perltoneal injection. WNine guinea-pigs were
inoculataed with material from ning different sasesn

but only five ounimals were compleabely investigeted in the
geries, Six days affter inoculation one guwinea-plg died
with peritonitis sud at post-mortem e¢xeminaticon 1Lt waa
observaed bthat nodnles had developed on the omenbum. Four
guinga~plgs were killed at intervals of 12 {two animals),
17, and 19 days, Three of the Tive guinco~plgs oxamined
showed nodules over bthe-peritoneun of 2~lZmm. dlameter.
When thege nodules were examined hipitologically the
appearance of gome of them wag found to be the same as thatb
seen in human nelbinomyeosis: +the centre contained branching
masges of organiamg with olubs at the edge and the mass wma.
gurroandad by »mones of pus cells and fidbrous Lissues. In
meny nodules, however, organisms were nod seen. As was ho
ba expeaeted, tué legions contalued forveign bodles and other
bagberla. Lord's results were rightly regorded as very
interestlng. It was strikiang ab that time (121L0) to learn
bhat a single inoeulation of carious btooth contents eould
lead iun one gulneaw-plg to death with progressive asbhinomyeosls
and la three oi five affevted to large well developed

abseesges. In the light of Heeslund's (1928) worl oa oral
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baeberieclogy, it ig virtuslly cerbain that Lovd latroduced
both asrsble and enseroblic orgenisms into the peritonsum

of the gulnea-plga that he inooulabed, Lord {(L910b),

in eontilnuation of his work lnceunlated 14 gulnea-pigs
intro~peritoneally; some with fluid expressed Pfrom bongillar
crypbo and obthers with yéllowlsh plugs of material from the
bonsile, bhree animals died of ganaw&liae& pexritionitis

34 hours after lnoewlabtion. 0L the ben survivors, four were
killed 2L daya afﬁ@r‘fheeul&tion, three showed no lesions,
the fouvth gulnes~pig had nwnerons adhosicns over the
peritoneum and algoe three amall nﬂ&ulea; one - of whioch
contalned pus. The wemaining slx snimals were killed &t
intervals of 13, 16 { two sanimaels) 17, 18 and 45 days:

all showed the development of white omental tumours renging
in gige from lmm. to Oelbom. On geetblon these nodules ware
showin to gontain eolonles of branching filamenbous
Gramugaﬂitiva organisms gurrounded by pus cellse Ab the
periphsery of the colonial mesms redial clubebearing filaments
could be seen. Oubside the pus cell layer wes 5 layer of
gonnagbive tissue, Again the higbologicsl sppearance of
thege nodules resulbing fyom the inoewlation of tonmiller
materlal wes ldentleal to that of the human scetinemyecotbic
lesgion,

Nagslund (1925b) examined bobth mieroscepically and
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sulburelly aalivery ealeouwll from boen hwuan moubtha. He
igolated fvom these caleull three Sypes of sctinomycete

gimilar to thope which he previougly described (lQ%ﬁaAp. 43 )

With culbturss of these orgenlsms, using both the sbtriet
serobic and anaerodbic types, Nasslund inooculsied 24
guinea-pige and six rebbits inbtraepecltoneally. Theae
inoeulations were without effeets An unsitated number of
youwlg cabile were inoculated with "actinomyees-containing®
mabevlal ln the sub-maxilleny region, one gow being injected
in the parobld gland. 4Again the enimals showed no sign of
iafection bul Haeslund stressed that although thene
experiments were lnconclusilve, au opéen wmind sheuld be kept
about the patemﬁiai pathogeniceity of these actinomycetes
in the salivery conoretions, In a later publleation
Iaeslund {(19290) reported posibive resulbs in animals

inceulated with pure cultures of A, leraelill isolated from

salivery concretionsg. Oatile and guineampigs were repestedly
ineeculated subenbaneously, the eattle peeeliving 15 and the
guinea~pign 10 injoodiong,

Soma of the eatile {numbers ave not sitated),
developed at bthe inceulation-glite tumours whieh in four
months besamo "the size of a polyn™ breaking down o -
disgharge pusg, which centalned granules with elubs. This

was & progrossive setinomygotic iufeotlon ia the eatble\

3

-,‘V
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Four straing of agtlnomyeetes were isolated by
Tord end Yrevebt (1936) from human mouths. These strains
grew bolth aerobleally and anaerobiecally ah& therefore
regombled the third group of organlsms described by
Naeslund (L985a p. 43 ).

