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ABSTRACT

The localisation and distribution of Mycoplasma ovipneumoniae was 

demonstrated using both immunofluorescent and. immunoperoxidase 

techniques.Paraffin-wax sections were prepared by the "Sainte-Marie" 

(1962) method and cut to a thickness of 6 u.An indirect fluorescent 

antibody technique (F.A.T.) was employed using rabbit anti- 

M.ovipneumoniae antiserum and swine anti-rabbit antiserum labelled 

with fluorescein isothiocyanate (SWAR/FITC).A triple step "sandwich" 

immunoperoxidase technique was used by treating sections with rabbit 

anti-M.ovipneumoniae antiserum,sheep anti-rabbit IgG and rabbit 

anti-sheep conjugated to horseradish peroxidase (HR?).Destruction 

of endogenous peroxidase was by sodium borohydride in disodium 

hydrogen phosphate,and SPF sheep serum was applied to sections to 

reduce non-specific staining.An indirect F.A.T. was used to 

demonstrate Immunoglobulin G (igG) and Immunoglobulin A (IgA) in 

sheep lungs.Rabbit anti-sheep IgG (IgA) and then SViAR/FITC were 

applied to sections of normal and pneumonic lungs.

Positively stained mycoplasma were demonstrated lining ciliated 

bronchial epithelium.Bright fluorescence was seen slightly away from 

the cell surface,and particulate peroxidase stain in the tips of 

cilia.No staining was seen in non-ciliated bronchi or alveolar lining. 

Particulate stain was seen in the bronchial and alveolar exudate.

F.A.T. revealed coating of a proportion of alveolar macrophages with 

a layer of fluorescence.Peibronchial and perivascular cuffs fluoresced 

brightly when treated with rabbit anti-sheep IgG,as did the intra- 

alveolar exudate and some alveolar macrophages.Cells stained for 

IgA. were found largely in the interstitium of the lungs,and 

fluorescence of exudate and alveolar macrophages appeared as for

cilia.No
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IgG.

Thus,M.ovipneumoniae was demonstrated lining bronchi in close 

association with cilia,and possibly within the intralaminar 

exudate.There was an increase in both IgG and IgA. in pneumonic lungs 

compared to normal lungs,but relative importance of each immunoglobulin 

was not determined.



3

INTRODUCTION

Atypical pneumonia of sheep has been recognised for many years 

(Stamp & Nisbet,1963) but the exact aetiology of the disease remains 

in doubt.A mycoplasma would appear to be involved in the aetiology 

of ovine atypical pneumonia in similarity with chronic pneumonias 

of other animals and. man.Mycoplasma ovipneumoniae and Mycoplasma 

arg in ini are the two mycoplasma species commonly isolated from the 

respiratory tract of sheep,but M.ovipneumoniae alone would appear 

to be capable of primary colonisation of the lungs (Jones,1978). 

Pasteurella haemo lytica has frequently been associated with chronic 

pneumonia of sheep,but experimental evidence would suggest a role 

of secondary invader in the course of the disease (Gilmour,Jones & 

Rae,1979).

Thusovipneumoniae is the organism most frequently isolated 

from sheep lungs with atypical pneumonia,and has been demonstrated 

as capable of producing lesions,similar to the naturally occurring 

disease,experimentally (Glimour et al,1979).However,the pathogenic 

mechanisms and predilection sites for multiplication of this 

mycoplasma within ovine lungs has not been demonstrated.Mycoplasmas 

responsible for producing chronic pneumonia in other species have 

been demonstrated by immunomorphological staining techniques,and 

their location and distribution within pneumonic lungs defined, 

thus,the aim of this study was to demonstrate M.ovipneumoniae in 

sheep respiratory tract by these methods in order to give some 

insight in to the role of the mycoplasma in the pathogenisis of 

atypical pneumonia of sheep.
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CHAPTER 1 

LITERATURE REVIEW

Introduction.

The pathology of pneumonia of sheep has been described by Stamp & 

Nisbet(1963).They listed the respiratory diseases of sheep in 

Britain as "atypical"pneumonia,"enzootic"pneumonia,parasitic 

pneumonia and sheep pulmonary adenomatosis (S.P.A.) or jaagsiekte.

Primary mycoplasmal involvement has been suggested for both 

atypical and enzootic pneumonia,but the aetiology of both diseases 

is still uncertain.Mycoplasmas have also been isolated from cases 

of S.P.A.,but they are not recognised as primary agents of the 

disease (Jones,1978).

Atypical pneumonia.

The term "atypical pneumonia" was put forward by Stamp & Nisbet(19&3) 

for a chronic pneumonia of sheep in Britain which they considered 

had caused significant losses over a number of years.On the other 

hand,it has been statedthat the disease has little clinical effect 

on lambs unless subsequent bacterial infection intervenes(Gilmour 

& Brotherston,1963;Sullivan,St.George & Horsfall,1972b;Jones,1978). 

Frxis^alsson & Petursson(197&)»however,describe a chronic pneumonia 

of Icelandic lambs called "kregda",which is similar pathologically 

to atypical pneumonia,but which manifests itself as a clinical 

syndrome in which there is considerable wasting.

Atypical pneumonia usually affects lambs betweep three and 

ten months of age,although evidence of infection is present 

earlier than this(Sullivan,St.George & Horsfall,1973a;Jones,Buxton 

& Harker,1979.).The clinical signs as recorded by Gilmour & Brotherston/ 
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Brotherston (1963) are,occasional coughing,high temperature and fast 

respiratory rates.They did not record dullness,inappetance or dyspnoea, 

and there was no appreciable change in the general condition of the 

sheep,

Sullivan et al (1973a) investigated a flock of pneumonic sheep 

in Australia.These authors found in the lambs that there was an 

initial period of mild clinical signs,where the only evidence of 

pneumonia was dry inspiratory rales.This was followed by the sudden 

onset of clinical pneumonia in five to ten week old lambs, 

characterised by moist coughing,sneezing and a copious,clear,mucoid 

nasal discharge.Loud moist inspiratory rales could be heard on 

auscultation.A third stage in the clinical course of this outbreak 

of pneumonia was remission of acute signs,but clinical evidence of 

persistent lung lesions.

Jones et al (1979) similarly observed mild respiratory disease 

in housed lambs up to fifty-five days old.Diagnosis was based on 

occasional coughing,nasal discharge and abnormal auscultatory sounds. 

However,moderate to severe signs of respiratory disease were 

recorded in lambs between ninety-nine and one hundred and fourteen 

days of age.They did not examine the dams closely,but occasional 

coughing and nasal discharge were noted. 

Pathology, 

The macroscopic areas of consolidation affect mainly the right apical 

and cardiac,and left cardiac lobes,and occasionally the anterior 

borders of the diaphragmatic lobes (Stamp & Nisbet,1963;Sullivan et al, 

1973a).The lesions consist of red or grey to pink areas of consol­

idation and dull red areas of collapse.Pleural adhesions are often 

present.The lungs were described as tough on cutting,and no pus 

ezuded from the cut surface of lesions unless abscesses were 
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present.Air passages contained small amounts of tenacious mucus and. 

were surrounded by grey-coloured cuffs.In some cases,narrow branching 

areas of collapse,confined to apical or cardiac lobes,were the only 

lesions seen (Stamp & Nisbet,1963).Sullivan et al (1973a) and 

St.George,Sullivan,Love & Horsfall (1971) described the lungs of 

infected sheep as having a greyish appearance overall,and areas of 

lobar consolidation.

Stamp & Nisbet (1963) divided the microscopical lesions into 

two types;lymphoid hyperplasia and interstitial pneumonia (with or 

without lymphoid hyperplasia).Lesions of the former type alone were 

comparatively rare.

The lymphoid hyperplasia consisted of peribronchial and 

peribronchiolar lymphocytic cuffing,confined mainly to the apical 

lobes when present alone.There was also some infiltration of 

macrophages into the surrounding alveoli,and lymphocytes,plasma cells 

and reticuloendothelial cells were commonly observed.

Interstitial pneumonia was the most common finding in 

pneumonic lungs.In early lesions,there was infiltration of the 

interalveolar septa by lymphocytes and macrophages leading to a 

reduction in alveolar space,and large macrophages could be found in 

surrounding alveoli.Fibrous tissue ingrowths,or,in more advanced 

cases,hyaline scars could be seen resulting from damage to bronchi 

and bronchioles.This was a consistent finding by Stamp & Nisbet (1963)» 

but Stevenson (1969)»and Sullivan et al (1973b) found little 

evidence of hyaline membrane formation.In advanced cases, 

peribronchial and perivascular lymphocytic cuffing was a constant 

feature,and many well developed lesions showed focal epithelialisation 

of alveoli.

The characteristic features of the disease described by
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St.George & CEarmichae 1(1975) w@re thickening of alveolar septa 

due to proliferative changes in the alveolar wall,hyperplasia of 

bronchiolar epithelium and alveolar atelectasis with mild 

lymphoid hyperplasia or exudative changes.Intra-luminal aggregations 

of neutrophils and marked proliferative epithelial dysplasia were 

also recorded.

Mycoplasmas, 

Introduction.

Mycoplasmas are the smallest and simplest self-replicating 

procaryotes(Razin,1978).Most species of mycoplasma are,as far as 

is known,host-specific or shared by closely-related animal species, 

although many "aberrant" isolations have been made .A few species, 

notably Mycoplasma bovigenitalium and Mycoplasma arginini are able 

to infect a wide range of hosts (Boughton & Thorns,1978).

Mycoplasmas have a predilection for cell surfaces especially moist 

mucosa;thus the sites most commonly colonised are the respiratory 

and urogenital tracts,eyes and synovial membranes,.

The first description of mycoplasmas,termed by the authors 

"pleuropneumonia organisms" was in 1898 by Nocard and Roux.in their 

study into the aetiology of contagious bovine pleuropneumonia. 

