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STUDILS OF THE BACTERIAL 8P L
TRACT OF POULTRY WITH SPLCIAL REFLRENCE TO PIEU-
ROPNEUMONIA LIKE. ORGANIEMS®

I. N G (4]

Poultry keeping in Ipdia dates back to very early
timese. India and neighbouring countries are the oririnal homes
of the "™Jungle fowl" from whieh the domestic fowls have deseen-
ded, ( Naidu, 1964) « Though India has got huge population of
poultry, little attention vas paid hither to mx® on scientifie
breeding, and so the birds becsme uneconémical for meat snd egg
production. The Royal Commission on Agriculture in 1927 recommen-
ded the establishment of an institute for poultry research in
Indiae With the effect from 1938 poultry research at ToVeRalo
Izatnager was establishéd, In India the poultiry populaifon was
35 lakhs in 1951. The egg laying capicity per annum was 1908
millions snd the value of the egps and table poultry was 30 crores.
In 1986 poultry and duck population was about €7 miliions or one
tenth of the world population. In 1861 the Poultry census showed
1,6,014129 ( Naidu 1964) » The snnual coniritution of Poultry o
Indisn economy (1961) was 100 million rupees(Krishna Mghan Rao,
1965) »

Once poultry farming was the cinderellas of agriculture
in India, now it occupies san importsnt position in live stock
industry. The egreat drawback of intengive system of poultry
keeping in whieh a lsrge number of poultry asre hovsed in a
single unit, increases the risk of respiratery ihbﬂefion ¢ in
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Indis - Renikhet, ( Newcastle disease). Fowlpox, Tickfever,
coryza and coccidiosis of chickens. Jyst like Newecgstle disence
chronic respiratory diseasse ie also & great obstpecle for the
poultry industry snd respiratory diseases are becoming increa-
singly serious menace.

Since Nalson's report in 1938 regardine the pleu-=
ropmeumonia like organisms in the respirstory disenses of
poultry for the first time, the havoe ceused by these orgeniems
wvere viewed with great concern from that timees At the third
world poultry congress in 1937, the coryza problem was clarified
for the first time. The scientific research concerning coryza
started from that time and Mmamy aspectrs YesRAY ch WOTK Was vnde -y l&xm.
Due [& hemyy losses mainly in broller industry in America a
conference was called, in 1962 at Wgshington by the Buresu of
Animal Indusiry UeSe Department of Agriculture, to ascer tain
the esuse or csuses of this conditlon a;xd, to formulate methods
for control, (Wasserman et ale 1¢54) . Though scientists all
over the world have put up untiring efforts to control this
dsnger to poultiry, no satisfaetory results have been achieved
co fare The menace csused by these orgenisms lead to the orra~
nisation of world wide conference by the New York Acadamy of
sciences in Jan. 1860 which discussed " Biology of Pleuropne-
umonia like organisms". The conference also discussed the morpho-
logy, lsolatfon, propogation, physiology, serology pathology
and chemo therspy of these organismse

In India though it was repor ted long back (IVelels
snnusl report 1954) it was not established till Pathek and Singh
(1959) first reported and established ite Later on many vorkers
worked on these orraniems in verious aspectise The out come of

this condition so far is thot the chronde respiratory diseage
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is mainly caused by M. gallisep ticum-a pathogenic strain of

PPLO gnd the other organisms of secondary imporiasnce are l
monpathogenie PPLO ( M. gallingrum ) E. Coll, H. zallinsrum
and some filterable viruses. The co-ineidence of other disea~
ges such as Neweastle disease, Infectious bronchitis, Infec t~
jous lgryngo=-tracheitls Fowl cholera, Parasitic infestations

end verious stress factors enhsnced the digease propere

Economic importance *-

The gbove diseases of respiratory tract csgused
heavy economic losses in poultry farming by heavy mor tality
or depletion of egp production or lowering the quality of
mest, continuous reduction in growth rate and hotehability
of eggs. It was estimated that more than £0% of birds were I
lost annually due to diseases snd other csusess Infectious
diseases slone cgused 40% losses in India (Naidu, 1964) .

The disease is prevalent in almost all parts of India snd
the All India Research Workers conference ( 1962 ) confirm=

ed the same.

Scope for study -

The disesse was recorded in the Bihar State
only a few years back ( Bihar Animal Fusbandry Bulletin

o L RS Framy ol 1ot \aba- \% b2)

1958, 1958, 1966+ There vas an eutbresk slso in the poul-
try farming Paina in 1966 in which there was heavy mortality
in chickse So advantage was tgken to survey the bacterial
flora of respiratory tract of poultry with special reference

to pleuropneumonia 1ike organiems”e

SREREEEREE
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II. REVIEW OF LITERATURE.

INTRODUCTION

A veview into the literature snd the present work
indicated that a variety of organisms such as (1) RP1LO: (2DEe
Coli (3) Staphylococci, (4) Microcoeci, (5) Streptococel,(G)
Klebseilla, (7) Proteus, (8) Pseudomonas, (9) Bgeillus, end
(10) othergramnegative=-bacteria ( unclassified)kave been isol-
ated from the respiratory trect of poultry and assoclated
with respiratory affectionse But of all these organisms the
PPI0 which is associgted with CRD is found teo cause gregtest
havoe snd as such a full account on the literature in respect
of this orgenism is given. And a brief account of each of the
other organisms accompszny the same.

1o Pleuropneumonis like orgsnisms A-Aetioloey.

They are also called coccobacilliform=-bodies of
Nelson's type II. They belong to an spparently more or less
homogenous group of those fastedious micro-orgenisms which
are filtersble, soft, fragile, and highly pleomorphic, Pnthak
ond Singh ( 1961 )« The disegse produced by them is chronic
respiratory disease which is other=vise cglled as Nelson's
type II coryza, chronic coryzaj ond Airsac Aisease, in chick=-
ens snd turkeys characterized by masal discharge, respiratory
rales, slov rate of spread, persistant symtoms, moderate dec-
line in egg production and loss in body weight ( Delaplane
and Stuart 1943) « Nelgon ( 1935, 1936 ) first observed minute
gram negative Coccobacilliform-bodies in the nasal exmdates
of birds suffering from chronic infectious coryza of fovlse

He differentiated it from H. gallinarum the causal sgent of
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rspld onset. Dalaplem snd Stuert ( 1943 ) studied a respiratory
dlsegse of chickens and named it as ehronic respirgtory disease.
They thought it to be caused by a virus. wxxitmeke Grouné et al
( 1948) isolated 2 similar agent from cgses of turkey sinusi-
tis snd reproduced the condition with ite Ven-Heric snd Eaton
( 1946 ) during their pascages of the primery a=typical pmeumo=
nia virus in chickens isolated sn organism which was pleuropme-
umonia like in its characteristicse Growth of these organisms
occured in 10¥ horse beef heart infusion broth and on horse
serum afal platess Markham and wong ( 19625 isolsted micro-
orgenisms similar to PPIO group on srtificial medium from emb=
ryos inoculated with CRD sgent. They termed them as pleuropneu-
monia like organisms. Jungherr snd Iyeinbtuhl ( 1962 ) grouped
CRD snd eimilsr affections of sinmises and air-sacs under the
term " Airsac infections". They considered CED agent and ornith-
osis like gsgent were mainly responsible for this infection in
poultry. Van-Roekel snd Olesiuk ( 1963 ) supported the findings
of Markhan and Wong ( 19562 ). Lecce end Sperling ( 1954 ) cone
gidered PPI0 gs opportunists and play pathogenic role when the
gsecondpy bscteria invade the host. Their isolation was best
made from traches of CRD fowls. Johnson ( 195 ), Osteen (1984)
and Jungherr et al ( 1954 ) studied that PPIO were glways prese-
nt in CRD complex of chickens a2nd produce the deseases
(Wasserman et a1 (1964 ) stated that PPI0 infect-
ijon wae commonly associated with E. Colil and Cravley and Fphey
( 1656 ) and Fahey and Crawley ( 1956 ) indicated that the
aetiology of CHD was complex and that PPI0 was not fhe sole
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cause of CRD. They have also stated that PPLO was responsible
for chronicity of the disease and PPIO did not necessarily
reprecent any past or future infection of the fxk flock with
CRDe A PPLO-virus complex was the most probsble getiologye A
Tozzini ( 1956 ) isolated PPLO from the nosal exudate of chick=
ens suffering from CRD like disease. Junghur ( 1966 ) recognised
that PPLO are primery setiological agents of a number of resp.irat-
ory conditions in poultry and as possible cpuse of arthritis znd :
sinuvitls Johnson snd Domermuth ( 1966 ) svoided this confusion |
by proving that PPLO wae asn importsnt apent in the getiology of
CeieDe In eonfirmation of Johnson aznd Domermuth'e opinion, Jordon
( 1966 ), Fissa ( 1958 ) and Tellogmrust and Motracee ( 1956 )
isdlated PPLO from CRD fowlse Ven Rackel et al. (1958 ) by adop-
ting methods such as flolck historiec, conditions of ou threak,
pathology, the results of bird and enbryo inoculation studies,

and isolation of PPLO, diagnosed CRD in fowls. Chu ( 1858 )
divided chronic respiratory diseases into 3 types:-

(1) Infectioms coryza-caused by coccobgeilliform=bodles of Nelsgon
( 1936, a,becs and @ ) (2) Co Re Ds of chickens according %o the
discription of Delsplene and Stuart ( 1943 ) gnd (3) Infectious
sinusitic of turkeys by coceobacilliform=bodies of Kelson's type
III. He eoncludcd that all these forms were due o PPIO and
menifestetions of the same diseases Fabricent et al. (195 )
stated that although viral snd bacterlal agents play en import-
snt role in CHD under field conditions, PPL0 were the esgentinl
factors in this dlsease. Stoenescu et ale (160 ) isolated the
CRD .gent from 2 bateh of imported cockrels znd diagnosed the
disease as CRD in them.
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loizelier Adres Blenco ( 1960 ) isolated }{. Galli- :
narum from out bresks of CRD birds snd stpted that this ggent |
was similer to pathogenic type $8. Brion ( 1960 ) suggested |
the name of mycoplesmosis for infection csused by M. Gallisep-
ticum- » pathogenic sgrsying strain Mt not to M. Gpllinarum-a
non psthogenic straine. This partislly over ruled the statement
of Lpizelier-Adres-Bgneo ( 1860) . Gentry ( 1960 ) recovered
PPLO by eix cultural methods and divided them into pathogenic
forms of my coplasma and non pathogenic forme which revert to
bacteriae Brion ( 1961 ) and Bankowski ( 1961 ) considered that
PPLO was sn integral part of the complex aetialogy of the asvian
respiratory disease. They have glso noted that PPIO glone caused
rather mild infections snd did not slone serve to define the
getiology of the entire CED syndroms. Skaika ( 1961 ) isolnted
PPID from the respiratory tract of infected fowls, tut not
from healthy birds. Khybill et ale ( 1961 ) isoloted PPLO from
patients with bronchopneumonia, bronchiactasis, end acuted
respiratory disease. ( Flir et 21.(1962 ) 1isolsted PPIO in
035 out of 272 infected with CRD fowls and 229 out of 306
healthy fowls. Rao ( 1862 ) reported the ieolztion of a HA-ve
strain of PPLO which developed the typical disease involving the
the lower respiratory tract as well, in 100 percent of the
srtificially infected casese Kymar et al. (1963 ) isolated
PPLO from day ols poults sffected with high percentage of
air ssceulitis. Shiskov and Enchev ( 1962 ) ond Prokofira
et ale ( 1966 ) also isolated PPLO from fowlse Fomis et al.
(1964 ) found mycoplemosis in one flock vhen the birds resched
sexual maturity, and in the other at the peak of egg loyinge
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They have also found it in 27 eggse Imported birds suffered
heavily than local birds and in pure breed birds less mixed
infection than in local breeds were found. The hatchablility
of eggs reduced by B+5%, body welrht at 90 days of age by 144,
end egg yield by 30%, end 2lso mortality under unfavourable
conditions 16%e

Knzuenik et ale.( 1966 ) observed the age incidence
of mycoplasmoeis in birds. The disease cormenced in abqut 2
weeks of age, and bacsme most common ab 20~70 days of age.

In young birds the course of the disease was found to be
acute form where as in adults it was found to be chronie
forme

Various stress factors lay a pert either by enhan-
cing the susceptibility of birds to CRD infection or inten-
sify the infection.

Wasserman et ale (1954) stated that PPLO act as
primary seent in CRD and the other orpganisme complicéte
air-sae infections in broilerss

Many workers like Fghey end Cravley ( 1966 ) Edward
.na Froundt gExg¥x(1966 ), Bldile end Cover ( 1967 ) Gross(1964,
1958) Simbturt et ale (1888 ) noted that E. Coll 1s the most
complicating factor in CRD. Levine (1962) snd others confirmed
the findings of Gross ( 1957,1958) « Barnes et 2le( 1960 ) noted
that E« Coli and Staplylococi wvere frequent assoclating orra~
nisms of PPLO in the production of CRD Environmental factors
1ike chill, humidity, excessive heat, rain, bad hygine and
poor ventilation, alsoc act as stress factors in CRD. Jungherr

(1968 ) noted that poor ventilation increased the sprecad and
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gseverity of the disease. Tournut et ale (1963 ) claimed that
poor hygine and management was responsible for sporadie CRD
outbresks. They observed an immedipte improvement followed by
an incresse in Ventilation, or the reduction in the density of
birdse
Brion ( 1960 ) reported that chemical caponisation

has got the ssme effect. Agler end Shifrine ( 1960 ) observed
that M. gpllisepticum and Eo Coll togather incited severe
cases of serosacculiltis, fibrinouge perihpatitis and perlcer=
ditise Not only viral snd bacterial agents act as inciting

agents of mycoplasmal infections, chemicals aleo have been
shown to increase the disease severitye Shifrine et ale (1€60)
showed that histamine feeding to chicks reduced the disease
resistance in chickens towards mycoplasmosis. Brion ( 1961 )
gave the 1list of stress factors under which the resistance of
the birds were lowered for CRD as follows (1) virus infection
(2) Paorgsitisn (3) Transportation (4) Faulty mznagement (5)
Bgd hygiene (6) and Chenpes in feeding.

Tournut &t al. (1963 ) noted the predisposing

factors such as poor hygiene in 76, nevecastle disease in 25,
pargsitism in 4, and infectious bronchitis in 2 out of 107
respiratory diseases nbserved py hime

_ekodBqs1)
Adler ( 1956 ), Biake ( 1962) Van=-Roukel).Calnek orak

Levin%?nd Gross ( 1961 ) repofted the prevglence of New=
castle disease virus, and Infectious bronchitis virus in
association with PPLO, complicyted the disease -mycoplasmosise
Stubbsge et al.(1966 ) observed that vaceination serve as

gtress factor in the dcvelopment of CRD. Fomis et ale (1954)



found that the incidence and mortality due to mycoplasnosis

wans preatly increased in cold weather. He also reported mixed
infection. ( Mycoplasma, fowl poX, or laryngo tracheitis in
poultrys Fobricant et ale (1969 ) stated that vial agents such
as Newcastle disease, Infectious twwonchitis and bacterial agents

such as coliforms play b important role in CRDe
BACTERIAL FLORA OTHER THAN PPLO.
2. B e 3 |
Gibbsé ( 1931 ) isolated Escherichia species from

10% birds in his baeteriological survey from respiratory tract
of healthy snd diseased birdse Marceto { 1036 ) isolated laoree

number of coliform bacterial from nasal exudate of fowls infe-
cted with fovwl coryzae He concluded that sn infectious diceace
of fowls a generaglized jnfection cauced by an orgenism of coli-

serogenus group with coryza as the main symp tome Kahler(1¢61)

1s0lated E« Coll from lungs of 2583 fowls though the occure=

nce was not as common as in 1iver snd intestine. Osteen (1954 )

found in most of the oir sac jnfections only E. Coli and 1t

was thought to be the main ceusgative agente. Cover and Waller

(1¢54 ) during their study on CRD in pippedeggs, closely obser-
ved the severe infection of the parent flocks The lungs snd air
sac of the birds showed coliaero~genus orgeniems in combinatlon

of streptococcle Ijx_ginbuhl et al. (1884 Jeultured blood from

avian respiratory case€s and isélated 26 E. Coli from 75 birdse.
The lung cultures on sabaursuds sgar gave o2 enliforms along
with other organismse.

Wasserman et ale (19864 ) exsmined 22 cases of »ir

sae infection in poultry out of which 20 E. Coli and



coli~serogenus forms from rest of the two casts were isolated.
Fahey ( 1863 ) examined alr sac infection agsociated vith an
eyudative process occuring in the abdominal and thorascle air

epcs of birds with CRDe In his bacteriological survey of
exudates of eir sacs, liver snd pericerdium of 187 chicks with
CRD revealed 131 E. colie. He concluded that its presence in »ir
sae infections snd debilitation of particuler birds by CRD alone
or CED with accompsnying disease conditions acting in parinership
with CRD, predispose the air sac infection. Fahey and Cravley

( 1956 ) recorded the species of Eecherichia in sutopsid birde
of CRD. and concluded thatheNact as secondary invdder. Geurden
et ale (1986 ) isnlated 778 B. coli strains from disegsed foals,
cnlves, pigs, dogsy cals, snd fowls end in particular 086, and
026 B6 strains of E. coli from poultry only. Taylor and
Fatricant ( 1867 ) in a skudy on the bacterial flora of 120
tracheas of poultry found 30 E. enli sas the predominating
species in 68 specians along with other gram negative bacteria.
Biddle snd Cover ( 1987 ) reported the sime findings of Taylor
ond TFabricant ( 1964 ) that £7% of Eecolli speces in 61 CRD
cases vere presente Thie supported the concept of close associ-
ation of Ee« coli with CRD =nd their large part in the getiology
of the disease. Gross ( 1957 ) also studied the natural infection
of B« coll in chickens and turkeys almost always in combinetion
with & CRD.

price et al.(1957 ) studled the mieroflora of respi-

ratory trset of healthy and CRD infections in chickense. He
isolated only one L. coli species from pleura of heal thy chicke.
He observed sn increase of 76% of bacterial forms in infec ted
birds then in normsl birds. Then he concluded that the increase



was mainly from gram positive to gram negative hacteria that ton
E. coli. Van-Roekel et al. ( 1987 ) found the seme results in
the respiratory cystem of poultry. Grose ( 1¢88 ) noted Eo coli.
as the most complica#ing factor of CRDe In 1060 Simturt et al.
isolsted Ee.cpll snd PPLO more frequently smong the negative
nrgenisms from aerospcculitis in birdse fmong 74 strains of
Ee g0li isolated by Rensult et aleksockuted (1960) from respirat-
ory diseases of fowls, 46% from the heart, 32% from the liver,
184 from the pir-sacs ond one strain from lings snd spleen vere
W founde In Mad isnlated 2 Egcherichia species from nostre=
41s offhealthy chicks and 8 Escherichia species from upper resp-
irstory tract of chickens quffering from infectious coryza.

