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Seotion 1

Genera) Introduotion

| The work desoribed in this theses relates to studies on diseases

of poultry kmown to be caused by Myooplasma (FPFIQ) or in which pathogenie
Myocoplasma have beer impliocated. These diseases includes-

Chronic respiratory disease (CRD) of poultry

Infectious sinusitis of turkeys

Sinusitis of ducks

Infectious aynovitis of chickens and turkeys
(A) Historical Review

Shronic respiratory disesse in fowls is characterised by nasal diecharge,
respiratory rales, slow rate of spread, persistency of the oliniozl signs,

moderate decline in egg production, and loss in bddy weight. Chronic
respiratory disease is widespread in broilsrs, it interfers with growth and
prevents the prompt marketing of birds, so that the birds have to be fed for
longer periode than usual, MNany broilers dies of the disecase and the
oarcases of the survivors are often of inferior standard.

v8 haa been recognised as a distinot

clinieal entity for a oonsiderable time, The disease is oharacterised
by shaking of the head, nasal discharge, frothy lacrimation, distension
of the infracrbital sinuses with muocogelatinous exudate, dyspnea, ooughing,

pneumonia and inflammation of the air sacs.

Frequently CORD is compliocated with other diseases that aggravate the
severity of the infection and increase the mortality. These includes
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Hewosstle disease, infectious bronohitis and Escherichia ooli infeotion
(Stubbe et al 19543 Sullivan et al 19573 Orosa 19583 Gross 1961y
Adler et al 19623 Blake 19623 Fabriocant and Levine 1962).

Early work suggested that chronie respiratory disease and turkey
sinusitis were caused by a virus (Delaplane and Stuart 19433 Reagan et al
19513 PFahay and Crawley 1954a3 Fahay 1956).

Felson (1935, 1935a and b) reported the isolation of coccobascilliform
bodies from flooks with fowl coryma. These coocobacilliform bodies were
less than 0.5 p in dismeter and Gram negative. Nelsom distinguished
betwean infectious ecorysa of rapid and slow onset. Haemophilus
guni.nn-m;:nvuhbly present with corysa of rapid onset with an inocubation
period of 1-2 days but with corysa of slow onset with an inoubation ?ui.od
of 12 days or more, these coccobacilliform bodies were invariably present.
Nelson (19360) sucosssfully cultivated the coccobacilliform bodies in
fertile oggs and tissue oculture. Nolson (1938) suggested that the
ooccobacilliform bodies were similar in sise to the agent of bovine pleuro-
pneunonia.

Smith et al (1948) studied Helson's sgent and found that it produced
abundant growth when inoeulated onto asocitio peptic digest plates and
infusion broth enriched with 30% horse serum, Ciemse stained smears
showed tiny round cococid and minute rod shaped bodies. The appearance
of the colomies, their habit of burrowing down into the agar, the sise and

morphology of the elements ocomposing them and the reprodustion by simple
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fission and multipolar gormination of large bodies led the suthors %o
conclude that the strain of cocoobacilliform bodios could properly be
included in the group of pleuropmeumonia~liks-organisms (PPID).

Delaphane (1949a and b) showed that the agents causing chronie
respiratory disease in fowls and turkey sinusitis were identical.

Markham and Wong (1952) isclated micro-organisus ensentially similar
to those of the pleuropneumonia group from yolk sac suspensions of chick
eubryos inooulated with ogg passage strains of tho_ agents of chronic
respiratory disease and turkey sinusitis. They used a beef heart infusion
broth enriched with 20§ horse serum. After 13 oonsecutive passages in
artifioial mdia,: the agents induced typical swelling and exudates when
injected into the infrorbital simuses of turkeys =nd PFIO were isolated from
the exudate from such birda, With Giemsa's stain, PPIO wore demonstrated
in sinus and tracheal exudates of field cases of turkey sinusitis and
chronic roapiratory diseane.

Merck & Cosy Inc. (1956) in a review summarised the position of CRD and
turkey sinusitis thuss "the elucidation of its aetioclogy has been ahd still
is in a otate of flux, slthough it is gecnerally agreed that the PPID is the
most llkely cause. It is equally accepted that the causative agent is
probably identiocal for bot: diseases.”

Confusion arose decause more than one species of the PPIO group were
present in the respiratory tract of birds, some imsolates being pathogenic
and others not. In many investigations PFI0 oultures produced a mild

diseass or none at all.
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Chu (1954) 1solated PPI0 from fowls affeoted with a variety of diseases

conditions as well as from apparently healthy fowls. He suggested that
there were a numbor of different types of PPID, of whioch some were
suffiociently pathogenic to cause disease by thomselves while others were not.

Gianforte ot al (1955) examined seven different strains of FPPIO fron
alr sao infeotion in poultry, All straine posseesed hasmagglutinating
properties, and tube agglutination tests indicated that the strains were
identioal. Van Heriok and Eston (1945) imolated from chick asbryos an
organisa pleuropneumonialike in its charasteristios with hacmagglutinating
properties during rassages of thse primary atypical rneumonia virus.

Adler et al (1957) found that two different serclogical and pathologioal
types of FPI0 were present in chiaken and turkey iissuess The pathogenio
straing were serologioally related and ocould be dimiinguished from the non-
pathogenio by agglutination, haemagglutination and armonium sulphate
floooculation prrocedures.

Yamemoto and Adler (1958) divided avian PPIO into 5 distinot antigenic
typess All the pathogenic strains were antigeniocally reluted and wer: placed
in one group.

It is nov generally accepted that the disease entities, chronic
respiratory diseass in fowls and infectious simusitis, are caused by a commom
agent, desigmated as one of the pleurcpneumonis-like-organisms (Adler 1960;
Edward and Kanarek 1960y Olesiuk and Van Roekel 1960b). Bdward and
Fremdt (1956) suggested that the pleuropneumonia group should be ocalled

Hveoplacmatalegs. Bdward and Kanarek (1960) proposed the name Mvoonlagm
galliseptioum for the agent responsible for CRD in fowls and infeotious

sinusitis in turkeys.
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Trensmicsion of CRD and infeotlous einusitis is by contact and by air-
borne dust or droplets. Outbreaks of the disease ars often started by
carriers., FHgg transmicsion of the agent has bDeen demongtrated in turkays
(Mateney ot al 19553 Jerstad 19565 Hofstad 1957) Richey et sl 19583
Abbot et al 1960) and in fowls (Cover and Waller 19543 Frhey and Orawley
19%4b3 Van Roekel et al 19583 Pabricant et al 19593 Olesiuk and Van Roeksl
1960a; Olson et al 1962)s Oleciuk and Van Roekel (1960a) found that egg
tranenission may be of a hisher rete In flooks thst have had a recent outbresk
of CRD than in flocks where CHD has subeided, Fabricant et al (1959)
proesented evidence that ogg transmiesion ie not due to infeotion of the
roeproduotive tncta ‘,34.:: pullorum disease. They suggest that egg infeotion is
due to contamination of the ovules at the time they leave the follicle or in
the infundibuler portion of the oviduet. This contamination is made likely
by the econtiguity of the addominal] air ssow to the ovarian follicles and %o
the thin welled infundibuler region of the oviduct.

The pathologionl changes in ORD and infecticus sinusitic have been
studied by Olesiuk and Van Roekel {1960b), The gross lesions oonsist
primarily of oatarrhel exudete i the neef! passeges, trachea, bronochi and air
SROS.

The infraorbital sinue muoose is often cedematous and oongesteds The
sinus cavity may contain clear or turbid mmoous whioh often causes a marked
dinteraion of the wall in turkeys (Mg. 1), Complicating baoterial
infeotions in the ginue may oause & purnlont exudate. The m:oosal
thiokening is due to infiltration with mononuclear cells &nd hyperplasia

of the mcous glands. Fooanl aress of lymphoid hyperplasia are commonly
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found. The sinus exudate oontains muoooellular elements and epithelial
fragments.

The gross pathology of the trachea, larynx, bronchi and nasal passages
is similar to that obgarved in the sirmses. 1In the early stages of the
disease the tracheal muoosa may reveal mmall raised follicles that present a
toughened "beaded" appearance. The epithelial changes are characterized by
the loss of cilia and elongation of the mocous glands.

In the lungs the gross findings are usually slight, dut pevere involve-
ment usually is observed when the disease is complicated with other infections.

The air sac membranes in the early stage may reveal a slightly turbid
and osdematous appearance that may be followed by inoreased vascularity.

This is followed by a whitish yellow exndate covering the membranes. The
microsocopic pathology of the air saos oonsists of fooal proliferation of
lymphoaytes and an exmdation ocneisting of fibrin, mononuolear eells, lympho-
cytes and heterophils.

in dugics was first desoribed by Fahey (1955).
The disease was charaoterised by depreussion, sore eyes, mneesing and head

shaking. The gross pathological ploture oonsisted of extensive pericardiasl
and perihepatic exmdation extending in some cases %o the abdominal air saos.

A Mycoplasma antigenioally distinot from M. galliseptioum and a virus was
isolated. Dougherty and Mabricant (1953) have shown that the agent of CRD
of fowls and turkey simusitis will not cause chronio respiratory discase in
duoks. Koppel et al (1956) desorided a mass infection in ducks oharscterised



- 7

by severe sinusitig where an influsnsa A v:l.ru-v was isclated. Influensa A
viruses have been imolated from duck simugitis by Simmins and Asplin (1956)
and Teimekh (1962).

Infectioug symovitig is primerily a disease of droiler ohickemg. It
was first reported in the United States by Wills (1954) and by Olson et al
(1954) working independently. Later the disease was idemntified in turkeys
(Snosyenbos and Olesiuvk 1955)s The disease is observed most frequently in
growing birds 4~10 weeks of age with low mortality but often a high morbidity
rate. The glinical sisng observed are those of lameness, retarded growth,
breast bilsters and swelling of the joints. The hotks and feet are most
frequently involved and in some birds the wing joints are affecteds The
birds beoome listless, dehydrated and ecmaciated. FPos

revealed a gry to oreamy yellow viscous exudate in the synovial membranes

of the joints, tendon sheaths and bursal mesbranes of the keel. As the
disecase progresses tho exudate beoomes caseous, The infectious synovitis
agent grows in chicken embryos and was thought to be a large virus or
rickettsise (Leoce et al 1955). Lecce (1960) reported the isolation of a
Myocoplasma from allantoio fluid of infected embryoss thig was follhwed by the
work of Chalquest and Fobricant (1960) who identified the agent as a Mycoplasms
(®

Myooplasma galliseptiioum is the cause of chronic reapiratory dicesse
of fowls and infectious sinusitis of turkeys. The uncomplicated disease
follows a definite olinical course, produces a typical pathologiocal picture,
and induces an antibody reaponse whioh is detectable by serological means.
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A1l the features oan be reproduced by inoculating susceptible birde with
M. gallisaptioum.

Variocus procedures are used in the diagnosis o these diseases

a) Culture

b) Serology

o) Fgg propagation

4) Exporimentel transmission

Breed ot al (1957) desoribes the Orde
¥ycoplasmataceas as highly pleomorphic organisms which possess a peculiar
mode of reproduotion characterised according to some observershy the

breaking up of filaments with more or less pronounced tendency to true

branoching into coccoid, filterable clemsntary bodies. The cell bodies are

soft mnd fragiley without speocial precautions they sre often distorted or

entirely destroyed in mioroscopiocal preparation. They are non motile and

Gram negative. Typical sndospores are nover produced. Growth ocours on

media, although most of the species have exaecting nutritional requirements.
The eriteria for the idantification of avian Mycoplagma are similar to

those described for the Genus Mycoplssme (National Research Couneil 1959).

These ares

1) Avian Mycoplasma will grow only in a medium containing enrichments such
as garum or serum~like proteins.

2) Growth is usually fine, uniform and turbid in broth with no granular
sadiment after 3-6 days inocubation at 37°C.

3) Fumerous cocoobacillary, coccoid bedies (125-500 mp) and ccoasional
rings, bipolar bodies visible in Giemsa otained preparations are found

in broth oculture.




4)

5)

. 9. .
Small charzcteristic (not oxseeding 0.5 mm.) ciroular colonies are

rrodusced. The minute colonies have an opaque, granular, brown or
yellowish central area growing down into the agarj the central

ares is surrounded by a raised translucent, smooth zone.

The mame small typleal ocolonies are maintained unchanged through many
subeul tures.

The ohoios of medium in the cultivation of avian Mycoplasma was difficult;

none appeared to be eompletely satisfactory. Mycoplasma strains were

obtained from Dr, HeP. Chu, Sohool of Veterinmary liedioine, Cambridge and from

Dre D.G.ff. Bdward, Welloome Research Laboratories, Beckenham. The strains

obtained included M. galliseptioum and the nonpathogenic species M. iners and

M. gallinarum (Bdward and Kanarek 1960).

a)

The media used ané found reascnably satisfaotory weres-
Difoo FFI0 agar or broth, plus
Horso serum 10%

Yonst autolysate (Albimi) 1%

Dextrose Ce 1%
pE 7.8
Difoco PP1O agar or broth has the following constituents per litret-
Beef Heart, Infusion from 50 g«
Bacto-Feptone 10 g.

Sodium chloride 5 &
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b) Brucella agar or broth (Albimi Laborate¥ies Inc.) enrdched with
10# Horre merum with the pH adjusted to 7.0.
Brucella agar or broth has the folldwing ocnstituents per litrese

Peptone "M" 20 ge

Dextrose CeP. 1 2.

Youat autolysate 2 g«

Sodium chloride 5 ge

Sodiwh bisulphate 0.1 ge

To check baoterial contaminatisn on primary isolation of the Eycoplasma,
peniollin (1000 U/mle) and thallium seetate (1:5000) were included in the
media. The labor:tory-adapted Myocoplasma strains all grew well on the adove
modia.

The following procedures were used in the primary isclation of avian
Yycoplasma from infected madterial. Emdate was taken from the sinuses, |
trachea and alr sacs, and
1) Inoculated directly énto PFIO agar
2) Incculated directly into PFIO broth
3) Diluted 1:3 in storile broth eoataining 1000/ml. of penicillin

Six ombrycs 7 days old were each inooculated via the yolk sac route with

0e2 mle of the exudate suspension using the method of Beveridge and

Burnat (1946).

The PFLO agar plates were incubated aerobiecally in a moist atmosphere
which was obtained by placing them in a closed veesel containing an exposed

piece of moist gsotton wool. Both the FPILO agar and PPLO broth were
incubated at 37 'C.
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The PPIO oagar plates were examined daily Tfor 5 Aays using a dissecting
nioroscope (X 63 magnification)e If mycoplasma onlonies were not seen in
5 days, the PFI0 bdroth was streaked onto ITIO sgar and suboultured into a
sooond FPLO broth. This dlind passage prosedure was repeated thres $imes
before a sample was determined negative and discarded. ‘

The chicken embryonated eggs used were obtained from a Mycoplasna
galliseptioun {ree flocke All avian Wycoplasma strains grow rapidly in
embryonatedbhicken eggse The pathological response in ghicken embxyos %o
the pathogenio (M. galliseptioum) and nonpathogenic (non haemagslutinating)
avian Mrooplasma was similar (Jungherr 1960). Mortality from avian
¥yooplasma vas at 1ts highest about the 5th day after inocul=tion end
continued erratically for the next few days of inoubation. The gross
pathology (Chute 1960) of the affectsd embryos sonsisted of atunting, oedems,
congestion and hasmorrhage {(Mg. 2). Eochymotic haomorrheges were noted
frequeatly in the skin of the neak, head and ventral thoracic region.
Congestion and necrosis with enlargenent of kidneye and livars were frequently
seen. Oparsae feathering and thiekened oherioaalantoio membranes were common.
I£ no eribryonic deaths ocourred by ths 10th day following inoculation, yolk
was harvested and inoculated into PFIO broth and onto PPLO agar.

then colonial growth was obtained and ths oclonies appeared to have the
general cht;racteristioa of Myooplasra, these colonies vere examined under oil
immersion using the stained agar technigue of Dienes (1939). The method
used was that described by Adler ot al (1958)e
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Phe staining solution was mada by disselving 2.5 gz. mothylsne blue,
1.25 g. azur IT, 10 g» mnltoso, 0.25 g. Ra2003 and 0,2 g« bensoic acid in
100 w1, dintilled watar. By means of a gotton swadh, a thin film of staining
solution wan applied to coverslips and allowed to dry, Agar blooks
containing the colonies were out from the plate and placed colony side up on
& alide and a stained sovar slip was placed stain side down on the colonies.
Staining wes ocomplete within a fex minutes. In such preparations, colonies
of Mycoplasma stained bdright Blue, with the gentre of the oolony staining more
deeply than the peripbery. Othor basterizl eclonles with the exception of
Hasmophilue pgallinarvm ususlly desclourized the estain (fdder et al 1958),
Suboultures wers made intc PPIO broth from single colonies by means of &
Peatour pipette drawn to a fine capillary point, or an ordinary loop. Growth
fin broth was usually fine, uniform, turbid vith no deposit, Broth cultures
vera examined using the dark ground i{llumination method and the morphology of
evian Mycoplarma was studied and stained dy a modifiocstion of the method

desoribed by Coodburn end Marmion (1562)s

1) Smears were praepared aud allowed to dry in the air

2) The slide was floodedwdth methyl aleohol, 2 mimutes were allowed for
fixing.