Subsequently many observations of similar such organisms,termed 

"pleuropneumonia-like organisms" (PPLO) were made in a variety of 

hosts.In 1956, Edward and Freundt proposed a system of nomenclature 

and classification for PPLO:the organisms were placed in a single 

family,the Mycoplasmataceae,and contained a single genus 

Mycoplasma.In 1964,the first cultivation of a mycoplasma on artificial 

medium was achieved,the organism being Mycoplasma pneumonia 

("Eaton’s Agent"),the primary agent of human atypical pneumonia



8

(Chanock,Hayflick & Barils, 1962).Since that time many new species 

of mycoplasma have been isolated and described,The nomenclature and 

taxonomy have been expanded and amended accordingly to accommodate 

the sixty-four species at present recognised within the class 

Mollicutes which have been isolated from man,animals,plants, 

insects and inanimate matter.

Classification and taxonomy.

The class Mollicutes (Edward & Freundt,1967) contains one order, 

the Mycoplasmatales (Freundt,1955),andthe description of the order 

is therefore the same as the class.

The accepted classification at present is,according to 

Freundt & Edward: (1979)»as follows: 

Class: Mollicutes.

Order: Mycoplasmatales

Family I Mycoplasmataceae

1.Sterol required for growth
82 .Genome size about 5.0 x 10 daltons

3 .NADH oxidase localised in cytoplasm.

Genus I Mycoplasma (do not hydrolyse urea). 

GenusII Ureaplasma (hydrolyse urea).

Familyll Acholeplasma

1.Sterol not required for growth
92 .Genome size about 1.0 x 10 daltons

3 .NADH oxidase localised in membrane.

Genus I Acholeplasma

FamilylHSpiroplasmataceae

1 .Helical organisms during some phase of growth

2 .Sterol required for growth
93,Genome size about 1.0 x 10 daltons
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4. NADH oxidase localised in cytoplasm.

Genus I Spiroplasma

There are also two genera of uncertain taxonomic position,namely 

Thermoplasma and Anaeroplasma.

Members of the genus Mycoplasma are distinguished to some extent 

by their biochemical activity,but final definition of the various 

species depends on serological tests (Howard & Gourlay,1978). 

Characteristics of mycoplasmas.

The members of the genus Mycoplasma are described by Freundt in 

Bergey’s Manual of Determinative Bacteriology (1974) as highly 

pleomorphic,varying from spherical or slightly ovoid to slender 

branched filaments.They lack a true cell wall,but are bounded by 

a single,triple-layered membrane,and are gram-negative.The typical 

colony is biphasic,with a"fried-egg” appearance.

Most species utilise eithei- glucose or arginine as a major 

source of energy.Urea is not hydrolysed,but,2,3,5“triphenyltetrazolium 

chloride is frequently reduced under anaerobic conditions.

All species require cholesterol for growth.

Boatman (1970) considers three basic morphological forms; 

coccoidal cells,diploforms and filaments.These forms arise from 

cell division,which can occur by binary fission,fragmentation of 

filaments (formed where cytoplasmic division lags behind genome 

replication) and by a budding process.Very small bodies (0.1 um in 

diameter) have previously been considered in an alternative method 

of reproduction,but Boatman concludes that these are degenerate 

particles,and not viable.The smallest size attainable by mycoplasmas 

is considered by Maniloff (1972) to be approximately 330 nm.

Electron microscopy reveals a trilaminar cell membrane,and, 

in certain species,the presence of a microcapsule.The internal 
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ultrastructure of mycoplasmas generally lacks organisation,and consists 

of strands of DNA and ribosomes scattered randomly through the 

cytoplasm.However,specialised structures and organelles occur in 

a few species such as M. pneumoniae and Mycoplasma gal li septi cum. 

Pathogenic mechanisms of mycoplasmas. 

Most mycoplasma pathogens are not highly invasive,but confine 

themselves to epithelial surfaces,and produce mild localised infections 

without penetrating the deeper tissues or disseminating to other 

organs(Barile,1979).I'ernald(1969) described respiratory changes 

following infection with Mycoplasma pulmonis as a marshalling of 

a local immune system in response tothe superficial infection within 

the bronchial tree,and not part of an invasive or destructive process. 

Fernald(1975) further suggested that pneumonic disease due to 

M.pneumoniae was an expression of increasing host response to 

recurrent infection.

Ciliated epithelium is thought to be the target cell for 

mycoplasma infections,therefore tracheal organ cultures have been 

used to demonstrate the course of localised mucosal infection and 

resulting cellular damage,the ability of mycoplasma to bind to 

receptor sites,the role and function of "virulence factors",such 

as haemolysins(peroxidase and others) and other products,in 

producing ciliary damage,and the effect of mycoplasmas on the 

metabolism and function of infected tracheal epithelium (Barile,1979)• 

Some mycoplasmas initiate infection by attaching to ciliated 

bronchial tissues;this is followed by cell damage.Attachment 

allows the mycoplasma to resist the natural "flushing" action of 

the respiratory tract,and allows the release of harmful substances, 

such as haemolysins,proteolytic enzymes,nucleases and toxic 

substances close to the infected cell(Barile,1979).Specialised 
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terminal structures for attachment to host cells have been 

demonstrated for M.gallisepticum (Uppal & Chu, 1977) ,M. pneumoniae 

(Collier,1972) and M.puImoni s(0r ganick,Siegesmund & Lutsky,1966;

Richter, 1970) .Mycoplasma dispar has been shown capable of stopping 

ciliary action,and destroying the ciliated epithelium in vitro 

(Thomas & Howard, 1974),and large numbers of mycoplasmas were found 

attached to the ciliated epithelium.

Certain mycoplasmas release haemolysins(hydrogen peroxide and 

others)and enzymes(Whittlestone, 1972:-). Al though association of these 

products with pathogenicity of the mycoplasma is not always present, 

hydrogen peroxide lias been demonstrated as important in the 

pathogenisis of certain species,Mycoplasma mycoides subspecies capri 

for example(Aluotto,Wittier,Williams & Faber,1970).

Hydrogen peroxide has been demonstrated in Mycoplasma ovipneumoniae, 

but this may be irrelevant to its mode of pathogenisis,especially 

as it possesses no specialised attachment structures(Jones,1978), 

and no report of its physical attachment to,or penetration of,cells 

has been found.

Mycoplasma neurolyticum,M.gallisepticum,M. pulmonis and 

Mycoplasma arthritidis exert toxic effects,but in only 

M.neurolyticum has a soluble exotoxin been demonstrated(Whittlestone, 

1972-).

The mycoplasmas of sheep and goats.

The first reported isolation of mycoplasma from the sheep 

respiratory tract was by Greig(1955) in Canada.The isolations of 

mycoplasmas from sheep and goats have been reviewed by Cottew & 

Leach(1969),Nayil(1973) and Jones(1978).

The species of mycoplasma occuring in sheep and goats as listed by 

Cottew(1979) are as follows:
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1 .Mycoplasma agalactias

2,Mycoplasma arg; in in i

3 .Mycoplasma capricolum

4 .Mycoplasma conjunctivae

5 .Mycoplasma mycoides subspecies mycoides 

subspecies capri

6 .Mycoplasma ovipneumoniae

7 .Mycoplasma putrefactiens

8 .Acholeplasma gramil arum

9 .Aclioleplasina laidlawii

IQ.Acholeplasma oculi

11.Ureaplasmas.

Various other strains,notably the F38 strain(MacOwan,1976),and the 

EHM and QEW strains(Cottew,1974),have been isolated but remain as 

yet unnamed.

M.agalactiae causes contagious agalactia of sheep and goats, 

an important cause of economic loss in some countries.The organism 

may also occasionally cause keratoconjunctivitis,but has only once 

been implicated in pleurisy and pneumonia(Cottew & Lloyd,1965).

M.conjunctivae is considered to be an aetiological agent of 

ovine and caprine infectios keratoconjunctivitis,and is not 

recognised as a pathogen of the respiratory tract(Jones,Foggie, 

Sutherland & Harker,1976;Cottew,1979).

A.oculi has only rarely been isolated from sheep and goats, 

once from an outbreak of caprine keratoconjunctivitis(Al-Aubaidi, 

Dardiri,Muscoplatt & McCauley,1973)»and once from the urogenital 

tract(Kumar & Pathak, 1973).

M.putrefaciens in sheep and goats and A.granularum are uncommon 

isolates(Tully,Barile,Edward,Theodore & Ern^,197A;Ern/ cited by 
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Cottew, 1979 ;Freundt cited by Cottew,1979;Ern/ cited by Cottew,1979).

M. ovipneumon iae and M.arginini have regularly been recovered, 

from the respiratory tract of sheep(Cottew,1979),and will be 

considered further.

A.laidlawii and ureaplasmas have been isolated from the 

respiratory tract,but lung recoveries of the organisms have not 

been associated with characteristic macro- or micro-scopic lesions 

of pneumonia(Jones,1978).

Mycoplasma arginini.

M. arg in in iwa s characterised and named by Barile,Del Giudice,Carski, 

Gibbs & Morris(1968).It produces typical centred colonies on 

solid media,is non-haemolytic and hydrolyses arginine.The organism 

has been isolated from many mammalian species(Cottew,1979).

M.arginini has frequently been isolated from the respiratory tract 

of sheep(heach,197O;Al-Aubaidi,Taylor,Bubash & Oardini,1972; 

Carmichael,St.George,Sullivan & Horsfall,1973;St.George & 

Carmichael,1975;Alley, Quinlan & Clarke,1975;Leach,Cottew,Andrews 

& Powe11,1976;Jones et al,1979).These authors consistently report 

recovery of the organism from the upper respiratory tract,but reports 

of lower respiratory tract isolations vary .Alley et al(1975) and 

Jones et al(1979) isolated M.arginini from pneumonic and normal 

sheep lungs.However,there was no relation shown between isolation 

of the organism and any specific pathological changes.Others were 

unable to recover the organism from the lungs of normal sheep( Leach, 

197O;Carmichael et al,1973;Leach et al,1976).

Experiments to investigate the pathogenicity of M.arginini 

have been performed by Peggie & Angus(1972) and Jones(1978). 

Hollowing endobronchial inoculation,M.arginini was recovered from

tonsillar tissue at post mortem,but lung infection was not 
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established.Significant antibody production against the mycoplasma 

was demonstrated in four out of six animals(Jones, 1978).Jones 

suggested that M. arginini was a secondary invader from the upper 

respiratory tract,and not a primary pathogen in sheep pneumonia. 

Mycoplasma ovipneumoniae.

