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INTRODUCTION

The poultry imdustry has been rapidly aseusiag a role of
inoreasing economio importance duriag the laet few years. »Poultryaer
are becoming extremely conecious of any disease whioch results in a
decrease ia produotion. 8Some of theee diseasee are the result of aew
iatensive nethode of manageaent whioch place oonsideradble estress on the
iadividual bird. OCertain pathogenio microorganieme are afforded an
iaereaced opportunity to overcome theproteotive mechanieme of the
chicken'e body. A group of these opportumistio pathagens are the
fungi capable of iafecting animels. Their slight invasive power and
dwelliag often as commensals on the hoef{ animsl has made the study and
8iagnosis of these organisme very diffioult.

Prodably the most important fungal disesmeee of poultry are
aspergilloeis, favue and moniliaeie. Aspergilloeis, aa infeotion of
the respiratory Sract, is generally thought to be caused by Asper£illis
funizatus Irensins. TFavus, a ohronic deramatoayoosis is caused by
Aghorian galliaae. Moniliasie an infeotion of the aucocus membranee
liaiang the upper digestive trect is aseociated with Candida aldbicapns
and other memders of the genus Candida., Of these three =myocotio infeot-
ions, only momiliasie has been more than ococasioasally impliocated in
diseacee of epideaic preoperdions. (8)

Aa outbreak of moniliaeis wvas 6%:brvod by Jungherr (24) in a
comgercial chick hatohery where 10,000 of a total of 80,000 ohioks
hatched during a season, succumbded to this salady. Bpideaios

oocuring in turkeys were reported froam Califorania dy Glierke (16)



and Hinshaw (21). Jordaa (23) and Buxton et al (9) observed this
dieease in the British Isles while Hart (18) reported several out-
breaks in turkeys during the dry sesson in Australis. MNeGaughey's
work, ae descrided by Chute and O'Mesra (10), found moniliasis to be
prevelant in various domestic fowl on the island of Ceylon.

Moniliasis 16 generally thought to be sssocieted with unsanitary
oonditione and possibly secondary to certain dediliteting factors
(6, 31, 23, 24). It 1s slso sssuved that that Candids slbicens orésniss
present as s commenssl or parasite in some intestinsl tracts, mey
serve as a reservoir of iafection (7).

It wes the purpose of this study to determine the effects of
certain antibiotics in the foram of feed supplements on thia intestinal
parasite, and to learn something of the cultural chsracteristics of

this yeastlike fungus.



LITERATURE RAVIEw

One of the major difficulties in studying Sandide slbigcang and
the other wmycelia producing nom-ascospora forsiag yesstlike fungi was
the iaability of the early investigetors to agree upon whet criteria
eught %0 de used ia the claseification of theee orgaaisme. As a
result, maay gynonyme are¢ to bs found in the literaoture dealing with
the yeastlike fuagl, Ceaant (11) reported thet he had found a total of
1792 synoayas for the orgsaiss that is nov xnowa as SARAIda ALRIOUNS.
Re compiled o 1ist of the mors iaportsat names wbich have been used
dowa through the years. This colleotion of aymonyme included Qidium
Alkigcans Robim, 1882: Momlila albicsns Zopf. 1890: 2ademyses aldiGADs
Vullleain, 1898: Nonilis Pinoril Castellani amd Chalmers. 1913: Moailia
Psiloglg Asford, 1917;: Parssscchsromrces Asfordi Anderson, 1917:
Epailia metslendenais Castellaal snd Chalsmere, 1530; Noallis xickmond)l
Rav, 1936; Nopilis Aldo) Pereira. 1917; Nxsotornleidas tradls loageroa
end Talice, 1932; fyrikgospors AReaersdilis Dodge, 1935 amd Gandida
Albigcang Berkhout, 1939.

Rearici (30) classified t2e microorganisa SaRdida alkiSans

escordiag to the following taxomomical eschamet

1

Class: Yungi Imperfeoti
Order: Momiliales

Yenily: Terulospsidaceae
Trive: Candidoideae

Geaus) Ceadids .
Specie: aldicans

ltnonnuonal Rules of 3otaaioal Nomeeelature recoamend that
epecific names derived fros persoasl or geaerio names degia with a
oapital letter.



Laagenbeck (1839), ae desoribed Yy Skxisner (35), vas the firet
to report thie orgenism which he founé growving iam patches in She oral
oavitiee and digostive $rscte of recple whe had suscusdved to typhoid
fevar. Rodiam (1863), sleo deeoribed Yy Skimmer (38), ieclated a
einilisr orgesnism from a cace of thrush snd gave it the name Qidium
AlPigaps. wisouaéd, a reported %W Skimner, (38) recognited the fact
Shat thie fungue did not beloag in this geaus sad plaeced it ia a aevw
one ¢called Syringoepors. The dravizge and deecriptioas produeced by
him are defiaite eneugh to sneure that thies orgsaiems, whioh he oslled
Syringospore Robinid is the same one that is presently referred to as

Sandide Albigeas.
2epf (18901), as reported by Coment (11), gave this orgenisa the

generie name of Xeailia whieh Bes deea coe of the more commonly uneed
names in spite of the faot that it ie invalid decause it had deen
previouely giver to a greup of asesepore formimg fruit pathogens dy
Perscea.

Benhas (2), ia vhat ie nov considered a olaeceiesl peper by
ajerodielogiets, previded ths first practical dasis oa whiech the noa~
2980 ePOreue honiliae 00nld de identified snd olaseified. She ocombimed
a etudy of doth physioclogiecel and morphological propertiee and found
that neither set of characteristices was sufficient when used alone.
All pathogeaio Moailiss were believed ¥y her to deloag to the same
speeice and any veriation amoag straime wae 0f no esasequense.

Stovall (36), ia a taxcmosicel stuly of the Moaillas suggested

2 set of environmental conditions under which biological charscteristics



oould ¥» kept reletively constent and could be raamdily demonatrated.

Martin (29) snd associetes produced the first olear cut scheme
for elassification of the Koailiee of medical importance. They
eomdimed colony grovth charmcterieties on Sabouraud’s, dlood and sora
aeal extract agars vith growvth in Saboaraud’s bLroth and oame per cent
glucose, maltose, sucrose and lactose suger solutions, Their scheme
recogaises one pathogenio epecies which ias aldicane amd eix aompathoganioc
species vhich are tropicalis, psuedotropicalis, Krugei, parakrusei,
etellatoidea, and Guillerwoadi. This method of claseifiocation and
differentiation has been widely accepted by microbiologists.