Lord and Treveid lnoeculsted animals with these
gtraing. Seven gulnea-pigs were - ingounlated intrafperitaneally
with organismsg suspéended in boulllon. In addition, two
guinea~pigs had picces of augar_agar‘aﬂntaining aeioniea
of the organism placed iun the peribtoneum. Nige rebbits
were ilncculated intrawperitoneally, imtrﬁvenmuﬁly,
intrateptienlarly, inbto the anterior ahambar of the eye,
and subeubaneously, again with broth cultures. One sow,

o6 ¢alf and a heifer were inoculated subeubsneously with
1-10 ml. of & heavy bouillon suspengion made by emulslfying
the surface growth ¢f the organigm fyrom salive agar. The
regulbta of all these experiments were negative. Oniy

trensient logal abgoeesges developeds The neked-sye and

histologlical asppearance were not like those of an A, isrselil
legion. |

Pmmons (1935) isolated six strains of miereoaevophili
aaﬁinomycetes from humen moubthg: oue mtrain came from
diseoloured teeth which did not show dental caries; two

gtreins were from two cases of dentsal oarieg; end three
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gtraing from iafeated tonsilg. The tonsillaer ascsinomycetoes
grew rapldly and bhead coarser hyphee than the typieal 1selates

of pathogenic A. bovig (= A. lsraelli). Dunons nobted thet

on repested gubeultbure, however, the tonsillapr gbtrains
repsembled move closely ocultures obiained Irom clinleal
potinomycoesias. 1in regard to the animal pathogenieity he
gtetes that bthese tongillar strains 40 nolb uvsuslly produce
progresslve leglong when inoculabed into the ¢ommon
laberatory animels. From tonsils Lnmons (1l998) isolated
also micvonerophilic strains gimlilar in ceulitural charachers

and iu mowrphology o A, bovis ( = A iureselii)s With these

tonsillar cultures aand pure culbures of L. bovig from
elinleal actinomycosis, he luoculateld gninee~pigs bub did
not produce lesiong of actinomyeosis (p. 84).

~Sulliven and Goldswortby (1940) also compared bhe
cultural charscters and sfleebts in animals of enaeroble mouth
strains with those produced by culiures of 4, bovias

(folf-Tarael) (& A israelil) lsolated from elinical osses

of human actinomycosig. From 100 periopdontal pockets, f.¢.
of patlients not sulfering Lrom aglbinomycosis, five anaerobie
gtraing of actloomycetes were igglabed, A similar gtrain
wag Isolated after examination of material obbtained Lrom 84
easeg of ¢arious teebh, IThese slx moubth gtrains were

identlenl with five stralny of secbtinomyceles isolated from
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gervico~facial aobtinomycoslay they were alike
morphologieally, culbturally, in thelr Og reguirements, and
in their biochemiaal fermentations. Sullivan and Goldsworthy
coneluded that mioro~serophilie/anseroble A. bovis is a
normal commensal of the mowth, and that thelr findings support
the preovicus work of other aubthors. One point that these
suthors portleularly noted in their work wasg how ofben
patisents with esrvico~facial actinomyeosis hed a history ol
previous oval braums. Begarding the pathogeniclty of both
Thypes” of actinomycete for guinva-pigs, little san he sgaid,
Gultures (the kind is not stated) of eaeh of the two "typesg®
of organlsm were Lluoculated subeutaneously into guinsa-pige.
The only visible sign of & reactlon wuas the development of a
red gwelling which scon disappeared lesving bthe animals guite
normal . large wooden gplinters were lmpregnated with Lhe
'mouth gbrain and the strain from the aclblinouwyeotic lesion:
~these gplinters were pluced subcubaneously in the gulnea-pig
bloeue, again without efieet, Sulliven snd Goldsworihy
digouss bthe mesning of bthe term pathogenicity as applied to
Ae bovig and state that in thelr opinlon en organism igm
pathogenic oaly when 1bts injeetion leads to progressive
disenae. On this basis therelore it would appear thet both
the strains of A, bovig usmed by them are nonepathogenie,

Slack {(1948) was intercated in the sourese of infeotion in
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humes setinomysosis. He examined 100 paivs of bongils and
feom the cassous pluge ia the toansillar erypts he igolsbed
anaeroble ac%inamyeetés in pure eulbuore in 11% of capes.
Similerly from 100 speeimens of pyorrhooal pus he igolated
pure oulbures of anmerobic sebinomyeetes from 12% of the
cases. These strains of assercuie sebluomysetes both from |
the bonaile and Trom tho pycrrhoesl gums were identiosl
ealt&rally and wmorphologleally, but they were rather &elicatgké
gnd many of them died out on the Lourdth sub-culbure. Thile
eramining thege meberianls Lrom mm&tﬁs Slack imploted a ghrain