M.ovipneumoniae was characterised,and the name proposed by Carmichael 

et al(1972).They isolated mycoplasmas from a pneumonic flock of 

sheep in southern Queensland,and a healthy flock near Brisbane, 

Australia.Two lung isolates were made,one being identified as 

M.arginini.The other isolate was characterised by colony morphology 

(slightly raised,granular and somewhat circular,centreless colony), 

its ability to ferment glucose with acid production,haemolysis of 

sheep erythrocytes,and distinct serotyping as shown by metabolic 

and growth inhibition tests.

Mycoplasma showing these characteristics had previously been 

isolated by MacKay,Nisbet & Foggie(1963);Cottew(1971) and St.George 

et al(1971).

M. ovipneumoniae has subsequently been shown to have a world­

wide distribution,with isolations from sheep in Australia 

(Carmichael et al,1972;Sullivan et al,1973;Furlong & Cottew,1973), 

Nev/ Zealand(Clarke,Brown & Alley,1974),United States of America 

(St.George & Carmichael,1975),Hungary(Stipkovits,Belak,Palfi & 

Tury,1975) »United Kingdom(Jones,Foggie,Mould & Livitt,1976;Leach 

et al,1976),Iceland(Friis et al,1976),Iraq(Al-Sultan & Zubaidy,1978), 

Sudan(Mahi & Nayil,1978),Switzerland(Nicolet,Tontis,Giger,  

Schdllibaum,Wdthrich-Parvarien,Krawinkler,Paroz,Bestetti & Boss, 

1979) and goats in Sudan(Ali, 1977) and U.S.A.(Livingston & Gauer, 

1979).

Major,Clarke and Alley(1979) examined the morphology of
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M.ovipneumoniae by electron microscopy,and demonstrated the mycoplasma 

to be "typically roughly spherical in shape".The general size 

range was between 400 and 900 ma in diameter,but cells up to 

1500 nm in diameter were recorded.Dumb-bell forms were common,and 

this was taken as indicative of binary fission as a mode of 

replication.Budding or filamentous forms were not observed. 

Distribution in the respiratory tract.

Carmichael et al(1972) compared mycoplasma isolates from normal 

and pneumonic sheep by swabbing the nasal sinus and pharynx.

Thirty—four out of thiry—eight pneumonic animals were infected with 

Id.ovipneumoniae whereas only two out of thirty-three healthy 

animals were infected.

The levels of infection with M.arginini were approximately the 

same in the two flocks .However,on resampling two months later, 

significantly higher recovery rates 

for M.arginini.while reduced recovery rates were recorded for 

M. ovipneumoniae.

Alley et al(1975) found that nasal carriage of M.ovipneumoniae 

and M.arginini was ubiquitous in both normal and pneumonic 

animals.Isolation of both organisms was more common in pneumonic 

than healthy sheep,and M, ovipneumoniae was more common than M.arginini. 

No other mycoplasmas were isolated.However,the recovery rates and 

titres of M.ovipneumoniae were significantly higher in pneumonic 

than in normal lungs,thus suggesting a role for M.ovipneumoniae 

in the pathogenisis of chronic pneumonia of sheep.

Jones et al(1979)also found that M.ovipneumoniae and 

were frequent inhabitants of the respiratory tract of a pneumonic 

flock of sheep.These authors found a rapid increase in nasal 

isolations of mycoplasmas as the lambs aged,but that the colonisation 
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of the lower respiratory tract was significantly lower in 71-80 day 

old lambs compared to older lambs.Isolation of M.ovipneumoniae 

was highest from animals with proliferative exudative (P.E.) 

pneumonia,but M.arginini could not be associated with.any specific 

lung changes.Pasteurella haemolytica and M. ovipneumoniae were isolated 

from all cases of P.E. pneumonia.

A number of ewes examined at necropsy revealed lung infection 

with M.ovipneumoniae,M.arginini and P.haemolytica,but P.E. 

pneumonia was not recorded in any of these animals.

Pathogenicity of Mycoplasma ovipneumoniae and the aetiology of 

atypical pneumonia.

The first pathogenicity experiments using M.ovipneumoniae were by 

St.George et al (1971).They isolated a glycolytic mycoplasma from 

a lamb with chronic pneumonia, and showed it to have the same 

characteristics as later described by Carmichael et al (1972). 

Infection was attempted by intra—tracheal injection,aerosol and 

in-contact.A proliferative interstitial pneumonia developed,and 

clinical pneumonia was evident,but bacterial infection was also 

present.Mycoplasmas were recovered from the infected lambs,and the 

control lambs showed no sign of pneumonia.

Sullivan et al (1973b) reproduced proliferative interstitial 

pneumonia by intravenous,aerosol and in-contact infection,but 

found little clinical evidence of respiratory disease apart from 

a dry,high-pitched,harsh inspiratory rale heard on auscultation. 

Pathological changes were similar to those seen in naturally infected 

sheep (Sullivan et al,1973a;St.George et al,1971).Those consisted 

of proliferation of alveolar septal cells and bronchiolar epithelium,

and alveolar atelectasis.Mycoplasmas were not recovered from the 
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pneumonic lungs,and so specificity of infection was not proved. 

However,no viruses and only limited bacteria (coliforms) were isolated.

Peggie,Jones & Buxton (1976) found the effect of M.ovipneumoniae 

in specific pathogen free (SPF) lambs to be considerably milder 

than that described by Sullivan et al (1973b).Clinical signs were 

minor or inapparent,and mild lesions were found in only three out 

of six lambs.However,mycoplasmas were recovered from five out of 

those six lambs.In—contact lambs became infected,but lesions were 

absent,and no mycoplasmas were recovered from the lungs.Electron 

microscopy revealed mycoplasma in close association with the remaining 

cilia,

Jones,Gilmour & Rae (1978) reproduced lung lesions indistinguishable 

from naturally occuring cases of atypical pneumonia by the endobronchial 

inoculation of two suspensions containing M.ovipneumoniae, 

M.arginini and P.haemolytica,One suspension comprised a homogenate 

of lung lesions obtained from naturally occuring cases of 

pneumonia;the other contained cloned cultures of the three 

microorganisms isolated from the lung homogenate. M.ovipneumoniae 

was recovered from all experimentally infected cases,while the 

recovery of P.haemolytica and M.arginini was less constant.

Samples taken prior to inoculation showed the presence of all three 

organisms in low numbers in some of the animals,but the control 

animals did not develop signs of respiratory disease.

In further studies,M.arginini was omitted from the inoculum 

with no apparent effect (Gilmour,Jones & Rae,1979).inoculation of 

P.haemolytica together with M.ovipneumoniae into conventionally 

reared sheep consistently produced a proliferative exudative pneumonia. 

M.ovipneumoniae was always recovered from the lungs, and 

P.haemolytica from five out of seven animals.When
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M, ovipneumoniae was inoculated alone,four out of seven animals 

developed proliferative exudative pneumonia,and three developed 

interstitial changes alone. P.haemolytica was recovered from one 

case when inoculated alone,and only interstitial changes were seen. 

When SPF lambs were challenged with the same organ isms, only mild 

pneumonia developed,with a noticeable lack of lymphoid hyperplasia. 

However,high numbers of mycoplasma were recovered from the lungs. 

The authors therefore concluded that proliferative exudative 

pneumonia could be reproduced using P.haemolytica and

M.ovipneumoniae, and also possibly M.ovipneumoniae alone.

Inclusion of P.haemolytica appeared to increase the severity of the 

lung changes.

Alley & Clarke (1979) conducted similar experiments to Jones 

et al (1978),and also found that,while pneumonic lung homogenates 

caused lesions indistinguishable from the natural disease, 

M.ovipneumoniae inoculates produced only mild lesions,but did 

colonise the sheep lungs.They thus concluded that the whole-lung 

material contained other substances necessary in the pathogenisis 

of chronic pneumonia.

The presence of M.ovipneumoniae and certain bacteria (namely 

P.haemolytica,Neisseria catarrhalis and Staphylococcus aureus) 

were examined quantitatively by Alley & Clarke (1977).They collected 

sixty affected lungs from sheep with chronic or sub-acute pneumonia 

from an abattoir.These were examined histologically and micro- 

biologically,and divided into four groups depending on the 

presence of high or low titres of M.ovipneumoniae and bacteria. 

An association between M.ovipneumoniae and chronic proliferative 

changes,mainly peribronchiolar fibrosis and alveolar interstitial 

thickening,was evident.The authors suggested that their results 
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indicated an active role for both bacteria and 1^. ovipneumoniae 

in the development of chronic and sub-acute pneumonia in lambs. 

They also suggested that the bronchial tree may be the favoured 

site for mycoplasma multiplication,and cited the work of Organick 

et al (1966) and Baskerville & Wright (1973) as further evidence 

of this.

Alley & Clarke (1977) were also of the opinion that viruses 

did not play a major role in the aetiology of chronic pneumonia, 

but in a more recent study (Alley & 0larke,1980),they state that 

the relevance of virus infection,especially Parainfluenza type J 

virus,is not yet clear and merits investigation.In this later 

work,the effects of various chemotherapeutic agents on the 

transmission of chronic non-progressive pneumonia in lambs 

indicate again that bacteria as well as mycoplasmas are involved 

in the aetiology of the disease.

Atypical mycoplasmas and chronic pneumonia of other animals.

M. ovipneumoniae has frequently been described as "atypical"due to 

certain unusual biological characteristics.Several other mycoplasmas 

have been shown to share some of these unusual features.

M.dispar was first described by Gourlay (1969),then 

characterised and named by Gourlay and Leach (1970).The organism 

has been shown to be capable of prod-ucing pneumonia in calves. 

(Gourlay & Thomas,1969).

This mycoplasma displays several of the features found in 

M. ovipneumoniae;

1. Glycolysis

2. Fastidious nutritional requirements

3. It is larger than mycoplasmas in general
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(500-1500 nm in diameter),

4. Atypical colonies on solid media

-slow growing

-centreless colonies

-granular or lacy appearance.

Thomas & Smith (1972) examined the distribution of mycoplasmas 

in apparently normal bovine lungs .Mycoplasmas were found in much 

higher numbers throughout the respiratory tract of calves aged 

3-4 months,while younger calves,yearlings and adults showed only 

few organisms present,mainly in the upper respiratory tract.

