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ABSTRACT 

The pathology of pneumonia in sheep in New Zealand is described 

in a study of over 400 naturally-occurring cases obtained from field 

and abatt oir sources . The common forms of enzoot ic pneumonia consist 

of two dist inct pathological and epidemiological entities ; an acute 

pneumonia affect ing sheep of all ages and a subacute or chronic , non­

progressive pneumonia affecting lambs from approximately 3 to 1 0  

months of age . Acute pneumonia is characterised by intense congest ion , 

alveolar haemorrhage , fibrinous exudation and ventral consolidation 

of both lungs . Ultrastructurally the cellular exudate consists of a 

mixture of neutrophils , macrophages and detached alveolar epithelial 

cells with which bacteria are closely associated . Subacute and 

chronic  pneumonia is characterised by varying degrees of dull red to 

grey consolidation of the anterior lobes . Ultrastructural studies 

reveal a variety of degenerative changes in the alveolar epithelium 

including several subcellular changes not previously recorded . Repair 

is by type II cell hyperplasia and this has been studied ultrastruct­

urally and histochemically . Undifferentiated type II cells resembling 

those found in the foetal lamb and c ells transitional between type I I  

and type I have been observed . The significance of these findings in 

relat ion to the origin and dynamics of alveolar epithelial repair is 

discussed . The major factor underlying the pathological differences 

between acute and chronic pneumonia is considered to be the degree of 

damage to the alveolar epithelium which is universal in the former 

disease and less severe and localised in the latter. 

Experimental �njury to the ovine lung produced by the endobronchial 

instillat ion of dilute ( 1%) nitric acid with India ink as a marker was 

studied at periods from 2 hours to  1 0  days after administration . 

Alveolar collapse and neutrophil infiltration were the earliest changes 

seen but few neutrophils remained after 3 days . Large macrophages which 

were act ive from 3 hours were joined by smaller macrophages which 

migrated from interstitial tissues from 1 2  hours until 3 days after 

administration . The ultrastructural changes observed in the alveolar 

epithelium were similar to those encountered in naturally-occurring 

pneumonia . Proliferation of Clara cells and type I I  cells was detected 



one day after administration and partial "epithelialization" of  some 

alveoli at 5 days . There was complete loss of pulmonary surfactant 

from affected areas by 1 2  hours and return to normal act ivity was 

irregular . 

Parentally administ ered Paraquat and oral dosing with busulphan 

were also tested for their value as agents for producing experimental 

pulmonary in jury in sheep . Maximum pulmonary involvement occurred at 

between 6 to 10 mg/Kg of Paraquat but death appeared to result from 

liver and kidney toxicity. Paraquat pre-treatment did not affect 

pulmonary resitance to  endobronchially inoculated bacteria in pure 

or mixed cutures , however lesions similar in nature to those of  acute 

enzootic pneumonia were produced by Staphylococcus aureus . No signifi­

cant pulmonary effects were produced with busulphan at high dose rates . 

To investigate the bacterial flora of the respiratory tract of 

normal and pneumonic sheep , 1 84 normal sheep and 246 sheep aged  6 to 

9 months with chronic or subacute pneumonia were examined at slaughter 

over a 2 year period . Pasteurella haemolyt ica was present in the nasal 

cavit ies  of 73% of normal sheep and 78% of sheep with pneumonia , while 

Neisseria catarrhalis was also commonly isolated from both classes . 

Pneumonic lungs characterised by alveolar collapse yielded few bacteria 

whereas those in which cellular exudate predominated contained P.  haem­

olytica  in  75% of  cases.  In lungs with severe proliferat ive changes 

P. haemolyt ica was recovered in over 6o% of cases and N . catarrhalis 

in 25 to 33%. 

The prevalence of Mycoplasma ovipneumoniae and Mycoplasma arginini 

was also investigated in the respiratory tract of normal and pneumonic 

6 to 9-month-old sheep . Both organisms were ubiquitous in the nasal 

cavity but M . ovipneumoniae was recovered more frequently than 

M. arginini . The recovery rate and t itre of M . ovipneumoniae in 

pneumonic lungs were substantially higher than in normal lungs and 

several proliferative histological features were found to be  associated 

with these t itres.  Cellular exudation and epithelial hyperplasia 

were associated with combined high titres of M . ovipneumoniae and 

bact eria. Lymphoid hyperplasia and mucus secretion were associated 

with low bact erial titres . 



Transmission experiments with lung homogenate derived from cases 

of acute pneumonia succeeded in produc ing lesions similar to the 

natural disease when inoculated endobronchially into worm-free , 

housed lambs whereas cultures of P .  haemolytica , M . arginini or 

pneumonic lung homogenised in medium containing ant ibiot ic produced 

minimal or no effect . However , the excessive amount of inoculum and 

unnatural means of inoculat ion required suggested that host and 

environmental factors have a major role in the pathogenesis of  the 

acute form of the natural disease . 

Serial transmission of subacute and chronic pneumonia was 

achieved by intranasal aerosol inoculat ion of lung homogenate derived 

from abattoir cases . The clinical signs and pathological lesions 

were similar in most respects to the naturally-occurring disease . 

The pathological development of the lesions was studied in a further 

transmission experiment in which 1 2  lambs were slaughtered sequentially 

from 2 to 1 2  days after inoculat ion . In studying the effect of various 

chemotherapeutic agents on the development of chronic pneumonia it was 

found that both ronidazole at 1 00 mg/Kg and oxytetracycline suppressed 

the development of the disease while tylosin and penicillin suppressed 

the development of the lesions without completely inhibit ing the growth 

of micro-organisms . 

A controlled experiment to assess the effect of pneumonia trans­

mission on weight gain produced a significant reduction in the weight 

gain of treated animals but there was no correlation between the weight 

gain of individuals and pneumonic  lesions . It was presumed that the 

result was due to a transitory systemic effect immediately following 

inoculation . 

Intranasal inoculation of M . ovipneumoniae cultures produced lesions 

in 2 caesarian-derived lambs but inoculation of 9 worm-free housed lambs 

was unsuccessful . 

The balance of evidence indicates that pneumonia in sheep , as it 

occurs in this country , results from the interaction of  host and environ­

mental factors with infect ious agents .  In acute pneumonia , bacterial 

multiplication in alveoli ,  presumably damaged by systemic agents ,  is 



responsible for the destructive changes which occur . In chronic 

pneumonia bacteria from the nasal cavity act ively contribute to  the 

severity of the lesions but it is unlikely that they initiate the 

disease process. �· ovipneumoniae is also closely associated with the 

lesions of chronic pneumonia but further inoculation experiments and 

epidemiological studies are needed to define this organism ' s  role more 

closely . 
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Partially-aerated alveolar spaces in resolving chronic 76 
pn-euirionia. - A few macrophages are present in alveoli  and 
there is  some residual peribronchiolar fibrosis t oget her 
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out of view at right . HE x 100 .  
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Non-specific alkaline phosphatase reaction. 
(a) In normal artificially collapsed lung the act ivity is 78 

concentrated in scattered great alveolar type II cells . 
( b )  In pneumonic lung the activity indicates aggregations of 

2 or more type I I  cells . 
Naphthol AS ( NAS) method and haematoxylin. - x 250 . 

Non-specific  acid phosphatase reaction. 78 
( a) In normal artifically collapsed lung there is a mild 

diffuse act ivity in the alveolar septa. 
( b ) In pneumonic lung there is a marked increase in activity 

due to infiltration by macrophages and neutrophils . 
NAS method and methyl green . x 250 

Early changes in an area of alveolar collapse in chronic 78 
pneumonia. There is oedema of the alveolar interstitium 
( T )  and migration of a large mononuclear cell ( M )  through 
the interstitial space . The cytoplasmic extensions of the 
alveolar type I epithelial c ell ( E) are swollen and showbss 
of continuity of  the outer�asma membrane . The alveolar type 
I I  cell (G) appears normal . x 9 , 000 . 

