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ABSTRACT 

The relationship of mycoplasmas to diseases of the lower respiratory 

tract in a variety of animals was reviewed and investigations were 

undertaken to determine the role of micro-organisms, with particular 

reference to mycoplasmas, in the aetiology of ovine chronic non

progressive pneumonia (GNP). 

A survey of the prevalence of mycoplasmas in pneumonic sheep lungs 

revealed that Mycoplasma ovipneumoniae was present in 98% of the lungs 

tested, whereas Mycoplasma arginini was present in 4%. Ureaplasmas 

were not detected in any lungs. 

To facilitate further investigations into the significance of 

M. arginini in ovine GNP, the in·~vitro growth of the organism was 

investigated and its ultrastructure was determined and compared 

with that of M. ovipneumoniae. Although ultrastructural 

differences between M. arginini and M. ovipneumoniae were found~ these 

wouid probably not allow all cells of each of the two species to 

be unequivocally identified in thin sections of lung material. 

M. ovipneumoniae; M. arginini and parainfluenza type 3 virus were 

shown to be sensitive to digitonin when suspended in either conven~ 

tiona] laboratory medium, or in lung homogenate. Furthermore, 

treatment of pneumonic lung homogenate with 10 mg/cm3 digitonin 

destroyed its ability to transmit ovine CNP. Viruses (in particular 

PB virus) were not detected in aliquots of the pool of lung homoge

nate used to transmit CNP so it is likely that the necessary ~igitonin~ 

sensitive component is a mycoplasma. Since M. arginini has a consis

tently low prevalence in pneumonic lesions, whereas M. ovlpneumoniae 

is found in the vast majority of such lesions, it was concluded that 

M. ovipneumoniae is responsible for initiating primary lesions of the 

disease. This however does not imply that M. ovipneumoniae on its 

ovm is capab 1 e of causing 1 es ions compa rab 1 e in severity to the 

fully developed "field11 cases. 

The inactivation of M. ovipneumoniae_ by formalin, with a view to 

making a vaccine, was investigated. 

i i 



ACKNOWLEDGMENTS 

I would 1 ike to thank the Department of Nicrobiology and Genetics 

for providing the facilities for these studies. Members of the 

department who provided special help and encouragement are: 

Professor D.F. Bacon; Mr P.L. Carter, Dr R. Cursons, Mrs E. Keys 

and Mr R. Tucker. 

Special than~s go to: 

Dr M.R. Alley ;who was most helpful with the transmission 

experiment and the pathological examination of the sheep lungs. 

Dr A. Robinson for his guidance and help with the virology while 

my supervisor was overseas. Also Miss L. Fray for her technical 

advice in this area. 

Mr D. Hopcroft and Mr A. Craig of the Electron Microscope Unit of 

the D.S.I.R. whose technical advice in this field was invaluable. 

Miss B. Hunter for typing this thesis. 

Finally I would J ike to thank my supervisor, Dr J.K. Clarke for 

his excellent guidance and advice throughout this project. 

i i i 



CONTENTS 

ABSTRACT 

ACKNOWLEDGMENTS 

CONTENTS 

Ll ST OF TABLES 

LIST OF FIGURES 

INTRODUCTION 

CHAPTER 1 Review of Ovine Chronic Non-progressive Pneumonia 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

Definition and description of the disease 

Distinction from progressive viral pneumonia 

Distinction from bacterial pneumonia 

Diseases of sheep with a similar pathology to ovine CNP 

Comparison of ovine CNP with the above diseases 

Investigations into the aetiology of ovine CNP 

1.6. 1 

1 • 6. 2 

1 • 6. 3 

1 .6 .4 

The role of viruses 

The role of bacteria 

The role of chlamydiae 

The role of mycoplasmas in pneumonia of animals, 
including sheep .. 

Summary of evidence suggesting that ovine CNP has a complex 
aetiology 

Economic importance of the disease 

CHAPTER 2 Survey of the prevalence of mycoplasmas in pneumonic 

i i 

i i i 

iv 

ix 

X 

4 

4 

5 

6 

7 

8 

8 

9 
10 

11 

19 

22 

sheep lungs with particular reference to ureaplasmas 24 

2.1 Introduction 

2.2 Materials and methods 

2.2. 1 Mycoplasma media 

24 

24 

24 

2.2.2 Source of mycoplasmas used to test isolation techniques 25 

iv 



2.2.3 Test of the ability of U9 medium to support the 
growth of ureaplasmas 25 

2.2.4 Isolation of mycoplasmas from lung specimens 25 

2.2.5 Attempted isolation of ureaplasmas from pneumonic lung 
homogenate known to transmit ovlne CNP 28 

2.2.6 Identification of mycoplasmas 28 

2.3 Results 

2.4 Discussion 

31 

31 

CHAPTER 3 An in vitro investigation of the growth and ultrastructure 

of· M'. ;~rgirlini, and the comparison of the ultrastructure 

of M. arginini with that of M. ovipneumoniae 

3.1 Introduction 

3.2 Growth curve of M. arginini 

3.2.1 Materials and methods 

3.2.2 Results 

3.3 Ultrastructure of ·M. arginini and M. ovipneumoniae 

3.3.1 Materials and methods 

3.3.2 Results 

3.4 Discussion 

33 

33 

34 

34 

35 

37 

37 
40 

50 

3.4.1 Growth curve of M. arginini 50 

3.4.2 Ultrastructure of M. arginini and M. ovipneumoniae 55 

CHAPTER 4 The effect of digitonin on the ability of pneumonic 

lung homogenate to transmit ovi ne CNP 

4.1 Introduction .. 

4.2 Materials and methods 

4. 2.1 

4.2.2 

4.2.3 

4.2.4 

4.2.5 

Mycoplasma media and source of micro-organisms 

Digitonin 

Lung homogenate for preliminary digitonin experiments 

Lung homogenate for transmission experiments 

MIC of digitonin forM. ovipneumoniae and M. arginlni 
in broth culture 

58 

58 

58 

58 

59 

59 

59 

59 

v 



4.2.6 Minimum mycoplasmacidal concentration of digitonin 
forM. ovipneumoniae and M. arginini in lung 
homogenate . . 60 

4.2.7 The effect of 10 mg/cm 3 digitonin on bacteria and 
mycoplasmas in pneumonic lung homogenate 60 

4.2.8 Mycoplasma isolations from nasal swabs 61 

4.2.9 Assay of pneumonic lung homogenate (for transmission 
experiment) for micro-organisms before and after 
digitonin treatment 61 

4.2.10 Inoculation of lambs 

4.2.11 Titration of mycoplasmas in lung tissue 

4.3 Results 

4.3.1 MIG of digitonin forM. ovipneumoniae and M. arginini 

61 

61 

62 

in broth culture 62 
I 

4.3.2 Minimum mycoplasmacidal concentration of digitonin for 
M. ovipneumoniae and M. argin\ni in lung homogenate 63 

4.3.3 The effect of 10 mg/cm 3 digitonin on bacteria and 
mycoplasmas in pneumonic lung homogenate 63 

4.3.4 Preliminary screening of lambs to detect nasal carriers 
of mycoplasmas 64 

4.3.5 Assay of pneumonic lung homogenate (for transmission 
experiment) for micro-organisms before and after 
digitonin treatment: 65 

4.3.6 Transmission of ovine GNP by pneumonic lung homogenate 
with and without digitonin treatment 65 

4.4 Discu?sion 69 

4.4.1 Elimination of mycoplasmas from lung homogenate by 
digitonin treatment 69 

4.4.2 Transmission experiment 70 

CHAPTER 5 Sensitivity of Pl3 virus to digitonin and an 

investigation of ~he presence o~ ~bsence-of Pl3 virus In 

pneumonic lung homogenate known to transmit ovine GNP 71 

5.1 Introduction .. 

5.2 Materials and methods 

5.2.1 Cell cu1 ture media 

5.2.2 Source of MDBK cells 

5.2.3 Source of Pl3 virus 

5.2.4 Maintenance of MDBK cells and the preparation of cell 
monolayers in microtiter plates 

71 

71 

71 

73 

73 

73 

vi 



5.2.5 Pneumonic lung homogenate .. 73 

5.2.6 Assay of Pl3 virus by haemadsorption 74 

5.2.7 Primary ovine kidney (POK) cells 74 

5.2.8 Sensitivity of Pl3 virus to digitonin 74 

5.2.9 Sensitivity of Pl3 virus in lung homogenate to 10 mg/cm3 

digitonin 75 

5.2.10 Attempted isolation of Pl3 virus from pneumonic lung 
homogenate known to transmit ovine CNP 75 

5.3 Results 76 

5. 3. 1 Sensitivity of Pl3 virus to digitonin 76 

5.3.2 Sensitivity of Pl3 virus in lung homogenate to 10 mg/cm 3 

digitonin 77 

5.3.3 Attempted isolation of Pl3 virus from pneumonic lung 
homogenate known to transmit ovine CNP 78 

5.4 Discussion 

CHAPTER 6 Preliminary investigations into the production of a 

vaccine against M. ovipneumoniae 

6.1 Introduction .. 

6.2 Materials and methods 

6. 2. 1 

6.2.2 

6.2.3 

6.2.4 

6.3 Results 

Source of M. ovipneumoniae 

Modified FM4 medium 

Preliminary experiment to determine the appropriate 
strength of formalin to use for inactivating 
M. ovipneumoniae 

Inactivation of M. ovipneumoniae with formalin for· 
vaccine production 

6.3.1 The strength of formalin needed to inactivate 
M. ovipneumoniae 

6.3.2 Inactivation of M. ovipneumoniae with formalin for 
vaccine production 

6.4 Discussion 

CHAPTER 7 General Discussion 

78 

80 

80 

80 

80 

81 

81 

82 

83 

83 

83 

85 

86 

vii 



APPENDIX 

BIBLIOGRAPHY 

Page 

92 

96 

viii 



ix 

LIST OF TABLES 

Table 

Isolation of mycoplasmas from pneumohic theep lungs 31 

I I Generation times determined for some mycoplasmas 54 

iII The effect of digitonin on the growth of M. ovipneumoniae 
and M. arginini 62 

IV Titre of M. ovipneumoniae and M. arginini in pneumonic 
lung homogenate after treatment with varying concentrations 
of digitonin 63 

V Titre of bacteria and mycoplasmas in control, and digitonin 
(10 mg/cm3

) treated pneumonic lung homogenate 64 

Vi Prevalence of nasal carriage of mycoplasmas 64 

VI I Titres of bacteria and mycoplasmas in pneumonic lung 
homogenate before and after treatment with 10 mg/cm3 digitonin 65 

VI l I The effect of 1.0 mg/cm 3 digitonin on Pl3 virus 77 

IX The effect of 10 mg/cm 3 digltoriin on Pl3 virus in pneumonic 
lung homogenate 77 

X Recovery of Pl3 virus from pneumonic lung homogenate 78 

XI Inactivation of M. ovipneumoniae by varying strengths of 
formalin 83 



LIST OF FIGURES 

Figure Page 

1 
I 

2 

3 

Colonies of ureaplasmas on U9 agar (unstained, x 97) 

Colonies of ureaplasmas on U9 agar (unstained, x 240) 

Colonies of M. ovipneumoniae on 1% agar viewed with 
(a) oblique and (b) transmitted light (x 62) 

Colonies of M. arginini on 1% agar viewed with 
transmitted 1 ight (x 47) 

26 

27 

29 

30 

. 5 The growth curve of M. arginini 36 

6 Exponential phase culture of M. arginini (x 61 ,000) 41 

7 Exponential phase culture of M. arginini (x 36,000) 42 

8 Exponential phase culture of M. argipini (x 34,000) 43 

9 Stationary phase culture of M. arginini (x 25,000) 44 

10 Stationary phase cell of M. arginini (x 98,000) 45 

11 Stationary phase cells of M. arginini (x 61,000) 46 

12 Death phase culture of H. arginini {x 25,000) 47 

13 Death phase cells of H. arginini (x 61 ,000) 48 

14 Death phase cells of M. arginini (x 69,000) 49 

15 Exponential phase M. ovipneumoniae cells (x 26,000) 51 

16 Exponential phase M. ovipneumoniae cell (x 68,000) 52 

17 & 18 Exponential phase M. ovipneumoniae Cells 
(Fig. 17 · X 64,000; Fig. 18 X 42,000) 53 

19 Transmission experiment: pathology of the lungs and 
recovery of mycoplasmas after slaughter 68 

20 Inactivation of M. ovipneumoniae with 1/100 (final) 
formal in 84 

X 



INTRODUCTION 

Chronic non-progressive pneumonia is a prevalent and economically 

Important disease of sheep In New Zealand, but until recently I ittle 

attention has been focused on the disease .. A study is now in 

progress at Massey University to establish the aetiology of the 

disease, and this thesis is presented as part of that study. 

Sheep outside New Zealand (e.g. in Australia and Scotland) get a 

disease similar In pathology to CNP in New Zealand. The disease in 

Australia has been attributed toM. ovipneumoniae alone (St. George 

et al., 1971; Carmichael et al., 1972; Sullivan et al.~ 1973b), whereas 

in Scotland the disease has been attributed to a mixture of 

organisms including M. ovipneumoniae, M. arginini, and Pasteurella 

haemolytica (Jones et al., 1978) and possibly parainfluenze type 3 

(PI3) virus (Jones et al., 1979). It remains to be proven I:.Jhich, if 

either, of these conclusions applies to sheep in New Zealand because 

diseases with a similar pathology do not necessarily have an 

identical aetiology. 

Diseases of other animals with clinical and pathological features 

in common with ovine CNP include pleuropneumonia of cattle, enzootic 

pneumonia of swine, chronic respiratory disease (CRD) of poultry, 

CRD of rodents and 11atypical 11 pneumonia of man. These diseases 

all have a common feature, i.e. mycoplasmas are involved in their 

(sometimes complex) aetiology. It appears plausibl~. therefore, 

that mycoplasmas (M. ovipneumoniae in particular) play some role 

in ovine CNP in New Zealand. 

Workers in New Zealand (Alley and Clarke, 1979: Alley and Clarke, 

in the press) found that CNP could be transmitted using whole lung 

homogenate. This lung homogenate invariably contained bacteria 

(mostly P. haemolytica), and mycoplasmas (mostly M. ovipneumoniae). 

They also found that the transmitted disease was partially, but 

not totally, suppressed by penicillin. This implies that an organism 

with a cell wa 11 (i.e .. a bacterium) is involved in the development 

of lesions. However, inoculation of sheep with P. haemolytica 

usually failed to produce any disease (Alley, personal communi

cation); and overseas workers who inoculated 4 to 5 month old lambs 



intrabronchially with large numbers of P. haemoly_tica produced an 

acute bacterial pneumonia, which is both clinically and pathologically 

distinguishable from CNP (Biberstein et al., 1971). Inoculation 

of pure cultures of M. ovipneumoniae, on the other hand, produced 

in a minority of inoculated animals, minimal lesions which were 

markedly less severe than typical field cases of the disease (Alley 

and Clarke, 1979). Taken together, these results suggest that a 

mixture of bacteria (P. haemolytica) and mycoplasmas (M. ovipneumoniae) 

may be needed to produce the field disease. However, other New 

Zealand workers have stressed the importance of viruses (in 

particular Pl3 virus) as a cause of pneumonia in sheep (Davies et al., 

1977). 

The purpose of the present work is to further investigate the 

aetiology of ovine CNP, and in particular to examine the role of 

mycoplasmas in the disease. 

Earlier surveys were conducted over a limited period on the prevalence 

of M. ov i pneumon i ae and M. a rsi n in i in pneumonic lungs of New Zeal and 

sheep by Alley et al. {1975) and it was thought appropriate that a 

further survey should be conducted. Since ureaplasmas have subse

quently been shown to be capable of colonising the ovine lung (Jones 

et al., 1979) methods for detecting ureaplasmas were included. 

M. arginini is present in some lesions of ovine CNP, and was present 

in some pools of pneumonic lung homogenate used to transmit the 

disease by Alley and Clarke. An assessment of the role of M. arginini 

in the disease Is therefore appropriate, so the in vitro growth 

characteristics and the ultrastructure of the organism were examined 

to facilitate future work on its role, if any, in ovine CNP. 

Despite much circumstantial evidence, the failure of mycoplasmas 

to produce typical field cases of the disease in any country does 

raise at least some doubts as to their significance. Therefore, 

in order to ~onfirm their si~nificance, the ability of pneumonic lung 

homogenate to transmit the disease was investigated when mycoplasmas 

were specifically inactivated by digitonin. Pools of lung homogenate 

known to transmit CNP were also examined for cytopathic agents, 

2 



in particular Pl3 virus. 

The above investigations gave further evidence for the central 

role of M. ovipneumoniae in ovine CNP, so In the final section of 

this thesis the inactivation of the organism by formalin ·is 

investigated with a view to developing a killed vaccine. 

3 



CHAPTER 1 Review of Ovine Chronic Non-12r.£.9.!essive Pneumonia 

1.1. Definition and description of the disease 

In New Zealand chronic non-progressive pneumonia (GNP) is prevalent 

in sheep aged from 3 to 10 months, and is sometimes referred to as 

''hogget pneumonia". The disease elicits few clinical signs except 

in severe cases where coughing and loss of condition may be 

observed. It has been estimated to affect up:·to 70 to 80% of some 

groups of Jambs at slaughter in the early autumn months i.e. 

March, April, May (Davis, 1970; Smith, 1970). Mortalities as a direct 

result of the disease are low and resolution normally occurs in late 

autumn \Alley, 1975a). 

The macroscopic lung lesions of ovine CNP vary from dull-red to 

grey areas of consolidation in the crania-ventral lobes of both 

lungs. In addition narrow branching bands of collapse are sometimes 

present. On microscopic examination the disease is characterised 

by alveoiar collapse, infiltration of alveolar spaces with 

macrophages and variable numbers of neutrophils, lymphoid and 

bronchiolar epithel ia1 cell hyperplasia, and the presence of both 

lymphocytes and macrophages in the alveolar septa (Alley) 1975a). 

1.2 Distinction from progressive viral pneumonia 

It is relevant to distinguish ovine GNP from the pneumonias produced 

by viruses of the Lentivirinae subfamily 1 i.e. maedi, visna, 

and progressive pneumonia virus (PPV) of sheep. These agents produce 

a progressive disease which is slow to develop. Thus maedi has an 

incubation period which may last several years and clinical signs 

are seldom seen in sheep less than four years old. After the 

onset of signs, life expectancy is a matter of a few months to one 

year (Sigurdsson, 1954; Andrewes and Pereira, 1972; Fuccillo et al., 

1974; Hasse, 1975; Dawson et al., 1979). 

1 This classification is from Fenner, F. (1976). The classification 

and nomenclature of viruses. Virology Zl= 371-378. 
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In contrast, ovine CNP affects only sheep aged from 3 to 10 months 

and transmission experiments performed by Alley and Clarke (1979) 

produced the disease 2 to 3 weeks after inoculation. Unlike 

progressive viral pneumonias, CNP usually resolves in late autumn 

and mortalities are low (Alley. 1975a). 