This agreed with the studies on sub-clinical pneumonia by 

St.George,Horsfall & Sullivan (1973).They found proliferative 

interstitial pneumonia in calves aged 1-6 weeks5slightly older 

calves exhibited a proliferative exudative pneumonia,and lesions 

in much older calves showed evidence of regression.Clinical 

disease was never apparent.

Pirie & Allan (1975) demonstrated that M.dispar and ureaplasma 

species were significantly associated with the presence of 

"cuffing pneumonia".

Gourlay,Howard,Thomas & Stott (1976) produced pneumonia by 

endobronchial inoculation of pneuminic lung homogenate.Development 

of pneumonic lesions was dependant on ampicillin-resistant and 

tylosin tartrate-sensitive microorganisms presumed to be mycoplasmas. 

M.dispar and ureaplasmas were the only mycoplasmas consistently 

isolated from the original lung pool.

Further pathogenicity experiments showed M.dispar and 

ureaplasmas,either singly or together,to be capable of producing 

a sub-clinical proliferative interstitial pneumonia in gnotobiotic 

calves (Howard,Gourlay,Thomas & Stott,1976;Gourlay,Howard,Thomas 

& nyid,1979).
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M,dispar was examined by electron microscopy by Allan & Pirie 

(1977).The organisms were found in close association with bronchial 

epithelium,on or between cilia.Few mycoplasmas were seen in alveoli 

in close contact with leucocytes,occasionally within intracytoplasmic 

vacuoles.They were never seen in epithelial cell cytoplasm,and no 

cellular connections were observed.

Pathological lesions present were cilia loss,and destruction 

of the regular contour of the epithelial surface.Intracytoplasmic 

vacuolation and activated mitochondria could be seen in epithelial 

cells.

This work agrees with previous electron microscopical studies 

by Organick et al (1966) and Kohn (1971) on M. pulmonis infection 

in mice and rats respectively,and Baskerville (1972) on Mycoplasma 

hyorhinis infection in pigs.

Mycoplasma hyopneumoniae, c ons ide re d to be the primary 

aetiological agent of enzootic pneumonia of pigs (Whittlestone,1973), 

also shows some biological features in common with M. ovipneumoniae. 

It was described by Goodwin,Pomeroy & Whittlestone (1965),and 

Mare & Switzer (1965),who proposed the names Mycoplasma suipneumoniae 

and Mycoplasma hyopneumoniae respectively.Their description was of 

a glycolytic mycoplasma with fastidious growth requirements, 

which produced a centreless colony on solid media.

The pathological study using both conventional light and 

electron microscopy by Baskerville (1972) shows the salient 

features of porcine enzootic pneumonia to be very similar to those 

of ovine atypical pneumonia.

Livingston,Stair',Underdahl & Mebus (1972),using electron 

microscopy,observed the mycoplasmas in close association with cilia 

and plasma membrane of epithelial cells of the bronchioles and 
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bronchi and not within epithelial cells.

Mebus & Underdahl (1977) described extensive loss of cilia 

associated with M.hyopneumoniae.The organisms were seen to accumulate 

over the remaining ciliated cells.

Demonstration of mycoplasmas and immunoglobulin by immunomorphological 

staining,

1. Immunofluorescence

Coons,Creech,Jones & Berliner (1942) first introduced 

the fluorescent antibody test (F.A.T.) for the localisation of 

pneumococcal antigens in tissue.The fluorescent antibodt test 

has been widely used for the identification of mycoplasma 

colonies grow, on solid media (L'Ecuyer & Boulanger.1970;Bass & 

Jasper,1970;Schuller,lehmkuhl & Switzer,1976).

The test has further been used to demonstrate various 

mycoplasma species in lesions.Noel,DeVolt & Faber (1964) described 

the identification of M.gallisepticum in fowl tissue and exudate 

by the use of direct and indirect methods.

M.pulmonis was demonstrated in the bronchi of infected 

gnotobiotic mice by immunofluorescence (Organick & Lutsky,1968), 

They used an indirect technique,and clearly demonstrated the 

presence of mycoplasmas forming an almost continuous blanket on 

the surface of the columnar bronchial epithelium.This was readily 

comparable with electron microscopical studies by the same 

authors (Organick et al,1966).

M.hyopneumoniae and M.hyorhinis have been demonstrated 

in porcine pneumonic lung tissue by L’Ecuyer & Boulanger (1970) 

and Meyling (1971).Potgieter & Ross (1970) also demonstrated 

M.hyorhinis and Mycoplasma hyosynoviae in porcine synovial
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membrane«These authors used the direct method on frozen tissue.

Meyling (1971) found specific fluorescence lining,either 

completely or in-part,the bronchial and bronchiolar epithelium. 

He also compared the presence and distribution of M.hyopneumoniae, 

M.hyorhinis and M.hyosynoviae.

M.hyorhinis was demonstrated in pig lungs by direct and indirect 

fluorescent antibody techniques on paraffin embedded tissue by 

Pospisil,Gois,Cerny & Mensik (1971).They examined lung sections 

from gnotobiotic piglets infected intranasally with M.hyorhinis 

and found a bright line of specific,yellow-green fluorescence 

at the bronchial and bronchiolar epithelial surface,frequently 

in a continuous layer.Some amorphous fluorescent clumps were 

demonstrated in the lumena of some bronchi.

Alley,Wells,Smith & Gardiner (1979) demonstrated the 

distribution of Immunoglobulin G (IgG),Immunoglobulin M (igM) 

and Immunoglobulin A (IgA) in sheep respiratory tract by 

indirect immunofluorescence and indirect immunoperoxidase. 

These authors found that the numbers of all three classes 

of immunoglobulin-containing cells increased in sheep with chronic 

respiratory disease.Although the IgA:IgG ratio was reduced,IgA 

remained the major locally secreted iramunoglobulin.

2. Immunoperoxidase

This test has been used for the identification of mycoplasma 

colonies (Polak-Vogelzand & Hagenaars,1976;Polak-Vogelzand, 

Hagenaars & nagel,1978),

Bruggman,Engberg & Ehrensperger (1977) used the enzyme-linked 

immunoperoxidase technique to demonstrate M.hyopneumoniae in 

porcine lungs by a direct staining method on frozen tissue 

sections and bronchial smears.M.hyopneumoniae was demonstrated
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bordering the bronchial epithelium.Similar methods were used 

by Hill (1978) to demonstrate M. pulmonis in the lungs of rats 

with chronic pneumonia.

Conclusions from the literature review.

Atypical pneumonia of sheep,in common with "atypical" chronic 

pneumonias of several other species,appears to involve a mycoplasma, 

namely M. ovipneumoniae.However,the pathogenicity of M. ovipneumoniae 

remains in doubt as high numbers can be recovered from normal lumgs. 

M.ovipneumoniae has been suggested as the primary agent of a chronic 

pneumonia of sheep,but bacteria are thought necessary for the full 

expression of the disease.In this case,what does the mycoplasma do 

to potentiate the bacterial infection,and where does it do it?

Mycoplasmas have been shown to persist in the lung,despite high 

humoral antibody levels developing (Jones,personal communication). 

Thus,what immunological responses are mounted by the host?

Mycoplasmas in general have been shown to cause superficial 

infection within the bronchial tree,but the distribution and 

pathogenic mechanisms of M.ovipneumoniae are still in doubt. 

The purpose of this study is to demonstrate the location and 

distribution of,and the host response to,M.ovipneumoniae in sheep 

lungs by immunomorphological methods in the same manner as has been 

described by various authors for other mycoplasma species.
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CHAPTER 2

MATERIALS AND METHODS

Reagents and stock solutions.

The following reagents and stock solutions were prepared:

1. Buffered glycerol.pH 8,0.

2, Calcium chloride (B.D.H. Chemicals Ltd.).

3, Celloidin (B.D.H. Chemicals Ltd.).0.3$ celloidin in ether.

Ik. D.A.B. solution.4 mg of 3,3-diaminobenzidine tetrachloride 

(B.D.H. Chemicals Ltd.) was dissolved in 10 ml 0,111 Tris/lICl 

buffer,pH 7.6. 0.1 ml of 1$ hydrogen peroxide was added just 

before use.

5. Egg albumen (slides).5$ egg albumen in distilled, water.

6. Egg albumen (washing).78 gm egg albumen in 3900 ml of 0.01M PBS. 

Adjust pH to 7.5 with M NaOH,

7. Eriochrome Black (Sigma Chemical Company).Diluted to 1 in 60(w/v) 

in distilled water.

8. Periodic acid (B.D.H, Chemicals Ltd.). 1 gm in 100 ml of 

distilled water.

9. Phosphate buffered saline (PBS).Prepared at Moredun Institute.

NaCl 400 gm

KC1 10 gm

NaoHP0, 2 4 57.5 gm

KH2P04 10 gm

Add distilled water to 5,000 ml.Dilute 1 in 10 for use.

10, Sheep liver powders.Prepared at the Institute.

11. Sodium borohydride (NaBH^)(B.D.H.Chemicals Ltd,),in disodium 

hydrogen phosphate (Na„HP0,)(B.D.H.Chemicals Ltd.).
¿a TC

0.2 gm NaBH¿. and 1 gm Na^HPO^ in 100 ml distilled water.

12, Starch adhesive.1 gm in 100 ml water + 20 ml boiling water +
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2 drops IN HCl.Boil for 5mins.Dilute 1:3 with distilled water to -use.

13. Tris hydrochloric acid (1IC1 buffer.2400 ml of 0.05M Tris 

buffer;add O,1N HC1 to final pH 7.6 (approximately 600-800 ml).

14. Trypsin (Griffin and George (Sales) Ltd.).

15. Distilled water.Prepared at the Institute.

Sera,

1. Rabbit anti-M. ovipneumoniae .Prepared at the Institute by slight 

modification of the method used by Morton & Roberts (1967).

Antigen suspension containing 2 mg/ml of protein in distilled 

water was emulsified with an equal volume of Freundt’s Complete 

Adjuvant (F.0 .A.).

Inoculation schedule:

a) 0.1 ml emulsion to each footpad

0.1 ml emulsion to eight sites along flank

0.5 ml emulsion to 2 sites on each shoulder.

b) 3 weeks later,

1 ml emulsion to each hind leg.

c) 4—5 weeks later,

0.5 ml of antigen suspension (2 mg/ml),i/v.

d) 1 week later,

1 ml antigen suspension i/v.

e) Bleed out 5-7 days after final inoculation.