Brion ( 1961) in support of Nelson's view ( 1969 )
isolgted predominently E.coll snd H. gallingaresm among the

secondary bacterisl flora of CRD. He concluded that E. coll @S
the secondary invader capable of modifying the clinical aspects
Wﬂd specizl 1esions.wl ) isolated 34 E.coll from
tracheas of 100 live birds, and .28 Be goli from tracheas,lunes
and air sacs of £0 dead birdse Glantz et al. (1962 ) isolated 50
e gcoli strains from CRD fowls snd 72 E.Coll strains from salping-
1tis fowls. Shiskov (1964) exsmined bgeterial flora of air-sacs
of 187 birds with CRD and found various strains of E.Cgll in
47 birdse slong with other gram positive snd grazm negative bac t-
eriaf. Mensleyomd wavw (19667 found Ee goli infectlon in 51, 600
birds in out bresks associated with respiratory diseases. Fomia
Bt al.( 1665 ) isolated 41 E. goll strains from masal sinuses,
trachea, nir-sacs, heart, prain end other orrens of 22 fowls

that have died from respiratory mycoplaemosise Coisek ( 1966 )
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i{solated 110 E. coll strains from diseased and 396 strains of
E« goll from healthy fowlse Beremai et ale( 1966 ) isolated

422 Eo goll from 171 carcases of CRD and 30 from 11 he sl thy
birdse

3. Staphylococel *
Gibbs { 1031 ) isnlated staphylocoeci in addition to
other organisms from the respiratory tract of birds suffering

from lsryngotracheitis, pullorum dlsease, chronic laryngitis,
and avisnparalysis, end also from healthy birds. Cover end

leler ( 1954 ) isnl ted Staphylococci from lungs end air-sacs
of birds suffering from CRD. Luginbuhl e% ale( 1964 ) from

blond _eulmrcs of avian regpiratory cases isolated 7 staphy-
jocoeci from lungs on sabsurauds agar. ie concluded that high
percentage of bocterial end fungi in respiratory diseasese

Wassermsn et al. ( 1954 ) isolated staphylocnc'ci from sir=sac

infection of poultry. He suggested that " Chronic respiratory
disesse as " Alrsesc infection" is erranious since the latter

wag csused by bacterinsl infection. Fahey ( 1953_? isnlated

43 gtaphylococei from eir sacs, liver, and pericardium of

187 chickse Suffering from CRD. Price ex .9_-1'( 1954__:) isolated
gstaphylococci from nose of healthy and CRD chickens. Van-
Roekel et al.( 1957 ) also got the same resulte of price et al.
[,)&53/) T;‘E;ET )e Prasad ( 1960 ) isolated 4 Staphylocoecl from upper
regpiratory trect of 5 heglthy snd 13 staphylococci from 16

infectioug coryza chickens. Adlakha ( 1961 ) isol-ted 3¢

staphylococcl from tracheasd of 100 healthy snd © staphylo-

cocel from tracheas, lungs, and air eacs of 860 dead birdse
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Shiskov ( 1964 ) isolated 6 etaphylococei from sir sacs of
157 birds suffering from Cul,

4, Vicrococei :

Gibbs ( 1931 ) isolated microeocci from *he respire-
tory tract of healthy and diseased birds. He also isolated 40%
species of Kierococecl from 10 con*rol birds and other micrococeci
from 20% of *he birds. Paley ( 1955 ) in bacteriologicsl examin-
ation of exudates of air sacs, liver and pericardiuvm isolated
73 micrococei along wi*h other gram-positive and gram-negative
becteria. Pahey and Crawley ( 1955 ) recorded species of micro-
cocei in autopsied cases of CiD, and concluded +ha* +hey act

as secondary invanders. Biddle =nd Cover ( 1957 ) inm their

study on bacterial flora of respira*ory *+ract of 120 chickené
found species of genus micrococcipas second predominating orga-
nisms +0 E.coli., Van Roekel et al. ( 1957 ) 2lso got the same
findings of Biddle snd Cover ( 1957 ). Simburt et al.( 1960 )
isolated micrococci from nose, sinuses, trachea, lungs, and
air-sacs of 6010 fowls wi*h natural cases of serosaceeutitis,
,%5‘\ Presad (1960) was sble +o isolste 1 micrsococzus from nose of

5 healthy, and 2 mirrococei from 15 infections caryza chicks,

5. Strep*ococci:

Bux+on ( 1962 ) studied +he disease caused by s+rep-—

+ococcus gooepidemicus in poultry with diorrhoea, nasal catarrh

conges*ion of liver, lungs snd trechietis, and infection of
air sacs as constan* feature., He concluded +hat t+he orgenisms

entered by respiratory tract and t+he carrier birdes acted as
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a source of primary contamination. Cover snd W¥aller ( 1964 ) ' @
have isnlated streptoeocei from lungs snd air sacs of the birds
with CRDe Taylor and Fabricant ( 19867 ) isolated 11 strepto-
cocci species from 120 Tracheas of CRD poultry. Price et al.
(1987 ) in his studies on microflora of respiratory tract of
healthy and CRD chickens, isolzted streptococci from trachea
-néd pleura zlong with other bacteria.

Simburt et al.(1958 ) isolated strep tococci most
frequently from respiratory tract of 20 chicks. ©Streptococci
wes sbsent from the nose znd trachea but in 1960 the same QMJ;jL.
outhors isolpted it from the seme sitese Prasad (1260 ) found
3 streptococci from the upper respiratory tract of 16 chicks
suffering from infectious coryzae Adlskha ( 1961 ) could
isolate 1 streptococcus from tracheas out of 100 live birds
ond 4 streptococci from the trachea, lunps and air saes of
dead birds. Nenton et als ( 1862 ) isolsted streptococcus
species from congested lungs of fowlse It caused fibrinus

btronchopneumonia ond congestion o f lungses

6. Kle e s

I, 1861 Adlskha in ris bscteriological survey

of respiratory trsct of poulftry found 20 klebsiella from
tracheas of 100 live birds and & klebeiella from tracheas,

lunge snd air sacs of 50 dead birdse.

7. Eroteus *
Fshey ( 1956 ) has 1solated 86 proteus from
exdates of alr sacs, llver, and pericardium of 187 chicks

with CRD. Fghey and Crawley ( 1966 ) recorded proteus sps.
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from autopsie CRD birds. Taylor snd Fabricant ( 1987 ) isolated
¢ proteus sps. from 120 trachess of poultry suffering from CRD.
Van Roekal et ple (1867 ) found proteus sps. in the respiratory
gsystem of poultry. In 1966 Prasad was able to 1solate 1 proteus
gps. from the respiratory trrct of 15 chicks suffering from res-
piratory infection. Adlakha ( 1961 ) isolpsted 6 proteus sps. from
the respiratory traet of live birds and 3 proteus spse from dead
birds. \

8. Pseudomongs 3

Gibbs ( 1971 ) isolated pseudomonas species from the
regpiratory tract of & adult fovls, 15 chicks of 6 weeks ape and
10 control chickse Fahey ( 1955 ) pot 50 pseudomonas species from
the respiratory tract of 187 chicks, suffering from chronic resp-
iratory disease. Taylor and Fabricsant ( 1987 ) in a study on the
bacterial flora of 120 tracheas of CRD birds has isnlated 3 pseu-
domonas organisme. Price et al.( 1957 ) in their bac tericlogical
survey of respiratory system of healthy sznd diseased birds, isola-
ted enly one species of pseudomonas from nose, a2nd ¢ from pleural
ceyity. Ip 1860 Prasad isolated 3 pseudomonas specles from the
nostrils of 16 chicks suffering from respiratory infectione.
Adlskha ( 1961 ) isolated 1 pseudomonas sps. from tracheas of
100 birds snd 5 pseudomonas sps from 50 dead birds. Shiskov
( 1854 ) has isolated preudomonas sps from ~ir-sascs of only one

bird out of 187 birds infected with CRDe

9. Haeillusg *
price et al. ( 1987 ) isolated Bacillus from the

respiratory system of CHD chicks especially from nose, trachea
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and pleural cavitye. Slmt;urt €t al.( 1968 ) isolated Bacilllus
from 20 chicke. ‘

C},\_)’V“Q pPra_sad in the year 1960 isolated 2 bacillus sps
from nose of chicks infected with infeetious coryza. fdlskha

( 1861 ) isolated 4 bacillus species from tracheas of 100 live

birds snd 4 bacillds species from tracheas, lungs, and éir' sacs
of 60 dead birdse

10 Other gram negsative bacteria(unclagsified):

Gibbs ( 1931 ) isolated most of the other gram nega-
tive organisms other than previously described from the resgpira-
tory tract of healthy and diseased birds. Fahey ( 19556 ) isola-
ted £1 other bacteria from respiratory system of 187 chlcks
suffering from CRDe Taylor end Febricsnt ( 1987 ) also isolated
15 other gram negative bacteria frlom 120 tracheas of CRD poulirye
Adlakha ( 1961 ) found 11 other grmﬁ-negative orgenisms from
tracheas of 100 birds, and 6 other gram negative bacteria from

tracheas, lungs snd air-sacs of 50 dead birds. Shiskov (1964 )

in his exmdination of 157 air sacs of birds suf fering from

CRD isolated various grem-negative bacteria from 43 birdse

ok o ok R
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Bs CULTIVATION AND GROWTH REQUIREMENISPPLO,

A brief account on cultivation and growth require-
ments of PPI0 have been reviewed in the following literature.

Nelson ( 1936 ) cultivated coccobacicci-from bodiles
by ticsue membrzne method of " Wood-ruff and Good pasture" and
by the ticsué membrane method of " Li and Riversé". Swift(1941)
grew PPLO on chorio-allontoic membrane of 11 = 12 days old
chicken emloryose. He emphasized the need of killing embryos by
freezing before inoculation for betier growthe Van Heric end
Eaton ( 1945 ) isolated PPIO end grew it on 10% horse serum
beef heart infusion troth z2nd agar plates. Eavard ( 1947 )
used the seme media of ¥an Heric and Eaton ( 1946 ) and inhi-
bitores. Fresh yeastextract was also used and cleimed that it
is necessary for good growthe. Sfubbs ( 1947 ) used formali-
nized horse serum in the basal medium for PPLO grovth and
succeededs Smith et ale ( 1960 ) cultivated PPI0 in the bacal
medium with the admixture of inhibitors viz Crystal voilet and
Potassium tallurite.

Edvard and E‘it?;rald ( 1951 ) stated that cholesterol
or related compounds are necessary for grovth of PPI0. White
( 1952 ) usged Crystal voilet, sulphsmezathine and thallium
acetate as bacterizl inhibitors irn the PPLO medium. Vgn Hoekel
end Olssink ( 1962 ) used 207 serum in the basal medium and
also used embroynated eggs for PPIO grovth. Markham snd Wong
( 1062 ) grew PPIO in Eqward's medium with 20% horse serum.
Edverd and Fita;irald ( 1051 )} end Edvard ( 1983 ) replaced
serum with ege yolk and then with ether extract of egg yolke
The extract in turn was replaced by cholsterol in the presence

“f havine albumen or starch. Crumbles et al. { 1963 ) used
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uged phenolred broth with 1-1.5§ serum fraction ( DPifco ) for
cultivation of C.R.D. agent and Turkey Infectious sinusitls
agent ( I.5¢Ts)+ He used sugars in the medium for fermen tation
resctions of PPI0. Lecce snd Sperling ( 1964 ) used 152000
xzedxXx thallium acetate in the basal medium for primary
cultivatione Then they compared Bacto PPLO agar heart infu-
gion arar, and Bacto heart infusion agar and found no descer=
nible difference for PPI0 isolation. Chu ( 1854 ) cultivated
coccobaeilli-form bodies in Tyrod's solution containing chick
embryomic tissue. Fahey and Cravley ( 1984, b) studied PPIO on
cell free media containing exudate of trachea snd Jlung treated
with 100 units of penicillin and 0«6 mgs of sureomycin per mle
of exudates
’ leivermiester ( 1954 ) showed that certasin lots of
agar vere unsatisfactory for some strains of mycoplasma, but
the inhibitory component was not identified. Edward, (1984 )
_ showed that certain strains of prPI0 are dependent on the
presence of DNA which cannot bhe replaced by Deoxyriboside.
Adler et 2l. (1964 ) employed a medium composed of
1% blood agar slope overlaid with either 20% horse serum broth
or 2% serum fraction with penicillin 100 units per mle 2nd .
thallium scetate 132000 - 134000. Thie medla was compared with
other media snd proved its superiority over all for PPIO isola-
tion. Gianforte et ale ( 1956 ) used Mortin's ( 18562 ) fluid
medium and modified it according to Bdward's ( 1947 ) medium
for PPI0 growth. Smith ( 19860 ) described a synthetic medium
for PPIO in which amino acid appeared to be the source of
energys Adlercm\iﬂmwii@.%s C ) supported the Helson's ( 193¢)

e admnat Al
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end Lancet et ale view (1963 ) that chicken embrdyo provided
substances clpable of supporting PPLO growthe. Hofstad end
Doerr ( 1066 ) used chicken infusion broth enriched with 20%
inactivated chicken serum ‘for isolation. Smith ( 1986 ) deter-
mined the quantitative growth rate of PPLO by measuring the
turbidity of concentrated cultures, colony diameter, end the
umber of colonies on a plate. Shipkowitz and clerke ( 1886 )
ased thallium scetate as 5% solution in 0.15 ml. « 1ml. broth
suspension of tracheal serapings for isolation.

Taylor and Fabricant ( 198 ) modified Grumbles
meddum ( 1953 ) by adding penicillin snd thallium acetate for
© primary isolations Taylor % ale (1887 ) used 4 in vatre
metheds for PPLO primery igolion =znd cemparcd thelr efflciency
and concluded that modified Grumble's medium wes the most
successful one for isolation, conirol of bacterial and mycotic
contaminmmts, speed, simplicity and economye Van Roekel et ale.
( 1087 ) used bird and embryo {noculstion methods for isolation
and found that the former was more offective. Aaler et ale(1968)
modified their previous medium by adding 1% yeast hydrolysate
Yemomoto and Aaler ( 1968, a,b) used 10% horse serum in the
media as modificalion for studying PP1O0.

Smith snd Lynn ( 1958 ) agreed with the view of
' Baverd mmd Fithrsld ( 1961 ). Freundt ( 1958) stated that sers
from different animals vary in their ability %o support grovth
of various strains. Aqler and chifrine ( 1960 )} stadied the
nutrition, matabolisn and pathogenicit:y of mycoplasmas of
different species. They used ascitic fluld or serum to tre
medium ( Difco ) to reach final concentration of 6 = 30% to




suppor t nowmq They used 1+56° ggar in the solid medium; Groirth
was further improved when cholgsteral vas supplemented with and
acetone insoluble 1ipid ( A«I.l. ) fraction of yolk to the
basal mediume The balsnce of cholestero; and AIL for optimum
growth differed with various strains used. High concentrations
of either component tended to be inhibitorye. Chu ( 1980 ) used
streptomycin in addition to common inhibitors in the media end
also used serum or ascitic'f.].uid as necessary means for the
growth of most strains of PPLO. Gentry ( 1989, 1960 ) used
horse serum in different concentrations, 500 units /mle perici-
11in, snd 134000 thallium acetate in the broth and stated that
the serum below 10% hampered the growth of some PPLO strains
but helped to detect the contaminantse Domermuth and Gross
( 198¢ ) studied the growth charscteristics of PPLO on semi-
enlid ager medium as reported by B_everidg.e ( 1943 ) =and Edvard
( 1964 ) for the cultivation of PPIO. They used 0442% agar in
the bnsal meddum. Fabricent ( 19862 ) used different combing tions
of media in different stmospheric conditions to study the effici-
ency of each for PPLO growth and measurcd the growth of colonies
in micrometer units. We _  coneluded that moisture was necessary
for growth. Yesst hydrolysate enhanced the grovth of non patho-
genic vhere as Cog stimulated pathogenlc straing mainly.
Chalquest snd Fabricent ( 1660 ) grew PPI0 strains
in broth znd on agar containing 0.1% Beta=dihyphosphopyridine,
nucleotide, 10% heavt inactivated plg serum thallium acetate,
and peneillin. Agler and Berg ( 1960 ) suggested that trypti-
case~soy broth was better than tryplose ager or brothe Lecithin
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( 100-500 mgs per litre ), egastric mucin 2% end 0.3 mgs choles=
terol per mle in the besal medium were inhibitory to PPI0 grovthe.
They compared all media and claimed that two media are superior
for primary isolation of PPIO viz one containing chicken serum
and the other containing horse serume.

