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INTRODUCTION

Chronic respiratory dissase in ehickens and infectious sinusitis
in turkeys vers first recosuizaed as olislcal embities in the United
States in 1942, They are Now oconsidered az dissases ©f major economic
importance throughout the poultry industry. %The loss from chroaic
respiratory disease and infestious ginusitis to the Unitad States
poultry industry has been #stimated at 100 aillion dollars per year.
Losses froa mortality are lees than those sccurring in acther respirs-
tory diseases. The greateit 1oss comes through decreecasmd growth rate
and loss of egg production. ¥The elover grovtk réguires more time to
prepare dirds for market and ghere is 2 greeter chance of loss from
sscondary infections.

Work has bdeen done on a pleurcpereuncnis~like organisa vaoccinme
in broilers, dut without suacess. Herological testing hmms proved to
be an effective means of checking for poseidle infectiom. It has
been suggested that flock weeding similar to the pullorum program
could be used for chronic respiratory disease end infectiocus sinusitie.
This pPlan has not yet been put iato effect, 1t falls to yield complete
elimination of the digsease or the agents when used om large flocks
over & large area, Luginbuhl (37) gtated that poul try mamnegesmeant
has Played a major role in keeping poultry flocks fres of the
Pleuropneumonia-like organisag.

A the presant time it has been sécepted that chromic respira-

tory disease and infectious ginusitis are caused by one or possidbly



two infecting agents. The first is one of the group of pleuropneumocnisa~
like organisms, and the second is a dasterium or virus, whioch is

thought to be required inm addition to the pleuropneunonia~like organisms
to produce the severe form of chronic respiratory disease and infeot-
ious sinusitis. Lugimbuhl (37) states "....CRD has been seen to be
2ild when infecting chickens by itself and severe when aided by
secondary iavaders, as bacteria or visuses'. It is also generally
agccepted at the present time that the agent causing chroanic respiratory
disease of chickens can algo cause infectious sinusitis of turkeys and

that this ageat is transmitted through the egg to the progeny from

infected parents.




LITERATURE RIVILW

Helson (41, 42) was one of the first imvestigaters Vo etudy the
pleurgpneumonis-like orgenisms. He worked with strains from fowl
eoryza of both acute snd chronic types of infection. Heleson (41, 42)
found Hewopbilus gallineryy to e the organism which causcs &a souke
coryss, and organises designsted as "coccoballlifors® bBodles in birds
as cousing chronic corysa. By mixing the twd types of orgenisss,
Adler and Yesmamoto (3) were sble to yepeat Helson's experiment: with
sssentizlly the eame resulis,

Van Eerick snd Eston (53) isolated the pleuropueunonis-like
orgenisas a5 & conteminent during virus passage in chieck embryos.

They found that these cultures agglutenated the erythrogytes, and that
antibodies of @& high level could Do demonstrated by use of hemaggluti-
nation inhivition teets. Harkham and Vong (38) demonstrsied the role
af the pleuropneumonis-)ike srgenisme ia the etiology of Surkey
sinusitis and chronic respiratory disease. They were able to produce
the cironic respiratory disesss symptom: by mesas of ageats wserially
cultured ia embryonated eggs, Lecce snd Gparlliag (38) wers sile %o
cultivate pleuropasumonia~like organisns from chickens that had
recoversd from chronic respiratory diecase and had been arocund Lafsgted
birds. They were not able to isclate the pleuropasumonia~liks orgenisme
from normal birds, Lecce end Sperling (38) found these orgealsms to
be more conmon in the trachea than ia the lungs.

Yehey and Orowley (22) examined avian strains of the pleuropneu~
sonis-like organisms thet differed from Mycoplasms gallinsrug listed in



Bergey's manual (9) by being able to ferment glucose and other sufars.

Adler ot al. (6, 7, 8) were adle to differentiate two gero-
logical and pathogenic $ypes 0f the pleuropsewthemin~liks organims
in chickens and turkeys. They were also adble to demonstrate a
difference in pathogenicity of two straine of the plenwropasusonisa~like
organisms. The nompathogenic strain was readily propegated on art$ifi.
elal media, while the pathogenic strain d4i4 not preadily grow un serum
snriched agar. Yemanoto and Adler (58) were shle $o teperate geven
avian straine of the pleuropneumonia~like orgenisms into five groubs
on the basis of morphological, physiological sad amtigenia charschor-
istics.

B1ddle and Oover (10) studied the dacterial flora af the respire~
tory traet of 51 chicksms and were adle to isolata the following
organisms: JBacherichia. Staphrlocogcus. Zsendemonas, Ero%sma. Asrobscser.
falaconells. Streptococous, gram positive, hacilli and yeasts., 0aly

seven vere hardoring organisms resemdling the Pleuropreumonia-like
organisms. Thallium acetate im a dilution of 1:2000 falled to inhibig
gTowth of colifora organisms in exudates of diseame chickens, JFahey
(21) fouad similar results in the microflora of chiokens affected with
chronic respiratory disease.

The pleuropneusonia~like organisms have Beem placed in the Class
Behizopycetes order X of the Mycoplasmatales. They are descrived as
non-motile, highly pleomorphic, graa-naguiivre arganisas, haviag filter-
able stages and very delicate, elastic =tructures. 7They are asrodie

to facultatively amasrobie, grov peorly ea agar amd have exacting



autritional requirements. Thess organisms are classified into 15
different species accordimg to the hosts in which they are found.
The avian strain imolated from ths upper respiratory trect of the
fowl has been named Mycoplagma £ollinarum. ZThis erganisa produces
goéd colenies on rabdit or horse sirum agar and does not ferment
glucoss in droth cultures. Methylene blue is reduced rather rapidly.
The pleuropneumonim=like organisms are characterized by their "dButton-
liks" colonies that grow down imto the agar. These colonies often
possess opaque, granular, browa or yellowish ceaatral areas, This
central area is surrounded Wy a transluceat, flat xzoae of variabdle
size (9).

Van Itersom and Buys (54) studied the fine structure of three
straias of the plsuropmeumonia-like orgemisms with the electron micro-
scope. The colonies grev in the agar surface snd were coversid vith a
membrane continuous with the surface of the medium. Vesicles of simple
structure were found to de the dasic element of the colonies; hovever,
coccoid elements having a bagcterial nature were found. They g=smed to
be more in favor of considerimg these organiems as L forms of minute
cocei. Freumdt (23) 1¢ of the opimion that the pleuropneumonias~like
organisas from dovine sources are of a filamentous or sycelial nature.
The mycelial filaments fragment to form elementary bdodies.

Taylor and Fadricant (523) mnd Teyler (51) made isolations from
inoculated emdbryonated #ggs imto a modified Grumble's lijuid medium
sentaining phenol red broth base, carbohydrate, seruam fraction aand

iahiditars. ZThey concluded that the ismolation of these orginiems from



tracheal exudates could Ye successfully accomplished from a modified
carbohydrate liguid medium, This medium has an advantage of deing
less costly and time-consuming than the use of hen eggs produced from
disease free birds. Taylor and Fabricant (62) were disturbed by the
variation and inconsistency of the fermemtation of sugsrs by different
straing of the pleuropneumonia-like organisms. It was reasoned, onm
the basis of their fimdings, that thers are strains of these organimms
which do not grow im the artificial medium employed or will grow but
not ferment thes carbohydrates sonsisteatly.

Adler et al, (1, B) was able to enhance growth by adding yeast
hydrolysate to a revised Difco mediua (17); also, he was sble to make isol-
ations of the pleuropneumonia-like organisas using oanly 10 per cent
Borse serum im broth cultures. Adler, et al. (1) compared the efficien-
ey of his "R.N." medium vith other media for the isolation of these
organisms. ?This medium consisted of a 10 per cend horse dlood agar
slant overlaid with 20 per cenmt horse serum in a dbroth bage. This
medium proved to be the most satisfactory for isolation of the
plonrmniu-lib organiems,

Hofstad and Joder (31) obtained good results using an avian
moat infusion medium composed of chicken aand turkey broth made froa
minced chicken or turkey meat and dlood, and enriched with imactivated
serunm from the birds vhose meat vas used.

Smith et al, (48, 49) studied the nutritional requirements of
the pleuropneumonia-like organisms and were able to isolate a phospho-

1ipid wkich proved to be the major growth factor. Cholesteryl laurate,



lecithin aad methanol were resuired for optimal grovth in synthetic
media., Smith (50) was abdle to demonstrate the cholesterol estersse
activity toward cholesteryl esters of warious fatly acids 4im the pleuro-
preumonia~like organimms. Those strains possessing a great#r esterase
ectivity required a lipo-protein growth fastor. Hydrolysis of fatty
oesters resulted in equimelmr guantitiss of free cholesterol amd fatty
acid, Cosnsyme A ia esmential im both the gynthesis and hydrolysis

of the #stera. Thess remstions are thought to be specific for 3-beta~
hydroxy-idslta=-5 sterola.

Pertile aggs have become & common mnd useful medium for the
cultivaticn and study of tke plsuropneumonis-like organiems. Nelsoa
(42), 1n his search for a culture me#dium, wvas on® of the first to
demonstrate the uss of fertile egg: as & means of growiig the pleuro-
patumonis~like organisms. Fertile aggs readily supported th# growvth
of "goccabacillifcra® bodies from "chronic-corysa® of chickemi. The
best growth results were gbtained with four day old egis. Ten dgy dlad
enliryos are not affected Yy inoculation. Durinmg this Period, he noted
the growth af "coccobacillifora” Baodies vas not dapendeat on the presamgce
of living cells. FGince thlis time, many vorkers have used fertile &sEis
for cultivation and experimental examination of thes pleuropneumcanis~
like orgenimms. When it was found that these organisms grew ¢o pro-
fusely in fertile eggs, workars degan using them to gather imformation
on different strains of the orgamiems aad ts check their patbolegiosl
effectsn.