2. Normal rabbit strum (N.R.S.) .Prepared at the Institute.

3. Swine IgG anti-rabbit IgG fluorescein isothiocyanate (SWAK/FITC) 

(Nordic Immunological Laboratories).

4. Sheep anti-rabbit Ig fluorescein isothiocyanate (SAR/FITC) 

(Wellcome Laboratories).

5. Sheep anti-rabbit IgG.Provided by the Institute.Prepared by 

intravenous injection of rabbit IgG into a sheep.Tested for
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specificity by imiiiuno-electrophoresis.

6. Rabbit ahti-slieep conjugated to Horseradish peroxidase (HRP). 

Prepared at the Institute.Normal rabbit serum was conjugated 

to HEP (Sigma Chemical Company),as described by Avrameas (1969).

7. Rabbit anti-sheep IgA.Prepared at the Institute as described 

by Smith,Dawson,Wells & Burrells (1975).

8, Rabbit anti-sheep IgG.Prepared at the Institute as described

by Smith et al (1975).

9. Sheep F(ab^)o anti-rabbit F(ab) conjugated to HKP,by papaine 

digestion of ShaR IgG followed by conjugation with HRP as 

described by Nakane & Kawaoi (197^).Prepared at the Institute.

Sheep respiratory tract.

The source of lung material was the following:

1. Sheep used in experiments being carried out by Dr.G.E.Jones & 

Mr.J.S.Gilmour of the Moredun Research Institute.

a) Six month old conventionally reared Cheviot sheep 

infected by the endobronchial route with pneumonic 
6lung homogenate containing M.ovipneumoniae (1.65 x 10 c.f.u.

/ml) and P.haemolytica (1.55 x 10^ organisms/ml),as 

described by Jones,Gilmour & Rae (1978).

b) Similar sheep infected by in-contact exposure to group(a), 

and some previously inoculated with sterilised lung homogenate.

c) Sixty day old,specific pathogen free (SPF) sheep infected 

with a series of media,

i .Sterile lung homogenate + ampicillin.

ii .Lung homogenate + Tylan 200 (Elanco).

iii .Sterile lung homogenate + M.ovipneumoniae, 

( 2 x 107c.f.u./ml).
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iv .Lung homogenate + ampicillin.

The lung homogenate contained M.ovipneumoniae (6.5 x 

ICpc.f .u./ml) and P.haemolytica (8.75 x 10“'organisms/ml). 

The animals were killed 14 days after inoculation.

2. Ovine lungs obtained from the abattoir,some exhibiting gross 

lesions of atypical pneumonia,and some apparently healthy.

Sites of sampling.

1, Samples of trachea from mid-cervical region(T^)and 1cm above 

the bifurcation of the bronchi(T0).

2. Portion of right apical lobe.

3. Portion of right cardiac lobe.

4. Portion of right diaphragmatic lobe.

Samples were taken from areas exhibiting gross lesions of pneumonia, 

and also from apparently healthy regions.In later experiments, 

samples were taken only from the right apical lobe.

Treatment of Samples.

1. One sample (approximately 4mm x 4njm x 2mm)from each site was 

immersed in cold 95^ alcohol for 24 hours,and later processed 

through to paraffin by the method employed by Sainte-Marie(1962). 

The blocks were then stored at +4°Centigrade(c).Sections 6 u 

thick were cut on a microtome and placed on egg-albumen coated 

slides.

2. A second sample was snap frozen in petroleum ether by immersion 

in a mixture of acetone and solid carbon dioxide.The frozen 

tissues were stored at -70°G.

3. The lungs were examined for the presence of mycoplasmas by 

Dr.G.E.Jones of the Microbiology Department,Moredun Research
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Institute.Bronchial swabs and lung homogenates were used to 

inoculate mycoplasma media routinely used for the isolation 

of glycolytic and arginine-reducing mycoplasmas and 

ureaplasmas; titres of M.ovipneumoniae,M.arginini and 

ureaplasmas were thus obtained for each sample.

Routine bacteriological examination for P.haemolytica was 

performed by Dr.N.J.L.Gilmour of the Bacteriology Department, 

Moredun Research Institute.

Staining procedures.

A. Fluorescent antibody staining of M.ovipneumoniae.

The staining schedule was as follows:

1 .Sections were taken to water and placed in PBS.Smears were 

air dried and fixed with acetone,and then placed in PBS, 

2.Apply rabbit anti-M.ovipneumoniae antiserum for one hour. 

3,Rinse in PBS,3 x 10 minutes.

4 .Apply swine(sheep) anti-rabbit IgG(lg)FITC for 30 minutes.

5 .Rinse in PBS,3 x 10 minutes.

6 .Mount in buffered glycerol.

Procedures were carried out at room temperature ,anl all 

antibody incubations were in a humidity chamber.The sections 

were examined by incident light and Ploëm system on a Leits 

Orthoplan microscope,fitted with a mercury vapour bulb 

(Wotass HB0200),a BG38 red and heat absorption filter,a CB16.5 

excitation filter,and a K510 barrier filter.

i .The method was first applied to smears of M.ovipneumoniae 

end M.arginini to show specifity of fluorescence and 

optimal dilutions.

The following incubations were carried out:
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M.ovipneumoniae + rabbit anti-M.ovipneumoniae

M. ovipneumoniae + NRS

M.arginini + rabbit anti-M. ovipneumoniae

M.arginini + NRS.

ii .The fluorescent antibody technique was then applied to 

the lung sections,again using normal rabbit serum as 

the control.

Problems were encountered at this stage with specific 

yellow-green fluorescence being masked by non-specific 

background fluorescence.The dilutions of antiserum and 

FITC conjugates,and the duration of their application to 

the tissues vrere therefore varied,and swine anti-rabbit 

IgG FITC was used instead of sheep anti-rabbit Ig FITC 

to eliminate non-specific reaction with sheep tissue.

Methods for reducing background fluorescence:

^Application of SPF sheep serum,diluted 1 in 10 with sterile 

PBS,to the sections before the specific antiserum.

2 .Absorption of antisera with sheep liver powder to remove non­

specific immunoglobulins.

3 .Trypsin pretreatment of sections to uncover specific binding 

sites,thus enhancing specific fluorescence(lIuang,Minassian & 

More,1976;Qualman & Keren,1979;Badaszkiewiez,Dragosics, 

Abdelfattahgad & Denk,1979;Swoveland & Johnson,1979.).

Dilutions of trypsin,ranging from 0.1-2^ in PBS were applied 

for times varying from 5 minutes to 1 hour.Calcium chloride(CaCl) 

was added to a final concentration of 0.1^ and pH adjusted to 

7.8 withO.lN Sodium hydroxide(NaOH).In all cases,sections were 

incubated at room temperature in coplin jars,and washed in PBS 

before applying specific antisera.Control sections were
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incubated, in 0.1^ CaClo in PBS without trypsin.

In an attempt to improve the adhesion of lung sections two 

alternate methods were attempted;

a) use of starch adhesive instead of egg albumen,and 

incubation at 60°C for one hour,

b) covering the slide with a layer of celloidin prior to 

trypsin pretreatment(lladaszkiewicz et al, 1979).

4 .Counterstaining with Eriochrome Black after fluorescent antibody 

staining (Fey,1972).Eriochrome Black was dissolved 1 in 60 (w/v) 

in deionised water.The slide was flooded for ten seconds,and 

then washed with PBS.

5 .Preparation of an IgG fraction of rabbit anti-M.ovipneumoniae 

antiserum by absorption on Protein A sepharose (Goding,1976).

B. Immunoperoxidase staining of M.ovipneumoniae. 

a)Peroxidase labelled antibody(1 indirect technique1).

„The staining procedure was«as follows:

1.Sections were taken to water and then placed in buffer.Smears 

were air dried,fixed and placed in PBS.

2 .Apply rabbit anti-M.ovipneumoniae antiserum at optimal 

dilution for 1^ hours.

3 .Wash in PBS,3 x 10 minutes.

4 .Apply sheep T'(ab^)g anti-rabbit F(ab) HRP(diluted 1 in 20) 

for 1 hour.

5 .Wash in PBS,3 x 10 minutes.

6 ,Stain with D.A.B. solution for 20 minutes or until required 

colour intensity achieved.

7.Wash in distilled water.

8.Dehydrate and mount in Harleco mounting fluid.
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All procedures were carried out at room temperature,and all 

antibody incubations were in a humidity chamber.Control slides 

were treated with normal rabbit serum at a 1 in 20 dilution 

in PBS.The slides were then examined under a conventional 

transmitted light microscope, 

b)Peroxidase labelled antibody('sandwich technique*).

The staining technique was as follows:

1,Sections were taken to water and then placed in buffer.Smears 

were air dried,fixed and placed in PBS.

2 .Apply rabbit anti-M.ovipneumoniae antiserum at optimal dilution 

for 1^- hours.

3 .Wash in egg albumen,15 minutes.

4 .Apply sheep anti-rabbit IgG antiserum (1 in 20 dilution),45 

minutes.

5 .Wash in egg albumen,15 minutes.

6 .Apply rabbit anti-sheep conjugated with HEP (1 in 20 dilution), 

45 minutes.

7 .Wash in egg albumen,15 minutes.

8 .Wash in Tris/HCl buffer,2 x 10 minutes.

9 .Stain with D.A.B. solution,10 minutes or until required 

colour intensity achieved.

10.Wash in running tap water,10 minutes.

*11.Counterstain with haematoxylin,10 seconds.

*12,"Blue up" in Scott’s tapwater substitute.

13.Dehydrate,clear and mount in Harleco mounting fluid.

*Both of these steps were omitted in some cases.

All procedures were carried out at room temperature,and all 

antibody incubations were in a humidity chamber.Control slides 

were treated with normal rabbit serum at a 1 in 20 dilution in
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PBS in step 2,or PBS alone in step 4.The slides were then 

examined under a conventional transmitted light microscope.

Both methods were first applied to mycoplasma smears as

for F.A.T. to demonstrate specificity of staining and 

optimal dilutions.

All the following procedures were applied to both techniques 

in an attempt to develop a satiafactory working technique for 

specific staining of mycoplasmas in lung tissue.