These criteria distinguish progressive viral pneumonia of sheep from 

CNP of lambs in New Zealand. It is also relevant that extensive 

virological investigations of pneumonic sheep in New Zealand have 

been undertaken and resulted in the isolation of parainfluenza type 

3 (PI3) virus (Carter and Hunter, 1970) and adenoviruses (Thurley et al., 

1977). However visna, maedi and PPV of sheep were not detected in 

association with CNP and indeed no agent of the Lentivirinae subfamily 

has been recovered from sheep in New Zealand, nor is there any cl ini-

cal or pathological evidence to suggest that the pneumotropic (PPV and 

maedi) or the neurotropic (visna) viruses of this group are present in 

sheep in New Zealand up until the present time. 

1.3 Distinction from bacterial pneumonia 

Bacterial pneumonia of sheep in New Zealand is an acute disease. It 

was reported by Salisbury (1957) and Downey {1957) as 11Southland 

Pneumonia 11
• The majority of cases of acute bacterial pneumonia occur 

in the·early summer months (unlike CNP which peaks in early autumn) 

and sheep of all ages are affected (in contrast to CNP which affects 

sheep under 1 year of age). Bacterial pneumonia is typified by a sudden 

onset of signs and rapid progression usually leading to death about 

12 hours later. Pasteurella haemoiytica in high concentrations is 

almost invariably associated with acute pneumonic lesions (Downey, 1957). 

Bacterial pneumonia can also be clearly distinguished from CNP on 

the basis of their different pathological lesions. The gross patho

logy of acute bacterial pneumonia is characterised by intense 

congestion and varying degrees of red or grey consolidation of the 

ventral portion of one or both lungs. Histopathological examination 

reveals a cellular exudate consisting of neutrophils, macrophages and 

detached alveolar epithelial cells. Large numbers of bacteria 
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are present In the lesions. Destruction and damage to the alveolar 

epithelium is universal whereas in the chronic non-progressive 

disease this damage is localised and less severe (Alley, 1975a). 

The histopathology of CNP is characterised by proliferation of lym

phoid and epithelial tissue, with exudation of macrophages and to 

a lesser extent neutrophils, which contrasts with the large number 

of neutrophils seen in bacterial pneumonia (Alley, 1975a). 

1.4 Diseases of sheep with a similar pathology to ovine CNP 

Atypical pneumonia 

The macroscopic lesions of the lungs of sheep with "atypical 

pneumonia" were described as pneumonic consolidation affecting the 

apical and cardiac lobes of the lung and occasionally the anterior 

borders of the diaphragmatic lobes. The colour of the consolidated 

areas varied between grey and pink. Lymphoid hyperplasia, infil

tration of the alveolar septa with lymphocytes and macrophages) and 

alveolar collapse were the.main features of atypical pneumonia 

(Stamp and Nisbet, 1963). 

Proliferative interstitial oneumonia 

This disease is typified by septal and bronchiolar eptithelial 

cell hyperplasia and proliferation, with only minor infiltration 

by lymphocytes and neutrophil.s. High morbidity, low mortality, 

exercise intolerance and inadequate weight gain of sheep are the 

main clinical features of the disease (St. George et al ., 1971; 

Carmichael et al., 1972; Sullivan et al., 1973a; Sullivan et al., 

1973b; StGeorge and Carmichael, 1975; Friis et al ., 1976.). 

Summer pneumonia 

It Y.Jas reported that 11summer pneumonia11 affected sheep in the 6 to 12 

months age range in Australia. The disease exhibited a high morbidity 

and a low mortality. Consolidation of the lungs, which could involve 

the whole or part of a lobe was common, but occasionally small 

(l cm2
) lesions were observed. The colour of the lesions varied 

from reddish-purple to grey. Microscopically, the lesions revealed 
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areas of collapse, proliferation of the alveolar epithelium) and 

lymphoid hyperplasia (St. George, 1972). 

Proliferative exudative pneumonia 

The princlp~l histological features of this disease are lymphoid 

hyperplasia, bronchiolar hyperplasia, polymorph and macrophage 

exudation, giant cells, hayline scar formation, and alveolar 

collapse (Jones et al ., 1978; Jones et al., 1979). These workers 

stated that proliferative exudative pneumonia had a close resemblance 

to the 11atypical pneumonia'' described by Stamp and Nisbet (1963). 

1.5 Comparison of ovine CNP with the above diseases 

Although CNP of sheep in New Zealand can be distinguished from both 

acute bacterial pneumonia and progressive viral pneumonia, a basic 

difficulty arises when comparing the disease with similar pneumonias 

of sheep in overseas countries i.e. the aetiology of CNP has not been 

unequivocally established and indeed this thesis ls part of a study 

aimed at investigating its aetiology. Furthermore, the aetiology 

of apparently similar diseases of overseas sheep is 1 ikewise under 

investigation (Foggie et al., 1976; Jones et al., 1978; Jones et al., 

1979). So while it is possible to compare CNP of sheep in New Zealand 

wi-th similar diseases elsewhere, the similarity must presently be 

based on the pathology produced. In the absence of an established 

aetiology, the number of descri~tive terms~for similar diseases has 

multiplied, but on the basis of their pathology and epidemiology 

it is 1 ikely that the above diseases (viz atypical pneumonia, 

proliferative interstitial pneumonia, summer pneumonia, and prolifera

tive exudative pneumonia) will ultimately be shown to have a slmilar 

aetiology to CNP of sheep in New Zealand. 

In any case, it is convenient for the sake of brevity in discussion 

to treat these diseases as being similar, if not identical to each 

other.· Nevertheless it must be clearly understood that this assumption 

does not yet have the ultimate justification i.e. a proven identical 

aetiology. 
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1.6 Investigations into the aetiology of ovine CNP 

1.6.1 The role of viruses 

Parainfluenza type 3 virus has been isolated from the respiratory 

tract of sheep. In Scotland, Hore (1966) took nasal swabs .from 

intensively housed lambs which had a nasal discharge, and thirteen 

isolates of Pl3 were obtained. In Canada, Ditchfield (1966) isolated 

Pl3 from sheep with acute "Pasteurella pneumonia''. 

Hore (197b) suggested that Pl3 virus may be implicated in sheep 

pneumonia, but severe clinical illness or persistent lesions could not 

be attributed to the virus alone. St. George and Liefman (1972), in 

an 11 month investigation of respiratory disease in a flock of 

Australian lambs, failed to isolate Pl3 from pneumonic animals. 

Serology indicated that Pl3 vi~us infection had occurred In the flock 

7 months prior to the occurrence of clinical pneumonia, and they 

also found that an asymptomatic pneumonia was present in the flock 

from when the lambs were approximately 1 month old. It was 

concluded that Pl3 did not appear to be the cause of chronic pneumonia 

in the flock studied and they stated that Pl3 virus appeared to produce 

a mild pneumonia which was superimposed for a short time on the 

existing pneumonia. 

Attempts have been made to produce pneumonia in lambs using Pl3 

virus inocula, but success has been limited (Davies et al., 

1977). Sharp et al. (1978) reported that specific pathogen free 

(SPF) lambs inoculated with Pl3 virus alone, developed a transient 

respiratory disease which resolved after 9 days. 

Concurrent infection of lambs with Pl3 virus and Pasteurella haemolytica 

produced an acute pneumonia (Sharp et al., 1978). Similar work in 

New Zealand was carried out by Davies et al. (1977) but the pathology 

of the disease produced was not described fully. 

Although Jones et al. (1979) failed to isolate Pl3 virus from lainbs 

with proliferative exudative pneumonia, they did show that Pl3 

virus infection had occurred in most lambs in their flock as 

indicated by serology, and they suggested that the establishment of 
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Mycoplasma ovipneumonlae in the lower respiratory tract of lambs 

may be facilitated by Pl3 virus ~hfection. Clearly the role of Pl3 

virus in the aetiology of ovine CNP merits further investigation, but 

at present there is no ~nequivocal evidence that the presence of Pl3 

virus is a necessary prerequisite for the development of the disease. 

Adenoviruses were isolated from the res~iratory tract of sheep in 

New Zealand (Thurley et al., 1977) but no evidence which associates 

adenoviruses with ovine CNP was presented. 

1.6.2 The role of bacteria 

An investigation of the bacteria in the respiratory tract of 5 to 10 

month old lambs with CNP was carried out in New Zealand by Alley 

(1957b). P. haemolytica was the predominant organism isolated from 

both the normal and pneumonic respiratory tract. It was most 

frequently isolated from the nasal cavity of pneumonic sheep (78%) but 

this frequency was only slightly higher than the isolation rate from 

the nasal cavity of normal sheep (73%). P. haemolytica was isolated 

in pure culture from 45% of pneumonic lungs, and combined with 

Neisseria catarrhalis in a further 14%. Only 6% of lung material from 

normal sheep yielded P. h~e~6lytica~ 

Neisseria catarrhalis was the second most frequently isolated 

organism, being recovered from 22% of pneumonic lungs (mostly in 

combination with P. haemolytica), but only 1.6% of normal lungs. 

P. haemolytica or N. catarrhalis were not isolated from every pneumonic 

lung studied and it was suggested that the bacteri~ normally resident 

in the nasal cavity of sheep have the ability to colonise the lungs 

of sheep with CNP, but they are not essential for initiating the 

disease process. 

Jones et al. (1979) found low numbers of P. haemolytica in some cases 

of proliferative exudative pneumonia in housed sheep in Scotland 

and also suggested that P. haemolytica was only a secondary invader 

in the disease. They noted the later appearance of P. haemolytica 

compared with M. ovipneumoniae in the lungs of lambs. 
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Alley and Clarke (1979) demonstrated the ability of homogenised 

pneumonic lung tissue to produce lesions of CNP when inoculated 

intranasally into conventionally reared lambs. These lesions were 

identical to the field disease. In later work (Alley and Clarke, 

in the press) they found that treating the sheep with penicillin for 

a period of 2 weeks from the time of inoculation with lung homogenate 

uhtil slaughter stopped bacteria colonising the lungs, and signflcantly 

reduced the severity of the lesions produced. However, minimal 

lesions still developed. Sheep treated with high doses of Ronidazole 

(which stopped the colonisation of lungs by both bacteria and 

M. ovipneumoniae) did not develop any pneumonic lesions. These 

workers concluded that M. ovipneumoniae could colonise the lungs of 

lambs and produce a relatively mild pneumonia and that bacteria as 

secondary invaders made the disease more severe~· it required both 

M. ovipneumoniae and bacteria to produce a disease typical of the more 

severe field cases of ovine CNP. 

1.6.3 The role of chlamydiae 

Chlamydiae have been isolated from sheep with pneumonia. These 

isolations have as yet only been made in the Northern Hemisphere 

(McKercher, 1952; Boiden et al., 1958; Hamdy et al ., 1959; Stevenson 

and Robinson, 1970). 

Intratracheal inoculation of lambs with chlamydiae by Dungworth and 

Cordy (1962) produced an extensive, but mild form of pneumonia. The 

lesions resolved in 13 to 20 days following inoculation, which. is in 

contrast to the more chronic nature of ovlne CNP. Stevenson and 

Robinson {1970) also inoculated lambs intratracheally with chlamydiae 

and produced pneumonic lesions similar to "atypical pneumonla 11 as 

described by Stamp and Nisbet, which is similar to CNP. The disease 

ran its course In only 9 days after which resolution occurred. Both 

groups of workers described the presence of chlamydia] ''elementary 

bodies11 in sections of pneumonic lung. These ''elementary bodies'' 

have not been reported as being present in pneumonic lesions from 

sheep with CNP in New Zealand. 
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The short duration, and the presence of "elementary bodies'' associated 

with chlamydiai pneumonia distinguish it from ovine CNP. 

1 .6.4 The role of mycoplasmas in pneumonia of animals, including 

sheep 

(a) Primary atypical pneumonia in man. 

Primary atypical pneumonia in man was recognised in the 1930's as an 

infectious disease, but could not be associated with a specific agent 

at that time (Scadding, 1937). Patients with this disease often 

developed cold agglutinins (antibodies which agglutinated human group 

0 erythrocytes at 0 to 4°C, but not at 37°C). It was first thought 

that a virus was responsible for the disease. An agent (the "Eaton 

agent'') was eventually isolated which could pass through a 180 to 

250 nm pore size filter, and could be serially passaged in embryonated 

eggs. This agent produced pneumonia in hamsters and cotton rats when 

inoculated intranasally (Eaton et al., 1944). Subsequently it was 

shown by measuring antibody titre rises to the agent in paired sera 

that epidemics of cold agg1~tinin positive pneumonia were associated 

with the ''Eaton agent'' (Liu eta]., 1959). 

The likelihood that the "Eaton agent11 was a mycoplasma was suggested 

by Marmion and Goodburn (1961) who demonstrated that the agent was 

sensitive to chlortetracycline, gold salts, and streptomycin; and also 

that the agent morphologically resembled a mycoplasma. The agent 

was grown on eel ]-free agar medium by Chanock et al., (1962) 

and was identified as a member of the genus Mycoplasma on the basis 

of the morphologic and staining properities of the organism, and also 

its requirement for serum. The majority of colonies on agar were 

granular and centreless, unlike the typical centred colonies of most 

mycoplasmas. The agent was named Mycoplasma pneumoniae by Chanock 

et al., (1963). 

Final pro6f that M. pneumoniae was the aetiological agent of primary 

atypical pneumonia of man was pro~ided by the experimental 

inoculation of the organism into human volunteers who did not have 

pre-existing inhibitory antibody. Inoculation produced respiratory 

disease, a rise in antibody to the organism, and the development of 
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cold agglutinins in a significant portion of the inoculated persons 

(Chanock et a i . , 1970). 

(b) Bovine pleuropneumonia 

Bov1ne pleuropneumonia was recognised in Europe in the 18th century 

and by the mid 19th century reports of the disease had been made in 

many parts of the worlsl. It was carried from Europe to Africa, 

America and Australia with the transport of cattle. 

Bovine pleuropneumonia causes great economic losses in areas where it . 

is established. In Australia, the disease is still present in the 

North and rigid control measures are employed in 11clean 11 areas to keep 

them free from pleuropneumonia. These measures include the slaughter 

of all diseased and serologically positive cattle, immunisation of all 

healthy cattle, follow up of contacts of diseased animals, and 

notification of the disease (Klieneberger-Nobel, 1962; Cottew and Leach, 

1969). 

The organism causing bovine pleuropneumonia was discovered by Nocard 

and Raux in 1898, who grew the agent in a collodian sac inside the 

peritoneal cavity of a rabbit. Subsequently it was found that peptone 

broth enriched with serum would support growth of the pleuropneumonia 

organism, and growth on solid medium gave centred colonies which are 

now known to be typical of many mycoplasmas (Lloyd and Trethewie, 

1970). The organism of bovine pleuropneumonia was used as the type 

species for a new genus Mycoplasma in 1956 and was named Mycoplasma 

mycoldes var mycoides (Edward and Freundt, 1956). 

Although M. mycoides was generally accepted as being the cause of 

bovine pleuropneumonia, production of experimental disease in cattle 

using pure cultures of the organism was not easily achieved. Other 

non-1 iving agents were shown to be necessary as well as the mycoplasma 

when cattle were inoculated by a variety of methods (viz aerosol 

inoculation, intrabronchial intubation, and intravenous injection). 

These agents (chopped agar, blood clots, macerated lung tissue, or 

lung exudate) appeared to assist in the process of infection (Lloyd 

and Trethewie, 1970}. 
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Vaccines against bovine pleuropneumonia generally contain I lve 

M. mycoides organisms and appear to have a long term effect. Only 

limited success has been achieved using dead vaccines (Cottew and 

Leach, 1969; Lloyd and Trethewie, 1970). 

(c) Enzootic pneumonia of swine 

Enzootic pneumonia of swine (chronic porcine pneumonia) is a major 

problem in many countries, especially when pigs are housed ln large 

numbers. Similar to ovine CNP, the disease shows a low mortality 

and a hiqh morbidity with up to 50% of pigs slaughtered for human 

consumption having gross pneumonic lesions. Growth retardation and 

decreased efficiency of food utilisation are economically important 

effects of the disease (Whittlestone, 1972; Ross, 1973). 

The causative agent was grown on cell-free medium and was shown to have 

the properties of a mycoplasma by Mare and Switzer (1965) who 

proposed the name Mycoplasma hyopneumoniae and by Goodwin et al., 

(1965) who proposed the name M. suipneumoniae. Both organisms were 

subsequently shown to be strains of the same species (Goodwin et al ., 

1967) but confusion about the names still exists in the 8th edition 

of Bergey 1 s Manual of Determinative Bacteriology. 

Both groups of workers demonstrated the ability of intranasal 

inoculation of the organism to produce the disease in pneumonia-free 

pigs. However more than one inoculation was needed to produce the 

disease • 

Gnotobiotic pigs inoculated with a single dose of a pure culture of 

M. hyopneumoniae developed extensive pneumonia similar to the natural 

disease (Hodges et al ., 1969). These experimental findings indicate 

that M. hyopneumoniae (suipneumoniae) is a cause of enzootic pneumo

nia {Betts, 1971), but is it the sole cause? 

M. hyorhinis has also been associated with pneumonia in swine. 

L'Ecuyer et al., (1961) and Friis (1971) reported that pneumonias 

caused by M. hyopneumoniae are frequently complicated by M. hyorhinis 

infection. Experimental inoculation of pigs with M. hyorhinis 

by Gots et aL (1971) produced-rhinitisand pneumonia similar to 
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enzootic pneumonia. Other workers confirmed this and Betts (1971) 
concluded that some strains of M. hyorhinis are pulmonary pathogens 

capable of producing pneumonia. similar to enzootic pneumonia. 

M. hyosynoviae and M. flocculare were isolated from the porcine 

respiratory tract by Ross and Karmon (1972) and Friis (1972) 
respectively. The significance of these in porcine pneumonia, however, 

has not been reported (Whittlestone, 1973). 

In summary, therefore, it may be said that M. hyopneumoniae 

(suipneumoniae) and some strains of M. hyorhinis are pathogens 

capable of causing enzootic pneumonia of swine. 

(d) Air-sac disease of poultry 

Chronic respiratory disease of poultry is a mild disease with a slow 

spread, long incubation period, and a slow course (Fabricant, 1969). 
The causative agent was grown in embryonated eggs and the yolk from 

these eggs produced sinusitis when inoculated into the sinus of 

turkeys (Markham and Wong, 1952) . Subsequent 1 y the organism was 

grown on cell-free medium and shown to be a mycoplasma. The name 

Mycoplasma gallisepticum was proposed by Edward and Kanarek (1960). 

Outbreaks of a more severe respiratory disease with high mortalities 

(air-sac. disease) were subsequent 1 Y" reported. Wasserman et a 1. 

(1954) reported that Eschericia coli was isolated from infected birds 

in a high number of cases: Isolations of mycoplasmas, infectious 

bronchitis virus (IBV), and Newcastle disease virus (NDV) were noted 

also. Air-sac disease was reproduced experimentally by inoculating 

hens with M. gallisepticum plus IBV or. NDV, followed by an aerosol 

of E. coli (Gross, 1961). 