The genus zeme Candida was choger by a group of iaterested
workers st an iaformal meeting held at the Third Iaternational Micro-
biolegical congress 1a 1939. This asme had been suggested earlier Ly
Berkbout ia 1939 dut not accepted es it waa thought that the perfeot
etage of reproduotioa of this group would eveatually Ve discovered.
Uatil shat time the geaerioc name Monilia wes eonsidered suffioleat. (38)
The Candida name has bYeen gradually agospted by @0st taxonomista., 4
aotable exceptioa is Dodge (14) who cbose to retain the origisal valid
aame Jjyrimgoepera. Hias equivalent for the gpecies same aldicane ia
exeradilie,

Wickerhas and Rettger (43) in a tazomomical stady ef Moailia
speocies frow various sources concluded sthat the etraina ieclated from
chiokesns and turkeys ware identical to their isolates froa humas eouroes.

an iafedtion of chiokens dy Capdida sldioans anéd other mesbere

of the gemus Candida hae Yeem referred to by the folloviag names!



stomatitie, oidica, mmguet, soor, oidiomycosis, eour crop and moniliasis.
Thie mycosis is priparily an infeotion of the upper digestive tract
wvith the crop being the focal point of infeotion.

Elbert, as oited by Bullis (8), reported a case of thrush in
vhich the upper digestive tracts of affeoted chickens were uloerated
and socaly. Schlegel, aleo reported by Bullie (8), noted that the
proveatriculue vas the principle organ involved with the crop, mouth
and pharynx being implicated in some cases. Both of these esrly workers
1s0lated the organiss Qigiup (Candida) albicans from the lesions which
wvere present.

Jungherr (34) vas the first to report of woniliasie sanifesting
iteelf in epidemio proportions among eg'uckonn. The disemsed condition
wae oharaoterised dy whitish ulcers or peuedomeabdbraaess in the crop,
browvnieh or muooid depoeits in the proventriculus and ulcers in the
gizsard. Leesioss ia emall chicks were sasily missed as they wvere
often very ssall, 7The predomineting organiem which wae isclated from
the diecased organs wvas a yeastlike fungus which resembled Mopilis
(Candids) glbicans: the other types reeembled Qidius lsetis and Ropnllis
(Candida)_Jruss). They wvere isolated from the intestines, gall dladder
and the liver in addition to the vieidly affected organs. He inter-
preted the presence of the organisme in the liver and gall bdladder as
an indiocation of septicemia. G§light psthologiocal chaages, with focel
negrosis vas oonsidered as an indication of toxia production. The
diesase vas reproduced dy feeding fecal materials from iafsected dirde

and pure ocultures of Mopilis (Cand1di)} albicans vith deathe occuring



ae oarly as 10 daye after inoculation. KEgge from aa infected flock
when hatched in a sterilised inpudator, produced cbicks which wvere
iafected with Mgnilie (Csndida) gldigens,

Blaxland (5, 6) desoribed an epidemioc of moniliasis of turkays
in England as similier to that desorided by Hinshav (31) ia Califorata.
Leeions, if present, were generally confined to the crop and appeared
ae flooculent greyisb white exudate slightly adherent to the underlying
membrane in acute cases. In chronio cases, he observed the membrane to
be thickened and coarse. He observed poults dying from acuse casee to
be normal appearing and to possess no diagnostic «ymptome while thoee
that died during chroanic outbreakxs lost weight and became gensrally
untdrifsy. He vas unadle to reproduce jhe disense experimentally eacept
%y plecing noraal birde with diseased ones. Be could not prove that
dedilitating conditions vere a cauee of this afflioction in spite of the
fast that various dedilitating factors could be observed in many out-
breaks. Mo evidence of ogg trensmission of Candidas albicang ae reported
by Jungherr (24) was found. Ia later experiments he was able to
reproduce the disease by the injection of the ecrappings from infected
oroPs. He believed that crop lesicne vere not direotly conaected with
the disease as he obessrved them in normal appearing dirds with no sigae
of oliaical diresee (7).

Cendids slbicans has been reported to increase in inoidsauce ae
a reesult of orsl tharapny with various a:tibtoucs by Barris (17), 19850;
Woode, mt al (44), 1961: and Lipnik, et al (27), 1963. Huppert (22)
reported that by orally adminietering l};noouo solution of Aureowycin,
Chloromycetin, dihydrostreptomycin, Magnamycin, Neomycia, Terraayein,

Erysbromycin, penicillin snd tetracyolins, mioce were predieposed



toward the setabdlishment of an experiuental Qandida albicagy populastoa
ia their iatestinsl traote.

Gledburth {34) used thermpuetio levels of Aureouyoia and
Terranyoin (1,000 ¥Pi) in an ordizary chick ratioa to establish ggpdide
albioans in the intestinal traots of young chioke and poul$s. The
oRly yeaetlike orgnnien which appesred, voluatarily, with the feading
of theee two aatiblotics wae 2orulopsis (Cryptoccooue) Beliakisfua.
Ceaadids aldicans appeared in the fecee of these dirds only after it
wae orally injected into the orops of the test dirds. He found that
the bdirde fed Terramyoin showed detectatle numbers of aicroorganisas
which wore antogoaistio toward Csadido SIDASERE- ?These orgenices
vere 1dentified ne straine of Erpieus Sirabilis. Birds fed the anti-
biotics showed a larger yeast couat and more extemsive crop infeetsion
than tho oontrol dbirde. Nowever, the groups fed o antidiotios were
sore emsciated and 21l died vithia 18 daye. Mo sppareat difference
wvas deteoted betveea the yeaet pepulstiocas of the Aureocsycin and the
Terranyein fed groupe.

Coasideradle iaterest has been shown by geveral iavestigatsors
ia $he effeote vhich CARA4ida eldicans might have on the chick emdryo.
Moore (31) 1s an 1n vivo etudy of 18 different fuagl inoluding Qaadida
Alkigens. vhich produced varicus kinde of leeions ia asn, showved that
all of the fuagi o3uld be ocultivated aa the choricallentoic aeadrane
ef 10-14 days 0ld eadbryocs. He observed luzuriastl growth as early gae
five days mfter iaccmlatioa.

Meyer showod that Qgodida slbicans end Caadids stellstoidea
oould kill 10 day cld emdbryos ia 48 houra with sstere lesione appearisg



in less than 24 hours (30). With the exoeption of Tropicalie which
produced mild lesions, the rest of the Candids epecies were mot pathogenic
for the embdryo.

