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"T 00 much reliance on the absence of macroscopic lesions has always constituted a source of 

error in pathological analysis." 

Innes (1949) 

ii 

"Not invisible but unnoticed, Watson. You did not know where to look, and so you missed all that 

was important". 

Hogs}, The Microscope' its History, Construction. and Applications 
Berbcrtlngram & Co., L.ol1dol1, 1855 

Sherlock Holmes 
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ABSTRACT 

The brushtail possum, Trichosurus vulpecula, is the main wildlife reservoir of Mycobacterium 

bovis infection for domestic species such as cattle and deer in New Zealand. Tuberculosis 

control and eradication are dependent on knowledge and understanding of the pathogenesis of 

the disease in this pest species, regardless of whether eradication or control of the disease by 

vaccination is contemplated. 

Early field studies of tuberculosis in wild possums detected infected animals usually with 

advanced disease, and showed the two most common sites for macroscopic lesions were the 

respiratory tract and superficial lymph nodes. A comprehensive pathological study of the nature 

and distribution of lesions of naturally occurring tuberculosis which involved 117 non

terminally ill and 20 terminally ill possums was undertaken. Significantly more males (62%) 

than females (38%) were affected by the disease, and this is probably related to differences in 

behaviour. In non-terminally ill possums, the two most common sites for macroscopic lesions 

were the superficial lymph nodes (75%) and respiratory tract (69%). However, microscopic 

assessment of the distribution of total lesions disclosed 93% of lesions in superficial lymph 

nodes compared with 79% in the respiratory tract, indicating that the former are a predilection 

site for the establishment and development of lesions. This distribution raised the possibility 

that infection may occur via the percutaneous as well as the respiratory route. It was found that 

the disease disseminates early and rapidly via blood and lymph, and acid fast organisms 

increase in number in concert with increasing size and development of lesions. 

In order to understand why lesions are common in the respiratory tract, a morphological study 

of the lung of the normal possum was undertaken. It revealed that the lung of the possum lacks 

a conventional mucociliary apparatus, a prime defence mechanism of the proximal airways 

against inhaled particles. However, this may be compensated for by the presence of Clara cells, 

which were abundant throughout the bronchial tree. Additionally, the lung appeared to be 

adequately supplied with mucosal associated lymphoid tissue. The lung of the possum may 

therefore be more susceptible to the deposition of particles larger than droplet nuclei into the 

airways than some other species. 

Experimental respiratory infection with M bovis involving the inoculation of 33 possums with 

20-100 colony forming units (cfu) by the endo-bronchial route, and aerosol infection of 20 

possums with 10-20 organisms, were completed over 4 and 5 week periods (respectively). This 
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allowed the study of the nature and development of pulmonary tuberculosis in possums, and 

comparison with the natural disease. Macroscopic lesions were largely confined to the 

respiratory tract, and at the microscopic level, there was a paucity of lesions in superficial 

lymph nodes, suggesting that in the natural disease percutaneous infection may be responsible 

for lesions in these nodes. A progression of lesion development from granulomatous through 

pyogranulomatous to large caseating lesions was observed. Rapid haematogenous and 

lymphatic spread occurred early in the experimentally induced disease. These findings confirm 

that the possum is highly susceptible to infection with M bovis, and suggest that only an 

extremely small number of tubercle bacilli may be required to initiate the disease. 

The results of experimental intra-dermal (IID) inoculation of 5 x 106 d'u of BCG injected into 

the dorsal midline of the neck of 38 possums were followed over a 4 week period. This 

produced evidence that infection through the skin is associated with lesions in superficial lymph 

nodes. Although overall 76% of experimental possums had lesions in superficial nodes, few 

animals (21 %) had lesions in the lower respiratory tract. The phenomenon of lesion resolution 

restricts the use of BCG to the study of early lesion development, however it avoids problems 

with overwhelming disease encountered in experiments using M bovis. Further work using a 

very low dose of M bovis via the percutaneous route will be necessary to understand whether 

the IID route of infection operates simultaneously or sequcntially with infection via the 

respiratory tract. 



Acknowkdgemen� ____________________________________ ____________ __ 
v 

ACKNOWLEDGEMENTS 

All the work was undertaken with approval obtained from the Animal Ethics Committees at 

Massey University, AgResearch (Wallaceville) and Landcare Research (Christchurch), for the 

research and experiments described in the thesis. 