Fabricant and Levine (1962) inoculated hens with M. gall isepticum, 

E. coli, and IBV in several combinations and produced lesions 

indistinguishable from field cases. Birds inoculated with all three 

agents developed the most severe disease,~and birds inoculated with 

M. 9allisepticum plus E. coli developed a slightly less severe disease. 

An important conclusion drawn from these experiments was that E. coli 

did not readily invade the lower respiratory tract of hens unless 
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previous infection with M. gall isepticum had occurred. This is 

supported by the fact that air-sac disease 1~ almost completely 

absent from flocks of M. gallisepticum-free chickens (Fabricant, 

1969). 

Because of intensive poultry management nowadays involving large 

numbers of birds in close contact, even a small number of infected 

chickens can serve as a reservoir of M. gall isepticum which is spread 

by contact infection. Jihis contact spread can be accelerated by 

virus infection, or live virus vaccination with NOV or IBV (Fabricant, 

1969) . 

It is seen therefore that respiratory disease of poultry has a complex 

·aetiology, M. gall isepticum alone may cause a mild chronic 

respiratory disease, but when complicated by a viral and an E. coli 

infection severe air-sac disease resuits. 

(e) Chronic respiratory disease of rodents 

Chronic respiratory disease (CRD) of rats ~nd mice is indigenous in 

many colonies of laboratory rodents. Several groups of workers 

isolated mycoplasmas from the respiratory tracts of pneumonic mice 

and Edward (1954) reported that these mouse pneumonia strains were 

similar to mycoplasmas isolated from rats with CRD. The organism was 

named Mycoplasma pulmonis by Edward and Freundt (1956). This myco

plasma was also isolated from the respiratory tract of normal rodents 

(Edward, 1940; Klieneberger~Nobel and Cheng, 1955). 

Over the years there has been considerable confusion about the 

aetlological agent of CRD. It is generally accepted that M. pulmonis 

causes upper respiratory tract disease in rats i.e. infectious catarrh 

(Cassell et al.; 1973), but the role of M. pulmonis as a cause of 

chronic lower respiratory tract disease is less certain. Nelson 

(1967) proposed that chronic respiratory disease of rats was the 

result of two diseases: infections catarrh produced by M. pulmonis, 

and a bronchiectasis caused by a 11virus". This 11virus 11
, however, 

has not been characterised. A viral aetiology was also proposed 

for chronic murine respiratory disease by Andrewes and Glover (1945), 

who ca 11 ed the agent the 11grey 1 ung vi rus 11
• 
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Cassell et al. \1973) cite three groups of workers who successfully 

peproduced chronic respiratory disease using M. pulmonls inoculated 

into pathogen-free rats, however significant lower respiratory tract 

infection was produced inconsistently in their own laboratory. 

Production of experimental respiratory disease in mice has been more 

successful. M. pulmonis was shown to be pathogenic for mice and 

intranasal inoculation produced upper and lower respiratory tract 

disease which was occasionally fatal if a large dose of the organism 

was administered (Cassell et al ., 1973). Mice given lower doses of 

the organism showed lesions closely related to naturally occurring 

respiratory mycoplasma infection. 

It was postulated that the reason behind the 1 imited success of 

producing lower respiratory tract infection in rats (unlike mice) 

using M. pulmonis is that rats have a more efficient pulmonary 

clearance system. This is supported by the fact that chemicals 

which interfere with pulmonary clearance in the rat enhance lower 

respiratory tract lesions due toM. pulmonis (Cassell et al ., 1973). 

Another group of workers have a contrary view of the aetiology of CRD 

of rodents. Gay et al., (1972) attempted to isolate micro-organisms 

from the lungs bf conventional rats, and to induce chronit pneumonia 

in specific pathogen free (SPF) rats. They transmitted chronic 

pneumonia to SPF rats and to laboratory mice, using pneumonic lung 

homogenate from which no organisms could be cultivated on the wide 

variety of media and tissue cultures used. However, mycoplasmas 

could be seen in stained impression smears of lung material from the 

experimentally infected mice. Ultrastructurally, a mycoplasma-like 

organism was seen, and this was morphologically identical to the 

"vira1 11 cause of bronchiectasis of Nelson and the "grey-lung virus 11 

of Andrewes and Glover. The disease in mice was suppressed by anti

mycoplasmal agents. M. pulmonis and Streptobacillus moniliformis (both 

as a bacterium and an L-form) could be isolated from old conventional 

rats, but the disease could not be reproduced by inoculating 

cultures of these organisms, either singly or in combination, into 

rats. It was concluded that M. pulmonis and S. moniliformis were 

opportunistic secondary invaders. These workers also concluded that 
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another agent, closely resembling a mycoplasma morphologically and 

biologically was the cause of chronic pneumonia in rodents, and 

it was probably highly fastidious as it could not be grown on 

conventional tissue cultures and inanimate media. 

So it is seen that the cause of chronic pneumonia in rodents is still 

in dispute. It should be noted that although M. pulmonis can be 

isolated from most cases of the natural disease, it may not be the 

primary aetiologica1 agent of chronic pneumonia of rodents. 

(f) Summary of the role of mycoplasmas in the above diseases 

The roie of mycoplasmas in pneumonia of animals other than sheep is 

varied. Mycoplasmas can range from being the primary pathogen, 

as in atypical pneumonia of man, and contagious bovine pleuropneumonia; 

to being part of a sequence of infection in a disease of complex 

aetiology, as in air-sac disease of fowl; to being Implicated in 

pneumonia with an as yet·unresolved aetiology such as CRD of rodents. 

(g) Chronic non-progressive pneumonias of sheep 

The experimental transmission of ovine pneumonia by the intratracheal 

inoculation of pneumonic lung tissue suspension was described by St. 

George et al. (1971). The natural disease and ~xperimental disease 

were described as a proliferative interstitial pneumonia. An agent 

was isolated in cell cultures and eventually grown in non-1 iving 

li~utd medium, but it did not grow well on solid medium. When the 

agent was eventually grown on solid medium the colonies resemb.led those 

of members of the genus Mycoplasma. Other properties typical of 

mycoplasmas were also noted viz the organism passed through a 0.22 ~m 

pore size filter; it grew in the presence of thallium, streptomycin 

and penicillin; and did not grow.in the presence of tylosin. Young 

lambs inoculated with pure cultures of the organism developed pneumonia 

similar to the field disease. 

Three species of mycoplas~~ were isolated from sheep in Australia by 

Carmichael et al. (1972). One was identified as ~lycoplasma arginini 

and it was found most commonly in the pharynx of normal and pneumonic 

sheep. 
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M. arginini formed centred colonies on solid medium. The species 

typified by isolate 2-D (a ureaplasma) was isolated only from the 

genital tract of sheep. The species typified by isolate Y-98 was 

similar to the organism isolated by St. George et al. (1971) 

and was most cowmonly isolated from pneumonic lungs> frequently in pure 

culture. This organism formed 11vacuolated 11 centreless colonies on 

solid medium, fermented glucose, and produced acid in liquid medium. 

The name Mycoplasma ovipneumoniae was proposed. It was postulated that 

M. ovipneumoniae had an important aetiological role in chronic inter

stitial pneumonia of sheep. M. arginini was thought to be a normal 

inhabitant of the upper respiratory tract of sheep, and this was 

supported by Foggie and Angus (i972) who reported that M. arginini 

was not pathogenic for SPF sheep when inoculated intranasally and 

intratracheally. 

The above data indicate that M. ovipneumoniae_ may be the primary lung 

pathogen in chronic sheep pneumonia. Sullivan et al. (1973b) exposed 

lambs to M. ovipneumoniae by either intravenous injection, an aerosol 

inoculum, or contact with infected animals and produced pneumonia 

similar to the less severe field cases of proliferative interstitial 

pneumonia. They could not, however, reisolate the organisms from the 

lungs of experimental animals and this was attributed to mycoplasmacidal 

factors in the lung being released when the tissue was ground in the 

isolation procedure. 

Subsequently M. ovipneumoniae has been isolated from sheep with chronic 

pneumonia in Nev-J Zealand (Clarke et al., 1974), the United States (St. 

George and Carmichael, 1975), Britain (Leach et al., 1976; Jones et al ., 

1976) and Iceland (Friis et a1., 1976). 

Transmission experiments using pneumonic lung homogenate and/or 

M. ovipneumoniae have been reported by various workers. Foggie et al. 

(1976) inoculated SPF lambs endobronchially with M. ovipneumoniae, 

but only produced mild lesions of pneumonia in a small number of lambs. 

No definite conclusions were reached about the pathogenicity of these 

strains of M. ovipneumoniae for SPF lambs. Jones et al. (1978) 

inoculated homogenised pneumonic lung suspension containing 

M. ovipneumoniae,., M. arginini and P. haemolytica endobronchially 



into 6 to 7 month old sheep and produced proliferative exudative 

pneumonia similar to field cases. Inocula consisting of cloned 

cultures of these same organisms produced similar results. 

M. ovipneumoniae was recovered from all experimental animals but 

P. haemolvtica and M. arginini were recovered less consistentlys 

indicating that M. ovipneumoniae was probably the primary pathogen 

in the disease. Alley and Clarke (1979) transmitted CNP to 

conventionally reared lambs with an intranasal inoculum of pneumonic 

lung homogenate. The disease produced was indistinguishable from 

field cases. However, when M. ovipneumoniae alone was inoculated 

intranasally only 20% of the experimental animals showed pneumonic 

lesions, and these were relatively mild. 

Although the results of the above experiments are not conclusives they 

indicate that M. ovipneumoniae is important, and is probably the 

major pathogen in chronic non-progressive forms of sheep pneumonia. 

The evidence shows that M~ arginini is a normal inhabitant of the ovine 

upper respiratory tract. Jones et al. (1978) suggested that M. arginini 

was associated with pleurisy and death in pneumonic sheep, but in 

a later paper (Jones et al., 1979) stated that M. arginini was 

unimportant in the disease. The isolation rate of M. arginini from 

pneumonic sheep lungs is considerably lower than the isolation rate 

of M. ovipneumoniae (Carmichael et al ., 1972; Alley et al ., 1975; 

Jones et al., 1978) which also lends support to the suggestion that 

M. arginini is not a primary pathogen in chronic ovine pneumonia. 

Ureaplasmas were isolated from the lower respiratory tract of sheep 

by Jones et al. (1979) but were considered unimportant in proliferative 

exudative pneumonia. 

1.7 Summary of evidence suggesting that ovine CNP has a complex 

aetiology 

There has been accumulating evidence that ovine CNP may have a 

complex aetiology. Here tl970), in reference to 11atypical 11 pneumonia 

of sheep in Australia, suggested that Pl3 virus may be one of the 

factors which alters the susceptibility of sheep to infection with more 

persistent respiratory pathogens, because infection with the virus 
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caused damage to the ep i the 1 i um of the sma 11 er air passages. It 

was also inferred that Pl3 virus could act as a respiratory pathogen, 

but severe clinical illness or persistent pulmonary lesions could not 

be attributed to the virus alone. 

Sullivan et al. tl973a) made sequential clinical, pathological 

and microbiological investigations in a flock of Iambs naturally 

affected with proliferative interstitial pneumonia. Their results 

indicated that the lambs became infected with M. ovipneumoniae soon 

after birth, and this infection was complicated at a later stage by 

secondary bacterial invasion, producing a chronic pneumonia. No 

evidence of Pl3 1hfection was found. 

Jones et al. (1978) inoculated sheep endobronchially with homogenates 

of pneumonic lung from naturally occurring cases of proliferative 

exudative pneumonia. One homogenate cont.:=dned P. haemolytica, 

H. ovipneumoniae and E. coli; and inoculated sheep developed clinical 

disease and lesions indistinguishable from the natural disease. Another 

homogenate contained P .. haemolytica, M. ovipneumoniae and M. arginini. 

Sheep inoculated with this homogenate, and sheep inoculated with 

mixed cultures of the three organisms developed clinical respiratory 

disease and lesions indistinguisable from field cases of the disease. 

Some deaths occurred. M. ovipneumoniae was recovered from all animals, 

but P. haemolytica and M. aroinini were recovered less consistently. 

These workers suggested that the aetiology of proliferative exudative 

pneumonia (atypical pneumonia) may commonly involve the combination 

of mycoplasmas and P. haemolytica. 

In New Zealand, Alley and Clarke (1977) studied the correlation of the 

numbers of bacteria and the numbers of M. ovipneumoniae with the 

histopathological lesions df ovine CNP. They found that high titres 

of M. ovipneumoniae were associated with chronic proliferative changes 

in the lung. More severe lesions (i.e. greater neutrophil exudation 

into the alveoli, and increased proliferative changes) were associated 

with hightitres of both H. ovipneumon1ae and bacteria. Further work 

(Alley and Clarke, 1979) demonstrated the ability of a homogenate of 

pooled pneumonic lungs to produce the disease following intranasal 

inoculation into conventionally-reared lambs. Treating lambs with 
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penlcl11 In (thereby stopping bacteria colonlsing the lungs) was found 

to reduce the severity of the disease produced (Alley and Clarke, in 

the press), but mild lesions were still present from which 

M. ovipneumoniae could be Isolated. These mild lesions resembled the 

lesions produced when M. ovipneumoniae alone was inoculated intranasally 

into lambs. Treating lambs with a large dose of Ronidazole stopped the 

colonisation of lungs by both bacteria and M. ovipneumoniae after 

intranasal inoculation of pneumonic lung homogenate, and no lesions 

of pneumonia were detected (Alley and Clark, in the press). The 

conclusion drawn from these data is that M. ovipneumoniae is capable 

of colonising the lungs of lambs, and produces mild pneumonic lesions. 

Subsequent bacterial invasion increases the severity of these lesions. 
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Jones et a1. (1979) isolated a number of organisms from the respiratory 

tracts of a flock of housed sheep affected by a proliferative exudative 

pneumonia viz M. ovipneumoniae, M. arginini, M. conjunctivae, ' 

Acholesplasma laidlawii, ureaplasmas and P. haemolytica. M. ovipneumoniae 

and P. haemolytica were isolated from all cases of proliferative 

exudative pneumonia. No viruses were isolated, although Pl3 virus 

infection had occurred in the flock as indicated by serology. Although 

these sheep were in a housed environment (in contrast to the outdoor 

conditions of New Zealand sheep) the importance of both M. ovipneumoniae 

and P. haemolytica as aetiological agents of proliferative exudative 

pneumonia is noted. Because P; haemolytica could only be isolated in 

low numbers from some cases it was suggested that these bacteria are 

secondary invaders. It was also suggested that Pl3 virus may have 

enhanced the establishment of mycoplasmas in the lungs, but th~re was 

no proof of this. M. arginini ~ M. conjunctivae, A. laidlawii, and 

ureaplasmas were not assotiated with any specific pathological changes 

in the lungs and their role in the disease was considered negll~ible. 

The above data clearly indicate that ovine CNP may have a complex 

aetiology. /'1. ovipneumoniae and P. haemolytica are suspected as major 

pathogens; M. ovipneumoniae colonises the lungs, and P. haemolytica 

is probably a secondary invader increasing the severity of the lesions. 

Pl3 virus is suspected by some workers of enhancing the 

establishment of M. ovipneumoniae in the lungs. This present 

investigation attempts to clarify further the aetiology of ovine CNP. 



1.8 Economic importance of the disease 

It has been reported that chronic ovine pneumonia resulted in 

inadequate weight gain of sheep (St. George et al., 1971; Carmichael 

et al., 1972). Kirton et al. (1976) however, who assessed the effect 

of chronic pneumonia on the growth rate of sheep in New Zealand got 

unexpected resuits. They divided lambs into groups on the basis of 

the presence or absence of pneumonic lesions at slaughter and compared 

the carcass weights of the groups. They found that on the average, 

the carcasses of pneumonic sheep were heavier than the carcasses of 

sheep without pneumonia. Kirton et al. (1976) were obviously 

unwilling to conclude that pneumonic lesions increased the growth 

rate so they merely concluded that pneumonia could not be shown to 

reduce the average carcass weight at slaughter. 

In marked, and perhaps amusing contrast, Harris and Alley (1976) felt 

that the statistically significant differences in carcass weight 

betvveen pneumonic and non-pneumonic sheep shou 1 d not be ignored, 

and indeed argued that Kirton 1s results could be reconciled with the 

conclusion that chronic ovine pneumonia does diminish growth rate. 

This opposed explanation depends upon the observation that most lambs 

get CNP at some time during the first year of 1 ife, and the disease 

resolves over a period of several months. Thus most of the lambs 

without pneumonia at slaughter described by Kirton et al. (1976) 

probably represented lambs which became infected with CNP at a 

sufficiently early stage of life to allow resolution of the disease 

to occur before slaughter. On the other hand, the pneumonic sheep 

(heavier) had probably contracted the disease more recently and hence 

had been affected by it for a shorter and less critical period 

of their life. So, on the basis of this hypothesis, it could be 

concluded that CNP has an adverse effect on weight gain of sheep in 

New Zealand and hence be of economic importance. 

Although ovine CNP is characterised by a high morbidity and low 

mortality, severe cases can extend to involve the visceral pleura, 

and often secondary pleurisy develops (Dysart, 1976). Carcasses with 

pleural adhesions are required to be diverted from the main killing 

chains of freezing works to "detain rails" where the pleural 
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adhesions are cut out and the carcass Is re-examined by a meat 

Inspector. When a heavily infected flock is being slaughtered the 

detain rail often becomes full, and the killing chain is required to 

stop until the carcasses are cleared. A direct result of this is the 

loss of productive man-hours at freezing.works. 

Even more significantly, carcasses which have had pleural adhesions 

removed are unacceptable for several major overseas markets viz 

the U.S.A., Canada, and West Germany, hence the carcasses are down

graded. A figure of $1.8 million was the estimated loss to the New 

Zealand farmer from pleurisy in lambs in the 1974/5 season (Dysart, 

1976). This figure is undoubtedly a·gross underestimate for the 

current season because of a combination of inflation and the continued 

upgrading of meat hygiene standards for export carcasses. 

In conclusion, although the effects of ovine CNP are difficult to 

measure directly in economic terms it is apparent that the disease 

is economically important to New Zealand, which relies on lamb 

exports for a major source of its income. 
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CHAPTER 2 Survey of the prevalence of mycoplasmas in pneumonic sheep 

lungs with particular reference to ureaplasmas 

2.1 Introduction 

Non-progressive pneumonia of sheep is a chronic disease, and by 

analogy with other chronic respiratory diseases of animals (see 

Chapter 1) it is likely that mycoplasmas are involved in its aetiology. 

Based on serological evidence and high isolation rates, ureaplasmas 

(T-strains) are considered to play an important role in pneumonia of 

calves (Shimizu et al., 1975): and indeed experimental pneumonia has 

been produced in calves by endobronchial inoculation with ureaplasmas 

(Gourlay and Thomas, 1970). Recently (Jones et al., 1979) ureaplasmas 

were isolated from the lower respiratory tract of housed sheep in 

Scotland, but their role in ovine pneumonia was considered negligible. 

Over 500 isolations of mycoplasmas from pneumonic and normal sheep 

lungs have been made during several surveys in New Zealand (Clarke;· 

et al., 1974; Clarke, unpublished results). All isolates gave either 

centred colonies on solid medium and were identified as M. arginini, 

or gave centreless 11 1acy 11 or ••vacuolated 11 colonies and were identified 

as M. ovipneumoniae. Identification was made using acetone-fixed 

impression smears stained by immunofluorescent techniques. However, 

these workers did not employ techniques for isolating ureaplasmas, 

and since it is now known that ureaplasmas can indeed invade the ovine 

lung the present investigation undertook a further survey of mycoplasmas 

in pneumonic sheep lungs which included an isolation procedure which 

could detect ureaplasmas if they were present. 