Ths most accepted route of inoculation seems to be the yolk



sagc. Hoyt et al. (32) thought the yulk seo route gave a more unifora
death pattern; sleo, that the agent apjeared to survive loager in the
yolk than in the alleantoic fluid. He foumd orgenisms ia the yolk
material wer® visble, when stored es lomg &s 180 days at -40°C. 4All
mesbraneg, chorioallamtoic fluld and yolk material contained sppreciadble
congentrations of the pleuropmneumpiils-like organisms. Eheriff anmd
Flerrey (47) found that the yolk skg route to be the most lethal;
although, the organisms sdsministered by chorioallantoic route appesred
to b®# guite virulent for shick smbryos. Ksller and Korton (34) worked
with six stralas of the pleuropneumonis-like organisms from the human
guit tourinary tract. Theso strains were inoculated imtra-allantoicelly
iato developed chick emdrros. One strain feiled to grow, and the
other strains grew poorly. Etrains that grev well ia chick emdryos
were found to grow well 4p Yi$zo. Yamamoto et al. (56) found a loss
of all chick embryoe in 72 hours, when inoculated via the chorio-
allantoic ani yolk sac routes. They concluded that ths death pattera
depended on the virulence of the strain used, the route of inocu-
lation znd age of the emdryo at the time of inoculationm.

Delaplane (15) and Chute amd Cole (13) agreed that the death
pattera produced in chick embryos from the pleuropieumonia-like
organisms was irreguler for the first 13 passages. Hoyt et al. (33)
obtzined a fairly unifors dsath pattern after 5-7 days with most strains.
It has been shown that passage of these organisms in the yolk sae
increases the virulemce of the organisms. This may suggest that
saprophytic strains can become parasitic or pathogenic through



continaed passsge in homts where tha organisms grow best (33, 15, 13),
Fasemann and Reckl (40) considersd this question wvhile working with
seprophytic human strains of the pleuropneumonias-like orgenisms. They
steted ®,...A definite mngwer cam not De given as yet as to the gusetions
of whether there are any FPLO strains primarily pathogenic for humans
or under what conditions saprophytic PPLO may meguire secondary
pathogenicity™ .

Hoyt et al. (32) obtaimed 10%L.D.g, for chick embryos per
milliliter of yolk from infeuted ambryos miter 72 bours aof m\d.l.l
Luginbuhl and Jungherr (36) were mot atle to detect measursble growth
of the agents uiatil the third day after inoculation. Growth then rose
one legarithaic unit per day umbil it reached 10°L.D.go per milliliter
on the fifth day. The eabryos startsd dying on the seveath day, and
developed a titer of 10° and 10%L.D.g) per milliliter for all deaths
after that period. They concluded that the yolk material karvested
from living eabryos just prior to the bdeginning or duriag the first
day of emtiryonic death will give the greatest conceatrition of the
infectious egent and the most unifora results ia titrating.

Heller and Morton (34) working with six human strains of the
pleuropneumonia-~like organisms, found a generation time of 3.27 hours,
These organisms seemed to follow the human bacterial growth gyecle,

when emumersted by the turbhidametric mmd plate ocount methods.

15.D.50 = The dose required o kill 50 per ceat of the
experimental animals.
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Nearly all workers ar:s In =greement ss $o the patholaogical
effects produced by the pleuropnsumpnis-like organisma in chick eihryos.
The differences im thase affactes are thought to bs the result of the
virulence of the particular strains being used or the virulence duilt
up during ssbrys passaga. The degree of viruleace appearz to affect
the desth pattern and the course of the imfection (33, 15, 13, 14, 56,
39). The main lesions in pathslogical infection seem to be cutaneous
hemorrhages argund the head, wings and fest. Embryos dying Detwéen
eight and 14 days show extrems hemorrhage and edema. A transudate
may ooseé from all sides of thé embryo. Ecehymotic hemorrhsges are
found in th& skin, head, aviak and lower thnracic region. Embryos &ying
in 14 to 21 days show similar chenges, but they are more dvarfed. BHome
emdryes show & body largennss and shortness of legs. Tha leg and ving
Joints may bde arthritic, puffy and white and may contrin ezndate. The
liver, hsart, brein, kidné¢ys and shoricallantolic membrane all show
pathologicel comnditions and edema. It appenrs that chronic lesiomns
are more freguent in emdryos inoculated wiibh adapted stireims af the
pleuropneumcnia~like orgsnisms (33).

Couie and Cole (13) and Ohute (14) moted that differsnces vere
produced by different cultures of the organisms and could be demon-
strated in pethological mppeverances. ZThe giemea stalm vas used to
demonstrate the pleuropncumenis-like orgrnisms in staimed sestions.
Junsherr (33) stated that pathologisal response ia the chick eamdryo
could not ha uasd for resugnition of ponsidly pathogenis pleurcpneumoiiia-

like organisms. [He desarided the pathogenic straine as hemagglutinating;
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the nonpathogenic lacked this ability. He ascrided this to the fact
that the heterophil is the only leubocytic type availabdle for iaflam-
matory mobilizatioa throughout most of the embryoanic life.

Nasemann and Rockl (40) used a process of "aymbiosis-like"
action to increase the number of the pleuropneumonia-like organisms per
egg. BEgg cultures which wvere infected simultaneously with the pleuro-
paeumonie-like orgenisms and virus of ectromelia, produced a much
higher percentage of growth of the pleuropasumonia-like organissms.
Other viruses have bdeen used vwith similar results. JNo meation vas
made of using this method as a stressing vector, nor of the pathological
effects produced, They stated "....increase in the multiplication rate
of the FPPLO by a gymbilasis-liks process offers little confirmation for
a stronger, primarily existing virulence of the organisms”.

Gentry (24) studies the toxicity of certain antibiotics and
furasolidone for chick embryos. Using ten day o0ld embryos with ten
aifferent sntidiotics, the B.L.D.g, vas calculated for esch smtibdiotic.)
Results indicated that the effect varied with the drug and route of
inoculation. The most seamsitive route was the allaamtoic cavity.
Toxicity for fertile eggs with different drugs ranged from 0.96 milli-
grams to 152.5 milligrams.

Yanamoto and Adler (56) and Ramdy et al. (38, 29) were adle to

ugse embryos as & meilis of evaluiting the effectiveness of antidiotics

15.1.D.5, = The egg lethal dose. The dose required to kill
650 per cent ofsgho enbryos.



4a 2v0. They both foumd erythroxmycin to be quite effective. Hamdy (29)
made a comparison of ipn yitro, ia avQ, and ip Xime results. Erythromycia
and oxyfetragycline in that crder were found to B@ the most effective
against the three strains used. Hamdy's group (39) was able to
demonstrate a difference in the effectiveness betwesn the antidioties;
also, they were able to demonstrate a difference in effectiveness for
eegh antibiotic against the different strains used.

Haeemann mnd Rockl (40) compared their ip Yitro and in gva
results vith antidbiotics against the pleurcpasumonis-like organisas.
Their results wvere found to be quite comparadle. They foumd no
effect from the various sulfomamides or penicillim. Aureomycin and
other tetracyclines exhibited some effectivemess. ]a ove, at 5.0
mierograms per gram of egg or higher, Aureomycin produced complete
inkibition of the micro-organisms.

Hitchner (30) imoculated iafected turkeys with 150 milligrams
of streptomycin in wvater at 0.6 milliliters par sinus. This amount
would clsar up einus svelliag, but internsl lesions were found in 13
out of 26 turkeys so treated. One hnadred milligrems per sinus showved
regression of infectious simusitis in five days, but relapses of the
infection were noted after seven days.

Fahey (31) was able to produce F4 and F5 progeny free of
chroanic respiratory disease from infected F3 flocks trasated with
injections of 200 milligrams of dihydrostreptomyeia, 120,000 units of
procaine panicillia ¢ and 40,000 units of potassium peaillin G,

Symptoas of tha disease were gone two veeks after treataent. Terramy-
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¢in and Aureomyein were found ineffective at 200 grams per ton of feed.
This antidiotic mixture proved to ba more effectively administered by
injection than dy feeding.

Adler and Yamanoto (2) were able to show that the agemt of
infecticus sinueitis was paseed through eggs from parsiat %o progeny
and that the stress of the imfections bronchitis virus enhianced the
spread and severity of tha disease; also, that egg-transaission of
pleuropneumonia~like grganiems wvas prevented ia two flocks by medi-

tioa with 256 milligrams per kilogram body weight of stieptomycin-
dihydrostreptomycia injections.

Of interest is the use of dihydrostreptomycia-sulfate-propylene
€lyecel spray (B0 grams dibydrostrsptomycin sulfate, 300 milliliters of
propyleme glycol, 1.0 grems of metholatuam and 1000 milliliters of
water). Ferk amd Ferk (45) used this mixturs to sprey flocke of
different ages at designated time intervals. This spray wvas of value
in preventing chronic respiratory disease for the first eijght waeks of
1ife, and the growth rate vas found to bs more unifora in the treated
than in the untreated groups.

DeVolt and Gaduten (16) used Faamyein, Aureomycin, and Terramy-
¢in in ecommercial turkey starter mash for control of iafectious simus-
itis two days after exposure to the disease. It was concluded that
the eeverity of the disease determined how much amtidiotic to use.
Tetraaycline and Terramycin wvere similar in action; the chemoprophylactic
action being roughly proportional to the concentration of the drug

employed.