There are many people whose collective efforts have helped make this thesis possible. I have 

listed most of them in alphabetical order. 

Scientists, without whose help and willingness to collaborate, field and experimental studies 

would not have been possible, include: Bryce Buddle (AgResearch, Wallaceville), for 

collaborative experimental M bovis studies, and professional critique; Jim Coleman (Landcare 

Research, Linclon), for collaborative field studies, discussion, advice, and encouragement; Phil 

Cowan (Landcare Research, Palmerston North), for the use of cage traps and cages with 

nesting-boxes; Geoff de Lisle (AgResearch, Wallaceville), for the provision of BCG for my 

experimental studies; and Dave McMurray (visiting scientist to AgResearch, Wallaceville), for 

collaborative experimental studies with M bovis.  I am also extremely grateful to Duncan 

Hedderley (Massey University), for assistance with statistical analyses. 

Access to and/or provision of tuberculous possums was provided by Ron Jackson, lan Lugton, 

and J oanna McKenzie. The capture of non-tuberculous possums for experimentation was 

assisted by Maurice Alley and Kate Littin. I am grateful to Grant BeIlany and 'Ernslaw One', 

who allowed me free access to their properties, to trap possums. 

Technical assistance has been provided by: the tireless efforts of Pat Davey and Pam Slack 

(Massey University), who produced endless, top-quality slides for histopathological 

examination; Steve Grant, for converting a hand sketch of the possum's lung into a skilled 

drawing; Doug Hopcroft and Raymond Bennett (Horticultural Research, Palmerston North), for 

electron microscopy processing; Ken Peck (Rehab Workshop, Palmerston North Hospital), who 

designed, built, and supplied nesting-boxes for some of the cages used for the BCG 

experiments; Faris Sharpe (Massey University), for the storage and care of wet tissues, and the 

organisation of equipment required for field trips; and Pam Slack, who produced excellent grids 

for electron microscopy. 



Acknowkdgemen� ________________________________________________ __ 
VI 

People who have acquired copies of scientific papers for me include Joe Cassidy (Ireland), 

Rosemary Clarke (AgriQuality, PaImerston North), Mark Collett (Massey University), Julian 

Holland (MacLeay Museum, University of Sydney), and Anne Kitchen (PaImerston North 

Hospital). 

I have Lisa Watson to thank for kick-starting me into writing up my thesis, and for helping me 

with the problems I encountered with computing. My dear friend, Darelle, helped me greatly 

with the aesthetic appearance of the thesis, particularly with tables, figures, and appendices. 

She also provided encouragement, help and advice. My supervisors, Maurice Alley, Bill 

Manktelow, and John Lumsden, patiently read over my work, providing good points and 

constructive criticism. I am particularly thankful to Maurice, for countlessly having to reread 

my efforts, and his genuine concern for my welfare during the epic my thesis became. I am also 

very grateful to Bill, for his critical eye, who, at times, saved me from my own confused 

writings. 

Last, but by no means least, I am indebted to my husband, Jurriaan, who never lost faith in the 

fact that I would, eventually, finally, complete my goal. 



Contents vii 
----------------------------------------------------

TABLE OF CONTENTS 

Abstract _____________________________________________ 111 

Acknowledgements _____________________________________ v 

Table of Contents vii 

List of Figures ______________________________________ _ 

List of Tables xiii ------------------------------------------

List of Appendices _______________________________ xv 

Abbreviations xvi 

Chapter 1. Literature review 

1.1 Introduction 
--------------------------------

1.2 The history of tuberculosis ____________________________ 2 

1.2.1 Early history of the disease 2 

1.2.2 Bovine tuberculosis in New Zealand 3 

1.3 Mycobacterium bovis ________________________ _ 

1.3.1 General characteristics of the organism ________________ 4 

1.4 Transmission of bovine tuberculosis 4 

1.4.1 Introduction 4 

1.4.2 Routes of infection and shedding 5 

1.4.3 Modes of transmission in selected species 13 

1.5 The pathology of tuberculosis in mammals 18 

1.5.1 The pathology of tuberculosis in mammals in New Zealand 18 

1.5.2 

1.5.3 

The pathology of tuberculosis in mammals in overseas countries _____ 26 

Miscellaneous records of tuberculosis in mammals 28 

1.6 

1.6.1 

1.6.2 

Experimental infections with Mycobacterium bovis ____________ 28 

1.6.3 

Early experimental studies in possums 28 

Recent experimental studies in possums 29 

Recent experimental studies in maintenance hosts ___________ 3 I 
1.7 Summary and conclusions _______________________ 32 