Norris (33) inoculated 11 day old embroys intravenously, with
Sandida alkigans celle to study the effect of this yeastlike fuagis
on the tissues. Ke observed resulting lesions to be confined to the
choriosallantoic mesbrane, and to resemdle those of mucoue membranes,
Sabdryos, not quickly overcome, developed focal areas of liquefaction
necrosis wvhich were aseociated vith hemorrhages.

Poley (15) injected 500 Oxford units of Penicillin slong with
Sandida albicans end Candids ejbiceng, yar. stellageidep cells into
10 day old emdryos to show that this sntibiotic could increase the
pathogenicity of these organiems. Treated ezbryos succumbed as early
as 2 days while untreated ones lived at least five days. When traumatic
deaths were taken into account, no significant difference could de
detected between the number of deaths in the two groupe. He was adle
to ehov the same enhancing effect in rabdbits inccuiated intravenouely.
Fewver kidney lesions were noted in the radbtite which received no
penicillin as coapared to the treated group which received dsily doses
of 180,000 units of penicillin end died in four deys.

Aaronson (1) reported that hest killed Candida albicang celle
had no visidble effect on the morphology of trypeinised chick embryc
cells, nor did live cells when edded to the tissus culture medium in
concentrations less than 100,000 col&; per tissue culture usit. BHe
found that oxytetracycline b;droohlor;do caused the death of the

trypsinised cells within 48 hours in concentrations of 0.1 milligras
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por milliliter of tissue.

Moniliasis in chickens and other domestic fowl is commonly
disgnosed by the observation of characteristic proliferative, relatively
son inflsmatory lesions in the upper digestive tract. Meavy growth of
yoeastlilte organisms from artifically cultured materials from the
imteatinal tract is also obeerved (8). Underwood (40) psrfected a
method of detecting crop leeions by using a McCarthy forblique
panendoscope which was inserted into the crop via ths mouth of the
bird. He noted that infected crope showved severe corrugations, wvhitieh
streaks, erosions and diphtheritic formetiona. §Some lsaiona were the
sise of a grain of wheat while othere were diffused or too emell to be
eaeily observed, Bxperiaentally infected crops showed only a mild
diphtheritic semdbrane formation.

References in the literature pertaining to the treatrment of
Candida slbiceng infections ia poultry are very limited in scope.
Jungherr (26) reported thet demetured alcohol and various coal tar
disinfectants were not effective againet this yeastlike orgsnisa.

An iodine prepsration wvas recommended ae a disinfectent, and Epeom
salta followed by covper sulfate in the drinking wvater as a trsatment.
Hinehaw (31) suggested a 1:23000 solution of copper sulfate in the driok-
ing water as a treasment for turkeys,

Underwood et al (41), in a orit}eal study of copper =ulfate,
found that it had no preventative or therapuetic effects againet
strains of Candida albiocans which he h_ad previcusly observed to be
able to produce crop lesions in chick.ens and turkeys. In faet chickens

which received the copper sulfate. appeared to have mors extensively
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infected erops. HKe was unsble to increasse the intensity of the lesions
by injecting Terrasycin and tetracycline or by scarifying the memdraneous
lining of the crop.

Gentian Violet, diluted 1:10,000 in 10 per cent alcohol, has deen
ueed against external lesions in human medication. Further dilution ise
aecessary for internal use, dut treatment must de limited to four or
five days in order to avoid injury to the mucous membranes (11).
Hessletine (19) employed Lugol's iodine solution as s topicel applicstion
to vaginal infeotions by Candide albiceng, She also used autogenous
vaooines in very resistant ocasee with good results. ZX~ray therapy has
2130 been used by her to remove external lesions in the oases of hussn
soniliaeis. =

Antidioticse have played a very enmall part in the treatment and
prevention of iafections by Capndida zlbicang and other memdbers of the
genus Candida. The only entitiotic which has been shown to te somemhat
effective ls nystatin, This antifungs) antibiotic is produced by certain
strains of the orgenism SS%reptomyges noursel. and has deen used to eome
extent in the treetsent of human moniliasie (37). Only one report has
been found where this antidiotic was used to comdet Capfide albicans
infections in chickens. Yacowitz et al (45) was able to prevent the
spread ¢f whet was termed s highly virulent strein of Gandide albigens
from a 100 per cent infected group of chickens to an adjoining unimfeoted
&ocup bWy feeding aystatin in s concentr;tion of 50 grams per ton of

feed.
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FROCEDURES AND RESULTS

This investigation wvas initiated ae aa attempt to ieclate the
orgaaisa Gendids albigens from the intestinel traot of a ohickea MWy
plating a measured emount of fegal material in a simple mediun eomposed
of ene por eeat peptones, four per cont maltoee amd oms aad ome-balf
per ceat agar. Baoterial growth vas suppressed by a pH of 5.5 and the
additien of 30 usite of peanioillin end 40 miorogreae of dihydrostrept~
oayeinm per ailliliter of culture ndiu-.a Thie medius referred to ae
Sadouraud' e Maltoee agar (12) wae obtained from the Difoe Labdoretoriee
ia a dehydrated fora.

One oolony appeared efter 48 ho:ﬁl of iacudatioa which dore the
mserosecpio characterieticse of Capdids plhicans., <Thie colomy wae oreaay
white and moist appeariag with a relatively high pulviaste elevation
possessing n faiat yessty odor euggestive of SAGCMATQATGES SSIViAeAS.
Microseopic examimation of the edge of thie oceleay vith the lov pover
ebjective, revealed the presence of clearly vigble oval to spherical
cells. 3Xlengated cellular etrestures vere obeerved wvhich were thought
te be rudimentary ayeellium. (See plate I page 13)

Inoeulum froa the top and oemter of this colesy wae efreaked
oate nutrieat agar to sacourage the grovth of aay dacterial comteaimaants,
aad thus odtaim thie isolate ia pure oulture, This orgasiem vae thea

isoeulated into gluscse, maltoss, ensroee aad lestese dreths., ZThe

-
2 fhe peaioillia aad dﬂvdrooﬁ'ﬂptom’ch vsed ia the lsdoratory
phase of this study vae doaated by Beede Labderatories, Ime., $8.
Paul, Ninnesota.