Brion ( 1261 ) stated that the cultivation of PPIO
was difficult as their nutritional requirementis are still un~
certain. Magt of them require blood serum, cholsterol and
deoxyribonuclicncide Skalka ( 161 ) used a broth containing
6% insctivated horse serum, O.E% glucose, 0.6% msltose, 0.0026%
phenol red, 6000 I.U. per ml. of penicillin snd 1:28000 of
thallium scetate for PPIO isolat@one

Gi1l =nd James ( 1962 ) maintained ‘he anperobic
grovth of pathogenic pPLO by adding pyruvate as hydrogen recikpi-
ente They used 100 units penicillin per ml in stock culturese
They proved that peptone was not necessary for growth in the
bassal medium, but its inclusion jnereased the growth rate owmd
glight turbidity. The addition of beef heart dialized and
dializate gave pood growth rates Aadition of glucose increased
the growth rate and turbidity, but resulted in accumulation of
acid ( 025 )e Colusi ( 1962 ) stated that the grovth of
pathogenic straine of PPI1D was as good on a basal medium
enriched with 25% egg yolk as on the seme medium enriched
with 204 serums Fabricent et ale( 1962) experimentally proved
that the growth of PPIO 4id not depend on increased Cop tension,
but excessive moisture in the atmosphere stimulated the growthe

Fabricant et gle (kseik ) shoved that increased moisture in



atmosphere Increased the growth of M. gallisep ticum and
similar growth in 100% nitrogen due to reduced oxygen tension
rather than Coy stimulatory effect when used. The strains were
not adversly affected by incregsed Cog tension os the growth
did not depend on Cop tencione

Kelton ( 1962 ) described a pure culture technicque
for isolation of "PpLO im PeYe hoy™ by M atR eolony meherd, gnd stated
that five such single colony transfers were sufficient to purify
culturee.

Shifrine =nd Mahe ( 1962 ) used glucose 0.05% in
the PPI0 btroth (PHe 7.6 ) end 2% agar for isolation. Rodwell
( 1662 ) accepted the view of Eqverd smd Fitzrald ( 1861 ) that
some species of mycoplasma require sterdids for their grovtho
With some mycoplasma streins of hunan and avien orgin, it was
ehown by Smith snd Lynn ( 1988 ) that Beta sitosterol =nd chol=-
esterol promoted better growth than d4id cholesterol, while
ergosterol and stigmosterol vere less effective.

Kumars et ale( 1863 ) stated that the ment liver
medium was superior to Difeo PPI0 medium for primary isolation
of PPI0. Schimmel ( 1963 ) studied the growth rate of m; coplasm
by incorporating vitamin Bl, and B1l2 into 1iguid and solid PPIO
media in place of yeast extracte Cattereu et al ( 1963 ) repor-
ted excellent growth of pathogenic PPI0 in enriched Difco's
PPIO brothe. He incorporated cholesterol and peroxidase for more
rapld and abundent growth end glucose for accelaration of the
growth rate onlye. Salana Alonso ( 1964 ) used B.VeFeo medium
( Containing beef, ox liver, and pig stomeeh ) enriched with
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horse serum or rabbit serum for cultivation and preparation of
mycoplasma sntigens.

Febricent et ale ( 1964 ) supplimented PPLO tissue
cul ture medium with Swine serum which supported optihmm growith.
Growth wasdso stimulated by the addition of & monophosphate
mucleotides ( sdenylic, cytidylic, euenylic, thymidylie acids) «
In some strains addition of four ribonueleo tides and deoxyri~
bonucleotides in place of peptone improved the growth, vhere
»& the four ribonucleotides alone supported poor growth when
eubstituted for peptonee. The eoncentrations of nucleosides
ond neecleotides had a sidenificent effect on growth. Although
the nutkitional factors of the pig serum was not defined, the
effects of different sera on growth was investignteds. Rabbit,
horse, turkey, snd pig, serum suppor ted op timum growth, human
gerum suppor ted less, whereas PPI0 serum fraction (Difeo )
or bovine serum supported poor erowthe Dog's serum did not
supported growth. Swaine ( 1966 ) described a medium which
could support the growth of most of the PPID strasinse

Swaine's ( 1965 ) medium is supposed to be the good
medium for cultivation of PPIO than all the media mentioned

above.

C. Morphology of PPID

Nelson ( 1936 ) deseribed the organisms as coccobaci~
11iform bodies isolated from the upper respiratory tract infe-
etion of fovlse. The description was SO made according to the
morphology of organisms. Sabin ( 1841 ) put forwardcyitevin befove -
admitting any organism into pleuropneumonia group based mainly
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on their morphology and growth characters, of minute colonies
on suitsble solid media as described below.

criterisp

Their morphology on cell free media varying from minu te
filterable elementary bodles %o pleasorphic structures includ-
ing large protoplasmic mases vith " Chromatin bodies®"3 rings,
globules, filsments, of 125-250 Al in size. The development of
of these minimal reproductive units into tiny eolonies as small
as 10-20 /U snd not larger than 500 /U with a central dark,
nipple like structure or vacuolar mesh vork on a suitable solid
mediaes Their pleomorphism is the main characteristic feature
mainly due to lack of cell wall. (Klieneberger lobel, 1954 ).

Morton et al. ( 1954 ) examined 6 human, and 2
ovian isolates of PP1O0 in liquid media and fourd that they
were spheroidal %to ellipsoidal in shape. On e01id media coccoid
forms, bizzare forms, varying from large clrcular masses to long
£ilementous forms with no rigid cell wall were setn. haler et al-
( 195 b) observed some rought colonies suggestive of PPIO in
the culture exudate of mixed infection. Lecce and Sperling
( 1054 b) gave detailed technique of jsolation, identifica-
tion, and subculture of PP1D. They used 132000 thallium
acetate as bacterial inhibitor for primary jsnlation of PPID.
They considered trachea to be the best eite than lungs or
oir sacs for PPLO isolation snd indicated that tréacheal
swabs may be tsken during life. They evaluated Bacto PPLO
agar, hegrt infusion agar, and Bacto heart infuslon agar
and found little or no difference among them for isolatione.
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Hagan and Bruner ( 1857 ) described the morphology
snd cultural charascteristics of M. gallinsrum. They vere cocco-
bacilli-form bodies vith 53-60 m/u in dismeter ( aversge ). They
could be stained by Giemsa's stain. The colonies were found
enall and delicate just on the border line of visibilitys With
low power lens btutton l1ike elevations in the centre of the
colonies were seen. Domermuth ( 1268 ) developed the teéhnique
of staining PPI0 by modifying Giemsa's staining procedures

Crhu ( 1958 a,b.) differentiated pathogenic from non
pathogenic PP10. The pathogenic types grev more on Edward's
media snd their cultures contained mainly of eoccobacilli-form
bodies vhereas the sgprophytes grew more TIep idly and their
cultures contsined mainly of rings, globules and bipolar bodiese.

Chu (1958 ) stated that the nipple like centre differ
smong different stmains under different conditions =nd some did
not produce definite centre. Coles end cuming ( 1959 ) observ-
ed the seme findings of Sabin ( 1841 ) in thelr findings on

M. gallinarume Yamzmoto and Adqler ( 1959 b) studied the develo-

pment cycle of 6 straine of PPI0 as determined by p_eriodic
staining of smesrs from broth cultures. '

naler ( 1960 ) deseribed cultural criteris of
pathogenic S6 strain of PPI0. The orgsnisms were mostly cocco=-
bacilli-forms bodies ( 125-800 m/u ) with occasional ringse
Colonies not exceeding 0.5 me.me diemeter grew into the agar
ond cotmkained fine coccold forms in a lacy network at the
periphery, with central dense papillae. The typleel colonies
were unchsnged by many subcultures in non inhibitory mediae.
Merchant snd Packer ( 1961 ) described the colonies of
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pathogenic PPLO M. gallisepticum a prototype of 86 isolate of
haler ( 1956 ) consists of sn elevated central portion, a smoo th
surfsce snd an entire periphery. Glarke}?_ui%l )} described hot
water fixation technique for studying PPLO colonies microscopi-
cally. He also stated that fixation could be successfully carr-
jed out by hot aquous solution of formalin 14, acetic acld 1%,
ond trichlor scétic acid &i. Rusy and Van Itersonv ( 1961)
studies the chargsecteristics of pathogenic PPIO of avisnorigin on
e01id medias It grew into two types of calonies viz small ones
typical of PPLO and large ones appsrently seme as Nelson's
coccobacilliform bodies ( 1936 Yo '

T_he detalled study/grfx zifa’gu'on mieroscope by Heagan
et al. (1983 ), White et al. (1984 ), Morton et al. (1064 )
Dumermuth et ale ( 1964 ) Dutta et al. ( 1868) and Maniloff
et gle ( 1966 ) revealed meny things. The studies of Maniloff
et al ( loc cit ) showed that the nuclear material of M.galli-
gep tiomm contains DiA, RNA snd protein etc. These findings
furnish en information about the growth requirements of PPLO.

dole ool e R



D. Bifech e - of PPIO.

The biochemical reactions exhibited by some of these
organisms were taken as a guide in identification and classifi-
cation.

Van Hoekel and Olesiuk ( 1953 ) used dextrose, maliose
suerose, lectose snd mannite in the case of CRD and IST agents.
They fermented dextrose, msltose and sucrose ut not lactose
ond mannite. Grumbles et al. ( 1963 ) and Fghey and Grawley
( 1954 b) followed the seme method and confirmed their findings.
In the latter two suthor's vork the fermentation resctions were
maliosge in 3-6 days, Dextrose in. 57 days end sucrose in 8-12
days. Eqverd ( 1954 ) tried sugsr tests on one strain only and
it aid not ferment glucose. Gienforte et al. ( 1955 ) snalysed
PPLO from cases of air sac infection in poultry into 7 strains
by biochemical tesitse. The fermentation reactions were studied
4 doys after incubation. All strains produced acid from dexirose,
maltose, mannose, saccharose =nd trehslose, 2nd slight acid in
levulose brothe. No acid was produced in adonital, galactose,
inositol, innulin, laclose, mannitel raffinose, rahmnoce,
salicin, sorbitol and xylose, Gas formation was not demonsira-
ted. Taylor m& and Folricant ( 1¢87) recorded the formentation
rate and the number of carbohydrates attacked by PPIO strains
in the liquid medium of the 68 isolates, 55 fermented 3 sugars
(glucose, meltose and sucrose )jone jsolate fermented only
glucose on the originsl inoculation.

Adler et ale. ( 1957 ) studied blochemical properties
of PPI0. A1l straine produced acid in trehalose, malinse ,
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starch, Sucrose, lactose, dulcitol, and mannose at & hours in-
tervalse The non-pathogenic strains fermented sucrose within
48 hourse Yamemoto znd Agler ( 19858 b) divided PPID 1m1ates‘
in to 8 strains on the basis of sugar fermentatlon reesctions.
All 7 strains attacked dextrose, levulose, galactose,' sucrose,
meltose, dextrin, and sterch. Except one strain, mamnose was |
also fermented by all streins. The 8th strain "N" did not
ferment lactose, mannitol, dulcitol, and sslicin. The nen=-
pathogenic group IV and the mildly pathogenic group V organi-
smne did not ferment sny carbohydrate. Some strains classified
in group II were also nonfermentorse. Pathak and Singh (19862 )
conducted sugar fermentation tests of 104 PPLO cultures isola-
ted by them, 11 fermented glucose, end molinse, &7 glucose,
maltose, snd sucrose. None of them fermented lactose or
manmitol on their studies the fermentation reactions of
glucose, maltose, snd sucrose appeared to be guite variablee.
Moore et ale ( 1960 ) performed suger fermentation tests in

10 strains of svisn PPLO. All fermented dextrose, maltose and
sucrose in 1 - 7 days, hut none of them fermented lactose or
mennitol. Egqvard and Ksnsrek ( 1060 ), studied biochemical end
serological properties of 40 strains jeolnted from the respirat-
ory tract of fovls snd turkeys. On the basis of biological
properties, these strains were elascified into 3 groupse Only
orgznisms belonging to one of the groups represented by M.
gallingrum and M. W., did not ferment even glucose.
According to Kleckner's ( 1960 ) observations, & serotypes of
avian PPI0 were not able to ferment carbohydrastes. The most
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significant feature was that none of the pathogenie strains
came in that group and this charscter has not diagnostic
value in the biochemical snalysis. Ralakha ( 1961 ) conducted
sugar fermentation tests of 466 PPLO0 1solates. 55.9% of them
fermented glucose, maltose, and sucrose, 33.5 fermented
glucose, =nd matose, and 10.5% glucose only. Singh (1962 )
characterized 191 cultures out of 793 on the basls of blo-
chemieal reactions and other criteria. Svain ( 1965 ) studled
the biochemical properties of PPIO of various species. He
noted that M. gallimerum did no%® attack carbohydrates. He

cantioned that horse serum 1is not suitable as an enrichment
for the sugar media because 1t contains maltases =nd diastases
which may engender false positive reactionse le also suggested

that either Humsn or rabblt serum can be used for this studye.

Po Tetrazolium reduction test -PPIO,

This test was first performed by Ysmemoto and Adler
( 1958 b) as a means ® to differentiate the pathogenic and the
non-pathogenic types of PPIO by the reduction of dye in corre-
lat.ion to timee. Later on many workers used this on the same
lines. Adlskha ( 1961 ) and Singh, (1962) hpve token this as
one of the criteria for differentiating pathogenic and nonpa-
thogeﬁic mxg PPLO.

Yemamoto snd Adler (lac cit) used 0.,75% ssmi solid
sgar medium with 0.0025 tetrazalium tlue 28 indicator for this
teste A stock solution (1%) sterilized xt 121c for 15 minutes
and stored in the refpigerator in a dark container to avoid

non engymic resction. (Somerson and Morton 1953). Their results
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indicated that group I organisms could be easily differentiated
from group II orgenisms, the former reduced ﬂie dye in 24 hours,
the latter in 72 hours and group iII end 1V organisms showdd
intermedigte reactions in reducing the clye 1n about 36 and

and 48 hours re@ectively. The b L st.rain*gronp V did not
reduce t.he dyes

-RERR R R Ry
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E. SEROLOGY ( PPIO )

Introduction *

The serology in gvian PPLO has beecome a bacon light
for detecting CRD in poultry =md snalysis of various strainse.
Though many tests were evolved, the most practlicable and videly
used tests sre plate agglutination snd tube agplutination tests,
znd so the literature has been reviewed accor-dingly.

Ven Heric =nd Eaton ( 1945 b) wvere the first to demons-
trate haemagglutination of PPLO from chicken embryos. Later on
other workers tried Haemagglutination inhibition and agglutina-
tion tests with CRD and IST streins. Slide agglutination test
was introduced by Priestly ( 1¢81 ).

Jungherr et ale. ( 19563 ) were the first %o device a

Ro

serologic test for CRD that demonstrated the PPID to be anti-
genic snd agglutinable by 1its specific immune serum. Adler

( 1654 ) described the slide pgelutinstion test vhieb appeared
specifically to detect the presence of antitndies apainst PPIO

in sera of birds exposéd naturally or experimentally to the

CED pgentes The lesions and symp toms of 'CHD correlated wlith the
arglutination test. Bacteriologicel cultures of the affected birds

yielded PPLO in almost all the caBese

Fahey ( 1854 ), and Fphey and Cravley ( 1¢54 b), repor-
ted th; uses of H.I1. test to study CRD and IST by using an antigen
prepared from PPLO. The Hel. sntibodies developed betwcen second
end third wék after infection and reached their peak 6-5 weeks
aftervards Jacobs et al.( 1954 ) exemined CRD cpses by haemagg=
lutination, haemagglutination inhibition, tube agglutination
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and rapid plate tests. They concluded that haeemagglutination
inhibition (H.I.) test was considered to be the most sensitive
and the repidndi®a relatively accurate method for the detection
of chronic respiratory disease in fowls. Gianforte et 8l.(1988)
conducted serological analysis of se-vén strains of PPIO from alr
sac infection by adopting tube agglutinatlion, haemagglutination
(K.Ae), heemagglutination inhibition ( Hol.), slide agglutima-
tion, cross absorpition, precipitation =nd complement fixation
tests. They gave s method of production of formalinized antigen
for tube snd slide agglutimation end corss absorption testso
They also conducted precipitation, compliment fixation, He Ae,
H,I,, tests to detect PPIO infection in poultry. All strains
hed haemasgglutinable properties in slmost the same titre. When
strains tested for homologous end heterologous sera, similar H1
titres were obtained. For routine diagnosis complement fixation
teet was not pos:ible due to technical difficulties. Beeasuse of
low titres obtained in precipitation tests, it was also not the
method of choice. Taking into consideration of the results obtai~-
ned, organisms used =nd obtained from different goegrsphical
arens were shown to be identical. The results of their studies
suggested that the slide agglutination and tube agglutination
tests would be the esrliest and most practicable ones to use in
tite diagnosis of CRD, since antigen for these tests coulc_l be
made in smple quantity amnd stored for longer periods of time
at 4C.

Newing ( 1986 ) developed whole blood plate
agglutination test using stained entigen. Agler and Yasmamato
( 195 ) developed a new cultural method for production of
satisfactory antigen to detect PPI0s In CRD and IST they
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demonstrated the usefulnescs of -6 strain of Zander ( 1984 )

as an antigen for the detection of CRD and IST by the slide
agglutination test. Jungherr et al. ( 1955 ) tried to assess

the significsnce of serological tests on the basls of cultural
end isolation studies of PPIO. But the correlstion was low due
to technical difficulties found in the isolation of PPID. They
adopted H.I. test of Van Heric end Eaton ( 1965 ) end developed
serum plate ( S.P.), whole blood ( W.B. )} end tube agglutination
(T.ho)testss The sensitivity of tests ranged in the order of
Sehsy WeBoy Hole, and TeA. They tested 16,966 chicks and turke-
ys and found some flocks .were negative while others showed up

to 95% infection. Hofstad ( 1967 ) performed plate agglutination
. test with egual volumes of sera and antigen snd read the results
af ter 3=4 minutes. He also used double the smount of antigen
with ecual perts of 20% sodium chloride solution in an attempt
to hasten the reaction. Agler et al. (1987 )} studied strein
differences of PPI0 Avien origin. He found that atleast two
different serological and pathogical types of pleuropneumonia
like organisms were present in chicken =2nd turkey sinuses.