of A, dpraelil from & esse of cervico-facial acbtinomyccsis,

the patlent having hal a history of dendal extwactlon, This
sbreain wag used for comparigon culturally and blochemiceally
wilth one of the anseroble oral strains - isolated from
pyorrhoeal pus -~ which hed been maintained in the laboratory
for some bime. Both gtrains were gimilar in thedir behaviour.
It wasn with this oral strain isolated Lrowm pyorrhoeal pus
that Slack oy previously deseribed (p. 34) showed the
development of progressive astinomycogls in yebbits after

reopeated Intravenous injeetions Yhe leslons that were fowund

in the prabbite on post mortem were identieal histologieally
with those lesions Pfound in humsn actinomycosis,
Resebury ot al, {(1944) compared the cultural end

vathogenle acsvion of streins of A. larpelil isolated hoth




from cagses of cervico-Lacial sobvinowyeomis and glaglval
gerapings. Culburally, the atraine wewe similar, bulb In
the experimentel yroduction of actinomycosls, ounly one
humen ghrain and one mouth gtraln gave rise bo progressive
aetlnomyoeosis (p. 35) in guinea-pigs and rebbits wheun
repeatedly lnoculatced, @ﬁé other strains both of human
and moubh origin bad no paihogenic astion on the
experimental snlmals.

Thompgon and Lovestedt [(1951) lmolated Lrom 24
sages of oral lesions in patients (deep periodontal pocketbs,
periapical abacespen, chyonic legionag in the mandible)
alevend shvains of scbinomyeetes of which twaatraina were
anagrebley the other niune. sptrains, however, grew both
asroblieally and snserobleslly. -ALY the strains weve
compared wultarallj with eul tures of agtinomyoetes lgoleted
from humen and bovine scbinomycesise. The two anaecroblo

gbralns were typleal A, israelll forms, bhe other nine

straine fell inbto the category of Nueslund's {(1925sa)
group G {p. 42} clussifiecation of eral actinomyestos.
in the cultural examination of these lusy actinomyeetes,
Tompaon and lLovestedt alae obaserved that those
faoulbative gtreins gave on 9olid medis R snd 3

soloniess Bach type of colony when subevltured gave the

pome variation labo R asd 3. The authors cousider that




this eolonial vapiatlion and Op bvolerance of these straing
‘may glve mn anawer to another problem found iun the
literature dealing with acetivomycosis. leny workers have
recorded that thelr clasgical sirains of mieroserophilic

4. lsraelill on sonbtinuous sub-culture have changed iato

strains eapeble of growing in the presence of Vp. Thisg
finding has of course been hotly dlspuited. Thompson and
Loveatedt consider that iun guch work actinomycetes similay
to those degeribed by them gapsdle of growing both
aserobically and anserobically have probebly been isolated
and not a typieal microuerophilic type. Whis would explaln
ihe change from snaeroblce o agrobice conditious ol growbi.
Unfortunately, the pathogenlceity of these stralns is
dabiouns, albthough only meagre experimental detalls are
glven. White miee were lnoculated lanbra-peritoneally with
two alraing; the mice were not affected., This is ell that
ls said sbout the anlmal experiments; the number of mice,
the type of oculture, and time of exemination after

inoculation im not gilvaen,

Abvempts to produce actinomyevsisc in animals

by subeutaneous injectlon

Magnusgon's {1928) experimental results ave most

interesting and are therefore dimcussed in detail. e




carrvied out a very comprehensive study of aetinomyconls in
cattle and swine, as well ag of the two other aanimal
conditions ofbten confumed with actilnomyeonis -~ namely,
actinos-baclllosis and boteyomyeosias. His investigation of
actinomycosis fall inbo two parts: the first was the
jgclation of the ¢suessal ovganlsm, From 61 sawes of bovine
actinnmyeéais, Magnosson igolated 54 pure cultures of an
snaerobie actinomyceie which wos identlcal morphologleally
and culturally with the organism deseribed by Wolf and
Tgrael (189L) and Wreight (1908}, Segondly, M&gn&aaon'
attempied o reproduce agtinomyeosis in cabtle with a_ﬁingle
gubputaneony lnjection. In this he wag moedervately
successful from the numbers of animels inoevlabed and rery
successful in produelng trues progressive scetinomycosis as is
Tound naturally in catile, Material Tfrom 32 cages of bovine
actinomycogis was examined énﬁ cattle (au unapéaified number)
were ilnoculated either direetly with the natursal purulent

material or with pure oulbures of Streptathxix Laraeli

(w4, igreelil) isolated from the pus, In eighl eatiles

positive rvesulls were obtained. Though ceatitle were the main
experimental aninals used, Magnusson records that pigs,
sheep, goats, horses, and all the small common experimental
animals were alse inoceulated, bobh with pure eultures of