13

Flate 1. Candids slbicans colonies on Sabourasud's Kaltose
Ager in both the yeast and mycellial phases. (100X)

Plate II. A Cendida nycediIum with terminal
chlamydospores, (100X)

v oy gy Ey ! _
129875 SOUTH DAkaTA STATE cotrieer (immany



fermeatation of the firet three eugers, lack of turbidity im droth
cultures and ite coleny obaracteristias fitted She identifiocation

scheme originated ¥y Nartin ot al (39). What remained fer positive
ideatifiontien of this 1solate ae Cagdida alhicaAls vaes the dmmonatratioa
of this ieclatee'e ability to produce a thiok valled, spherical body atb
the end of eertasin Mypha. Thie structure ie am ssexusl spore and ie
scomaonly referred to ae a teraisal ohleaydospore. (Ses plate II page
13).

A nedium which ie ocomposed of vater soludle carbohydrates other
\hsa reducing sugars, eseeme Vo stimulate Gpndids albicans Vo prodace
chlamydosperee after the orgeniss hae foraed syoellia (32).

Ia this atteapt %o prove or dhv-?ovo thig {colate'e adility so
sporulate, several media reported in the literature were compounded
secerd ing to the partieular suther's reeommeadations. Tasthdjian's
(29) white rioce agar, Bacto Cora ¥eal Agar (12), Nickersea's (32)
rednoing sugar-free polysssehsride agrr and Devakardi's (4) yellow
GOrA meal agar wvere prepared ead diepensed inte sterile petri dichee
in 30 ailliliter amoakte. Two ssparate batchee of eora meel egar were
made, using tvo differeat brends of commercially prepared yellov eora
neel,

The solidified media were inoculsted by stabbing eand streaking
the eurface of the agar vith the orpl:n. The eites of imooulation
vere coverad vith sterile glass cover eslips and iacudated for one
veak at room temperature, The plates were ezasined at 24 hoar intervals
with the lov pover lens of & microsoope. Typieal ayoellial growvth

vith an adbumdenoe of dlastosporee vas obeerved after ae carly ae 3¢
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hours of iacubation. These atructuree very closely reeembled the cemera
lucida drawving of Banhea {3). However, no chlanydospores were observed
im any of the cultures. 7That the uaknown organieam was one of the
Saccharoaycee species vhich Possess similiar fermeatative charscter-
istics wae ruled out bscauee of the appearance of Iycelial growdh,

Contimulag on the premise that this isolate wes £3ndida Slpicana.
it wae decided to pepeat these trials ueing the media which produced
the bdest myoelial growth. The media of choice were the two bLatchee
of yellov corn mesl 8agar made according $0 the method of hernhards (4).
In this trial, it wee decided to utilize some type of slide culture
method in an attempt to improve visibility of the uadisturbed cell
structures. The first method tried wa¥ one descrided by Hearici (30)
which ocoasisted of coveringZ a clean, sterile microscope slide with a
thin layer of aa appropriate medium, streaking this agar with the
organiea and oovering the inoculum with a oover slip. This slide
vae then ineubsted in a eterile petri dish with a plece of moistened
peper or cloth, to retard evaporation of the moleture from the
medium, Thie method or eome veriation of it is widely used for
oultivation of the filimentoue fungi,

Sudeequent usage of Henrici's (90) method revealed that moisture
wae lost from the agar %00 rapidly to allov for an inscubation period of
any length. Also, the development of mycelial growth seemed to de
greeétly impaired ¥y any decresee in the moisture content of ths corn
meal agar. Vieidility through this ngparntns vas excellent.

in an attespt to eliminate soic of the cumbersomeness of the

Henrici method and at the same time to try to retard the evaporation of
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the medium, an apparatus ves oonstructed by the author to more closely
£1it the needs of this moisture semsitive fungue. An ordinary one by
three $aoh microscope depreseion elide was fastened to the bottom of a
clean petri dish with plastioane taking ocare not to obstruoct vieion
through the elide depression and the petri dish., The 1lid of the petri
dish was then replaced and the entire dish was sterilised by sutoolaving.
A tiny bit of inoculum was then placed in the bottom of the elide
dspreseion and covered vith cooled melted corn meal agar. Upon
s0lidifioation of the agar, the dish was inverted and the oover was
partly filled with water to form a moist, air tight ohamber. Rxanination
after less than 24 hours incubdasion at room temperature revealed the
presence of a profuse extention of dlastoepore bdearing Ayoelium froa

the edge of the mase of yeast cells wvhioh oonstituted the imoculum.

Al so present vere a fev very obvious structures which were identioal

to benhame'e (3) 1llustrations of terminal chlamydeepores. (Sea plate
Il page 13). JNurther incudbation revealed no additional ohlemydospore
produotion. By eimply maintaining the vater level in the petri dieh
usder the oculture, the medium sustaining tbhe fungus was preveanted from
undergoing dehydration almost indefinitely.

Although both corn meal media produced adundant ayoelial growth,
oaly the medium msade with Quaker's brand corn aeal vas able to cause
the isolate to produce chlamydospores.  The other commercisl bdrand of
oorn meal was Argo.

This sporulation medium was poibarod $n both oasee by beating
six grame of yellov ocorn menl in 180 millilitere of %ap vater at 60

degrees centigrade for one hour. A wvater bath was used to prevent
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scorehing of the medium. A ¢lear solution vas easily obtained by
centrifugationa of the mixture at approximately 100 revolusions per
mioaute and decanting off the ocentrifugate. All meterial caueing
Surbidity was pelleted at the bottom of the oceatrifuge tude. After
restoring tho mixture to ite origimal volume with %ap water, cne and
oBe helf grams cf agar wers added to the medius wiich wae thea auto-
olaved at 18 pounds of steax pressure for 18 miaulse.

Benkas {(2) reported comeideradle variation ia the adilisy of
Rer stratus of Xgpilis (Candids) aldhicans %o ferment various carbohydrates.
Avian source isolates studied Yty Jungherr (25) vwere odserved by him %o
prodauce acid and gae from glucose, naltoag. levilose and moancse, slight
acid £row sucrose and galactose sad o change with dextriw, laulim,
lactoee and raffinose. Using methode snd waterisle recomsended ty
the MANUAL OF MICRUBICLOGICAL MRTHUDS (QE), the C-1 straian and aime
otbar isolates of Candida slbicsss which fitted the ideatification
sebeme of Marsin et al {29) were Seeted with these cardohydratee te
determiae if they vere ideatical $c thaose inveatigrted by Junghery.
Vitk the exgertion that two isolates chowed slight acid 1a ipulinm end
strong auid produetion in gelactose, the etrains ae a whole were
identical t0 those reported dy Jungherr. It wse aleo odserved that
g2s production vae not ooneletant in carbolydrate solutione of less
than one per cent. Baoto Fhenol Red Broth Base was the sedium %o whieh
She cardohydrstee were added.