More advanced changes in an area of alveolar c ollapse . A 78 
large mononuclear c ell ( M) is migrating beneath a degener­
ating type II cell ( G) which shows mitochondrial swelling 
and cytoplasmic  vesiculation. The adjacent alveolar type I 
epithelium shows severe vesiculation ( v) . The alveolar space 
(A)  contains part of a macrophage and necrotic  debris . 
X 9,000. 
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2 . 57 An active alveolar macrophage in alveolar space (A) . 79 
The cytoplasm contains numerous dense bodies (d ) and 
the advancing ed ge (x) is taking proteinaceous d ebris 
j_nto phagosomes (arrow) .  x 9 ,000 . 

2 . 58 Sloughing of the alveolar epithelium in chronic pneumonia 79 
An alveolar type I cell (E) has become detached but shows 
little degenerative change . A d egenerating neutrophil (N )  
and portion of a macrophage (M) have migrated beneath the 
epithelium and the alveolar space (A ) contains necrotic 
cellular debris and occasional bacteria (arrow) . x 9 , 000 . 

2 . 59 Early degnerative changes in an alveolar type II  cell in 79 
an area of alveolar collapse . The mitochondria (m)  are 
swollen and there are ind entations in the nuclear membrane, 
Small dilatations (d) are present in the endoplasmic 
reticulum and there is loss of superficial microvilli . 
The adjacent alveolar type I epithelium (E)  apnears 
normal . x 12 ,000 

2 . 60 More advanced d egenerative changes in an alveolar type II 79 
cell in chronic pneumonia. The mitochondria (m )  are 
severely swollen and disrupted and there is loss of nuclear 
membrane . Several d ilatations (d) are present in the 
endoplasmic reticulum and a cytoplasmic extension ( c )  is 
present at the surface of the cell . x 16 , 000 . 

2 . 61 Thick ening of the superficial plasma membrane (t )  is 80 
another common degenerative change in alveolar type II 
cells . The damaged cell also shows dilatation of the 
endoplasmic reticulum and loss of superficial microvilli . 
The adjacent type II c ell is less severely affected but 
the alveolar type I epithelium (E)  is extensively 
vacuolated . A macrophage (M) is present in the alveolar 
space and a plasma cell (P) can be seen in the underlying 
interstitium. x 9 , 000 . 

2 . 62 An intra-cytoplasmic inclusion ( i )  in an alveolar type II 80 
cell . These spherical bodies were occasionally found in 
damaged or proliferating type II cells .  They contained 
evenly distributed d ense granules and were often surrounded 
by semicircles of end oplasmic reticulum (r) . A mast cell 
( H )  is present in the und erlying interstitium. x 12 , 600. 

2 . 63 Early proliferation of alveolar type II cells in the corner 80 
of an alveolus . One cell shows a superficia l  sytoplasmic 
extension ( c )  as well as an intracytoplasmic inclusion ( i ) . 

2 . 64 

X 101000 . 

S everely d estructive changes in an alveolus in chronic 80 
pneumonia. There is loss of alveolar type I epithelial 
cells and type II cells (G) lie flattened against the 
basement membrane . The alveolar space (A) contains 
neutrophils (N) , bacteria (B )  and necrotic cellular d ebris .  
X 9 ,000. 
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2 . 65  Alveolar epithelialization in chronic pneumon .. i.a showing 81 
electron-dense mature type II cells (G) and proliferating 
immature type II c ells (F) containing coarsely lamellated 
o&miophilic bodies . The alveolar space (A) contains 
necrot.ic macrophages . x 9,000 

2. 66 A pocket of prolif erating alveolar type II c ells in an 81 
advanced case of chronic pneumonia . The c ells have 
many coarsely lamellated inclusions and numerous other 
organelles . x 9,000. 

2 . 67 A group of proliferating alveolar type II cells in the 82 
corner of an alveolar spac e (A) . Their cytoplasm 
contains a variety of osmiophilic bodies ranging from 
large vacuolated types (m) typical of mature c ells , to 
small irregular bodies (S) with a dense c entral core . 
X 9,000. 

2 .6 8 Partially aerated alveoli (A) from an area of resolving 82 
chronic pneumonia. A undifferentiated cuboidal 
epithelial c ell (U) is  separated by desmosomes (d) from 
neighbouring alveolar type I cells but lacks the features 
characteristic of a fully differentiated type II c ell. 
X 9,000 . 

2 . 69 Clara cells (C) at the end of a terminal bronchiole 82 
which contains neutrophils (N) . The end cell (D)  appears 
to be differentiating into an alveolar type  II cell as it 
contains a lamellated osmiophilic body ( arrow) . x 9,000. 

2 . 70 Alveolar space (A) in an advanced case of chronic 82 
pneumonia . It is lined by a c ell containing lamellated 
bodies (b) but with the flattened posture characteristic 
of an alveolar type I cell . The underlying interstitium 
(T) is severely thickened with connective tissue . x 9,000 . 

2 . 71 The alveolar interstitium in an advanc ed case of chronic 82 
pneumonia .  It contains infiltrating plasma cells ( P) ,  a 
fibroblast (F) and a large mononuclear c ell (M) . x 9 , 000 

2 . 72 Aberrant cytoplasmic extension of alveolar type I cell 82 
(E)  over the surface of an alveolar type II cell (G) . 
The covered cell appears mildly damaged as indicated 
by loss of superficial microvilli and a small cytoplasmic 
extension (c) . x 9 , 000 

2.73 An alveolar type II cell ( G) trapped beneath the cyto- 82 
plasmic ext ensions of a type I cell (E) . The resultant 
build up of osmiophilic secretions ( s) from the 
lamellated bodies ( b) is protruding into the alveolar space 
(A) . X 9 ,000 . 

2 . 74 Den sely osmiophilic secretions ( s) from an alveolar type 82 
II cell (G) have accumulated beneath the cytoplasmic 
ext ensions of a type I cell (E) . x 12 , 600 . 
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3 . 1  Twelve hours after instillation of dilute nitric acid and 98 
ink. Several irregular foci  of dark red consolidation 
and patchy areas of c ongestion are present on the dorsal 
surfaces of the right apical and left diaphragmatic lobes . 

3 . 2  Five days after instillation of dilute nitric acid and 98 
ink. The ventral areas of the right apical and left 
cardiac lobes show dull red consolidation and there is 
patchy congestion of the dorsal and ventral areas of the 
left diaphragmatic lobe . 

Control animal 1 
saline and ink. 
collapse despite 
alveolar ducts . 

day after the administration of normal 
There is only very limited alveolar 
the deposition of ink in bronchioles and 
HE X 100 . 

99 

3 . 4 Alveolar collapse surrounding a terminal bronchiole 2 hours 99 
after instillation of dilute nitric acid and ink. Some of 
the alveoli also c ontain small amounts of proteinaceous 
exudate.  HE x 100 . 

3 . 5 Neutrophil infiltration into alveolar spac es 6 hours after 99 
nitric acid instillation. Many alveoli contain a protein­
rich exudate and strands of fibrin. Epoxy resin embedded. 
TbBF X 250. 

3 . 6 At 12 hours after instillation of dilute nitric acid and 99 
ink neutrophil infiltration is still a prominent feature 
and alveolar collapse is severe . HE x 250 . 

3 .7 Large carbon-laden macrophages are mixed with neutrophils 99 
in bronchiolar exudate 1 day after instillation of dilute 
nitric acid and ink. Macrophages outnumber neutrophils 
in the surrounding alveoli and occasional carbon-laden 
macrophages can be seen in the peribronchiolar interstitium. 
Epo� resin embedded. TbBf x 400. 

3 .8 At 7 day s after instillation, groups of carbon-laden 99 
macrophages remain sequestered within some alveolar spaces . 
The surrounding alveoli are collapsed and their septa are 
slightly thickened by mononuclear cells . Epoxy resin 
embedded. TbBf x 400. 

3 . 9  Early epithelial proliferation in the most distal part 100 
of a terminal bronchiole 1 day after instillation of 
dilute nitric acid and ink . The cells involved are pale­
staining cuboidal c ells resembling Clara c ells . Epoxy 
resin embedded .  TbBf x 400. 