Shrept. loraelii and with purulent material. 4s o resuli,




HMagnussgon states that "as e rule, no actinomyecotlic lealons

were obtalned”. Jith pure eultuves of Strept. larasellil

igolated from "lumpy Jaw® in sattle, one bull and fivel
neiferg were inoculabed suboubaneoupgly wibth one gingle
injestion in the left showlder. 7The laoeculum was prepared
from & brobh culbure and & brotbh suspension from & Loelfler

glope of dtrent, igroclil, Zc.om. being lalected. The bull

was kllled bthrse nonths later, and showed no acitlnomysotic
Lesgious; Jfour of the five heifers gave reagibions ab the
inoevlation site, Theve the skin became puactured wibh
Lisbulas, around which “egg-shaped polyps™ ox
Factionomycomas™ developed. Sevea months after incculation,
thede had incressed in size and contained pus with sulphur
grannles whish showed well developed clubs. 'This lesion
appearance was exnotly similar to that ssen in gpontansouns
agtinomycosig in eattles Wibth pure culiarss of

Strept, israeliil obtalned from gsnother case of bovine

aotinonmycoesis one cow, two oealves, and bwo kids woere agsin
inoculated as ln the previous expar%menﬁ, aubeunbtaneously in
the neeks Oaly the cow showed any rescbion %o the
inoeulation and devalapeﬁ‘a swelling at the inoeculation site
gix days later. This swelling in 12 duys gave wise 5o o
dlacharging Listula; the pug Lrom whieh also eonitained

‘sulphur' granules, with well developed clubs. JFrom the




positively weacting animals lu both serles, the organlsm

Btrept, imraelil was lgelated in pure culibure.

Ast with broth culvures, the direct inoculation of
bovine astinomycotle pus inbte eattle gave rise Lo progressive
lepgionss The pus wag FLlvet of all culbured both aepobioelly
and anserobically aand only bhe anseroble Wolf-Israel type ol
aetinomyeote was present btheore being no growth asrobieally.
Two series of oattle wore imoeculated with thig actinomyeotbic
pug: In one geries vthe greaules were orushed in the pus
before injection, in the other series whole sulphur granules
were iunoeulated Into the cattle.

Mive cattle {ome bull, four cows) were inoculated
subeutaneﬁumiy iath the right flank with a siagle injection
of Ba.0m. of galine~pus mixture (aruﬁhe&-granulasj. TPore
aninals {the bull and one cow) had abscess formetion ab the
inaeulﬁﬁimﬂ.sitag these sbacesgses nesled alter ono month,
and these animsls showed no Lurbther slgns of ilnfecotion. The
other three cows, during @ period of ten moanths afber
inveunlation, developed ‘'polyp' twwouves eb eud ln the area of
the Lnoeuletion site., These 'polyps' which required three
months to Gevelop, were aeeondary to Loosl abscesses which
~had orlginated diregtly after inoeulation sud hoad then
dimappeared. The 'polyp' tumoura broke down to gilve

extensive acbinomycotic fistules discharging pus conbaining
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sulphue granuleay again these grauules on microscoplo
examinaticn showed wel)l developed clubg.

Of the five cabtle (two cows &nd three calves)
invoeulated similarly in the neek hut with pus-saline mixture
containing whole sulpbur granuales, bthe three ¢alvey Qeveloped
tumoura in exactly the game manner as the animels inoeulated
with the orughed granulés.. The two eows developed only loeal
absocespes at the incewlation site and when those animals were
¥illed two months efbter inveulabion, sctinomycotla leslons
were uwol seen. JHsghin in this geries of animals, it wes

posaible to lsolate Stvept. ilereelil in pure culture Lfrom

the dlischerging pus and lagnusson experimented in passaging
both the febtinomyecctlie pus and the pure cultbtures of

psbrepts isyreelii obtalned from i, from enlmal to animel.

Having prefuced dispcharging Tigtulas in cows,.
Magnusson wondered 1f such anlmals wowld bae susceptible or
replebant to further infecticn. Material (pus) was evacuatbed
from the polyps developed in the three cows after the divect
inoculation of pus with the erushed snd uwerushed sulphur
granules, The pus was emulsliled in saline and reinjected
into the catbtle subeubtaneously in the right sh;uld&r, 5
ceontrol uninoculated cow bheing also indesbted. It ig not
exastly elear 1f emeh cow wis injected with its own pus, or

pue From anobther animal, or with both specimeng. ALl Pour
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animala Geveloped astinomycomas wibth pus contalning sulphur
granales five months after inccuvlation. Trom bhis experiment
it would appear thet the yresence of an actinomycotic lesion
does not inhibit the development of a new legion alter o
Tregh danoculation of asoetinomycotic mabterial. Antibodies ~
if formed -~ do not seem to sonfer protectlon on the host.