3) The slide wac washed with distilled watexs

4) The aslide was flooded with freshly prepared 1% solution of
potassium permanganate for 2 mimutes.

5) The slide was washed with distilled waters

6) The slide was pheed face downwards overnight in a solution of 1¢28
Giomsa's Stain (Improved Giemea Stain, R66, George ?. Gurr Ltd. London)
in phosphate buffer pi 5.4-



Fige 3o DPscudocolonies simulating those of

a)

b)

Mycoplasma. x 155,
After 9 days incubation,

After 15 days incubation.
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7) 0.5 acetio acid was used to differentiate, approximate time

20 seconds.
8) The slide was washed well in distilled water and allowed to dry in the

air,

All avian Myooplasma cultures isclated wore pansaged four times in
non~-inhibitory broth to test the possibility that the organisms wore
l-phase bacterial forms. MeKay and Taylor (1954) and MoKey and Truscots (1960
reported the reversion of ocultures designated as avian Mycoplasma to an
org-nism resembling Haemophilus gallinmrum.

hile attempts were being made $o cultivate Myocoplaama from cases of ORD
and turkey sinusitis pseudoaol

weve encountered. These pseudo-oolonies
(Pig. 3) were similar to and could be oconfused with growth of filterable
mioro=organismas. Dr. B. Klieneberger-Nobel of the Lister Institute of
Preventive Medicine, lLondon was consulted and she drew attention to the

work of Brown et al (1940) who studied similar colonies on horse serum agar
while attempting to cultivate Hycoplasma from patients with rheumatic fever.
These pseudocolonies began as globules on the surface of the FFIO sgar and
after a fow days there developed aramﬂ each globule granular filaments whioch
radiated from the globule. Bventually s Catherine~Fheel=like appearance
developed. Under cultural conditions, these pseudocolonies developed much
more slowly than did those of NMycoplasma, a fully developed pseudocclony did
not attain its maximum sise for 10-15 days. Their macroscopic appearance on
the surface of the media was that of a film like growth. When cultural
teochniques used in propagating Mycoplasma were applied, for instance, by
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Fige %o Growth rate of Avian Mycoplasma. =x 95.

e

Ma

M. gallisepticum

24 hours

incubation|
\

72 hours

incubation
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ocutting agar blooks containing pseudooolonies and smearing gently over a new
plate, pseudocolonies multiplied to & remarkadle degree (Pig. 3). These
colonies have appeared on sterile plates after a sterile dlock of agar had
been dzgwn over the surface of the mediwm, Brown et al (1940) showed that
these pseudocolonies grew on horsesesrum agar containing formmiin and
warthiolate and were probably of a fatty nature as they stain typically with
fat stains.

The iooclation afid identification of the Nyooplasmm was followed by its

characterigations Tt vas essential to differentiate K. gallisepticum
from the nonpathogenic strainse The follewing coriteria were used:

legallise, ticun Bonpathogenio
Mycoplasma
Morphology (Stained Cosoold and Very pleomorphic, with
preparation) Cocoobacillary ring, bipolar, cocooid

and ococcobacillary forms

=

Rate of growth on PPI0 {S8low, colonies often Rapid, colonies often

agar (Pig.4) less than 0,1 mm. 0.5 mm. after 24 hours
after 72 hours growth
inoubation
tgglutination of
chiciken red blood ocells|Positive Negative
=g
Pathogenicity Pathogenio for Fail to produoce

chickens and fuckeys | respiratory eymptoms in
chiackens and turkeys

—

Serology M.galliseptioun is Nonpathogenioc types are
antigeniocally distinot | antigenically distinot
from the nonpathogenio | from M.galliseptioum as
types 28 revealed hys | rovealed bys

(a) Macroscopic sermum plate
agglutination teat

Eb; Tube aggluftiination test

o) Haemagglutination-inhibition test
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Experipents] irxspemission was one of the first procedures used in the
diagnosis of the discase. Either yolk material harvested from

embryos inooulated with a particular strain or broth cultures, was imooulated
via the abdominal air sacs and infraorbital sinuses into 6 ochiocks or turkey
poultss These birds which were 5-7 weeks old had been obtained from a

M, galliseptioum free flock. DBlood samples were taken at the time of
inoculations The birds were observed for 3} weeks and the presence &r
absence of clinical signs noteds Blood samples were taken again and the
biris nearopsied: The bloocds Iez;e exanined by either the hasmagglutination-
inhibition or asgglutination tect and an antibody response to M. galliseptioum
was demonstrated.

Serclogical tests are the most rapid indioators of M. galliseptioum
infeotion. These includes
1) Tube agglutination test (Jungherr et al 1953).

2) Haemagglutination-inhibition test (Fehey and Crawley 1954a) - Pig: 5
3) Serum slide agglutination test (Adler and Yamamoto 1956) - Pig. 6
4) V¥hole blood agglutination test (Aftosmis et al 1960).

The serological tests were used as a diagnostic aid and had to de
supported by other procedures for accurate diagnosis of CED and turkey
sinusitia.

The most reliable method of isolating M. galliseptioum is by yolk sac
inoculation of chick embryos (Fabricant 1958). All M. galliseptioum strains
grow in embryonated ohicken egzs (Adler 1962) but these strains are diffiocult
to adapt to culture media. MNMixtures of wore than ome type of Mycoplasma
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are often found in cases of CRD and turkey sinusitis, and the precent
cultural techniques favour the isclation of the nonpathogsnic types. The
nonpathogenic types grow rapidly and may oompletely oover tho PPIO agar plate
so0 that M., gallisepticum may not be deteoted.

In the absenoe of an isolation of M. galliseptioum a dlagnosis of CED
or turkey sinucitis was based on s combimation of histery,symptoms, pathology
and serolugical tests.

Section 2 desorides an ocutbresk of resplratory disease in turkeys where

H, galliseptioum was not involved and from which a new Myooplasma serotype

was isolateds 4 survey was carried cut to ascess the incidence of Mycoplasme
serotypes in poultry. '

Seotion J descrides an cutbreak of sinusitis in ducks. An outbresk of
sinusitis had oococurred on the same farm in 1956 and an influensa A virus

had been isolated, but the disease could not be reproduced in ducks with the
viruss In 1962 another outbresak of sinusitis ocourred on the same famm.

The olinical pioture presented was very cimilar to turkey simusitis, with
distonsion of the infra-orbital sinuses with the exudato at first gelatinous
and later becoming oaseous. The cause of the disease in turkeys is

M, galliseptioum and in view of this attsmpts were made to isclate a Mycoplaome
along with an influensa A virus.

Sectlon 4 describes investigations into infeotious synovitis. Recont reports
in the U.S.A. indioate that the aetiologiecal agent is a Mycoplasma. Four
field ocutbrecks of the disease in chiakens and one in Surkeys were investi-
gated in an attempt to isolate the agent.




N

The survey in section 2 suggested ths high inoidence of haemagglutinating
inhibition antibodies in turkey sera to the WRI atrain of Myocoplasma. The
possibility that thes inhibitors ars aspociated with a non specific reaction
wag investigated in Seotion 5.

Beta proplo=-lactone is used in this comntry in tho preparation of
Newocastle disenss vacoines from infected embryonated ochicken eags. BEgg
transmission oocours with M. galliseptioum. Section § deals with the
insctivation of NMycoplasma using beta proploelastone lccaugse of the danger
that might exist in the use of Newcastle disease vaocines preparcd from eggs
obtained from a M, gulliseptioum infeoted flooks
Section 7 deals with the experimental infection of chickena with
M. galligepticum and subsequent ro=isolation from the body tlosuss. The
antibody response as determined by the hasmagglutinstion-inhibition test,
the clinical eigns and lesions produced are desoribed, Immmity to
M. galliseptioum is disoussed.

Section B descrides the ssrological analysis of Mycoplasma strains isolated
in this laboratory during investigations into outbreaks of respiratory
disease in poultry.




A previously unreported avian Mycoplasma serotype designated as WRI is

desoribod. Results are given of a survey of avian blood samples to determine
tho inoidence of WRI, 36 and Iowa 695 serotypes in oertain areas of Ingland
and Wales as indicated by the Haemagglutination-inhibition test.

Introduotion

Avian Nyecoplasma have been subdivided into pathogenic and nonpathogenie
types (Yamamoto and Adler, 19583 Chu and Newnham 1959). The typiocal avian
pathogenic organisms designated as lMyooplasma galliseptioum by Edward and
Kanarek (1960) and represented by the 36 serotype (Zander 1961), are
characterised by their ability to agglutinate fowl red bdlood cellse An
apparent exception to this generalismation is the Iowa 695 strain (Yoder and
Hofstad 1962), whioh agglutinates fowl red dlood cells dbut is of doubtful
pathogenicity.

The purpose of the first part of this paper is to report the isolation
of a strain of lNycoplasma whioh asglutinates fowl red blood cells and is
scrologically distinet from both the 56 and Iowa 695 strains, and secondly
to determine the incidence of WRI, 36 and Iowa 695 serotypes in certain areas
of ingland and Walos as indicated by tho H.I. test.

History

The original isolate of WRI was obtained from air sac lesions of adult

Broad Breasted White turkeys which had been sent in for post mortem



examination. The turkeys were part of a breeding flook oonsisting of 8,000
birds in whioh there was oonsiderable overorowding in many of the units.

Widespread cliniocal air asc disease was evident throughout all sections
of the flocks. The birds were showing respiratory distress. Other features
of tho outbreak were the produotion of large numbers of soft shelled eggs and
the presentation of nervous symptoms by a few of the birdo e.ge. tortioollis
and leg weakness. Egg production remained satisfaotory, dbut there was a drop
of 15 per cent in fertility and hatchability.

Post mortem examination revealed that the losions were confined to the
lower respiratory passages without involvement of the sinuses. The air sso
membranes varied from slight oloudinoss and oedema to pronounced thickening
with a heavy coating of yellowish exudate.

Fifty dlood samples were taken from the flook and all were negative to
the haomagglutination=-inhidition reaction with the 36 type antigen.

Mat 8 M
or

The culturo media usod were PePeL.O. agar/broth (Difoo), enriched with
1% yeast sutolysate (Albimi), 10% horse serum and O.1% dextrose with the pH
adjusted to 7.8, Fermentation roactions in the broth wero determined by
replacing the dextrose by 1% of other carbohydrates and adding phendred as
indicator.

Pathogeniolty tests were carried out in 4-5 weeks old Rhodo Insland Red
chickens and Broad Breasted ‘hite turkeys inoculated into the infre~orbital

sinuses and abdominal air sacs with 0.5 ml. of a 24=hour broth culture. The
birds wore killed threo woeks later and examined for lesions.
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Specific immmne serum was prepared in rabbits against 36, Iowa 695 and
the WRI strains of avian lMyooplasma. Two hundred ml. of PFI0 broth wore
inoculated with 10 ml. of stook cultura and incubated at 37°C for 72 hours.
' The oculture was then centrifuged at 3,500 repe.m. for X minutes; the supermnate
was decanted, and the broth sediment was resuspended in physiological saline.
The oells were washed ) times and finally resuspended in 12 ml. physioclogleal
galine and stored at -10°C §n 2 ml. amounte. Rabbits were given § intra-
venous injections of Os5=1.0 mle of the antigen over a period of 14 days and
were bled out 7 days after the last injeotion.

Serum titres and eross agglutination titres were detormined by tube
agglutination with the strains montiornied above, using as antigen a 24 hour
broth culture. All antigens were standardised for turbidity with the
nephelometer using sterile broth as diluemt. The rabbit sera wers diluted
with physiological saline by twofold dilutions starting 1/4; 0.3 ml. of anti-
gen was added to 0.3 ml. amounts of serum dilutions. The tudes were shaken
and incubated in a water bath at 56'C for 24 hours. Controls were run with

each toat.

Isolates of WRI produgce within

24 hours colonies showing the typical fried egg appearance coharacteristic of

the so-called non=-pathogenic strain of avian Myooplasma on PPIO agar (Fig. 1).
Smoars made from cultures and stained by Giemsa's method show pleo-

morphic organisms in the form of rings, bipolar bodies, cooccoid and oocoo-

bacillary forms. Colonies stain readily (Fig. 2) using a modified Dienes

method (Adler et al 1958),
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Other features of WRI ares

a) Growt. ooours on shoep blood agar but neither on nutrient agar nor
on Difoo PPIO agar minus horse serum and Yeast autolysate.

b) Broth cultures agglutinate fowl red blood cells.

o) Haemolysis of both sheop and fowl red blood cells ocours when these
vells are incorporated into FrlO agar medium.

d) Smooth growth is produced in PFIO broth.

e) Growth 18 not inhibited by 2000 units of Fenioillin pex mle

£) Growth ocours at 30°C and 37°C but not at 25°C and 44%C.

The strain ferments gluoose, maltose, dextrin, starch and suorose to
produce acid only. HNo acid was produced when lactose, levulose, mannose
and galactose were used in theo medis.

Pat 3

Sinusitis was not observed in any of tho turkeys inooulated. Four
of thg,\oturkey poults inoculated showed modorate lesions of air sacculitis
and the WEI strain was isolated from the air sacs of these four birds. No
gross lesions were seen in any of the chickens inooulated with the oculture.

The results of the tube agglutination tests using specific immme sera
are summarized in table 9.




Zable § Aggdut ’
Antisera
Antigens - 96 |Zowa 695 | WRX
86 1/256 /4 <1/4
Iowa 695 <1/4 | 1/256 <1/4
WRX <t/4 | /4 1/9,600

ag &

Blood samples are received at tho Central Veterinary laboratory from

poultry flocks in various parts of England and Vales for testing for Newocastle

disease antibodies. Sera from these bloods were also tested for lMycoplasma

antibodies, by means of the Haemagglutination-inhibition test.

Initially

two antigens were used, 56 and “RI, but at a later stage when Iowa 695 became

available, bloods from a small number of flocks were tested againat this

antigen also.

The Haemagglutination-inhibition test was carried out by the following

mothods

8) The antigen used was a 24 hour broth culture of Mycoplasma.

Serial twe-fold dilutions were made in saline, using 0,25 ml.

volumes to which 0425 mle of a 1% suspension of washod fowl reod

blood cells were added, followed by 0,25 ml. of saline.
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Readings were made after the plates had been left at room
temperature for 50 minutes. Fifty per cent haemagglutination was
regarded as the end point and at this titre one partial
haemagglutinating dose of Mycoplasma was ocontained in 0.25 ml,.
Stook myooplasma suspensions were prepared by dilution of broth
ocultures in physiological salime. The antigens S6 and Iowa 695
oontained 4 partial H.A. units in 0.25 ml., but the WRI antigen
oontained 8 partial H.A., wnits in 0.25 ml. to minimise the
poasibility of a non=specific reactiomn.