Destruction of endogenous tissue peroxidase activity prior 

to treating with specific antisera was by either:

a) immersion of sections in 0.5^ Tor 50 minutes.

Rinse in PBS for 15 minutes (2 changes) (streefkerk, 1972).

or b)iimmerse in periodic acid,10 minutes

ii .Wash in running tapwater,5 minutes.

iii .Immerse in NaBH^/NaHPO^,2 minutesj(jobst & Horvath, 1961).

iv.Ilinse in egg albumen for 30 minutes (2 changes).

Reduction of background staining was attempted by several 

methods previously described for the F.A.technique:

a) Trypsin digestion.

b) Addition of sheep liver powders to sera.

c) Application of SPF lamb serum prior to specific 

staining.

d) Variable time exposure of sections to reacting sera 

of varying dilutions,and to buffer washings.

e) Protein A sepharose fractionation of anti-M.ovipneumoniae 

antiserum.

The method ultimately chosen and used to stain the available 

tissues vias:
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1,Pretreatment with sodium borohydride for destruction of 

endogenous peroxidase.

2,Pretreatment with 1 in 10 SPF sheep serum for 15 minutes.

5."Sandwich technique"using dilutions of 1 in 40 and 1 in 80 

of anti-M.ovipneumoniae antiserum.

C. Trnmunofluorescent demonstration of immunoglobulins in lung tissue. 

An indirect F.A. technique was used to demonstrate the 

distribution of immunoglobulins (igG and IgA) in the lungs 

of sheep.Lungs from SPF lambs either inoculated endobronchially 

with a pneumonic lung homogenate,containing M.ovipneumoniae 

and P.haemolytica,or a similar,but sterilised,lung homogenate 

were studied.

The staining procedure was as follows:

l .Take sections to water and then PBS.

2 .Apply either rabbit anti-sheep IgG or rabbit anti-sheep IgA 

antiserum,diluted 1 in 20,for JO minutes.

J.Wash in PBS,3 x 10 minutes.

4 .Apply sheep anti-rabbit Ig FITC diluted 1 in 30,for 30 minutes.

5 .Wash in PBS,3 x 10 minutes.

6 .Mount in buffered glycerol(pll 8.0).

Control sections were prepared in which the first antiserum 

(step 2) was replaced by PBS.These were examined by the 

system previously described in staining procedure A.
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CHAPTER 3

RESULTS

THE EÆIUNOFLUORESCENT DEMONSTRATION OF M.OVIPNEUMONIAE.

Treatment of broth culture smears with rabbit anti-M.ovipneumoniae 

antiserum in the F.A. technique described in chapter 2 resulted, in 

a yellow-green fluorescent staining of the mycoplasma.A smear of 

the same culture showed no fluorescence when treated with normal 

rabbit serum (N.R.S.) instead of specific antiserum.No fluorescence 

was seen when culture smears of M.arginini were treated with either 

specific antiserum or N.R.S.

When applied to paraffin—wax sections of pneumonic lung tissue 

however,the above technique produced an unacceptably high level of 

non-specific background fluorescence with both specific antiserum 

and N.R.S,.Although strong specific fluorescence could be identified 

by intensity and location,low levels of specific staining would be 

completely masked by this background fluorescence. 

Methods of reducing non-specific background fluorescence.

Reducing the concentration of the specific antiserum and the 

F.I.T.C. conjugated serum,and the time of their exposure on the 

sections gave inconsistent results,but,in general,the level of 

background fluorescence was slightly reduced with no discernable 

effect on presumptive specific fluorescence.Trypsin pretreatment 

of sections and application of sheep liver powders to both antisera 

gave similar results with little reduction of non-specific 

fluorescence.Sections exposed to trypsin digestion had to be 

coated with celloidin as the adhesion of sections to egg albumen 

and starch adhesive coated slides was poor,and the tissue tended 

to break up and/or wash off the slide.Counterstaining with

antiserum.No


Plate 1. (a)upper, (b)lovzerf

(a) Lymphocytic accumulation associated with bronchus,

x 252

(b) Alveolar epithelialisation and intra-alveolar exudate,

x 310

Haematoxylin
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Eriochrome Black resulted in abolishment of all fluorescence.

Sections pretreated with SPF sheep serum showed a significant 

reduction in non-specific background fluorescence with only a mild 

reduction in specific fluorescence.When the rabbit anti-M.ovipneumoniae 

Ig fraction was used instead of whole antiserum,little or no bright 

fluorescence could be seen.

The distribution of specific fluorescence.

The identification of specific fluorescence was most easily 

made following SPF sheep serum pretreatment of lung sections,and 

then staining with 1 in 20 rabbit anti-M.ovipneunioniae antiserum 

and 1 in 20 S.W.A.R./F. I.T.C. .It was from sections stained in this 

manner that the following observations were made.

Specific fluorescence was seen as a layer of bright yellow­

green fluorescence lining the surface of bronchial and bronchiolar 

epithelium in pneumonic lung tissue.In some areas the fluorescence 

was continuous,but particulate fluorescence was also recorded.

Specific fluorescence was seen to be associated with ciliated epithelium, 

and was present amongst the tips of the cilia a small distance away 

from the epithelial surface.No fluorescence was seen in association 

with non-ciliated bronchial/bronchiolar epithelium or alveolar 

linings.Fluorescence of exudate present in the bronchial lumen 

was marked in some cases,and intense free particulate fluorescence 

was often seen within the exudate.Sections of pneumonic lung 

treated with N.R.S. showed no fluorescent lining of the bronchial 

epithelium,but intraluminar exudate,including free particulate 

fluorescence was retained to some extent.

Non-specific or autofluorescence was observed in a number of 

leucocytes,and was seen as bright particulate intracellular fluor­

escence .However, specific staining was recorded in occasional 

alveolar macrophages;these cells had a thin layer of bright yellow-

surface.No


Plate 2. (a)upper,(b)lower.

(a) Bronchus of conventional lamb with fluorescence of

M.ovipneumoniae along epithelial surface, x 63

(b) Bronchus of conventional lamb with no fluorescence

adjacent to epithelial surface.Use of NBSVinstead of

specific antiserum, x 63

Immunofluorescent staining





Plate 5, (à)upper,(b)lower.

Positive fluorescence of M.ovipneuraoniae along 

bronchial epithelium 

(a) x 310 

(b) x 630

IiiEiunofluorescent staining





Plate 4. (a)upper,(b)middle,(c)lower,

(a) & (b) Specific fluorescence around alveolar macrophages 

and occasional particulate fluorescence in 

alveolar space, x 310

(c) Non-specific or autofluorescence of alveolar 

macrophages, x 630
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-green fluorescence apparently coating the cell,occasionally 

associated with particulate fluorescence which seemed to be present 

on the cell surface.Bright free particulate fluorescence was occasionally 

recorded within the intra-alveolar exudate .Pneumonic lung sections 

treated with N.R.S. also exhibited non-specific staining of 

leucocytes,and,to a lesser extent, intra-a Ive o lai' exudate.The 

fluorescent "coating" of macrophages was not recorded in these cases.

Examination of normal lung tissue showed some degree of non­

specific background fluorescence and non-specific or autofluorescence 

of some leucocytes,but no "specific" fluorescence was recorded.

THE IMMUNOPEROXIDASE DEMONSTRATION OF M. OVIPNEUMONIAE.

M.ovipneumoniae was demonstrated as brown particles either 

singly or in clumps following both the"indirect" and "sanowich" 

immunoperoxidase techniques using rabbit anti—M.ovipneumoniae 

antiserum on broth culture smears.No staining was observed when the 

rabbit anti-M.ovipneumoniae antiserum was replaced by N.R.S. in both 

methods,or when the sheep anti-rabbit antiserum was replaced by 

PBS in the sandwich technique .Also M.arginini was not stained by 

either method using rabbit anti-M.ovipneumoniae antiserum.Both 

immunoperoxidase techniques without pretreatments resulted in 

diffuse brown colouration of the lung sections.

Reduction of non-specific staining and endogenous peroxidase activity 

in paraffin-wax sections of lung tissue,

a) Indirect immunoperoxidase technique:

Pretreatment with HgOg/methanol or sodium borohydride both gave 

very little reduction in background staining in sections treated 

with rabbit anti-M.ovipneumoniae or N.R.S..Thus identification of 

positively stained mycoplasmas remained difficult.

smears.No


Plate 5,

Positive staining of M.ovipneumoniae smear by 

ismunoperoxidase staining, x 630
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Pretreatment with trypsin and use of liver powders as described 

for the F.A.T. had. no apparent effect on staining characteristics. 

By varying tine of staining and diluting the sera and D.A.B. 

solution,some reduction in the general staining intensity was 

achieved,but this failed to enhance positive staining.This was 

also true when sections were pretreated with SPF sheep serum.

b) "Sandwich" iimuunoperoxidase technique:

When sections were treated with PBS in place of Sha—Bab IgG 

only a trace of background staining remained.Sections treated 

with N.R.S. followed by Sha-Bab IgG showed more background staining 

and those treated with rabbit anti-M.ovipneumoniae antiserum 

more again.The H 0o/methanol method also proved effective,but 

background levels were significantly higher than with the 

borohydride method.Thus,non-specific staining of sections 

treated with rabbit anti-M.ovipneumoniae antiserum or N.B.S. 

still remained high,making identification of positive brown 

staining somewhat uncertain.

Pretreatment of sections with trypsin and the use of liver 

powders on sera again proved ineffective.However,pretreatment 

of sections with SB? sheep serum resulted in a reduction of 

non-specific background staining.Alterations in the dilution of 

the rabbit anti-11,ovipneumoniae antiserum gave further reduction 

in non-specific background staining while appearing to retain 

maximum positive staining.Dilutions used in examining the ovine 

lung tissue were 1 in 40,and 1 in 80. Further optimal reduction 

of non-specific staining was achieved when exposure of the 

sections to D.A.B. solution was reduced to four minutes.These 

modifications finally resulted in a slightly less incense brown 

colouration of M.ovipneumoniae,but greatly reduced non -specific 

staining.
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The distribution of positive stain.