In snothey series of experiments Magnueson directly
inoeulated three ealves, one pig, one rabbit, vne dog and
one cow with pus subeubaneously. Only the Phree calves
and the cow developed tumours at the injechbion site. From the
pus obtained from these tumours, pure cultureg of

Strept. lereselil were obtained, and these cultures were in

turn inoenlated subeutaneously into three other calves, twe
cowa, and two klds. The kids showsd local abscess
development, but no granules or c¢lubs were presents The
three calves showed walhut-gized abscesses at the inoeulation
slte, one calf only showing elub-development in grannles in
ﬁhé pus. MHagnvesen's passage expeniments either wiith the pus
or with cultures d4id not give wesults suy more striking than
those he obtained wibth direct inoculation. Maguusson in

hig diseussion gtresses that the development of the
agblnomycotic lesion in eattle reguires itilme, ten~months at
leagt, vefore the typilcal appearance ig observed.

From thig work, it would oppear that cattle are
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more suscepbible than mice, rabbits, or gulnea-pige -~ Lor
example -» 10 the eyxperimental trensmiseion of

Strept. deraelil.

Abbempts at enhanelng the vipulenca

of A. ispaelii for experimental animala
UV e o — trvo — dosamint & Bphams ~oir

ﬁinee the reaults of ineeulating pure culiures of

" Ao dgraelll in anlmels were s¢ waproductlve, many subhors

tried fo stimulabte the developnent of actinomycotice lesions

by artificial meandg,.

Torgign Body - By iucorperatbing Jorelipn bodles slong wiih

the inoenlum of A, israelii ~ Wreight {1905) used melted
3 T T e M

bubter, silk setons, aud oat shells. Haghusson (1988) mixed
fragments of hovse heilwr, threads of wool anld gilk, and
silicous mwarl with the inoculun, Neeslund (L9%1),
ingorporated cereal graina, straw, and awnsg with the organism.
Pamons (L1938} and Sulllvan and Goldesworthy (1940) inserted

wooden splinters impregnabted with A. isreelii inbo animals.

ALl these experimenbs were Lruitless. Negevonl and Bonfiglioll
{1987) milxed pleces of stervile rabblt kidney with hwanan

gtraing of A. lgraslil in brobh cultures before incculstieon

and with vhis produwesed indurated abgovsses in twe rabdbits

~which were inooculated suboulansously. From thege abgcesses




the organism gould be culbured but these abscegses
apontenecusly discharget and hesled, the rabbits then
ébowing uo aetinomyeotic legiong.

Briefly, these experiments with inert materisls
yielded negative results whether the Injeotiony were made
either singly or repeatedly inte the ﬁmritwneum vr lanto

the subgutansoug tisgue.

Surgical implaatation - Woll end Israel (1891) originally

implented in guinea~-plig end rabbit periltoneums picces of

ager conteining colonies of 4. iormelii, Welght (1905)

conmiderad that the success or Woll and Israel in produsing
veslons in these onimals was due to the use of the sgar
which acted as & foreign~body and thus protected iLhe

4s dsreelii from phaugooytosis, Grodten (1934) failed to

produce actinemycotic lesions in rabbits by iaocculatlng them
subewbaneougly, iunbtre-peritonesily, intracerebrelly and

intrevenously with saline sSugpongions of A. ispraelil,

1golated From three cages of humen actinomyecosiz, Abbempts
were aloe made to enhance the pathogenlaelty of the bacterils
by including tapioea and kieselguhr in the inocule; these
wore &lse unsuccessiul. However Ly using the implantation
technique Grooten waza able to reproduce actinomyeontic lesions

in rabblis. Pieees of Veillon's medium (semi-solid agar)
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0e0B~leme in diameter gonbaining colonies of A. israelil

were placed in the abdominal cavities of four rabbits and

the peritoneumns gloged bylguturan The £iragt rabblt wasg
kiiled 24 days later and a aodule l-2em. in dlameber wes
present on the omentum. 0On seetion.the nodule showed little
'“grains" enbively composed of mueh bronched Gram-positive
filaménts; clubg were 1ot present., Two of the other rebults
ware killed tﬁn 4nd nine monbhs ﬁéﬁpactively after
lngoulation and the third rabbit died of iabercurvent
infsetlion five manﬁhs aftar inogulation. On péﬁt~mortem
sxaminatlon all these three rebbits showsed the developmenty

of tumours in the peritongum,. In sach »abbit there were at
leagt two peawglzed btumours asg well as many pin-point lesilons.
‘The laprge lesion oh sectlon showed again the ghuaracteristic
appearange of 1ittle "groias" lying in conneotive tlgsue,