Serial twofold dilutions of serum commencing 1/10 were then madej
to 0.25 nl. of each dilution wis added 0.25 ml. of the stock
sugpension. The mixture was allowed to stand for a few minutes,
after whioh 0.25 ml. of a 1% suspension of washed fowl red blood
oolls wore added.

The plates were shaken and then left at room temperaturs and reoad
after 50 minutes.

Any serum causing ocomplete inhibition at 1/10 was rocorded as positive
(Crawley 1960).

The samples examined do not ocomprise a random sample as they ware

oollected from flocks under investigation for Nowocastle discase. Although

they had boen derived from flocks in 29 ocounties in England, and 4 in Wales,

the majority had originated from an area in Esstern ifngland where Newcastle

disease was provalont at the time. Some of tho samples had come from

premipes adjoining poultry farms where Newoastle disease was suspeoted.
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The number of samples examined varied fyom 1 to 50 with an average of
1% samples per flock. It was notadle that when a positive reaction to the
S6 antigen ocourred in turkaeys and chiokens, at loast 70% of the samples from
that flook were positives In turkey flocks in which a positive reaction to
WRI antigen was obtained, the inoidence was often as high as 90%s DBy contrast
in chicken flooks showing a positive reaction to WRI, the peroontage of bloods
showing a roaction was only 2T#.

The H. I. titre of the WRI positive serum samples and the S6 positive
serum samples varied from 1/10 to 1/80s With both chicken and turkey sera,
partial inhibition of Haemagglutination was noted froquently when the WRI
antigen was used. All flocks which showed a positive H. I, titre %o
Myooplasma rescted oither to the WRI antigem or to the S6 antigem; there was
no case of a positive reaction to both antigens with the same sample.

The results of the tests with 56, WRI and Yowa 695 antigens are
summarised in Tables 2 - 10,
Disoussion

A nev serotypo of avian Myocoplasma designated WRI is charaoterised hy
properties similar to doth the pathogenio and non pathogenic types. In
limited experimental studies it does not appear to be particularly pathogenio
but on present evidence it is more so for turkeys than fowls. Desopite ite
relative lack of pathogenicity it does stimulate an antibody response in both
spocies.

The survey indicates a high inoidence of WRI antibodies in turkeys
(37.3%) compared with 145% in chickens. The inocidence of S6 antidodies in
turkeys (4.9%) is much lower than might de expected in view of the large



number of cases of air sacoulitis in young turkey poults that are sent to this
laboratory for post mortem examination.

There was no pignificant difference in the incidenoe of 56 antibodies in
chiokens from Nowoastle disease free flooks (23.8%) from those in Kewcastle
disease infooted flooks (26.25%), nor was there any marked difference in the
ocourrence of WRI antibodies in Newoastle disesse infeoted and non=-infected
poultry flockse The emall number of samples from Newoanstlo discase positive
turkey flooks is a limiting factor in assesoing the relevance of these results.

Blood samples from flooks of goese and duoks did not show any reaction
to any of the antigena.

The inoidence of H. I. antibodies to the Jowa 695 strain in turkeys and
chickens was nil,

The experimental results indiozte that WRI is pathogenio for turkeys but
not for fowlas. Nevertheless the results of the survey indiocate that a emall
peroentage of fowls possece antibody against this serotype but it is not kmowm
whother this resulted from oliniocal, subclinical disecane, or if it was a non-
specific reaction.

The properties of WRI partioularly in relation to its cultural and
morphologioal festures are very similar to those asoribed to avisn non
pathogenic Mycoplasmas The N, strain (Adler et al, 1958) is another nom
pathogenic type that produces air sac lesicns in turkeys, but it differs from
WRI in that it neither agglutinates fowl red blood cells nor ferment ocugars.
It is suggested that the arbitary division of avian Myooplasma intc pathogenie
and nom=pathogeniec types bty virtue of thelr cultural, morphological and
serological characteristics 4is not a reliable guide. Certain strains whioh



might be classified on the above criteria as non pathogens,
may in fact be pathogenic for turkeys and possibly but to

a lesser extent, for fowls,
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Table 2
Incid of H. I. anti to the 36 = st
Flook status as No. of No. of Promises | No. of premisos
indicated by No of ’ e with samples with samples
Hewoactle disease |Promises 'm"% "| positive to positive %o
He I+ tost 36 WRX
-
FOWISt: Newocaslte
disease-NEGATIVE 1038 9246 | 247(23.8%) 12(1.15%)
FOW1Ss Newcastle |
diseaso-rOSITIVE 259 3225 68(26.25%) (2. T%)
TUBKEYSs Newocastle
disease=-NEGATIVE 62 896 3(4.8%) 22(35+5%)
TURKEYSs Newocastle
disense~POSITIVE 21 783 1(4.8%) 9(42.8%)
DUCKS AND GEESEs
Newoastle disease 4 23 ) £ & Fil
NEGATIVE
Table 3

No. of Yo. of |Incidence of

Premises | Samples Iowa 695
Fowls 148 2124 Nil
Turkeys 18 X6 Nil
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Norfolk 126 1526 19 5 15.08% | 3.9T%
Suffolk 46 536 15 1 32,61% | 2. 1T
Lincolnshire 46 557 19 1 416 2.17%
Warwickshire 14 238 6 - 43 -
lopex 8 91 1 -
Hants 6 98 2 -
Sussex 4 69 1 -
Oxfordshire 1 8 - -
Wiltehire 2 32 1 -
Lancashire 2 20 2 -
Dorset 1 12 - -
Lelcestershire 1 12 1 -
Kont : 1 6 1 -
Glamorgan | 20 - -
259 3225 68 7 2655 | 2.70%




Floek incidence
of 86

Norfolk 190 1798 X 5 15.9% 2.6%
Suffolk 169 | 1512 kY 2 B.3% | 1.18%
Linoolnshire »7 | 2% 86 2 28,06 | 0.65%
Lavwick 64 507 17 - 26.2?
Kent 48 446 17 - 354
Aants. k): 470 9 2 23.7¢ | S.268
Essax 46 297 T - 15.2%
Wiltshire 23 | 234 5 - 21. 75
Leicestershire 18 | 155 8 1 44.4% | 5.56%
Lenoashire 14 17 4 - 29,0%
Hunts 17 | 115 9 - 53.0%
Dorset 8 134 - -
Susaex 10 113 4 -
Northents 1 118 2 -
Cambridge 19 101 4 -
Berkshire 6 83 3 -
Jevon 4 87 - -
Staffordshire 4 56 2 -
Glougestershire 2 16 - -
foreestershire 2 12 1 -
Cornwall 1 10 - -
Cheshire 1 50 - -
Heraford 3 68 1 -
Nottinghamshire 1 9 1 —
Bedfordshire 2 16 - -
Derbyshire 3 35 - -
Hertfordshire 4 84 2 v
Glamorgan 9 56 ] -
Flintshire 1 1 - -
Carmarthen 1 8 1 -
Eontﬂow 3 32 1 -
Ireland 3 200 - -
1038 | 9246 247 12 23.79% | 1.15%
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50 Fowl ten oW, a
Flock status as indieated Floak
No. of No. of by Newoastle Disesseai.Il. inoidence
Promises | Samples toas of Iowa
Hels resultJ Hele results 695
positive negative
Essex 21 215 12 9 -
Sussex 2 22 - 2 -
Linocolnshire 6 96 1 5 -
Norfolk 55 768 28 7 -
Suffolk 13 145 3 10 >
Lanoashire 20 297 10 10 -
Hampshire 1 50 - 3 -
Wiltshire 11 1 1 10 -
Warwiokshire 2 10 1 1 -
Shropshire 3 36 1 2 -
Bedfordshire 1 4 1 - =2
Gloucestershirel 1 12 - 1 -
Leicestershire 1 10 1 - -
Cambridgeshire 2 40 2 - -
Ireland 1 200 - 1 -
Cheshire 9 54 3 2 -
Derby 1 6 - 1 -
Steffordshire 1 5 - 1 -
Kent 1 20 - 1 -
148 2124 64 84 N4l
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S0 <) £ t Iow B
l SRtk shetas a0 intSonted
Noe of | No. of
Preaises | Samples by Nﬂmt:::t)iuaaon Hele Flook
incidence
H.X. results|H. 1. results °’6;§"‘
positive negative
— e t—
Egnex 3 52 2 | -
Norfolk T 145 2 5 -
th‘opihué 2 24 - 2 -
Staffordsihire 1 24 - 1 -
Surrey 1 10 1 - -
Cheshire 1 20 - 1 -
Hampshire 1 10 - 1 -
Kent 1 10 - 1 .
Oxfordshire 1 1 - 1 -
18 X6 $ 13 Nil




Sumpary _
An outbreak of Duck Sinusitie in 1962 is dosoribeds An earlier

outbreak had ocourred on the same farm in 1956, where an influensa A virus
wao isolatede In the second outbreek in 1962, two agents were isclated, a
Myooplasma dosignated Mycoplasma anatis (Weybridge) and an influensa A virus
serologically distinot from the virus isolated in 1956.
Introdugtion

Chronic respiratory disease in ducks was first desoribed by Fahay (1955).
His findings indidated the prosence of two distinot entities, those being a
virus and a Mycoplasma. The Myooplasma was antigenically distinct from
i, gnllisepticum. |

Xoppel ot al (1956) desoribed a fatal mass infection in ducks aged
10-21 days, characterised by severe ainusitis with involvement of the lower
reapiratory pacsages in some; 1250 ducklings out of a fotal of 3,000
succumbed to the disease. A virus which belonged to the influsnsa A group
was isolatede In 8 out of the 13 cases examined, Salmonella typhimuriwm
was igolated from the parenchymatous organse

Teimokh (1962) deseribes three outbreaks of duck sinusitis in the Ukrain
where three serologically related influensa A viruses were isolated,
History

Two outdreaks of duck sinusitis (chronic respiratory disease) have
oocurred on the same farmm. The first outbreak ocourred in 1956 and the
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seoond in 1962, In the 1956 outbreak Simmins and Asplin (1956) wla‘d

a Myxovirus bolomging to the influensa group A. This report deals with the
second outbreak in 1962 whore two agents were found to be involved; another
influensa group A virus and a Mycoplasma. In 1956 no attempt had deen made
to isolate a Nycoplasma.

Widespread clinical disease was evident throughout all sections of the
flooks the birds showed reopivatory distress and their sinuses were
distended (Fig. 1); some birds were shaking their headse

Post morten examination revealed that the sinuses wore swollen with a
muocid-gelatinous exdate which had become rather caseocus in some birds.

The air sac mombranes appeared cloudy and oedematous.

Despite the high morbidity rate, the mortality rate was very low and the
affected birds recovered without any treatment.

Blood samplea taken from the flock, were all negative in the hacmagglu-
tination inhidition reaction with tho 856 type Mycoplasma antigen.

The oulture media used were PFMO agar or broth (Difoo), enriched with
1% yeast autolysate (Albimi), 10 horse serum and 0.1% dextrose with the
pH adjusted to 7.8, Fermentation reactions in the broth were determined
by replacing the dextrose by 1% of other carbohydrates and adding phenol red
as indicator.

Pathogenieity tests were ocarried out with Khaki Campbell ducklingse.

Specifio immumne serum was prepared in rabbits (sce Section 2) agaimst
M. anatis (Weybridge) and other haemagzlutinating avian ¥yocoplasma, which
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{noluded the S6 strain of M. galliseptioum (Zander 1961), Iowa 695 strain
(Yoder and Hofstad 1962) and WEI strain (Seotionm 2). Serum titres and
cross agglutination titres were determined with the strains mentioned above
by the method desoribed in Seotion 2,
Regulls

Material from the si;mua and air sac membranses was inooculated into
PFI0 bdroth whioh ocontained pemioillin (1,000 U./ml.) and thalliuws acetate
(1/5000).

A smooth, fime uniform and turbid growth was produced in the troths.
There was nokranular sediment. The t=cih was gsuboultured on to PPIO agaw,

and within 24 hours colonies showing the typiocal fried egg appearance were
produced, charaocteristio of the so called non-pathogenic strain of avian
Mycoplasma, as desoribed by Chu and Newnham {(1959).

The colonies stained readily using a modified Dienes method (Adler ot
al 1958)s GSmears, made from cultures and stained by Giemna's method,
showed ocooooid bodies and oocasional ring fosra. The ocooocoid bidies appeared
larger than those of the 56 type cultures.

Other features of the Mycoplasma aéo'

(a) Crowth ocourred on sheop dlood agar with a sone of haemolysis

around the ocolonies. Growth did not ococur on nutrient agar.

(b) Broth cultures agglutinated éuok red blood cells but not fowl red

blood oells.

() Growth was not inhibited by 2,000 wnits of peniofllin per ml.,

(4) Growth ocourred at 30°C and 37°C but not at 25°C and 44°C.



Biochemical Reaoctions

The Myooplasma fermsnted maltose, lavulose, dextrin and atarch %o
preduoce acid only. Clucose and mannops were weakly fermented. No acid
was produced when suorose, lactose and galactose were used in the media.

One, two and three weok old ducklings were inoculated vis the infre-
orbital sinuses with 0,2 mle of & 24 hour broth culture of the Mycoplasms,
No gross lesions were ceen in any of the birds killed 3~4 weeks lataer.
Serus comples from the ducklings were negative when tested by tho H.I. test.
The method used in oarrying out the H.l. teat was similar to that described

in Seotion 2, The antigen used was a 24 hour broth culture of the lMycoplasma
The HA titre of the broth was 4 units.

A 1% suspension of washed duck red blood cells was usod.

The Myooplasta was designated Mygoplasma anatis (Weybridge).

The results of the tube agelutination tests using specific immmne sera
are summarised in Table 1.

Antimera 4
Antigens M.anatis 86 Iowa 695 WRY
(Yeybridge)

N.anatis 1/128 /4 /4 <1/4
(Veybridge)

86 /4 1/256 <1/4 <1/4
Towa 695 < V4 /4 1/256 «1/4

A
WRX /4 /4 «1/4 1/9,600




A Viruges
Embryonated chiclken eggs were used in the primary isolation.

Pathogenicity teosts were oarried out with young Rhode Island Red ohickens
and Khalkl Cempbell dusklings. All ¢zgs, duoks and chicks used came from
CRD free flocks,

Spocific immme serum to the duck influensa viruses was prepared in 12
woek old Rhode Island Red chiockenn, The antigen, comsicting of 0.5 ml.
allantoioc fluid oonteiming live duck influensa virus, was inocculated into the
sinuges of these birds and the birds werc bled 2=-3 weeks latex.

The haemagglutination=inhibition test was carriod out by the following
wethodi=
1. Serial twofold dilutions of the virus were made in saline using 0.2% ml.
volumes, 0s25 ml. of a 1% suspension of washed fowl red blood cells were then
added, followed by 0,25 ml. saline.
2, Readings were made after the plates had been left at room temperature
for 50 minutes. S50F haemagglutination was regarded as the end point and at
this titre one partial haemagglutinating dose of virus was contained in
0+25 mle
3« A stock virus puspension containing 8 partial haemagglutinating dosss in
Ce25 ml. was prepared.
4, Serial twofold dilutions of serum were then madet to0 0.25 ml. of each
dilution was added 0,25 ml. virus suspension ocontaining 8 partial haemasgloe
tinating doses. To this was added 0.25 ml. of a 1% suspension of washed
fowl red blood osells.