These two groups were primarily differentiated by sgglutina-
tion and smmonium sulphate flocculation procedures. Keller

( 1958 ) conducted agglutination test in 1581 fowls out of
vhich sera of 82% were positive for infection. Yememato end
Agler ( 1958 a,b.) carried out sntigenie analysis of 7 strains
of PPLO of avian origin. A comparison of gserological data with
the pathogenicity for chickens and turkeys indicated with an
excep tion that there was close correlation of the leslons seen
at necropsy, the agglutions detected, =nd the reisolation of

the organismse. Hammer ¢t ale (1958 ) used spot plate aggluti-
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-nation test for diamsisehavian PPLO. He used 30,000 serum
gsamples in 3 years period and confirmed that the test vas
simple, rapid, sensitive and specific. Olesiuk and Van Roekel
( 1960 ) in their pathogenicity trials on chicks of 6 weeks
ape, immunological observations of avian PPLO. The sera of
17 out of 18 chicke definitely agglutinated PPIO gntigen after
14 days exposure to the apent. They azlso stoved the possibili-
ty of contact trensmission of CRD from naturslly infected to
susceptible chicks by agelutination test snd determined the
status of breeding flocks by rapid serum plate agglutination
test. Moore et ale ( 1960 ) indicated that some PPLO did not
haemaggglutinate =2nd good hpemagglutinating antigens could not
be made from others and therefore haemsgglutination test could
not be practiced in a serologic study of 211 orcrenisms. They
utilized agglutination resction and found smong their isolates
thek there were at least 4 serologic types of PFLO on the
basie of serum plate test. Thelr resultes indiested that most,
if not al1, of the pathogenic strains of PPI® had common =nti-
genic foclor and could be detected with the available commercial
antirense The sepsration of pathorenic -ntigenic strains from
the several nonpathogenie antigenie strains sppeared to be
aceomp lished best by serologic technicues becsusge the pathoge~
nie strains seems tn possess s common antigenic facter or not
sharing the nonpathogense.

Klecker (1960) studied the use of agglutinating
antigens for the detection of CRED and infections sinusitls in
chekens =nd turkey flocks znd the sntigenic relationship of
avian PPIO with other binlogical characteristics. Aftosmis
et al. (1960 ) adopted the vhole blood test as described by



-3-

Jacobs et al. ( 1864 ) whieh provided a rapid method for detecting
sntibodies against the agent.o He stated that the temperature has a
marked effect on fleld whole blood test; If the temperature
decreased, the rate of reaction decreased as shown by an increase
in time required for sgglutination znd the smell size of the
agglutinating particles. The op timum temperature for the test

was between 70-88FQ An artificial source of heat might be supp-
l1ied when the heat goes below 50?"; He concluded that the

‘canparative tests with standard plate antigen and with culture

isolstion showed agrecment. Cover et al. (1960 ) stated that
frozen serum used in PPLO tube or plate agglutination tesﬁ
increased the sbility of a positive serum to agglutinate the
entigen. The duration of storege in the frogen state had no
effect on the reaction =mnéd storing at 4¢® for 32 days d1d not
loose their agglutinating ab:llity?

Brion ( 1961 )} stated that the negative result of
ﬁ;. gallisepticum was not conclusive proof since M.+ gallinurum

and secondary bacteria over grev rspidly on the vhole surface
of media, hence the sernlogical methods offered a valuable aid
in the diagnosis of CRD due o M. gallisepticume

Bankowski ( 1861 ) in his experimental studies
on mycoplaema in chicks, the orgenisms produced neither symp=
toms nor mortality but resulted 100% serological response that
persisted for at least 3 months;- Coming ( 1961 ) in his survey
of the incidence of avisn PPIO using plate agglutination test

found 16 to 17 forms had incidence of antibodies to avian PPIO
in their flocks. Punlopond Skol{ 1956.) gave M. pallisep ticum

by aerosel to birds of 4-22 weeks age snd tested serclogically.
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All except one was positive to the test at 10 days post inocula~-
tione Hall ( 1962 ) adopted procedures for the production of serum
plate agglutinating antigens in Difcostryptose phosphate broth.
He also described/;rocedure by which either of 2 - M. gallise-
pticum strains ( Iowa 801 or california 56 ) could be propogeted
in s simple production medium to produce satisfactory H.l. serum
plate and serum tube agglutination testse Ceccarelll ( 1962 )
used sntigen prepasred from PPIO of turkey origin for H.I. snd
rapid agglutination tests on fovwls. In his studies in 12 flocks
by using both tests, the results of each gave good agrecmente
Gullion et ale (1963 ) conducted HI tests with serum semp les

from fowls in four different age groups end found ne signifi-
ettt resultee He concluded that serologlcsl resctions did not
conctitute a severe indication of the presence or absence of
mycoplasma. Colusi and Monchaca ( 1863 ) in their epidemiologi-
cal survey of CRD used rapid slide agglutination test out of 179
serum smples from & reglons tested, 114 were positlve, 68 nega-
tive snd 7 doubtfule. Catteresu et al- ( 1963 ) used rapid slide
agglutination test with stained M. gallisep ticum antigen having

the seme antigenic properties as Adler's strain & for svian
mymplamosiéo They tested over o500 serum samples from infected,
suspected or healthy birds and got satigfactory resultse

Sornicle end Zapibet ( 1863 ) in their serological
studies, used extraet of the blood eclot from the heart or large
blood vessels from the dead fovwls as it was not possible to
obtain 1iquid blood for the glide sgglutiation test. They
clsimed that the results were in close agreement with those

of serum sgrlutination. Prokofera et al. ( 1963 ) prepared
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antigen on the lines of Ysmesmato and Adler ( 168 ) end used it
for dlagnosis of avian mycoplasmosls by serum agglutination test
in some thousands of serum samples and indiéated that the method
was specific. Shiskov ( 1964 ) infected birds with M. gellisep-
~ticum snd tested mxx them by repid agglutination test. They
were positive to the test 40 days aftervards. Adler snd Da Mgscsa
( 1964 ) used comb's sntigloulin teehnique ( using antiglotulin)
for enhancement of mycoplesma agglutinating titres and %o detect
entibodies of Me _grallisapticmm, M. synoviae, snd strain 'N' of
origin. The sntibodies were found at high titres snd the test

was specific. Imcas end Iythgen ( 1964 ) studied the distribu-
tion of mycoplamosis in poultry farms. They exsmined 3630

_ resndom serum ssmples from about 10% of the birds in each of

61 flocks. 1,510 ( 41.6% ) birds contained mycoplasma aggluti-
nins, and about 70% of the flocks were infected. In cross breed
flocks reactors smounted to about 32% and in pedigree stock
nesrly 51%. Rislakki and Vasenius ( 1965 ) studied the mycopla-
sma infections in poultry by rapid slide egrlutination test.
Storr's mycoplasna sntigen stained by crystal violedt was used
in the test. Of 1,512 blood semples used, 783 (&l. % ) reacked
positively. Tne resction was higher in flocks where respiratory
disease had occured. Richey anéd Dirdjosoebroto ( 1965 ) in
their serological test against CRD in chicks, 40% of & flocks
were positive to the PPIO slide sgelutination test, and all
were positive to H.I, test.

Serotypes *

The serotypes of avian PPI0 were evolved by various
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authors by adopting various serological tests.

¥hite et gle( 1964 ) and Gianforte et al. ( 1956 )
classified PPIO into one gerotype that was associated with
respiratory infections of turkeys snd ehickens. Chu ( 1984 )
broadly classified the PPLO into two serotype viz (1) pathoge-
nic serotypes thet produce disease by themselves snd (2) non-
pathogenic serotype vhich act as secondary inverders. Later
on Adler snd Y memato { 19567 ), Chu { 19568, a, b) and Chu and
Newnham ( 195¢ ) have confirmed the findings of Chu ( 1954 ).
Ysmamato and Adler ( 1958 ) sepsrated 5 serotiypes as Sb, SiA,C.
0, and Ne. Klecknen ( 1960 ) antigenically differentlated 15
strains of avisn PPIO, =2nd grouped them into 8 serotypes as
A, By C, D, E, F, G, and E and his new serotypes as B.De and
Ee Chal quest =nd Faobricent ( 1960 ) identified another new
serotype whieh was pssoci,ted with sinusitis of chickens snd
turkeys. The strain $6 was originally isolated by Zimder ( 1954)
from the brain of a turkey torticolise Yader =nd Hofstad (1962)
reported an isolate from »ir sac lesions in turkey embryos =nd
designated it as Iowa 695. Neell et al. ( 1962 ) snalysed 8
gtrains of mycoplasma gallinsrum into 4 serological groupse.
Group A - consisted of pathogenie strains-iD-2, ¥ D=3, M D-8,
and S-6+, Croup B-contained MD=6 which was slthough pathogenie
strain of group C snd contsined specific sntigenic components
not present in other strains. Gpoup C contained non pathogenic,
and antigenically distinet strains of MD=4, and ¥MD-85. CGroup D
contained strains of T4 which was saprophytic =nd antigenically
not related to any of the others.

Roberts ( 1963 ) isolated a previously unrepor ted

- _ 3
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avian mycoplasma serotype and desipnated it as " WRI". Yamemato
and Bigland ( 1964 ) isclated & mycoplasma strains from air
sa¢ lesions of poultry, sinus exudates of Qdult turkey and a
Japenese quril, snd classifled them into 2 serological types
N and 8. Yotdeyis and Hefstad ( 1963 ) isolated 98 mycoplasma .
strains from chickens, turkeys, pigeons =nd patridges and
clpssified €8 strepins into 12 serotypes from A to L alphabe tica=-
1ly. fmong the isolates, A, B, ¢, Dy E, G, I and K from
chickens snd AoF, HoI. snd J from turkeys were found.

The genus and species designations were made in
a few cases. Mycoplasma gallingrum as a non pa_thngenic type
was suggested by Edwgrd snd Freundt ( 1956 ) gand this was
found out by Kleckner ( 1960 ) as B type. Yomamato and Adler
( 1058 ) represented 8§ strain to M. gallisepticum as patho-

genic and C-strain %o M. gallinprum as non pathogenic. Edvard
and Konarek ( 1960 ) classified 40 serotypes of mycoplasma
into 11 strains of M. gellinarum, 8 strains as a new species
M. iners and 15 strains regarded as Mo gallisep ticum. Adler
ond Yamemoto ( 1987 ) Agler, Yammsmoto and Berg ( 1958 ), Ox
Chu ( 1958 ), Chu end Newhem ( 195¢ )} and Eavard ( 1960 )

desceribed 3 species of PPI0 as given by Eavard and Konarek
( 1960 ). Merchpnt snd Packer ( 1961 ) deseribed 3 species
only with their prototypes as M. gallinarum-ﬁ.#\-‘é'&ﬂ1‘50‘-‘5@'?

of Kleckner ( 1960 ),M.galliseptium 56 {solate of Aqler(1985 )
and M. iners. '0' isolatle of Yamsmato and Adler ( 1960 }o The
moet popular avian pathogenic 56 strain sntigen was used in the

diagnosis of CRDby many Workrs.

ool o R sk R
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F. PATEOGENICITY TRIALS -PPLO,

Introduetion *
The transmission of PPIO is broadly clasgified into

three routes. viz by direct contact, Alr borne, and via eggse.

A. Natural Transmission * 1. By dircct contact and air,

Grumbles et al. ( 1962 ) reported that air borne spread
of CRD snd IST pgents from layers with infectious sinusitis to
chicks, resulted in a mild form of CED. Van Roekel and Olesiuk
( 1952 ) observed that natural transmiscsion occurs by direct
contract or by exposure to contaminated equipment, droppings,
water, dust, and fomities cspable of carrying the CRD agente.
Apdin the same outhors in 1954 observed that turkeys placed
in direct contact with infected fovls deve}.oped “ehronic respi-
ratory diseage™. The Jungs -nd exadates from the infra-orblial
ginuses, nassl cavities, trachea and air sacs of infected
fowls were infective to other fovls and chick embryoss Cravley
( 1955 ) descrived that alr borne dust or droplets or contact
trensmiscion of infection to susceptible chickens played an
impor t-nt role in the dissemination of CRD when PPLO alone were
tranemi tted then in combination of CRD virus by air borne route,
the time of response %o infection wasg prolonged «nd that the
out bresks sre of ten started by corriers. Berger et 21.(1858)
stated that the disease wes considered to be transmitted by
alr conteminstion of feed, water, litier may be additional
sources of infection.

Coles snd Cuming ( 1989 ) observed that PPI0 spread
by air currents since the nasal and oral secretlons are often

infected and also easily distrituted by feed and watere
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Lancaster €t al. ( 1960 ) stated that PPL0 spreasd rapidly by
direct contact and by alr over a short distence. Cuming (1961)
pointed out that young chicks contract only vhen the pullets
csme in contact with adults in the farm. He was of the opinion
that PPID were not being treansmitted widely through egg Wt
mainly by contact with rec&vered * carrier" birds and 'so the
lower inecidence of PPIO in young birds. Merchant and Packer

( 1961 ) described thst M. gallisepticum wes transmitted by

direct contact vith infected poultry or contaminated equip-
ment.

Me Martin ( 1962 ) reported contact trensmission of
M. gallisepticum when infected and susceptible fowls were
mixed. Yamamato and Biglend ( 1964 ) repor ted natural infection

of M. gallisepticum strain in chicks and turkeyse. 1t reproduced
significant inere.se in alr sac inflamation. Heighmsn et al.
( 1966 ) reported the incidence of infection by M.gallisep ti-

Lun by n,-.tural means s

2o E;g trensmission ¢

Lgg trensmission of PPI0 though not the only route
of dissemination of CRD, plays 2 major role in addition to

trensmission by contact and air.
Van heric =nd Eaton ( 1945 ) were the first to discover

PPI0 in fertile hens' eggs accldentially wvhile vorking with the
primary a typical preumonia virus of humans in chicken embryos.
Olesiuk ( 1952 reveasled that 10% of the cull chicks and 45%

of pipped but unpatched embroyas produced by an infected

supply flock had lesions of the respiratory tract Gharacteris~
tic of CED. Fshey snd Crawley ( 1956, b, c.) studied CRD apent
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from eggs and chicke and cauntioned that egg transmission was
not thed only method of spread of PPLO infection although it
was the major source of spread of infection. They followed
‘the btrecding stock of one hatchery through four generatlons,
esch of which developed symtoms of CRD snd yielded RRE PPLO
on culture. They claimed that the major meens of spread of
PPI0 was through egrs. Cover end Waller ( 1954 ) examined
pipped snd dead embryos from a hatehery end found 72 ¥
were infected with CHD asgent. Calnek and Levine ( 1987 )
repor ted that egg trensmission of CRD has been increminated
by many vorkers including Jungherr et al. (1955 ) Hofst,d
( 1987 ), Fubricant gt.al.( 1858, 1959 ), Beckman et al.
( 19859 ), Ven Roekel et al. ( 19568 ) end Jurstased et al.
( 1950 ) as one of the more Important mesns of dissemination
of CRD agent. Hofstad ( 1957 ) confirmed the findings of
‘Von Roekel et sl- ( 1962 ). Abbotesl(960 ) studled the egg
trenemission of mycoplasma. In one group there wvas high
incidence of alr-sac lesions in embryos or cull poults. In
fhe other, the abnormal pat_.terns of seasonal egg production
snd l_natcha_bi.lity snd they varied increasingly with the inei-
dence of egg transmitted disease. There was sn increase in
death rate of pipped but unhatched eggs and inecrease in the
early embryonic mortality. When there was severe dlsense
prevailing, the egg production was affected due to egg
trensmiscion of CRD agemt. Olesiuk and Ven Roekel (1260)
reported a high incidence of egg transmission of CRD gpgent
in flocks in which the disease had established.

Merchant snd Packer ( 1961 ) reported limited

eienificant transmission of M. gallisepticum occured from
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hen to off-spring by means of egge Brion ( 1960 ) noted that
only pathogenic PPID transmitted through egg Wt not nonpath-
ogenic PPLO, Olegon et ale ( 1962 ) confirmed the findings
of Merchant and Packer ( 1961 ). Fomia et al. ( 1964 isolated
mycoplasma from 2% eggs. They have also observed full course

of symptome of the disease in the hatched chicks.

B. EXPERIMENTAL INOCULATION

Introduction

Animal inoculation and reproduction of the disease
has got great importance. Various workers taken this as the
best method of classiffing the strains into pathogenic and
non-pathogenic snd to determine their specifieity. The course
and intensity of disease vaoried according to the route,dosage
and type of infection glven.

(1) In Chicks ¢

Neison ( 1935 ) was the first person to produce
experimentplly Coryza of slow on set and long duration by
inoculating Coccobacilli=form bodies into fowls. They deve-
loped nasal discharge in 1-4 weeks after infection. Chu (1984)
was unsble to reproduce the disease by injeetion with cultures,
though he wasg successful by intrangsel instillation of the nasal
exudnte contsining coccobacilli-form bodlese Aldér ( 1955 )
reproduced sinusitis in turkeys with PPIO broth culture snd
did not succeed in chickens with the sesme culture. Fphey and
Grawley ( 1966 ) produced mild disease in turkeys and chickens
indistinguishable foom that of Nelson's coryza type II.
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Adler snd Y mamato ( 195 ) were able to produce
chronic coryza by infecting chickens using virulent exudate
obtained after 20 passages of broth culture in chicks emb-
ryos #nd two passages in turkeys.

Johnson snd Domermuth ( 195 ) inoculated PRIO broth
culture into sinuses of turkeys snd »ir sscs of chickens and
produced very mild disease in vhich only microscopic lesions
were seens. Tylor snd Fgbricent ( 1857 ) inoculsted into sginuses
end trachess of chickens znd young turkeys with cultures propa-
g.ted in modified grumbdle's medium snd embryos. They observed
that PPLO propagated in yolk=-sacs was superior o the other in
pathogenicity and chicks were less susceptible then turkeys on
inoculatione Gross ( 1966 ) studied the role of E.Coll alone
end in combination with yolk adopted CRD aspgent into right
lesser obdominal alr sacs of chicks snd turkeys. In all the
cases both the agents and in cné case E.coli nlong as reported
by Eqvards and Ewing ( 1954 ) produced peric,rdities e=nd air
sac infection. He concluded that E. coli along with CRD ggent
greatly incre,sed the pathogenicity. Olesiuk g% ale ( 1987 )
emp loyed embryo sdopted, turkey passaged and broth subecultured
PPLO of the same strpins in chickens and turkeys by intravenous
or via combined sinus snd tracheal routes. The results varied
clinically and pathologically in extent end severity of the
disease, and 14th broth passaged PP1O did not menifest any
symptoms or lesions of CED when given intravenouslye. Fobricant
et ale ( 1959 ) were not able to reproduce as serious CRD in
chickens as seen in out-breaks with known pathogenic strain
( 86 ) of PPLO.