3 . 10 Epithelial hyperplasia 2 days after instillation of dilute 100 
nitric acid and ink. Carbon-laden macrophages are present 
in surrounding alveoli. Epoxy resin embedded. TbBf x 400 .  
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3 . 11 At 3 days after instillation , bronchiolar epithelial 100 

3 . 12 

hyperplasia appears to be extending into adjacent 
alveoli in this severely affected area. Several carbon­
laden macrophages are present in the peribronchiolar 
interstitium and there is  early fibroblast proliferation. 
HE X 400. 

Early alveolar type II  cell hyperplasia in an area 
adjacent to a focus of cellular exudation at 2 days 
instillation of dilute nitric acid and ink . Almost 
alveolar space contains one or more type II cells. 
resin embedded. TbBf x 400. 

after 
every 
Epoxy 

100 

3 . 13 A severely collapsed area of lung , 3 days after instillation 100 
of dilute nitric acid and ink . Some alveolar spaces contain 
more than one finely vacuolated cell which were identified 
as type II cells by electron microscopy. Epoxy resin 
embedded. TbBf x 400.  

3 . 14 At 5 days after instillation groups of proliferating type 100 
II cells (arrow) can be seen lining alveoli adjacent to a 
terminal bronchiole . Several large carbon-laden macrophages 
remain in surrounding alveolar spaces . Epoxy resin embedded. 
TbBf X 400. 

3 . 15  The distribution of stable bubbles in air-dried , frozen 101 
sections of lung covered with air-saturated water at 6 
hours after administration of dilute nitric acid and ink . 
( a )  Unaffected area. (b )  Affected area in which there is 
loss of bubble s from areas surrounding the instilled fluid. 
(Unstained x 100 ) . 

3 . 16 Similar sections to the atove collected 3 days after the 101 
administration of dilute nitri c acid and ink . (a )  
Unaffected area. (b )  Affected area showing almost complete 
loss of stable bubbles . (Unstained x 100 ) . 

3 . 17 Degenerative changes in alveolar type I cells 2 hours 102 
after instillation of dilute nitric acid and ink. 
( a ) Localised swelling of cytoplasmic extensions with the 
formation of a large bleb ( b )  which is ballooning into the 
alveolar space (A) . 
( b )  Diffuse swelling of the cytoplasmic extensions (E)  
lining alveolar space (A ) . A monocyte (M) and platelet (p)  
are present in the underlying capillary. x 14,000. 

3 . 18 Six hours after instillation. The type I cell (E) lining 102 
alveolar space (A ) is diffusely swollen and this swelling 
includes the nucleus which is enlarged to approximately 
twice normal size . A neutrophil (N) is present in the 
adjacent capillary. x 8,000. 
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3 . 19 Degenerative changes in an alveolar type II cell 102 
2 hours after instillation of dilute nitric acid and 
ink. The cell (G) has swollen mitochondria, dilatations 
in the endoplasmic reticulum ( d) , loss of microvilli and 
a superficial cytoplasmic extension ( c ) . x 10 ,000. 

3 . 20 More advanced degeneration in a type II cell (G)  3 hours 102 
after instillation. There is loss of the nuclear 
membrane and aggregation of chromatin. At the cell 
surface there is los s of microvilli and early formation 
of an electron-dense plasma membrane . The alveolar 
space (A2 )  is lined by a type I cell with dense , shrunken 
cytoplasmic extension (E)  and the underlying interstitiu. m 
(T ) is swollen and disrupted. x 9 ,000 . 

3 .21 An alveolar space 3 hours after the instillation of 102 
dilute nitric acid and ink. Globules of protein (p )  
are present and the alveolar type I epithelium (E ) is  
shrunken and dense. In one area ( s )  the epithelium has 
sloughed leaving the basement membrane exposed. 
Neutrophils (N) are closely adherent to the underlying 
capillary endothelium. 13 , 000. 

3 .22 A neutrophil (N)  can be seen migrating through an 102 
interstitial space 6 hours after instillation. The 
overlying alveolar type II cell shows early degenerative 
changes including dilatation of the endoplasmic 
reticulum (d )  and the formation of electron-dense plasma 
membranes in some areas (arrows ) .  12 ,000. 

3 .23 Early proliferation of alveolar type II cells in the 103 
corner of an alveolar space (A )  1 day after the 
instillation of dilute nitric acid and ink . One of 
the cells involved has lamellated bodies (b )  which are 
larger and more numerous than usual. x 10 ,000. 

3 .24 At 5 days after instillation, groups of 4 to 5 alveolar 103 
type II cells (G) can be seen lining some alveolar 
spaces (A) adjacent to  terminal bronchioles .  x 9 , 000. 

3 .2 5  A binucleate alveolar type I cell (E)  protruding into 103 
alveolar space (A)  at 12 hours after instillation of 
dilute nitric acid and ink. x 10 ,000. 

3 .26 A macrophage (M ) migrating into  alveolar space (A)  at 103 
12 hours after instillation. The cell has a moderate 
amount of cytoplasm but lacks ly sosomes and residual 
bodies .  x 10 ,000. 

3 . 27 A large macrophage (M ) free in alveolar space (A )  at 12 104 
hours after instillation of dilute nitric acid and ink. 
The cell has an abundant cytoplasm containing a variety 
of lysosomes and residual bodies.  A lymphocyt e (1 ) 
is also present in the alveolus . x 9 ,000. 
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3 .28 Sequestration of a carbon-laden macrophage (H) in the 104 
remnants of an alveolar space 7 days after 
instillation. The cell is heavily laden with carbon 
granules and surrounded by a thickened interstitium (T ) 
containing a large amount of collagen (c). x 9 ,000. 

3 . 29 Vesicle formation (v) in the cytoplasmic extentions of 109 
an alveolar type I cell (E ) 3 days after the 
administration of Paraquat . The surrounding 
interstitium (T ) contains infiltrating mononuclear 
cells ( M) . x 13 ,000. 

3 . 30 An alveolus (A )  adjacent to the one above shows little 109 
evidence of damage to the type I epithelium (E) although 
a macrophage (M) and erythrocyt e ( e ) are present in the 
alveolar space .  x 9.000. 

3 .31  Degenerative changes in an alveolar type II cell 1 day 109 
after the administration of Paraquat . There is 
dilatation of both lamellated bodies (b ) and endoplasmic 
reticulum (d ) and the cell surface shows loss of 
microvilli. The adjacent type I epithelium (E) show s 
mild vacuolation. 

3 .32 Two alveolar type II  cells are present in the corner of 109 
an alveolar space (A) 5 days after the administration of 
Paraquat . The underlying interstitial space (T ) is 
swollen and contains excessive amounts of collagen (C ) . 

3 . 33 Gross lung lesions following systemic paraquat 110 
administration and endobronchial bact erial inoculation. 

3 .34 The margin of a necrotic zone from the lung of animal E89 110 
( 3  days after the inoculation of bacteria and 5 days 
after Paraquat administration) . There is a dense 
infiltration of leucocytes  many of which are necrotic . 
HE X 40. 

3 .35  A higher magnification of a non-necrotic area from the 110 
same lung as above . The alveoli are filled with 
fibrinous exudate in which are embedded variable numbers 
of neutrophils and mononuclear cells . HE x 250 

3 .36 Severe epithelial hyperplasia with alveolar 110 
epithelializ ation at the margin of a necrotic area 
induced by the inoculation of P. haemol ica culture 
6 days previously (no Paraquat admi� stered • HE x 100. 

Colonies of 
ovipneumoniae 
light . X 45 . 

inini ( centred) and MyCoplasma 135 
in oblique transmitted 
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Distribution of titres of M. ovipneumoniae in normal 
and pneumonic lungs .  
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4.3 Correlation of M. ovipneumoniae and bacterial titres 139 
with severity of histological lesions . 

4.4 The distribution of M.  ovipneumoniae and bacterial 140 
titres in 40 cases of subacute and chronic pneumonia . 

5 . 1  Gross lung lesions following endobronchial inoculation 152 
of pneumonic lung homogenate , P .haemolytica or 
M. arginini . 