Theee Gandidn aldicups isolates wf;o aso obsarved to dDe uaable
So produce iadole, acotyl.othyloc.rbuol_ o; hydrogen sulfide. JNitrates

wore not reduced sfter two veeks of imeudetion, nor wse urea or etsrch
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hydrolyeed., These isolates were adle %0 une asmmonium sulfeate as a
source of nitroges but wvere unadle to use eitrate as a source of eardom,
CGelatia vas not liguefied and anm extremcly alkalime reactioa vas
observed in litmus uilk. The only effect which these isolatee seemed
to have on rabdbit erythrocytes was a slight drowaing of these colls ia
the vioinity of the coloaies. A temperature of 37 degress ceatigrade
and a P raoging from 0.5 to 7.0 appeared to produce the dest growth of
these Candids slbicang isolates,

An antidiotio sensitivily screeaing test was set U to determiae
the effectiveness of several vwidely used antidiotics agsinet these 10
isolastes. Bacto Semsitivity Disks wvere asceptically dropped on the
surface of autrieat agar plates which had deen eeeded with viable
Candids aldicans oelle. ¥o sensitivity was shown Sovard decitrseina,
asonyocin, oleendoayoia, novodiocin, megammycin, furedantia, tetra-
yeline, oxtetragycliae, chlorotetragyoline, erythroggein, polymyxia
and chleroayoetin. Only nyetatin seemed to produse any ia vitre
iahidition.

Cendida albicans has been reported by Blaxlend st al (7) and

Jungherr (23) to ocour ae a parasite or commeassl ia the imtestinmal
trente of soms chickeae and turkeye. Jordam et al (23) found a elightly
greater inoidence of this yeastlike organiem in dbirde wvhich vere oa an
iatensive aystem of production. As thig@ormiu wae esey to leclate
from hene being used by the South Dekota State College Poultry Depart-
ment ia experimental work, it was sttempted to dsteraine to »hat exteat
asrsal (andida aldicans infectioca was iafluenced by various satidiotio

feed supplements. Availadle for this study were four groupe of hems
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which were being used in am antidiotic supplementation amd egg produstion
experiment Ly the Foultry Departsent. Thase birds wers fad a laying
ratian considered adequate in all nutritiomal requirsments. They were
divided into four groups, to which tha following antibiotios wers

edded in the raticm: Oroup I, penicillia; Group II, penicillin and
terramycin; CGroup 111 pemicillin mnd nystatin and Group IV, all thraee
antidiotics.

The namber of viable Japdids 21%iscss cells presant in the
oxpellad fagms, was used as an index aof the sxtent of ilufestation of
the intestinal tract. Fecal material wes collected from each of six
heas by placing olean psper under the cage of each bird. This
matorial was transferred to sterile co;talnara as soon as 1i was
expellsd by tha hen. One gram alijuots wars waighed out mnd ground
with 99 milliliter of aterile duffered saline for five minutes using a
Waring Blendsr with & small size grindar haad. One milliliter amsunts
of this materin)l wasre plated out ia duplicate to consiitute a dilution
of 1:100. Saboursud's Maltose agar containing 20 units of pemicillin
and 40 micrograms of streptomycin per milliliter of medium whAr used as
the selmctive medium. The plates wers incubated at 37 degrees centi-
grade for 48 hours bafore being examined for colonies which ressmbled
gandide aldicens. ”

A review of some pertainent literature revealed thai some
sudsurface colonims of Cpndids albloang appear in dull colared,
filimentous forma (12). Thase were akso lncluded im the colonies

which were subeultured for positive identificution.



In this study, a aev selective medium celled Pagsd=lLevine
Aanra was used to facilitate the identification of large aumbers of
yoastlike colonies. This medium containod a vater soludle eolorless
tetrasolium chloride nalt vhich can bYe reduced dy eome microorganiems
to an imsoludle formasan of various shades of pimk or red. A neomayeis
oomplex wae used to iahidit daoterial growth. Gandida aldicans, whea
streaked on slsants of this medium, produced cresm to piak colered
growth (38). Bacteria adle to £#rov are red ian eeler, ss are most
Yeast and molds. Aa exeeption 1s Candida Krggei wvhich pro@uces a
chalky white growth,

The results of thie study are shown in Tadle 1, page 30,.

The only hens wvhich showed sirsdl€ Candide alvicans populations
were those fed the diet supplemented with only Penieillin (Group I),

TADLA I. Qandids mlbicans Coloaies Isolsted from Antidiotic Zed
Laying Hens

Oroup
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°The aunmder of ooloaiss per milliliter of one haadred fold
diluted fecal material. 7This nuaber is an average of two plates

3fhis medium vas supplisd fo sterile sealed slants by K.R.
$quidd and Soas, Ine. through the courtesy of Ir. Hcrold Yeocowits,
Jiew Bruasvick, Nev Jersey.
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The other three groups whioh received nystatin in addition to penicillia
(Group III) Terramyoin in addition to penicillin (Oroup Il) or both ia
the aatidbiotice in addition to penicillin (Oroup IV) showed infestations
of a much lesser degres, Thees enulserations were repeated a few weeke
later, and results were odtained which compared closely to the origiamal
counts.

The presence of nystatin wvas oonsidered sufficient reason for
the lower Candida albicans populations in groups 1II and IV. The
antidbiotic Terraxycin considered imeffective against this orgeniaa,
also showved a much emaller incidence of Qandids 2lbkicans in the group
of dirds which received it as a supplement. It was thought that
sntegonistio microorganisms might de pré&sent in these dirde that were
fed a lov level of Terramycin ae vas reported by Siedurth et al (34)
to de true of ohickens and turkays fed very high levels of this
antidiotic. It was also thought possible that these antagonists
might bde sensitive %0 penicillia in low levels, and thie in addition
to the strees iancurred by intepeive production is responsidle for
the relatively large Candida glbjcans incidence in the penicillin fed
€Toup,

The investigetion to determine the presence or adsence of this
tyDe of antagonistic orgenism was oarrfed out by using a modified
form of Fleming's techniqus (26) for the igolation of satidiotics
producing aicroorganisms. JFecal eaterisl was collected on clean
paper as in the preceeding study. Tenfold dilutions were sade ueing

~a

sterile saline in a range of 10 . to 10-8. utrient agar was used as

the growth of aerodic becteria was desired. Vakeman (43) in a study of



aatidiotic producing uloroorgonisms, foudd that this gFovsh iabiditing
property was confimed to tho aercbic and faoultative anserobic mioro-
organieas.