Chapter 2. The morphology of the lung of the brush tail possum 

2.1 Introduction 34 
---------------------------

2.2 Materials and Methods 35 

2.2.1 Animals 35 

2.2.2 Macroscopic anatomy 36 

2.2.3 Histology 36 

2.2.4 Samples for electron microscopy ___________________ 37 



Contents viii 
---------------------------------------------------

2.3 Results ________________________ 37 

2.3.1 Macroscopic findings 37 

2.3.2 39 

2.4 Discussion 
-----------------------------------

Chapter 3. The pathology of naturally occurring Mycobacterium bovis infection 

in brushtail possums 

3.1 Introduction 47 
------------------------------------------

3.2 

3.2.1 

3.2.2 

3.2.3 

3.2.4 

3.2.5 

Materials and methods ______________________________ 48 

Source of possums 
--------------------------------

Necropsy and data recording procedures _____________ 49 

Collection of samples for histopathology 50 

Selection of fixed tissues for histopathological examination 50 

Selection of specimens for bacteriology 51 

Specimens for electron microscopy ____________________ 51 

Statistical analysis 52 

3.2.6 

3.2.7 

3.3 

3.3.1 

Results 52 

Prevalence of tuberculosis 52 

3.3.2 Distribution of lesions ____________________ 53 

3.3.3 Nature 

3.4 Discussion 75 
-----------------------------

Chapter 4. Experimental respiratory infection with Mycobacterium bovis 

4.1 Introduction _______________________ 83 

4.2 Materials and methods 84 

4.2.1 Animals 84 

4.2.2 Experimental 84 

4.2.3 85 

4.2.4 Bacteriology 86 

4.2.5 

4.3 

4.3.1 

4.3.2 

4.3.3 

4.3.4 

4.4 

Statistical analysis ____________________ 86 

Results 87 

Macroscopic 87 

Histological lesions ___________________ 89 

Bacterial counts 96 

Ultrastructural examination of alveolar macrophages 96 

Discussion ________________________ 97 

Chapter 5. Experimental inoculations of BCG via intra-dermal, endo-bronchial 

and intravenous routes 

5.1 

5.2 

Introduction 104 
---------------------------------------------

Materials and methods _____________________ 105 



Contents IX 

5.2.1 Animals 105 

5.2.2 Inoculum 106 

5.2.3 Experimental design 106 

5.2.4 Necropsy 107 

5.2.5 Samples for electron microscopy 108 

5.2.6 Bacteriology 108 

5.3 Results 109 

5.3.1 Intra-dermal inoculation 109 

5.3.2 Endo-bronchial inoculation 114 

5.3.3 Intravenous inoculation 118 

5.3.4 Oral inoculation 120 

5.4 Discussion 120 

Chapter 6. General discussion 126 

Appendices 135 

Bibliography 193 



Lists x 
--------------------------------------------------------

Figure 1.1 

Figure 1 .2 

Figure 1.3 

Figure 2.1 

Figure 2.2 

Figure 2.3 

Figure 2.4 

Figure 2.5 

Figure 2.6 

Figure 2.7 

Figure 2.8 

Figure 2.9 

Figure 3.1 

Figure 3.2 

Figure 3.3 

Figure 3.4 

Figure 3.5 

Figure 3.6 

Figure 3.7 

LIST OF FIGURES 

Ingestion of unpasteurised milk from a tuberculous bovine udder was a common 
cause of tuberculosis in cats in Britain (Jeunings, 1949). (Frank Lane Picture 
Agency, Acme Cards, London). 

Investigatory sniffing of a dazed possum by a heifer. 13 

A necrotising granulomatous lesion in the mandibular salivary gland of a 17 
tuberculous badger. The lesion contained several acid fast organisms. H&E. 
Magnification = 4Ox. 

Proportionately scaled diagrammatic representation of the lung and lower airways 38 
of the possum lung. (L = left; R = right; 1 = primary bronchus; 2 = lobar 
bronchus; a = cranial; b = caudal; c = middle; d == accessory). 

Submucosal glands (smg) and cartilage (C) are well developed at the hilus of each 40 
lobe in the mature lung. H&E. Magnification = 140x. 