In the pabbit killed at nine months, well developed acid-fasd
clubg wewe present at the periphery of the mass of branching
Tllaments, which made up the "grains™. Agailn, clubg, though
not 80 well developed, were also meen in the tumours Found
in the rabbit which died, Though twnours were produced in
rabblite by this Implantation dtechuique, I do not think grooten
produced progresgive asctinomycosis. As she stetes hersel?f,

the agar probably protected the A, igraelii Trom bhe

polymorphs and the phagoeybes; sand thus Weight's (L908)




griticiam of %Wolf and Israelis {(L891) work can algo be
applied to bthis work of Grooten (1934). Grooten aldgo

attempted to trensmit 4, isreelil direotly frvom oune rabblt

to anothers From the tumour developed in the r»abbit killed

two months after lnoeuiation, pure cultburves of A. israeliil

were obbained; in edditicn, & piece of the tumour was oub
inte pieces, mixed with gterile kieselgulr, and placed in

the peritoncuwn of a Lresh pabbit, whieh was killed elght
monbhs after the implantetion: On examinatlon messcs of
amall pin-polut granules were found gealbtered over the
peritoneun bul Tilme made froem these liittle leslons gbeined
badly by Gram's mebhod, and on culbure no organism egould be
iécl&tﬁa from them, degtiong ghowed hits and pieees of
branching filamenbs which were broken down and stained poorly.
This atbempt at pussage wes unsuccesaful ia that there wag no
lnorease elther in the numbers or the size of the btumours;
the finding war bthat bhese became smaller in give alter the
LTirat passage. The organlism in the materisl used for
implantation was gtill viable ag the posibtive culibure result
shows. Possage 1an the rabbit hed not enhanced the

pathogenicity of tha gtrain of A, igreelii for ancther

s2ubldy  the organiam a@p%éra& %o have less effeot on the
HGEAT
Lord and Trevebt (L956) uwmed laparotomy with




negebive results. In the peritonoum of two guiuvet-plgs
they placed pleces of sugar ager countalning colonles of
actinomycetes isolated ﬁrom human moubhs. Bub bheir mouth
gtraing were nob typloal Wolf-Israel types ian that they
grew hebth serobleally end ansewobically ond belounged

therefore 0 the third group of Naesluud (1985} (p. 43 ).

Juein -~ The wse of nueln ag an ephanecing Factor in
baeterial poathogeniceity wam first recorded by Nungester,

Wolf and Jourdoneis (1932). These workers showed that when
muein suspensionsg of eibther pneumococcl, A-haesmolytie
gireptocei, and gtephylococal were injected intra-peritoneally
into white mice, the micee died more quickly thaan control
enimals inoculatbted with comparsahle numbers of bacteria in
paline alone. In addition, Nungester et al. found that by
usling muein it was possible Lo reduce the setual numbers of
bacteria present in the mixture, without affecting the lethal
actlon on mice. Olitaki {1948) in his review sitresses the
impartance of muein in produsing peritoneal lafectlons in
laboratory animale, as in the past the experimental work of
many diseases has beeon handleapped by lack of suseeptible
small labeorstory anlwals. By using mixtures of muein and
beaetorlia normally of low virulense for exporimental animals,

many workers have shown (0litski 1948) thaet it is possible
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to reproduce infection in sanimels with a wide veriety of

gueh bacteria - Haemophilug Staphylogoecus, gud Heisserla,
for example. Wnile the work desoribed in bhis thesls was

in pragresg eyer and'Vergea (1950) published the resul bs

of inoculating Swiss white mice with a single inbraw-peritoneal

injection of A. bovig (= As igraelil) suspended in b% gestric

mueln, Their resulis showed that the mueln had a definite
enhaneing offect on the virulenae of the actinomyeete for

the host. Twelve huwaon abrains of Ae bovig and five of

bovine origin were used in this work, 7The supface growih
of the beeteria on braio-heart-infuzgion agar was washed,
auapended in ealine, and gbandardisged on a MelFarland
nephelomoter; the guspengion was now mixed with an egual -
volune of 5% gasteic muedin, and 0.5 ml. amounts of thig
were injeeted once intra-perditoneally into Swiss white mice,
For the first time in the Jiterature, Meyer sad Verges
abtreas the necesaily of using young animals in experimental
actinomycosis; the mice uped Lor Ghese experimentis were
younz and 4ld not welgh more than 16 gm., The sulmals were
kdlled from ten to LD days after inoeulabioun, 99 mice were
ingouvlated with the human sbreing in muacin and of these 88
ﬁhéwea progresslive infectlon in the sense thaet there wag
sbseess formation in liver, spleen, disphragm wall, kiduey,