Se The plates were left at room temparature and read after 50 minutes.
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Laculta

3inus material and air sec mterial were suspended in hroth aontaining
penioillin (1000 Us/mle)s Hach suspension wes inoculsted into 7 day old
ambryod, 0.2 umle emsh, via the yolk sace The embryos were inoubated at
37°¢,

The embryos inooulated with the simue mterial died within 24 hours.
Yolk sac fluid and allantoic fluid were harvested. The sllantoio fluid was
found to agzlusinats a 1% suspemsion of fowl red dlood cells $o a titre of
1/512, hen yolk sac finid and allantoio fluld were inoculated into PFIO
droth, a Hyooplasma was isolated from the droths, The Mycoplasms did not
haemngzlutinate fowl red blood ocellpe

The sllentoio fluid oontaining the haomagglutinating virus and Nyeoplasms
was filtered through a Gradamsol membrape, vith a maximm pore sise of 120 mp.
The filtpate was then inoculated into broth and inte 9 day old embryos dy the
allantoio route, usirg O.1 ml. amovnts, Hyecoplaame wan not $solated from the
filtrate, The smbryos were esndled daily and started dying two days post
inooulation and all were dend by the 4th daye The allantois fluid agein
agslutinated a 15 suspension of fowl yed dlood eolls to a very high titre
(1/512).

The embryos inooulated with the susponsion of air sso meterisl did nod
dic. They ware killed after 7 days incubatiens thelir allantois fluid 444
nct agzlutinate fowl red bloed cells and Nyocoplasma waz neittas ‘solated from
yolk sao fluid nor from the allantaio fluids

Blood camples taken fyom the infsotod ducks 2 weeks post inoculation and
tostod by She H.I, teot using the influensza virus, were all positive with

titres of from 1/5 to 1/20. None of the bloods reacted with the virus




-~ ﬁ;.“[ —
isolated in 1956.

Both the viruses stimulated an antibody rosponse in chickens, dut mo
gross lesions were seen.

The results of the haemazglutination-inkibition test using specifie
1mmmme sara prepared in ohickens aga‘nst the two viruses are mummariged 4in

tadble 2.
Table 2

Duck influensa Duck influenza
Anticera virus 1956 virus 1962
Hels titre HoI. titre

Dugk influensa
virug 1956 1/20 -

Duck influensa
virug 1962 - 1/20

Both tha viruses isolated ware gent %o Dr. H. G. Pereira at the
Hational Instituts of Medical Ressarch, London. The complement fixmtion
test indiocated that both delong to the influenza A groups, Dr. Pereira did
haemagglutinution-inhibition tests againet a variety of influensa A antisera
and these are summsurised in table 3.

Duck/Czeche /56 refers to the duck influensa virus isolated by Koppel et
al (1956); ¥/Scot./60 refers to an influensa strain isolated by Wilson (1960)
from fowls suffering from a fowl plagus like condition in Scotland,
Duck/‘ngland/56 and Duek/Bngland/62 refers to the viruses in this paper.
The remainder of the influensa strains are well knmowm and need no olari-

ﬂ“t’.ﬂlo




The results suggest that Duck/England/56 and Duck/Rigland/62 are quite
distinot from each other and quite distinet fronm any other strain so far
isolated.

Pathogeniclty tects

Three week old ducklings were inocoulated vis the infya-orbital sinuses

(Duck/Eng/62 ),

with 0.5 ml. allantoic fluid ocontaining live duck influensa vi.rmA Ho gross
lesions were seen in any of the dirds killed 3 weeks latar, but an antibody
responne as indicated by the H. I, test was atimulateds The titres varied
from 1/10 to 1/40.

Attempts were made to reproduce clinical discase as seen in the field
by inooulating 3 week old ducklings via the infra-orbital sinuses withs-

a) A mixture of influensa A virus and M. anatia

b) Influensa A virus followsd 3 days later by inoculation with M.anatis,

o) M. anatis followed 14 days later by inooculation with influensa A
virus.

The disease as seon in the field was not sucoessfully reproduced, With
method (o), however, the birds showed oigns of respiratory distress 23 days
after imooculation with influensa A virus., Sera from these birds gave a
positive reaction 2=-3 weeks later as indicated dy the H.I. tect to M.anatis.
The titres varied from 1/10 to 1/40.

Discuspign

Antigonic variation is highly charasteristio of the influensa A group
and the process is one of a gontinuing evolution of new serotypes. In this
respeot the duck influensa A viruses isolated reseumble humah influensa A
virusess Both the duck influensa viruses bdelong to group A but are
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sarologically distinot, as indicated by the hasmagglutination-inhibition test.

Influensa virus infeotion in humans has a distinot influence in
promoting bacterial invasion. In experimental animals, pre-exioting
bacterial infection is aotivated to produse more severe disease. Intro-
duotion of organisms of low virulence after establishment of virus infection
enhances their virulence (Rivers and Horsfall 1959). This alsoc appoars to
be the case with duck simusitis. Ve were unable to stimilate an antibody
rosponse to M. anatis whan the Mycoplasma is inooulated via the infra-orbital
einus by itself, uf 4f influense A virus was inooculated along with the
Myocoplasma or even at a later stage an antibody response to the Mycoplasma
was cbtained. Henoe influemsa A viruses in ducks certainly promotes
bacterial invasion.

Shope (1931) showed that ewine influensa in ita oharacteristic form was
caused by the assoclated effects of an influensa type A virus and Haemophilus
influenza~suis. The virus alone ¢caused a relatively trivial infection and
the bacillus alone caused no detectable illness. It appears that¢ this might
be the case with &uck sinusitisy howevar, sinoe we have failed to reproduce
the digesse with both agents e.g. M. anatis and influensa A virus, s thisd
stress faotor may be invelved which is as yet unkmown.

This third faotor might De apsociated with the Myooplasma. It has been
assumsd with human Myocoplasma t?ggwg?‘? 11:%1}?.(;20'11 in broth and suboul tured
a fow timen it losee its pcthogenl.eit,,‘ This might be the case with M.anatid

In the northern hemisphere outdreaks of human influensa due to type A
tend %o recur svery2-3 years, those due to type B every 3=6 yeers. It will
be very interesting to see whether or not there will be an outbreak of duck




sinusitis on the same farm in 5=6 years' time.

It must be borne in mind that influenza A viruses other
than those of Newcastle disease and fowl plague can infect fowls
wlithout showing detectable sympfoms, and that there is a danger
of mistaking these for Newcastle disease and fowl plague unless

full investigation procedures are followeds
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Sumnary

Isolation of I~phase like baoterial forms of Bagcillus lioheniformis
from four outbreaks of infectious synovitis in broilers and from one

outbreak of infeotious synovitis in turkeys is described, followed by an
account of pathogenicity studies with these I~phase forums in association

with other agents isoclatede The importance of these L-phase forms is
discussed.




Introduction

Infeotious synovitis was first reported in thie country by Camaghan
(1959)e The infective agent was presumod o bo a large virus or rickett-
sise until Lecos (1960) and then Chalquest and Fabricant (1960), both in the

UsSeAe roported the isolation of Myeoplasma., Leooce (1960) reported the
isclation of a Mvecolasma from allantoic fluid of infected eubryos;

Chalquest and Fabriocant (1960) isolated Mygoplasma from field oeses and
chick ombryo oultures of the infeotive agent. In view of these findings,
attempts were made %o isolate Mysoplasma from four outbreaks of infeotious
synovitic in ohickens and from one outbreak of infeotious synovitis in
turkeys. All these oases had been submitted for diagnosis to the Central
Veterinary laboratary's The outbreaks were oonsidered typical of infectious
synovitis as seen in this country, with swelling of the hocks and foet and
sternal bursea, and in some birds the wing joints were affeoteds The
gwollings were found to ocontain exudate which varied from a grey viscous
fluid to a caseocus creamy yellow material in advanced ocases.
ISOLATION OF INFECTIVE AGENTS
Mot

The oulture media used were PPI0 agar or broth (Difeo), enriched with
5% yeast extract and 10# inactivated pig serumj; inoluded in the broth was
0s01% 1-Cysteine. The pH was adjusted to T.8.

The oculture media differed from that used by Chalquest and Fabriocant
{1960), who used beta~diphosphopyridine nuocleotide (DFN) powder dissolved in
dietilled water at a final concentration of 0.1%, dut in this investigation




sheep blood

=

molysis produced

=il

Gl

alon

702

(V<




T

DFN was suprlied dy a yeast extraot prepared by the mothod of Narshall and

Kelsey (1960). Fifty grammes of yeast were suspended in 100 ml, of 0.2

M KE PO, heated at 80°<85°C for 20 minutes, filtered or centrifuged,

otorilised by 3eits filtration and stored in the oold, or proferably frosen.
Samples of gynovial fluid were taken from the affected joints of birds

from easch outbreak and bulked. Thene bulked samples were inoculated into

PF10 broth, onto PPIO agar and sheep blood agar. All plates were inoubated

in a dandle jar at 37°C and all broth media were incubated aerobically at

e,

Results
Full detaila of the procedure of investigation and the results are

given with outbreask A only; for the subsequent investigations the results
only are given.
Outbreak A (317). foo S, itis broiler

Synovial fluid from the infeoted birds plated on sheep blood agar
produced a zone of hacmolysis along the line of inoculation (Pige. 7)e 'This
change has been mentioned by several observers (Cover, Galeta and Waller,
19563 Carnaghan, 1959)s It was found that this haemolytic sone oould de
transforred (Fig. Z), and by the seoond or third passage bacterial growth
had beoome svident. The method of suboulture was similar to that used for
Myocoplarma organisms, in which blood agar bdlooks ocontaining the haemolytie
sone are cut out of the plate and smeared gently over a new plates The
blood agar plates were suboultured every 2-3 dayse

The baoterial growth consisted of four colomnial types, which weres=
1+ A haemolytic coagulase positive Staphvloooccus with a phage pattem

6/1/41/53/54/15/83A/+ at Routine Test Dilusiome
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A nen=haemolytio oosgulase negative Staphylococcuge Its bioohemioal
reactions are shown in table 4.

An organism which prodused small, ciroular, effuse smooth ocolonies with
an entire margin, which after 24=28 homﬁob:;ha diamster of
approximatoly 0.2 mme These colonies grew into the medium and were
diffioult to remove completely with a loop.

Yhen oolonies were stained using Gram's method, the majority of
the organisms were Gram pogitive. The organiems appeared very
pleomorphio, varying in sice frem very small granules of about 250 mp
to very long filamemts. Some filaments appsared to branchj large
round or oval bodies were seen with a diameter of about 10 may  there
wore many oocoow=baoillary formss There was distortion of the coool and
rodse Tho filaments were oftem Gram negative with Gram positive
granules situated inside the filaments and there waere large aggregates
of Gram positive granules often apparently cmbedded in a weakly Gram
negative materials Numerous othor irregular forms were also
demonstrated (Figure 3)e

The asppearance of these organisms suggested that they were I-phase
or Imphase=like bacterial formas The colonies weore subcultured into
PPIO broth and inoubated at 37°C.  #ithin 24 hours a pellicle developed
on the broth and when this was subwcultured on to blood agar and inocu-
bated, a colony was produoced which proved to ba a spore bearing organism
of the bacillus group.

Similar organisms were seen on PPI0 agare The I~phase~like bacterial
oolonies appeared granular with a orenate margine 1Isolations from
Outbreak D (3495) gave similar colonial forms (Fig. 4).
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The isolation of the lL=phase=like organism was repeated on
numerous ocossionse Attempts to isclate the two staphylococcal strains
from the same inoculum were not, however, consistently sucoesaful.

On two occasions a Myeonlasmo=like ocolony was grown on the PFIO agaw

(FMige 5)e¢ ‘The coloniss showed the typical fried egg appearance, and

although on suboulturing, the colonies graw, on the second passage the
coclonies appesrasd tc die, and the PPLO agar plate beosame overgrown with
the bacillus organiem,

Several attempts were made to grow the Mycoplasme-like colony on
the PFI0 agar. Pure beta-diphosphopyridine nucleotide was substituted
for yeast oxtract, as recommended by Chalquest and Fabricant (1960), in

an atteapt to adapt the Hycoplasma like colony to the medium, dut without

SucOBES.

Outbresl: B (102! !g Infoctious synovitig in brollers

e

e

2.

Qut

ts: The Pollowlng organisms were lsolatedi

A nop~haamolytic coagulase negative Staphyloocoocus. Ita biochemical
reactions are given in table 4

I~phasa or l~phass-llks bacterial forme which reversed in broth to
the charaoters of the Baolllus species.

C {7026} Infec vit ler

Resultgs The following orxganicms were icolateds

1o

2

Haemolytio, ooagulase negative Staphylocoocus. The biochemical
reactions are given in $able 4.

An organism with reactions similar to Aercoccccus viridang as described
by Cowan and Steel (1961)s It produced alpha haemolysis on sheop blood
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agar end eould not be placed immnologically into any of Lancefield's
groupss The organism grew on media oontaining bile salts, in the
presence of 6.5% sodium chloride and at a pH of 9.6« Growth coowrred
at 45°C. and survived heating at 60°C for X minutess It fermented
trochalose and laotose; it did not ferment sorbital, mannite, raffinose,
salicin and invline It reduced lituus milk with olot formatione It
did not hydrolyse sodium hippurate, staroh, arginine or asesculin. It
was ocatalase negatives

3+ l~phase or I=~phase=like bactaerial forms whioh reverted, as in Cutbreak A.

Outbreak D Infectiou vitis in broiler

Resultss The following organiems were isolateds

1« A oocagulase poslitive haemolytic Staphylocoocus with phage pattem
52A/79/+ at Routine Test Dilution.

2. l-phase or Lephase like bactorial forms which reverted as in Outbreak A,

Outbresk E. Infectiou N (Fig-§)
Synovial fluid from infected turkeys plated un to sheep bdlood agar did

not produce the sone of haemolysis along the line of inooulation, but om

suboul turing baoterial growth became evident on the first or seoond pascage.
Only one type of colony was seen on both sheep blood agar and the PFIO

agars The culture was very similar to the l~phass or l~phase~like colonies

isolated ?rom chicken aynovitise. Growth with pelliocle formation occurred

in broth whioh orn suboculturing onto blood agar produced an aerobic spore

bearing ocolony of the Baoillus groupe.




Fige7e Belicheniformis bacillary forms(1091). Stained by

Malachite green-safreznin method. X 1575.




\

IDEFTIVIGATION OF TE RAOILLUS SPRGIES ISOLATED

I=~phase or Imphase=like broterial forms were isolated from all the
epecinone of infectious aynovitis oxamined. All these l=phase~like forms
when suboultured into droth reverted to asrobic spore bearing basteria and
tests were made to identify the five apecies isclated.

Materials end Methods

Smith, Gordon and Clark (1952) and Knight and Proom (1950) have
desoribed special tests which are of value in thiz groupe Thoir toohniques
wore useds _

The gonus 1s divided into three major growps on microscopie appearance
of the orgenisms. Smears of young cultures grown on nutrient agnr ware
Gran atained. The spores were stained using the malachite green-safranin
method (Mg. T).

Futrient broth oontained 5 gm. peptone, 3 gm. bLeef extract, 1000 ml.
dintilled water. The pE was adjusted tc 7.0 Fuirient agar was prepared by
adding 1.5% agare
Potato plugs Cores, 10=15 mms in diameter were cut from potatoes and
autoolaved with a few ml. of dictilled water in potato tubes.

Digestion of Stareh Cultures were inoculated onto plates of nutrient agar
oontaining 1% potato starche After inoubation the plates were flooded with
95% eloohole If the starch was hydrolysed s translucent smone appeared around
or underneath the growth but if it remained unchenged the medium became white

and opaque.
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Production cf agetylmwethyloarbonol The medium used contained 5 gme gluocose,
5 @me BaCle and 1000 mle of distilled watere Five ml. portions in 18 mm.

tubes weze inoculated and incubated, at 30°C. and tested by O'Meara's method
atter 2=6 da;s.

»Y it The basal medium used wans
(NH 4) PO, 140 gme
KC1 Ce?2 gme
g0 4 Oe2 gme
yeast extraot Ce2 gme
Agax 150 gne
distilled water 1000 mi.

Twenty mle of a 0s04% solution of bromoresol purple was added as indicatoy
The mediur was tubed and autoolaved and sterile carbohydrate was added to mako
a Pinsl aonoentretion of C.S5ke Straine were ¢xamined for growt:, acid and
gas produotion from susrose; gluocose, arabinose and xylose.
Dizos of gela Plates of nutrient acar ocntaining 0.4% gelatin were
inooculated and after inoubetion wero flooded with the following solutions

Hell, : 150 gme
Conoe HC1 2040 ml.
Distilled water 400 ml.