2.2 Materials and methods 

2.2.1 Mycoplasma media 

See appendix. 
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2.2.2 Source of mycoplasmas used to test isolation techniques 

(a) Ureaplasmas 

The ureaplasma strain in this study was of human origin and was obtained 

from Dr N. Markham, National Health Institute, Wellington. The organism 

was recovered during routine i~olatron procedures undertaken for 

diagnostic purposes. 

(b) M. ovipneumoniae and M. arginini 

See appendix. 

2.2.3 Test of the ability of U9 medium to support the growth of 

ureaplasmas 

A ureaplasma (described above) from the human genito-urinary tract was 

used to test the ability of U9 medium to support its growth. 0.3 cm 3 

of a broth culture of the ureaplasma stored at -7ooc was inoculated into 

2.7 cm 3 of U9 broth. This was incubated at 37°C and observed for a pH 

change. When a pH change occurred, 0.3 cm 3 of the culture was removed 

and inoculated into another 2.7 cm 3 of U9 broth. This was performed 

serially more than 10 times. At intervals, 0.05 cm3 of culture was 

spotted on solid U9 medium and plates were incubated at 37°C for 2 to 4 

days. Typical 11 tin/ 1 colonies (microcolonies) were seen using a plate 

microscope at 40x magnification (see figs 1 and 2). 

2.2.4 Isolation of mycoplasmas from lung specimens 

Four groups of 12 pneumonic lungs were collected randomly from a local 

freezing works at approximately \veekly intervals during April and May. 

Due to hygiene regulations all the lungs were handled by a meat 

inspector prior to collection .. Pneumonic lesions were aseptically cut 

off each lung and transported back to the laboratory in sterile petri

dishes. The samples were then cut into small pieces with a scalpel and 

placed in 3 cm 3 of BHI broth (Difco) to give an approximately 10% 

suspension. The lung suspension was shaken at intervals for 20 minutes 

at room temperature. After the solid material had settled, 0.3 cm 3 of 

the supernatant was added to 2.7 cm 3 each of FM4 broth, FM4A broth, and 

U9 broth; a further 1:10 dilution of each was then made. The bottles 



FIGURE 1 Colonies of ureaplasmas on U9 agar (unstained, x 97) 

These microcolonies have a diameter of 15-20 ~m and are 

seen as refractile bodies. This is typical of most 

ureaplasmas. The line of colonies between the two 

outermost ones (arrowed) are aligned along the edge of the 

original inoculum. 
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FIGURE 2 Colonies of ureaplasmas on U9 agar (unstained, x 240) 

These are similar colonies to those in fig. 1, but are 

more highly magnified. Note that the colonies do not 

have the "fried-egg" appearance typical of many 

mycoplasmas. 
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were ~~cubated at 37°C for 5 days or until. growth occurred as indicated 

by a colour change in the pH indicator. If growth occurred a 1/10 

dilution was made into fresh liquid medium and 0.05 cm 3 was spotted on 

the equivalent solid medium. If the original specimens showed no 

growth after 5 days a 1/10 dilution of each bottle was made into 

fresh liquid medium, and if there was no growth after incubation for 

a further 4 days 0.05 cm 3 was spotted on solid medium. Plates were 

examined for colonies after 5 days incubation at 37°C. 

2.2.5 Attempted isolation of ureaplasmas from pneumonic lung 

homogenate known to transmit ovine CNP 

The pneumonic lung material, homogenised in phosphate buffered saline 

(PBS), used here was from the same pool of pneumonic lungs which was 

used to transmit CNP as described in Chapter 4. This pool was stored 

at -70°C until required. 

A bottle containing 2.7 cm3 of U9 broth was inoculated with 0.3 cm 3 
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of pneumonic lung homogenate and a further two serial 10-fold dilutions 

of this were made. The bottles were incubated at 37°C until growth 

occurred as indicated by a colour change, or for 5 days. If there was 

no growth after 5 days, 0.3 cm 3 was removed from each bottle and added 

to 2.7 cm 3 of fresh U9 broth. If there was no growth in the fresh broth 

after a further 4 days 0.05 cm 3 of the broth was spotted on U9 agar. 

P.lates were examined after incubation at 37°C for 2 to 4 days. 

2.2.6 ldehtificatlon of mycoplasmas 

A large number of isolations of mycoplasmas from pneumonic sheep lungs 

performed previously in this laboratory yielded only two species of 

mycoplasmas which had different colony types. The mycoplasma which 

fermented glucose (hence changing FM4 medium from red to yellow) and 

always gave centreless 11 1acy11 or ''vacuolated'' colonies on solid medium 

(see fig. 3) was identified serologically as M. ovipneumoniae. The 

mycoplasma wh~ch hydrolysed arginin~ (hence changing FM4A ~edium from 

orange to purple} and always gave centred colonies on solid medium 

(see fig. 4) was serologically identified as M. argJnini. The present 

investigation therefore relied on the appropriate pH change and colony 

type for identification of the isolates. 



3(a) 

3 (b) 

FIGURE 3 Colonies of M. ovipneumoniae on 1% agar viewed with 

(a) ob 1 i que, and (b) transmitted 1 i ght (x 62) 

The colonies are centreless and have a ~'lacy 11 or 

''vacuo 1 a ted 11 appearance. 
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FIGURE 4 Colonies of M. arginini on 1% agar viewed with transmitted 

light (x 47) 

The colonies have the typical 11 fried-egg 11 appearance of 

many mycoplasmas. This is due to the organisms growing 

into the agar in this central portion. 
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2.3 Results 

The results of the mycoplasma isolations from the 48 lungs examined 

are summarised in Table I. 

TABLE I Isolation of mycoplasmas from pneumonic sheep lungs 

Number of lungs . Proportion of 1 ungs Number of lungs 
Organism examined giving positive giving positive 

isolation isolation 

M. ovieneumoniae 48 47 98% 

M. a rg in in i 48 2 4% 

Ureap 1 asmas 48 0 0% 
' 

It should be noted that nearly all of the pneumonic lungs were positive 

forM. ovipneumoniae and only a small proportion positive for 

M. arginini. There were .no ureaplasmas isolated from any of the 

lungs, as indicated by the appropriate colour change in 1 iquid 

medium, or the presence of microcolonies on solid medium. Nor were 

there any ureaplasmas isolated from the pneumonic lung homogenate 

known to transmit ovine CNP. 

2.4 Discussion 

The rna in observation of this study was that u reap las mas could not be 

isolated from any of 48 pneumonic lungs collected from different 

flocks of sheep over a period of approximately one month in the 

Manawatu region. Nor were ureaplasmas isolated from pooled pneumonic 

lung homogenate which was knmvn to transmit CNP when inoculated 

intranasally into sheep. It is concluded that ureaplasmas are not 

common inhabitants of the lungs of sheep with CNP, and that they are 

not necessary for experimental transmission of the disease. 

It is relevant to emphasise that the U9 medium used in this study 

was shovm to be capable of supporting the growth of a human ureaplasma 

strain, and that the medium was developed for the detection and 

identification of ureaplasmas from clinical material (Shepard and 
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Lunceford, 1970). It Is also relevant that U9 medium is essentially 

the same as the medium used by Jones et al. (1979) who isolated 

ureaplasmas from the lower respiratory tract of sheep in Scotland· 

{i.e. the pH of the medium was 6.0, and it contained serum and urea). 

A survey of the prevalence of M. ovipneumoniae and M. arginini in 

pneumonic sheep lungs in New Zealand was performed by Alley et al. 

(1975} who found that M. ovipneumoniae was present in 79% and 100% of 

pneumonic lungs in two samplings and M. arginini was recovered from 

32% of pneumonic lungs. A comparison with the present 98% recovery 

rate for M. ovipneumoniae and 4% for M. arginini from pneumonic lungs 

suggests that M. ovipneumoniae is consistently present in a high 

proportion of pneumonic lungs, whereas the isolation rate of M. arginini 

varies, but is lower than that of M. ovipneumoniae. 

These data, combined with the failure to isolate ureaplasmas from 

pneumonic sheep lungs, suggest that if indeed there is a mycoplasmal 
I 

aetiology in ovine CNP, then M. ovipneumoniae is most likely to be the 

organism implicated. In contrast,ureaplasmas are not essential for 

the development of the lesions. The role of M. arginini is not clear: 

its absence from most lesions suggests that it is not a primary 

pathogen, but its presence in at least a minority of lesions in all 

surveys does suggest the possibility that it may exacerbate existing 

lesions. The characteristics of this organism are therefore examined 

and reported in the next chapter. 
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CHAPTER 3 An in vitro lnvestlgatfon of the growth and ultrastructure of 

M. arginini, and the comparison of the ultrastructure of 

M. arginini with that of M. ovipneumoniae 

3.i Introduction 

Mycoplasma arginini has been frequently isolated from the respiratory 

tract of normal and pneumonic sheep (Carmichael et al., 1972; Foggie 

and Angus, 1972; Clarke et al., 1974; Alley et al., 1975: Jones et al., 

1978; El Mahi and Nayil, 1978). However its role, if any, in the 

pathogenesis of ovine CNP is uncertain. 

In Scotland, Foggie and Angus (1972) demonstrated that the strain of 

M. arginini they used in transmission experiments was not pathogenic 

for SPF lambs. Jones et al. (1978) inoculated 6 to 7 month old lambs 

with a mixture of P. haemolytica, M. ovipneumoniae and M. arginini 

and concluded that P. haemolytica and mycoplasmas may commonly be the 

aetiological agents involved in proliferative exudative pneumonia 

(similar to ovine CNP). They noted that the recovery of M. arginini 

from experimental animals was inconsistent, but stated that M. arginini 

infection of sheep lung was clOsely associated with both the 

development of pleurisy and an increased probability of death. 

Subsequently, however, the same group of workers (Jones et al., 1979) 

concluded that the presence of M. arginini was unimportant in the 

disease. 

In New Zealand, Alley et aL (1975) and Alley (1975b) undertook micro

biological surveys of lungs of lambs at slaughter which showed that 

M. ovipneumoniae could be isolated from lesions of CNP at all stages 

of development, whereas bacteria and M. arginini could be found 

consistently only in lesions of a substantial size or duration. 

The above data indicate that while it is unlikely that M. arginini 

is a primary pathogen in ovine CNP, the organism may well be important 

as a secondary invader, and since the aetiology of the disease is 

thought to be complex it is important to establish its role, if any, 

in the pathogenesis of the disease. 



An investigation Into the significance of M. arginini in CNP of 

sheep in New Zealand could be facilitated both by transmission 

experiments using a local isolate alone, and in association with 

O·ther organisms; and by electron microscopic examination of 

pneumonic lungs, especially If M. ovlpneumoniae and M. arginini 

could be distinguished in thin section. These objectives require 

that a high titre inoculum of M. arginlni in the logarithmic growth 

phase be available, and that its ultrastructure be established. 

Since M. arginini is a ubiquitous organism it Is surprising that this 

information is not apparently available; thus the 8th edition of 

Bergey's Manual of Determinative Bacteriology states that the morphology 

of M. arginini is"poorly defined!'. 

Previous workers (Major et al., 1979) reported the in vitro growth 

and ultrastructure of M. ,ovipneumoniae. 

The following investigation was undertaken as an initial in vitro 

study to be ultimately followed by an in vivo investigation. The 

objectives were: 

i) To provide data which will enable high titre inocula in the 

logarithmic phase of growth to be obtained consistently for 

future transmission experiments to assess the role of M. arginini 

as a pulmonary pathogen of sheep. 

ii) To determine, in defined conditions, at what stage of growth 

the logarithmic, stationary, and death phases occur so that 

the ultrastructure of M. arginini can be determined at each of 

these phases. 

iii) To compare the ultrastructure of M. arginini with that described 

forM. ovipneumoniae by Major et al. (1979). 

3.2 Grovvth curve of M. arginini 

3.2.1 Materials and methods 

(a) Source of M. arginini 

See appendix. 



(b) FM4A medium 

See appendix. 

(c) Growth curve of M. arginini 

M. arqinini was propagated in FM4A medium and frozen in aliquots 

at -70°C at a titre of 1.5 x 10 8 colony forming units (CFU)/cm 3 • 

A 100 cm 3 conical flask containing 19.8 cm 3 of FM4A broth prewarmed 

to 37°C was inoculated with 0.2 cm 3 of M .. arginini culture from -70°C. 

The flask was fitted with a screw cap to prevent excessive evaporation 

of the medium which was noted in preliminary experiments. The culture 

was incubated at 37°C on a rotary shaker at 125 r.p.m. The viable 

count was estimated every 3 hours by removing 0.2 cm 3 of the culture 

and serially diluting it in FM4A broth. A 0.05 cm 3 volume from each 

dilution was spotted on FM4A agar and plates were incubated at 37°C 

for 5 days. Colonies were counted using a plate microscope. 

3.2.2 Results 

The growth curve of M. arginini was repeated 3 times and gave :consistent 

results. A typical result is seeninfigure 5. The following points 

were noted: 

i) During the first 6 hours of incubation there was an approxi

mately 10-fold decline in titre of the organism. 

ii) After this initial drop there was a rapid increase in titre (the 

logarithmic phase) to a maximum of approximately 1.2 x 109 CFU/cm 3 

after 18 hours. 

iii) This was foilowed by a period of 12 hours during which the titre 

changed by less than a factor of 2-fold (stationary phase) after 

which the titre dropped off rapidly (death phase) to a titre 

of 6.4 x 10 4 CFU/cm 3 after 60 hours incubation. 

iv) The mean generation time calculated from the slope of the graph 

at the maximum rate of growth was approximately 0.5 hours. 

v) The half-life of the organisms in the death phase was approxi

mately 2.5 hours. 
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FIGURE 5: The growth curve of M. arginini 



3.3 Ultrastructure of M .. arginini and M. ovipneumoniae 

3.3.1 Materials and Methods 

(a) Reagents for electron microscopy 

Karnovsky's fixative (modified) 

Na 2HP04.12H 20 12.55 g 

KH 2P04 2.05 g 

paraformaldehyde 1 0. 0 g 

gluteraldehyde (25% solution) 60.0 cm 3 

The paraformaldehyde (10.0 g in 420 cm 3 distilled water) was heated 

to 60 to 70°C, then l.ON, NaOH added dropwise unti 1 the solution 

cleared. The buffer salts and gluteraldehyde were then added. The 

solution was stored at 4°C. 

0.1M Phosphate buffer pH 7.2 

Na 2HP0 4 • 12H 20 

KH2P0 4 

Distilled water to 

Osmium tetroxide 

2. 51 g 

0.41 g 

100.0 cm 3 

Osmium tetroxide was made up as a 2% aqueous solution, and kept in 

a dark bottle at 4°C. Before use it was diluted with an equal volume 

of 0.1M phosphate buffer pH 7.2. 

Spurr's resin 

ERL 4206 1.25 g 

DER 736 1.0 g 

NSA 3.25 g 

S-1 0.05 g 

The components were thoroughly mixed before use. 
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Uranyl acetate 

The stain was made by adding uranyl acetate powder to 50% ethanol 

until saturation was reached, and then shaking intermittently for 

10 to 15 minutes. The stain was filtered into a brown bottle and 

stored at 4°C. 

Lead citrate stain 

Lead citrate 

Distilled water 

10N NaOH 

Shake until dissolved. 

(b) Propagation of M. arginini 

0.025 9 

10.0 

0.1 

3 em 
3 em 

Replicate 500 cm 3 conical flasks.containing 99 cm 3 of prewarmed FM4A 

broth were Inoculated with 1 cm 3 of a culture of M. arginlni stored 

at -70°C in the exponential phase. The flasks were incubated at 

37°C on a rotary shaker at 125 r.p.m. 

At intervals corresponding to the log, stationary and death phases 

of growth (i.e. 12 hours, 25 hours, and 50 hours respectively) 

100 cm 3 of the culture was. removed and centrifuged at 14,500 g for 

30 minutes at 4°C in a Sorvall RC2-B refrigerated centrifuge. The 

supernatant was discarded and the pellets were fixed and embedded as 

below. 

lc) Fixation and embedding of H. arginini 

M. argininl was propagated and centrifuged as described above. The 

pellets were resuspended in modified Karnovsky's fixative for 1 hour 

at 4°C. The cell susp~nslon was centrifuged, washed once with 0.1M 

phosphate butter pH 7.2, and centrifuged again. The pellet of cells 

was resuspended in 1% osmium tetroxide for 1 hour at 4°C. The post

fixed cells were centrifuged and the pellet was washed with 0.1M 

phosphate buffer pH 7.2. The pellet was removed, cut into small 

pieces, dehydrated and infiltrated as follows: 
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i) X 50% acetone for 5 minutes 

i i) 2 X 70% acetone for 5 minutes each 

i j i ) 3 X 100% acetone for 10 minutes each 

i v) 1 : 1 mixture of acetone and Spurr's resin for 20 minutes 

v) 2 X 100% Spurr's resin for 10 minutes each. 

The fragments were then placed on the surface of resin-filled gelatin 

capsules and allowed to sink to the bottom. The capsules were 

polymerised by heating in an oven at 70°C for 24 hours. 

{d) Sectioning, staining, and examination of specimens 

The gelatin capsule was removed from the polymerised block. The face 

of the block was cut flat and a "mesa" was cut on the face using an 

LKB 11800 pyramitome. Thin sections were cut off the mesa using an 

LKB-Huxley ultramicrotome and were floated off the knife edge into a 

''boat" filled with a 0.25% solution of teepol in distilled water. 

Gold and silver coloured sections were picked up with copper electron

microscope grids dipped in a se11otape-chloroform mixture. 

The sections were stained in uranyl acetate for 5 minutes, washed 

in 50% ethanol for 30 seconds and then washed thoroughly in distilled 

water. They were then stained In lead citrate for 5 minutes, washed 

thoroughly in distilled water~ and air dried. 

Stained sections were examined in a Phil ips EM 200 electron microscope 

and photomicrographs of the mycoplasmas were taken. 

(e) Electron microscopy of M. ovipneumoniae 

~1. ovipneumoniae Has propagated in FM4 broth as described for 

~~inini previously and a 100 cm 3 sample was removed in the 

logarithmic phase of growth (Major et al ., 1979). These mycoplasmas 

were prepared for electron microscopy by the same techniques used 

for M. arginini. 
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3.3.2 Results 

(a) Ultrastructure of M. arginini 

Log phase: The cells were roughly spherical in shape although sl lghtly 

elongated or dumb-bell shaped forms were observed (figs 6, 7 and 8). 
They usually measured 200 to 500 nm in diameter and were limited by a 

trilaminar membrane approximately 12 nm thick. There was no evidence 

that this membrane b'ore surface projections o1· was surrounded by cap

sular material. The cytoplasm was uniformly electron dense and granu

lar. No budding or filamentous forms were seen. 