Ten hens wvere individuully saapied ia exoh of three groups whiak
were utilized for this study. Une group of ehioxens vas fed a mutrition-
8lly sdequate rationa whick was supplemented with Terranyein, a secomd
Erouy received a ration ww;plemented with peaieillian while a shird
&rovuy waz fed & ration which wes devoid of mhy aatidiotice. 7ZTheee
hena vere also from an antidiotic eupylementation and egg production
experiment being conducted by the foultry Depertsent at Gouth Lakota
State Gollege.

Antagonistio organiems vere detscted By first plating ous oae
silliliter smounts of eaach dilutlon with tae afore xeationed medium
end incubeting these plates at I7 degrees centigrade for 2t least 48
hours. At the end of thig peried, the pletes were overlayed with
anpther layer of the stme medium $to whieh hiid beea added vieble
Cepdide glbicans colls in & concentratioa heavy enough to provide
sufficient growth and ineure zones of no growth with distinet edges.
The proper conceatration wes determined earlier se one williliter of a
24 hour gluscee drosh culture aéded to 100 milliliters of oovoled dut
20t yet solidified nusrieat agar. 4ifter iacubation as 37 degreee
ceatigrede for &4 hours, the platee ware examined for ayaetrical soass
of no @owth {a the upper layer of the wedium. (Ses plate I1I page 33).

klotes whick contained these 4?3" of ac grewlh wele Toetalaed
for the location snd identification of amtagoaistic coloales, ¥he

¢olony or ccloniss whieh appeared at the gecameiric cemter of a soae



Flate 111, Zones of lahibitica csused By microbial satagonists ia
a mediun inocculated with Qgndids albicensg isolate C-1,

Flate 17V. GCandidas albicans isolate 6-’-{:0-11- from a 48 heur
Saboursud's Broth culture.



vers suboultured onto nutrient sger slents and Kelner's method (26)

of investigating lerge microdirl populations for mmtidiotio astivity

was utilised to determine vhioh colonies poesereed this Property.

This method is essentislly Fleming's ncthod vith a elight modifiostion
whioh consist of placing e layer of semi-s0lid agar coataining adequately
dispersed colonies detween a fouandstion layer of sterile agsr and an
overlying layer of an appropriate medius coataisiaZ the supposedly
seasitive organiss.

The resmults ¢f this investigntion ares showan in tadle II.

TABLE 1I. Chickens Showing Evidence of Harboring Antagonists

Group Dlet | 119

1 Basal only - - - +°* = = - + & e
2 Terraaycin - + = - - - s Kk - +
] Penicillin - + + - - - & = =

“Denotes the pressnce of microvial antagonists.

Only the presencs of these organisms was reocorded as the ecunts
from the birds vere fairly close. VWitlh the extreme variation ia the
diameter of ths rones of imhibition (0.8 - 20 em), 1t was believed thad
the number of such org«nisms present in snoh chiokea was of no importaace.

From the results recorded ia tadle:[1, 1% spreared that the
presence of ponicillin and Terremycin in the ratioas of theee hsns had

no effect on the number of birde exhiditing there organisms in their

intestinal trects.



Twventy of the eantagonistic cultures were retained for identifioe~

tion purposes as it vas desiradle to know i{f aay of the ieolatee were

Exgteng pizadilis whioh had been reported by Sisburth (34) to be
antagonietic towards Gandide aldigang.

Using procedures and materials suggeeted in the Manual of
Microbiological Methods (38) four of the 1solatee vere identified as
being identical to the criteria set down by Bergey's ¥anual of
Determinative Bacteriolo&y (3) for Micrococcus gpidermidis. Five
cultures were thought to delong to the genus Bacillue on the bdaeis of
etaining and morphological characteristics. With the exception of two
isolates vhich were lost, the rest of the entagonists were shown to be
of the Streptomyces group. None of the latter two groups were identified
as to the species to which they belonged. HNo orgenieae which resemdled
Proteus species were observed as deing antsgonistic toward fandjids
2idjgens.

Although it could not he deternined why Terramycin failed to
prediepose the birds towards the establishment of a Qandids slbiceng
vopulation as did penicillin, it was deoided to investigate the effeocts
of a lov level antidiotic feed supplement on the establiehment and
build up of a Cagdida aldionn® populatits of both naturel and experimental
origine. That high concentrations of antidiotice comparadle to
Shergpeutic levels can result in the thggrovth of these yeastlike
organiems in the intestinal tract is a f2irly well estadlished fact,
However, no information seems to be avallable concerning low levels of

orslly administered antitiotics and their effect on this intestinal

paresite,
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An experiment was set up in which the estadlishment and duild
up of Gendjide 2lbicsng was observed and compared in three groups of
birds wvbich were given different levels of Aureomyoin in the form of
Aurofao-10®. Group 1 received Anreoxycin at a level of 900 grams
per ton while group 3 received 50 grass per ton and group 3 wae fed
a ration devoid of any antidbiotic content.

The 33 Leghorn cookerels ueed in this experiment, vhen one veek
of ege, were divided into three groupe and housed in electrically heated
batteries. Conditions of strese wvere kapt st a miniaum dy ample cage
space per bird, proper temperatures, clean wster and a diet considered
to be adequste in all nutritional requirements.

The three groups of birds were checked at five and 3ix days
after the start of the experiment for the presence of £andids albicans
in their intestinal tracts by plating out composite samples of feoal
materisl froa eaah group. Sabouraud’s Maltoee agar was ueed in the
manner desorided in preceeding experiments. The only =zioroflora which
oould de cultured were a few fungi of the filimentoua type. Samples
of fecal material were collected on clean peaper placed on the droppings
tray under each dattery. Ko lese than 1C samples were pooled from
each group to form the samvle from that:group. Platiag of these
gsaples in Sabouraud's Maltose agsr revealed the presence of ao
detectable yesszt or yenstlike pcpnlaupgl in any of the three groupe
during the 13 day period. Filimentous fungi seemed to be more

adundant on the plates frowm the two groups of cockerels fed the snti-

*surofac-10 contains 10 :srame of Aureosmyoin per pound of

additive.



biotic supplemented retions.