Inguinel nodes 2nd omentum, Wheon I sbudied this peper
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glosely, I fouwnd that of the 12 human gtraing uwsed, ten

we when mized with muein - haid protuced infection in all
the mice inoeulated: and two gave infeetion in 76% and
80% of the miee, respeetively. Along with the nlee given
mucin and actinomyees, & series of control snimals wes
inoculated with saline suspensionsg of the same 12 strains
of A. bovis alone. The results showed that 15 of 47 milce
so dnoculated withoubt mucin developed actinomycotic lesions
over tﬁ@ peritoneun. In coutragt to the result with muein
only two of the 12 sbraing of A. bovig in sallne suspengion
producaed macroseopic legions in all the mice inoeulatoed;
four strains produced lesions in approximately half the
number incouwlated; and six atrains had no effect on the
Mnice .

Similarly with the bovine gtreains of A. bovig,
mice incculated with the orgenism suspended in muein showed
a higher proportion of progressgive lesionsy 17 of 21
inoaunleted as pgainsgt three of 15 mice in the control geries,
which reeeived the organism in galine only. Agein when the
resulbts are examined, it 1 seen that of the five bovine
stralag used in the muein series, three stvaing gave rige
to leplon development in all milee inooulatoed, the two other
stroine giving lesions in 504 end 754 of the mices. In the

saline series with these bovine strains, three strains had
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a0 gffect on the mice, one gtrain gave rise 1o lesions in
26% of the miee inogulated, the other strain gave lesions
in BOY% of the animals. Thus the maein bad ineressed the
pathogonieity and invasiveness of both the human and bovine
straing of the A. bovls to an equml extent,

In the legions develeped in the veritoneum after
intra~peritonsal incculation of the human strain of 4. bovig
gulphur graanles and clumps of branched myeslia were found
in the pus in all srimals incculated. Iu addition, it was
possible from the lesiona to igolate and grow A. bovig in
pure sulture. Iun theiyr paper the authors say thabt sone
mice were lelt Tor 45 days after inoculatbion to dstermine
whether the ianfection would kill the animals or become &
chronie infection, but e iandisation is glven of how meny
mlee were left, snd of the wesuvlt., In addition it is stated
that 16 deaths in the mice were dus o the lnfection, bub
this i the only mention of mice dying; no other iaformadion
about thig point iy given. OQue very intevesting peint in
Moyer ond VYerges's work is the formation of scbinomyootic
abacesges sctually inside the tissue of the gpleen and
kidney. The authors have ghown definite lavosion of these
tlasves by bthe organisms {(compere Slack (1942) p. 95 ),

Geimber and Meyer (1951) inoeulated young albino

mice intra-peritoneally with mucin suspensions of
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Ae bovis (% A, isrselll), prepared aud standerdised by the

method of Meyor and Verges {(1980). Two straing of orgsnlsu
wore used - one igoleted from human soebluomycosls, the

other from o dental plagues Gelster and Meyer obiained
better reswlita bhon Meyer and Verges (1980} in that all the
nmice incoulsbed developed setinomyeotbic lesiong over the
peritonesl surfaces in the poried five to 285 deys afber
jnoeulation. (Procise deballs are not given avout this

work aa be number of mice inoculsted, bime of killing, ete.)
The legions were Cilrst geen on the viscewa five days aftew
inoculation; +he leslons incrcssed and multiplied giving
the appearence of o progrogsive infectlon till the 20th or
ﬁﬁtﬁ'&ay after incculation. The lesions wore developed

not ouly on the surfacge of the viscers, but alsgo lnside

the tlssus giving the aypesrance ol Lithle hard tubsroles;
1t wag pogaible 4o ldolate the gtusal opgenism A. bovig
£rom the surface abscesses. Twenby-~five dnys after
ingeulation the infectiung organism and the animal hogd
appeared Lo become balanged so that in mice killed four months
aft@r.iaaeul&ﬁi@n 8 ehronie infestion seemed 4o be egtablished
in that the original leslons had regressed, bocoming sterils
and Librovs. The gstudy of the infeeblon in mice was nob
carried beyond four monthy, Geiasber and Meyer sisted thab