Stationary phase: These resembled the log phase cells in most respects 

but fewer elongated and dumb-bell shaped cells were observed, and the 

cytoplasm of many cells was less electron dense than was observed with 

the log phase cells (figs.9, 10 and 11). 

Death phase: The cells varied greatly in size. The largest cell 

seen (fig. 12) measured about 750 nm in diameter. A few were 

obviously lysed and most others, although apparent intact had a 

relatively electron-lucent cytoplasm suggesting some of the 

cell contents may have leaked (figs 13 and 14). The smallest "cells'' 

in the death phase cultures were roughly spherical and measured 

110 to 150 nm in diameter. They apparently formed by ''pinching-off" 

from large cells (fig. 13). This ''pinching-off" process frequently 

appeared to be incomplete in that pairs or short chains of "mini

cells" were seen (fig. 12). 

(b) Ultrastructure of M. ovipneumoniae 

The ultrastructure of M. ovipneumoniae was described by Major et al. 

(1979). However the techinques used differed in some respects from 

those used to examine M. arginini in the present study. Since one 

object of the present investigation was to find if individual cells 

of M. ovipneumoniae and M. arginini can be distinguished in thin 

section it was desirable to examine both organisms using identical 

techniques. 
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FIGURE 6 Exponential phase culture of M. arginini (x 61 ,000) 

Note the presence of both spherical and elongated cells; 

and the electron-dense, granular cytoplasm. The cells 

are limited by a trilaminar membrane which does not bear 

surface projections, although a slight 11fuzziness 11 can be 

seen outside the membrane of some cells. 
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FIGURE 7 Exponential phase culture of M. arginini (x 36,000) 

Spherical, elongated and dumb-bell shaped cells are 

present. The presence of dumb-bell shaped cells in 

such cultures implies that the organisms replicate by 

b i nary' f i s s ion. 
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FIGURE 8 Exponential phase culture of M. arginini (x 34,000) 

The cell arrowed (1) measures 260 nm in diameter and 

the cell arrowed (2) measures 550 nm x 380 nm. Several 

dumb-bell shaped cells are seen. 
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FIGURE 9 Stationary phase culture of M. arginini {x 25,000) 

Note that there are fewer elongated and dumb-bell shaped 

cells than in the exponential phase. 
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FIGURE 10 Stationary phase cell of M. arginini (x 98,000) 

The cytoplasm of this cell is less electron-dense than 

exponential phase cells. 
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FIGURE 11 Stationary phase cells of M. arginini (x 61,000) 



FIGURE 12 Death phase culture of M. arginini (x 25,000) 

Note the size variation in the cells, and the electron

lucent cytoplasm of many cells. The arrowed cell measures 

approximately 750 nm in diameter. 
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FIGURE 13 Death phase cells of M. arginini (x 61,000) 

The presence of membrane fragments (1) suggests that many 

cells have lysed. Note the "mini-cell" (2) which is 

apparently "pinching-off" from a larger cell. 
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FIGURE 14 Death phase cells of M. arginini {x 69,000) 

Note the electron-lucent cytoplasm of several of the 

cells. The largest cell in this group measures 

approximately 720 nm x 500 nm. 
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The observed ultrastructure of M. ovipneumonlae {figs 15 to 18), 

however, did not differ in the present study from that described by 

Major et al. (1979). The main features of the ultrastructure of 

M. ovipneumoniae are listed below: 

i) The cells were predominantly spherical, but elongated and dumb

bell forms were also seen. 

ii) The cells were usually between 500 and 800 nm in diameter, and 

were limited by a trilaminar membrane whose outer surface was 

covered by projections approximately 12 nm in length. 

3.4 Discussion 

3.4. 1 Growth curve of M. arginini 

An 1 idealised growth curve typical of many mycoplasmas was described 

by Smith (1971). It consisted of a short lag phase in which the titre 

of organisms remained constant, followed:.by a period of exponential 

growth to the maximum titre, then, without a significant stationary 

phase, a period of exponential death immediately occurred. 

The growth curve of theM. arainini strain used in this study differed 

from the idealised growth curve of Smith in two features: a marked 

fall in the initial titre occurred, and a stationary phase was noted. 

The initial dec] ine in titre is unusual, but not unique: thus Low 

and Eaton (1965) and Boatman and Kenny (1970) reported a similar 

phenomenon in M. pneumoniae and M. fel is respectively, but no 

explanations were offered. An hypothesis to account for this 

phenomenon is that when M. arginini is taken from storage at -70°C, 
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its metabolic and/or physical state is such that the organism survives 

better on solid medium than in liquid medium. Further studies, however, 

\,;ould be needed to investigate this. 

It is interesting to note that the maximum genera~ion time of 0.5 hours 

calculated for M. arginini in the present study approaches that of 

E. coli which is one of the most rapidly growing organisms, and in .rich 

medium has a generation time of approximately 20 minutes (Clancy, 1977). 



FIGURE 15 Exponential phase M. ovipneumoniae cells (x 26,000) 

The cells are predominantly spherical to ovoid in shape 

and have an electron-dense, granular cytoplasm. 
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FIGURE 16 Exponential phase M. ovipneumoniae cell (x 68,000) 

Surface projections about 12 nm in length outside the 

limiting membrane can be seen (arrowed). This is a large 

cell measuring about 900 nm in diameter. 
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Figure 17 

Figure 18 

FIGURES 17 & 18 Exponential phase M. ovipneumoniae cells 

(Fig. 17 X 64,000; Fig. 18 X 42,000) 
% 

Surface projections can be seen outside the 

membrane of the cells {arrows). 
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It is generally accepted that the generation time of micro-organisms 

decreases as the quality of the medium used for propagation improves. 

As compared with the generation times of other mycoplasmas (see table 

I 1), M. arglnini propagated in FM4A medium has a remarkably short 

generation time. It is concluded that FM4A medium is a particularly 

satisfactory medium for growing M. arginini, and this is not surprising 

as the original FM4 medium was developed for the isolation of a 

fastidious mycoplasma viz·M. gallisepticum. 

TABLE I I Generation times determined for some mycoplasmas 

Species Mean generation time 

M. arthritidis 

M. arthritidis 1.7 

M. gallisepticum 0 .. 8 

M. felis 1.0 

M. ovipneumoniae 

H. pneumoniae 

Ureaplasmas ~1 

M. arginini 

Adapted from Smith, P.F. (1971) 

·1> Ref: Major et al. (1979). 

3.3 
- 2.4 
- 1.0 

- 1.5 
1 . 7?~ 

6 

(est) 

d. 5"1D': 

(hr) 

** From the results of the present investigation. 

It was stated by Thomas (1973) that the maximum titre attainable by 

mycoplasmas in broth culture is about 5 x 10 9 CFU/cm 3 and the maximum 

titre of about 1.2 x 109 CFU/cm 3 reported here is another indication 

that FM4A medium is highly satisfactory for the growth of M. arginini. 

One of the major reasons the growth curve of M. arginini was studied 

was to obtain in defined conditions, reproducible data which will 

allow high titre logarithmic phase inocula of the organism to be 

prepared in future transmission experiments. Such inocula may be 

obtained by harvesting the mycoplasmas after 12 to 15 hours incubation 

in the same conditions described for the growth curve. Most cells 

at this time should be in the logarithmic phase and the titre should 

be approximately 2 to 7 x 10 8 CFU/cm 3
• 
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The results of future transmission experiments usi~g such inocula 

may assist in determining the aetiological role of H. arglnini in 

ovine CNP. These further experiments, however, lie outside the 

scope of the present thesis. 

3.4.2 Ultrastructure of M. arglnini and M. ovipneumoniae 

The ultrastructure of both organisms essentially fits the general 

description of the ultrastructure of the genus Mycoplasma in the 

8th edition of Bergey's Manual of Determinative Bacteriology (1974). 

However, the average sizes of both organisms are somewhat larger than 

the 125 to 250 nm diameter reported in Bergey. 

The ultrastructure of M. arginini was examined in all 3 phases of 

growth to avoid the possibility of mistaking degenerate forms for 

part of the 1 ife cycle of the mycoplasma. The presence of many dumb

bell ;shaped cells in the logarithmic growth phase, less in the statio

nary phase, and their absence in the death phase indicates that the 

organisms divide by binary fission. 

The typical trilaminar membrane of mycoplasmas according to Bergey 

is 7 to 10 nm thick, although Maniloff (1972) stated that the thickness 

of mycoplasma membranes falls into 2 size ranges, 7 to 8 nm and 10 

to 12 nm. So the 12 nm membrane reported here is within reported 

findings, although the figure is relatively high. There is an 

obvious lack of well defined extracellular structures such as 

surface projections which are present, for example, on M. ovipneumoniae 

(Major et al ., 1979), or capsular material which usually extends 

10 to 25 nm outside the membrane (Biack et al., 1972; Green and 

Hanson, 1973; Howard and Gourlay, 1974). However, in some 

electron-micrographs a slight "fuzziness" can be seen outside the 

cell membrane. This ''fuzzi ness 11 is a frequent observation with 

mycoplasmas and has been attributed to material adsorbed from the 

growth medium, or highly polymerised material excreted from the 

cells, like the galactan of M. mycoides (Razin, 1973) and this could 

account for the relatively high measurement for the thickness of the 

membrane. 
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The membrane bounded 11vacuole-1 ike11 structures seen in some 

M. arginini cells (figs 6, 7 and 8) are generally interpreted as 

being sections through deep 11cup-like" invaginations of the cell 

membrane, and indeed serial sections of cells has confirmed this 

for H. felis ce1is (Razin, 1973; Boatman and Kenny; 1970). 

The small bodies which appeared to 11pinch off 11 from M. arginini 

cells are unlikely to be associated with any rep] icative process 

because they were absent from the logarithmic growth phase. They 

occurred only in the death phase, where the viability of the culture 

was decreasing~ 

The basic purpose of examining the ultrastructure of M. arginini was 

to complement the work done on the ultrastructure of M. ovipneumoniae 

and to determine if there were any major ultrastructural differences 

betv-Jeen the two so that eventually electron microscopic examination 

of pneumonic lung tissue might be performed and be able to distinguish 

between the two mycoplasmas in vivo. 
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There are two major ultrastructural differences between M. ovipneumoniae 

and M. arginini; viz i) their size, and ii) the presence of surface 

projections on M. ovipneumoniae. 

i) Size: M. ovipneumoniae cells are usually between 500 and 800 nm 

in diameter; thus they are generally larger than M. arginini 

cells, which usually measure 200 to 500 nm in diameter. Hence, 

the smallest M. ovipneumoniae cell is about the same size as 

the largest M. arginini cell, and therefore distinguishing betv-Jeen 

the two organisms on the basis of size would not be possible. 

ii) Surface projections: M. ovipneumoniae cells bear projections 

about 12 nm in length outside the trilaminar membrane. They 

show up clearly in some thin sections (figs 17 and 18) and 

negatively stained preparations (Major et al ., 1979). No such 

structures are visible associated with M. arginini cells. In 

principle this would seem to be a possible way of recognising 

individual cells of the two species in vitro and perhaps in vivo. 

However, not every M. ovipneumoniae cell is sufficiently well 

resolved to allow the surface projections to be seen, and 



therefore It would probably not be possible to ensure that every 

cell could be identified as M. ovipneumoniae or M. argininl 

on the basis of the presence or absence of surface projections 

in vitro. 

it can be concluded that there is no method of distinguishing between 

M. ovioneumoniae and M. arginini in vitro on the basis of consistently 

obvious ultrastructural differences, and this would probably be the 

case in vivo also. The distinction between the two mycoplasmas 

in vivo will probably have to be made using immunofluorescent methods 

such as ferritin or peroxidase labelled specific antibody. 
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CHAPTER 4 The effect of digitonin ori the abll lty of pneumonic lung 

homogenate to transmit ovine CNP 

4 . 1 I n trod uc t ion 

Many organisms (see Review, chapter 1) have been suggested as being 

the cause, or causes of ovine CNP. These organisms Include Pl3 

virus, M. ovipneumoniae, M. arginini,and bacteria (especially 

P. haemolytica). 

Since mycoplasmas (in particular M. ov i pneumonia e) are consistently 

found in association with lesions of ovine CNP (Clarke et a 1 . , 

1974; Alley et a 1 • , 1975; Alley & Clarke, 1979) they must either cause 

the primary lesions, or colonise lesions initiated by some other 

organism (e.g. P. haemolytica or Pl3 vi~us). If the latter is true 

then the selective removal of mycoplasmas from pneumohic lung 

homogenate should not diminish its ability to initi:ate the disease. 

Digitonin is a steroid with three glucose molecules attached. It 

binds to cholesterol forming a very stable molecular complex, and 

thus inactivates mycoplasmas (but not bacteria) because mycoplasma 

cell membranes contain cholesterol. 

This section reports the effect of selectively removing mycoplasmas 

from pneumonic lung homogenate by treatment with digitonin, on the 

ability of the homogenate to transmit ovine CNP. Necessary preliminary 

investigations were undertaken (a) to confirm that bacteria remain 

unaffected by digitonin treatment, (b) to determine the minimum 

inhibitory concentration (MIC) of digitonin on mycoplasmas in broth 

culture and the mycoplasmacidal concentration in lung homogenate, 

and (c) to determine a suitable concentration of digitonin to use 

for eliminating mycoplasmas from lung homogenate for transmission 

experiments. 

4.2 Materials and methods 

4.2.1 Mycoplasma media and source of micro-organisms 

See appendix. 
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4.2.2 Digitonin (Sigma) 

Digitonin is only sparingly soluble in water~ so unless otherwise. 

stated, suspensions were warmed to 37~G and shaken vigorously to 

disperse the digitonin. 

4.2.3 Lung homogenate for preliminary digitonin experiments 

Lungs from lambs with GNP were collected from a local freezing works 

and pneumonic lesions were removed and pooled. The pooled lesions 

were added to an approximately equal voiume of sterile nutrient 

broth (Difco) and homogenised in a blender. The homogenate was 

passed through a fine (0.25 mm) sieve and stored in aliquots at -70°G. 

4.2.4 · Lung"homogenate for transmission experiments 

Lungs from lambs with GNP were collected from a local freezing works 

and pneumonic lesions-were removed. A small portion of each lesion 

was taken, pooled, homogenised in PBS, sieved as above and stored in 

aliquots at -70°C. This ~~terial was used for virology (see Chapter 

5). 

The remaining lesions were pooled, homogenised in sterile nutrient 

broth and sieved. Two equal aliquots of this homogenate were 

removed and one·was treated with digitonin. The treated and untreated 

aliquots were used to inoculate 2 groups of lambs {details are given 

subsequently). 

4.2.5 MIG of digitonin forM. ovipneumoniae and M. arginini in 

broth cu 1 ture 

Digitonin was suspended in 2.7 cm 3 volumes of FM4 broth at 

concentrations of 200, 100, 50 and 25 ~g/cm 3 • M. ovipneumoniae 

v1as grown to late exponential phase in FM4 broth and a 0.3 cm 3 volume 

of culture was added to each digitonin dilution. Bottles were 

incubated at 37°C for 10 days and observed for a pH change indicating 

growth. The same procedure was used forM. arginini in FM4A broth. 
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4.2.6 Minimum mycoplasmacldal concentration of digitonin for 

M. ovipneumoniae and M. arginini in lung homogenate 

The lung homogenate used (see 4.2.3j was found in preliminary 

experiments not to contain M. arginini, so 0.05 cm 3 of M. arginini 

cuiture was added to 4.95 cm 3 of lung homogenate to give a final 

titre of about 105 CFU/cm 3
• 

The lung homogenate was"divided into five 0.9 cm 3 al iquots and 0.1 cm 3 

of digitonin suspended'in FM4 broth was added to four aliquots to 

give final digitonin conc~ntrations of 10, 5, 1 and 0.1 mg/cm 3
• 

0.1 cm 3 of FM4 brbfh"~as added to 0.9 cm 3 of lung homogenate as a 

control. These were shaken intermittently at room temperature 

(approximately 20°C) for 30 minutes. Each bottle was then assayed 

forM. ovipneumoniae and"'M. aroinini by removing two 0.2 cm 3 

al iquots of lung homogenate and making serial 10-fold dilutions in 

FM4 and FM4A broth. A 0:05 cm 3 volume from each dilution was 

spotted on the equivalent solid medium. Plates were incubated at 

37°C for 3 to 5 days and colonies were counted using a plate microscope. 

4.2.7 The effect of 10 mg/cm 3 digitonin on bacteria and mycoplasmas 

in pneumonic,lung'homogenate 

Two 1.8 cm 3 aliquots of lung homogenate were dispensed in bijou 

bottles and 0.2 cm 3 of M.~ arginini culture was added to each bijou 

to give a final titre of about i0 5 CFU/cm~. Digitoni:n was added to one 

of the bijous to give "a final concentration of 10 mg/cm 3 , and the bijou 

was shaken to disperse the digitonin. The other bijou was left as a 

control. 

The two bijous·were shaken intermittently at room temperature 

(approximately 20°C) for 30 minutes. They were then assayed for 

M. ovipneumoniae and M. arginini as described in 4.2.6. Bacteria 

Here assayed by removing 0.2 cm 3 of lung homogenate, making serial 

10- fo 1 d dilutions in BHI broth, and plating 0. 1 cm 3 of each d i 1 uti on 

on BHI agar. Mycop 1 asma' p 1 ates were incubated at 37°C for 3 to 5 

days and colonies counted using a plate microscope. BHI plates 

\I'Jere incubated at 37°C for 1 to 2 days and colonies counted. Bijous 

containing dilutions of lung homogenate in FM4 and FM4A broth were 

incubated at 37°C for 10 days and observed for a colour change. 
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4.2.8 Mycoplasma isolations from nasal swabs 

Nasal swabs from experimental lambs were broken off into 3 cm 3 

a1iquots of FM4 broth. These were shaken intermittently for 

10 minutes and a 0.3 cm 3 aliquot was Inoculated into 2.7 cm 3 each of 

FM4 broth and Ft14A broth. Bottles were incubated at 37°C until a 

pH change (indicating growth) occurred, or for 7 days. If a pH 

change occurred, 0.05 cm 3 of the culture was spotted on the equivalent 

agar medium. If there was no growth in the original specimen after 

7 days, 0.3 cm 3 from the bottle was transferred to fresh liquid medium 

and incubated at 37°C for another 7 days or until a pH change occurred~ 

at which time 0.05 cm 3 was spotted on the equivalent solid medium. 

Plates were incubated .at 37°C for 5 to 7 days and examined for colonies 

using a plate microscope. 

4.2.9 Assay of pneumonic lung homogenate (for transmission experiment) 

for micro-organisms before and after digitonin treatment 

Lung homogenate was prepared (see 4.2.4) and divided into 2 equal ali

quots. Digitonin was added at a concentration of 10 mg/cm 3 to one 

of the a11qu6ts w~ich ~as then shaken intermittently for 30 minutes 

at room temperature ·(approximately 20°C). The lung homogenate was 

assayed forM. 6~i~neumoniai, M. arginini, and bacteria before and 

after treatment··with digi.tonin. Mycoplasmas were assayed by quanta] 

titration of the lung homogenate (using 4 replicate serial 10-fold 

dilutions in broth) and bacteria were assayed by surface counts on 

10% sheep-blood agar (seri~l 10 -fold dilutions of lung homogenate 

prepared in BHI broth were lno~ulated onto blood agar plates using 

4 x 0.02 cm 3 volumes from each dilution). 