5 . 2  Dark red consolidation of  the intermediate and ventral 152 
diaphragmatic lobe of the right lung after endobronchial 
inoculation with lung homogenate derived from a case of 
acute pneumonia. The surface of the affected area is 
covered with a fibrinous exudate . 

5 . 3 Extensive red consolidation of the right apical and 152 
cardiac lobes and congestion of the remainder of . .  the 
lung after endobronchial inoculation with lung homogenate 
derived from a case of acute pneumonia . The anterior 
part of the right apical lobe is necrotic and the pleural 
space is filled with cloudy fluid containing thick 
strands of fibrin. 

5 .4  A well-encapsulated necrotic area of lung containing 152 
brown, haemorrhagic contents in the diaphragmatic lobe 
of the left lung after endobronchial inoculation with 
a broth culture of P. haemolytica. 

5 . 5 Nozzle of nebulizing gun used for intranasal inoculation 156 

5 . 6  Method of restraint during inoculation. The forefingers 156 
were removed and the spray stopped every 3 to 5 seconds 
to allow exhalation. 

5 . 7  The deposition o f  small quantities o f  ink in the 156 
anteroventral parts of the lungsof a lamb following 
the trial of the intranasal aerosol inoculation technique . 

5 . 8  Lateral radiographs of the thorax of sheep No E65 - 157 
( a )  Before inoculation 
(b )  Fourteen days after inoculation. There is an increase 

in opacity in the thoracic cavity between the heart 
shadow and the thoracic inlet . 

5 . 9  Antero-posterior radiographs o f  the thorax of sheep 157 
No E 66 -
( a )  Before inoculation 
(b)  Fourteen days after inoculation. There is an increase 

in opacity between the heart shadow and the thoracic 
inlet . 
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5 . 10 Gross lung lesions obtained at sequential slaughter 
following the intanasal transmission of chronic 
pneumonia. 
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5 . 11 Two days after inoculation with lung homogenate derived 161 
from chronic pneumonia. Small dull red depressed foci 
are visible on the surface of the right apical and cardiac 
lobes. 

5 . 12 Eight days after inoculation with lung homogenate derived 161 
from chronic pneumonia. Red-grey areas of consolidation 
are present in the apical lobe of the right lung. 

5 . 13 Twelve days after inoculation with lung homogenate 161 
derived from chronic pneumonia . Extensive grey-red 
consolidation is present in the anterior lobes of 
both lungs . 

5 . 14 Small numbers of neutrophils mixed with necrotic debris 162 
in a terminal bronchiole 4 days after inoculation with 
homogenate derived from chronic pneumonia. Macrophages 
are accumulating in surrounding alveolar spaces . 
HE X 250. 

5 . 15 Amorphous fibrinoid material adherent to the wall of 162 
a terminal bronchiole 6 days after inoculation with 
lung homogenate derived from chronic pneumonia. The 
material is partially covered by epithelium and 
infiltrated with macrophages . HE x 250 . 

5 . 16 Focal neutrophil and extensive macrophage infiltration 162 
12 days after inoculation with lung homogenate derived 
from chronic pneumonia. Proliferative changes such as 
epithelial hyperplasia are becoming prominent . HE x 100 . 

5 . 17 Gross lung lesions following .the intranasal transmission 168 
of chronic pneumonia and administration of various 
chemotherapeutic agents . 

5 . 18 Correlation between weight gain and severity of pneumonic 175 
lesions . 

5 . 19 Dull red consolidation of the right apical and left cardiac 178 
lobes of a caesarian-derived lamb 12 days after inoculation 
with a broth culture of M .  ovipneumoniae . 

5 . 20 Diffuse discoloration of the ventral areas of both lungs 178 
of a caesarian-derived lamb 12 days after inoculation 
with a broth culture of M .  ovipneumoniae . 



'�he seat of Pneumonia has been a matter of dispute for some t ime 

past , some say it exists in the Interlobular Texture others again afirm 

that it exists in the Capillary Walls of the air cells , this dispute is 

something similar to the one as regards the colour of the Chameleon for 

they are both right and wrong. " 

Professor William Dick , 1 794-1 866 

(From the lecture notes of John 

Gillispie , Vet er inary Surgeon , 

who qualified from Dick ' s Veter­

inary College , Edinburgh in 1 865 ) . 
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INTRODUCTION 

Because of its geographic isolat ion New Zealand has been fortunate 

in escaping two of the world ' s  major respiratory diseases of sheep ; 

pulmonary adenomatosis ( Jaagsiekte )  and progressive interst it ial 

pneumonia (Maedi ) . Perhaps it is because of the absence of these 

serious diseases that the respiratory diseases which are endemic in 

sheep in New Zealand have not in the past received the attention from 

veterinary sc ientists which they undoubtedly deserve . The first record 

of pneumonia in sheep in this country was in 1 900 when J .  A. Gilruth 

noted the oc currence of suppurat ive pneumonia and pleurisy in sheep 

slaughtered at freezing works . He also recorded outbreaks of  a "virulent " 

form of  the disease which occurred in lambs soon after dipping and was 

able t o  isolate a Gram-negative , aerobic bacillus from pus collect ed 

from these outbreaks . Although occasional references to the disease 

were made in the Annual Reports of the New Zealand Department of 

Agriculture thereafter it was more than 50 years before further 

significant information was added to Gilruth ' s  early observat ions . 

Clinical and Epidemiological Features of Pneumonia in Sheep in New 

Zealand 

Pneumonia in sheep in this country has two dist inct clinical and 

epidemiological forms . The first form will be referred to here simply 

as acute pneumonia because of its rapid onset and short duration usually 

resulting in death within 12 hours following the appearance of symptoms . 

Outbreaks of acute pneumonia in New Zealand have been investigated by 

Salisbury ( 1 957) who found some flocks in Otago and Southland with a 

mortality rate of up to  8%. Sheep of  all ages were affected although 

Salisbury believed that the disease occurred mainly in adult sheep that 

were 3 years and older . He noted that the first obvious indication that 

something was wrong was that a ewe would separate out from the mob and 

seek shelter . On examination of the sheep there was usually a mucoid 

nasal discharge , increased body temperature and respiratory rate together 

with very shallow respirations . This form of  the disease is often 

assoc iated with predisposing environmental stress factors such as bad 

weather , shearing , dipping or transportation . 
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The second common form of pneumonia in sheep in New Zealand is 

subacute and chronic . It is confined to lambs aged 3 to 1 0  months and 

for this reason it is often referred to as "hogget pneumonia" . Although 

usually proliferative in nature the disease differs from maedi , Montana 

progressive pneumonia and other exotic proliferative pneumonias in being 

non-progressive since resolution invariably occurs during the late 

autumn months . Affected animals usually exhibit few clinical signs 

although in severe cases there may be loss of condition or coughing 

especially following exercise . Little factual information is available 

on the prevalence of the disease but reports from Animal Health Division 

veterinarians indicate that it is widespread throughout New Zealand and 

may sometimes affect  up to 70 to 8�/o of some groups of lambs being 

slaughtered during the March-April-May period ( Davis , 1 970 ;  Smith , 1 970 ) . 

Despite this high morbidity , mortalities attributable directly to  the 

disease are low although on some severely affected properties they have 

been est imated at up to 1 5% in bad seasons ( Smith , 1 970 ) . 

The Economic Importance of the Disease in New Zealand 

Economic loss due to acute pneumonia is thought to be high because 

the disease is nearly always fatal . Treatment of individual animals is 

often ineffective because the disease has a short duration and is not 

usually diagnosed early enough for effective treatment to be implemented . 