Hydrolyslio of gelatin was indioated by a clear zone around or underneath the
growth in contrast to the white opaque precipitate of the unchanced golatine.
Digestion of Casein Plates containing nutrient agar plus 50% ckim milk were
inooulated and obgerved for clearing.

Reduotionaf nitrate to nitpite The oultures wore grown in nutrient bdroth

oontaining O.1% KNO, and inoubateds The roduotion was tested by the Greisc-




Iloavay method.

Gibson and Abdel-lislek Test 1946) This test was used for the production of
aoid from gas under semi-anaorobio oconditioms, To litmus milk was added
glucose %o 5%3 %o 5 parts of this was added 1 part of melted nutrient agar
and this was then inooulateds HNutrient agar was then added gently so as to
form a layer 2=-3 oms. deep.

Egg yolk reaoction The yolk of one egg washed free of white was beaten in
250 mls saline, spun and Seits filtereds One part of this was added to nine
parts of nutrient agar and plates prepareds The culturesc were inosulated as
a blobe Lecithinase production was indioated by a some of opaocity around or
underneath the oolony.

Growth on nutrient agay pH 6.0 wac examined. The strajns wore tested
for the production of catalase, motility, ability to grow anaercbically on
nutrient agare The urea medium of Christensen (1946) containing phenol
rod ao indicator was used.for the deteotion of urease.

The temperature of inoubation for all the tests was 30°C.

Bogulte

Smith, Gordon and Clark (1952) divide the genus Bagillus into three
groupe based on the sisze and shape of the mature spores and the shape of the
sporangium,

In tho five cultures isolated, the sporangia waere only swollen slightly
or not at alls The spore walls were thiny tho epores were oval and found
in a oentral position. The strains were all motile and Gram positives The
strains belonged to group 1. '

The genoral appearance and sige of the ocolonies of the five straines om
sheep blood agar appeared o be the same.




On nutrient agar the oolonies were rough and of whitish aprearance with
hairy outgrowthss On sheep blood agar there was a greenish zone of
haemolysis surrounding the colonies.

The results of the biochemical recactions are summarised in tadble I

they indiocate that all five organisms were Bacillus licheniformis, which is
aloo known as B, subtilips Tord typee Bs licheniformis differs from

B, subtilis only in ite ability to grow anacrobically, and from B, pumilug
in its ability to hydrolyso starch and reduce nitrates. B, licheniformis
differs from B. cersus in its inability to produce lecithinase, the diameter
of the bacillus and the fermentation of arabinose and sylose.
FURTHER OBSERVATI ) ORGANT

Three cultures of the I~phase like baoterial fowms, 1091, 317 and T026
were grown on blood agars The organisms were washed off and suspended in
physiologioal saline and to each was added peniocillin to make a final
ooncentration of 1000 Us per ml. Eaoh suspension (0.2 ml.) was imooulated
via the yolk sac into 6-T day old embryonated chicken egge which had been
obtained from a Mycoplasma gallicepticum free flook. Tho embryos started
to die 3 days after inooulation and were all dead within 8 days of
inoculations I~phase like bactorial forms were isolated from the yolk sac
material and allantoic fluid of all the dead embryos.
The results of egg inoculation are showm in tadble 2.







Ambryo 7 No. of dead embryos - days
Strain age (days) No. of eggs post inoculation
$ 2 34 5 9 1: 8
4 d
1091 7 6 90 -39 %3 0 o
317 6 6 o-% "% ¥ 7% @
4
7026 £ 6 09 9 3 2 0 0

The gross lesions geen in the doad embryos were similar to those
associated with Mygoplasms imoculation (Chute 1960) for they chowed
extengive haemorrhage and cedema and in some the livers were enlarged anmd
neorotic (Pig. 8).

Peniocillin sensitivity of the l=phase-liks baoterial forms was determined
Nutrient agar plates were prepared ocontaining 10, 50, 100 and 200 units of
peniocillin per ml. The surface of the agar was inoculated with three I-
phase=like culturecs, 1091, 317 and 3495. Growth was obsarved only on the
nutrient agar plate gontaining 10 units per mle.

The fermentative preoperties of the l-phase-~like forms differed from the
bsoillary forms as shown in table 1.

The stability of the L-phaso=like forms increased with the mumber of
suboulturess This was particularly so with strain 1091 which 414 not revert
to its bacillary form on subsulturing into hroth from blood agar,.
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Pathogenicity tests wers @arried out in groups of six in 34 week old
Rhode Island Red chickens obtained from a Myooplasma galliseptioum frece flock.
Uninoculated control groups were included with sach transmiseion.
Suspensions of the following organisms were prepareds

a) I~phase-like forms of B, licheniformis (1091)
b) Coagulase positive Staphylooocous (317)
o) B. licheniformis dacillary form (1091)

d) Mixture of (a) and (b)

e) Mixture of (b) and (o)

£) Non=haemolytic coagulase negative Staphylooocous (317)
g) Mixture of (o) and (f)

h) Haemolytio coagulase negative Staphylococcus (7026)

i) DMixture of (o) and (h)

The cultures were grown on blood agar, wnshed off and guspended
in physiclogical saline; 025 ml. of each suspension was inooulated into the
plantar pad of the left foot of each birds The birds were examined daily |
for 10 days.
Regults Suspension (s). Iephase B, licheniformis forms (1091). Swelling
which appeared at the site of inoculation, sudbsided within a few days.

Sugpension (b). GCoagulase positive Stavhvlocoocus (317). Swelling

appoared at the site of mnm; the birds became emsoiated and de-

hydrated and a fatal septicaemis developed in 3 out of the 6 bdirds,




Suspension (o). Bacillus licheniformis (1091)e Severe swelling

appeared at the mite of inooulation with a tendenoy to spread up the leg to
the hook jointj breast blisters were seen im 2 out of the 6 birds.

Suspension (d). Mixture of IL~phage B, licheniformis forms and
coagulase positive Staphvloooeceus (317)e Swollings ware scen at the site

of inosculationy birde becames dohydrated and emaciated and 3 ocus of the 6
birds dled.

Sugpension (e). Mixture of cosgulase positive Stachvloocogeus (317)
and Bs licheniformis (1091)s Birds developod swellinge at the site of
inoculution and in 3 out of the § birds the hook joint immediately above also
became swollen and filled with mucoid exmdate. There wero hreast bdlisters
in 3 of the birds.

Suspension (f). Honehaemolytie coagulase negative 3taphylogoogus
(317)« Siight swelling appeared in 2 of the 6 birds at the site of
inoculation.

Suspension (g). Mixture of B, licheniformig (1091) and non-haemolytis
coagulase negative Staphvlocoocoug (317)e Swellings developed at the site of

inooculation. One of the 6 birds dsveloped a awollen hook joint with a
mcoid exudates

Suspension (h)e Haemolytio ocoagulase negative Staphvlosooous (7026).
No leasions seen.

Sugpension (1) Mixture of B, licheniformis (1091) and haemclytie
coagulase negative Staphylooogous (7036)s Swellings developed at the site of
inoculstion and in 3 of the 6 birds breast blisters wore soen.
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Coagulase positive Staphylocooei were isolated from the birds which
died in groups (b), (d) and (e)« The remaining birds were killed 10 days
after inooculation and hacteriological cultures taken from the lesions.
Xaolations of B, ;gMifamE ware obtained from each bird inoculated with
3, ljicheniformis. No isolation of ooagulase negative or coagulase positive

Staphyloooooys was obtained.
The results are summaraiged in table 3.

The above teats were repsatoed with suspensions (a) to (e)e The results
were in general agreoment with those desoribed above.
Lisoussion

Four field outbreaks of infectious synovitis in droiler chickens and
one in turkeys were inveostigated. Bagillus licheniformis in its I~phase-like
form was isolated from cach outbreak. From 2 out of 4 outbreaks of
infeotious synovitis in broilers, a coagulase positive moo_u_ was
isolated and in 3 out of the 4 a coagulase negative Staphylococcus was also
isolnteds The lephaco=like form of B. licheniformisc was the only organism
isolated from infootious synovitis in turkeys.

¥ith most bacteria in whioch the L~phase variation is kmown, abnormal
culture oonditions are generally necessary to induce the development of
L-typs ocolonies on solid media. Dienes (1949) produced l-phase baoterial
forms from a Gram positive spore beoaring bacillus after growing the dacillus
on horse serum containing penicillin. L. forms of Streptobasillus

moniliformis have been cultivated direstly from rats and human beings
(Dienes 1960).
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Streptobagillus mopiliformis causes a spontancous disease in mice
charaoterised by multiple arthritis, often involving the joints of the feet

and leading to swellings of the foet and legse I form oultures of
Se_moniliformis are non=pathogenic when inooulated into mice, if reversion to
the bacillary form in the inoculated snimal is prevented (Breed, Murrey and
Smith, 1957).

The diseace in mice caused by S5, moniliformis is similar to infectious
aynovitis in chickens and turkeys. The diseases resemble each other in the
oliniocal picture presented, and in the imolation of L forms frem the
pathologioal process.

Tho significance of these B. licheniformis L foyms is diffioult to assess
Infeotious aynovitia as seen in the field was not produced and the nearest
resemblance to the disease wee seen when the bacillary form of B. lichenis
forpis and coagulase positive staphylococel were imoculated together. Thz
baeillary forms of B. lichgniformis cauce a severe ewolling at the site of
incoculation with a tendency for the swelling to apread up the leg.

Thero is an abundance of svidaence to support the theory that egg
transmission ocours with ORD (Mycoplasmosis). The transmission of
infectious synovitis via tho egg has been reported by Carmaghan (1961)s
Thayer, Strout and Dunlop {1958); and Sneoyemboe and Basoh (1958). There
are similarities between Jyooplaums and L forms and some workers (lMinck and
Kim 19603 Pease and Bimset 1962) believe that liycoplasma are L forms of
bacterias Egg transmission may ocour with L forms and, although the workers
cited above did not identify the infeeotious synovitis agent, it is possidle
that they were dealing with transmission of 1L Jorms of baoteria.




o 6

The embryoniec lesions and mortality pattern caused by L. phase forms
and by Myooplasma are very similav. L phase baoterisl forms are very
easily produced by the addition of antihiotios, in particular penieillin,
ard in thg{:rimary isolation of infootive agents ¢t is faotor must ba borne
in mind,

Bigeet (1959) put forward the hypothesis that Gram positive baoteria,
under the influence of a parasitie moda of 1if¢, evolve with a progressive
loss of such strusctures as spores and flagella, and of Cram presitivity,
catalase and other cnsyme systems, with the result $hat from a morphologiocally
complex saprophyte is derived a Gram negative nutritionally exacting parasite.

The development of B. licheniformis might lend support to this hypo-
thesis which could acocount for the appearanse of mysoplasma-like colonian
in Outhrealk A (317)s It appeared pussidle that the myooplasme~like=colony
was another variart of the RBacillus organion whioh was nnstable and wavertad
to 1ts bacillary form.

The transformation of baotaria intc I forms of Mycoplacma takes place
in a series of stages. This may be an example of the transformation of a
sapropayte into =2 parasite by the uss of antidiotios, for broiler food is
widely supplemented with penicillin at 5-10 gram per tonm.

Chalquest and Fabricant (1960) isolated Myooplasme from cases of
infeotious gmovitis vhich was sarologiocally distinct from Nyooplasme
galligeptioum. They could not reproduce the disease after the Mygoplasma
hed been passaged in artificlel medis and they suggestod that the Myooplesme

had lost ite pathogeniocity, but they olaimed that one of the ocultures

romained pathogenic for birds after several pavsages and produced typiocal



synovitis when inoculated into birds. From the same bird they

isolated Staphylococcus epidermis. The broth medium they used in the

isolation of lycoplasma conpained penicillin and thallium acetate,
substances which do not prevent the growth of L forms. They did not
isolate Mycoplasma from all the field cases examined and were unable
to account for this lack of coansistencys

Carnaghan(1959) failed to reproduce the disease with Seitz EK
filtrate of synovial fluld from affected birds, As he failed to grow
any bacteria or lycoplasma on artificial medla, he suggested that the
agent was probably a virus. The evidence presented by Carnaghan(1959)
could suggest that the aetiological agent of infectious synovitis is
bacterial. The fallure of so many workers to reproduce the clinical
entity might be due to imhibition by antibiotics of the growth of the
organlsm concerneds

The significance of Be licheniformis and its L forms has not
been finally established as inoculated pure cultures did not produce
typical infectious synovitis. The cause of infectious synovitis,
however, may not be a single agent but a combination of agents, and
inoculations of mixed cultures produced lesions similar to infectious

synovitis.




Strains
7016 | 1091 | 317 | 3495 (I8, 1091 | 317 | M95
Growth (Nutrient | | e e a4+ + + 4
agar pH 7
on |(Nutrient + - 4 + + - “ +
agar pH 6
Potato + + +| + . + + +_+
Produotion(Sucrose + + + - + - - s T T
of Glucose b - + B % - - -
acid- arabinose| + + + + + - - -
sugars Xylooe + + + + + - - -
Rvdrelmn‘ Staroh + + & + + - - ;- JTL
of oanein + + + * + - - -
gelatin * +* + + + - - i
‘T‘ S
Nitrate reduced
to Nitrite il o LR .{L * * N P »
Urease formation - - - - - - - -
Anaserobio growth + + + 3+ +* + o +
Gibson Abdel Nalek
tost (1946) " ¥ + + + - - -
Bgg yolk reaotion - - - - - - - -
Catalase + + + + + + + +
Motility + + + + +

4+ o abundant growth on mutrien$ agar pH 7



ZTsble 3 Swmmarv of the Pathosenioity tests

Mortality lLosions
Suspension "::,w A% site of| No. |[™® :‘:"““ No.
period injection |affected et sian affected
gite
a) l-phase like
form(1091) - + A @ -
b) Staph.oo
positive 311) 3/6 - 6 - ..
¢) Baecillus
licheniformis - e 6 4
(1091)
d) Mixture of
(‘) plus (‘) 3/6 L s 6 - -
°) (®) plu: (s) 1/5 4t 6 + 3/‘
£) Hon-hasmolytio
A%e - L 2 e -
negative 3taphs.
(317) ol
e) af PO & 1/6
(o) plus (£) v o
h) Haemolytio
cocagulase 55 Z & A 2
negative
Staphs (7026)
1) Mixture of
(o) plus (n) . " $ ’
Key to columm 3 ++% = pevere swell
+ = mnmoderate swell
4+ = slight swelling

In column 4

2

fnoonclusive
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Case B
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Case C




The presence in turkey cera of non specific serum inhibitors tothe

haomagglutinating aotivity of the WRI strain of Mycoplasma is desoribed.
The serun inhibitors are heat stable and were removed with the receptor-

destroying enzyme (RDE) of Vibrio sholerae and other chomical agents.

EDE treated fowl red blood oells were not agglutinated By the WRI strain of
¥yecoplaoma.

Introduction

Using the haemagglutination-inhidition test a previous survey (see
Section 2) revealed a high incidencs of antibodies in turkey sera to the WEX
strain of Nycoplasma.

It was deoided to investigate the possibility that the inhibition of
hasmagglutinating astivity of WRI antigen by turkey sera was a non specifio
reaction associated with the presence of non croeocific serum inhibitors.

Preliminary studies indicated that the pece: y (RDE)
from Vibwio oholerge removed the HeI, titres in a number of turkey sera
examinea’s The inhibitory substance was not inactivated at a temperature of

LIS et

65°C for 30 minutes.
Materialg and Nethods

Twelve 9 week old Broad Breasted White Turkey poults, were obtained
from a PFI0 free flocke Three of the birds were inoculated intravenously
with 0.5 mle of a 24 hour broth culture of Mycoplasma gallisepticum; three
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birds wers inooculated intravenously with 0.5 ml. of a 24 hour droth culture
the "R strain of Mycoplasma, and the remaining six were used as oontrols.
The birds were bled befors inoonlation and subsequently at regular intervals,

The sera were treated with RDE and then assayed by the haemagglutination-

inhibition technique using the antigens M, gmlliseptious and WRI, At a later
stage o small number of turkay sera were treated with kaolin, bentonite and
trypsing the results were compared with the RDE treatment in an attempt to
assess the nature of these non-specific inhibitors.