Gross ( 1968 ) studied the role of E.coli in CRD and
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supported the view of Edvards and Eying ( 1964 ). Simburt
et ale ( 1959 ) used germ free birds to avoid the influence
of other organisms. Four wecks old germ free and conventional
turkeys were inoculated either with pathogenic or non-pathoge-
nic strain;%g\;t“ bacteris free sinus emdatug??i;itra-tracheally.
Inflammation of air sacs was cpused by pathogenie or sinus
exudate, and no symptoms or lessions were produced by non-
pathogenic strain. Cisnforte et al. ( 1960 ) experimentally
attempted to enhesnce CRD symdrome with PPLO alone and with
PPLO snd some stress factors. Ose et ale ( 1960 ) reported
triale involving 1300 chicks to establish a reproducible
system of mycoplasma infection besed on the measurement of
serology, weight gains, incidence of typical gross and histo-
pathological lessions and recovery of the organisns of the
various combinations - I/V, I/V air sac routes asppeared moc<t
aggi'eable in ﬁroduéing a high incidence of slr sac lesions
and the greatest amount of weight suppression in chickens

by pathogenic PPIO cultures in Grumbles medium. Bankowski

( 1961 ) studied exerimentelly the nature and extent of CRD
produced by PPI0 glone, PPI0 and Eecoli and E.coll/alones fe .
concluded that E.coli acts as a self limiting opportunist
snd that serious discase resulting in mortalities can be
expected from a combinstion of Eecoli and other relatively
mild ogents such as mycoplasma. Adlskha ( 1961 ) and Khare

( 1961 ) in their pathogenieity trials in birds inoculated
pooled PPIO cultures, egg pas-aged PPLO, E. @Goli, =nd PPIO
combined. The results supgpected that uncomplicated PP1O
infection remaincd inappsrent tut was accompsnied by signi

-ficent positive serological response. However the pathogenic
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potentislities of PPIO could not be determined.

Domermath - ~ i = ( 1962 ) produced experimen-
tally distinct type of " breast blisters" in birds by 36
mycoplasmae Olerson et al. ( 1962 ) studied experimentally
the moet prediliction seat of pleuropreumonia orraniems
and their servivale. After 2 weeks highest percentage of
organisms were isolated from tracheas. A sharp decline
occurred vhen one day old chicks reached 8 weeks and this
persisted during the 36-38 weeks experimental period. Rashaw
and Popové ( 1963 ) reproduced CRDinchickens by intratracheal
inoculation of cultures or materidl from affected turkeys in
16 - 24 days. Shiskov ( 1964 ) studied the contact trensmi-
ssion of PPLO in birds. Air-sac lesions were seen in most of
thems Various workers like Rhodes et al. ( 1964 ), Naumets
{ 1964 ) =nd Roberts ( 1964 ) =lso produced the disease in
experimental animals.

Ze AIR-BOKINE INFECTION

The natural spread of infection ( CED ) has been
observed by various workers. Very few workers attempted to
transmit the disease by air borne route.

Fshey snd Cravley ( 1954 a,b ) showed experim=-
entally that CRD virus end PPIO associated with CRD could be
trensmitted by air. Gordan ( 1956 } studied experimentally
the a«ir borne infection in healthy cockrels. The healthy birds
kept at 4 feet height in pens above and the infected kept on
the floor just below the healthy birdse After periodical H.I.
test revealed that 3 out of 4 heslthy birds were positive.

The suthor concluded that PPLO can spresd through the air over
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a short distsnce. Mc Martin ( 1963 ) conducted experiments
on sir-borne transmission of myeoplasmosise 14 birds infee-
ted by air borne route were grossly mormal, snd in 2 groups
of 10 mormal chicks infected by alr borne route. But minute
localised lessione in the abdominasl elr=-sacs of one bird
was exception in 14 birds on microscopical examination, all
infected revealed typical lesions. Cultures from the respira-
tory tract of every bird produced 2 isolates of M. g alligep ticum
from the ma'sal mucosa but none from the tracheas or gir-sszecs
Though there sre number of experimentel animals used by many

authors, typical disesse syndrome was produced only in chick-

ens and turkeys.

3., EGG INOCULATION

Several workers have studied experimentally the
pathogenicity of CHD apgent in chicken embryos.

Fahey and Crawley ( 1¢854 b) reppoduced CRD experi-
mentally in 7 day 0ld embryonated eggs and they died in 5th
day. Chute snd @ole ( 1864 ) studled the experimental trans-
mission of CRD agent in 7 day old chicken embryose They inno=
culated the diluted culture into the em‘pryos by air-sac route.
All embryos died in 24 hours. Cover znd Vgller ( 1964 ) in thier
experimentsl studles inoculated 0.2 mle of inoculum in each of
the 7 day old chicks embryos. A11 embryos which died in first
8 hours were discarded as they were found to be due to trau-
matic csuse. The positive results showed irregular morality

ené typical lesions characteristic of CRD. Adler and Yamsmato



( 1286 ) indicated that the growth of PPLO in experimental
chicken embryos reached a pesk in 24 hours ( 108 orgenisma
per mle. of yolk )} and maintained this level through a 120
hour period.

Tellogarust snd Nobrsega ( 188 ) passaged PPIO
3 - 4 times through 6 day old chick embryos. There was morta-
1ity of 70 - 1002 and the organisms vere recovered by staining.
Fahey 2nd Crawley ( 195 ) experimentally showed that chick
embryo inoculstion with cultures of PPLO resulted in increa-
ged embryonic mortalii:y and death of chicks at the time of
hatchinge Mortelity was greater in first 72 hours in chicks
hatehed from infected eggs.

Calnek 2nd Levine ( 1987 ) found that éix chicks that
hatched from inoculated fresh egps =znd four out of four of
chicks from embryos inoculated at 5 days vere infected wvi th
PPIO. They also found that PPLO died at 37°C in unfertile
eggs within 4 - 8 days and in fertile epgrs 1t survived for
24 days at 58 - 60°F end 7 days at 80°F. Fabricant et ale
( 1958 ) reported that in their experimental egg ‘ransmission
uniform end reproducible results were not securede

Yemamato ond Adler ( 1968 ) propagated PPIO strains
in § - 7 day old chicken embryos by yeilk sac route snd isola-
ted PPLO from the ¥olk of desd and live embryos after 4 = 7
dayse Rashav end Popov ( 1963 ) reproduced typical lesions in
chicken embryos with M. gallisepticum. The embryos died after
3 - 4 days of iInfection. Yader snd Haf-std (1864 ) studied
the pathogenicity of their isclates in chicken embryos end
A, Dy E, I and J were found pathogenic for chicken embryose
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111, MATERIALS AND METHODS

HMaterials @

The materials were collected from Government Central
Poultry Farm, Patna in this present investigation. In the
present studjes materials from tracheas of sppsrently healthy
pirds. tracheas, lungs, and air-sace of chicks died due %o
some respiratory disease, snd yolk of pipped tut unhatched
chicks were eollected. The method adopted for the diasgnosis
of a respiratory discase in poultry was escentially on the
1ines described by Chm ( 1988 ). '

Table lioel

Showing details of materials used for cultural snd serological
exsmination from apparantly healthy birds, dead chicks and pipped
but unhatched chickse

Sour ce iKand of LJ;%;&W Serological exsmination.
jmaterial jeappera { ead W ipped butjLive Peoad {Pipped tut

i tly jehicks junhatched j}birds. {chicks Junhg tched
¥ ealthy §6-10  jehicks. = 1} J6-10  jchicks
X jbirds. fueeks p¥it pari-y jweeks Jwith parti-
1 i jages 1| illy ) jage. lally obser-
) ¥ 1 Pohaerysd  § i Jbed yolk
{ i i yJolk sac. § { {sace
roment Iracheal 80 20
tral  swabs. E
ltry lung swabs = 20
Crd Ail: snC
Wa. swabs - 20
Yolk - - §0
Whole blood - - - 80-260
- Exudate of

' clotted

blood. 20 &0




Dis

s |

2. |

A}

I
., Cultured in modified i
grumbles PPLO PP]

Cultures centrifused Te
atained with Giemsa's
gtain and grams stain
and examined, :

Serially passaged in 2
PPI0 broth.

Inoculated on PPLO 3
agar, ‘

Inoenlated in chicken 4
embryos,

Inoculated in chicks.

Materials collected from,
dead diseased and healthj
experimental chicks and

examined on the same ling
as described above. J’

Tegted for sugar fermen«
tation reactions.

Tegted for tetrazolium
reduction test.

'a) -

aplatesv

irther
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Mcggdg 3

The method of study for the igsnlation and propogac<
tion of PPID were escentially the seme ss diseribed by Taylor
and Fabricant ( 1987 ) except for some minor changes In the
preparation of the 1liquid medium end solid medium (vide infra) «

Inoculum $

Sterile cotton swabs on sterile applicstorsticks
were used to remove the exudate, if any, from tracheas of
apparantly healthy 'birdst:“d%racheas;, lungs, end alr sacs of
dead chicks and yolk of pipped ut unhatehed chicks. In the
epce of spparently healthy birds, this was achieved by opening
the besk of the bird by holding comb and wvattle and intro-
dueing the sterile eotton swab into the trachea snd gently
rotating 1t Yo remove the asdhering exudate from trachea.
in the case of dead chicks end pipped Wt unhatehed chicks
the swabs were collected after eonducting postmorten from
respective regions as deteiled in the table Nae 1 some
times pleces of tracheas, lungs nd alr-sac membrenes were
also collected under sterile precentions from dead chicks,
tritursted by grinding in nutrient broth end then placed
in 6 ml. nutrient broth (pH. 6.8 ) and thoroughly shaken.

Bacterial flora dther than PPLO,

The primary inoculum was stresked on bloed ager plates,

incubated for 24 hrs snd plates showing no growth were fur ther
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incubpted for 24 hours st before being discarded as negative.
Representative colonles were picked ﬁp and maintained for
further study. The sbove gaid colonies stained by Gram's

stain, and differentisted into cocel, gram posgitive snd

gram negative organims. The gram negrtive orgsnisms were
strenked on Mac Conkey's agar. The lactose fermenters fur ther
stregked on E.M.Bs ager and examined for metallic sheen

a chargcteristic feature of E.coli speciles.

Pure cultures of most of the strains were identi~
fied and genus estgblished on the basis of mornhology, cul-
tursl characteristicsyand bilochemicsl netivity. The stridns
were identificd snd clascified according to Bergey's Mannual
of Determingtive bacteriologys. ( Breed et al. 1967 ) end
Edvard's snd Eving ( 1884 ).

Pleuropneumonla like organisms ¢

1. Culture medig *
The method used in thig studies for tite isolation =nd

jdentification of PPID were the same as those described by
Crumbles et ale ( 1853 ) ond modified by Taylor and Fabricent
( 1987 ), am later on followed by many ovrkers with little
modifications.

Method of various inoculumg used for inoculation in
PPLO broth, PPLO ager, chiken embryos snd chicks.

1. Modified Grumble's medium?

(2) Trocheal exudate along with mucous membrane,
pleces of lungs and alr-ssc, materlals and
membranese

(b) Yolk from infected embryos.



-53=-

(¢) PPLO cultures in modified grumbles PPLO broth
(1-2 serial passages ).

Do Pgm pgar
(a) PPLO culture in modified grumbles PPLO bro the

(b) Directd cultures from apparently healthy birds
and dead chickse.

(e¢) Yolk from infected embryos.
3. Chicken embryos *
PPI0 culture in modified grumbles PPLO brothe

4. Chickens °*
(a) PPLO culture in modified grumbles PPLO brothe.

(b) Yolk from infected embryos.

Method of verious tests conducted in PPLO broth
PPIO agar, chicken embryos and chickse.

1. a ble's PPLO .

(a) Initial isolation of PPLO.

(v) Fermentation reactions of different strains
of PPLO.

(¢) Ag » medium for studying Pathogenicity triasls
in chicken embryos mnd chickse

Ze Bgm aga: s
(a) Initial isolestion of PPLO.

(v) Study of colony morphology of various
strains of PPLO.

(¢) Study of rrowth rate and colony size of PPIO.
3. Chicken embryos *

(a) Pathogenicity of various etraing of PPLO in
chicken embryose

{(p) Study the transovsrisn passage of PPIO.
4. Chicks.

Study of pathngenicity tests of various straine
of PPLO.
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PPIO broth * ( modified Grumble's medium )
Composition $-

Bovine heart infusion broth(P 78-8 ) &00 mle
Yeast extract ( Difco ) 5 mnse
Thal 1ium acﬁata . 1 G.
Phenol~-red ( as an indicator ) 18 mge
Sugars Glucose - Magltose ( 6-6 G.) 12 gmse

Gterlle horse serum or healthy chicken :
serum 200 mle.

Peniecillin G+ sodium erystalline
(1000 unite per ml.) 10,00,000 units.

Deoxribopucleic acid(Sodium solt of
nucleic acid from thymus gland, (BDH)
£0/U per ml.(DNA ) 20 mge -

Preparation @

According to swain's ( 19865 )description of
PPIO mediun, DF A was incorporated in the medium as a growth
requirement.

Phenol red, thallium ascetate and yeast extract
were apdded to the infusion broth ( P.H. 7.8-8) and sutocla=
ved at\i&ﬁ 1bs pressure for 15-20 minutes. Thellium-acetate pro-
duced profuse turbidity, but it was brought Into the solu tion
asgain by little warhinge. Glucose snd Mpltose were added to
the medium and autoclaved at & 1lbs pressure for 30 mis. This
basal medium can be stored for asny lenpgth of time. A stock
solution of DN A (1%) was prepared by dissolving 200 mgs. in
20 mle of distilled vater snd seitz filtered and stored in
the refrigerator at £°C. Ag 1t 1s denatured at 80°C, 1t was
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added ( 2 mle in 1000 ml. ) in the medium along with serum eksc:cory,
Penicillin vas added only after cooling the medium suffici-

ently. The medium was finally distrituted in 5 ml. amounts

in sterile test tubes ond sdored in the refepigerator for a

week o

PPLO Serum agar ¢ Composition.

Bovine heart infusion broth. 80 ml.
Yeast extract. 08 Go
Agar Powder(Italian) 1.8 Ge
Agar shg:ads ( Japenese ) 240 Go
Horse serum or healthy chicken serum. 20 ml.
Thallium=ace tate. T 0.1 Ge
Deoxyribonucleic acid (DNA) 2 mge
Penieillin G. sodium. 100000 unitse

Preparation @

A1l ingredients except serum, pencillin, snd D.l.A.,
wvere added =md the broth was clarified by adding 0.5 gmse. of
egg. albumen powder ( Prefersbly fresh egg albumen Y+ The
broth was warmed snd filtered while hot and then autoclaved
at 15 1bs. pressure for 15-20 mts. At approximately 85°C
( as the serum will be denatured and clotted above §°C)
serum, =nd DNA vere added snd poured into petri-dishes.
Penicillin was added at 45°C approximatély ( as agar soli-
difies at 42°C) and mixed by shaking the plate. Penicillin
wee added in cases vhere heavy contmmination vas suspec ted.
In this study penicillin as an inhibitor of grem positive
orgenisms, snd thallium scetate as an inhibitor of gram

noslly
negative orgenisms except PPLO, were used, for primsry



isolation of PPID.

2e¢ Culturing 3

0«5 mls of primary inoculum ( from previously
prepared stock ) was transferred into & ml. modified Crumbles'
medium. ( PPIO broth ). After inoculation the tubes were incu-
bated for 3-8. days, send observed daily for sigms of fermenta-
tion in tubes =2nd growth on plates. The fermentation of sugers
by as indicated by a chsnge in the colour of indicator from
red to cgnary yellow m@t snd slight turbidity snd sedimenta-
"tion by careful examinzstion and gentle shaking of the tubes
indicated the grovth of PPIO. 2 or 3 blind passages were made °
in ligquied medium at 24-48 hours intervals before grovth
determinastions were masde, as these were found necessary to
¢liminste bacterisl contaminents because occasionally they
would be too numerous to permit the isolation of PPLO. Gram's
and Ciemsa's (modified by Klieneberger's method ) staining
techniques were used for steining smears from fermented tubes
to determine the presence of contaminating bacteria, the PPLO,
or both under oil immersion of 1000 megnificption. Ag soon as
sny of these changes sppesred, the cultures from each tube
wvas stresken uniformly on PPLO serum agar. The plates were
kept in a closed container along with a moist cotton plug
( to produce pir saturated with moisture ) incubated, and
exsmined daily for one week for initial growth period to
maximum grovth rate. The plates were examined for gross
bscterisl contamination at 24 asnd 48 hours of incubation and

if positive were discardeds




The identification of PPLO was mainly studled on
the basis of morphology, cultural charactei-s, biochemical

reactions, snd sugar fermentation tests.

Microscopic examination of smears:

Smears were prepared from

1. The concentrated sediment of PPLO broth culture
obtained by centrifugation a2t 3500 RPM for 30 mise.

2e Impression smears from yolk membrane and yolk
material.

3e Picked up colonies from PPID pgar. Single colonies

were picked up in a pure form nlong with portion
of agar ( as the grovth penetrate into the agsr)
and rubbed on 2 glass slide.

Staining technique *

The procedure for staining by gram's stain was the
seme described by Wilkineon ( Medical Micobiology 1966 ) and
by Kideneberger's method ( Agler et al. 19568 ) the procedure ¥as
as follows.

1. fmear of the deposit was 2ir dried a=nd gently
heat fixed.

2, Fixed again in bovins fluid for haslf an hour
( Bovins' fluid wae successfully replaced by methyl alcohall
and the smear fixation time reduced to & minutes).

3. Washed thoroughly in running tap watere

4, St¢ained for half an hour with freshly prepared
Glemsa's stain of 1220 dilution in distllled water buffered
at P.H. 7.0, The remaining procedure was the same as for
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giemsa's stain described by Wilkinson ( Mediecal Microbiolog#,
1966 )+ Sgalned smears were exsmined under oil immersion

objective.

Microscopic examination of colonles and growth rate.

The growth rate wes gstudied by exsmining the plates
daily for visible colonies. If the colonies were vigible on
first or second day, then the growth was considered to be repid
but vhen such growth appeared after two days, it was considered
slows The growth was further confirmed by sub-cul turing on
nutrient agsr and found that PPI0 4id not grove.