4.2.10 Inoculation of Jambs 

Lambs were given 15 cm 3 of the appropriate inoculum as an aerosol 

through the nasal cavity using a nebulising spray gun (Alley and 

Clarke, 1979). 

4.2. 11 Titration of mycoplasmas in lung tissue 

0.3 g of lung tissue was ground with sterile sand using a mortar and 

pestle, and 2,7 cm 3 of FM4 (or FM4A) broth was added. This was 
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-1 
regarded as a 10 · dilution. Serial 10-fold dilutions were made 

-2 -9 0 
from 10 to 10 . The dilutions were incubated at 37 C for 10 days. 

The end-point was regarded as the highest d i l uti on showing the 

appropriate colour change, and 0.05 cm 3 from this dilution was 

spotted on FM4 (or FM4A) agar to confirm the colour change was due 

mycoplasmas. The agar plates were examined for colonies after 4 to 

5 days incubation at 37°C. 

4.3 Results 

to 

4.3.1 MIC of digitonin forM. ovipneumoniae and M. arginini in broth 

culture 

This was determined by the methods described in 4.2.5. The experi

ment was repeated several times and gave consistent results. A 

typical result is summarised in Table Ill. 

TABLE l I l The effect of digitonin on the growth of M. ovipneumoniae 

and t'i. ·a rg i n in l 

Digitonin cone en t ration 
t 119/ cm 3

) 

M. ovipneumoniae M. a rg in in i 

200 - -
100 + -

50 I + + 

25 I + + I 
I 

+ = growth of mycoplasmas 

- no growth of mycoplasmas 

The MIC of digitonin forM. ovipneumoniae in broth culture was 200 

1-tg/cm~ and the MlC of digitonin forM. arginini in broth culture 

was 100 119/ cm 3
• 
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4.3.2 Minimum mycoplasmacida1 concentration_of_digitonin for 

M. ovipneumoniae and t1. arginini in lung homogenate 

This was determined by the methods described in section 4.2.6. 

A typical result Is seen In Table IV. 

TABLE IV Titre of M. ovipneumoniae and M. arginini in pneumonic 

lung homogenate after treatment with varying concentrations 

of digitonin 

Digitonin Titre of Titre of concentration M. ovipneumoniae M. argl ni ni (mg/cm 3 ) 

0 (control) 6.0 X 10 5 CFU/cm 3 2.6 X 10 5 CFU/cm 3 

0.1 ].2 X 10 5 If 1.5x 10 5 II 

1.0 8.0 X 10lt II 1.8 X 10 3 II 

5.0 none detected;'' none detected 

10.0 none detected none detected 

*None detected= No colonies detected by removing 0.2 cm 3 of lung 

homogenate, making serial 10-fold dilutions in FM4 

broth, plating 0.05 cm 3 from each dilution on solid 

medium, and incubating at 37°C for 3 to 5 days. 

The minimum mycoplasmacida1 concentration of digitonin for both 

M. ovipneumoniae and M. arainini in pneumonic lung homogenate was 
3 5.0 mg/cm . 

4.3.3 The effect of 10 mg/cm 3 digitonin on bacteria and mycoplasmas 

in pneumonic lung homogenate 

Since 10 mg/cm 3 digitonin was ultimately used to inactivate myco

plasmas in lung ho~Dgenate (based on the results obtained in section 

4.3.2) It was necessary to establish that the b~cteria in the lung 

homogenate were not significantly affected by this concentration 

of digitonin and to confirm that the mycoplasmas were inactivated. 

Bacteria and mycoplasmas '>'lere assayed in lung homogenate with and 

without digitonin treatment as described in 4.2.7. The experiment 
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was repeated three times with consistent results. One result is 

summarised in Table V. 

TABLE V Titre of bacteria and mycoplasmas in control, and digitonin 

(10 mg/cm 3
) treated pneumonic lung homogenate 

I Titre of organism (CFU/cm 3
) 

Organisms control digitonin treated 
lung homogenate lung homogenate 

M. ovieneumoniae 6.2 X 1 olt none detected;'~ 

M. arsinini 1.9 X 10 5 none detected 

I Bacteria 1.21+0.22x 1 o~t 1.02 ± 0.20 X 10lt 

*None detected= No colonies detected by removing 0.2 cm 3 of lung 

homogenate, making serial 10-fold dilutions in FM4 

broth, plating 0.05 cm 3 from each dilution on FM4 

(or FM4A) agar and incubating plates at 37°C for 3 

to 5 days. Furthermore, incubation of dilutions did 

not produce a colour change. 

4.3.4 Preliminary screenin9 of lambs to detect nasal carriers of 

mycoelasmas 

Sixty, conventionally reared, 5 month old lambs in healthy condition 

we~e drafted from a flock and divided into three groups of 20. Nasal 

swabs were taken from each lamb and tested for mycoplasmas as described 

in l1.2.8. The results are summarised in Table VI. 

TABLE VI Prevalence of nasal carriage of mycoplasmas 

Group l M. ovipneumoniae 

A 4*/20;b': 

I 
4/20 

'-

B 

c 4/20 

* Number of nasal swabs positive 

** Number of nasal swabs tested 

M. a rg in in i 

O;': /20;';;'~ 

0/20 

0/20 

--
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Because of the possibility of (i) the lambs with positive nasal 

swabs already having a lower respiratory tract infection with 

M. ovipneumoniae, or (ii) washing H. ovipneumoniae down into the lungs 

with the aerosol inoculum, the lambs which were nasal carriers of 

the organism were omitted from each group. 

4.3.5 Assay of pneumonic lung homogenate (for transmission experiment) 

for micro-organisms before and after digitonin treatment 

l 
I 

The micro-organisms present in the pneumonic lung homogenate were 

assayed before and after treatment with 10 mg/cm 3 digitonin (see 4.2.9) 

and the results are seen in Table VI I. 

TABLE VI I Titres of bacteria and mycoplasmas in pneumonic lung 

homogenate before and after treatment with 10 mg/cm 3 

digitonin 

I Titre 

Organism Before After 

I digitonin treatment d i g_i toni n treatment 

H. ovi~neumoniae 10 7
"

0 ccu~ 0 /cm 3 none detec ted;'n'> 

H. arginini 10 7"2 ccu 50 /cm 3 detected none 

Bacteria 4.6+1.5x 10 5 CFU/cm 3 3.4 .:!:_ 0.6 X 1Q5 CFU/cm 3 

* CCU =colour changing units 

** none detected = No colour change in the pH indicator of any of 

the serial 10-fold dilutions. 

4.3.6 Transmission of ovine CNP by pneumonic lung homogenate with 

and without digitonin treatment 

One group of lambs (group A) was inoculated with sterile nutrient 

broth; each lamb received 15 cm 3 as an aerosol inoculum (see 4.2. 10). 

A second group of lambs (group B) was inoculated with digitonin-treated 

pneumonic lung homogenate (see 4.2.4). The third group of lambs (group 

C) vJas inoculated with untreated pneumonic lung homogenate. After 

inoculation the three groups of lambs were run separately for 17 days 

and were then slaughtered at a local freezing works. One lamb in group 
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C died before slaughter, but the cause of death was unrelated to the 

experiment. 

After slaughter, the lungs were collected individually in plastic bags 

and the nature and distribution of lesions was recorded: Due to 

hygiene regulations, all lungs were handled by a meat inspector prior 

to collection. Samples of lesion were taken from each pneumonic lung, 

and where no evidence of pneumonia was apparent a sample from the right 

cranial lobe of each lung was taken. Each sample was assayed for the 

presence of M. ovipneumoniae and M. arginini by the method described 

in chapter 2 (2.2.4), and an aliquot of each sample was frozen at 

-70°C. All those giving a positive isolation forM. ovipneumoniae and 

M. arginini were titrated as described previously (4.2. 11). These 

positive lungs were titrated forM. ovipneumoniae starting at a 

dilution of 10- 2 (i.e. a 1/10 dilution of 10% lung suspension). Only 

those lungs which were positive in this assay were accepted as true 

positives i.e. those lungs which initially gave a positive 

isolation but were negative at the 10-2 dilution were regarded as false 

positives and were assumed to represent low level contamination of the 

lungs due to handling by meat inspectors. 

In group A {negative controls- inoculated with sterile nutrient broth) 

only one lung showed any signs of pneumonia, and this was confined to 

small areas of collapse. All theilungs were negatfve for both 

M. ovipneumoniae and M. arginini. 

In group B (inoculated with digitonin-treated lung homogenate) 

4 lungs were found to have small ~reas of collapse, and all of these 

were negative for M. ovipneumoniae. Only one lung out of the remaining 

12 with no macroscopic pneumonic lesions was positive for 

M. ovioneumoniae, and the titre was 102 organisms/gram of tissue. 

H. argininl was not recovered from any of the lungs in this group. 

In group C (positive controls - inoculated with untreated pneumonic 

lung homogenate) 13 of the 15 lungs showed signs of pneumonia: 4 

lungs had small areas of collapse, 4 lungs h~d mild pneumonia, and 

5 lungs had moderate to severe pneumonia. 10 out of 15 lungs in this 

group (67%) were positive forM. ovipneumoniae and the geometric 
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mean t!tre (GMT) was 105
'
3 organisms/gram. M. arginlnl was recovered 

from 2 lungs in this group at titres of 108 and 109 organisms/gram, 

and both of these lungs were also positive for M. ovipneumoniae: 

one lung had moderate to severe pneumonia and the other had mild 

pneumonia. 

Figure 19 summarises the results. 

67 



FIGURE 19: Transmission experiment: pathology of the lungs and 

recovery of mycoplasmas after slaughter 

Key to the severity of pneumonic lesions: 

= n i 1 

+ = sma 11 areas of collapse 

++ = mild pneumonia 

+++ = moderate to severe pneumonia 
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4.4 Discussion 

4.4. 1 Elimination of mycoplasmas from lung homogenate by digitonin 

treatment 

Digitonin at concentrations of 10-15 ~g/cm 3 is reported to lyse 

mycoplasmas in medium without serum (8th edition of Bergey•s 

Manual of Determinative Bacteriology, 1974). Since digitonin acts 

by complexing cholesterol, clearly the concentration required to kill 

or inhibit mycoplasmas will vary with the cholesterol content of the 

medium e.g. serum or homogenised lung will alter the concentration of 

digitonin required. Thus it was not surprising that it required 0.2 

and 0.1 mg/cm 3 of digitonin respectively to inhibit M. ovipneumoniae 

and M. arginini in FM4 and FM4A broth. 

Preliminary investigation showed that a concentration of 5 mg/cm 3 of 

digitonin was required to el.iminate mycoplasmas from pneumonic lung 

homogenate (4.3.2), so for the transmission experiment a concentration 

of 10 mg/cm 3 digitonin was arbitrarily chosen. This ensured an excess 

of digitonin. A difficulty arose because the high concentration of 

digitonin used (10 mg/cm 3
) meant that the initial dilutions for 

assaying the mycoplasmas still contained inhibitory concentrations 

of digitonin (at a 1/10 dilution forM. ovipneumoniae and up to a 

1/100 dilution forM. arginini). This difficulty did not prevent 

detection of the initial fall in viability of the mycoplasmas i.e. 

from >10 4 /cm 3 to l0 2 /cm 3 in the case of M. ovipneumoniae or from 

>10 5 /cm 3 to 10 1 /cm 3 in th~ case of M. arginini (4.3.3). This 

represented at least a 99% ki 11 in both cases. The lung homogenate 

pool actua 11 y used in the transmission experiment contained higher 

initial levels of both M. ovipneumoniae and M. arginini, and since no 

mycoplasmas were detected after digitonin treatment the fall ih 

titre represented at least a 10 5-fold drop in the case of 

N. ovipneumoniae and a >10 4-fold drop in the case of M. arginini 

(4.3.5). 

Preliminary experiments (not recorded) showed that the kill occurred 

rapidly (<2.5 minutes). Since an excess of digitonin was used and 30 

minutes was allowed for it to act, it is reasonable to assume that 

the mycoplasmas were totally eliminated from the pneumonic lung 
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homogenate used in the transmission experiment. The concentration 

of digitonin used (10 mg/cm 3 ) had no significant effect on bacteria 

in the lung homogenate (see Table VI I). 

4.4.2 Transmission experiment 

This experiment was conducted in conventional lambs, which may or 

may not already have been infected with M. ovipneumoniae. It is 

assumed that M. ovlpneumoniae infection is init~ated in the nasal 

tract, and may subsequently lead to infection of the lower respiratory 

tract. For that reason those lambs which were nasal carriers of 

M. ovipneumoniae were eliminated from all 3 groups. 

With these sheep eliminated, none of the 16 negative controls (group 

A) showed mild or severe lesions of CNP. Some sheep in this and 

the other groups showed sma 11 areas of co:ll apse in the 1 ungs. S i nee 

the significance, If any, of these minimal lesions is uncertain they 

will .be considered as negative in aJJ 3 groups. 

In marked contrast to group A, 9 out of the 15 lambs in the 

"positive controls•• (group C-inoculated with untreated pneumonic 

lung homogenate) showed mild to severe pneumonia. Clearly group 

C differs from group A (X 2 = 10.67, p < 0.005) 1 so it is concluded 

that untreated pneumonic lung homogenate successfully transmitted ovine 

CNP. 

Those sheep in group B (inoculated with digitonin-treated lung 

homogenate) failed to develop significant pneumonic lesions i.e~ they 

developed neither mild~: nor moderate to severe pneumonia. In 

this respect the lambs in this group were identical to the negative 

controls, but differed from those sheep inoculated with untreated 

pneumonic lung homogenate lx 2 = 10.67; p < 0.005). 

It is concluded that the treatment of pneumonic lung homogenate with 

10 mg/cm 3 digitonin inactivates a component which is essential for the 

transmission of ovine CNP. 

1 Chi squared test (Snedecor and Cochran, 1967). 
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CHAPTER 5 Sensitivity of Pl3 virus to digitonin and an investigation 

of the presence or absence of Pl3 virus in pneumonic lung 

homogenate known to transmit ovine CNP 

5.1 Introduction 

The previous chapter concludes that digitonin treatment of pneumonic 

lung homogenate destroys its ability to transmit ovine CNP. This 

implies that an organism limited by a cholesterol-containing membrane 

initiates the lesions. While this strongly supports the idea that 

the disease is initiated by a mycoplasma it is also possible that 

an enveloped virus is responsible. If indeed a virus is responsible 

the prime 11suspect 11 would be Pl3 virus. A role for this virus has 

been suggested by Jones et al. (1979) who stated that pro] iferative 

exudative pneumonia (similar to ovine CNP) may be caused by 

sequential infection with Pl3 virus, mycoplasmas, and bacteria, 

in that order. 

This section examines the sensitivity of Pl3 virus to digitonin and 

subsequently investigates the presence or absence of the virus from 

aliquots of pneumonic lung homogenate known to transmit the disease. 

5.2 Materials and Methods 

5. 2. 1 Ce 11 culture media 

Antibiotic trypsln-versene (ATV) 

Trypsin (Difco 1 : 250) 0.5 g 

Versene (EDTA) 0.2 g 

NaCl 8.0 g 

KCl 0.4 g 

Glucose 1.0 g 

NaHC0 3 0.58 g 

Peni ci 11 in 2 X 10 5 units 

Streptomycin 0.1 g 

Phenol red 0.02 g 

D i s t i 11 ed \va te r to 1000 cm 3 

The solution was sterilised through a 0.2 llm pore size filter and 

stored . 1. 0 1n a 1quots at -20 C. ATV was warmed 0 to 37 C before use. 

71 



PSK antiobiotic solution 

Pen i c i 11 in 

Streptomycin 

Kanamycin 

Phosphate buffered saline to 

The solution was sterilised through a 

stored in aliquots at -20°C. 1.0 cm 3 

MEM. 

0.2 

was 

Strong antibiotics (for virus isolation) 

Pen i c i 11 in 

Streptomycin 

Kanamycin 

PBS to 

10 6 units 

1.0 g 

1.0 g 

100 cm 3 

]Jm pore size filter 

added to 100 cm 3 of 

600,000 units 

0.3 g 

0.1 g 

10.0 cm 3 

and 

Eagles 

The solution was sterilised through a 0.2 ]Jm pore size filter and 

stored at -20°C. 1.0 cm 3 was added to 100 cm 3 of Eagles MEM. Final 

concentrations in MEM were: penicillin 600 units/cm 3
, streptomycin 

300 ]Jg/cm3
, and kanamycin 100 ]Jg/cm3

• 

Eagles minimal essential medium (MEM) 

Eagles MEM dried powder 

Deionised water 

4.4% NaHC0 3 solution 

10.0 g 

950 cm3 

50 cm3 

The medium was sterilised through a 0.2 ]Jm pore size filter and 

stored in 100 cm3 aliquots at 4°C. Before use 1.0 cm3 of antibiotic 

solution (PSK) was added. MEM was supblemented with 10% sterile foetal 

calf serum (FCS)and used for propagating MDBK and primary ovin~ kidney 

ce 11 s. 

Serum free maintenance medium (MEM + 0.5% bovine serum albumin (BSA)) 1 

0.5 g of BSA was added to 100 cm3 of MEM and the medium was sterilised 

through a 0.2 ]Jm pore size filter. 

1 Horner et al. (1973) conducted a survey of 347 foetal calf sera in 
·-

Australia and found that non-specific inhibitors of Pl3 virus were 

present in every sample tested. Because of the possibility that the 

FCS used for propagating cell cultures in the present study might 

contain similar inhibitors, it was replaced by 0.5% BSA when propa

gating or attempting to isolate Pl3 virus. 
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Phosphate buffered saline (PBS) 

See appendix. 

5.2.2 Source of MDBK cells 

These were obtained from Dr A. Robinson, Department of Veterinary 

Pathology and Public Health, Massey University. 

5.2.3 Source of Pl3 virus 

This was obtained from Dr G. Burgess, Department of Veterinary 

Pathology and Public Health, Massey University. It was a laboratory 

adapted strain of bovine origin. 

5.2.4 Maintenance of MDBK cells and the preparation of cell monolayers 

in microtiter plates 

MDBK cells were maintained as monolayers in 75 cm2 11Falcon 11 tissue 

culture flasks. After 4 to 7 days incubation at 37°C the growth 

medium was removed and the monolayer of cells was washed with 5.0 cm3 

of PBS. The PBS was removed then 1.0 cm 3 of ATV was added and the 

flask was incubated at 37°C until the cells were detached from the 

plastic. The cells were resuspended and diluted in MEM + 10% FCS to 

a concentration of 10 5 ce11s/cm 3
• 20 cm 3 of the cells was used to 

seed another 75 cm2 flask. 0.2 cm 3 of MDBK cells in MEM + 10% FCS 

(10 5 cells/cm 3 ) was added to each well of a 11 Cooke11 microtiter plate. 

The plate was covered and incubated at 37°C in an atmosphere of 5% 

C0 2 until monolayers of cells were formed in the wells. The medium was 

removed, the cells washed with PBS and 0.2 cm 3 of MEM + 0.5% BSA 

was added to each well. The cells were incubated for another 24 hours, 

and then used for Pl3 virus experiments. 