"

Duerre (20) fed Aursomycinm to one momth old chiaks inoculmted
with ihe plsuropneumonis~like organisss. He found the uaisoculmted
controls geined 70 grams more por bird over a four wveek period. The
only indicatiom of possidle chronic respiratory diseam= was the slov
veight gain {n the infected birds. Ko isolation of the pleuropmeumonis-
14ke organisms could be made from autopsied birds.

Grumbles and Boney (27) found that Terramycin f&d in con@entrs-
tions of 0.5 per eent to 0.2F per cent for aight to 12 days was mod
as ffeetive as Chloromyestin ia treating infectious simusitis,
Ehloremycetin in 0.1 per cemt portions wvar mot effective., §ymptoms
of iafectious minusitis rescoured im twvo of 30 poulis.

Feterson (46), Gross (25), and Carsom and ¥Baton (11) used
Terramyein in 0il as & therapeutic agent. Feterson used 11,000
pullets in twnw casés studied. Treatment vas subcuteneous adninistre-
tioa of Terramycin in mimeral oil. ©Quntrel groups showad eviden=es
ef the distase and loss of egg production, while the treated groups
shoved no imfection and improvement ia egg production. @Gross (25)
made & gomparison of streptoamyein in water, Terremycia im water amd
Terramyein ia oil o3 experimentally induced imfectious simusitis.

All birds receiving 3.135 milligrams per simuse or more of Terramyaia
ia mineral oil recoversd snd showved no relapses. Thers were relapses
of iafegtions followiang treatment with antidictice administered im
water. (Garson and Eaton (11) treated two loks of pullet = infected
with shroaic respiratory disease with tvo milliliters of a suspeasioa

somtaining 25 milligrams of Terramycin per milliliter of mimeral o4l
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injected wmulhicutaneously imnto the upper neck reglom. UDlisecase gymptoms
disappsarsdi and egg produstion improved in neven days. Ocmtrols still
continued to showv chronie respiratory disease and low egg production.

Frice ot al. (43, 44) checksd the influsnce of Terramycim and
Peaicillin in the rations om the mortality, lesions and predomimating
microflora im experimental chromic reiapiratory disease. Fenicillina
was showa to have no efiect oa the course of the disease. Terramycin
demonstrated a significant reduction in mortality rate and lesion
severity and improvement in weight gain over control groups using 100
eand 8500 grame per tom of fead. Reeovery of the organisms producing
chronic regpiratory dissass was not influenced Yy any of the treatments
although, a lag in development of matidodies agalnst this agent was
noted at the 100 and 500 grams per tom levels of feedimg. Only higher
levels wire adble {0 suppress secomdary iavasion of soliforas im the
respiratary tract.

Gbalguest and Fadbricant (12) checked the sarvival of pleuro-
poeumonia~like organiszms inject#d into eggs previously dipped in
antibiotic solutiom. The odjeet of the study waz to preveat egg
transmission of the organimms by destroyiasg those orgsanisms withia
the hatching egg. This was done by immesreing warm eoggs into ecold
aatidiotic solution. The antibiotic would be adsorbed through the
shell to destroy the organisms. Irythrumycin, Terramycim and strepto-
nycia wvere used against strains 29385 and Bi. Asalysis of the eggs
for antibiotic showed 0.15 misrograms per gram in the yolk and O.4 teo

7.5 micrograms per gram in the albumin, which indicated ithat anti-
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bloties could emter the egg by this method. Im 75 trimls with 6,500
chicken egge and seven trials with 700 turkey =ges, thare appesred $o
be no difference in hatchability between the dipped and umiipped eggs.
There were significently fewer dipped eggs than uatreated ones from
wbhich the micro-organimms cpuld be isoclated. Ome trial with Terramyeina
gave i similar result. This suggeste that the pathogea may not survive
this treatment.

Wong and James (B5) cleimed that Magnamycin amd Terrammycim were
the moat 2ffective of 16 amtiblotics tested Lin ovoi also it appeared
that only the snti-pickettsial group of antibietics exerted an un-
nistakable inhiditory effect on these pleuropneumomim=liks organisas,
These included Magnamyein, Terrsmymin, Aureomycin, chloramphenicol
emd streptomyein,

Groes and Johmson (26) sinted that sntidiotics influsmced the
killing properties of the organisms csusing ehronis respirstory
distane and infectious sinusitis i5 gvp and in the followimg order
of sengitivity: Terramycin, streptomycin, Aareomyoin, neomycin and
Chloromycetin. The drugs seemed to leagthen survival time of the
embdrys without completely destroyiag the micro-organism,

Yamamoto aiid Adler (57) tested the effacts of amtiblotice
on pleuropneumonia-like organisms of avima origia. Jj3 xisrg studies
on several avian straine showved tstracyeclinme and oxytetragyoline to
be moet mctive; erythremycin, shartetraeycline snd streptomycia were
all comparsble, but leas active. Dihydrostreptoaycis was least Bative
of all. ]j gve testing shoved erythromjcin and viridogrisein were most
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active and streptomyecin - Alhydrostreptomycin least netive against
chick embryos. Differencenm in amtiblotic ssmasitivity were odierved
wvith svizn pleuropneusonia-like organisms by both ip yitro and 43 ove
mathods.

Domermuth and Johmson (18) tested twelve drugs in yitre for
their ability to inhidit aviasn strains of pleuropneumomnia-like organ-
isms. The drugs were foumd to de active in the following diminishing
order: Nagnamyeir, Terramycin, streptomycia, furssolidone, Auroomyocin,
Cklororrcetin, meonyein amd penicillin. Magmamyein, Terramycin, strep-
tonycin and furazclidones wers tested and foumd to kill the organisms.
The sulfa drugs wers found to be insestive. Domesrmuth (19) fouad
that streptomyein snd furasolidone in yitro exerted similar effects
&fter an initial lag phase. Sauboulturing of a strain growing in a
streptonycin culture after 57 days suggested that this strain may
develop a one-atep rasiatamece %0 =treptomyein.

Reports by Lecce and Sparling (35) and Fahey and Orewley (32)
and from unpublished vork of Price et snl., as stated by Prige, (43)
indieate that there is a d=creaze in the ease of isslation of pleuro-
paeumonia-like organisma noted sarly in the saurse of ammtidiotie
Sreatmant, which suggests that the organisms vere not elimimated bYWy
oral administration of the aatibictics. Fahey and Crowley (22)

stated that the pogaible bacterial invaders in chronic respiratory
digease are coliforms, Profeus, Microcoscus snd the fungus Agpergillus.
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METHODS AND MATERIALS

Gultures

Cultures of the pleuropmeumonis-like organisms used for these
experineantal studies were obtained from several &ifferent sources.
The 56 stirain vas repgeived from Dr. E, B. Adler of the University of
Qalifornis, Devis, California. Htrain 29305 was received from Dr.

J. Frabricant of Corne#ll University, Ithaca, New York, Strain 780
vas received from Dp., K, 8. Hofetad of Iove State University, Amsg,
Iowa. The VT strain wis igolmted in %his laboratory from a ghicken
that had died of chronic respirstory disease. A strain designated

as the B gtrain was imclated from the yolk material of two eggs used
sy uninoculatsd controls in tha course af thig wark. All of these
strains appeared to produsze good growth im droth and on agar. As &
result of the large amocunt of work that has been done with strains 86,

29365, and 780, strain VP waas selected for experimantal study.

Sulture Medium

Tubes and plates of Orumble’s (52) modified phenol red medium
were mads up an follows: 860 milliliters of de-ionized water mmd 20
milliliters of ysast hydrolysats were added to 16 grams of Difco (17)
phenol red bdroth base. The pH wvas adjusted to 7.8 - 8.0 with 10 per
ot NaOH, and the medium was sutoclaved at 131°C. for 15 minutes.
One grem of a sugar and 0,05 grams of tha inhiditor, thallous asetate,

were dissolved in 100 milliliters of de-ionized water and sterilized Yy
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filtration through a 3mitz filter. The second imhibitor, crystalline
potassium penicillir &, was added to give & final @oncentration of
10C0 units per milliliter of medium. When the phenol red broth had
cooled to 40-50°¢. , the sterile serum fraction, mugar and inhiditors
vere sddad aseptically. The amugers used mcet often for fermentation
wera glucose and maltose. Tha most common serums used were Difeo (17)
PPLO serum fraction and horse serum. The phenol rad broth was tubed
in 16 x 150 millimeter screv gap tubes in 4.5 and 9 milliliter
amountes with an aseptic dispenser.

For the preperation of agar plates, 1.5 per cent Pifco agar
vas added to the phenol red brotk base just before it was autoclaved,
and the h#at-labile components wiére added when the madium had cooled
belov 54°C. The phenol red agar was poured into petri dishes ia
layers about one centimeter thick. All agar plates and hroth tubes
were stored in the refrigerstor at 10°C. uatil they were used.

Different serums were tried am sources of growth factore in
phenol red droth and agar. The cultures were uet up in dilutioms of
2, 10, 16, and 20 per cent serum. If poor growth was abtained in
thess smounts of serum, & series of the gerum dilutions were set uyp
in broth ocultures ranging from 0.0012 to 20 per cemt serum. The
controls eontained no serum. This method demonstrated at what
soneentration the best growth ssuld e obtained with the particular
serum used. The grovth factors tried were heat-inastived, filter-

sterilized bovime, svine and chicken sera.



isoletion snd Cultivebion

The following eriteria were sst wp as a guide in the isolatios,
fdentific=tion end recognition of pleuropneumonia-like organisms for
the purpoee of this study. (1) The organisms should produse scid in
phenol red maltose brosh contsiming the inhibitors thallous acetate
and potassium penieillin @, (&) Growth in broth should be apparent
as minute refractile granules suspended in & mediws which is entirely
free of turbidisy. (3) The organisms should produce acid in phenol
red maltose broth vithout imhibitors and the medium should show the
refractile granules dut no trace of surbidity. (4) The orgunisme
skould produce cheracteristis “dutton-type” colonies on phiencl red
paltose agar containing no inhibitors. Some strains of the pleuro-
posumcnie~-likes orgasniems may not produse the characteristic pi
shange in broth, tut they wvill produce the characteristic coleny types
on agar; thersfore, the "bhutton-typs" colony on agar was used as the
main identifing sharscteristiec.