The eolonies were studied at Sofiamificaﬂon of the
mieroscope. The colony size was comparatively studied according
to growth rate for pathogenic and non pathogenic «kem colonies.
The pathogenic clolonies appearecd guite snialler without nipple
lie centre =2nd their rate of growth was very slow where ss the
non pathogenic eolonies sppeared cuite bigger and with faster
growth rate. The colonies were also studied by Dienes staining

technique described by Dienes and later modified by himself

( Mprton et al. 1963 '); It was also given by Adler et al.
( 1968 ) with certain modifications in the technique as follows.

Dienegs stain ¢ Composition.
Methylene blue 2ef pmse
Azure 11 : 1.26 gms.
Mal tose 10 gms.
Sodium corbonate 0.25 gmse
Benzonic peid 0.2 pmse

Digtilled water 100 ml.
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Procedure 3

Using thermomet r matal ¢ase a portion of agar was
cut wvhere there was better growth of PPLO or with the help
of a sharp safety razor blpde very thing slice of ngar
contasining grovwth was sectioned. When cut with metsl thermo=-

‘metcr the cut portion wés lifted up by passing sherp teasing
needle over very fine injection needle fitted to tuberculin
syringe from one corner of cut edge downwerds at /45 and
thin slice of agar containing colonies was prepared. The
slice was placed on a glass slide facing the colonies
upvardes snd freshly prepared Dienes stain diluted 1:6 to
1:10 with distilled water was put with the help of finely
drawn pastuer pipette over the slice just to cover the
surface of the colonies. Clean greese free cover slip was
placed gently on the agar block and sealed with molten
paraffine The staining was complete within 10-186 minutes
snd then exsmined a2t 50 X magnification. The colony morpho=
logy and orgsnisms were studied according to the criteria
set up by Sabin ( 1941 ) snd lecce and Sperling ( 1954 ).

Criteris 3

1. Crowth occured only in the presence of envich~-
nents such as serum or serum fraction.
2s The chenge in the colour of phenolred indicator
from red to yellow and almost clear medium was an indication
of PPI0 growth. | '
"3+ The colonies grew not only on the surface of agar

tut also burrow into the medium, so that complete removal of
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eolonies by pascing platinum loop, was not possibles

4+ The charscteristic colony size was ranging
from O.1 to 1 me min diemeter with morphology of smooth,
cirecular and raised with or without central elevation.

6« The colonies were delicate, very easily disto-
rted =nd loose their normal structure in the stained prepara=-
tions. In stained preparations the organisms were cocobacilli-
form bodies, =nd polymorphous in nature such as micrococci,
filaments, ringes, glohles and very fine granules of indisti-
nct morphology.

6. The momx nonpsthogenic colonies were hu¥ing
fried egg appearence with nipple like centre and the paﬂxbge-
nic colonles devoid of nipple like centre.

7. Their inability to revert to bacterizl forms,
isolation in pure culture, and ablility to be passaged and
maintsined with characteristic colony morphology on sub-
culturing.

8. The stained colonies ( By Dienes technique )
of PPLO took deep blue stain where as agar sppesred light
bluee The centrally elevzted portion of non-psthogenic
colonies stained more then at the periphery and the patho-
genic colonies took uniform steining. Bacterlal colonies,
cellular debris snd pollon grains took pink stain of Azure II.
4. Isoldation of PPLO ¢

Pure culture technicue *
Single colony method was the best for isolation

of PPID snd maintasin<:' them in pure form than serlsl passage
of PPI0 cultures in the 1liquid medin. Though it was a '



-61-

difficult procedure, gave good resul tse Lxtra-ordinary csre
end great patience was required to fishout egingle colonies
of PPIO from serum asger plates. Very fine injection needle
with 1ittle bent at the point fixed to tuberculin syringe
used for this purpose. The colonies were picked up under
50X magnification slonpwith portion of agar where the growth
was scarce and wide apsrt and inoculasted inio modified
@fumble’'s medium ( deveid of inhibitors ) In c,ses vhen
there was profuse growth or serum ager and the colonies were
not wide apart, the culture was dlluted by adding four or
five drops in modified Grumble's medium snd plsted. This
gave good results. When using post mortem samples, bacterilal
ecolonies were obgerved intermingled with PPLO colonles and
they either obscured PPLO or did not allow the transfer =nd
hence the isolation of PPLO affected. In such circumstances,
Lecce snd Sprrling's ( 1954 ) method was followed. Agmr con tai~-
ping such growth wae cut and rubved colony side down on the
surface of serum agsr plates and then few drops of penici-
11in G. Sodium ( 50,000 units per ml.) was added. The inhi-
bitor was spread by gentle shaking or rotating the plate.
PPLO colonies were obtained in pure fovwm. .

5. Maintensnce of culture:

Ag PPID gre ¥xx very fragile even at 400, great
aifficulty was experienced in maintaining their viability.
€0 subcultures were made at every 15 days in liquied media
and the culture tubes were stored in the freezing chesmber
of the refrigerator. The met.hnd of sub=culturing was
followed secording to Gentry ( 1960 ). Eroth tubes were
tapped gently to suspend sny of the orgenism that had
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settled to the bottom of the tube snd a sterile pipette vas
inserted until the tip touches the botiom of the tube and
0.3 mle. of the culture withdrawne.

6. Carbohydrate fermentation @

For the study of sugsr fermentation reactions of
PP10, liquid medium without inhibitors was used. Only five
sugsrs viz @lucose, Maltose, Sucrose, Memnitol and Mannose
were used sepsrately in final concentration of ane percente.
To 5 mle of suger medium O.1 ml. of 36-48 hours broth culture
of individual strain of PPLO was added, snd the fermentation

resetions vere stundied twice dainly for a weeke.

7. Tetrazolium reduction *

2 - 3 - 5 triphenyl tetrazoliuvm chloride was used ‘
in this test. The method adopted by Ysmamoto end Adler (1958)
wvas followed with some modifications.

S e : Composition.
Heart infusion broth ( PeHe .7-8-8) 80 ml.
Yeast extract (Difco ) ‘ 0.5 pmse
Agar powder ( Italian ) 0.5 gmSe
Tetrazolium salt. 4 mgse
Sterile horse serum 20 ml.

14 stock solution of the tetrazolium salt was
sterilized by sutoclaving at 15 1bs pressure for 15 mis. and
stored in the refrigerator in a dark eontainer to avoid non-
enzymic reaction. Stock gsolution was added in appropriate
concentration while adding horse serum to the semisolid
medfum and the medium was dispensed in 5 ml. amounts in
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narrow test *ubes. 71he wedlvwe wae s+abbed with a loopful of
18=24 hours cul*ure sndexemined every 12 houre for a period

of 3-~4 days for the *ime and degree of reduction, The positive
reac+ion wnemt d when +he meéium +yrned pink.

8, Whole blood plate agglutination test.

This tes+ was ~onducted *o determine theincidence of
setive and latent carrier birds snd the rela*ionm of this test
+0 *he symptoms and isolation of PPLO,

This test was performed by using PPLO diagnostic
(coloured ) en*igen @=nd sawples of blood from the superfi-
sial ulnar wein of birds. 2 drops (0.1 m ) of sn*igen was
placed on a clean, greese free dry glass plate measured off
in one inch squeres. One loopful ( 0.02 ml, ) blood was mixed
with wire loop, mixed gradually and read ;he resul*s. A positive
reaction was characteriged by a purple granular precipitation
usually starting from periphery within 4 minute and comple+ing
in 2-3 winutes. The loop was rinsed in distilled weater and
dried on cloth every time. In the case oOFf dead chicks the
procedure adopted by Sornicle and zaibet ( 1963 ) was followed.
The extract of the blood clot from +he heart Or large blood
vessels was used. Themethod of Lendom testing of ahour 10%
of *he birds was adop*ted in *he Poultry Tarm,

(1) A compara*ive study of pgglutination and possible
enl*ural isola+ion of PPLO strainswere made in 80 apparently
healthy birds.

(2) end a comparative s+udy of agzlutina*ion and
P.M, lesions and possible ecultural isola*iom of PPLO strains

were studied in 20 dead chicks and 50 pipped hut unhatched chicks.
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IX A compa.rative study of grewth rate and colon
morpholo of PPILO with different nutrients

and in different atmospheric conditions.

This experiment was conducted according to the method
deseribed by Fabricent ( 1650 )« 3 pethogenic and 3 non patho-
genic strains of PPLO were used snd the method was as follows:-
Sgpara;,evp“i“:g; for each strain of PPID were used.

le All plates incubated in air.

€+ A1l plates incubated in moisture satursted air.

3¢ All plates incubated in moisture saturated air
with 10§ Cog tensione

4., L11 plates not having yeast extract incubsted
in moisture s&turated air.

6« A1l plates containing DNA incubated in moisture
saturated aire.

Chicken serum was used in the beginning of the
experiment and later on horse serum was used. There wvas no
noticeable difference in the growth of PPILD and so it was not
used in the experiment to compadre with horse serum. The 10%
Cop tension was produced according to Swain’s ( Medical
Microbiology, 1965 ) sescriplion.

Exemination of plates ¢

All plates were exsmined for growth rate and colony
characters at intervals up to 6th day of incubstion. A total
of 100 eolonies out of which 50 having maximum digmeter and
80 having typical diameter were measured vith occular micro-
meter from each plate snd read in stage micrometer. The

average of the 3 pathogenic and the saverage of the 3 non-
Pathogenic PPLO strains were tsoken from each observation.
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35 divisions of occular micrometer coincided with 1€ divisions
of object micrometer and so the colonies measured with occular
wvere multiplied by the factor 1¥.44 to get the colony readings
in microns (/U). The colony size and growth rate were Icm;)ared

on the basis of these readingsamd iniGall 9Yowlk petiod vespeclvely.

X. Pathogenicity Trials $

The object 1s to study the pathogenic potentialities
of PPLO strains isolated. These trials were studied in stages
as follows.

1. Transovsrisn pass,ge of PPLO fertile epESe

2. Pathogenicity of PPLO in 7 day old chicken
embryos.

3. Pathogenicity of PPIO chicks.

1. Tpansoverian pacscage ¢~

It was pointed out by VanHeric snd Eaton ( 1845 PR
VanRoekel e=nd Olesiuk ( 1962 ) that the major source of PPIO
trensmiseion is through ergs causing CRD in birdse. 24 fertile
eggs from disease frece flock were takeri, washed thnrmghlylin
tap vater snd sterilized with sbsolute alcohele. 4 strains of
PPLO which have fulfilled all the criteria descri’bcd by Sabin
( 1941 ) -nd lecce and Sperling { 1¢54 ) were used. 20 egrs
were inoculsted with O.1 mi. of PPID broth culture in each
and 4 control eggs with PPID i:rnm. The apertune was closed

with molten paraffine They were studied twice dally 37 % 0.8°C
inacubation for the death of germ plasm. The yolk was cul tured

and examined for the viability of PPLO strainse.
Ze hmngenicity of PPIO in 7 day old chicken embryos:

- Studied ezperimentally on the lines given by
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Blake (1962). The number of strains used and sterilizatd
adopted were the same as described in transovarian mcmggﬁr PPIO,
411 24 chicken embryos of 7 days ol were candled before inoeulation ?
for livability of developing embryo and ingculated in 20 eggs with Ox®
3X 0.2 mls of inoculum each by intra=-yolkesac route after noting the
position of air-cell and head region. 4 control embryos were inocule
ated with PPIU brothe. The ap ure was closed with molten paraffin.
The eggs were incubated at 37 £ 0,5 C and stuiled twiee daily for
pathogenic effects of PPIU strains. The dead embryos removed kept in
the refrigerator for 2 hours and examined for lesions, The 90 1t ond jols Boc
membrane of each embryo were cultured and stwdied for the dnability
of PPIU strains. '

41l the chicks taken from the same gedgraphical condition
but were of different age groups. .

Age gromp Humbar
Chicks of & weeks 10
! 6 o 10
L] ? ® 8
L] . 8 L 8
36

The principles adopted in this experidment were funderentally
the same as followed by JosepheBlake (1962)

The chicks were tasted ¢ serologlcally for antibodies
culturally for the presence of PPL0, and found negastive for PPLS. The
Inoculums made use of in this trials were fronm

1. PPIU broth culture of 24~36 hours.

2+ Yolk from experimentally infected embryonated
eges diluted with NeS.5. 138.

3« and 18«24 hours broth culture of E.goli.
de¢ 9trains of f.goll were grown in plain broth for
18«24 hours and tested for pathogenicity in 12 mice by inoculating

Ve2 ml, in each. I/peritorially. In the first batch 6 mice were
inoculated and the rest in the second batch. 4 control mice were
Baintained separately. The mice died In 24-48 hours, Heart Wood was
directly cultured on MHec-Conkey's ager and in plain broth, and examined
for growth characteristics, and the stained smears for B.coll respecti=-
Ve Lye onihesecond gvovp bvofnculluve wassimilarly given into € miee. The nice died
in 24~48 hours anw aggin similarly examined for E,g0ll organism. The
most pathogenic strain among tham
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waa.selecte.d for experimental #noculation in chickense.
Method of infecting chicks ¢

The inoculum was given intra=-tracheally with hype-
deronic syringe with 2" - 20 gsuge blunt pointed necdles.
The necdle wos introduced one inch deeper into the trachea.
Regurgitation of culture by coughing was prevented by hol=-
ding_ the tongue. Intra~-thorscic inoculation was made by
injecting Inteo the left posterior thoracic asir sacs by push-
ing the 3/4" long and 20 gaupe needle about 1 mm. deep in
between the last secord and third ribs. 0.8 of E.goll strain
was inoculated in 6 weeks ape chicks ns detailed in Table
No. III.
The dosage of PPI0 given in experimental chicks.was as follows,

Age.of the chicks. % Amount of culture inoculsted
;‘ I/Trachesl. I/Thoracic.

5 weeks 0.2 mle Oel ml.

6 weeks. 2 002 mle. 0.2 mle
.7 .weeks . O3 mls z 0.2 ml.

8 wvecks Oe3 mle O3 mle
¥hen trachea alone was inoculated

& weeks 0.3 mle

8 weeks. : Gaé mioe

Tweeks. Oe5 ml.

8 weeks., : 0.6 mle
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All five groupe were kept géparately in isol.ted
pleces. They were fed on standard balsnced ration. They were
dally exposed to Sunlight for one hour snd studied for nasal
and eye discharges, snd respiratory symptoms. Cultural and
serological exseminations were done at the end of Znd, 3rd
and 4th weeks. The dead chicks were examined for legions,
snd from tracheas lungs snd alr sacs were cultured in PPIO
broth and on serum agsr plates for PPID isnlation. Direct

smears vere made, stained by Glemsa, and exsmined for PPLO.

Preparation of F.coll an tigen.

The most pathogenie strain of the used was grown
on nutrient agar for 24 hourse. The growth was sesded into
normal saline end sutoclasved for 2 hours in running stesm.
Then it was stored in the refrigerastor at 4°C sand used for
serum sgglutination test in the experimental chick. The
chicks were tested at the end of 2nd, 3rd =nd 4th weeks.

Clinical symptoms in the chicks were studied as follows:

1. Ni}] ¢~ Chicks were heglthy clinicallye.

2. Mild *~ Mild serous or mucous nasal dlscharge.

3. Seyere:~- Profuse offensive, thick nasal discharge,
dyspnofta cough, rales, »nd loss of body
welghte.

y § in sutopried ehi ere died follows?®

le Nil t- No gross pathological lessions.

2+ M11d s~ Little congestion of tracheal mucosa with
serous of mucous exuiste, mild pndumonic changes.



3 Eevere * Traches highly congested, petcch:lél

haemorrhages, and ploques of cheesy exudate.

lungg Consolidation, Pndumonia

Alr saes -  Thickening of membreme, plugs of

caseous exudate or beading.

FRE Rtk
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IV RESULTS

PPLO and gremnegntive ond grempositive organisms
as presented in the table noe 3 2nd © eonstituted the bulk
of the bacterial flora isolated during the previous studies
from the trachea, lungs and air sacs of birds =nd chicks
from a flock which had a2 history of CRD. |

TABLE KO. 4
Showing the number of pathogenic =snd nonpathogenic PPLO isn~-

lated from live birds and dead chickse.

1

Vo« of birds iPathoge- jNonpa tho ge- ‘Total number

& chicks exa- Inic PPIO. 'inic PPIO. Jof PPLO isola~
nined. i _ ited. :
80 live tirds. 18 59 77

20 dead chicks

(6=-10 weeks npe) 6 14 19

gn dead unhatched «

chicks. 28 G 28

The table no. £ shows the number of PPID isolated
on serum ggar and maintsined in modifiled Grumbles medium
( devoid of inhibiteres )« The nonpathogine PPIC predom-
in.ted in healthy and dead chicks ( 6-10 wecks nge ) only
pa.ﬂ’iogtnic PPLO were isolsted from dead unhatched chicks
in a lesser percentage. In many occasions bacteriasl conta-
mination wae so high that it became rather very difficult
to isolate PPLO in pure cultures Fyen higher concentrations
of thallium-scetate ( 13500 ) and penicillin G-sodium

( 10,000 units per ml. ) did not inhibit the con taminen ts
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on repeatcd passages. Pure culture technique ¢ PPIO by
gingle colony method from serum agar and mh"“lturmg

them in modified Gpumble's medlum gave g00d Tewm g,

ELven several transfers of contiminated cultureg 4, 14~-
quid medium containing inhibitors did not yield pyre
cultures of PPI0. Smear exsmination of centrifugeq yroth
culture, yolk=gac membrznce, Yolk, snd isolated ¢oionies
from serum agar plates by CGrem's and Xlieneburgept!y me thod
revealed minute cocci, ecoccobacilli from bodles rings end
yery fine granules of indistinc t morphology at 1000X mapgni-
fication. It was very difficult t describe compjete morph=
ology at 1000 X magnificakion as the organisms yore too
small to be appreciated at that magriifica.tinn. Figure No.l
showing coccobaéilli-form bodies stained by Kyineperger's
nethod. The size #nd growth rate of various Straing of
PPIO0 was quite varisble. Many of the PPIO colonjes yere
cecn at 50 X magnification within 24=4E hours of jpeypa-
tion$ vhereas several others were only S€en after 70-06
hours of inocubatlone In acute CRD the ¢rowth pate .nd
colony size of PPID were quite significantly inerengede
Figures 2 snd 3 give the appearance of cnlonice with vari-
sble sizese.