In the He I. test the M. gallisoptiocum antigen eonsisted of a 24 hour
broth cultures; tho WRI antigen was prepared by inoculating 200 ml. of broth
with 10 ml. of stock cultures 24 hours later the broth was centrifuged at
3,084 G, for 30 minutes. The deposit was re-suspended in 50% phosphate
buffered glycerol (pE T.2).

Serial 2-fold dilutions of both antigens were made in saline using
0.25 mle volumes; 0.25 ml. of a 1§ suspension of washed fowl red blood cells
were then added. Readings were made after tho plates had been left at room
temperature for 50 minutes. Fifty per cent haemagglutination was reganied
as the end point and at this titre one partial haemagglutinating doee of

Myeoplasma was oontained in 0.25 ml.

Stook Mycoplasma suspensions were prepared by diluting both antigens in
physiologiocal saline so that 4 partial H.A. doses were ocontained in 0,25 ml.,
Serial 2=-fold dilutions in physiologiocal saline of the treated and

untreated pera ranging from 1/5 to 1/320 were madey to 0.25 ml., of each
dilution was added 0.25 ml. of the stook Myocoplasaa suspension. The mixture

was allowed to stand for a few minutes, after which 0.25 ml. of a 1§ suspen-

slon of fowl red blood cells were then aided. The plates were shaken,



left at room temperature and read after 50 minutee.
The oulture media used was = PPLO broth (Difoo) enriched with 1% yeast

autolysate (Albimi), 10% horse serum and O,1# dextrose; the pi was adjusted
to 1.80

RDE was reconstituted in s=line eoniiining O.1% caloium chloride
acoording to the manufsoturers® direotiona, To one volume of serum
was added four volumes of RDE and the mixture was incubated at
37°C for 18 hours. Exoess EDE was inactivated by imoubation at
5S°c for one houre Controls sontained four volumes of saline
containing O.1% calojum chloride instead of RDE.

b) Ksolin The effeat of kaolin was tested by the method of MoFerran
(1962)e To 10 ml. phosphate buffered salinme (pH 7.2) wae slowly

added 2.5 ge acid washed kaolin, stirring rapidly. Egqual volumes
of this suspension and the serum sample were mized and allowed to

stand at room temperature for 30 mimutes and shaken ooccasionally.
The mixture was centrifuged for 30 minutes at 1,400 G. and the
supernatant withirawn and tested for activity. Controls ocontained
one volume of phosphate buffered saline instead of the suspension of
kaolin.

o) Boptomite The effeot of bentonite was tested by the mothod of
Clarko and Cassals (1955)« A 1§ suspension of bentonite in
phosphate buffored saline was made in tho same way as the kaolin



suspension and used similarly for trecatment of the serum,.

d) Trypein A stook molution of 4% trypsin (X 2 crystallised) in
E/:00 HCI was diluted 1 in 2 using phosphate buffered saline
p B.0s¢ To one volume of serum was added 4 volumes of typsin
solution and the mixture was inocubated at room temperature for 15
miputes. Exoess trypein was inactivated by heating at 56°C for
X minutes.

The serum samples after treatment with RDE, kaolin, bentonite, trypein,
and thelr ocontrols were all absorbad with one drop of washed packed fowl red
blood cellss The samples weve thencentrifuged at 300 C. and the supernatant
tosted for activity against M. galliseptioum and WRY antigens using the H.I.
technique. The H.I, titres in the tables are expressed as the initial

dilution of serum present at the end point.

RDE was reconstituted in saline containing C.1% caleium chloride
according to the manufeotuters' direotions. . orial two-fold dilutiomns of
RDE were made with the e diluent, ranging from 1/2 end 1/512.. To 0,5 ml.
of EUF was added U.5 mls of a 1% suspension of washed fowl rod blood cells
and the tubes containing the wnixture wers inocubated for 30 minutes at sr’_'c-.
The tubes were then eentrifuged at 300 G, for 10 minules, the supernatant
fluid was removed from the cells and the oolls were resuspended in 0.5 ﬁ.
of saline. To 0.25 ml. amounts of the resulting cell suspension was a“
(a) 0¢25 ml. of WRT and (b) 0.25 ml. of M. galliseptiocum antigens containing
8 partial hacmagglutinating unitss The test was performed in perspex

plates, which were left at room temperature for 50 minutes and the presenoce
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of absence of agglutination notad.
Results

The serological responses of the turkey poults to N. gallisepticum are
shown in tadle 9« The tires of the HDE treated and untreated serum
samples are given. For the first 8 woaoks after inooulation the treatment
of the serum samplag with RDE had no observable effect on the inhibitoxry
titre. Aftor 8 weeks however the untreated serum samples had a slightly
higher titre than tho treated scerum samples; this period was nssocisted with
a gradual decline in the H.I, titre. Yone of the control birds developed
a titre of M. galliseptioum.

The effect of other chemical and ensyme treatments on the H.I. titre of
specifio antibodies againot E. gallisepticum are given intadle 3. None
of the technigques employed had any observable effeot on the inhibitory titre.

The serologieal responses of the turkey poults to WRI antigen are given
in table 2. Untreated serum samples from all the birds before inooulation
had titres %o WRI§ there vas no titre whon the perum samples were treated
with RDE, The inhibitory aotivity was assayed against 4 partial haemagglut=
inating doses of "RX antigen, which resulted in s high titre of the untreated
serum samples of both the inomlated and control birds, In the HDE treated
samples a titre wag found only in the inooculated birds and these were
relatively low compared with tho response to M. gallisepticum. The titres
fell rapidly and were hardly dotectable 5 woeks after inoculation. The
titree of the untreated serum samples of the inoculated birds were higher

than the confrols, however; when 4 partial haemagglutinating doses of WRI

antigon were used, the end point was diffioult to assess in view of the
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gradual transformation from inhibition to a definite agglutination pattem.
A more definite end point is obtained with 8 partial haemagglutinating doses
of WRI antigen, but the titreos of the RDE treated sarum samples of the
inoculated birds may not have heen detected.

The effect of chemical and enzyms treatmenta on the H.l. titre of the
inhibitory substanoce and specific antibodies againat WRI antigen are showm
in table 4¢ The inhibitory substance was removed from all the sera from
"normel" turkeys with RDE, kaolin, and bentonite. Trypsin treatment reduced
the inhibitory activity of those sera t0 a very low level but did not remove
then completely.

Testing the sera of the inooulated birds againat these chemicals and
ensymes revealed that RDE, bentonite and kaolin removed the non specific
inhibiting substance but had no effect on the specific antibody. With ome

trypsin treated sample the titre was higher than the RDE, kmolin and bentonite
treated samples.

The treatment of fowl red blood cells vwith RDE resulted in the red oell
receptors to Myocoplssma being removed for she RI antigen But not for
M. galliseptioum, RIE treated fowl rod blood oells were agglutinated by
Hs gallisspticum but not by the WRI strain of Mycoplasma. Tho results are
given balow.



RUE dilutions sdded to fowl red blood oells
Antigen dsiinaliid
172 11/4[4/8 [1/16 | 1/32 | 1/64 |1/128 [1/256 |1/512

+—
N.galliseptiomm + |+ “* + * > + + +
+ denotes agglugination - denotes no agglutination
Disoussion

Non speoific inhibitors in fowl serum to influensza A viruses have been
reported on meny cceasions. Sampaio and Isaacs (1953) state that the
inhibitor in fowl serum to influensa A viruses is similar to the Francis
inhibitor (Francis 1947), which 1o heat stable and readily inactivated by the
receptor~destroying ansyme (RDE).

Soluble imhibitors of viral activity obtained from tissues possoss a
variety of chemioal oompositions identified as proteins, muocoproteins,
glycoproteins, mucopolysaccharides and lipoproteins (Ginsberg 1960).

EDE removes mucoproteins (Burnet 1951) which 4inhibit the activity of influ-
enss viruses., Kaolin and bentonite are used in the remowval of non specific
inhiditors to the arbor virusesj; their aotion is based on the sealeotive
adsorption of protein and lipoprotein under standardised oonditions, the

gamma globuline deing left unadsorbed (Clarke and Casals 1955, 1958).
Kmolin has been used suocces®TU11Y in the removal of the non spesifio
inhibitors in human and fo»l sors to Asian influensa viruses (Spence 1960).
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Crystalline trypsin has been found to be highly active in destroying Chu
and Francis inhibitors (Sampaloc and Isaacs 1953),

The results indicate the presence of a heat stabley, non especific
inhibitor in turkey sera to the WR1 antigen. It was removed by the
receptor destroying enzyme, lkaolin and bentonlite, Trypsin did not remove
the inhibitor completely, indicating that the trypsin like enzyme, which
destroys the Chu and Francis inhibitors(Sampaio and Isaacs 1953) and is
present in RDE, is not sufficient in removing completely the inhibitors
to WR1.

The inhibitor appears to be very similar to the Francis inhibitor,
in that both are heat stable, and both are removed by RDE. The Francis
inhibitor is thought to be a mucopolysaccharide, mucoprotein or
glycoprotein, and it has already been shown to exist in fowl serum
(Sampaio and Isaaes 1953).

When fowl red blood cells are treated with RDE, virus receptors
are removed and the cells are no longer agglutinated by any of the
Myxoviruses, Kasel,Rowe and Nemes(1960) have also shown that the
agglutinability of human O cells by adenoviruses is abolished by
treatment of the cells with RDE., It was surprising to find that th® RDE
renoved the cell: receptors to the WR1 strain of lMycoplasma. The RDE
treated cells were still agglutinated by M. gallisepticum and this

emphasized the difference between the two strains of lMycoplasma.
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Poult titre |, Post imoculation period in weeks
Ho. " é —
= | inooulation 3 6 8 9 1 14 16
H.C.1 m R~ R +41/40 R +41/40 | R ++1/20 -t«% Re1/5 (Res1/5 | R 4155
+1
. V- U +41/40| U +#4/40) U +41/20 | U +41/20 | U +41/10 | U ++1/10| U 421/5 *
10.2/\08 |R- R ++1/00| R +41/80| B ++1/20| R ¢41/40| B = B~ R -
mm U ee1/80| C +41/80) U 4+1/20| U a1/20 | U s41/5 | U a41/5 | U =
.G.3| R - R +41/80| R ++1/80| B +41/20{ R ++1/10| R 441/20| R +41/20| R 441
= +1/10
L U~ U ++1/80| U ++1/80] U ++1/40| U ++1/20| U +41/40| U +41/40| U ++1/10
c. 1 R~ R~ R - R~ R~ R~ R- R~
U- U- U- U~ U~ U- U~ U=
c. 2 |\1® [ R~ R - R~ R - R - R~ R~ R~ 4
€ |ly=- U- | U- U~ U- V- U~
C. 3|8 R = R = R R- R - R = B~ R~
U= U- L U - U- U - U- Ve L U -
S o

++ denotes ocomplete inhibition
+ denotes partial inhibition
R = treated serum samples
U = untreated serum samples

illl
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Holo titre of &

» 9 Sy " )
l‘fl ‘ ‘- :

S n.z;tum
Bos incoculation 2 3 4 5
[ Wi
Wt R - R++1/90 | R ++1/90 | R 31/5 R #1/5
U ++1/20 U ++1/160| U ++1/320| U +41/320 | U 441/300»
W.2 R - R ++1/20 | R ++1/20 | R #49, R ++1
+1/10 +1/10
U ++1/20 U ++1/320| U +41/320| U +41/320 | U ++1/320%
Wel R - R ++1/20 | R ++1/10 | R n;. R 01//'5
U ++1/10 U ++1/320| B 4+1/320 | U +41/320 | U +41/320#
Ce 4 R = R - R~ R R =
U ++1/20 Ues1/80 | U 4+1/80 | U 4+1/30 | U 4+1/90
Ce 5 R~ R R R - R
U ++1/20 U++1/80 | U +41/80 | U 4+41/80 | U ++1/80
C.6 R e R - R~ Re R
U ++1/20 U +1/40 | U ++1/80 U ++1/80 | U ++1/80

++ denotes oomplete inhibition
+ denotes partial inhibition
R = treated serum samples
U = untreated serum samples
* H.I, titre possibly higher




He I. titre
Serun
antaem Positive sesrum Negative serun
' e

1 2 1 2 3 4
Fo treatment 1/40 1/20 |l &) = .
R.D.E. ‘ / w '/ & ' - - - -
Kaolin 1/40 V/20 &'l 4 % o
Bentonite 1/40 1/20 o | =] = -
Trypein 1/40 1/20 of @]lw e




No treatment

R.D. B,

Kaolin

Bentonite

He Is titre

Nogative serum

b

o




Summery The inaotivation of five strains of Myocoplasma with beta-
propiolactone is desoribed. Inactivation of all straina ooourred at a
concentration of O.1%.

Intro i

Beta=~propiolactone (BPL) has been used successfully in the preparation
of killed Nevoastle disecase vacoines produced from infooted embryonated
chicken eggns The concentration of BFL used by the different workers has
varied, Vinmill and Weddell (1961) and Simmins and Baldwin (1963) used 0.25%s
Hadg ot al (1962) used 0.033%; Sullivan et al (1958) and Gill et al (1959)
used a concentration of Ce1%e The ooncentration of BPh 4n the commeroial
vaccines used in this ocountry 31s 0,1%.

LoGrippo et al (1955) studied the ooncentration of BPL required to
inaotivate viruses, fungi, bacteria and 'dcsimted spores. The concentration
required to inactivate 8 viruses in undiluted allantoic fluid was 0,05%,
that required to kill 5 pathogenic fungi in buffered phosphate solution
ranged from 0.25% to 0.5%. that required to kill vegetative bacteria ranged
from 0.1% to 0.2%, and to kill desiccated spores from 0.55 to Oe75%s

LoCrippo and Hartman (1954) found that virus inactivation using BPL
ocourred within a pH range of 5.0 to 9.0.

Chronic respiratory disease (CED) is one of the important discases im
poultry and this is eSpeocially true in the broiler industry. It has beem

generally accepted that HMycoplaoma galliseptioum is the cause of chronic




A,
respiratory disease. Egg transmission has been demonstrated by a number of

workers to be a common source of dissemination of the disease from one
generation to the next (Cover and Waller 19543 Fahey and Crawley 1954y ;
Van Roekel et al 1958; Mabricant et al 1959; Olesiuk and Van Roeckel 1960g;
Olson et al 1962).

This report deals with the inactivation of four Mycoplasma species with
BPL. These included two strains of Mycoplasma salliseptioum, 56 (Zander
1961) and X955 Myooplasma gallinarum (Edward and Kanarek 1960); Myooplasma
iners (Edward and Kanarek (1960) and the ¥RI strain of Mreoplasma (See
Section 2)e Dr. D.G. ff. Bdward kindly supplied X95 strain whioch was
originally isolsted by Hariham,
laterialg and Methods

The culture medis used wero FPIO agar or broth (Difco), enriched with
1% yoast autolysate (Albimi), 10% horse serum and 0.1% dextroses the pH was
adjusted to T.8.

BPL in ite concentrated form was kept at =40°C until veady for use.
BFL solutions of 10f and 1% were made with distilled water at 4-5°C, the drug
and diluent being kept at $his temperature. This was done as quickly as
possible as BPL hydrolyses rapidly in water.

BPL was added to 24 hour broth cultures of the Myocoplasma strains to
obtain final concentrations of 0.01, 0,05, 0.1, 0:15 and 0.2% solutions,
The number of organisms in these experiments exoeceded 200 million per ml. as
egtimated by the method of Miles and Misra (1938). The broths were then

ingubated at 37°0 and the rate of Myooplasma inaotivation assayed in broth
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at 15, 30, 45, 120 and 180 mimutes. Ateoch interval 0.5 ml. of broth was
suboul tured into 3 x 10 ml. brothy the broths were inoubated at 3700 and
examined daily for 7 days. MNyooplasma inactivation was indicated by the
lack of growth in the broth, Growth of Myooplasmm was established by
suboul turing the broths onto PFI0 agar and examining for typical cclonies.
With the haemagglutinating atrains, growth wap also indicated by the
haemagglutinating aotivity of the droth.