Ag it appeared that under the conditions of this experiment,
neither a high nor a low concentration of an sntidiotic was able to
induce a voluntary iavasion of the intestinal tract by Caadids #lhigceog
or any other yeast or yeastlike fungus, it was decided to experimentelly
infect the birds in each of the three groups with viable cells of one
of the streins isolated from a hen in an earlier study. This was the
stroin designzted C-1 which conformed to the criteria aet down bty
Martin et al (29) for the ideatification of Gapdide elbicens.

before etrain C~1 was inoculated into the chickens, it vas
checked for it's ability to dbring adbout the oondition referred to as
soniliasis. Maseive dosee of cells (one milliliter) were inJjected
into the crops of two cookerals which were ome wveek of age. The
injections were made on two euccessive days via the oral oavity and
esophagus with a dulled 19 gauge needle and a two and one-hslf
milliliter syringe. The two bdirds were observed for ome week for any
outward eyaptoms of the infection such as listlessness, rough plummage
or death. Kone of these symptom® were obmerved although plating of
fecal material from both of the birds in Sadbouraud’s Maltose ager
revealed that Capndids aldicens vas now preeent in each of the ocockerals.
These two birde wvere retained for a month, and then sacrificed in order
to exanine their upper digestive tracts fer the presence of lesions
considered to bde typical of moniliaeis.

¥o lesions were found in the zucoue membranes liniag the
esophagus, crop er the proventriculus of either bird. 8erappings

from the mucoug membranes lining the crop were streaked onto Sabouraud's
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Naltose ager plates and incubated at 37 degrees centigrade, for 48
houre. A heavy growth of yeastlike colonies wvas obeerved on eaoch
plate. Some of the coloniee well seperated from the other growth were
subcultured in corn meal eg:zr in the form of the slide culturea
descridbed in a previous experiment. 4All of these ieolates produced
chlamydospores, and thus were identified as Sapdide aldicens. (See
plate 11 page 13).

The inoeulum to be used in this phase of the experiment, vas
prepared by removing the cells from s 48 hour Saboureud's Dextrose
Broth culture by centrifugation, and resuspending them in an equal
volume of sterile, peptone buffered saline. (See plate 1V pege 23).
The cells were adminietered by the use of a two and one-hslf milli-
liter syringe with a 19 gauge needle, two inohee in length, snd having
a emooth blunt poiat. The needle wes carefully inserted into the
esophagus by way of the mouth, and 0.5 milliliter of the Sandida @idigans
oell suspension was deposited desp in the eeophagus of each bdird.

Startinsg 394 bours after the third groups of ocockerals had been
inoculated, a composite sample of feoal material was ocollscted from
each group of birde in the manner described in the preceding experi-
ment. Theee samples vere diluted in sterils saline (one hundredfold)
aad plated in Sabouraud's Maltoee Agar. TYeastlike colonies were
identified by suboulturing them onto Paca@_-x.ovino agsr slants (38).

The results of this experiment are enclosed in Table iIl

page 29.



TABLE III. QANDIDA ALBICASE RECOVARED FBOM INOGULATED CHICKRES

e e e ey s e ———
Oroup Antidiotioc

Coatent Dars ,

(eme. /ton) 0 1 2 3 4 [
1 900 o°® 0 3 .} 38 B
2 80 o} 0 1 9 4 .
a (¢] (o] 0 0 6 4 3

*Colonies per gram of fecal material diluted one hundredfold.

A detectadle Qaadida albioans Population appesred in the two
Aureomyoin fed groups 48 hours after inoculation. Kone of these
organisms were isolated in less than 72 hours from the untreated control
€roup. A consideradly higher population vae odeerved in the group
given the high level of Aureomyoin than in the group given the low
level. It was noted that although a detectable pPopulation wvas
observed to build up in nuabdere more elovly ian the untreated dirds,
thes resultiag population appeared to be nearly equsl in magrnitude to
that of the group fed the lowv level of Aureomyoin.

Two cockerels from each iroup were retained for a month after
inooulation and observed for any outward aymptoms of moniliasis. A%
the end of the period, they were lurttlcoﬁa and thelr upper digestive
tract exsmiaed for lesions vhich are thought to bde typiosl of a CARdI4R
slbigcans iafection. Eothing that reseablsd a lesion, either macrosoopio
or microscopic wvas foumd in any of the bdbirds.

One of the more commonly reported symptoms of GCaandida albicans

iafection in the chicken is a general unthriftiaeee in as far ase growth



and body maintance is concerned. An experiment was set up to determine
if the C-1 etraia would exert such an effect on chicke given a ration
containing a low level of Aureoxycin. At the zame time, a parallel
experiment was oonducted to determine if the antifungal aatidiotio
nystatin fed in a concentration able to decreass a Candida albicans
population to uandetectable levels, could prevent Amy dearease im the
rate of gain of ths inoculated ohicks., Studies with this antifungsl
agent had indiocated that it can de used with eome euccees in relisving
the condition referred to as moniliasis (37).

The first step in thie experiment coneisted of finding the
minimun amount of nyetatin which oould reduce a Qandids aldicang
population to an undet ectadle level. The nime remzining cockerels
of tne control group of the presceeding sxperiment were used as the
test dirds. 2hie group served as it's own control ae the nine dirds
were showa t0 jpossess a well estadlished Capdids albiceps population
in their intestinel traocte.

startioag with the concentration of nystatin used by Yacowits
{45} to prevent the spread of experimental moniliasis, the amount of
antibiesic wvas inoreased every three daye until QOandida alRichAa organ~
isme could not be detected by the plating 0f fecal material in Sabour-
aud's agar.

The results of thie experiment ar& contained in Tadle 1V, page

Using the conceatration of nystatin which appeared to de
effective in reducing an inteetinal Capdida albigans population to an

undetectadble leval, the eecond step of thie experiment was oarried
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PABLE IV. GCANDIRA ALGICANS ISOLATED FHOW NISTATIN TREAPLD CHLOKEKS

L e e e e L T ek e R ]

Agtibiotic Days

content

(wnite/gram) 0 1 2 3
200 11¢ 10 13 9
3560 - 6 i .3
300 - 1l 0 0

*The number of colonies per gram of fecal material diluted one
hundredfold. This aumber ies an averags of two plates.