The PPLO0 isolates were differentiateq into
strains on the following liness The colonies of gne type
of strains were minute , circular, shiniing, Talged, and
smoo th without central elevation. The colonles of other
type of strains vere large eirculer, and smooth with nipple

like centre or hesped up granular centre and g lacey
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periphery giving the colony characteristic of fried egg
appearence or button like appearence or dome shaped appea-
rence. The physiologicel characteristics of the former pro-
ducing pathogenic type of colonies were in maj;arity of them
evinced a slower growth rate snd rapid tetrazolium reduction.
The latter producing nonpathogenic type of colonies with
rapid growth rate and did not reduce the tetrazolium salt
or reduce in g comparstively longer time. Figuresg nose 7
-nd 8 showing pathogenic and nonpathogenic colonies.

The pathogenic type of colonies took uniform
denge stain by Diene's method figure no. @ showving stained
( Dienes stain ) colonies of pathogenie PPLO. The nonpatho=
genie coloniecs inok mére deeper stain at the centre snd ligh-
ter stain at the perifhery. The size of the colonies were .
very much variables The discrete individual colonies were -
many times larger than the densely pscked ones. Generally the
change in colour of the phenol red indicator from red to yellow
was appreciated after 48-72 hours incubation. There was no
turbidity or sediment even after prolonged incubation in some
cosese The plotes were examined deily for 7 days at a7°C incu-
bntione Most of the pathogenic strains grew after 48 hours
snd nonpathngenic strains grew in 2448 hours.

Seme observations of PPLO colonies

1. Rough Colony *

.

They were the typicai eonlonies of pathogenic PPLO

having rough surface irregular edgers and raised. They were
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comparatively bigper in size alsn. The colonies had borrow=
ing growth on serum agar. They did not poesess any nipple
like centre in the colony. They were mostly found in acute
cases of CRDe. They were confirmed s mik pathogenic type
by the criterias fixed up for pathogenic PPLO viz colony
characters growth rate, sucrose snd mannitol fermentation,
and tetrazolium reduction. Figpure No. 4 showing rough

colonies.

2, Colonies having Swmolk centyal. . elevation *

They were the unique type of colonies found in
association with pathogenic coloniess in chronic cases of
CRD. They were smooth eirculsr, translucent =nd raised.
They possessed very small centrsl elevation which is an
exception in pathogenic colonles. The cultures of this
strain fulfilled all the eriterias of pathogenic strains
( vide supra )« They were presumed that they belong to
pathogenic PPIO. Figure No. 5 ghowing the colonies of PPLO
as describé!d ahove.

3. Coloniee hoving rings in -the centre:

‘These were observed in pipped but unhatched
chicken embryos with partially obserbed yolk sac. The
colonies were huving twe rings = one at the centre and
the other at periphery. They were smoo th, shinning, gir=
cular sznd raised in their charscter, The size was slightly

increased in discrete colonies and typical where the growth
vag dengely packed. They also fulfilled all the criteria
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of pathogenic colonies ( vide spra ), The broth eulture
examination rev: aled that they wvere possegsing regular
coccobacilli-form bodles. Figures N,. 6 ghoving ring forms

of PPIO.
Among 124 isolantes of PPLO, 13 fermented all

five sugsrs viz Glucose, Maltose, Sueroge, Mannitol end
Mannose 49 - Glucose, Maltose and Sucrose, 8 = Glucose end
Maltose, 8 Sucrose end Mannitol, 16 Mannitol, 8 Sucrose, 17
Mannose, 5 Glucose, and 3 Maltose. 16 straine did not ferment
any of the five sugars. Only acid without gas was produced
in 21l the casese. :

ut of 400“5‘2:1;;195 tested in Iapparently healthy
pirde, dead chicks ( 6-10 weeks age Y end pipped ut unhat=
ched embryos, 316 were positive ( 7¢% snd 84 wvere negative i
{ohich spperently healthy birds were more positive and the
chicks were less positive and the pipped but unhatched chicks
were least positive for whole blood plate agelutination teat.

Table No. IV

Showing the comparatlve study of PPIO in different atomosh-

eric conditions and growth reguiremen tse

Treatment of the

In microns (/U )

i
serum ager platese ) Aye.max. Ave.type Ave.maxs Ave. typical
i dia of dia. of dis of dia. of non-
] Path path PPIO non=-path. path. PFIO
} PPLO co- colonies. PPID co=- coloniese.
1 loniese. lonies.
1 24 3. 4. Bo
A1l plates Mcnbﬁted
76.816 40.824 210672 118. 584

in air.
All plates inecubsted
in moisture satura-
ted air,

161362 73.972 314,948 200.232



2’ 3e 4,

=]

e

11 plates incubated in

pisture
{th 108

saturated air ‘
coz tens?on- 161.3868 T3.978 - 314.840 200,110

11 plates not having

east eX

traet incubated

n moisture saturated :
140.068

irs

181.632 69.084 244,085

11 plates containing

JHA incubeted in mois~-
hire saturated alr. 167.184 7 5.816 318.891 202,174

st

In atmospheric air the grovth of PPLO was meagre and
the colonies vere very much reduced in size. In moisture satu-
rated air the growth was abundenit and the colony size was
nearly double to that of the colony growmn in air. There was
no sigﬁificmt change in colony size and grovth rate vhen
grovn in moisture saturated air with 10% Cos tension. The
colonies of non pathogenic strains were very much reduced

in size than the colonies of pathogenic strains in the
The growth rate was not such
etimulated

absence of yeast extract.
effected. The additional of D A to serum agar

the grovth rate of pPPLO and the colony size alsn slightly

increased. The colony size was indicated in micrens as shown

in the table No. I V. Figure line 10 showing the colony size

vhen incubated in moisture saturated air with 107 Cop %mten tion.

oving the colony gize wvhen incubated in moisture

Figure No. 11 sh
satarated air vwith DNA.
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The table Nos 5 presented the association of cultural test,
pathogeniec test and the plate test in assaying t‘he ineidence
of PPLO infection in flock appeared to bhe statistically
significant and also that if a bird was positive to PPILO
infeetion where cultural isolation was present, the patho-
genic and plate tests also gave similar reaction. The iso~
iation of the orgenisms approximately coincided with the
serological findings in the live birds. In dead chicks though
the percentage of isolation, pathological lesions and sero=
logical reactions were comperatively less showed some agree=~
ment smong the threes In pipped mt unhateched chicks the
culturel, pathologicsl and gserological results revealed a very
low percentage of pathogenic PPI0 or the low trensmiscion of
PPLO possible through eggs. The relationship of ail gave a
definite conclusive idea that the disease was prevailing in
the farm and the comparative studies of these 3 aspects indl-
cated that a fairly accurate diagnosis of CRD is possible. '
Table lge VI
Showing the experimental transovarion infection of PPLO.

m!(ind of Jotrainilo.of § Death of the germs plasma Pplo
Jlinoculu-1 No. legps L. _in d4avge : Iisolation
hn‘ l l'lnocu ll.l 2.1 30!4.1 501 6.1 7-1 8. ‘9. l
! s el b 1P BN ]

s M.,GeB. &p g - = 2 1 - i 5 - 1 * Ve

+ Yolk 10 P $ 2 - oo Jmic @0 R + Ve

. MGCBs 7P 8 “HEE TN R S ¥ Ve

e Yolk 16 P (] P T L | 1 + Ve

« PPLO 4 - - - = o= .m RN T SURE - Ve

broth (eontrol
eges)




=80 =
Among the 6 pathogenics strains used, the yolk cultures of 16 P
and 16 P | c.used denth of germ plasm within a short period.The
8th gnd 9th day dead embryos' ,olk sscs were congested. In rest
of the c.ses only death vas observed. PPLO was 1solated from all
cases except control chicks. The experiment showed the pathogeni
potentialities of PPLO straine in fertile eggs. The egg yolk
passpged strains showed incrensed pathogenicity than broth
cultures of PPLO.

Table Neos VII

Showing experimental infection of 7 days old chicken embryose

—

s1. PPIO No. of Death of lesions PPLD
Noe broth embryos embryos isola-
culture inculated. in dayse tione
& straing . ox,
1. .2. : 3. 4. 50 6l =
1. 5P 1 2 days H,emorrhages all over §
the embryos. i
2 3 days Congestion of the yolk {
sac membranees i
1
3 2 days Petcchial haemorrbages | + Ve
over yolk=sac membrane j
i
4. 3 days Oedema & congestion of 1
the chick embryo with 1
unabsorbed yolk. %
5 3 deys  Congestion and oedemas i
X
2. 15 Pe 1 Embryo 4 doys M~derate congestion. %
2 W 6 gy Potechial hpemorrhages }
: on head and necks 1 4 Ve
% 4 7 a4 Echymoeis on head snd 1
necks |
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4o

e

Go

4 Embryos

8 days

Transudate oozing outl
from all sides of thel

bodye. Oedema of the

head snd neck region { &+ Ve

Congestion of yolk-
sac

Sut et

7 P. 1 Embryo

3 days

Mild congestion of
yolk sa2c membrsne.

Congestion of the
yolk sac membrene

Severe congestion
all over the surf-
gce of yolk sac

membranetmoderate)

Congestion and
oedema of neck
end head(modera-
tely)

Petéchial hgemorr-
hages all over the
body. Stuning and

unabsorbed yolk sacCe.

X
X
1
3
]
1
]
||
l + Ve.
i
1
X
i
i
1
i
|

16 P. 1 Embryeo

¢ days

29

Mild congestion of yelk

sac membrzane .

=da=

Moderate congestion of

yolk sac membrznee.

M41d congeetion and

slight oedema over the

head region.

Pntechial haemorrhages
of yolk sac membreane.

4+ Ve.

st g ol P et Jemet Yot Jiel Dt et pent youd pamd

PPID broth 4 control
embryos

-Ve for
PPLO.
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The chicken embryos inocubated died within 2-0

days period after emoculation. The lesions were mostly eon<=
gestion, haemorrhages and oedema of the dependent part in most
of the cpse¢s. PPLO was igolated in all the cases except the
con trol chickse The experiment showed pathogenie potentia~
1ities of PPLO in chicken embryos and possible transoverian
passage embryonated eggss 5 F and 16 P were proved to be more
pathogenic due their pathogenic potentialitieé in chicken

" embryos. Figure Nne 12 showing unabsorbed yolk saC petech=
1.1l hemorrhages oedema of head region and stunted trowth of

chiken embryoe



31. Chick Datc%
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The pathogenic potentialitics of PPIO stralns as
shown in table no. VIII were recorded according to their
ability to produce CRD in chickens. The chicks developed
symptoms in 3rd week znd also antibodies in blood. Cpses
numbering ©31 snd 913 did not develop antibndies by third
vweek tut were positive culturally mfid pathologicelly. Case
Koe €06 took infection by fourth week through air from the
infected chicks kept at the close proximity. The disease
caused mortality mostly in chicks between the ages of & %o €
weeks. The disease produced by PPI0 alone was very mild. The
disesse syndrome was more intengive in chicks when inoculated
with PPLO s=nd E« coli snd/or nonpathogenic PPIO, This was
evidently seen by pathological lesions developed en P.M.
exemination st the symptoms exhibited. The intra sir=sac
route inoculstion has proved to be more pathogenic than intra<
tracheal inoculation as becsuse the organism reached{ﬂze‘
more sensitive orgsns early =nd produced the disease. This
was evidenced by symptome and 1ésions found in chicks comp~
eratively more early and prominent respectively. fumber .

034 and 911 cases showed that E.colil alone could not produce
CRD, tut eould produce pericarditis.

Figure N~s 13 shoving chicks suffering from CRDe
14 sy Cageous exudate in trachea.

LR

59 16 4, petechisl haemorrhages in tresechea.

29 16 ,, Cervical air sac filled with caseous
exudate and thickening of the air
sac membrane s

" 17 4, Thoracle »ir sac filled with caseous
exudate inbeeded form.

) 18 ,, Abdominel alr s-c showing caseous
exudatee

’y 18 ,, Chicken embryo with partially absorbed

yolk sac died due to PPLO.
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The pathogenic potentialitics of PPLO strains as
ghown in table no. VIII were recorded according to their
ability to produce CRD in chickens. The chicks developed
symptoms in 3rd week snd also antibodies in blood. Cases
numbering 931 and 913 did not develop antibodies by third
week tut were positive culturally mrd pathologically. Case
Koo 206 took infeection by fourth week through air from the
infected chicks kept at the close proximity. The dlsease
csuced mortality mostly in chicks between the ages of 6 %o 6
weeks. The disease produced by PPIO0 alone was very mild. The
disesse syndrome was more intensive in chicks vhen inoculated
with PPLO =nd Ee coli and/or nonpathogenic PPIO, This was
evidently seen by pathological lesions developed en P
exemination at the symptoms exhibited. The intra sir=-sac
route inoculstion has proved to be more pathogenic than‘intra-
tracheal inoculation ag becsuse the organism reached/i;he
more sensitive orgsns early =nd produced the disease. Thgs
was evidenced by symptoms and leslons found in chicks comp-
eratively more early and prominent regpectively. fumber .

934 and 911 cases shonwed that E.coll alone could not produce
CAD, tut could produce pericarditis.

Figpure Nae 13 shoving chicks suffering from CEDe

5 14 ,, caseous exudate in trachea.
99 15 ,, petechial hsemorrhages in trsechea.
99 16 ,, Cervical air sac filled with caseous

exudate and thickening of the air
sac membrsane.

" 17 4, Thoracie pir sac filled with caseous
exudate inbeeded form.

) 18 ,, Abdomingl alr sec showing caseous
exudate.

9’y 18 ,, Chicken embryo with partially absorbed

yolk sac died due to PPLO.
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: The results of the bacteriel flora isolated in the
present work as.shom' in the Tgble Foe IX revepled thet veri-
ous gram positive and eran negative bocteria in isolation
vith CRD ngent existed. Among the verious isolates of gram
negative organisms E. gold predominated snd among the érm

positive organisms Staph lococel predominated ix& mostly in
healthy birds. Among the CRD infected chicks there was a

shift from predominatly gram positive %o gram negstive organi-
. sms that too E. coli. The other grem negstive snd gram positive

orgenisms such as Klebesiells Proteus, Pgeudomonas and unclass=-
ified pgrem nerstive orpaniems, =nd Mierococci Streptococci end

Bacillus were isolsted in a lesser percentage due to their
lower incidence in the environment in which the birds were
raised. Among the isolates E.coll acted as complicating

factor in CRD and other orrsnisms as secondasry invanders.

L2 2 LR L]
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V. DISCUSION

The isolation of normal flora in health snd disease
depends very much on the technigue that is employed =nd the
flora also veries with the place, environment, age of the
birds etc. for example there are even records of seasonsl
varistion ( Topley mid Wilson, 1967 ).

The isolatién mfid cultivation of PPLO modified Grum-
ble's medium with certain modificatinns suppor ted the contention
of Taylor and Fabricant ( 1987 ) that the liquid medium inocu-
l1ation is a sensitive method for the cultivation of PPLO. In
the present studies Grumble's medium was employed using two
sugars namely glucose snd maltose. The sugars used in Grumbles
medium were not fermented by all the strains of PPIO 2nd so
many orgenisms were missing during isolatlon. Such findings
were also msde by Adler et al. ( 1958 ), Pathak ( 1959 ) and
Singh ( 1962 ). The cause might be due to the festidious
nature in grow\_:h requirements of these organiames t¢ stated by
Erion ( 1961 ) snd according to Chu ( 1¢569 ), Adler and Berg
( 1860 ) and Fabricant (1960) that there is no perfect medium
yet developed which will support the growth of all PPILO stepains.
Taylor et gle ( 1957 ) and Taylor and Fabricant ( 1980 ) conisi-
dered that this medium vas superior to those of Edward ( 1980 )
Lecce and Sperling ( 1964 ) and Adler et al. ( 1954 ). This
media due to its simplicity, speed of isolation and economy
is superior to other medias. Further it eliminated the danger
of simul#aneous involvement of any viral agent, which may

-



vitiste the results as ic¢ the case in egg inoculation. Many
of the organisms isolated in the ’presént studies did not
produce turbidity -nd sedimentation vhich was in agreement
with the findings of Singh ( 1962 ) that most of his isola-
tes also did not fulfilled this eriteria. And so cultures
from 2l1)l tubes were tested on serum agar o confirm the pre-
sence of PPLO. DNA was also added to the ser::m agar according
to Swaine ( Medical Microbiology, 1966 ) on vhich PPIO was
isolated successfully. So it is econeidered that this 1s the
most satisfactory method that can be =sdopted for the isola=-
tion of PPL0. Adler and Yamamoto ( 185 b, 1967 ) 2nd Abbot
et ale ( 1960 ) stated that certain strains grew only in
broth and failed to colenize on serum agars In the pregent
stady thic vas clarified by examining the broth cultures

for PPLO that did not produce colonies by centrifugation

end staining by Klieneberger's method as deseribed under
naterials snd methods. The igolation of £52.7% of PPIO in this
medium is in accordsnce with the results of isnlation of PPLO
907 by Pathak ( 1969 ), 78% by Singh ( 1962 ), and 28% by
Taylor et ale ( 1987 ). It was found that sdult birds ylel-
ded more percentage of PPIO isolation than chicks (6-10
weeks age ) and pipped but unhatched chicks. The cause being
that the older progeny have"more cﬁances of contracting inf-
ection on account of direct or indirect contact end the
younger progeny have lesger chances of contracting the

digease. PPIO was also isolated from = few serologically
negative cases whichié}upportefg-the findings of Jungherr
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1. ( 19888 ) vho isolated 5% of 36 strains from a group
of serologically negative flocks. A large number of nonpatho-
genke PPLO were isolsted from apparently heslthy birds and
dead chickse. The significence of presence of nonpathogenic
PPLO in birds with or withrut 2 clinicsl signs of disease
has not yet been found out so far ( Adler et al. 1958 snd
Chu 1968 b.). Only pathogenic PPLO could be 1snlated in the
present studies from the plpped tut unhatched chicks which
corresponds to the observations of Agler and Yamamoto (1987)
and Merchant and Packer ( 1861 ).