5.2.5 Pneumonic lung homogenate 

73 

Samples of pneumonic lung to be used for virus isolation were homogenised 

in PBS as described in 4.2.4. 

Note i) The lung homogenate used for inoculating sheep was homogenised 

in nutrient broth, but preliminary experiments revealed that 

nutrient broth contained some factor which was toxic for 

tissue culture cells, so the lung homogenate for virology 

VJas homogen i sed in PBS. 



ii) Homogenates of these lungs had the ability to transmit 

ovine CNP. (See previous chapter, sections 4.3.6 'atid 4.4.2). 

5.2.6 Assay of P!3 virus by haemadsorption 

Guinea pig blood was collected and stored at 4°C in Alsever's solution 

(see appendix). Erythrocytes were washed twice in PBS and resuspended 

as a 0.4% suspension in PBS. 

i) Haemadsorption in microtiter plates 

The medium from the cell monolayers was removed and the cells were 

washed twice with PBS. 0.05 cm 3 of a 0.4% suspension of guinea 

pig erythrocytes in PBS was added to each well, and the plate 

was placed at 4°C for 30 minutes. The cells were then washed 

3 times with cold l4°C) PBS and examined microscopically. 

ii) Haemadsorption in 35 mm petri-dishes 

The medium from the cell monolayers was removed and the cells 

were washed twice with PBS. 0.5 cm 3 of a 0.4% suspension of 

guinea pig erythrocytes in PBS was added to each dish and the 

dish was placed at 4°C for 30 minutes. The cells were then 

washed 3 times with cold PBS and examined microscopically. 

5.2.7 Primary ovine kidney {POK) cells 

A vial of primary ovine kidney cells (passage 3) was obtained from 

Dr A .. Robinson, Department of Veterinary Pathology and Public Health, 

Massey University. These cells were maintained in Eagles MEM + 10% 

FCS for several passages as monolayers in 25 cm 2 ''Falcon" tissue 

culture flasks. The cells were suspended using ATV and diluted in 

MEM + 10% FCS to 10 5 cells/cm 3 • 3 cm 3 aliquots of the suspension 

were added to 35 mm plastic petri-dishes which were incubated at 

37°C in an atmosphere of 5% C0 2 until monolayers had formed. 24 hours 

before the ceils were used to attempt to isolate Pl3 virus the 

cells were washed with PBS, and 3 cm 3 of MEM + 0.5% BSA was added to 

each dish. 

5.2.8 Sensitivity of Pl3 virus to digitonin 

An arbitrary concentration of 1.0 mg/cm 3 was used to test the 

sensitivity of Pl3 virus to digitonin. 
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0 Pl3 virus In MEM + 0.5% BSA was taken from storage at- 70 C and 

divided into two 0.45 cm 3 al iquots. 0.05 cm 3 of 10 mg/cm 3 digitonin 

in PBS (warmed to 37°C and shaken to disperse the digitonin) was 

added to one, and 0.05 cm 3 of PBS was added to the other. These 

were left at room temperature (approximately 20°C) for 15 minutes 

with intermittent shaking. Serial 10-fold dilutions in serum-free 

MEM of both samples were performed and 0.05 cm 3 of each dilution 

was added to each of 4 wells of a microtiter plate containing washed 

monolayers of MDBK cells. The cells were incubated at 37°C in 

5% C0 2 for one hour to facilitate virus adsorption, then 0.15 cm 3 

of MEM + 0.5% BSA was added to each wel 1. Plates were incubated at 

37°C in 5% C0 2 for 4 days and tested for the presence of Pl3 virus 

by haemadsorption (see 5.2.6). 

5.2.9 Sensitivity of Pl3 virus in lung homogenate to 10 mg/cm 3 

digitonin 

0.2 cm 3 aliquots of Pl3 virus stored at -?0°C were added to each of 

blo 1.8 cm 3 al iquots of pneumonic lung homogenate. 0.02 g of 

digitonin was added to one of the lung homogenate/virus mixtures and 

the other was left as a control. The bottles were left at room 

temperature (approximately 20°C) for 30 minutes with intermittent 

shaking. Each sample was then centrifuged at 12,000 g for 10 

minutes in a Sorvall RC2-B.refrigerated centrifuge. Serial 10-fold 

dilutions of the supernatants in serum-free MEM were made, and 0.05 cm 3 

of each dilution was added to each of 4 wells of a microtiter plate 

containing washed monolayers of MDBK cells. The cells were incubated 

at 37°C in an atmosphere of 5% C0 2 for 1 hour to facilitate virus 

adsorption, and then 0.15 cm 3 of MEM + 0.5% BSA was added to each well. 

Plates were incubated at 37°C In an atmosphere of 5% C0 2 for 4 days 

and then tested for the presence of Pl3 virus by haemadsorption 

(see 5.2.6). 

5.2.10 Attempted isolation of Pl3 virus from pneumonic lung 

homogenate known to transmit ovine CNP 2 

Pneumonic lung homogenate was taken from storage at -?0°C and quickly 

2 The isolation procedure is a modification of that used by Carter and 

Hunter (1970) who were successful in isolating Pl3 virus from sheep 

in New Zealand. 
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thawed. It was then centrifuged at 3000 g for 15 minutes at 4°C 

in a Sorval 1 RC2-B refrigerated centrifuge. 2.0 cm 3 of the super

natant was mixed with an equal volume of Eagles MEM + 0.5 BSA + 

strong antibiotics and incubated at 22°C for 30 minutes. POK 

ce11s in 35 mm plastic petri-dishes (see 5.2.7) were washed once 

with PBS. 0.5 cm 3 of the lung homogenate/HEM mixture was added to 

each of tvvo ce 11 mono 1 ayers. 

For a negative control a 1:1 mixture of PBS:MEM + 0.5% BSA +strong 

antibiotics was incubated at 22°C for 1 hour, and 0.5 cm 3 was added to 

a monolayer of POK cells. 

For a positive control 0.5 cm 3 of a 1/100 dilution (in serum-free 

MEM) of Pl3 virus stored at -70°C (titre= 10 6 ' 3 TCID 50 /cm 3
) was added 

to 4.5 cm 3 of lung homogenate, which was then centrifuged, mixed with 

an equal volume of MEM + 0.5% BSA +strong antibiotics, incubated;, 

and inoculated onto POK cells as above. 

Ceil cultures were incubated at 37°C for 1 hour in an atmosphere of 

5% COz to facilitate virus adsorption, then 2.5 cm3 of MEM + 0.5% 

BSA + strong antibiotics was added to each dish. After 4 to 6 days 

incubation at 37°C in an atmosphere of 5% C0 2 the cells were examined 

for a cytopathic effect (CPE) and tested for the presence of Pl3 

virus by haemadsorption (see 5.2.6). 

5.3 Results 

5.3.1 Sensitivity of Pl3 virus to digitonin 

The effect of 1.0 mg/cm 3 digitonin at room temperature over an 

arbitrary period of 15 minutes was determined by the methods 

described in 5.2.8. The experiment was repeated twice with 

consistent results. The findings are summarised in Table VI I I. 
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TABLE VIII The effect of 1.0 mg/cm 3 digitonin on Pl3 virus 

I 
I 
I 
I 

Titre of Pl3 virus 

Virus + PBS (contra l) 1 os.o TCID~~/0.05 cm 3 

Virus +digitonin <1 02·0 TCIDso/0.05 cm 31
' 

** TCID =Tissue culture infectious dose. 

* The digitonin concentration in the wells containing the 10- 1 

dilution of the virus/digitonin mixture was toxic for the 

MDBK cells, so the haemadsorption test started at the 10- 2 

dilution. 

These results showed that there is at least a 10,000-fdld drop in 

titre of Pl3 virus (i.e. a 99.99% kill) after exposure to 1.0 mg/cm 3 

digitonin for 15 minutes at room temperature. 

5.3.2 Sensitivity of Pl3 virus in lung homogenate to 10 mg/cm 3 

digitonin 

This experiment was performed using the methods described in 5.2.9, 

and was repeated several times with consistent results. A typical 

result is summarised in Table IX. 

TABLE IX The effect of 10 mg/cm3 digitonin on Pl3 virus in pneumonic 

lung homogenate 

Titre of Pl3 virus 

I Control lung homogenate (virus added) 

I Lung homogenate+ 10 mg/cm 3 digitonin <10 2 "0 TCIDs 0/0.05 cm 3 ·k 

*The digitonin concentration in the wells containing the 10- 1 dilution 

of the lung homogenate/digitonin mixture was toxic to the MDBK 

cells so the haemadsorption test started at the 10- 2 dilution. 

More than a 300-fold drop in titre of Pl3 virus could be detected 

(i.e. > 99% kill) In lung homogenate treated with 10 mg/cm 3 digitonin. 
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5.3.3 Attempted isolation of Pl3 virus from pneumonic lung 

homogenate known to transmit ovine CNP 

This was carried out by the methods described in 5.2. 10. The 

procedure was performed twice on each of two al iquots of a pool of 

pneumonic lung homogenate and the results were the same in all cases. 

Table X summarises the findings. 

TABLE X Recovery of Pl3 virus from pneumonic lung homogenate 

Recovery of Pl3 

Negative control (PBS) -

Lung homogenate (a 1 i quat 1) -

Lung homogenate (a 1 i quat 2) -

Positive control + (Lung homogenate + added Pl3) 

- =no haemadsorption of guinea pig erythrocytes 

+ = haemadsorption of guinea pig erythrocytes 

virus 

No Pl3 virus was isolated from the pneumonic lung homogenate using 

primary ovine kidney cells. Nor was any evidence of a CPE observed. 

The technique was adequate to reisolate Pl3 virus from lung 

homogenate following the addition of a low concentration of the virus. 

5.4 Discussion 

in the investigation of the sensitivity of Pl3 virus to 1.0 mg/cm 3 

digitonin, the initial dilution contained an amount of digitonin 

toxic for the MDBK cells. Therefore, it was not possible to 

determine whether haemadsorption occurred at the 10- 1 dilution. 

However a 4-log drop in titre (99.99% kill) was still detected, and 

it is reasonable to assume that all the virus was inactivated, i.e. 

that 1.0 mg/cm 3 digitonin for 15 minutes at room temperature 

inactivates Pl3 virus. A similar situation arose when determining 

the effect of 10 mg/cm 3 digitonin on Pl3 virus in lung homogenate. 

Although, for technical reasons, only a 2.5-log drop in titre (>99% 

kil 1) could be detected, it is probable that all the Pl3 virus was 
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inactivated because the time of exposure to digitonin was increased 

to 30 minutes, and a high concentration (10 mg/cm 3
) of digitonin 

was used. This concentration is far in excess of the solubility of 

digitonin and thus ensured that the lunq suspension was permanently 

saturated by the compound. 

It is not unexpected that Pl3 virus is sensitive to digitonin since 

it is an enveloped mammalian virus, and the envelope originates from 

the membrane of the host cell and therefore contains cholesterol 

(which complexes with digitonin). This observation underlines the 

importance of establishing the presence or absence of Pl3 virus 

in the lung homogenate used to transmit ovine CNP. 

Pl3 virus was not detected in two aliquots of pneumonic lung 

homogenate known to transmit CNP. The observation that Pl3 virus 

added to the pneumonic lung homogenate could be reisolated from it 

by the techniques described, indicates that these techniques were 

adequate to detect the virus. It is also relevant to note that 

subsequent to this work, Pl3 virus was isolated from the lungs of a 

sheep with acute 11 Pasteurella 11 pneumonia at this university using the 

same cell line and identical techniques (Dr A. Robinson, personal 

communication). 

It is concluded that Pl3 virus was not present in the samples of pneu

monic lung homogenate tested. Because aliquots of the same 

homogenate were capable of transmitting ovine CNP, it is also 

concluded that a digitonin sensitive organism other than Pl3 virus 

is required for the initiation of the disease. 

While this limited investigation was concerned mainly with Pl3 virus 

it is relevant to note that no agent capable of producing a CPE 

In POK cells in the conditions used was detected. 
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CHAPTER 6 Pre] iminary investigations into the produttion of a 

vaccine against M. ovipneumoniae 

6.1 Introduction 

The results of Chapters 2, 4 and 5 give support to the hypothesis 

that M. ovipneumoh~ae is the primary pathogen involved in the 

aetiology of ovine CNP. It would therefore be appropriate to make 

a vaccine against M. ovipneumoniae and test its protective effect in 

an experimental flock of lambs. If it were demonstrated that the 

vaccine prevented the initiation of CNP in sheep challenged ~ith an 

aerosol inoculum of pneumonic lung homogenate, then this would provide 

strong evidence that M. ovipneum0niae was the primary cause of the 

disease, and hence, that other micro-organisms (viz M; arginini, 

P. haemolytica and other bacteria) found in pneumonic lungs were 

secondary invaders. 

Sullivan et al. (1973b) reported that they produced proliferative 

interstitial pneumonia in 1 day old lambs with an intravenous 

injection of liv~ M. ovipneumohiae culture. It was therefore decided 

to make a vaccine containi_ng formalin killed M. ovipneumonfae 

organisms to tircumvent the possibility that injecting 1 lve 

M. ovipneumoniae intramuscularly could lead to the development of 

pneumonia in 4 to 6 month old la~bs which will be used for testing the 

vaccine. 

This chapter reports preliminary work to establish a method for. 

producing a formalin killed M. ovipneumoniae vaccine. The follow-on 

work involving the inoculation of lambs with the vaccine and their 

subsequent challenge with pneumonic lung homogenate lies outside the 

scope of this thesis. 

6.2 Materials and Methods 

6.2. 1 Source of M. ovipneumoniae 

See appendix. 
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6.2.2 Modified FM4 medium 

Modified FM4 medium consisted of FM4 medium (see appendix) with the 

following changes: 

(a) the yeast autolysate (A1bimi) and thallium acetate were omitted 

(b) the 150 cm 3 of pig serum was replaced b~ 150 cm 3 of bovine 

serum 

(c) the 10.0 g of peptone-CS (Albimi) was replaced by 10.0 g of 

phytone (BBL). 

Note i) The thallium acetate was omitted because it is toxic to 

animals 

ii) The yeast autolysate was omitted and the pig serum and 

phytone were changed to avoid cross-reactions with 

M. ovipneumoniae propagated in standard FM4 medium which 

will be used subsequently in assaying the immune response 

of sheep to the mycoplasmas. 

M. ovipneumoniae was grown for 6-passages in modified FM4 broth, then 

1.0 cm 3 aliquots were frozen at -70°C (at a titre of 9 x 10 7 CFU/cm 3
). 

These al iquots were used to inoculate modified FM4 broth in the 

fo 11 ovv ing i nact i vat ion experiments. 

6.2.3 Preliminary experiment to determine the appropriate'strength 

of formalin to use for inactivating M. ovipneumoniae 

1.0 cm 3 of M. ovipneumoniae culture (grown in modified FM4) was 

added to 99.0 cm 3 of modified FM4 broth (pre-warmed to 37°C) in a 

500 cm 3 side-arm flask fitted with a Bausch and Lomb Spectronic-20 

tube. The culture was incubated at 37°C on a rotary shaker at 

125 r.p.m. unti'l an optical density of 0.10 was reached (read on a 

Bausch and Lomb Spectronic-20 spectrophotometer at 640 nm) 

corresponding to a viable count of about 6 x 108 CFU/ml in the late 

logarithmic phase (Major et al ., 1979). The time taken to reach this 

optical density was about 26 hours. The organisms were harvested by 

centrifugation at 14,500 g for 30 minutes at 4°C in a Sorvall RC2-B 

refrigerated centrifuge, and the pellet was resuspended in 10 cm 3 

of sterile saline (see appendix). This gave a nominal 10-fold 

increase in mycoplasma concentration which was desirable for future use 

as a vaccine. 
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The resuspended cells were divided into 10 x 0.9 cm 3 allquots. 0.1 cm 3 

of formalin (adjusted to pH 7.2 and diluted with sterile saline) was 

added to each 0.9 cm 3 of cells to give final concentrations of 1/25, 

i/50, 1/100, 1/200, 1/400, 1/800, 1/1600, 1/3200 and 1/6400 formalin. 

0.1 cm3 of sterile saline was added to 0.9 cm 3 of resuspended cells 

as a control. The organisms were left at room temperature 

(approximately 20°C) for 15 minutes, then a 1/10 and 1/100 dilution 

of each was made into standard FM4 broth. These dilutions were 

incubated at 37°C for 5 to 10 days and growth of M. ovipneumoniae 

(as indicated by the development of turbidity and a colour change 

in the pH indicator from red to yellow) was noted. 

6.2.4 Inactivation of M. ovipneumoniae with formalin for vaccine 

production 

M. ovipneumoniae was grown in modified FM4 to an optical density of 

0.10 at 640 nm, centrifuged and resuspended in 10 cm 3 of sterile 

snline as described in 6.2.3. 

The resuspended cells were divided into 2 x 4.5 cm 3 al iquots. 

0.5 cm 3 of 1/10 formalin (adjusted to pH 7.2 and diluted in sterile 

saline) was added to one of the al iquots to give a final concentratfon 

of 1/100 formalin. 0.5 cm 3 of sterile saline was added to the other 

4.5 cm 3 aliquot as a control. 

The mycoplasmas were shaken intermittently at room temperature 

(approximately 20°C). At times 0, 2, 5, 10, 20 and 30 minutes, a 

0.05 cm 3 aliquot of the formalin treated mycoplasmas was removed 

and added to 4.95 cm 3 of standard FM4 broth. After this initial 

10- 2 dilution, serial 10-fold dilutions were made in standard FM4 broth. 

The control mycoplasmas were assayed the same way at times 0 and 

30 minutes. Bottles were incubated at 37°C for 10 days and growth 

of M. ovlpneumoniae (as indicated by the development of turbidity 

and a colour change in the pH indicator of the FM4 broth from red to 

yellow) was noted. 
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6.3 Results 

6.3.1 The strength of formalin needed to inactivat~ M; ovipneumoniae 

This was determined by the method described in 6.2.3. The experiment 

was repeated twice with consistent results. One set of results is 

summarised in Table XI. 

I 
! 

TABLE XI Inactivation of M. ovipnelimoriiae by varying strengths of 

formalin 

Dilution of Formalin (final) 

. Control (no formal in) 

1/25 

1/50 

1/100 

1/200 

1/400 

1/800 

1/1600 

1/3200 

1/6400 

. Growth of M. ovipn~umoniae 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ = colour change from red to ye11mv in FM4 broth 

- = no colour change in FM4 broth 
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The minimum strength of formalin required to inactivate M. ovipneumoniae 

in the conditions used was a 1/100 final dilution of formal in (-~. 1%) 

6.3.2 Inactivation of M. ovipneumoniae with formalin for vaccine 

production 

Based on 6.3. 1, a 1/100 (final) dilution of formal in was used for 

inactivating M. ovipneumoniae. M. ovipneumoniae cells suspended in 

sterile saline were treated with a 1/100 (final) dilution of formalin 

and assayed as described in 6.2.4. The experiment was performed twice. 