Treatment on a whole flock basis is usually too costly to be economically 

acceptable . In a survey of 9 propert ies in Hawke ' s Bay , Davis ( 1 974 ) 

ranked pneumonia as the second most common cause of death being responsible 

for 9 . 5% of all mortalities . However , this included cases of chronic 

pneumonia in hoggets which occurred from January to April and caused 

death through complicat ion by secondary bacterial infect ion. Similar 

records of sheep mortalities from a King Country farm rank pneumonia as 

the third most common cause of death being responsible for 1 �/o of all 

mortalities ( Pyke , 1 974 ) . While these figures should be viewed with 

caution because of  lack of full laboratory corroboration in these surveys 

it is apparent nevertheless that acute pneumonia is a serious cause of 

economic loss to  the farming industry in New Zealand. 

The importance of subacute and chronic pneumonia as a cause of  

economic loss is more difficult to assess . Many field veterinarians are 

of the opinion that the disease is associated with poor growth rates but 
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the presence o f  concurrent disease problems during the late summer and 

autumn months such as facial ec zema ( sporodesmin toxicity) , internal 

parasites and malnutrition due to drought conditions make the effect of 

chronic pneumonia on weight gain difficult to  measure on a flock basis . 

It is not uncommon for veterinarians to necropsy individual lambs during 

the autumn months which have more than 5�fo of their lung capac ity 

involved in a pneumonic process but lack other obvious pathological 

findings . This experience has been responsible for the commonly held 

belief that extensive pneumonias of this type result in inefficient food 

conversion and slow growth rate . 

The effect of  residual pneumonic lesions such as chronic pleuritis 

and pulmonary or pleural abscesses on meat production can be more 

accurately evaluated. During the 1 973 killing season the total condemna­

tion rates for pleurisy in New Zealand meatworks were O .O�fo for lambs and 

0. 4% for sheep (McNab , 1 974) . At the scheduled prices operating in that 

year the est imated annual loss to  the farming industry would be between 

0 . 5 and 1 million dollars . 

Approach to the Problem 

Conventional methods of investigation into the problem of sheep 

pneumonia have usually involved the isolation and characterizat ion of an 

infectious agent or agents from pneumonic lungs followed by inoculation 

of these agents into the respiratory tract of susceptible sheep by 

various routes . In these invest igat ions the emphasis has been placed 

heavily on the suspected aetiological micr�rganisms . Some authors have 

conceded the possibility of multiple aetiology by using combinations of 

micUPorganisms such as viruses plus bacteria , chlamydia plus bacteria or 

mycoplasmas plus bacteria but their attempts  at reproduc ing exactly the 

lesions of ovine pneumonia have been largely disappointing. 

The aim of  the present work was t o  obtain information on the 

sequence of events and processes which give rise to the characteristic 

lesions of pneumonia in sheep . In order to  do this a two-pronged 

approach to the problem was necessary , one series of investi gations 

concentrating on the morphological aspects of  pulmonary injury and the 
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other on the microbiological aspects . Accordingly , this thesis is 

divided into two parts . The first deals with the react ion of the ovine 

alveolus to injury both in the naturally-occurring disease and in 

experimentally-induced pulmonary damage . Observations were confined 

mainly to the pulmonary alveolus because it was considered to be in 

this area that the basis of the events which gave rise to the pneumonic 

process occurred . At the same t ime , the importance of the bronchial 

tree , vascular and lymphatic systems in influencing the course of the 

disease were realised but detailed examinations of these regions were 

considered to be beyond the range of the present investigations . 

The second sect ion deals with the infec t ious agents with which the 

disease in New Zealand is associated and seeks to  examine their distribu­

t ion in the respiratory tract and relate them to the pathological changes 

which occur in the lung. Attempts to transmit the disease using lung 

extracts and microbial agents were also carried out and are reported in 

this section . 

Also included in the thesis are reviews of the literature relevant 

to both ovine pneumonia and experimental alveolar injury in general . 

The coverage of this latter topic has of necessity been superficial 

because of the wide range of information available . However , its 

inclusion was considered useful as a background against which the current 

investigations can be viewed. 



CHAPI'ER 1 

GENERAL REVIEW OF LITERATURE 

SECTION I :  THE PATHOLOGY OF NATURALLY-OCCURRING SHEEP PNEUMONIAS 

5 .  

The descriptions o f  pneumonia i n  sheep which are present i n  the 

literature show a confusion in terminology which makes their understand­

ing and pathological classification difficult . Part of the problem is 

due to the use of a variety of names for pneumonias which in many cases 

have s imilar gross and histological features . This often appears to 

have arisen when parochial and geographic names have been applied to 

outbreaks of respiratory disease which have caused spectacular economic 

losses in certain areas ( e .g. Southland pneumonia in New Zealand ) . In 

other cases collective terms such as 1 1Laikipia lung disease" , have been 

used to describe respiratory disease in an area where a number of 

conditions are endemic and occur simultaneously (Shirlaw , 1 956 ; Wandera , 

1 967) . 

The lack of underEtanding of  the complex aetiology and pathogenesis 

of pneumonia is another important factor at the root of the problem of 

pathological classification. Thus many pneumonias recorded as caused by 

c ertain epidemiological or aetiological events may in fact have had a 

more complex cause involving several inter-relating factors . Hore ( 1 970 ) 

has reviewed pneumonia in sheep with the emphasis on aet iology and 

Stevenson ( 1 969)  in a more comprehensive review , has listed  a large 

number of aetiological agents and described the main pathological changes 

with which they have been associated .  On this simple basis  neither of 

these authors has been able to convinc ingly classify a noteworthy 

proportion of the pneumonias which have been recorded in the l iterature . 

A further complication in attempting to classify sheep pneumonias is 

the possibility that some of the pneumonic conditions reported as 

separate diseases may merely be different stages of development of the 

same pathological and aetiological process . 

Despite  these shortcomings the c onventional systems of  classificat ion 

and t erminology remain the best for the purposes of this discussion . 



Enzootic Pneumonia 

Montgomerie et al . ( 1 938 ) were the first to use this term to 

describe an outbreak of acute pneumonia in adult sheep in Wales and 

since then it has been used by various authors (Salisbury , 1 957 ; 

6 .  

Downey ,  1 957 ; Stevens , 1 957 ; Van der Veen and Zumpt , 1 967) t o  describe 

outbreaks of pneumonia in sheep of all ages .  Before 1 938 , several 

outbreaks of suffic iently similar nature to be included in this category 

had been described by Jowett ( 1 930) , Dungal ( 1 931 ) and Leyshon ( 1 932 ) .  

The gross pathological lesions described as charact eristic  of  

enzoot ic pneumonia are varying degrees of red or grey consolidation of 

the apical , cardiac and diaphragmatic lobes of one or both lungs . 

Fibrinous exudate may cover the pleura and fibrous adhesions to  the 

thoracic wall may occasionally be present ( Montgomerie et al . , 1 938 ; 

Salisbury , 1 957 ; Shirlaw , 1 959 ) . 

The histological appearance of affected lungs is one of severe 

hyperaemia of the c apillaries with serous effusion and haemorrhages into 

many alveoli . In some areas alveoli are densely packed with elongated 

cells situated within a structureless exudate while other areas show 

extensive haemorrhagic necrosis.  Immediately surrounding these areas 

are alveoli filled with large macrophages. Small focal areas of 

neutrophil infiltration are occasionally present , but such areas of  

suppuration are never large ( Stamp and Nisbet , 1 963) . 

Pasteurella haemolytica has been associated with the majority of 

report ed outbreaks of the disease and numerous gram-negative cocco­

bacillary bacteria have been demonstrated within the affected areas of 

lung ( Salisbury , 1 957 ; Stamp and Nisbet , 1 963) . However , both Montgomerie 

et al . ( 1 938 ) and Salisbury ( 1 957)  have suggested that the disease is 

primarily a viral infection with P. haemolyt ica as a secondary invader 

although neither Montgomerie et al . ( 1 938 ) nor Downey ( 1 957)  were able 

to demonstrate viral aetiology. 