The procedure of isolation vas ssseatially the same as that
used by Adler (4) ia his studies on the plsuropaesumcnia-like organimms.
The specimens of trachea, lungs and exudate were each ground separately
ia a sterile martar and pestle with sterile ground glass and 10 milli-
liters of phengl red maltose broth enriched with 20 per cemt horse
serum. From this ground material, 0.1 milliliters of the mixture were
inoculated on 20 per gcent serum-eariched phesnol red maltose agar plates;
one milliliter wvas added to 20 per cent serum-eariched phenol red

maltoss broth comtaining thallous acetate and paotazsium panieillin @,
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The plates were sealed with masking tape to retain the moisture, ammd
all ounltures were incubated in & Thelce imcubator at 38°C. Bliand
passages were made in broth snd on agar plates at three day intervals
until a pH change was moctad in the droth and colemies were fouad oa
the sger plates. The cultures ware discarded if no pE abange or
colonies were found after four dlind passages at three day intervals

(Figure 1.).

e  —— . — . — == |
8round Exndate ——» Tade 1 ——»Tudbe 2 —aTube 3 ——- Tule 4

:

Plate 1 Plate 3 ?latle 3 Platlc 4 Plate 5

Figure 1. 1Isolsation of Fleuropneumenia-like Organismg
from Chickens having Chronic Respiratory Disease

Growth of the pleuropneumonis~like organimme was determined Yy
observing a change in color of the phenol red maltose broth from red
to yellow with & clear, granular appearance throughout the medium.
The agar plates were checked for "button-like" colonies and the
development of acidity. One milliliter of the phenol red maltose
broth showing the positive characteristics of the pleuropneumonia-
like organisme was transfered to & fresh tube of phenol red Broth
vhich cont=inei mo imhibitors. After several tranafers ia the
inhibitor free-medium, the droth culturss proved to contain a pure
culture af the pleuropneumonis-like organiszm and could be stored at

-68°¢.



Riluents

Serum from swine, cattle or chickens was separated from dlood
clots and filtered through a Whatman number one filter paper. The
serun was $hem cemtrifuged ia an International refrigerated cemirifuge
at 1000 timse gravity for ome hour. The clear serus was pooled amd
hested in a water bath at 56°0. for 40 mimutes.

Yenst hydrolysate was mede from dry bdaker's yeast. Thres
psckagea of the dry ysmast coells were added $o BHOD milliliters of
de-ionized water, The solution was imcubated in a water bath at 56°C.
for three days. The hydrolysate was clarified and steriliszed by means
ef a Seitz filter and stored im the refrigerator at 10°0.

Physioclogical saline mnd 10 per cent NaOH were made wp ian 100
milliliter amounts, sterilized by autoclaving and stored in the
refrigerator., The saline solution was used as a general diluent for
egg and culture inoculations. The NaOl was used for pE adjustment

of the phenol red mediua.

Haryesting sud Storing of Keserials

Infected yolk material was obtalned from dead smbTyos
Wy using & 20 gaage meedle and 10 milliliter gyriage and pleced
in screv cap tubes. SHpecimens of materiale to De gultured were
placed ia Petri Adishes. Viadble sultures im phenol red droth were
stored ia five and 10 milliliter msounts in 16 x 180 millimeter
screw oap tubes. All the abave materials were stared at -65°0,

Broth cultures could de used and refrosen several timsg with little
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or ne loss in visbility,

Amesrs and Ssaining

8ix cultures wers centrifiuged at 2400 revolutioas per minute
or 1500 times gravity for one Lour at 0°C. in an Internsticnal
refrigerated centrifuge. The supermatmit was poursd off amd the
sediment smezred on slides for examinstion with Gram'e and Giemsa
stains. The giemsa stain was mast effective when left on the slide
for 26 to 30 mimutes. PFPhenol red maltose agar plates were also used
tc gether cells for stmining. The plate was inoculated with a large
volume of iroculum to produce profuse growth over the surface of the
sger. Usling an inoculating needle with & large loop, the agar surface
wis scraped froz 21l sides into a central pile. The material vas ia
a viscous state and could be picked up by the lcop to smear on the
slide.

Staining of colunies vas accomplished by two methods., In the
first method, ager plates coataining the colonies were flooded with
Giemsa stania. After an bour in the imcwdator at 38°G., ke plates
wvers examined with the low pewer leas ¢f the microssope. The agar
plate gontaining the stalmed colomies was &ut out of the agar and
mounted on a glass slide with the coloales uppermost. In the plate
flooding method, csre was ussd in plecing the stain on the eurfase
ef the agar. Too miuch stain washing over the agar surface would wash
out the delicmis coloaies mmi leave empty ecraters. Once the stain

has been absorbed, the colonies were gently covered with a cover slip



and examined with the oil immercion lens of the mieroscope., In the
second method used, 2gar dbloecks= conteining the coloamles wars cut out
of the agar plates and placed on a glass glide with the colony side
up. OGiemsa stain was poured around the sgnr block unsipg care not to
flood the surfiase of the agar. The slide was placed im a Patri dish
in the incubator at 38°C. for two to thrae hours. Thip period
allowsd the atain to diffuss through the agar to he abgorbed by the
ecolonien. After the colonies had absorbed the stein, a cover slip
vas gently laid sver the ager bPlock, 2nd th# atemined colomies were
exnmined with the cil immereion lens of the miecroscope. The agar
block mzsthod shiowed Better results butl required more time for the
stain te diffuse through the mger Blocks. It proved more desirebdle

t0 uem & wall filtered, diffusidle =toin and small agar dlocks,

Experimental Animals

The chickenms and fead ustd in thesa studies were obtained
from the FPoultry Department of South Imkota Htata College. These
tirds were sll Single Comd White Leghorn chickens and were housed in
wirs cagss of the Bacteriology animal room at Ssuth Dekota State
College. The feed consisted of groumd cora and goybean meal mixad
vith vitasins, minerals and two milligrams of pemicillin per pound
of feed. The birds were all tagged and nusbered and blood was Saken
from each hird for testing af antidodles against pleuropmeumonia~
l1ike orgnnisms by the spot plats method using 2 commereially prepared

antigen. All birds showing a positive reacticm to ths antigen test



were eliminated from sthe expsrimasal flock. HBlood was also taken
at the end of these axperiments at the time of antopay tc check for
the pregence of antibodlies producad from experimental inoculstion.

In the first experimental group, nine five month old dirds
wer® inoculi&ted drop=wise nmsally, intratracheally amd with one
milliliter in each of the posterior air msacs nsing cme each of the
three strains, Thé object was to induce chronic respiratory disesss
with the different strains of the organisms. This group contained
six roosters and three hens. Thrae roosters were inoculated with
streins 26306, three roosters with the S6 strain mnd three henz with
etraia 780. The birds were observed over a 30 day period for sigrus
of chronic regpiratory disease. Four bdirds were autopsied and the
lungs and trachea were cultured in phenol red maltose droth enriched
with 20 per ceat horse sorum. Hlosd was taken froam eagch bird for
testing for amtivodies egainst the different strains with a commercial-
ly prepared aatigen.

In a second set of experimensal animuls, seven hens &nd four
roosters vere sclected for imoculation, and threa hens and three
roosters were used &s controls. The birds were separated into four
Eroups --- male mnd female controls and inoculated males and females.
The cages of the controls were located in the next layar above the
inoculsted group. Ths birds, all 34 weeks old, appeared to be in
g00od healith. They were inocculated with & 35 hour droth culturs of
the 56 strain. The control birds received no inoculations. The

experimental bdirds reseived imjections of six milliliters of the viadle



86 culture in the posterior thorscic air ssss, O.5 milliliters intse-
Srechsally snd dropwise by nasal inhalation. 1% was Shought that
shronic respirstory disease ooculd be produced by ALrf eray stresses
on the host. Ia this trial, the birds were stressed 43 \nre® ways.
First, they were given mothing but water for 48 hours Before imeguls-
Sion. Second, sm hour before imcoulation, the Birds were taken from
their cages in the varm esimal room and plssed AR cagee io She snov
et & temperature of -3°C. Third, s larger tha Rorssl Smgust of
isoculum was given te eash bird,

After the birds wers impoulsted by the sbove poulss, thay yere
returned t¢ thsir cages in the wverm animal room; bowever, the stress
of chilling was costimusd at periods of 34, 48, 72, snd M hours after
inoculstion. The chilling time and tempersture were 4.0 hours at -3°0.,
5.5 hours at 0°C., 11.5 hours at 0°C. end 4.0 hours at -3°C. They
vers again chilled at 8, 10, 14 and 18 dayse after ingpgulstion for two
four hour perieds smd two 10 bour periods ot temperstures of -3%, 4°,
~4° and -2°C. The birds wers cbserved, sad thelr Fesstisas mnd
wuptons were recorded over a A day pericd, The Birde vers all
sutopsied. The trachea, lungs snd exudate fros Dreast dlisters and
swelling syes were Sakes for cultivetion 1a broth and of agar anriched
with 20 per cent serum. 351004 vas taken for testing for ent 4 Dodies

as previcusly mentioned.

ds Lisre Ansibiotis Tesiing

Oleandomyein phosphate, erythromycia thiocysnagse, tnd OXy-
tetracyeline solutions were made up fresh Just befors titration ia
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screw cap tudbes, Fhemol red msaltose droth with $wo per ceant serum

and without inhibitors was made in 500 milliliter amounts. A 40
milliliter amount of the hroth was used for the preparation of each
antidiotic. The method used for the Ap ¥Yiitrg testing of antibiotics
was essentially the ssme as that used by Zolli et al. (59). The phenol
red maltose hroth was aseptically dispensed into screv cap tubes in
one milliliter volumes, and the tubes were divided iato groups of 14,
The antibtiotic wvas made up in 40 milliliters of the phenol red maltose
droth at & soneentratioa af 100 micrograms per milliliter.