The results are seen in figure 20. In both experiments there were 

no mycopia?mas detected at 20 and30 minutes in the formalin treated 

samples. The titre of control (untreated) mycoplasmas remained 

constant for the 30 minute time interval. 
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FIGURE 20: Inactivation of M. ovipneumoniae with 
1/100 (final) formalin 
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6.4 Discussion 

The purpose of this experiment was to determine a suitable 

procedure for producing a formalin inactivated M. ovipneumoniae 

vaccine. The concentration of 1% formalin shown here to be the 

minimum concentration needed to inactivate M. ovi~neumoniae 

is in agreement with the values of 1 to 8% stated by Gaughran 

and Borick (1977) in the CRC Handbook of Microbiology as the 

concentration of formalin needed to inactivate vegetative bacteria. 

The fact that no viable mycoplasmas were detected after 20 minutes 

treatment with 1% formal in suggests that for experimental purposes 

a suitable vaccine containing killed M; ·ovipneu~oniae organisms 

could be made using the conditions described in this experiment 

and treating the organisms with 1% (final) formalin for 30 minutes. 
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CHAPTER 7 General Discussion 

The research reported in this thesis is part of a programme undertaken 

to establish the role of mycoplasmas in the aetiology of ovine 

chronic non-progressive pneumonia. Studies by Clarke et al. (1974) 

and Alley et al. (1975) resulted in the isolation of two mycoplasma 

species (viz. H. ovipneumotiiae and·M: arginini) from lambs with CNP, 

but these workers did not employ methods which would demonstrate the 

presence of ureaplasmas. Since Jones et·al .. (1979) showed that 

ureaplasmas could colonise the ovine lower respiratory tract it was 

important to determine the presence or absence of ureaplasmas in the 

lungs of sheep with CNP in New Zealand. The failure to isolate urea

plasmas from pneumonic sheep lungs (including material known to 

transmit the disease) in the present study suggests that ureaplasmas, 

even if they are ultimately shown to be pr.esent in sheep in New 

Zealand, are not a necessary component in the aetiology of ovine CNP. 

Advantage was taken of the material collected for the ureaplasma survey 

to reassess the prevalence of M. ovipneumoniae and M: arginini 

in pneumonic sheep lungs. These results show that the prevalence 

of M. 6vipneumoniae (98%) confirms the results of Alley·et al. (1975) 

who recovered M: ·ovipneumoniae from 79% and 100% of pneumonic lungs 

tested in two samplings. The present investigation revealed that 

H. arginini was present in only 4% of the pneumonic lungs, which may 

be contrasted v .. rith the results of Alley et al. (1975) vJho recovered 

M. arginini from 32% of pneumonic lungs tested. 

Since the lung is reported to have no normal flora (Isenberg a~d 

Painter, 1974) and there are many examples of mycoplasmas pathogenic 

for the lower respiratory tract (see chapter 1, 1.6.4) it could 

hardly be doubted that the presence of H. ovipneumoniae and/or 

H. arginini in lungs of lambs with CNP is pathologically significant. 

However, the relatively low and variable presence of M: arginini 

suggests that its role in the pathogenesis of the disease is probably 

confined to exacerbating pre-existing lesions.· H. arginini is well 

known to infect a large range of animals (Bergey's Manual ·of 

Determinative Bacteriology, 1974) but in no case has its role as a 

primary pathogen been demonstrated. This, however, does not rule out 
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a synergistic role for the organism in the development of the 

lesions of ovine CNP. Indeed, Jones et al. (1978) suggested that 

the organisms may be crucial in the development of pleurisy, 

which is probably the most economically significant aspect of the 

disease. 
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To facilitate future investigations into the significance of M. arginini, 

its ultrastructure (hitherto unreported) was established and 
. . 

contrasted with that of M. ovi~n~D~6~iae. M. af~inini measured 

200 to 500 nm in diameter, had an electron-dense cytoplasm, and the 

presence of dumb-bell shaped forms (mainly in the exponential growth 

phase) implied that the organism divided by binary fission. The size 

range of M. arginini (200 to 500 nm) was smaller than that of 

M. ovipneumoniae which measured 500 to 800 nm in diameter, and unlike 

M. ovipneumoniae the limiting trilaminar membrane of M~ arginini 

did not appear to bear surface projections. However, distinction 

between the two organisms in thin sections of, say, lung material would 

be difficult because the two size ranges overlapped, and the resolution 

of individual M. ovipneumoniae cells was not consistently adequate 

to demonstrate these surface projections. A distinction between the 

twoorganisms in thin sections would therefore require further work 

involving immunological labelling (e.g. using ferritin or peroxidase

conjugated specific antibody). 

Investigation of the in vitro growth characteristics of M. arginini, 

while undertaken mainly with a view to production of a challenge 

inoculum for sheep and to determine the ultrastructure of the organism 

at different growth stages, provided some interesting contrasts with 

the ~rowth characteristics of M; ovipn~umoniae (which is representative 

ofthe growth characteristics o'fmany other mycoplasmas) reported by 

Major et al. (1979). Thus, the initial fall in titre seen in 'the growth 

curve of M. arginini is not seen in the growth curves of M; ovipneumoniae 

and many other mycoplasmas. The generation time of M. arginini (0.5 

hours) is less than that reported forM. ovi~n~Dmoniae (1.7 hours) 

and other mycoplasmas. This Is probably a reflection of the highly 

comp 1 ex nature of FM4A medium \vh i ch was used for the growth of 

M. arqinini. More surprisingly, there is a marked stationary phase 

in the growth of M. arglnlnl which is not usually seen with other 

mycoplasmas (Smith, 1971), 



In conclusion, it is likely that M. ar~lnini may play a secondary 

role in the development of ovine CNP and it is expected that the 

growth characteristics and ultrastructure of the organism reported 

here will facilitate further studies which must be carried out if 

the role of M~ arginini in the disease is to be unequivocally 

estab1 ished. 

The consistently high prevalence of M. ovipneumoniae in pneumonic 

lung homogenate demonstrated both in this and earlier work suggests 

that this organism plays a major role in ovine CNP. Even if this 

is admitted it does not distinguish between a primary role of the 

organism initiating lesions or a secondary role of the organism 

exacerbating pre-existing lesions produced by some other organism 

e.g. a virus, as has been suggested by Hare (1970) and Jones et al ., 

(1979) who implicated Pl3 virus; or a bacterium (includi.ng chlamydiae). 

However the demonstration (chapter 5) that digitonin treatment of 

pneumonic lung homogenate destroyed its ability to produce lesions of 

CNP implies that these lesions are initiated by an organism limited 

by a cholesterol-containing membrane. Such an organism could 

obviously be a mycoplasma since by definition these contain 

cholesterol in their membranes, but could also be an enveloped virus 

(e.g. P13). 

The ability of pneumonic lung homogenate to consistently produce 

lesions of CNP in inoculated sheep implies that all the necessary 

infectious components are presentin the inoculum. Hence it is 

particularly significant that examination of the pneumonic lung 

homogenate used to transmit the disease in the present investigation 

failed to demonstrate the presence of viruses using a standard 

technique; and in particular failed to isolate Pl3 virus from 

these homogenates, although I was successful in reisolating Pl3 virus 

following its addition at a low titre to the pneumonic lung homogenate. 

If, therefore, ovine CNP can be consistenly transmitted with 

homogenates of pneumonic lung in the apparent absence of viruses, and 

in the specific absence of Pl3 virus, the ability of digitonin to 

prevent such transmission supports the conclusion that M; ·ovipneumoniae 

(which is consistently present in the inoculum, and was shown to 
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be digitonin sensitive) is responsibie for the initiation of the 

primary lesions of the disease. It is relevant to note here that 

although M. arginini is usually (but not always) present in pools 

of pneumonic lung, following administration of such a pool as an aerosol 

inoculum to susceptible lambs and examining early lesions, the organism 

is recovered from only a low proportion (22% in the present investi

gation) of lungs with mild to severe pneumonic le~lons. 

Some observations concerning ovine CNP from the present work, together 

\vith earlier work done in NevnZealand are presented below: 

i) CNP can be transmitted using-pneumonic lung homogenate as an 

intranasal inoculum (Alley and Clarke~ 1979) 

ii) Bacteria (especially P. ·ha~m6lytica) are consistently present 

in such inocula (Alley, personal communication) 

iii) Penicillin has the ability to markedly diminish the severity of 

(but not totally prevent the development of) lesions 

transmitted by pneumonic lung homogenate. (Alley and Clarke, 

: in the press). 

lv) P. haemolytica on its ovm, when administered intranasally into 

sheep, usually produces no lesions (Alley, personal 

communication). 

Note: Overseas workers who Inoculated large numbers of 

p; haemolytica lntrabronchially into 4 to 5 month old 

lambs produced acute pneumonia which can be distinguished 

from CNP. (Blberstein ~tal., 1971). 

v) · M. ovipneumoniae is consistently present in inocula of pneumonic 

lung homogenate, and also in a high proportion of lesions of CNP 

at all stages of development, which contrasts with the low 

prevalence of M; ·arginini (Alley and Clarke, 1979; present 

investigation). 

vi) M. ovipneumoniae (inocuiated intranasal ly as a broth culture) 

can colonise the ovine lung and produce minimal lesions in some 

animals. (Alley and Clarke, 1979). 

Note: The colonisation of the lung b~ M; o~i~li~~moliiae appears 

to be less efficient when the organism is present in pure 

culture than when present in lung homogenate. 

89 



vii) A ~igitonin sensitive component Is necessary for the 

transmission of CNP. 

Note: This component could either be a mycoplasma, or an 

enveloped virus (present investigation). 

viii) Viruses, in particular Pl3 virus, are apparently absent from 

lung homogenates which transmit the disease (present 

i nvesti gati on). 

These observations are consistent with the following general 

hypothesis: Ovine CNP is initiated by·M~ ovipneumoniae which initially 

infects the upper respiratory tract of sheep. This organism can then 

colonise the lungs of a high proportion of lambs causing minimal 

lesions which require the presence of a bacterium (probably 

P. haemo1ytica) to give the fully developed field cases. While it 

seems unlikely that M. arginini is a necessary component in the 

disease, its ability to grow in the ovine lung, often to a high titre 

(e.g. 108 to 10 9 organisms/gram of tissue reported in chapter 4), 

strongly suggests that· the organism can have an exacerbating effect 

on pre-existing lesions in some cases. At the present state of 

investigation there is no evidence that a virus is a necessary 

component in the development of ovine CNP, although the scientific 

difficulty of proving a negative must be borne in mind. 

It is difficult to compare the above hypothesis in detail with the 

hypotheses of other workers. Some say that ovine CNP is of complex 

aetiology not only in the sense that more than one organism may be 

required to cause the disease, but also in the sense that different 

combinations of organisms may produce the same disease as defined 

pathologically. (Jones et al., 1978; Jones et·al.~ 1979). 

Some authors are more specific: thus StGeorge et al. (1971), 

Carmichael et al. (1972), and Sullivan et.al. (1973b) suggested that 

M. ovipneumoniae alone was responsible for the disease, but they only 

produced mild macroscopic lesion~ in approximately 50% of animals 

inoculated with M. ovipneumoniae. Other workers have confirmed 

the results of StGeorge et al. (1971), Carmichael et.al. (1972), 

and Sullivan et al. (1973b) only to the extent of producing minimal 

lesions in low numbers of animals (Foggie et al., 1976; Alley and 
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Clarke, 1979). Dr G. Cottew (personal communication to Clarke) 

has failed to produce pneumonic lesions in lambs using M; 6Vipneumoniae 

inocula. 

Jones et al. (1978) stated that mixed cultures of M~ ovipneumoniae, 

M. arginini and Pasteurella haemolytica produced lesions in 6 to 7 

month old lambs identical to the field disease, but a year later 

(Jones et al ., 1979) stated that M. a~~inini was unimportant in the 

disease, and that Pl3 virus may be necessary to initiate lesions. 

Davies et al. (1977) suggested the importance of Pl3 virus and 

P. haemolytica in pneumonia of sheep. Their suggestion was based on 

the experimental production of pneumonia in lambs inoculated with Pl3 

virus, followed by P. haemolytica.· However, they did not give a 

pathological description of the disease produced, and indeed, Sharp 

et al. (1978) performed similar experiments (i.e. concurrent 

·infection of lambs with Pl3 virus and P. haemolytica) and 

produced an acute pneumonia. 

The present hypothesis that M; ovipneu~ontae initiates lesions of CNP 

which are made more severe by the invasion of bacteria (P~ hae~olytica 

especially), is more specific than those of most of the above workers. 

The evidence that M. ovipneu~oniae initiates the disease is strong. 

Nevertheless it will have to be unequivocally established, and the 

most direct approach is to inoculate lambs with mixtures of organisms 

including all possible permutations of M. ·avipneumoniae~ M; ~~ginini, 

Pl3 virus, and bacteria (especially P. hae~olytica). The study of 

M. arginini reported here will make a contribution to this approach. 

A parallel approach which the present investigation also anticipates 

is the production of M. ovipneumoniae vaccines both inactivated and, 

possibly, living. Thus if it could be shown that immunisation with 

M. ovipneumoniae alone prevents the initiation of CNP lesions in 

lambs after challenge with pneumonic lung homogenate, this would not 

only strongly support the central role of M. oVipneu~oniae in CNP, 

but could hopefully be developed to the point where routine 

vaccination of severely affected flocks against CNP could prevent 

the disease and minimise the economic loss which the disease causes 

in New Zealand. 

91 



APPENDIX 

Source of mycoplasmas 

(a) M. ovipneumoniae strain 5 

This strain was isolated in 1973 from the lungs of a lamb with CNP 

by Dr J.K. Clarke, and was cloned after isolation. At the commencement 

of th~s present work an isolated colony was taken with a plug of agar 

from an FM4 agar plate, propagated in FM4 broth, and the organism 

was passaged 3 times at limit dilution. It was then grown to late 

exponential phase in FM4 broth and stored in aliquots at -70°C. In a 

gel precipitin test, this organism showed lines of identity with the 

original Australian isolate. 

{b) M. arginini 

The strain used was isolated from a pneumonic sheep lung in 1973 by 

Dr J.K. Clarke. It was identified serologically as Mycoplasma arginini 

by Microbiological Associates, U.S.A. A culture of this organism 

derived from a single colony was used in the present work. The 

organism was stored in aliquots at -70°C. 

Mycoplasma media 

(a) U9 medium for ureaplasmas 

The composition was as follows: 

Base: 

Peptone CS (Albimi) 

Glucose 

I<.H2P04 

Deionised water to 

2N HCl to 

0.75 g 

0.08 g 

0.02 g 

100 cm 3 

pH 5.5 
The base was autoclaved at 121°C fo~ 15 minutes. 
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Complete medium: 

Base 

Unheated horse serum 

10% Urea solution* 

1 % pheno 1 red 

Penicillin {10 5 units/cm 3 ) 

The final pH of the medium was 6.0 + 0.2. 

4°C until use. 

*Ultrapure was used. 

95 cm 3 

4 cm 3 (filter sterilised) 

0.5 cm3 (filter steri 1 i sed) 

0.1 cm 3 (autoc 1 aved) 

1.0 cm 3 (filter sterilised) 

The medium was stored at 

The growth of ureaplasmas in liquid medium was indicated by a colour 

change in the medium from yellow to purple. 

U9 agar: 

Base 

Agar 

95 cm 3 

1.0g 

The mixture was autoclaved at 121°C for 15 minutes, then allowed to 
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cool to about 46°C. Horse serum, iO% urea, 1% phenol red, and penicillin 

were added as above. 4 cm 3 volumes were pipetted into 50 mm plastic 

petri-dishes with tight fitting lids. Plates were stored at 4°C until 

use. 

(b) FM4 (and FM4A) broth 

This medium is the fourth of several formulations of Frey, Hanson and 

Anderson (1968). The formula is: 

NaCi s.o g 

KCl 0.4 g 

MgSOtt . 7Hz0 0.2 g 

Na2HPOtt.12HzO 4.03 g 

KHz PO'+ 0. 1 g 

Glucose 10.0 g 

Peptone cs (Albimi) 10.0 g 

Yeast autolysate (Albimi) 5.0 g 

NAD 0.1 g 

I . .. 



Note: 

L-cysteine HCl 0. 1 g 

Eagles vitamin solution (x 100) 25 cm 3 

0.4% phenol red 2.5 cm 3 

Pen i c i 11 in 10 6 units 

Thallium acetate 0.5 g 

Deionised water to 1000.0 cm 3 

i) The thallium acetate was dissolved in 10 cm 3 deionised 

water and added to the medium dropwise to prevent 

precipitation. 

ii) The basal medium was supplemented with 150 cm 3 of pig 

serum. 

iii) For glucose fermenting mycoplasmas the pH was adjusted to 

pH 7.8.with 1 .ON NaOH. 

iv) For arginine requiring mycoplasmas, 10 g of arginine was 

added and the pH was adjusted to 7.0 with 1.0N HCl. This 

modification was referred to as FM4A medium. 

v) The complete medium was clarified by filtration through 

non-sterile 5.0, 0.45, and 0.2 ~m pore-size filters; 

and sterilised by filtration through a 0.2 ~m filter. 

vi) The formu 1 a for Eagle 1 s vitamin solution (x 1 00) is : 

o.:..biotin 20 mg 

Calcium pantothenate 20 mg 

Choline chloride 20 mg 

Folic acid 20 mg 

Riboflavin 2.0 mg 

myo-Jnositol 40 mg 

Niacinamide 20 mg 

Pyridoxine 20 mg 

Thiamine-HCI 20 mg 

Distilled water to 100 cm 3 

The solution was stored in 25 cm 3 aliquots at -20°C 

unti 1 use. 

Growth of M. ovipneumoniae in FM4 broth was indicated by a colour 

change in the pH indicator from red to yellow, and growth of M. arginini 

in FM4A broth was indicated by a colour change in the pH indicator 

from orange to purple. 
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FM4 agar and FM4A agar 

BHI (Difco) 0.74 g 

Agar 1.0 g 

Deionised vJa te r to 20.0 cm 3 

The BHI-agar was autoclaved at 121°C for 15 minutes. It was then cooled 

to S0°C and 80 cm 3 of FM4 (or FM4A) at 45°C was added. The medium was 

mixed thoroughly and 4 cm 3 volumes were pipetted into 50 mm plastic 

petri-dishes with tight fitting lids. The solidified medium was used 

immediately, or stored at 4°C for not more than 2 weeks. 

Phosphate buffered saline (PBS) 

NaCl 

KC 1 

Na2HP04 

KH2P04 

Distilled water to 

8.0 g 

0.2 g 

1.15 9 

0.2 g 

1000.0 cm 3 

The solution was autoclaved at 121°C for 15 minutes. Final pH = 7.2 to 

7.4. 

Alsever 1 s solution (modified) 

Glucose 

Tri-sodium citrate 

NaCl 

Citric acid 

Distilled water to 

20.5 g 

8.0 9 

4.2 9 

0.55 g 

1000.0 em 3 

The solution was autoclaved at 121°C for 15 minutes, and stored at 4°C. 

Final pH= 6.1. 

Saline (Physiological saline) 

NaCl 

Distilled water to 

8.5 g 

1000.0 cm3 

The solution was autoclaved at 121°C for 15 minutes. 
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