The identification of positive brown staining was most easily- 

made following sodium borohydride and 1 in 10 SPF sheep serum 

pretreatment of lung sections and staining by the sandwich method 

using 1 in 40 and 1 in 80 dilutions of rabbit anti-M.ovipneumoniae 

antiserum.D.A.B.solution was applied for four minutes.

Positive brown staining was associated with ciliated bronchial 

and bronchiolar epithelium in pneumonic lungs. In many areas,brom— 

staining particulate material was seen in close association with 

the tips of the cilia,but not adjacent to the epithelial cell 

surface.The positive staining was occasionally seen as a continuous 

layer along the ciliated border in which individual particles 

could not be identified.No brown staining around the bronchi was 

observed in pneumonic sections treated with N.R.S.,or in 

M. ovipneumoniae—free lungs (as determined by cultural techniques) 

treated with rabbit anti—M.ovipneuinoniae antiserum.

Type II pneumocytes and alveolar macrophages free in the alveolar 

space occasionally exhibited positive brown staining.This consisted 

of a diffuse light brown colouration of the cell with occasional 

darker brown particulate staining within the cell.The majority of 

these cells however,showed no positive staining.Some positive 

staining of these cells was also seen in the same pneumonic sections 

treated with N.R.S. instead of specific antiserum,but the number 

of type II pneumocytes or alveolar macrophages exhibiting positive 

staining appeared higher in sections treated with the specific 

antiserum.Rarely,positively-stained cells were observed in the 

alveolar septa in sections treated with specific antiserum and N.R.S..

Fewer alveolar macrophages and type II pneumocytes were present 

in sections from normal lungs,but occasional positive staining was

identified.No


Plate 6. (a)upper,(b)lower.

Bronchus of SPF lamb showing positive staining of 

M.ovipneumoniae along ciliated epithelium.

(a) x 63

(b) x 252

Immunoperoxidase staining and Haematoxylin





Plate 7. (a)upper,(b)middle,(c)lower.

Bronchus of SPF lamb.

(a) M.ovipneumoniae demonstrated along bronchial epithelium 

and positive particulate stain in the exudate, x 310 

M.ovipneumoniae demonstrated along ciliated bronchial 

epithelium, x 630

(c) Bronchial epithelium showing no positive stain.Use of 

NPiS instead of specific antiserum, x 310

Immunoperoxidase staining and Haematoxylin
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Plate 8. (a)upper,(b)middle,(c)lower.

Bronchus of conventional lamb.

(a) Continuous particulate staining of M.ovipneumoniae 

around bronchial epithelium, x 63

(M M.ovipneumoniae present amongst cilia, x 630

(c) Bronchial epithelium showing no positive stain.Use of 

MBS' instead of specific antiserum, x 63O

Immunoperoxidase staining and Haematoxylin





Plate 9, (a)upper,(b)lower

Bronchus of SPF lamb showing positive staining of 

¿¿.ovipneumoniae. Note difference in background staining 

due to reduction in D.A.B.solution application to section, 

(a) x 252 

(b) x 630

Immunoperoxidase staining





Plate 10. (a)upper,(b)lower.

Positive staining of alveolar macrophages,and 

alveolar exudate (exudate (a) only).

(a) x 310

(b) x 630

Immunoperoxidase staining
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again recorded.

The SPF lambs used in experiments on "atypical pneumonia were 

examined by the "sandwich" technique.They were grouped according 

to the inoculum administered,and only right apical lobes were 

examined.The results are summarised in Table I.This shows that . 

M.ovipnenmoniae was demonstrated in a proportion of animals in groups 

2,3, & 4,but not in group 1.Demonstration of M.ovipneumoniae was 

more frequently made in lungs bearing gross lesions ox atypical 

pneumonia than apparently normal lungs.

Specific staining was also demonstrated in lung sections from 

conventionally-reared sheep infected by endobronchial inoculation 

or in-contact with the former group.The results are summarised in 

Table II.This further shows that the demonstration oi M.oyipneumoniae 

was made in a higher proportion of lungs with gross lesions than 

apparently normal lungs.There was positive isolation by cultural 

methods from all lung samples.

M.ovipneumoniae was isolated by cultural methods from lung 

samples of eight "abattoir sheep” of unknown origin with grossly 

and histologically normal lungs.However»microscopic examination

the "sandwich" immunoperoxidase technique failed to demonstrate 

the organism in sections of the right apical lobe or trachea.

Cryostat sections of conventionally-reared sheep lungs were 

made and treated with the F .A. technique and immunoperoxidase methods 

Specific staining was seen,although non-specific background 

fluorescence was also present.The general morphology of the lung 

sections was very poor,and thus it was decided not to use cryostat 

sections for the study of M.oyipneumoniae described here.
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Table I.

Demonstration of M. ovipneumoniae in the lungs of SPF sheep.

* A — sterile lung homogenate + ampicillin

Group No. in 
group

No.of lungs from which:
Inoculum* M. ovipneumon- 

iae recovered
Gross lesion 
recorded**

M.ovipneu- 
moniae 
demonstrated.

1 7 A 0 0 0

2 7 B 6 2 3

3 4 0 4 2 3

4 7 D 7 4 5

B — lung homogenate + Tylan 200

C - sterile lung homogenate + M.ovipneumoniae(2 x lO^c.f.u./ml)

D - lung homogenate + ampicillin.

** Recovery titre of M.ovipneumoniae lO^c.f .u./ml.
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Table II.

Demonstration of M.ovipneumoniae in the lung from conventionally- 

reared. sheep.

3

Lung Pathology

Number of lungs showing:
Positive demonstration No demonstration
of M. ovipneumoniae of M. ovipneumoniae

Gross lesions 4 2

1Apparently normal



TEE HaiUNOFHJORESCENT DEMONSTRATION OF IgG AND IgA

Bright yellow-green fluorescence was limited to certain 

specific sites of lung tissue,and the general background fluorescence 

was quite low.Thus no pretreatments were employed. 

Distribution of specific fluorescence.

The lymphocytes involved in the peri-bronchial/bronchiolar 

cuffing in lung sections from sheep with atypical pneumonia showed 

bright yellow-green fluorescence when treated with rabbit anti-sheep 

IgG antiserum.Occasional cells scattered in the interstitium also 

exhibited the fluorescence.Bright fluorescence was also observed 

from exudate and alveolar macrophages present in the lumen of the 

alveoli.The staining of the alveolar macrophages was seen as a layer 

of fluorescence around the periphery of the cell.Except for occasional 

stained cells in the interstitium,little fluorescence was seen in 

lungs with little or no microscopical pathology.

A similar distribution of specific fluorescence was seen with 

sections treated with rabbit anti-sheep IgA,but a higher proportion 

of interstitial cells in the alveolar septa of pneumonic lungs 

exhibited flu orescence,and fluorescence in the peribronchial region 

v;as restricted to much fewer cells.

Sections treated with PBS instead of specific antiserum showed 

no fluorescence except for the non-specific or autofluorescence 

seen in leucocytes,observed in all preparations.



Plate 11.

Bright fluorescence of peribronchial lymphocyte cuff 

following staining for IgG, x 252





Plate 12. (a)upper,(b)lower.

(a/ Demonstration of specific fluorescence of alveolar 

macrophages and alveolar exudate following stains 

for IgA, x 252

(b) No fluorescence present following PBS treatment 

instead of specific antiserum, x 252





Plate IJ. (a)upper,(b)lower.

(a) Specific fluorescence of alveolar macrophages and 

alveolar exudate, x 63O

(b) No specific fluorescence following PBS treatment, 

x 310
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CHAPTER 4

DISCUSSION

The aims of this study were to demonstrate M. ovipneumoniae in ovine 

lung tissue by means of immunofluorescence and/or immunoperoxidase 

staining,and to use these techniques to determine the distribution 

of M.ovipneumoniae withon the lungs of pneumonic and healthy sheep. 

Determination of the conditions for optimal staining in each case 

proved to be a major task in itself,as indicated by the number of 

different treatments and their effects described in chapters 2 & 3. 

Reduction of non-specific staming_._

a) Immunofluorescence:

The demonstration of immanofluorescent staining of mycoplasma 

species in cryostat sections of lung tissue has been previously 

described (Organick & Lutsky,1968;L’Ecuyer & boulanger,1970; 

Meyling,1971)vand acetone-fixed paraffin-wax sections(Pospisil 

et al,1970).Potgieter & Ross (1972) used the F .A.technique on 

/ . cryostat sections of synovial membranes to demonstrate mycoplasmas. 

The use of cryostat sections gave problems of non-specific 

fluorescence,which the authors tackled in a number of ways;ion 

exchange chromatography,adsorption of sera with liver powders, 

normal serum or leucocytes,azo-dye counterstaining,and pretreatment 

of sections with non-immune serum.Potgiéter & Ross (1972) described 

only slight to moderate reduction of non-specific fluorescence 

following adsorption of conjugates with swine liver powders, 

swine serum and swine leucocytes.Organick & Lutsky (1968), 

however,routinely used adsorption with mouse liver powders and 

guinea pig serum to improve their results.L’Ecuyer & Boulanger 

(1970) used repeated adsorption with liver powders to reduce



45

non-specific fluorescence but this was accompanied by a reduction 

in intensity of specific fluorescence.Slight reduction ox 

non-specific fluorescence was demonstrated following pretreatment 

of tissues with concentrated non—immune serum (Potgieter i- *toss, 

1972).Counterstaining with azo-dyes has been used successfully 

to mask non-specific fluorescence (Noel et al,1964;Pey,1972), 

but specific staining may also be reduced or lost (Fey,1972; 

Potgieter & Ross, 1972) .Ion-exchange chromatography of FITC 

conjugates has also been shown to be very effective in reducing 

non-specific fluorescence (Meyling,1971;Fey,1972;Potgieter & Ross, 

1972),but again they reported that any increase in specificity 

was at the expense of a certain loss of brilliancy.

The results of the present study agree with these findings, 

,except that pretreatment of sections with SPF sneep serum gave 

reasonable reduction in non-specific staining.The commercially 

purchased fluorescent conjugates had been purified by the 

manufacturers using ion-exchange chromatography and insoluble 

immunosorbents to remove all but correctly FITC labelled 

inpunoglobulin,and appeared to be effective here.Trypsin 

pretreatment of sections reported as enhancing specific staining 

by uncovering binding sites on antigens (Huang et al,1976;Qualman 

& Keren, 1979 jRadaszkiewicz et al,1979;Swoveland & Johnson, 1979) 

was found to have little or no effect in this study.