Tvo-fold dilutions vere made as follows: from the 100 micro-
greaa stook s@lution of antidiotio, cne milliliter was pipetted into
.tube one, mnd into tude $two containing one milliliter of the phenol
red maltose broth, and these tubes were marked 100 micrograms and 50
micrograms. After mixing tude twe, one milliliter of this 50 micro-
grams dilution was trameferred to tube three marked 26 micrograsms.
This two-fold dilution series was continued dy the adbove proceiure
through tubde 12, contiining O.OE micrograms of antidbiotic. From thie
tube, one milliliter of the final dilution was discarded. Tube 13
and 14 were used as controls and contained 20 inhibitors.

The culture inoculum was prepared in the fellowiag mammer.
Bach stock culture was diluted with aine parts of phemol red
maltose broth, and inocubated at 28°C. for 15 mimutes. One milli-
liter of the freshly diluted culture was thea inoculated iato each of
the secrew cap tubes containimg the differamt dllutions of antidbiotie

and into each of the controle. ZThis give a final volume of two



ai111liters per tube. The culture tubes were incubated at 38°0.
unsil a pH change was noted in the control tubes. ZThe minimum
inhibitory concentration was then determined By comparison with the
control tubes. In making the medium amd adding the antidiotie, care
must be uied in adjusting the pi. The antidiotic coacantration may
have soiie effect on the pH at these differeat dilutions and gave
variable results.

Four cultures vere selected at random from each of the three
sets of 14 cultures msde with esch antidiotic. These cultures vere
subcultured on phenol red maltose agar without inhiditors, This method
vas used to check for the presence of aay viable organisms after culti-
vation in the selected antidiotic for 72 hours. The presenae of typleal
colonies on agar plates was regarded as an indication that the anti-
biotic was not ible to kill the organisms. If colonies vere produced
ia subcultures from antibiotic cultures that showed no pH change after
73 hours, the organisms were considered to be inhibited by the amti-

blotic But not killed.

Shick Embryos

Fertile eggs were obtained from the Poultry Department at South
Dakota State College. The eggs were from Single Comb Wnite Leghera
Chickens. All eggs were incubated at _sa"c. ia a Brower, model 58,
Eumidaire incudator with the humidity maintained at 60 to 64 per ceat
saturation. After six days of incudbation, the fertile eggs were

candled and the air sas, emlryo and the point of inoculation were oute
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11aed on the shell, On the seventh day, the air sac was swabbqd with
an iodine soluticn amd & small hole for imoculation was pluodnur
the edge of the air sae. The eggs were dividsd into groups ascording
o the =ntidiotic dilution being used and incculated im ihe yolk sae
vith 0.2 milliliters of broth culture or imfected yolk material.

The smtiblotic was made up in saline solution in the desired
concentretions and administered 12.0 hours after the egge had bean
inoculated with the VT sirain. The aatidiotic wvas injected into the
shoricellantoic fluid 4in 0.2 milliliter amouats snd in comcentrations
ranging from 1.0 to 0.0062 milligrems par eogg.

The eggs wers turned at least four times a day, and twice a
day they were removed from the ingubator for a cooling period of 30
to 45 minutes. The egss vere asmndled tvice a day for the first 72
hours after imoculation end omce s day for the remainder of the
ingubstion perind. XEggs that died dnriag ths first 48 hours after
isoculation vere discarded. These eges were considered as lose
resulting from imoculation injuries. MNaterials from all siEgs that
died after 48 hours were sultured on phenol red maltose agar con-
taining Swe por eent serum and no imhiditers. The sggs to be cul tured
were cleaned with 70 per ceat alcéohol and the ehell covering the alr
sac was removed. The choricallaamtoiec membrame wss reamcved wiih sterile
forceps, and ihe yolk material extrected with a sterile 20 giuge mnoedle
and 10 milliliter gyringe. A drop of yolk material was inoculated aa
phonol red maltose agar plates and the resainder placed ia sterile

marev cap tubse im the refrigerntar. If the refrigeratad yolk material



profduced typical ecoloniam on agar and mhowed no zigns of contemination,

it was then stored at -65°C. iWhen the embryo yolk msterial was not
saved, m loop of the disemrded yolk wam streaked or mgar plates and
inoculat®d into broth tubes. Cultures were also made in broth and on
agar from those smhryns that pipped their shells and died, or that

had dieqd just afsar hatching. Hstched chieks wers kept for fivas to

#ix days befora they were autopeied and cultured for the pleuropreumonis-
liks organisms. During this period, the hatehed chicks were ohserved
for any clinical signs of chroaic raspiratory dimease, swollam ar

infected jointe and other abnormalities.



EESULTS

Culture ¥edium

trains of the plsuropaneumonia~like organisms studisi grew
wvell on Grumadble's modified phenol red medium. Unless imhiditors
vere used, this medium would remdiily eupport the growth of contam-
imating bacteris or molds. Studies were made with Grumblets medium
using different sera as =ources of growth factore. Good growth vas
odtained with Difeo (17) serum frastiom or Difco (17) horse serum.
The heated bovine and swine sera also provided equally good growth
of the 56 and VT strains. Heated avian serum did not support good
growth,

Cultures of the 56 and VT straine vere tested for growth in
phencl red broth wiih different dilutions of serum. The 86 straia
produced good growth after 10 bours in duplicate tudes fortified
with horse serum. Ualy one of five S6 cultures fortified with avian
serua grew. Orowth of the 36 strain on phenocl red sgar plates gave
results similar to those with the liquid media using horse and avian
sers.

The VT strain produced grovwth im 46 hours in all dut two
iunuon of avian serum. CulSures were set up in a series of serusm
dilutions to continue the test with the VI strain in avian serum,
Culture five, contiining 2.0 per cent avian strum, was the first to
shov growvth and produced a pH chaage in 12 hours. Cultures contaim-

iag from 0.0056 to 8.0 per cent serum shoved a pH change in 4 hours.



The control cultwres and the cultures containing 18 and 30 per cent
serun ghowved little or no pH changs over a seven day periocd. Twenty-
six per ceat avian serum vas required for shundaat growth of the V2
strain on agar plates. Plates with 22 per cent aviea seruma contained
a few colonies of the VT strain. Plates with 12 and 18 per ceant
avisn serua did not shov any recogaizadle colonies,.

Three sets of four culture tubes contained dilutioms of 3, 10,
16 and 230 per cent swvine seruam in aime milliliters of broth. These
dilutions were inoculated with one milliliter of the VT straia. All
three groups gave similar results. Cultures containing two and ten
per cent serum showed pH changes in 13 hours, while culturss containing
16 and 20 per cent svine serus did not shov & PH change uatil the
sixteenth hour. All cultures had developed exactly the same pH at 31
aad 34 hours. Heated swine gerum was used to fortify large amounts
of medium and good growth of the VT and B5i etredis vas maintained in

all trials and passages made.

Igolation and Cultivatjon

Specimens of lungs, trachea, and grey, cheegy emdate from the
air sacs wvers taken from a chicken diagnosed as haviag chromic respire~
tory dissase by the Veterimary Departmsnt at South Dakota State College.
Cultivation of these specimeas resulteld in two types of colomies. One
vas quite grenular, and appeared to resembdle the 86 strain. The second
designated as the VT strain, was larger amd faster groving. The coloa-
ies of the VT strain were granular only in the camter and maintained a

smooth, entire margin, With successive transfers of the two cultures,



the granular, erose colonies were losi. These gremular cclonles were
sousidered to be possidle bacterisl L forms thut had been eliminated
by pessage in bLroth cultures. All the gspecimens taken from the lungs,
traches, heart snd liver produced & good growth of the VI strain,
which was readily reproducible on Grumble's modified medium,

Alshough good growth results were obtained with Grumble'e
sedium, it wes foundi that one must adhere to the eriteria cutlining
the difference between the pleuropnoumonia-like organisms and bacterial
L forme, At different timee contaminents were able to grow ia the
medium in spite of the imhivitors presant. They were found to be more
common during the time of isolation or after & culture had been atored
in the freezer,

dtrain Characteriatics

Ome object of this etudy wes to demomnsirate the partSicular
characteristices of the differemt stralns of the pleurcpasumonia-1ike
organismgz on Gruwble's medium. ¥he cirrerent ssrains were compared
on the basie of the length of time reguired %o produce a pH change ia
phenol red maltose broth, She Sime required to produce recognizable
eclonies on phenol red maltose agar, and differences in colony morphol-
efy end in the fermentation of sucrose, glucose, maltose and mannitel,

All four straine were sble to ferment glucose and maltose guite
resdlily, but they were not able to ferment manmitol., Sucrose fermente-
tion was varisble and much slower than the other sugers. The cultures
that were not capable of fermenting msnnitol Were satisfactorily

grown on phenol red maltose ager.



34
\

When fresh cultures were made up from cultures taken from the
freezer or experimemtal snimal, they required more time to produce a
pH change; however, each strain demonstrated a characteristic time
pattarn for farmentation. Two or three passages through phenol red
droth were reguired te adept the straia to the medium sufficient
to entablish a fermentation pattera.