Primary bronchus, lined by ciliated (Ci) and non-ciliated Clara (Cl) cells, 41 
demarcated ventrally with basal cells (B). TEM. Uranyl acetate-lead citrate. 
Magnification = 7800x. 

Secondary bronchus, consisting of ciliated (Ci) and non-ciliated secretory 41 
epithelial cells (Clara cells) (Cl), with basally situated basal cells (B). TEM. 
Uranyl acetate-lead citrate. Magnification = 520Ox. 

Goblet cells in the bronchial mucosal epithelium were easily identified 42 
(arrowhead). Special stains highlighted non-ciliated epithelial cells by the 
presence of red-staining material (neutral glycoprotein) in their apices (arrows). 
PAS/AB, pH 2.5. Magnification = 525x. 

Distal portion of the conducting system, depicting a terminating bronchiole (tb), 42 
respiratory bronchiole (rb), an alveolar duct (alv), and a pore of Kohn (arrow). 
H&E. Magnification = 125x. 

Terminal bronchiole. Non-ciliated epithelial cells, covered by microvilli, 43 
outnumber ciliated cells (Ci) at least 4 to 1. TEM. Uranyl acetate-lead citrate. 
Magnification == 5200x. 

A type II cell (arrow) in this alveolus is easily identified by its lamellated bodies 43 
(cytosomes). TEM. Uranyl acetate-lead citrate. Magnification = 780Ox. 

Discrete lymphoid nodules (arrows) were commonly observed adjacent to a major 44 
bronchiole in most possums' lungs, in most cases. H&E. Magnification = 5Ox. 

Frequency of number of sites containing macroscopic lesions per individual in 117 54 
tuberculous possums. 

Distribution of macroscopic and microscopic tuberculous lesions in 117 possums 55 
derived from field studies. 

Distribution of macroscopic and microscopic tuberculous lesions at five body sites 56 
in 11 7 possums. 

Frequency of number of sites containing macroscopic and microscopic lesions per 58 
individual in 117 tuberculous possums. 

Distribution of macroscopic and microscopic lesions in 20 terminally ill possums 59 
derived from field studies. 

Distribution of macroscopic and microscopic lesions at five body sites in 20 60 
terminally ill possums. 

Bilateral enlargement of the inguinal lymph nodes of a male possum, with the left 61 
node (arrow) discharging its contents via a sinus in the skin. 



Lists Xl 
-----------------------------------------------------------------

Figure 3.8 Suppurative deep axillary lymph node, with extension to adjacent tissues, from a 62 
tuberculous possum. 

Figure 3.9 Fixed lung containing numerous small nodules and one large nodule in the right 63 
cranial lobe (arrow). 

Figure 3.10 Granulomatous lesion in a lymph node. Note the angulated appearance of the 64 
macrophages (arrows). H&E. Magnification = 520x. 

Figure 3.11 Caseation (left) merges into granulomatous inflammation (right). H&E. 64 
Magnification = 26Ox. 

Figure 3.12 Macrophages containing large numbers of APOs in a lymph node. ZN. 65 
Magnification = 560x. 

Figure 3.13 Multinucleated giant cells randomly distributed in a pyogranulomatous lesion in 66 
the lung. H&E. Magnification = 135x. 

Figure 3.14 A small granulomatous focus in the hepatic parenchyma compressing adjacent 66 
tissue. H&E. Magnification = 265x. 

Figure 3.15 A small tuberculous focus inside a pleural lymphatic (arrow) of an affected lung. 67 
H&E. Magnification = 150x. 

Figure 3.16 Involvement of an hepatic blood vessel in a granulomatous lesion in the liver. 68 
H&E. Magnification = 60x. 

Figure 3.17 Granulomatous focus in the bone marrow of the left humerus. H&E. 69 
Magnification = 130x. 

Figure 3.18 Lung from a terminally ill tuberculous possum. Most of the left lung is 71 
consolidated. 

Figure 3.19 Liquefactive contents of a tuberculous renal lymph node in a terminally ill 72 
possum. 

Figure 3.20 Microgranuloma in a renal medullary tubule (arrow). Interstitial granulomatous 73 
inflammation is also evident above and to the right of the intra-tubular granuloma. 
H&E. Magnification = 24Ox. (ZN stained adjacent section illustrated in Figure 
3.21). 

Figure 3.21 Potential urinary excretion of Mycobacterium bovis demonstrated by the presence 73 
of AFOs in an intra-tubular granuloma in the renal medulla. ZN. Magnification = 
465x. 