A further example of a pneumonia of this same pathological type has 

been reported  by McGowan et al . ( 1 957) . These authors investigated an 

outbreak in lambs in California in which 500 were considered t o  have died 
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from pneumonia and 96 were studied pathologic ally. Severe congestion 

of the lungs and fibrinous pleuritis were common gross findings at 

necropsy . There was inflammatory oedema of alveoli in which macrophages 

and neutrophils were present . A variety of bacteria including Pastuerella 

multocida , Corynebacterium pyogenes , Pseudomonas sp. , Staphylococcus sp. ,  

and Streptococcus sp. were cultured . Stevenson ( 1 969) has disregarded 

this reported outbreak of pneumonia when discussing enzootic pneumonia 

in his review of sheep respiratory diseases , presumably because of  the 

authors ' failure to isolate P . haemolytica. Nevertheless , striking 

similarities exist between the pathological descriptions of McGowan 

et al . and those of authors such as Montgomerie et al . ( 1 938 ) , Salisbury 

( 1 957) and Shirlaw ( 1 959 ) . 

Included in McGowan et al ' s  paper are observations by these authors 

on the inc idence of pneumonia in fat lambs at slaughter . Depressed 

rhomboid and linear areas of red c onsolidation characterised microscopic­

ally by collapse and peribronchial lymphoid hyperplasia are described .  

Stevenson ( 1 969) considered that the lesions seen by  McGowan et al . in  

abattoir lambs were s imilar to those of  atypical pneumonia described 

subsequently by Stamp and Nisbet ( 1 963) . 

Apart from some very early reports (Bennet , 1 836 ; Bruce ,  1 868 ; 

S jogren , 1 933 ) there has been surprisingly little written on pneumonia 

in sheep in Australia until quite  recently. Seddon ( 1 967)  carried out 

surveys on the inc idence of pneumonia at a Melbourne abattoir and reported 

a prevalence of 1 6 . 7fo in lambs and 1 1 . �fo in other sheep but attributed all 

the lesions observed to  lungworm infestat ion . The first authentic report 

of enzootic pneumonia is that of St . George ( 1 972) who examined material 

from a diagnostic laboratory as well as observing the incidence of  the 

disease on 4 farms in south-eastern Australia. A high morbidity was 

found in sheep aged 6-1 2 months but the disease was not restricted to 

sheep of this age group . The lesions consisted of consolidation of  whole 

or part of the apical , cardiac and diaphragmatic lobes which varied in 

colour from reddish purple to pale grey. The microscopic changes were 

also variable ranging from haemorrhage and oedema to catarrhal or "necrotic"  

pneumonia. Areas of  collapse , proliferation of the alveolar epithelium 

and lymphoid hyperplasia were seen but found to vary considerably within 

and between lungs . Severe proliferative and interstitial changes of the 

type described in atypical pneumonia ( Stamp and Nisbet , 1 963) , Montana 

progressive pneumonia ( Marsh , 1 923) or Graaf-Reinet disease ( de Kock , 1 929) 
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were observed . 

The situation in Australia has been clarified by the recent review 

by St . George and Sullivan ( 1 973 ) . These authors have listed 3 primary 

non-bacterial agents ;  Mycoplasma ovipneumoniae , parainfluenza-3 virus 

and a Chlamydia sp. which they have suggested as causes of  specific 

subclinical pneumonias of sheep in Australia . They have postulated that 

these organisms have a role in the aetiology of the c ommon enzoot ic , 

sub-acute  or chronic  pneumonia ( "Summer pneumonia" )  which may have a 

morbidity rate up to  10�� in some Australian flocks . This disease is 

manifest grossly by variable red-grey consolidation of  the ventral 

portions of  the lungs particularly the right apical lobe . Microscopically 

there is a combination of both proliferative and exudative react ions . 

Interstitial proliferation of  septal cells , desquamation of  macrophages 

and peribronchial lymphoid hyperplasia all oc cur , together with prolifer­

ative changes in the epithelium of  small bronchoiles and alveoli . 

Suppurative changes are superimposed on this reaction and neutrophils 

are present in clumps in bronchioles and scattered throughout collapsed 

alveoli ( Sullivan et al . , 1 973a) . Although St . George ( 1 972 ) previousJ y 

found no resemblance between the pneumonia in South Australian or 

Victorian sheep and the atypical pneumonia described by Stamp and Nisbet 

( 1 963 ) , Sullivan et al . ( 1 973a) have commented that the pneumonia observed 

by them in Queensland sheep ( "Summer pneumonia" ) is histologically similar 

to atypical pneumonia . 

Within the enzoot ic pneumonia complex in Australia St . George and 

Sullivan ( 1 973) have included an acute exudative pneumonia which occurs 

in outbreaks of sudden onset and high mortality. P. multocida and 

P. haemolytica are usually isolated and the gross and microscopic features 

closely resemble the original acute enzootic  pneumonia described by 

Montgomerie ( 1 938) . 

Atypical Pneumonia ' 

However inappropriate this t erm may be as a name for a group of 

respiratory diseases its usage now appears to be firmly established in 

the veterinar¥ literature . It was first applied to respiratory diseases 

in sheep by Stamp and Nisbet ( 1 963) but presumably had its origins in 

human medicirre . Here it  was used originally as a clinical t erm in the 
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1 930 ' s  ( Scadding , 1 937 ) . It  described an insidious pneumonia with variable 

symptomatology which subsequently proved resistant to both sulphonamides 

and penicillin ( Stuart-Harris , 1 950 ) . More recently the human disease 

has been found to be associated with Mycoplasma pneumoniae infection.  

The lesions of  human atypical pneumonia are non-specific , ranging from 

pulmonary oedema and hyaline membrane formation to focal int erstitial 

infiltration by lymphocytes and plasma cells ( Spencer , 1 968 ) . 

The disease described in sheep in Scotland by Stamp and Nisbet ( 1 963) 

also shows an extensive interstitial involvement in the inflammatory 

react ion. Four basic types of t issue reaction are seen in the disease 

described by these authors : - a ) alveolar epithelializ at ion ,  b ) inter­

stit ial c ellular infiltration , c ) bronchial and vascular lymphoid cuffing , 

d) macrophage infiltration of the alveoli . In early cases infiltration of 

the alveolar septa with lymphocytes  and macrophages and of  the alveolar 

spaces with large macrophages are predominant changes . In more advanced 

cases peribronchial and peribronchiolar cuffing with lymphocytes , plasma 

cells and "reticulo-endothelial c ells" may be present . Nodular scars of 

fibrous t issue which often have a hyaline or myxomatous nature are often 

found in the walls of chronically inflamed bronchi and bronchioles , and 

focal alveolar epithelialisation is present in the vicinity of chronically 

affected bronchioles .  I n  a small percentage o f  cases lymphoid hyperplasia 

occurs alone without interstitial involvement . 

The macroscopic appearance of  the lesions seen in atypical pneumonia 

varies from dark red or grey areas of consolidation to narrow branching 

bands of collapse in the anterior lobes of both lungs . In an outbreak 

observed in Scotland by Gilmour and Brotherston ( 1 963) high temperatures 

and increased respiratory rates were commonly recorded. However , other 

clinical signs were mild and easily missed and these authors were of the 

opinion that in the absence of  secondary infection the disease caused no 

appreciable change in the general condition of  the sheep . 

Although the aetiology of  atypical pneumonia of sheep is unknown , 

Stamp and Nisbet ( 1 963) noted that the lesions they described resembled 

those found in sheep inoculated with an organism of the chlamydia group 

( Dungworth and Cordy , 1 962 ) . Stevenson ( 1 969) and Stevenson and Robinson 

( 1 970) have shown that lesions r esembling those of atyp ical pneumonia are 

present during the stage of resolution of pneumonia produced in lambs by 
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the inoculat ion of  either parainfluenza-3 virus or chlamydia organisms . 

Stevenson ( 1 969) has concluded therefore , that atypical pneumonia of 

sheep is not a specific aetiological entity. 

Montana Progressive Pneumonia 

The original description of this disease was by Marsh ( 1 923) who 

observed that up to  1 �� of sheep in flocks of all ages in the Stat e of 

Montana were affected with a progressive pneumonia charact erised clinically 

by laboured breathing and nasal exudation . The disease showed no seasonal 

incidence and had a mortality rate of �� in sheep older than 4 years . 