The 56 sand VT strains were sbdle to produce a pi change in the
medium in 24 hours. ZThe final pH of the medium vas 6.0 to 5.5. In six
passages of strain 780, the average time required for a pil change was
4.6 deys. Strain 29306 wes even slower, reguiring 10 days to produce
& definite pHl ochange. The pH of culturas of strains 780 and 29306 was
never foumd to be delov 5.8 and was generally six.

The most characteristic difference between these strains was
noted in colony morpvholegy. Although the 56 and VT strains produced
siziler fermentations, their colony structure vas not the gmme, They
both started as emall pock-amarks in the agar szurface; however, the
86 strsin hecame completely grenular throughout its eatirs surface,
while the VT strain produced a smooth surface colony with a small
granular ceanter. The S6 colonies were irregular with an erose margin.
The margins of colonies of the VT strain were circular and entire.
Both strains formed recognisadle typical colomies im 24 hours. Strain
39305 predunced colomies very similar to 86, dut it required a much
longer growing period defore the colonies vere recogaizadble. Colonies
of the 780 straim were granular and very irregular with an undulate or

lobate margin. This straim also required a long grovth period to pro-



dunge recognisable colonies. 5Staining vith a Gismsa stain was szome-

times necessary to demonstrate the colonies of the 780 strain.

Smears asnd Staining

Stained smesre of materiel centrifuged froam droth cultures
did not show any mozphologissl forms that could bde recognisable. The
best material for staining came from agar plates. Saears froa agar
plates did not econtain the extranecus dedbris that wvas always found in
smesrs of centrifuged cultures. These organisms camnot be steined
using the Gram tachaique.

The giemsa stain gave a more distinct picture of morphology.
The orzazis=s were stained l1ight dlue and many were minute, coccoidal
forms. Extranecus material 4id not stain the ssme color and could de
distinguighed from the organisms. Htalaing of the colonies resultad
in & color similer to thet found on the giemea stained slides., Best
results were obtained by cutting egar dlocks out of the plate and plac-
ing the stain around them. The Giemsa stain appeared to de specific
for the coloniss of the pleuropasumonie~liks organisams, which made it

relatively easy to distinquish them from the agar (Figures 2, 3, 4).

&xperinental Animals

During a 30 day periocd, the first group of experimeatal birds
displayed 1ittle or no reaction to injectisns of the three etrains.
Autopsy of the tirds showed them all to be very fat and vith no signs

of iuternal lesioms. OCultivation of material from the tragchea and

lungs in phenol red maltose droth and on egar did not yleld recogais-



able colonies. Only the sera from the birds imooculated with the
29365 strain reacted with the commercial antigea.

The second set of experimental bird; vere stressed ty different
methods fo see if gymptoms of chroaic respirstory disease could de
produced. TYor the first 48 hours, the inoculated birds were all very
inactive and ate very little. There vas a difference hetwsen the
sexes in the demonstration of symptomas of ghronic respirsatory disease.
After inoculation the heng were continually shaking their hsads and
wers lesa sctive tham the romstera. All the hens lost thiss gymptoms
after four days. When they were placed out ia the cold for a period
of time, and then returned to the varm animal room, the head shakiag
and inactivity would again stert. After nine days, the head shakiag
symptoas stopped ani could not be induced agaia by stressing the heas
with cold or starvatiga.

The effects of stress from cold affascted the roosters in a
similar manner; although, they did mot show aay of the clinical sigas
such as head shaking or soughing and sneesing during thé first eight
day pericd after inosulation. Eigns of heed shaking and inactivity
became gquite promounced in the roosters 10 days aftesr inoculatios.
S8tress with cold and starvation appearedi to have a marked effact
on the mctivity of the male birds. These symptoms of chroanie
respiratory diseasze lamted adout 24 days; after that period, stress of
e0ld or starvatioa d4id m#t appesr to induce any of the sigas of ohreamic

respiratory disease.






Figure 4. A Colony of the S6 Strain Stainmsd
yilh Giemsa Stain. x 970
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Ths birds were sutopsied after 32 days. The hens were extremely
fat and showed no lesions. Three of the roosters had bdreast blisters
and large® swellinge over their ey#s. Two roosters had cheegy exudate
eround their lungs and air sacs, and their livers were quite discolored.
Exudete aspirated from the eyes and breast blisters contained gram
positive cocci. Eone of the pleuropneumonia-like organisms were
isolated from any of these experimentally infected birda.

There was a marked difference in the appearance of the fat
found on the inmoculated and control groups. The fat on the control
birds appearsd to be much healthier. This difference was also noted
between the imzculated roosters mad hems. The inoculated roosters
carried very little fat suid Aid not appear to be im good health.
Tracheal raleas vere hiéard im two of the roosiers, dut they did nmot
maintain these symptoms longer than 48 hours, A small amount of
ocular discharge was noted from the swollen eyes of three roosters.
This ocular exudate was cultured in phenol red maltose bdroth with
Anhibitors mad ylelds only gram positive coecei, that grew in the
presence of the twe iahibitors.

dymptoms of chroaic respiratory disease such as nasal die-
charge, swWelling of the infraorbital sinuses, excessive mucus in
the trachea and arthritic joints were not found im any of the dirds
examineid,

Blood eerum tests for antibodies were positive for two
roosters and ome hea of the inosulated group. No reactors were foumd
in the control group. During this 33 day observation period, the

controls did not display any of the gmptoms of chronic respiratory



disease and appeared to be guite healthy,

Adn Yitre Antibiotle Testing

The control cultures comtainimg the V¥ strain showed a pH
change in 16 hours. 7The miaimum inhibitory concentration of oleand-
cmyein for the VI strain was 25 micrograms per milliliter, However,
at the end of 32 hours, &ll the dilutions of olesandomycin &llowasd
grovth in spite of the early imhiditory effect of the aantibilotic
(Tadble I). Sudboultures made from selected cultures of this group
resulted in cbundsat growth of the VT strain (Tadle IXI),

Brythromycin was imhibitary for ths VI strain down to a con-
ceatration of 26 micrograms per milliliter., At the emnd of 72 hours,
all but the cultures contalning 100 and 50 micrograms showed growth
(Table I). Bubcultivation of selactad culiures of the eryshromyocin
group gave nagative results for tha 100 microgras amounts, but gub-~
cultur#s wvars positive for 50 micrograms aad below (Tabdle III),

The VT strain ia oultures wvith Terramycias produced the first
PH change An 20 bours, The minimus inhiditory coaceatration was
below 0.08 microgrems per milliliter. After 72 hours, the cultures
in tubes 10, 11 and 12 were positive (Table I). Subcultivatiosn of
the 100, 12.5 and 0.8 and 0.1 microgram cultures on phengl red maltoss
agar showed the 100 microgram cilture= to bte negative. The k.5, 0.8
and 0.1 microgram msubcul tures were positive after four dgys incubation

(Pable II1I).
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Controls of thas 86 strair shawed a pH change iam 14 hours. This
strain wvas not able to grov im cultures gontainimg more than @.25
micrograms of oleandomycin (Table II). The cultures were difficult
to read because of the variation in pH throughout the group. The
ainimus inhibitory asoneentration was estimatad to be 12.5 microzrams
per milliliter. There was na change in pH above 6.25 micrograms after
72 hours (Table II). Subcultivation did not produce amy 86 coloniess
frem cultures that contained more than 6,25 micrograms of oleandomycin
(Table IV).

Cultures of the BE straim containing dilutions of erythromyeia
showed a minimwm inhibitory concentration of 25 micrograms per milli-
liter st 14 hours. Inhibition was still complete for the 100 and 50
microgram cultures at the end of 72 hours (Table II). Subcultivation
of the 100, 50, 25, amd 12.5 microgram cultures revealed mo coloaies
ia the microgran suboultures, but colonies wers found on agar
Plates from the 50, 26, amd 12.5 microgram cultures, showing that
these organisms vere inhibited btut mot killed (Table IV).

The 86 straim in cultures with Terramycin did not display a pil
change uatil 20 hours after imoculation. The inhidiiory sonseantration
for this group was Bslow 0.05 micrograms per milliliter. A4S the end
of 72 hiours, cultures im tubes 10, 11, and 12 showed growsh (®able II).
Subcultivation of 100, 12.5, 0.8 and 0.2 ajerogram cultures showed
negative :-u'nn- for the 100 microgram cultures, but colomies were
found gcr'%.sg 0.8 and 0.2 microgram subcultures from Terramyecin
(Tavle IV).



TABIE I, THE AVERAGE JJ YIIRQ EFFECTS GF ANTIBIOTICS
ON THE GROWTH (R INHIBITION OF THE VT STRAIN

Tube numbers Control
Maeof A2 g 4 8 b1 8.9 oAl 2. 1 U .
reading Concentration of Antibiotics in ugr./Ml.