Figure 3.22 Macrophage from an infected lymph node. The cytoplasm contains a few tubercle 74 
bacilli inside phagosomes (arrows). TEM. Uranyl acetate-lead citrate. 
Magnification = 7800x. 

Figure 3.23 High power view of Mycobacterium bovis inside a phagocytic vacuole. The 74 
phagosome wall is indicated by an arrow. An electron transparent zone (a) 
surrounds the bacillus. A central clear nuclear region (b) is evident. TEM. 
Uranyl acetate-lead citrate. Magnification = 103,600x. 

Figure 4.1 Early tuberculous lesion in the lung 2 weeks after endo-bronchial inoculation. 91 
Macrophages and lymphocytes surround a small blood vessel, and have infiltrated 
alveolar spaces and septa. H&E. Magnification = 235x. 

Figure 4.2 Lung of a possum 3 weeks after endo-bronchial inoculation. A distinctive 92 
aggregation of macrophages around a blood vessel, with lymphocytes 
peripherally. H&E. Magnification = 300x. 

Figure 4.3 Lung of a possum 4 weeks p.i. Typical perivascular cuff of lymphocytes and 93 
macrophages. A small embolus of large plump macrophages may be seen inside a 
lymphatic vessel to the left of the blood vessel. H&E. Magnification = 300x. 

Figure 4.4 Early granulomatous lesion centred on an alveolar space at 2 weeks p.i.. Adjacent 94 
alveolar septa are thickened due to infiltration with mononuclear inflammatory 
cells. H&E. Magnification = 240x. 



Lists 

Figure 4.5 

Figure 4.6 

Figure 4.7 

xii 

At 3 weeks p.i., this lesion is more advanced than Figure 4.4 and contains greater 95 
numbers of macrophages. A few neutrophils are also infiltrating the lesion. H&E. 
Magnification = 235x. 

Expansive pulmonary lesion at 5 weeks p.i. A line of pyknotic inflammatory cells 95 
(P) may be seen to the left. Macrophages (Ma) fill alveolar spaces. H&E. 
Magnification = 115x. 

An activated alveolar macrophage with pseudopodia (I week p.i.). 
indicates an intracytoplasmic Mycobacterium bovis bacillus. TEM. 
acetate-lead citrate. Magnification = 7800x. 

Arrow 
Uranyl 

96 

Figure 4.8 High power view of the Mycobacterium bovis bacillus in Figure 4.7. The bacterial 97 
cell wall complex is indicated by an arrow-head. The arrow indicates the 
phagosome wall. (etz = electron transparent zone; c = high-density cytoplasm; n = 

nuclear region). TEM. Uranyl acetate-lead citrate. Magnification = I03,600x. 

Figure 5.1 Swelling at the site of intra-dermal inoculation in the midline of the dorsum of the 109 
neck of a possum 2 weeks p.i. 

Figure 5.2 Distribution of microscopic lesions in 38 possums inoculated intra-dermally into 11 I 
the neck with BCG. 

Figure 5.3 Distribution of microscopic lesions in seven possums killed at 3 weeks p.i. 112 
following intra-dermal inoculation into the left antebrachium with BCG. 

Figure 5.4 Small granulomatous foci (arrows) in a subcutaneous lymphoid aggregate adjacent 113 
to a pyogranulomatous lesion in the overlying dermis 4 weeks after intra-dermal 
inoculation with BCG into the neck. H&E. Magnification = 135x. 

Figure 5.5 Small aggregates of angulated macrophages in an axillary lymph node of a possum 114 
2 weeks p.i. with BCG via the intra-dermal route. H&E. Magnification = 230x. 

Figure 5.6 Lung from a possum inoculated with BCG via the endo-bronchial route 2 weeks 116 
p.i. Macrophages have accumulated in alveolar spaces and pyogranulomatous 
inflammation is present in the adjacent pulmonary parenchyma. H&E. 
Magnification == 235x. 

Figure 5.7 Granulomatous vasculitis and perivasculitis in the lung of a possum 2 weeks p.i. 116 
following endo-bronchial inoculation with BCG. H&E. Magnification = 235x. 

Figure 5.8 Extensive inflammatory exudate in the bronchiolar lumen of a possum 2 weeks p.i. I 16 
with BCG via the endo-bronchial route. H&E. Magnification = I 15x. 