� necropsy , Marsh found that the lungs usually failed  to collapse 

on opening the thorax. There was dull red to grey consolidation of the 

apical and cardiac lobes often with involvement of parts of  the diaphrag­

matic lobes . Some cases however , showed a patchy consolidation of  the 

entire lungs and pleuritis often with adhesions was frequently present . 

Marsh ( 1 923) considered the disease to be primarily an interstitial 

pneumonia with peribronchial , perivascular and focal lymphoid infiltrations 

together with macrophage accumulat ions in many alveoli .  Later , Cowdry and 

Marsh ( 1 927)  reported the presence of alveolar epithelializat ion in 

isolated foci in some , but not all of the lungs they examined . They felt 

that these adenomatous foci were secondary to the infiltrative and 

exudative changes and compared the adenomatous lesions with those seen 

in jaagsiekte ( pulmonary adenomatosis ) in which the proliferat ions were 

more severe and extensive . 

In the literature various authors have l ikened Montana progressive 

pneumonia to pulmonary adenomatosis ( Cowdry and Marsh , 1 927) , Graaf-Reinet 

disease , Laikipia lung disease and maedi ( Duran-Reynals et al . ,  1 958 ) . 

Although the classificat ion of  the disease remains uncertain , Stevenson 

( 1 969 ) had the opportunity to examine four microscopic sections of lung 

from the disease and found histological evidence suggestive of maedi in at 

least two of the sect ions . His observations add support to the work of 

Kennedy et al . ( 1 968 ) who reported the isolation of a maedi-like virus 

from the lungs of sheep affected with progressive pneumonia in Montana. 
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Maedi 

The name 1 1  maedi 1 1  was derived from the Icelandic term meaning dyspnoea 

since this disease was prevalent in sheep in Iceland between 1 939 and 1 942 

and c aused heavy stock losses . In 1 953 , Sigurdsson et al . reported 

transmission of the disease and since then evidence has accumulated which 

indicates that the disease is caused by a virus related antigenically t o  

the visna virus ( Sigurdardott ir and Thormar , 1 964 ; Thormar , 1 965 ; Thormar 

and Helgadottir , 1 965 ) . 

The disease is a slow progressive pneumonia with a fatal termination . 

The clinical and pathological characteristics have been clearly defi.ned by 

Sigurdsson et al . ( 1 952 , 1 953) and Georgsson and Palsson ( 1 971 ) .  Grossly 
---

the lungs are grey-blue in colour , have a uni form rubbery consistency and 

are heavier than normal . The primary microscopic  lesion appears to be an 

interstitial proliferation of mesenchymal cells resembling lymphocytes and 

ret iculum cells . In addition large numbers of macrophages may fill the 

alveolar spaces and there is hypertrophy of the smooth muscle t issue of 

alveolar ducts.  Sometimes the lymphoid accumulations may be  present as 

nodules within the septal tissue or in peribronchial and perivascular 

locations . Intracytoplasmic inclusion bodies are sometimes seen within 

large mononuclear cells in Giemsa-stained smears of affected lung but 

their significance is unknown . Affected sheep may succumb to a superimposed 

acute pneumonia of the purulent type before the disease has run its full 

course . 

A disease of very similar nature to maedi also exists in Holland where 

it is known as "zwoegerziekte "  (Ressang et al . , 1 966 ) and as already 

mentioned there is some evidence that progressive pneumonia in Montana 

and Graaf-Reinet disease in South Africa are also related to this condition. 

Pulmonary Adenomatosis ( Jaagsiekt e )  

This respiratory disease i s  widespread i n  South Africa (Cowdry and 

Marsh , 1 927 ; Tustin , 1 969) , India ( Rajya and Singh , 1 964 ) , the Middle East 

( Nobel , 1 958 ) , Europe ( Nieberle and Cohrs , 1 967 ) , Great Britain ( Stamp and 

Nisbet , 1 963 ; Markson and Terlecki , 1 964) and some parts of South America 

( Cuba-Caparo , 1 961 ) .  Tustin ( 1 969 ) and Wandera ( 1 971 ) have both written 

comprehensive reviews on its geographic distribution , epidemiology and 

pathology. 
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Confusion over the exact nature o f  pulmonary adenomatosis has 

persisted until recently. One of the earliest reports ( Robertson , 1 904 ) 

describes the disease as a chronic catarrhal pneumonia and Cowdry and 

Marsh ( 1 927)  considered it to be the same as Montana progressive pneumonia 

although they recognised that the alveolar epithelial proliferation in 

jaa3siekte was more marked. Much confusion has arisen because of the 

disease ' s  long incubation period of up t o  1 2  months ( Dungal , 1 946 ; 

Wandera , 1 971 ) and its frequent complicat ion by other respirat ory diseases 

such as maedi and secondary bacterial pneumonia. 

It is thought that Eber ( 1 899 ) was the first to recognise the 

disease as a neoplastic condition when he found adenomatous foc i origin­

ating from alveolar ducts and bronchioles in the lungs of sheep in Germany. 

Since then numerous authors have observed metastases in both pulmonary 

lymph nodes and extra-thoracic locations and these have been historically 

tabulated by Wandera ( 1 971 ) .  The disease is now well established as a 

transmissible lung carc inoma and several workers have succeeded in 

reproduc ing typical lesions by intratracheal or intrapulmonary inoculation 

of adenomatous t issue ( Dungal , 1 938 ; Sigrurdsson , 1 958 ; Shirlaw , 1 959 ; 

Markson and Terlecki , 1 964 ; Tustin , 1 96 9 ;  Wandera , 1 970 ) . 

Although the aet iological agent has not yet been identified MacKay 

( 1 969 ) and Malmquist et al . ( 1 972 ) hove studied a herpes-like agent which 

has been associated with the disease and Tustin and Geyer ( 1 971 ) have 

succeeded in transmitting the disease in South Africa using t issue cultures 

of neoplastic cells . Virus-like part icles have also been observed by 

Wandera ( 1 971 ) who thought it unlikely that they were of any s ignificance .  

Both mycoplasmas ( MacKay et al . ,  1 963 ; MacKay and Nisbet , 1 966 ) and 

chlamydia (Wandera , 1 971 ) have been found in the lesions but i t  is  not 

likely that these have any role in the aetiology of the disease . 

Affected lungs initially contain nodules 2-3 cm in diameter which 

project slightly above the pleural surface of the lung. These nodules 

increase slowly in size by invading the lung tissue until they form 

extensive areas of  greyish-white consolidation usually in the ventral 

two thirds of the lungs (Markson and Terlecki , 1 964 ) . The essential 

lesion c onsists histologically of focal papillary ingrowths of cuboidal 

epithelium into  groups of alveoli . This gives rise to adenomatous nodules 

which may spread throughout the lung or appear in some cases to arise 
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mult icentrically. Secondary infection may cause macrophage exudation or 

abscess formation and interstit ial fibrous t issue may form between 

affected alveoli in older l�sions ( Stamp and Nisbet , 1 963 ) . 

Wandera and Krauss ( 1 971 ) and Nisbet et al . ( 1 971 ) have recently 

studied the ultrastructure of pulmonary adenomatosis and both have 

observed cuboidal and columnar cells with a similar ultrastructural 

appearance to those seen in some carcinomas of the lung in man . Wandera 

and Krauss concluded that most tumour cells originate from the alveolar 

epithelium which is transformed as the result of infection with an 

aetiological agent . Their observation tended to be confirmed by Nisbet 

et al . ( 1 971 ) who showed that the c ell type forming the adenomatous tissue 

appeared to be derived from the type II alveolar cells whereas those 

involved in the less common intrabronchiolar proliferations resembled 

Clara cells of the normal t erminal bronchiole . 

Miscellaneous Sheep Pneumonias 

Among the reports of pulmonary diseases in sheep are several non­

spec ific terms that have been derived from place names or native languages . 