Oleandomyedn 16 - - = * udi.ol " F & B % L
32 * + & a o'l @ BN e 9 + 4
Erythromyein 16 - - - > @ B & & 2> 5 & & + o+
72 - - ¢ + + + 4 + » + + % & +
Terramycin 16 - - - - - - - - - - - - + +
9 - - * = B v W s & = ) u
72 - - - - = o & s e + + + 4

Ilsgend + = Grovth at time of reading,
-~ = No grovth at time of reading,



TABIE II. THE AVERAGE I VIIRQ EFFECTS CF ANTIBIOTICS
ON THE GROWTH (R INHIBITION OF THE S6 STRAIN

Tobe numbers Control

Mol 22 _bod b1 o8 9 0 Al 2 LU
«Antiblotics Jp houwrs 200 50 25 12,5 6,2 3.1 1.© 0.8 0.4 0.2 Q.1 0,05 0,0 00

(leandomyein 14 - - - - + + + + % + + + + +

72 - - - - + + + O+ o+ O+ O+ o+ v 5

Erythromycin VA - * = + + + O+ o+ o+ o+ o+ o+ +  +

72 - - * + + o+ & + + + + + + +

Terramycin L - - - - = = e e e e = = + ¢

20 - = = - - - - - - - - 4 + +

72 - - = - - - - - - # + + & +

Isgend 4+ = Growth at time of reading,
« = No grovth at time of reading.
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An QOvo Antibiotic Testing

The experimental eggs were inoculated with cultures growa in
two types of culture media. The eggs treated with oleandomyocia vere
inoculated wvith cultures of the VT strain that had been through seven
Passages in phenol red maltose dbroth. The erythroaycin treated group
of eggs vas inoculated with the VT strain in yolk material that had
been transferred serially in fertile eggs four times. The VT cultures
for Terramysin group had been transferred eerially in fertile eggs
five times. BEgg yolk material was found to de an excellaant culture
medium for growth of the 36 and VT strains.

The death pattern was studied in eggs inoculated with 0.2
milliliters of a viable V? straia in phenol red droth and with yolk
material. Rggs inoculated with the droth cultures survived for an
average of 10.1 days. The rmtio of survivel was two per 19 eggs.

Eggs inoculated with sacond passage yolk material survived for aan
average of 10.6 days and the ratio of survival was four per 32 eggs.

The yolk material taken from each of these embryos contained
the pleuropneumonia-like organisms. The pleurcpasumcnia-like organisms
were isolated from either the lungs, trachea, or doth of the embryos
that died just bDefore hatehing or after pippiang their shells. Imbryos
dying two to five days after inoculation showed hemorrhage of the bdody,
neck and head. ZEmbryos dying five to 10 days after inoculation showed
somne hemorrhege of the heed, legs and feet. The dack of the head and

neck commonly ghowed edema. Hatched chicks often displayed edema of
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the feet and legs. In several cases in the Terramycin treated group,
the chicks lost the use of their legs $wo to three days after hatching.
Lesiona appearsd at the joints of the legs, and the legs and feaet
becanes edematous hefore desth. Cultivation of materisl aspirasted
from the adamatous legs 0f & four dmy old echick produced pleuro
paewsonia=]ike organisan and gram positive cocci.

Heepiratory iafection was found in chicks that had died two
or thres days after hatching. The lungs of thras four day old chicks
all contained cheesy sxudate and conjested air macs, lumgs &nd trachea.
Several thicks had discolored livers, end one chick had an enlarged
heart with some exudate around it. [Fleuropnrumonia-like organisas
were isolated from thi: exudate. The yolk gmc had not bdesm properly
enclosed into the venteral cavity in meny of the chicks. Thease chicks
had hatched and died or had pipped their shells amd died. Oultivation
of material from these externsl yolk sacs produced colonies resembling
the 72 strain. The pleuropneumonis-like organisms were isclated from
th® lungs and trachea of two of the eight chicks that sppeared to de
in good hezlth eight days after hatching.

Oleandomyecin in excess of 100 microgrames per egg sppeared to
be toxic to chick embryos. In both sets of emhryos tested with ole-
andomye¢in, 0.05 milligrams per egg guve the dest results. Concentra-
tions of 0.1 milligrems gave signs of being toxic and a concentration
of 0.0025 milligrsms was not potent enough to be of any therapeutic
valus, Olessandomycin did not prove to be effective iam preventing

grovth of the VT strain im chick embryos (Zadles V and VI).
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Erythromyecin, like oleandomycin, appear=z to bde toxic in large
smounts. Mortality rates seemed to be the highest soon after injection
of the antidiotic. The warvival ratios of sets ocn® and two were the
sime; however, the average time of survival was much longer in set
tvo. The survival time appears to be langthened when ueing srythromy-
ein in smaller doses (Tables ¥II and VIII).

Tarrsaycin has been tried by other workers and appears to have
gome therapeutic vealue againsgt the sgents of chroaic respirmtory
distase., Ont miliigram of Terramycin per egg did not appear to de
toxic to chick embryos. The Terramycin treznted eggs sicwed the highest
survival ratio of the three antidiotics tried. It also prolonged
the survival time of the embryos. Embryos that died defore hatching
or that hatched and died, contained pleuropneumonis-like organisms
resenbling the VT strain. These organimms wore also igsolated from

one eight day old chick that appeared to de in good health (Table IX),
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TABLE V., THE INHIBITORY EFFECT OF OLEANDOMYCIN
AGAINST THE VT STRAIN B QVQ S5? I

o e i T e . _=a = o e e

Dosage in

ailligranms
per ogg 0.0 0.1 0.086 0,036 0.01286

No. of eggs
per domags
of mntibiotic 16.0 15.0 15.0 186.0 16.0

Far cent
surviviag 13.4 0.0 13.4 6.6 0.0

Per cent of

embryos that

died before or

after hatehing 40.0 0.0 13.4 6.6 0.0

fer cent
por$ality 86.6 100.0 86.6 93.4 100,0

Average

survival

time in

days 10.9 6.0 6.3 5.5 4.9
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TABLE VI, THE INHIBITORY EFFRCT OF OLEANDOMYGIN
AGAINST THE VT STRAIN L QVO SET II

- — = — . ——____—]

Dosage in
milligrama
por sgg 0.0 0.06 0.0235 0.0136 0.0062

Ho. of egis
per dosage
of antibiotic 10.0 10.0 10.0 10.0 10.0

Per cent
surviving 0.0 0.0 30.0 0.0 10.0

Per cent of

enbryos that

diesd beforse

or after

bhatehing 20.0 40.0 20.0 50.0 30.0

Per cent
mortality 100.0 100.0 70.0 100.0 90.0

Average

sarvival

tizme in

days 7.0 13.3 13.2 11.1 11.1

e e e e —————
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TABLE VII. THE INHIBITORY EFFECT OF ERYPHROKYCIE
AGAINST THE VT STRAIN LN QVQ SE? I

— m——
= —m

Dosage in
ailligrams
per ©gg 0.0 1.0 0.5 0.25

Ko. of mggs
per dosage
of antibiotic 8.0 13.0 12.0 12.0

Fer cent
surviving 40.0 8.4 16.6 26.0

2der ceav of

anbryos that

died befaore

or after

hatohing 0.0 16.6 0.0 0.0

Peyr cemnt
mortality €0.0 91.6 83.4 75.0

Aversgea

survival

time in

dsys 7.8 4.1 6.2 6.3
_-_——————e—e—e—Y—Y—



PABLE VIIZ, THR IMIIDITULY L#¥LCy OF ERTTHROMYCIE
AGAINST THE VT SPRAIN 1N QVQ SET II

e ——  — - ——— ]

Dosage in
milligrams

per egE 0.0

No. of egis
per dosage of
antidistic 9.0

Per cent
surviving 0.0

Fer cent

of emdbryos

that died

befors or

of tar

hatching b % {

Per cent
mortality 100.0

Average

survival

time in

days 6.0

0.05

12.0

16.4

M.B

9.0

0.026

12.0

8.3

33.3

92.9

9.8

0.0125

12.0

16.6

83.4

11.2

0.0082

13.0

0.0

7.7

100.0

6.9
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TABLE IX. THBE INMIRITOVY SFFICT OF TERRAMYOCIK
AGAINST THE VT STRAIN 1N QVQ SET I

= — T

Dogage in
ailligrams
per egg 0.0 1.0 0.5 0.238

¥o. of agks
per dosage
of antibiotie 18.0 18.0 17.0 18.0

Per cemnt
surviving 11.1 16.6 9.3 16.6

Per cunt

of embryos

that died

before ar

after

hatoking 48.8 60.0 35.3 48.8

Per cent
aortality BR.9 83.4 70.7 83.4

Average
survivel
tine in
dnys 8.1 10.5 11.8 9.8



DISCUSEION AND CONOLUSICHS

Sulsure Kediup

From the results obtained, 1t is evident that Grumdle's mod-
ified phenol red medium was abdle to support growth of the different
strains of pleuropneumonia-like organisms studied. The use of
different sera as sources of growth factors has revealed a difference
ia the strains of pleuropmeumonia~-like organisms and suggests that
growth reguirements may differ between the strains. The difference
in growth in the presence of these different sera could possibly de
used in helping to classify these organiems. The fact that the V2
strain was the only one able to grov in avian serus shows a difference
between it and the other strains. It may also indicate that the V?
strain vas able to use or do without certein growth factore that may
be required bty the other strains.

Other vorkers have foumd fractions in bovine gerum that inhibit
growth of the pleuropneumonia~like organiesms. The lack of growth of
the VI streain in high concentrations of chicken serum could possidly
be the result of such imhibitors. BNo izhibitory action was noted
for the large quantities of bovime or swine sera, and these sera vere
able to support ¢;od growth of each strain., If iahibitory substances
are present, they are not in high enough concentration %o be effective

against the growth of these strains.



isolation s=nd vati

The primary isolation of the plsuropneunonia-like orgenisms
from exadate and autopsy specimens required 20 per cent serum in the
culture madium. After the primary isolations ware complete, growth
of the organisms could always bde maintained oa medium with one par
cent serum.

The rasults show that the criteria used for isolation vere
succeseful in delineating the pleuropneumonia-like organisms from
bacterial L forms. However, bacterial L forms were a constant
prodlea whenever primary imolations were made. The L forme wvere
able to grow in the presence of the imhiditorz and were not always
completely s#liminated dy successive passage in inhihitor-free medium.