Figure 5.9 Type II cellular hyperplasia in the lung of a possum 2 weeks p.i. with BCG via the 117 
endo-bronchial route. Vacuolation is evident throughout the cytoplasm. A 
monocyte (Mo) may be seen inside a capillary. A lymphocyte (L) and alveolar 
macrophage (AM) lie free in the alveolar space. TEM. Uranyl acetate-lead 
citrate. Magnification = 7800x. 

Figure 5.10 Intra-cytoplasmic dense vacuole with internal laminations in an alveolar 118 
macrophage in the lung of a possum 2 weeks following endo-bronchial inoculation 
with BCG. TEM. Uranyl acetate-lead citrate. Magnification = 103,600x. 

Figure 5.11 A presumed degenerating BCG bacillus (arrow) inside a phagocytotic vacuole of a 118 
macrophage. Dense granules (DG) abut the wall of the vacuole. TEM. Uranyl 
acetate-lead citrate. Magnification = 21 ,200x. 

Figure 5.1 2  Distribution of microscopic lesions in 10 possums inoculated intravenously with 119 
BCG. 

Figure 6.1 Possible means of transmission of tuberculosis between possums during instances 128 
of simultaneous den-sharing. (Reproduced with the kind permission of Susan 
Marks). 



L�� ________________________________________________________ __ xiii 

Table 1.1 

Table 1.2 

Table 1.3 
Table 1.4 
Table 1.5 

Table 1.6 

Table 1.1 

Table 1.8 

Table 2.1 
Table 2.2 
Table 3.1 
Table 3.2 
Table 3.3 

Table 3.4 

Table 3.5 

Table 3.6 

Table 4.1 

Table 4.2 

Table 4.3 

Table 4.4 

Table 4.5 

Table 4.6 

Table 4.1 

LIST OF TABLES 

Patterns of disease seen \Vith Mycobacterium bovis infection in species of mammal 11 
present in New Zealand. 

Overseas reports of features of Mycobacterium bovis infection occurring in 12 
mammals either not present in New Zealand or which have not been recorded in 
this country. 

Distribution of macroscopic lesions in possums from field studies (percentage). 21 

Miscellaneous mammals confirmed as culture-positive for Mycobacterium bovis. 27 

Distribution of macroscopic lesions in possums after subcutaneous and intranasal 29 
inoculation \Vith Mycobacterium bovis. 

Presence of macroscopic lesions in possums following inoculation \Vith 29 
Mycobacterium bovis via the intra-muscular route. (Compiled from work of 
Comer and Presidente (19&0,1981). 

Percentage of possums \Vith macroscopic lesions following intra-tracheal 30 
inoculation \Vith Mycobacterium bovis. 

Distribution of lesions produced in six possums inoculated via the endo-bronchial 31 
route \Vith Mycobacterium bovis. 

Range in size and volume of the lung lobes of possums. 39 

Morphological features of the lower respiratory tract of the possum. 39 

Source of tuberculous and terminally ill possums from field studies. 53 

Frequency of differential diagnoses at tissue sites in 117 tuberculous possums. 57 

Nature and distribution of macroscopic lesions in superficial lymph nodes of 88 6 1  
affected possums. 

Correlation between possums \Vith discharging sinuses in superficial lymph nodes 62 
and the presence of macroscopic lesions in 0-6 lobes of the lung. 

Nature and distribution of macroscopic lesions in superficial lymph nodes of 14 70 
affected terminally ill possums. 

Differences in the nature and distribution of lesions between non-terminally ill and 71 
terminally ill possums. 

Weeks post inoculation at which 53 possums inoculated either via the endo- 84 
bronchial route or by aerosol were humanely killed. 

Distribution of macroscopic lesions in possums killed at weekly intervals following 87 
endo-bronchial inoculation \Vith about 20-100 cfu of viable Mycobacterium bovis. 

Average number of nodules in the lung of each possum following endo-bronchial 88 
and aerosol inoculation \Vith Mycobacterium bovis. 

Distribution of macroscopic lesions in possums killed at weekly intervals following 88 
aerosol inoculation \Vith about 10-20 viable Mycobacterium bovis. 

Distribution of microscopic lesions in possums killed at weekly intervals following 89 
endo-bronchial inoculation \Vith about 20-100 cfu of viable Mycobacterium bovis. 

Distribution of microscopic lesions in possums killed at weekly intervals following 90 
aerosol inoculation \Vith about 10-20 viable Mycobacterium bovis. 