-¢

out. JYorty five one week ©ld chicks were divided into four ayproximately
equal groupe and housed in separate cages. A ration considered sdequate
in ¢ll nutritionsl requirements, and suppleacnted with a high lvel of
Aureowycin was fed to all four groupe. The birds in grou): I were
orally iaoculsted with viadle Lgpdide glbicing in the eame manner as
deecribed in the preceeding experiments. Groupy Il wae not inoculated
as it was the control group for the first group. %The third group of
chicke were given a ration supplement of 300 unite of aystatin per graa
of feed in addition 10 being inoculated with viadble celle. GOroup IV
wvae aleso given the aystatin supplement, and served as a control group
for the Shird group.® -

Ccaposite samnles of feoel mesterial from the chicks in eaoh group
were plated with Sabouraud'e Maltose agsr to insure that mone of the
groups were infected with Candide glvigans prior to the etart of thie

experiment, Ko such orgoniems were detected in any of the {four groups.

®*ibe nystatin was supplied by 5.kK. 8quidd aad Scns, Inc., New
Branswick, New Jersey.



The inoculated birds were housed in the bottom hslf of the
battery to evold any spread of this orgsniem to the uninosulated birds,
through scattering of contaminated dronpings, feed or water. The
control grouwp were also cheoked veekly, to determime vhether or not
they had teen infected since the etari of the experiment. ko detect-
able infection was observed in the two control groups during the duration
of the experinent. The dirds wvere weighed at the end of a 33 day period.

The reeults nf this experiment are enclosed in Tadble ¥,

PABLE V. THE EFFECT OF GANDIQA ALBITANS STRAIN Cel, IN 78R
PKESEECE OF AUBKOMYCIN ARD LYS2ATIN ON THE
OROWTN OF CHICKS

Group Kumher of Supplement Inoculated Totel Average
Chickene Weight Velght
Gain

1 11 Aureonyecin + 4890° 441
(50 gms/ton)

2 11 Aureomycina - 56930 539
(50 gme/ten)

3 12 Aureoayocin + €110 634

(6C gme/ton)
and Eystatia
(300 unrits/gn)

4 11 Aureonmycin - 6100 564
(50 gms/ton)
and Nystatin
(200 anits/ga)

*Groama

The presence of the C=l etrain of Cendida albicans in the



intestianl tracts of young chickess appeared to have a slightly deprees-
ive effect on their rate of gain. The dirds, which were inooulated
¢rined an aversge of 98 grams lees than the ocoatrol birds. Kyetetin in
congentration of 300 unite per gram of ration appeared %o be adle to
partially prevent thiz decreaseld rate of geiln in this particular
instance. Two chickens were sacrificed from each of the inoculated
groupe, and the esophagus, e¢rop eand proventriculus from eech dird vae
exampined for both mscroscopic and microscopic leeions. None were

found in eny of the birds.



SODARARY AND COROLUSIONS

A microorganiem which dore the magroesecpio charsoterietios of
the yeaet like fusgae Sgpdids albigcnas vas isolated froa the imtestimal
trect of a mormal appeariag laying hen. The idemtily of this 1solate
wvas verified Y imdneing it %0 fors an asoxual gpore referred %o ae a
termime)l chlesydcepore. The formation of this relatively large, thiok
wvalled body in a mediuam devold of reduoimg sugars ie a eharacteristic
peculisr to thie yeastlike fuagus osly. 1In this etudy, tbe onmly
eporulation medium vhich woald etimnlate thie particular straim of
Sandids alhicaas to produce chlemydosporee vas a cora ssal agar =ade
vith Quaker'e Oats bread yellow corn msal. Another commeroially
preperad yellov cora meel, Argo, vas uasdle 8o csuae tha foraxtiom of
thie msexal spore.

Gugrr fermesmtstion teste with swo per cemt carbohydrate
solutions revealed that thie strain deeignated C~1 amd nise other
1s0latees of Sandida allhicehs vere very esimiliar %o thoee studied by
Jungherr (28).

0Of 14 ocommoaly wused amtidbiotics tested aganimet the C-1 straia

end aime other fevlates of Gandlua-alkigans. only aystatia vas able to
iakidit the im vitre grovih of these orgenieme. Thie aatibictic at a

level of 8O graas per tom of ration scesmed to de adle to prevent matural

iafectiva of the imtestinal traot of obickead ae evidemoed by platisg

of fecal samplse from two groupe of heme fed thie aamtifungal ageas.
GaRdlds alkicans was isolated {a relatively large numbers froa

hene fed a lov level of penicillim. Eowever, hene fed %his antidiotie



in combination with Terramyéin eroved oomparably smaller populations.

As this organiem is highly resictant to thie tetradcyoline and conditioas
of etress which are reported to aid iafeotion were not peculiar to asany
one group, the cause of this difference in popunlations wae looked for
eleevhere. An attempt vas made to explain thie leseer Oppdidas aldbicans
population in the Terramyoin fed birds in terme of antagonistio micro-
organisms as reported by Sisburth et al (34) to be present in chicks and
poults fed a high level of this wide spectrus antidiotic. Subeegquent
investigation revealed that the intestinal microflora aatagonistio for
Candids alhjicens vere no more mamerous in these birds than in those fed
penicillin or no antidiotics at all.

Cendlda albigaps or any other eimilar yeastlike fungus was not
obeerved to voluntarily establish itself in the intestimal tracts of
young chicks fed Aureomyein in both high and low levels and kept under
oonditions of seemly no strese. The C=1l strain when orally injeoted
into these birds estadblished iteeclf more quickly in those chicks given
the Aureomycin ae compared to a control group which received no anti-
biotic supplenent. Although the group of birde fed the higher lsvel
of Aurscayoin poseensed a larger average population, the group fed
the leseer anocuant revealed a population of these grganisms no longer
than that of the oontrol bdirde.

The only sign of infeotion by the C=i etrain other than the
appearance of the organiem ia the fecee and the mugous membranes
lining the upper digestive tract was a slight decrssee in the rate of
veight gain of chicks wvhich were orally inooulated with the orgmaisa.

Thie effect was revereed by the addition of 300 units of aystasin to



each graa of ration.

It would appear from these studiee that the only effeoV of low
levels of Awreosycin on Gandids albicens in the intestinal tracts of
chickens is to facilitate ite estadliehment in those organs. Apparently,
there is no alteration of pathogenic properties in as far as injury %o
the mucous memdranes of the upper digestive tract is concerned. Vhat
ie not explained is the mode of action of Vhe orgenism in ceusing the

decreased rate of gain by chicks inoculated with the yeastlike fumgus.
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