Gram positive cocci were the moest comman bacteria present
during primary isolation of the VT gtrein. They were also fouand ia
cultures with the VT straim from chicks suffering from acute in-
fections. The Gram positive cocci may act as secondary invaders,
and this ecould account for the more severs infesctions found in
some chicke. Since secondary invaders do appear to plsy an import-
ant role in the severity of ohronic respiratory disease, cultures
of the®® bagteria should also be obtained at the time of primary
isolation. This would help to determine which bastaria are adle to
enbance the virulence of the pleuropncumonis~like orgmmism and
whether a gymbiotic relationship exists between the two groups.

A second prodlem of concern deals with the isolation of ell



gtrains of the pleurcpreunmonia=-like organisms present im apecimens
during primary isolation. Workers have found several striains present
in the same host mand suggest that thig lg ths caus= of sgome acute

casee of chronic respiratory diasease. The Vi sirain was abls to grow
cn serum-enriched medla, while the nore granular colonies were loss.
These granular colonlies may have bean a strain of the pleuropnfumonia-
like organiams, that were not able to grow or grew poorly om the medium
us2d, or they may have been a dagterial L form elimina 4 -

te by i3 yit
passage, This again illustrates the need of & more selective noﬁui‘g

for the isolstion of these organisms.

Strala Characteristics

Differencas were found im colonial morphology, pH change,
nutritional requiremants and ishitition by different antiblotics. Hy
these methods, it was possible %o differentiate between the strains of
the orgasisms studied, and these methods are suggested as a possidle
maang for classiticaetion of the different strains of pleurcopneumcnia-
1ike organisme. The death pattern and pathogenicity of the 56 and V7T
streins of chick ambryos were irregular and did not show a difference
Tbetween the tvo strains. Becausi of this irregularity, it would e

difficult to try to classify the strains studied on this basis.

Zxperimeptel Animalsg

The inoculstion of in vitro cultures into chickens 4id not

prove to be sffactive imn producing chronic respiratory disease.



Stresses of cold smd etarvation nay have some influence on thes chronie
form of the dissase. Symptoms of the disease produced af'ter strees of
¢old were more prominant im the malss than in the females. No plaurc-
paeunonia-like orgenisme coulé de isolated even though several of the
birds' sera were positive %o the antigen tenats, This may bs the resuls
of allowing the disease to pregress for too long & period before Lso-
lation attenpts were made, which ganve the host time %o slininate the
organisms. This sazssste that 1sclation attespts be nade scom &fter
3he firet elgns of the disesss have sypeared. It is difficult to say
that the stresses of coli and/or starvation ald in producing the
shronic head sheking eymptoms found im the sxperimantsl birde, hut
these stressees 4id appear to have some effuct om the predominmnge of
the symptoms. Certainly sose ccnsiderstion chould be givem to the
effects thet stresses of eold amd gtarvation heve upen the geverity

of the diseess ia poultry flocks not well eared for. ¥

Ansexs and Stedning

The grem stain wag ussd madnly to check for the presence of
contaninating organisme in droth cultures. Results show the pleurc-
pneuncnia-like orgenisms are not resdily stained with the gram etuin,
dut they are guile recepiive to the glemsa stain. BStailning of enears
end coloniss was ured malaly as & disgnostic ald for idmmtifiontion
of the different strsims studjed.



Pathological Effects of the YT Strain on Chick Emdrves

Cultivation in the yolk sac of embryonating eggs proved to be
the most effective method used for the 86 and VP strains. Imoculation
of embryos by the yolk sac route was the most effective method ia
producing lethal ianfections. The results shov that the death patteras
produced by the two strains were guite irregular whea inoculated with
either the ip YitFgo or embryo passed cultures.

The pathologicsl effects produced in chick embryos were similar
to those found by other workers. The fact that the VT strain was
isolated from the edematous fest and legs of a four day old chick
demonstrates the possibdle influence of this strain in producing the
patbology found. The fipnding of graam positive coccli in the same
cultures also suggests that the severity of the infect ion may bave
been increased by a secondary orgsnisa. However, ii 4slayed path-
ological effects in the legs of these four day old chicks could elso
be the result of eabryo passage of the V¥ strain, since no evidense
of such lesions was found in hatched chicks imoculated vh!i iB yitxe
broth cultures., This would then indicate that such viraleace was
built up duriang paspage of the VT strain through chick embryos and
would have a mkni. effect on the death pattern and course of the
infection. A ¢hird possidle cause of the delayed pathologiosl effects
could be the iahibitory actionm of the antidbiotics, vhieh the V¥

strain wvas able to overcome after the chicks had hatched.



A Yitxro snd In Ovo Antibiotig Comparisen

The Ab yitzre and jim gve results using the selected antibiotics
against the VT gtrain are to some extent comparable., Terramycin and
erythromycin proved to Dbe most effective against the VI strain ijp 9vo
but oleandomycin showed Bo imhibitory estion. #imilar results occured
in the in yitro cultures. Results in ip vitro studies suggest that
Terramycin and srythremycin ere abtle to kill the 86 and VT strains whea
introduced in guantities of 100 micrograms per milliliter or more.
Oleandamycin wag Dot effective against the VT straim, dbut it produced
inhibition of the 56 strain and was adle to kill the organisms when
uged in larger amounts,

Erythronycin and oleandomycin ia high concentration appearsd to
be toxie to chick embryos. Erythromycin thiocecyanate did not prove
to be as effective as other erythromycin derivativies tried, however,
this 8again mey depend on the strain of pleuropneumonia-like organiems
studied and the culture medium used, Oleaadomycin phosphate showed no
inhibitory effect agaimet the VP strain ip yisrg dat its effectiveness
sgainst the 86 gtrain 4p YiSro indicates it may have some vzlus.

From thege Aud the regults of gther workers, it appears that
certain mnéibiotics may have some effect against the different straiae
of the pleuropneumonia-like organisms, and that these effects will vary
with the amount and type of antibiotic used; also, these effects will
vary with the ggtraians of the plesuropneumonia~-like organisms against

which they are peing used. This suggests that the use of antibiotics



as & meins of contral for th# pleunropneumonia-like organisms will not
be effective until a better understending and classification of these

orgeniems has been developed.
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SUMM ARY

Grumdle's madified medium supported good growth of the straimg
studied and was emay $0 vork with., Heated, filter-sterilised sera
vers coipirable to Difece FPLO serum fraction and horse serum for growing
the gtrains studied. Bovine and swvine sera always gave good growth,
dbut chicken sera were umpredioctable for the different strains at
varied coacentrations.

The procedure and criteria used for isolation and identificatsion
of the pleuropneumonis-like organisms from chronic respirstory disease
vere successful. Contaminants vere adble to grov in the phenol red
broth and agar ia spite of the inhibitors preseat. The gram positive
cocel wers the mast common bacterial contaminants found in primary
ieolations.

Differences were noted detveen straims of the pleuropaeumonie~
like organisas studied. These differences were observed ia the time
required to produnce a pE change in phencl red maltose droth, growth
in different sera, oolony morphology end the variation of imhibition
by different antibigtics.

Three of the i3 Yifro strains were not adle to produce any
noticeable symptoms of chronic respiratory disease im ome group of
inoculated chickens. Symptoms of chronic respiratory disease were
produced in a second group of birds by ‘stressing them with cold,
starvation and large amounts of inooulum containiag the 36 straia.
¥o pleuropaeumonia-like organisms could bde isolated from these bdirds;

however, four birds were positive to amtigen tests.



The straine studied were rot readily astained with the grea staia
and no distinct morpholegical forms could be seen. Giemsa stain gave
€00d results for slides or solonias, whan the stain was sllowsd to De
absorbed by the organiems. The glemsa stain demonstrated blus to
pirple steined organiems and had 1ittle effect on the mgar materiel.
Colonies ware best stained by diffusion of the giemsa stain into agar
blocks contsining the colonies.

Oleendomycin showed 1ittle or no inhibitory effact againat the
VT atrain, but it was able to inhibit the 36 etrain of the pleturo-
posumonia-like organimm. Erythromycin was not effective in mmounte
smal lar than 50 microgrems per milliliter for #ither of the atrains
studied. The VT and 836 strains could not be subcultured from broth
oultures containing more than 50 micrograas of erythromycin, Therra-
mycin was found to b# inhibitory against doth strains of the pleuro-
Pneumonia-lika organimms in comcentrationa bvelow 0.05 micrograms
per milliliter. These strains could not be subcultured from cultures
containing 100 micrograms of Terramyein.

The yolk ams in fertile eggs proved to be an excellent growth
pedium for the straine of organisme studied. The yolk sac rcute was
offective in gausing death of embdryos. HNo definite death pattern
could be established for the 56 and VT strains. Culturee of yolk
material of the ngg passed VT strain produced & more gevere infectioa
in chick embryos than dif {p yitrg, cultures of the VT strain.

Ol#andomycin apperred to de toxic for chick amdryos in the

largsr amount: and was alzo ineffective against th® VT gtrain.



Erythromycin was toxic for chick embryos in large amounts dut it had
some therapeutic value in lower concemtrations; however, the VI strain
could be isolated from birds of hatched or pipped eggs. Terramycin
was not toxic to embryos ia any of the amounts used. It produced the
highest rutio of survival and prolonged the life of the embryos.
Isolation of the VYT strain in broth and agar cultures was accomplished
from nearly all embryos that hsd been treated with the three anti-
biotics.

Pleuropneumonia-like organisms resembling the VT gtrain were
isolated from the edematous feet and legs of the four day old chick.
This chick had been inoculated with the VT strain by the yolk sac
route and treated with Terramycin. Pleuropneumonis~like organisms

vere not commonly isolated from hatched chicks six to eight days old.
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