Comparison between bacterial counts from the right accessory lobe of the lung and 91 
numbers of acid fast organisms observed in the largest lung lesion from any lobe in 
histological sections folIo\Ving endo-bronchial and aerosol challenge. 



Lists xiv 
-----------------------------------------------------------------

Table 4.8 

Table 5.1 
Table 5.2 

Table 5.3 

Table 5.4 

Table 5.5 

Dominant stage of histological lesions and assessment of the mean density score of 93 
acid fast organisms in lesions in the anterior mediastinal lymph nodes in possums 
following endo-bronchial and aerosol inoculation with Mycobacterium bovis. 

Experimental design and routes of inoculation with BCG. 107 

Distribution of microscopic lesions in possums killed at weekly intervals following 110 
intra-dermal inoculation with approximately 5 x 106 cfu of viable BCG into either 
the midline of the dorsum of the neck or the left antebrachium. 

Total microscopic lesions at five major body sites in possums inoculated with 112 
BCG. 

Predominant stage of histological lesions and assessment of the mean density score 113 
of acid fast organisms in lesions in the skin and left deep axillary lymph nodes of 
38 possums inoculated via the intra-dermal route into the dorsum of the neck. 

Distribution of microscopic lesions in possums following endo-bronchial 115 
inoculation with BCG. 



Lists xv -----------------------------------------------------------------

Appendix I. 

Appendix II. 

Appendix m. 

Appendix IV. 

Appendix V. 

Appendix VI. 

LIST OF APPENDICES 

Papers by the author incorporated into this thesis. 135 

Related papers on tuberculosis written/contributed to by the author and referred to 157 
in this thesis. 

Iatrogenic tenosynovitis of the author's foreann caused by Mycobacterium bovis. 158 

References for Table 1.1 164 

References for Table 1.2 171 

Template for worksheets to record data obtained during necropsies and trimming 176 
of tissues. 

Appendix VII. Template for waterproof paper for collection of lymph nodes and mammary 177 
glands. 

Appendix VID. Details of distribution of macroscopic and microscopic lesions in I 17 tuberculous 178 
possums derived from field studies. 

Appendix IX. Details of distribution of macroscopic and microscopic lesions at five general 185 
body sites in 117 tuberculous possums derived from field studies. 

Appendix X. Details of distribution of macroscopic and microscopic lesions in 20 terminally ill 187 
possums derived from field studies. 

Appendix XI. Details of distribution of macroscopic and microscopic lesions at five general 190 
body sites in 20 terminally ill possums derived from field studies. 

Appendix XII. Details of distribution of microscopic lesions in 38 possums infected via the IID 191 
route into the neck with BCG. 



L�u x� 
-----------------------------------------------------------

AFOs 

Anon. 

BCG 

cfu 

cm 

CO2 

DNA 

EIB 

ed(s) 

Edtn. 

g 

g 

G 

GIT 

h 

H&E 

IID 

IIM 

IIN 

IIP 

IIT 

W 

kg 

L 

Ibs 

LSD 

MAFF 

mg 

min. 

mL 
mm 

No. 

LIST OF ABBREVIATIONS 

acid fast organisms 

Anonymous 

Bacille Calmette-Guerin 

degrees centigrade/Celsius 

colony forming units 

centimetre( s) 

carbon dioxide 

deoxyribonucleic acid 

endo-bronchial 

editor(s) 

Edition 

gram(s) 

centrifugal force 

gauge 

gastrointestinal tract 

hour(s) 

haematoxylin and eosin 

intra-dermal 

intramuscular 

intra-nasal 

intra-peritoneal 

intra-tracheal 

intravenous 

kilogram(s) 

litre(s) 

pounds 

Least Significant Difference test 

Ministry of Agriculture, Fisheries and Food 

milligram(s) 

minute(s) 

millilitre( s) 

millimetre( s) 

Number 



Lists xvii 

NVL no visible lesions 

P Page 

PALS periarteriolar lymphoid sheathe s) 

PBS phosphate buffered saline 

PCR polymerase chain reaction 

pers. comm. personal communication 

pers. o bs. personal observation 

p. !. post-inoculation 

Pp Pages 

SIC subcutaneous 

spp. species 

TEM transmission electron microscopy 

!lm micrometre(s) (micron(s)) 

UV ultraviolet 

ZN Ziehl-Neelsen 