Results

The varying oconcentrations of BPL and times required to inaotivate

the five strains of Myooplasma are reocorded in tables 1 to 5.

The two strains of M. galliserntioum and M. gallinarmm were inactivated

by 0.1% concentration of BFLj the WRI strainrand M. iners were inactivzted
with 0.05%.

Table 1 M. galliseptioum (X95) Table 2 M. galliseptioum (S6)
~ BPL | Time in minutes BPL “Time in minutes
Concentra= Conocentine|——

tion 15! 2| 45| 120 | 180 tion 15 30 45|12 180|

0.2 | 3/3{0o/3|0/3]0/3|0/3 0.2% | 3/3{0/3| 0/3]| 0/3]{ 0/3
0.15% | 3/3/0/3|0/3] 0/3| @/3 0.158 | 3/3| 2/3| 0/3| 0/3| 0/3
0.1% 3/310/3| 0/3]| ¢/3| o/3 0.1% 3/3| /3l 2/3| 0/3] 0/3
0.05% | 3/3| 3/3| 3/3| 3/3| 3/3 0.05% | 3/3| 3/3| 3/3 3/3] 3/3
0.01% | 3/3| 3/3| 3/3| 3/3]| 3/3 0018 | 33 3/3 3/3j 3/3| ¥/3

scsckc




BPL Time in minutes BPL Time in uinutes
Conoentra-— Conocentra=
tion 15| ¥| 45| 120 | 180 tion 15| 0| 45 |120] 180

0.2¢ | 3/3|0/3}0/3|0/3]|0/3 0.2% | 3/3| 0/3|0/310/3|0/3
0.158 | 3/3|0/3|(0/3|0/3|0/3 0.15% | 3/3|0/3{0/3]|0/3|0/3
0.9% | 3/3|2/3{0/3]0/3|0/3 0.1% | 3/3|0/3f{ 0/3|0/3| 0/3
0.05% | 3/3] 3/3| 3/3}0/3|0/3 0,05 | 3/3|3/313/3[3/3| ¥3
0.01% | 3/31 3/3] 3/3] 3/3]| 3/3 0,01% | 3/313/3] 3/3}3/3] 3/3

BPL Time in minutes
Concentra~
tion 15| 30| 45] 120 | 180

0s26 | 3/3{0/3]0/3]|0/3|0/3
0.15% | 3/3{0/3|0/3|0/3)0/3
0.1% 3/3lo/3} 0/3|0/3]| 0/3
0,056 | 3/3|2/3| 2/3|0/3{0/3
0.01% | 3/3]3/3] 3/3| ¥/3| 3/3

The failure to inaotivate the Myocoplosma as indiocated by the presence
of growth is expressed gs the numerator in the above tables.
The denominator gives the number of broths inoculated.




O

- (g

Discussion

Inactivation of lMycoplasma gallisepticum occurred in

serum broth cultures containing BPL at a concentration of 0.1%¢
inactivation did not occur at 0,05 and 0.01%. These results
indicate that it would be unwise to use BPL at concentrations
less than 0.1% in the preparation of Newcastle disease vaccines,
unless the embryonated eggs were obtained from a M. gallisepticum
free flocke. It must be noted, however, that in these inactivation
experiments serum broth cultures were used, and not iMycoplasma=~

infected embryonated eggs.




Three groups of birds were experimentally infected with Mycoplasms
gallisepiioun via the sinus, trachea and abdominal air sacs. Up to 9
weeks after inooulation, tho organiom was re=isolated from the sinus, trachea
and abdominal air sacs, reogardless of the original route of inoculation. The

antibody response as determined by the haemagglutination-inhibition test, is
desoribed, Immunity to M. galliseptioum is disocussed.

Introduotion

In fowls, MclMartin and Adler (1961) preduced results to show that the
intranasal instillation of Mycoplasma gallliseptioum produces resistance
against homologous challenge in the abdominal air sacs. These authors
oalled this resistance immunity, and they produced results to show the
inability of M. galliseptioun to progress from the nasal cavity to the
abdominal air sacs after instillation in the nasal cavity.

When Olson et al (1962) infeoted birds intranasally with M.galliseptioum,
they were able to recover the organism from the trachea readily up to 6 weeks
post=inoculation, but after this a rapid decline ocourred in the perocentage
of recoveries.

‘ The experiments reported here provide additional information on the
experimental infection of fowls with M. galliseptioum and the recovery of the
organism from various sites at varying post inooculation periodsy the anti




o
3 [ S

rasponse as determined by the haemagcglutination-inhidition test, and the
clinioal signs and lesions produced.
Nateriale and Methods

Four woek old Rhode Island Red chicks were obtained from a respiratory
diseace froe flock, Groups of 20 birds were inococulated with 0,25 ml. of &
24 hour broth culture of Mycoplasma galliseptioum via 1) intranasal sinus,
2) tracheoa, and 3) posterior abdominal air sace Each group was kept in
complete isolation.

Onoce a week for the first 9 weeks following inoculation and then at
varying periods, the birds were axamined and bled. Each dDlood sample was
tested for haemagglutinatiom=inhibition antibodies $o0 Mycoplasma galliseptiocum
using 4 partial haemagglutinating units by the method desoribed in Section (2).
Eaoh woek also during the first 6 weeks, 2 birds were killed from each group,
and at each later blood sampling, one bird was killed.

Attenpts were made to re~isclate M. gallisepticum from the killed birds.
Culturss were ‘mdo into broth from,

1) abdominal air sacs,

2) infrsorbital sinuses,

3) traches

To ensure that the strain of liycoplasma was the same as that inoculated,
broth cultures were tested for their haemagglutinating aotivity and, if they
were positive, the culture were tested serologically by means of the Hil, test
using speoific M. galligeptioun immmne serume If the broth cultwres were so
badly oontaminated that the ocontamination ocould not be checksd by the use of




penicillin and thallium acetate, the bhroth sultures were plated on to agar,
and if eny Mycoplasma oolonies were present they were picked from the agar
plates and prepagated in broth.

The culture media used weres PPIO sgar or broth (Difeo), enriched with
1% yeast autolysate (Albimi), 10% horse serum and O.1% Gextrose with the pl
adjusted to 7.8, For re-isolation of M. gallisepticoum from the killed birds,
penicillin (1000 Units per ml;) and thallium acetate (1:15000) was added to the
madia.
Results

The recovery of M. galliseptioum from the body tiscues at varying
periods after inoculation are summariszed in table 1.
Group (1). Intra-sinus imooulation. It was poesidle to rescover the organiem
up to 7 weeks after inooculations During this 7 week period 12 birds were
killed and the orgenism was isolated from (a) simuse 9 times, (b) tracheas
9 times, (o) abdominal air saest 5 times.
Gpoup (2). Intrs-trachesl inognulation. The organism was recovered from
the tissuss up to 8 weeke after inooulation. Out of 12 birds killed, the
organism was isolated from (a) sinuss 10 times, (b) tracheat 10 times,
(o) abdominal air sacss twice.
Group (3)s Pogtorior abdominal air ssme inogulation. It was possidle to
recover the organism from the tissuos upho 8 weeks after inoculation. Out
of 12 birde killed, the organism was isolated from (a) sinust 5 times,
(b) tracheas 8 times, (¢) abdominal air smcs: 6 times.
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The serologicsl response to M. galliseptioum by the various routes of
{nooulation is given in table 2, Blood samples taken one week after
inooculation showed that the number of positive reactors was greater after
intra-tracheal inoculation with 70% of the birds reaotings with intra-sinus
inooculation only 30#% of the birds reacted, and with posterior abdominal air
gao inocoulation only 20f reacted. All birds geve an H.I. response 34 woeks
after inooulations The highest titre (1/100) was obtained 4 weeks after inoou=
lation. This titre was obtained in 57% of thome imoculated via the trachea,
in 21% of those inocculated via the abdominal air saos and in T% of those
inoculated via the infraorbital sinus. After { weeks, the titres in the three
groups gradually declined. After 13 weeks when there were 4 birds left in
eaoh group, the titrea varied from 1/5 to 1/40. The detalls are given belows

. H. Y. titres

Birds imooulated

via

1 2 3 4
(1) Sinus 1/40 1/10 1/5 | 1/20
*-n: op————

(2) Traches 1/10 1/20 1/20| 1/10
(3) Addominal 1/20 1/20 1/5 | 1/40

air sacs

The cliniocal signs and gross pathologioal lessions seen wers similar to
those asaribed to chronic respiratory diseass in fowls (See Section 1.).
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Mycoplasma galliseptioum waa rcoovered from the sinuses, trachea and
abdominal air ssos of bdbirds {n the three groups and the route of inoculation
did not appear to have much bearing on the fregquenogy or site of recovery.

A similar number of isolations of M. gallisopticoun wgs obtained fxom the
abdominal air sacs of birds inooculated intra~sinocusly ané of those inoculated
via the posuterior abdominal air sacms These vesults do not agree witia those
of Molisrtin and Adler (1961), who imooculated 8 susceptible birds intranasally
with 108 organisms and found that in only one bird did air sac lesions coocur
and that the organism was subsequently recovered from only the air sacs of that

birds One explanation of this disorepancy oould be the oonditions under

whioh the experiments took place. The precsence of other diseases ocould have
facilitated the sproad of M. galligeptioum from the sinuses to the abdominal
air saos but examination of pocled serum samples taken from the 3 groups,

414 not reveal the prosence of antibodies to Hewcastle dismease or infectious
bronchitis. The explanation oould be in differences in the technique and
media use’ in the re~isolatiom of M. galliseptioum, but the media used in
these investigations waes eesontially the pams as that used by MolMartin and

Adler (1961). The only difference in the current experiments was in the
use of fresh inactivatod horse serum, instcad of commercial horse serum ae
botter growth was thereby obtained. A third axplanation could be in the
number of organisms inoculatede Vhen a lerge imoculum is injected into the
sinus, Mycoplasma will cersainly be inhaled into the trachea and abdominal
air saos, wheroas with a small inooulum the organieom might be retained in the
sinuses. An estimate of the mnumber of organisms inoculated was not made ia
these investigations.
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Bight weasks after inoculation M. gallisepticum was not recovered from the
body tissues from any dirds in the 3 groups. The antibody titre to
M. galliseptioum persisted for 26 weeks., It was not possible in view of
the numbers involved to investigate fully the recovery of the organism from
each site (see Section 1). It should however be noted that Olesiuk and
Van Roekel (19607 )showed that birds which had contrasted the disease 12 months
previously, and were serologiocally positive to M. galliseptioum were ocapable
of eliminating the organism through the egg and trancmitiing the infeotion %o
negative birds through oohabitation,

The decline in recovery appeared to be assooiated with a docline in
rosptratory’ligu. The failurs of recovery might be associated with a change
in habitat of the Mycoplasma, from extracellular to intracellular, It might
als0o, be the result of a change in the organiom itself; tho organism having
to re-adapt itself to the PFI0 media, in a sisilar manner to field strains of
the erganin{.

It has boen demonstrated (Klianeberger-Nobel 1962) that Mycoplasma remain
latent in tho $issues of certain animals and when ocircumstances arise which
lower the host's resistance they multiply and decome sotively pathogenic with
the produotion of disease. lLatency is kmown $o ocour in virus infections,
for example herpes simplex. Here the virus is oontinually present in the
ticsue and so is circulating antibody to. the virus. The disease manifasts
itself only under the stimulus of irritation, loss of sleep, infection with
tho virus of the common cold etec. The evidence suggests that M.galliseptioun
oocouwrs in the form of a latent infection, as the organism persists in the
tissues for a consideradble period of time and possibly throughout the 1life of
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the fowl; the persistence of serum antidody adds further support to this
theory. An eqnln.i;rim is et up between ciroulating antibody and the
presence of M. gallisoptioum in the tissues. This equilibrium is upset by
the oocurrence of other diseases such as Newcastle disease, infectious
bronochitis and bactarial infoctions such as E. ocoli.

It is important to establich whether or not M. galliseptioum occurs in
fowls as & latent infeotion, if it does the efficacy of vacoination would de
in doubst. Fabricant and Levine {1963) have used live oultures of
M. gallissptioum in the vacoination of young chiockens in an effort to control
egg transmission of the organisms 'When the birds inoculated during their
growing period remch maturity, they are less likely $o0 transmit the organimm
via the egg, in this way producing a Nyocoplasma gallisepticum free flock from
an infected pavent flock. Fabricant snd Levine (1963) showed that
M. galliseptioum was not shed in the eggs after challenge with a virulent
oulture. These results might further the view that M. galliseptiounm existe
as a latent infection and that challenge did not upset the equilibrivm
betwean the latent organism and the oiroulating antibodies.

Various authors (Domermmth 19623 MolMartin and Adler 1961y Adler,
Moliartin and Shifrine 1960) claim that Myooplasma galliseptioum infeation,
both natural and experimental, produces demonstrable immmnity both in chickens
and turkeys againast homologous challenge via the air sacs. If the organisa,

however, is already latent, homologous challenge would not have any effeot
unless the equilibrimm botwoen the organism and eirculating antibodiecs was

upset.



Olesiuke and Van Roekel (1960D) studied oontact transmiseion betwean
naturally infected and susceptidie stock measuring the transwission by the
sgglutinin response in the susoeptidle flock. It took 3 months before all
the bdbirds gave a positive rcaction. The suthors sugzeat that the delayed
appearance of agglutinin ooculd mean thet the widespread transmission in a
flook may be related to the development of active cases of disease among the
birds. This lends support to the theory that the dissase oan become latent,
and when the equilibrium between ciroulating antibody and organism is upeet,
for example some stress factor, the organism is liberated into the respiratory
traot and transmission by airborne infected dust or dropleta takes phoo.

In a floock where thore are no clinical signs of CRD but pesitive serologioal
reactors to M. galliseptiomn, the organiem is possibly latent in the majority
of birds with the disease active in individual birds. This could account for
the slow rate of spread.

The question of latenoy ooourring with lMyecoplasma galliseptioum has not
been adeuuatoly investigated and further work is necessary to elucidate this
point.
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Table 2o Serological Response to My, gallisepticum,

(a) Intra-sinus inoculation.
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Supmary

Thirty one strains of Mycoplasms of asvian origin were classified
serologically into 8§ groups hy the tube agglutination test. Theseo antigenic
groups were confirmed with the haemagzlutination-inhibition test. The
hasmagglutinating aoctivity of the Mycoplasma strains were investigated
using erythrogytes of various mammals and birds. All avian Nyooplasma
atrains were found to agglutinate mouse red blood cells. Their ability
to ferment carbohydrates and other cultural characteristics were also

investigated and their rosults correlate with the serclogical classification.

Introduction
Recent studies have shown that various antigenic and pathogenio

types of Mycoplasma are present in poultry tissues. Adler and Yamsmoto( 1957
isclated two distinet straine of Nycoplasma from a turkey with infectious
sinusitis: a pathogenio strain which produced sinusitis in turkeys and
respiratory lesions in chickens, and a non pathogenio straih.

Yamamoto and Adler(1958) oharacterized $ distinct serotypes
designated 56, 3A, C, O, Ne Kleckner(1960) confirmed these five and
characterised three additional serotypes and simply designated the eight

serotypes as A, B, C, D), E, P, G and H, His new types were B, D, and E,
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Chalguest and Fabriocant(1960) isolated a Mycoplasma associated with infecti=
ous synovitis in ohickens and turkeys. Yoder and Hofstad(1962) isclated
another serotype from air sac lesicns in turkeys ocharacterized and
identified as Iowa 695.