The preparation of an IgG fraction of the rabbit anti-M. 

ovipneumoniae antiserum considerably reduced all fluorescence, 

specific and non-specific.It was possible that the final protein 

concentration of the fraction (which was not estimated) was too 

low,and that insufficient immunoglobulin was present for the F.A, 

technique.Some loss of specific immunoglobulin was expected,but 

specific.It
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no enhancement in fluorescent staining was observed using the 

fraction undiluted rather than at a 1 in 20 dilution.Time restrictions 

did not allow the testing of further fractionations of rabbit 

anti—M.ovipneumoniae antiserum,but it is suggested tnat 

reduction of non-specific fluorescence by this method is worthy 

of further investigation.

Pospisil et al (1970) demonstrated mycoplasma in lung tissue 

using acetone-fixed paraffin-wax sections,but describes no 

interference by non-specific fluorescence,contrary to the findings 

of this study,and others described above.Thus acetone-fixation 

of sections may be worth investigation.

tj) Immunoperoxidase:
The immunoperoxidase techniques used by Bruggman et al (1977/ 

and Hill (1978),on pig and rat lung respectively,clearly 

demonstrated the presence of mycoplasma in the bronchi of these 

animals.Bruggman (1977) employed "frozen tissue sections" while 

Hill (1978) used the"Sainte-Marie method" of paraffin embedding 

tissue.In both studies,hydrogen peroxide in methanol was used 

to destroy endogenous peroxidase activity.In this study,hydrogen 

peroxide in methanol was effective,but less so than sodium borohydride 

in the reduction of endogenous peroxidase activity.

Bruggman et al (197?) and Hill (1978) used indirect and 

direct immunoperoxidase methods respectively,and neither author 

describes problems of non-specific staining as encountered in 

this study.Bums (1975) however, de scribes non-specific background 

staining following highly sensitive immunoperoxidase methods,and 

he experimented with block titration,filtering of sera and 

buffers,and variable time of exposure of sections to sera and 

buffer washings as methods of reducing this.Bums (1975) found
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that pretreatment of sections with normal non—immune,non- 

conjugated. serum and the use of optimally diluted first antiserum 

were the best methods for reducing non-specific staining.He 

stated that doubling dilutions of the first antiserum resulted 

in a significant reduction in non-specific background fluorescence 

before any reduction in specific staining was observed.

The "indirect" method employed in this study resulted in 

retention of a moderate degree of non-specific staining following 

SPF sheep serum pre treatment,but the "sandwich" technique produced 

very little background staining.

Distribution of specific stain.

The localisation of specific stain in the bronchi/bronchioles of 

pneumonic lung sections treated with rabbit anti-M.ovipneumoniae 

antiserum was the same by both techniques (immunofluorescence and 

"sandwich"immunoperoxidase),and agreed with the findings of other 

authors.

Specific staining (whether bright yellow-green fluorescence 

or brown stain) was seen as a layer on the surface of bronchial and 

bronchiolar epithelium.This layer appeared mostly homogenous,but 

occasionally particulate when fluorescent staining was used,but 

more often particulate in peroxidase stained preparations.The specific 

fluorescence appeared to be dissociated from the columnar cell 

surface,and the immunoperoxidase stain was seen to be amongst the 

tips of cilia.Positive staining was not recorded in non-ciliated 

bronchi/bronchioles.These results would seem to agree with 

electron microscopical studies which have previously demonstrated 

M-ovipneumoniae in close association with cilia (Foggie et al,1976). 

In the same pneumonic lung tissue »bronchi ana bronchioles which 

lacked cilia showed no evidence of positive staining,as did 
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non-ciliated terminal bronchioles.The association of M. ovipneumoniae 

with cilia may represent specific localisation or merely physical 

entrapment.In either case,the presence of the organism could be 

contributory to the observed loss of cilia.An examinât ion,by 

immunomorphological and electron microscopical methods,of lungs of 

infected animals killed at intervals after infection might reveal 

progressive destruction of cilia when mycoplasma organisms are 

present.

Bright fluorescent particles both discrete and in clumps were 

occasionally observed in the bronchial lumen and alveolar spaces 

in this study.This has previously been described by Organick & Lutsky 

(1968) and L’Ecuyer & Boulanger (1970) who suggested that this was 

positive staining of mycoplasmas.However,Organick & Lutshy (1968) 

state that they were unable to confirm the presence of mycoplasma 

and that this feature of the staining was not cons is tent .Mey ling (1971) 

described the presence of specific fluorescence in and amongst the 

cells of the bronchial exudate,and sometimes in alveolar tissue,and 

took this as indicative of the presence of M.pneumoniae.

In this study,bright particulate intracellular fluorescence 

was seen in a proportion of alveolar macrophages.In peroxidase 

stained sections a proportion of such cells had diffuse brow stain 

together with darkly stained particles in the cytoplasm.Al though 

this staining occurred in sections of both pneumonic and normal lungs, 

and also with both rabbit anti-M.oyipneumoniae and N.R.S.,it appeared 

to be more abundant when the specific antiserum was used.There may 

thus be some specific staining which is being largely obscured by 

the non-specific uptake of serum or other components during the 

staining procedures.Structures less dense but of similar size to 

mycoplasmas hove boon demonstrated in alveoli by electron microscopy.

These wore seen both free and in the process ot phagocytosis by 
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alveolar macrophage s,Lut no positive identification was possible(Fog^ie 

et al, 1976).Reduction of non-specific leucocyte fluorescence has 

been achieved by liver powder adsorption (Potgieter & Ross,19/-) 

and this technique may help to answer the question of whether the 

positive stain seen in intra-alveolar cells is specific or non­

specific for the presence of M.ovipneumoniae antigen.

In the fluorescent antibody technique occasional alveolar 

macrophages appeared to have taken up stain on their surface .A thin 

layer of bright yellow-green fluorescence could be seen around these 

cells,and occasionally particulate fluorescence was recorded on the 

cell surf ace .Mycoplasmas have been shown,by electron microscopy, 

to adhere to,and be phagocytosed by,neutrophils and eosinophils; 

mycoplasmas also adhere to mononuclear leucocytes and to a small 

percentage of lymphocytes. ( Zucker-Franklin,Davidson & Thomas, 1966a &b). 

Thus the fluorescent staining observed may have been specific 

fluorescence of mycoplasma antigen bound to the cell surface.

Further reduction of non-specific background fluorescence may make 

the identification of positively stained cells easier and their 

significance clearer.

In the SPF sheep lungs examined.M.ovipneumoniae was identified 

by the immunoperoxidase "sandwich" technique in most but not all 

lungs.from which M.ovipneumoniae was isolated in culture.Positive 

identification was made in a higher proportion of lungs bearing gross 

lesions of atypical pneumonia than in those appearing normal.This 

may be a reflection of the recovery titres of M.ovipneumoniae, 

which were significantly higher from lesion of pneumonia.Mey ling (1971) 

reported a discrepancy between the number of cases positive for 

M.hyorhinis by cultivation and F.A.T. and suggested tnat the 

mycoplasmas might already be coated with antibody and thus inaccessible 
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to the antiserum used, in the staining technique .Local antibody may 

also be responsible for weak or negative staining results in 

chronic cases of mycoplasma infection (Meyling,1971)»and this 

might explain the lack of positive staining of M.ovipneumoniae in 

lungs from the”abattoir sheep” .Although no titrations were made 

of H.ovipneumoniae recovered from these lungs,tne lack of gross or 

microscopical lesions would indicate that only low levels of infection 

existed in these sheep.

During disease,host cellular components could adsorb onto 

mycoplasma,forming a coat which could protect the pathogen from host 

defences (Barile,1979).Such a protein coat might also interfere with 

the binding of specific antiserum used in the F.A.T. ana 

imimmoperoxidase staining of mycoplasma.

The immunofluorescent demonstration of IgG and IgA^

The F.A.T. revealed that when compared to normal lungs,pneumonic 

lungs had increased amounts of both types of immunoglobulin (IgA 

and IgG) and increased numbers of Ig-containing cells,some of which 

may be responsible for their production.IgG-producing cells were 

demonstrated mainly in the peribronchial and perivascular lymphocytic 

tuffs.A few IgA-producing cells were also seen in the peribronchial 

and peirvascular cuffs,but were principally found in the interstitium 

of the alveolar septa.Positive IgG and IgA staining of intra-alveolar 

exudate was seen,and some alveolar macrophages appeared to be 

coated with these stains.The fluorescence around alveolar macrophages 

may represent a coating of mycoplasma-specific opsonising antibodies. 

However,this may also be due to positively stained exudate concentrating 

around these cells.
Thus the sites of production and action of the immunoglobulins 

was demonstrated,and a relative increase of both IgG and IgA 
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in pneumonic lungs was shown,but the relative proportions of IgG- 

and IgA—producing cells in pneumonic and normal lung tissue 

not estimated in this study .Further sections of both pneumonic 

and normal lungs should be examined to estimate the relative 

importance of each immunoglobulin in the host response to 

M.ovipneumoniae infection.However,it should be noted that this 

IgG and IgA demonstration was not specific for M.ovipneumoniae.

In ConC1Usion.ovipneumoniae has been demonstrated m 

pneumonic lung tissue of sheep by both immunofluorescence and 

immunoperoxidase staining technique s.M.oyipneumoniae was shown to 

be associated with ciliated bronchial and bronchiolar epithelium. 

It was possibly demonstrated in alveoli,both free and associated 

with macrophages,but further studies are required to provide 

evidence of specific identificati on .An increase of immunoglobulins 

and the cells responsible for their production was also demonstrated, 

but it would be interesting to examine more lungs to determine the 

relative importance of IgG and IgA production,and their relative 

importance in resistance to infection.

This demonstration of M.pyipnewaoniae in pneumonic ovine 

lung tissue and its distribution suggest that the organism is not 

highly invasive,but is confined to the epithelial surface.This agrees 

with l?emald(1969) »ho stated that "the changes observed are not

• part of an invasive or destructive prooess.but rather the marshalling 

of a local immune defence system in response to the superficial

infection within the bronchial tree
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