histopathological sxamination of the experimentally preduced
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abacegses in the mouée tigaue 41d not weveal "a definlie
pleture® {(of aetinamyaoaia; I presume); only 10 seections
through abscessesy were exmmined, and the suthors consildex
this mey be a reagon for the poor histologlesl evidence,
Deapite this Gelsber and Weyer, in snother small seriea
of exmériments, immediately started antibiotle (penleilliln
and sureomycin) therapy of mice injected with mucin
sugpenslons of As bovig, In an attempt to evaluate the
usefulness of these druge on the experimental infectlon.
In both series of mice lesions were produced, and by a
method of sbtanderdigsing the lesion cownts in the treated
and, untreated mice, Gelister and HMeyer coneluded that the
antibiotices had efifeet in that the lesiong in the ireated
mice wore not so numerous. These suthors sdmit the \
shorbcomings iun their nmethods of sssay of infeetion and
alao the lack of histolegicel examlnation in these treated
animsls. No mention ig made of the action of muein por ge
on bthe aulilbiotic penetration of the host tlgsue.

Stravss and Kligman (198)1) repeated the work
of Meyer and Vewrges (1950) and Geister and Meyer (1951)
bub thelr results 414 nob agree. Strauss and Kligman were
interested ia the pathogenisiiy-enhancing action of musin on
a wide range of pathogenic fungil when incenlated inbo mice:

oneé mpecies which they examined wag A, bovig (= A. israelil).
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1.8 mise were Lnoeulabed lutra-peritoneally with A. bovis
sugpended in muein; two mice only died at bhe end of Hen
days, there being no denths in The control ‘geries iLnooulated
with A, bovis in saline. fwo of the gitraing of A, bovis
were igolated from human infections and one wag from 8 cow.
The inocule, again pr&?ava& Trom ager oultures, wore washed
and cenbrifuged, and the packeld organism mags was suapended
in H% gasbric muein. No indieation is given of the number
of baeteria suspended in the mugln. ALl that is stated 1n
one voluwme of paoked cells of 4. hovis was added to 80
voluwees of mueln., This dilution of organismg may he the
reason £or the leck of lesion development, although Shrauss
and Kligman state that even in high coucentratioas
{progumebly with larger anountes of 4. bovig) no abdominal
lesiong were seen in the mice. [he authors put Lforward two
posaible speculetionsg Lor the paornéﬁm of vhelir resulis as
gcompared to thoss of Meyer and Verges. Hither the micve ow
the organisma ghowed stredo differences in terms of inereased
reglatanece of heoat and lock of pathogenieity of organism, ag
compared to the experimental meterials of Meyer and Verges.
" This 1s & posaible explanation, but I think that the numbsyr
of haoteria present in the inoceulum may have been below the
minimun required, even with the help of mucln as an adjuvant

for increasging invagivenesg. Iun sddision Meyer snd Verges
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point out that older Swiss white miee are neb suitable for
incounlation with A. beovig as they asppesr to be reslstant,
and though Strauss and Kllgman say bthat they used "young
mice™ Lor their incoulations, these animels ney not have
beon younz encnughe.

As this thegls wie being typed Gale and Wsldron
(1955) reported suscessful development of acbinomycotic
lesions in mice following the simultaneoun intra-peritoneal

injeebions of 0.8 ml of a 2% suspeusion (V/V)of A. lsraelii

into one flank and 0.8 ml, of broth (Pifeo brain-hesrt broth
or Difeo tb. brobth) or muein inbto the other flank. Ian the
hroth serieg 31 of 38 mice &evelap@& setinomycotic lesions
ovar and in the vigeers in e periocd of 21 days after
lacewlation. In contrast in the muein serieg 41 of 66 mice
inoculatod developed asctinomycotic lesions in the vigeero ~
a lower prapoftionlﬁh&n in the breth sevies. The streins of

As israelil used did not appesr to influence the development

of the lesiong as both rough and intermedisate Lforms, both
from leglong and Lrom non~pathological (mouth) sources

gave comparable resulits, dmeoth strains of 4. israelil

however gave rigse o fewer lesions or sdheslonsg than the
rough and inbermediate strains., The sobinowmycotic lesions
In the viscewysn were of two forme: either frank shscessges

or small herd tubercles similar bo those reporied by
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Geister and Neyer {19561). Hisdologieally ithese abscesses
were like those found in man. o culbure Hthe organism it was
nesessayy te »ool the orgeng, griad aseptioally and then
inoculate mediay diveed incoulatlon of medla with the ceul
gurfaces of organs wes vasuccesgful. In a further experiment,
mlee wers inoculated, again by simultbaneous gingle
tntroa~periboneal Iinjections of orgéniams - one strain of

A, Jdarselil - with broth, mvein snd saline respeotlively. The