This makes a total of ten serotypes of Avian Myocoplasma
desoridbed Yy these workers, and those reported pathogenic for birds are
the 96 serotype of Yamamoto and Adler(1958), the Iowa 695 strain of
Yoder and Hofstad(1962) and the agent of infectious synovitis of Chalguest |
and Fadbricant(1960). Generic names were assigned to three of these
groups(Edward and Kanarek 1960)1 the name M. galliseptioum was given to
the 36 serotype of Yamamoto and Adler(1958) and represented Yy Kleckner
(1960) group A3 the name M. gallinarum was given to the merotype
represented in Kleokner{1960) group By the name M, iners was given

to the O serctype of Yamamoto and Adler(19%58) which belonged to group ¢
of Kleckner(1960). The work mentioned above has been done by American

workers with strains isoclated in the U.S.A.

This report descrides the classification of avian Nyocplama
isolated in Great Britain. The strains were isclated from chickens and )
turkeys at the Central Vetorinary Laboratory, Weybridge during investigati
into respiratory diseases. Included in the investigations were
K. galliseptioum, M. gallinarum, Y. iners, M. anstis(mee Section }),

WR1 strain of ¥ycoplasma(see Seotion 2)s He galliseptioum(S6 strsin)
was obtained from Dr.D.A,McMartin, Veterinary Laboratory,Lasswadej




M. gallinarum and M. iners were obtained from Dr. De G. £f. Edward,
Wolloome Hesearch Laboratories, Beokenham.

The strains were grouped on the dbasis of the tube agzlutination
tast. The Mycoplasma wers tested for theiyr ability to ferment carbohydrates
and their ability to agglutinate red blood coells of various manmals
and birds,

& 8_ané
The culture media used were FFLO agar or broth(Difco),

enriched with 1% yeast autolysate(Albimi), 10£ horse serum and 0,1%
dextrose with the pH adjusted to T.8. Fermentation romctions in the
droth were determined bty replacing the dextrose by 1§ of other carbohydrates,
adding phenolfed as indicator and adjusting the pE to T.4. The isolates
were tested for their ability to utilice the following carbohydrates:
lactose, maltose, sucrose, glucose, galactose, trehalose, mannose,
dextrin and starchs The tubes were incculzted with three drops of s 24
hour broth cuiture ¢f the Mycoplasaa strains and the tubes incubated
at 37'C and examined [uuy fer 10 days.

All Mycoplassa strains examined were submitted to a purification
process 0 minimise the possibility of studying mixed ocultures. The
strains were cultured onto FFLO agar and passaged many times to ensure
uniformity of such characteristics as colony type and growth rate. Finally
single colonies wore picked from the agar plates and propagated in droth.
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Specific immune serum was prepared in rabbits against the
Mycoplasma strains, Two hunired ml. of PFLO bhroth was inoculated with
10 ml. of stock culture and incubated at 37'C for 72 hours. The oculture
was then centrifuged at 3,500 r.p.m. for 30 minutes§ the supernate was
decanted, and the broth sediment was resuspended in physiological saline,
The oells were washed four times and finally resuspended in 12 ml.
physiological saline and stored at -10'C 4in 2 ml. amounts. Kabbits
were given € intravenous injections of 0.5-1.0 ml. of the antigen
over a period of 2% days and were bled out 7 days after the last
injeotion.
Serum titres and oross agglutination titres were determined
by tube agglutination with the Mycoplasma strains using as antigent
a) & 24 hour broth culturej all antigens were standardized for turbidity
with a nephelometer using PFLO broth as diluent.
b) A washed suspensian of Myooplasma cells, resuspended in physiological
saline and standardised to 'Wellcome' opacity tube No. 4.
The rabbit sera were diluted with physiological saline by twofold
dilutions starting 1/4; 0.3 ml. of antigen was added to 0.3 ml, amounts
of serum dilutions. The tubes were shaken and incubated in a water bath
at 56'C for 18=24 hours. Controls were run with each test,
The mammalian and avian red blood cells used in the hacmagglutine
ation studies were prepared by adding freshly drawn blood to a 4
solution of potassium oxalate, which was shaken gently to prevent

coagulation, The cells were centrifuged and washed three times in



physioclogical saline and finally packed by centrifugation at 1,750 r.p.m..
A 1% concentration of red blood cells was then prepared from the
packed cells for the respoctive tests. The Mycoplasma strains were
tosted for their ability to agglutinate red hlood cells of the following
speciest fowl, pheasant, turkey, gull, pigeon, dusk, rabdit,
mouse, sheep, guinea-pig, horee and human,

The antigens used in the haemagglutination studies
were prepared by growing the strains im PPLO broth. "wenty four or
forty eight hours later depending on the rate of growth, the broth
cultures were centrifuged at 3,500 r.p.m. for 30 minutes and the
cells resuspended in 50% phosphate buffered glycerol( pE 7.2).
Haemagglutination of the red dlood cell: suspension was studied by
the titration of the Mycoplasma suspension using 0.25 ml. amounts
with equal volumes of a 1% suspension of washed red blood cells.
Readings were made after the plates had been left at room temperature
for at lecast 60 minutes. Suspensions of the mammalian red bdlood cells

often took much longer t0 settle.
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Results

Serclogical Studies: Tabdle 1 gives the results of the homologous
and cross agglutination titres. The strains may be separated into 8
distinot antigenic types. In the agglutination tests it was found that
antigen (a), the 24 hour droth culture, was much mofye stable and
reliable than antigen (b), the washed suspension of Mycoplasma cells}
frequently spontancous agglutination oocurred with antigen (b). The
isolates other than M. galliseptioum produced the 'large flake' type
of agglutination with antigen (a), with large casily vigidble clumps,
whereas with M. gallisepticum isclates the agglutination was of the
‘apall flake' or finely granular type. These tests were often difficult
to read., With the M. gallisepticum strains the resulte in table 1

are those using antigen (b) as the floccules obtained were more easily
visible to the naked eye, whilet with all the other strains the
results are those obtained with antigen (a).

A large mumber of strains isolated fell into group 8,
represented by N. gallinarum which was included in group B of
Kleckner{ 1960). Antiserum was prepared against M. gallinarum and 4
other strains placed in group 8. Thirteen strains were placed in group
83 all thirteen reacted with K. gallinarum antiserum, dut not all the
strains reacted with the 4 other antisera as shown in table t. On
this bdasis group 8 can be suddivided, but the exact relationship between
the subgroups has not been ascertained.



No Myooplasma isoclated were found to react with Iowa 695 and
M. iners. Isolate 186 was found to be antigenically distinct from the
other isolates and was placed in group 6. Group 7 contained 4 isoclates
which appeared identical. Group 3 included the WR1 strain(see Section 2)
and three other isclates which were found to be antigenioally similar,.
Broth cultures of WRY agglutinated 1% suspension of washed fowl red bdlood

cells but broth cultures of the other three did not.

Carbohydrate Femmentationt The activity of the isolates in the
fermentation of carbohydrates is summarised in table 2. The Mycoplasma
could be conveniently subdivided into formenters and non fermenters. The

fermentation reactions of the isolates in each group were similar. BHone

of the isolates in groups 5, 6 and 8 fermanted any of the sugars,
whereas the isolates in groupe 1, 2, 3, 4 and 7 were fermenters,

In the fermenter groups, all strains were positive to maltose,
glucose, dextrin and starch. In groups 1 and 2 only was mannose fermented,
and in groups 3 and 7 only was sucrose fermented. Lactose, galactose

and trehalose was not fermented in any of the groups.

The rate of growth and colony sigze obtained on PFLO agar are
summarised in table 4. Two major types ococurredt groups 1 and 2 produced

small colonies with slow rate of growth, requiring 48-72 hours incubationj
in groups 3}-8 the rate of growth was rapid, often requiring only 24 hours

inocubation, and larger colonies were produced.




The results of the haemsgglutination tesgis are shown in table 3.
One strain from each group wgs tested exoept im group 3 where 2 isclates,
WR! and W120, were tested. All the otrains examined agglutinated mouse
red blood colls. The strains 56, WR! and Iow 695 agglutinated red
blood cells of all species exanined exocept those of the horsc and sven
with these cells S6 oaused partial agglutination. M. anatis agzlutinated
the red blood cells of horse, human and all the avian species except fowl.
M. iners and isoclate 186 agzlutinated fowl, other avian and mammalian
red blood ocells, FPheasant red blood cells wore the omnly avian cells agglut-
inated by M, gallimarum, but it did agglutinate human and guines-pig
red bdlood cells, Isolate W120 was unique in that mouse red blood cells
were tho only cells asgglutinated. Isolate 658 agglutinated gull red
blood cells and other mammalian cells,

It was possibdble t0 type the Nycoplasma atrains into 5 groups
using the H.I. technique as descrided in Section 2, using fowl red blood
cells anf speocific rabbit immune serum absorbed with fowl red dlood
cells, These groups were represented by the strains 396(group 1),

Iowa 695( group 2), WR1(group 3), M.iners(gzroup 5), and isolate 186
(group 6)s It was possidle to type K. gallinarum(group 8) and N.anatis
(zroup 4) with the H,I, test using respectively pheasant and duck red
blood cells, In the H.1. tests specific immune serum %0 group 7 did not
inhibdit any of the above strains., The serclogical groupings oh¥ained
with the tube agglutination test were confirmed using the H.I., test.




- 101 -

Discussion
The thirty ome Mycoplasma strains examined fall into 8 serological

groups. The strains isolatad at the Ceniral Veterinary Laboratory fell
into 6 groups; strains were not isolated which could be inoluded in the
two groups contalning Iowa 695 and M. iners, These serclogical groupings
were confirmed with the haemsgglutination-inhibition test, Yamamoto and
Adlex{1958) indicated the presence of 5 distinet antigenic types.
Kleckner{ 1960) confirmed these five and characterised three additional
typos. His results showed that cross &Zg8lutination coourred to some
degreo with most of the isolates and no group wae antigenically distinot
from any other, with many of the 4isolates possessing common antigenie
ocomponents. When Kelton and Van Roekel(1963) re-examined the 8 serotypes
of Kleckner(1960) using the tube agglutination test, they found that the
serotypes E and G were related and placed them in the same serological
group. Their resulte showed no or very little crecss agglutination .
between the groupe.

K. gallisepticum strains have boen called 'avian pathogenic \\
Myooplasma' whilat all the other strains are csalled non pathogeniec. .
The M. gallisepticum strains isclated(MGi~5) were all similar antigenically
to the S6 strain in their rate of growth, cultural characteristios and
biochemical reactions. The characteristice of M. gallisepticum were
distinct and different from all other Mycoplasma strains isolated at the
Central Velerinary Laboratory.
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Kleckner(1960) reported that haemagglutinating aotivity would appear
to be significant characteristic of the pathogenic avian Mycoplasma, One
might assume that all strains which agglutinate the red blood celle of the
various species are in fact pathogenic for those species. It was shown in
Seotion 3, however, that M. anatis stimulates an antibody response in ducks
only in the presence of some stress factor such as duck influensa virus.
It scems likely that despite their haemagglutinating ability, Mycorlasaa
other than M. galliseptiocum are pathogenie only under adverse conditions.
In group 3, while WR1 agglutinates fowl and other avian red blood ocells,
the other three isolates do not, yet the four strains appear antigeniocally
similar. It can be assumed that the WR?! strain is probably more pathogenic
for these species than the other three isolates, The change from non-
haemagzlutinating to haemagglutinating activity might be associated with
the change from a saprophytic to a parasitic mode of life,

To some extent the growth medium and the method of handling
the culture govern the results of haemagglutination. The haemagglutinatisz
activity is very sensitive to pH, so that the concentration of dextrose
is important. When the fermentation of dextrose occurs, the drop in pH
is related to the concentration of dextrose. If the concentration of
dextrose is 0.1% or less, the pH of the medium seldom drops below 7.2 and %
this does not affect the haemagglutinating activity. The culture must
be harvested at the right time, with a well adapted strain 24 hours




inocubation of the broth is sufficiont.

The carbohydrate fermentation reactions correlated with the
serological groupings. The strains were either fermenters or non
fermenters. Of the fermenters, the reactions of the isoclates in each group
were very similar. The M. gallipspidcum strains, Iowa 695 and M. anatis
did not ferment sucrose over a 10 day period while the rest of the
fermenters did. Yamamoto and Adler{1958) showed that the 56 strain fermented
sucrose at a remarkably elower rate than the non pathogenic strains
and they suggested that the strains can be distinguished by thise. The
86 strain did not ferment mannose but the British strains(MGi-5) did.

The only other strain to ferment mannose was Iowa 695. These results
indicate that the inability or slow fermentation of sucrose and the
fermentaion of mannose might distinguish M. galliseptioum from the

other avian fermenters,




Table 1.  Serclogical Classification of Avian Kycorlaams
86  MG1 MG2 MG3 MG4 MG5 |Iowa|WR1 W120|N, M, 186]658 1743 1744 Wicg X,  XP1 WST 271 K2
695 anatis|iners saMa
1o Yogallisepticum(35) 1024 1024 1024 512 512 512 | = | = -] - - 1=1- = - =] = = = - :=
¥G1 512 1024 -512 1024 1024 1024 - | - -1- - 1=]- - - =t = = - - =
MG2 512 1024 1024 512 1024 512 | - { - - - - |l=1=- = - =} - - - - -
NG3 1024 512 512 512 1024 1024| - | - = - -1 - = 2 = - s = =
NG4 1024 1024 512 512 1024 1024] - | - - |- - |=-1- = e - e
M35 512 512 1024 512 1024 1024} = | - -1- - |-t1- - - =]l - - - - -
2. Iowa 695 i - & =, - - {1024] - g & = s = e e - =
3. WRI v e [ (1 o] [ = [wlm = ] - ==
W120 X - - - =1 -1102a 512| - - |-1- - - =] - - - -
W124 - - - - - = - 11024 512| - = =l = & = = - & ; & =
w128 - - - = - =1 - 11024 512] - w | = ]s e e - e - -
—_— = —— _——— — - ——— _— o mm——
4 Mo anatis - - - - - = = = - | 2048 = . (= = = - = = . - =
S¢ Me iners - = e = e «| =| « = - j1024 |=j- - - o] « @ = - -
6o 186 - - - - - - - - - - - [128] - - - - - - - -
7o £58 - - = - - =l «| -« = - - | = 19024 1024 2048 512 = = = &
1742 - e m ' m ko] e e - - | - [1024 1024 2048 512¢ - - - . -
1742 B e W e o ml wl s = i - |~ 11024 1024 2048 512 =~ - - - -
106 = e o e nm | e am  om | s | om [ 4004 B2 O0HB S4B = = ow  ow o
2, Megallinarum - - - - - - - - - - - - - - - =] 2042 44 256 256 2048
XP1 - = = - - = - o = = = - - - - 32.255 - 1024 2048
645 - - - - - - . - - - - - - - - - 2048 - 128 128 2
a1 - - = = G - = = ey = - ™ - - - - 128 32 512 256 128
w115 - - - - - =] =1 =~ - - - |-}~ - - = 256 22 64 128 128
453 - - - - - -y =1] - = - - |l-1 - - - - 128 32 512 128 32
W95 S . - ==~ - ~ - -1 - - - - 512 16 128 64 128
1016 s a om = = =y o= - - |=-1=- - - - 512 - 265 128 256
K2 - - - = - -1 -1 - - - - -] - - - -] 1024 -128 128 128
81§ W o s as - -1 -1~ - - - |-1~- - = =] 1024 =025 128 128
a2 IR T - =] wlie = w -~ -t - - - - 64 64 512 128 128
649 - a m om = = =} e - - |-t - - - - | 048 - 15 €4 €4
2171 - - = - - =1 -] - = - - -1 - - - = 64 =  -1024 256
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LAQS A

Table 4.

Group Culture Characteristics Carbohydrate | Haemagglutinating
F Rate of Growth Colony Bise feraentation ‘;:;::g;ﬂ’::l

1 Slow Small + +

e 8low Small + +

3 Rapid Large + :

4 Rapid Lerge + *

5 Rapld Large - +

6 Rapid Large - -

1 Rapid Large + -

8 Rapid Large - -
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