14 PPLO: isnlates were charpcterized on the basis of
colony characters, rate of growth, fermentation of sugars
glucose, maltose, sucrose and mannitol and mannose and
tetrazolium reduction. All the 1solates were devided into
pathogenic and non pathogénie on the basis of colony
morphology which was according to the reports of Chu (12568a,b)
Adler et 8l. ( 1958 ), Yamamoto snd Adler ( 1858 b), Klecimer
( 1960 ) and Brion ( 1960 ). Most of the nonpathogenic type
strains grew within 2fhours and very few in 2 days. The
pathogenic strains grew on serum agar in 2-3 dayes Tut some
grev in 5-6 days which is in full agréement with the works
of Cru ( 1958 a,b.) Adler et al. ( 1968 ) Ygmamoto and Adler
( 1988 b), Kleckner { 1860 ).

' Oply one isolate was having small central
elevation in the colony vhich is quite similar to the descri-
ption of Merchant and Packer ( 1661 ) that sll the strains of
PPIO viz M. gallisepticum, M., gallinarum, snd M. iners were
having central elevation in their colonies. So the present
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findings is perhaps the first record after Merchant snd Packer
( loc eit ).

Rough colonies were 1isolated from an acute c;.m’e
vhich vas suffering from CRD and Q’evcastle disease. Simiiar
findings vere reported by ' Agler and Yemsmoto ( 198 ) in CRD
due to PPI0 snd H. gallinarum and also recorded by Aparwal
( 1964 ) from acute CRD cases. They were rough in shape with
irregulsr edges, <id nol possess nippde like centre or fried
egg sppesrence. They were slso charactrised by delayed fer-
men tetion of sucrose and mannitol, slow growth rate of serum
agar and tetrazolium reduction in 24 hours. So from the atove

criteria the colonies vhich were found rough are very likely

of pathogenic type of PPID. Of-course a biological test is

therefore indicated for the confirmation of thelr pathegenicity.

Ring from colonies were 1sn1.ated from pipped but
urhatched chick. As pointed cut by Agler end Ysmamoto ( 19867 )
and Merchant snd Packer ( loc cit ) only pathogenic strains
were able to pass through eggs =and W,sserman et ale ( 1987 )
noted that pathogenic PPLO remained viable for 21 days incu-
bation period and multiplied. In support of their findings
it vas presumed that only pathogenic PPLO is able to pass
through eggs end viable for 21 dayse. The multiplication of
these organdems might not have reached mature stage and so
they might have got ring shape in the colonies. Their patho-
genicity was further confirmed by other 5 criteria ( vide
~ ‘supra ) and in addition to that they were tested on natrient
agar for provwth charscteristies. They did not grov on 1te.and

so they wvere considered to be pathogenic type of colonies



is in agreement with the findinge of Agarwal ( 1964 ) who
also observed some colonies in CRD cases and classified them
under pathogenic forms of PPLO.

The sugar fermentation reactions gave varled
results and hence the strains that fermented all 6 sugars
( vide supra ) snd those vhich fermented mainly Sucrose and
Mamnitol in 3 days snd 7 days respectively were regarded as
pathogenic after taking into ‘econsideration other 5 criteria
( vide supra ). This is similar to the method adopted by Singh
( 1062 ) for strain differentiation of PPI0. The delayed ferme-
ntation of sucrose is also in agreement with th- findings of
Aaler et al.( 1987, 1958 ) and Yamamoto snd Adler ( 1986 b )
and the delayed fermentation of mannitol by pathogenie
strains is also similar to findings of Kleckner ( 1960 ) JMore
et al.( 1960 ) in contradiction reported that some non-pagho-
genic strains salso ferment these sugare slowlye But Merchant
and Pecker ( 1961 ) reaffirmed the findings of Adler et al.

( loc cit ) Ysmemoto and Agler ( loc cit ) and Kleckner
{ loc cit ).

Tetrazoline chloride reduction was taken as a guide
to differentiate pathogenic and nompathogenic PPLO. The strains
wvhieh reduced the dye in £24-48 hours vwere taken as pathogenic
and very few vhich fulfilled other criteria reduced the dy
in 72 hours were also congsidered as pathogenic. This is in
corroboration with the findings of Yamemoto snd Agler(1968 b)
that their first group pathogenic straine reduced the dye
in 24 hrs. II group in 72 hours and the III and IV groups
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gave intermediate reactiong l1.e. in 36 a2nd 48 hours. res~
pectively.

The gomparative study of morphology and growth
rate of 6 selected ( 3 nathogenic snd 3 nonpathogenic )stra-
ins has thrown light for further studies. The atmospheric
pir is not 211 suitable for growth of PPLO as the growth was
ingignificant Qnd the colonies were more smeoller in gize as
md1cabed by micrometry Table noe 4, And so thesefindings ove
jnsuppovk of Fo,._bﬂco\nt"sQQ‘f)Q) - view. The moisture satura-
ted air stimulated the prowth of PPLO and Km the colonies
vere quite bigger i.e. spproximately double the size of
colonies grown in air vhich is sugpestive of the need of
moisture for their growth. This similer to the findings of
Fatriesnt et ale( 1962 ) and Fabricant ( 1952 ). There wvas
no significant chenge in the colony morphology and growth

undey 107, cox YamEion

rate,znd so 1t was presumed thet is not essen’ tial for the
growth of ppm/mizlasrzfl agreement vith the findings of Fabri-
cent ( 1962 ) <“Due to the absence of yenst extrsct in the |
medium the colony size of PPLD greatly reduced. Though the colony.-
was very much reducsd It erowth rate was not mach affectede.
Regarding colony size in this present work the results have
fully corroborated with the observations of Fabricant(12566) «
The inclusion of DHA as growth supplement in the medium
alongwith peptone has gtimulated the growth rate simifican~-
tly end slightly the colony eize, vhieh is similar b the
findings of Fabricant et al.( 1964 ) and Syaine (Medical

Microbiology 1966 ).
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The serolorical exsmination of about 10% of the
flock on random sampling basis was followed by many workers
as recognized method for detecting PPLO infeection with the
lowest percentage of reasctors. The serological findings by
vhole blood plate agglutination test revealed that out of
400pints318 were positive in vhich 79% apparently heal thy
birds, 60% 6-10 weeks dead chicks, and 58% pipped but un-
hatched chicks showed positive reaction. The results corro-
borate with the findings of Aparwal ( 1964 ), that 77.6% of
birds end 60f of 12-20 weeks chicks were positive by plate
teste Thig method waﬁ also followed by many workers specially
in Indis by Adlakha and £ingh ( 19261 ), Singh ( 1962 ) ,Agarwal
( 1964 )ynd Curumurti =nd Ghouse Mghiuddin ( 1964 ). Olesiuk
and Ven Roekal { 1960 ), Crawvley ( 1960 ) and Coles and
Cuming ( 195¢ ) alen stated that the antibodies were widely
spread in an infected flock and testings of a few hirds
would indicate vhether infection is present. A very higher
percentage of reactors in adult birds and lesser percentage
in dead chicks snd least in pipped but unhatched chicks is
in accordance with the findings of Raymond ef al. (1960 )} who
showed that more chicks were serologlecally negative tut became
positive following éxpomre?carrier birdse. This factor was '
also presumed by Pathak ;and Singh ( 1861 ) that PPID infect-
ion which extended to the posterior portion of the abdominal
cavity i.e. involving abdominal alr sacs only carry infection

from the infected visera to the egg. Ag such a low ‘wansmi-
ssibility of infection occured in eggs that too pathogenie
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PPIO, which , s secording +o the description af to *+he dese
oription of Merchant and Packer ( 1961 ),

The yolk culture of PPLC killed the germ plasm
early as +hey were highly virulent and mor§ concentrated,
These findings are in support of Adler and Yamemoto ( 1965).
Their regsolation is an evidence of *rensovarion infec+ion
which is analogous to *he reports of Fshey and Crawley (1954b)
and Mataney et al. ( 1955 ).

There was heavy mortalit+y in 7 day old chicken
embryos which was an indication of pathogenic potentialities
of pathogenic PPLOstrains in chicken embryos and algo substée=
ntiate the *ransovarion passage of CRD, In almozt ell the dead
embryos congestion haemorrhages and oedema in dependent parts
occured., The sbove findings corréepond wi*h *he observa*ions
of Fahey and Crawley ( 1954 b 1956 ) Chute and Cole ( 1954 )
Cover and Waller ( 1954 ), Telloarust and Nobreega ( 1956)
8alnek and levine ( 1957 ) Yamamoto and Adler ( 1958 )

Hashaw and Popov ( 1963 ) aendYader and Hofasted ( 1966 Jis

In thicks +he pathogenicity +rials reveaied +he
pathogenic poten*tiali*ies of *he selected strains used. Yolk
Passaged cultures produced *ypical lesions in chicks due +o
exaltation of +he virulence of +he orgsnismeg and *he higher
concentration, This is similar to the observations of Adler
and Yamamoto ( 1956 ). The disease could not be reproduced
typical +o *he ou* bresks of C:iD in *he field due +0 small
number of *+he orgenisme in +he inoculum, which is in =greement
with the observations of various workers such as Adler (1958),

White et gl. ( 1954 ) and Yemamoto and Adler ( 1954 ). Chicks



produced more pronounced lesioms by siresac route of PPLO
inocula* ion which corroborates with *he findings of Singh
( 1962 ). Pathopenic PPLO alone when given produced a mild |
form of mycoplasmosis in chicks. This is analogous to +he
reports of Sipmburtdel(959 ) Gianforte et al. ( 1960 ),
Adler and Yamamot+to ( 1956 ), Brion ( 1961 ), and Bankowski
( 1961 ), In combination of E, coli and nonpathogenic PPLO,
the pathogenic PPLO produced acute type of disease. The
synergistic effect of the three, complicated the disease
which is in accordence with *he observations of Crawley
snd Pahey ( 1957 ), Gross ( 1956, 1957 ), Adler snd Yamamoto
( 1956 ) an-d Benkowski ( 1961 ). Some chicks which did
no*+ exhibi* any clinical symptomg were found positive on
eul+ural, serological and postmortem examina*ions, The
disease might be in subzslinical stage and established in
+he body. This is similar to the findings of Ose e* al,
( 1960 ) and Gianforte et al. ( 1960 ). Ou+ ofl0 control
chicks only one was founé positive after 4 weeks serologi-
cally, culturally and psthologically but was negative clini-
cally. The chick might have got infection *hrough air from
the infected chicks kept in ~lose proximity. This corroborates
with the Tindings of severzl workers like Fahey and Crawley
( 1954,a, b.1955), Berger«tl(1958 ), Grumbles et al, ( 1952 )
Lancaster et al.( 1960 ) and Mekar+in ( 1963 ).

Various stress facfdm such as lWewcastle disease,
Becoli, vaccination sgainst New-castle disease, and excessive

heat lowered +he resistence of the flock +9 infect+ion and
when PPIO sssumed virulence by bird passage from subeliniral
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stage, the lowered resistance and the presence of all the fact-
ors mentioned above acted synergistically and produced an out
tregk of CRD. This is in agreement vith the reports made by
Wasserman et ale ( 1884 ), Grass ( 1955, 1966 ), Stubbs et

ale ( 19856 ), F-hey ( 1956 ), Biddle and Cover ( 1987 ) and

Bacterial flora other then PPID

Eecoll 3~

Among 61 gram negative orgsnisms, 28(35%) of E.coli
spse vere isolated from tracheass of live birdse. This in
agreement with findings of Aqlakha ( 1961 )} vhe isolated
34 (34%) Ee.coli sps. from tracheas 100 live birds similarly
Tylor snd Fatricent ( 1957 ) isolated 30 (42.12%) E.coli sps.
from tracheas of 68 birds.

in increasse of 63.75% gram negative organiesms from
gramn positive orreanisms that too E.coll spse. were, found in
tracheas, lungs and air sacs of 20 éhicks died due to CRD which
is anglogous to the findings of to Price et al.( 1987 ) who
found an increpse of 75% gram negative orgsnisms from gram
positive orpanisms that too Ee.coli sps. in CRD cgsese 12
( 60% ) isolates of B.coli species out of 28 gram negative
orgenisms with »n increase of 286% E.coli sps. as compared
to the healthy (vide supra ) were isnlsted which eorroborates
with the fincings of Adlakh2 ( 1861 ) vho isolated 23(&6%)
E.coli sps. with an increase of 22% E.coll sps. from tracheas,

lunge snd 2ir sacs of chickse.
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Fpom the sbove findings it is spparent that E.coll

" spse played an importmmt role along with PPID to produce
CRD which is in agreement with reporis of Fahey and Crovley
( 1966 ) Eaward end Fraudt ( 195 ) Biddle and cover (1 87)
Gposs (1054, 1968 ) end Simburt et al.( 1968 ).

S taphylococel *

33 Staphylococei out of 44 gram positive organisms
from tracheas of 80 live birds and 12 staphylocacei out of
‘20 gram positive orgsnisms from tracheas lungs snd sir-sacs
of 20 dead chicks were isolated. Similar findings viz 36
Staphylococcl out of 44 gram positive organisms from 100
live birds and 48 staphylococecl out of 61 pram positive
orgenisms from &0 necropsied chicks were isolated by Adlakha
( 1961 ). The isclation of staphylococei along with PPIO
from CRD cases =nd 1ts role in CRD as secondary invader
corroborates with the findings of Barnes et al.( 1861 Yy
Cover mid ¥aller ( 1954 ), Fahey ( 1953 ) =nd Adlekha(1961)

Microeoéci s

3 micrococei from 80 live birds and 3 micrococel
from 20 dead chicks were isolated. The part played by them
in chicks as secondary invaders in associatlon with PPLIO
CHD of chicks ic in agreement with the findings of Fahey
( 1956 ) Biddle snd Cover ( 1887 ) and Van Roekel (1954) «

S¢reptococei 3

In this present work 3 strep tococcl out of 44 grame
positive orgenisms from live birds and 3 streptocofel out
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of 20 gram positive orgsanisms from 20 ¢hicks died due %o

CRD were isolated. The present findings shows that strep to-
cocci acted as secondary invader in CRD which agrees with the
gimilar reports made by Cover and Waller ( 1964 ), Taylor and
Fobricsnt ( 1967 ), and Adlakha ( 1961 )+ The presence of
Klebseills proteus, FPseundomanas, Baeillus snd other gr=m
negative organisms { unelassified ) dead chicks might be

due to their secondary invasion of respiratory-tract. The
small percentsge of Klebséiella proteus, preudomonsas,
Baeillus =nd other gram negative orgenisms (unclassified )

in live birds probably due %o their lower incidence in the
environment in vhich the birde were raised as is also sugg-
ested by the work of Ppice et ple( 1987 ). The agsociation of
gram negaotive orpanisms with PPIO appears to be significant
obgervation vhich gives jndirect indication of the precence
of CED in a flock. This is nlen according to the contention
of Price et ale ( 1957 ).

The serological, pathological and culturel findings
were correlated and they showed close agreement which was
naiogous to the discription of Aqler ( 1984 }« The results
on PPI0 glong with associated organiems indicated that
often fairly accurate diognosis of CRD is possible. Ae this
vork was mainly with reference %o PPI0 which consumed major
part of the time, the work on K« gallinarum which was eéncoun-
tered during the studies could not be under takene.

LR S L2 L
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SUMMARY

The litersture on 'tbe studies pertaining to the bacterial
flora with reference to PPID ~ its nature =2nd infectionsg in
chickens, and chiken embryos have been reviewed and discu-
ssed along with brief notes on the bacterial flora isolated.
The exsmination of 80 apparently healthy birds, 20 dead
chicks and 850 pipped but unhatched chicks revealed Bé

gram neg&tive orgenisms, 64 gram positive orranisms, and &

pathogenic and 73 non-pathogenic PPLO strainss

Madified Grumbles PPL0 borth and Swainld: ( Medical
Bicrobiolosy, 1965 ) serum agar medium gave extremely
satisfactory results for isolation oi‘ PPIO.

PPLO sppesred on smears as fihe coccobacilli, singly or

in groups with indistinct morphelogye. The colonies grew
on the surface or inte the a.g;ar by penetration into the
substrate of serum acar =nd could not be removed in

their entirely from the plates. They were soft a=nd
fragile, had fried egg appesrence with nipple like centre
in nonpathogenic and devoid of both in pathogenic colonies.
Rough colenies, ring fform colonies s=ma colonies with
small central elevation of pathogenic PPLO were seen.

A comperative study of growth rate and colony size of FPLO
revealed the necessity of moisture, saturated air,yeast
extpact and DRA for increased PPLO growth rate and cnlnnﬁr
size.

124 PPLO 1solates were grouped into 51 pathogenic =and 73
nonpathogenie straine on the basis of colony morphology

grovth rate, fermentation of sugars and tetrazolium
reduc tion.
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The serological studies on whole blood samples of 330

live birds esnd clotted blood semples of 20 dead chicks and
§0 pipped but unhatched chicks revarisd that 79% of 1ivebiyds
60% of dead chicks and 687 of pipped tut unhatched chickyweve-
positive for CHD.

A high degree of positive correlation was found bhetween
cultural, pathologicel snd sernlagical tests.

The egg transnission of PPLO produced dead in germs and
proved that indirect transmission of PPLO through eggs is
possible to convey infection to the next progeny.

The chick embryo infection by PPLO is characterized by
variable patterns of mortality and leslons. More pathogenie
gtrain s produced early embryonic mortality in 48«86 hours
vith congestion 2nd oedema 2nd mild pathogenic strains
zilled embryos on prolonged period 4-9 days with stunted
growth, petechial heammrrhages unabsorved yolk sac z=nd
oedemas

The chicks infected with IPLO by I/Tr =nd I/air-sac routes
develsped CRD in 14-18 days. The yolk passaged PPLO was
found to csuge digeage earlier with more intensity of
lesionse. Air borne infection was found that it 1s one of
the sure means of spreading infection.

Eecoll appeared to have played as complicating factor in
CRD eomplex and other sirecs factors such 28 New=castle
disease, vacecination and excessive heat were also found

to have aggravated the CRD syndrrme in the farm.
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