The t erm "Laikipia lung disease"  has been applied to a pneumonic condition 

in sheep in the Laikipia district of Kenya (Whitworth ,  1 926 ; Mettam , 

1 927 , 1 929 ) but Wandera ( 1 967)  has subsequently shown that at least 4 

distinct respiratory diseases , including maedi and jaagsiekte are 

prevalent in this area and therefore considered the term obsolete . In 

the same way , 1 1bouhite"  was a term used to describe a chronic respiratory 

condit ion occurring in sheep in the Landes province of France in which 

more than one disease , including jaagsiekte appears to be involved (Lucam , 

1 942 ) . Graaf-Reinet disease was also a local term used by South African 

farmers for a progressive interstitial pneumonia described by de Kock 

( 1 929)  but since found to be pathologically similar to maedi (Wandera , 

1 970 ) . 

Two other pathological entities have been briefly reported in the 

literature . Wandera ( 1 967) has used the t erm "peribronchial proliferative 

pneumonia" for a pneumonia of this histological type which occurs in sheep 

in Kenya. The aetiology is unknown although chlamydia have been suggested 

as a possible cause .  Stevenson ( 1 969 )  described a "moderate epithelial­

izing pneumonia" ( MEP) charact erised by areas of dark red , firm 
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consolidation in the anterior lobes with a definite border between 

affected and normal t issue . The main histological lesions were hyperplasia 

of the alveolar and bronchiolar epithelium and surrounding reticulum 

network together with macrophage infiltration of alveoli .  Although 

Stevenson has made a clear differentiat ion between MEP and atypical 

pneumonia the differences described are not great and appear to consist 

mainly of the absence of peribronchial lymphoid hyperplasia and the 

presence of a milder degree of proliferative change in the former 

condition. 

Also present in the literature is a report of 4 outbreaks of 

atypical interst itial pneumonia ( acute pulmonary emphysema ) which 

occurred in sheep in Australia ( Pascoe and McGavin, 1 969 ) . The disease 

occurred in southeast Queensland in sheep grazing the stubble of wheat , 

barley and canary grass ( Phalaris canariensis )  and appeared to be 

clinically and pathologically identical to bovine atypical interstitial 

pneumonia (Bennell , 1 966 ; Jubb and Kennedy , 1 970) . Oedema , alveolar 

emphysema , hyaline membrane formation , alveolar epithelializat ion and 

bronchiolar epithelial proliferation were prominent microscopic findings . 
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The most striking feature which emerges from the literature on the 

infectious agents associated with pneumonia in sheep is the paucity of 

agents which have been shown to  be capable of producing pneumonia in 

this spec ies experimentally. Although success has been claimed for 

certain agents by some authors , results have not been cons istent and 

the lesions produced have often had littl� resemblance t o  the pneumonia 

from which the organism was originally isolated . Some of the attempts 

which have been made to produce pneumonia in sheep are listed in Table I .  

Up unt il the present time pneumonia in sheep has not been as fully 

investigated as have the respiratory diseases in other more  intensively 

reared species such as pigs and cattle . Nevertheless a wide range of 

micro-organisms has been isolated from pneumonic lungs in sheep . The 

most complete list of these agents which has been compiled to date is 

that of Stevenson ( 1 969 ) who lists 1 1  species of bacteria , 6 viruses and 

5 spec ies of fungi . It is obvious that a large number of these agents 

are likely to be secondary invaders which are only present under certain 

as yet ill-defined conditions . This section of the literature review will 

therefore concentrate on those agents for which there is some evidence of 

a possible role in the pathogenesis of respiratory disease in sheep . 

Pasteurella haemolyt ica 

There are many reports in the earlier literature which incriminate 

Pasteurella-like organisms as the causative agent of pneumonia in sheep 

( Spray , 1 923 ; Dungal , 1 931 ; Leyshon , 1 932 ; Creech and Gochenour , 1 936 ; 

Campbell et al . ,  1 949 ) . Because of the poor charact erization of the 

Pasteurella spp. these earlier workers experienced problems in differ­

entiat ing members of the Pasteurella group and many reports refer simply 

to Pasteurella-like organisms or even to gram-negative , bipolar-staining , 

short rods . 

An organism first described as Pasteurella haemolytica was isolated 

from cases of acute pneumonia by Newsom and Cross ( 1 932 ) . These workers 

distinguished two separate  strains of Pasteurella on the basis of 

haemolysis of rabbit blood agar , indole product ion and pathogenec ity to  
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TABLE I 

ATTEMPTS AT THE PRODUCTION OF PNEUMONIA IN SHEEP WITH MICROBIAL 

AGENTS 

Route Affected/ 
Author Agent Inoculated Age Result Unaffected 

Dungal ( 1 931 ) Pasteurella i/t 2-6 yrs Acute 7/7 
haemol;ytica pneumonia 

i/pm adult Pneumonia & 3/3 
septicaemia 

Henning & Brown Pasteurella i/v " Septicaemia 4/6 
( 1 936 ) sp . i/t " Negat ive 

Hopkirk ( 1 936 ) Pasteurella- i/v Septicaemia 1/1 
like organism i/t Negative 

Montgomerie P. haemol;ytica i/pm adult Negative 
et al . ( 1 938 ) i/v " " 

i/t " " 

i/n " " 

Salisbury ( 1 957) P .  haemol;ytica i/pm all ages Negative 
i/t " " 

i/n " " 

Downey ( 1 957 ) P . haemol;ytica i/v ) adult Negat ive 
i/t ) 

Hamdy & Pounden P . haemol;ytica i/t ) 6 wks Negat ive 
( 1 959 ) i/n ) 

Smith ( 1 960a ) P . haemol;yt ica i/v 3 wks Peritonitis 7/1 2 
Type A & pneumonia 

i/t " Pneumonia & 3/3 
septicaemia 

i/v 1 -2 yrs Negat ive 

Smith ( 1 960b ) P . haemol;ytica i/v 7 mths Septicaemia 
Type T 

Smith ( 1 964) P . haemol;ytica i/t adult Negative 
Type A i/b " " 

i/b " Acute 1 0/1 2 
pneumonia 

Biberstein P. haemol;ytica 
et al . ( 1 967)  Type A i/b 2-3 yrs Focal 2/3 

pneumonia 
Type T i/b " Focal 3/1 7 

pneumonia 

cont ' d  over • • •  



Author 

Hamdy & Pounden 
( 1 959)  

Biberstein 
et al . ( 1 967) 

Biberstein 
et al . ( 1 967) 

--

Biberstein 
et al . ( 1 967) 

Biberstein 
et al . ( 1 967) 

Grieg ( 1 955) 

Durusan & 
Doguer ( 1 956 ) 

Boidin et al . 
( 1 958 ) 

Hamdy & Pounden 
( 1 959) 

Farzaliev et al . 
( 1 962 ) 

St . George 
et al . ( 1 971 ) 
--

Sulli van et al . 
( 1 973b ) 

--

McKercher ( 1 952 ) 

Boidin et al . 
( 1 958)  

-

Hamdy & Pound en 
( 1 959)  

Dungworth & 
Cordy ( 1 962a) 

Dungworth & 
Cordy ( 1 962b ) 

TABLE I ( cont ' d) 

Route 
Agent Inoculated 

P . multocida 

P . multocida 

StaEh;zlococcus 
aureus 

E . coli 

StreEtococcus 
viridans 

M;zcoElasma sp . 

M;zcoElasma sp . 

M;zcoElasma sp . 

M;zcoElasma sp . 

M;zcoElasma sp . 

M . oviEneumoniae 

M . oviEneumoniae 

Chlam;zdia sp . 

Chlam;zdia sp . 

Chlam;zdia sp. 

Chlam;zdia sp . 
( sheep pneumonitis 
strain) 

Chlam;zdia sp . 
(faecal strain) 
Chlam;zdia sp . 

i/v ) 
i/p ) 

i/b 

i/b 

i/b 

i/b 

i/v 
i/p 

i/v 
i/t 

i/v ) 
i/t ) 
i/n ) 

i/n ) 
i/p ) 

i/t 
aerosol 

i/v 
aerosol 

i/t ) 
i/n ) 

i/t 

i/v ) 
i/t ) 
i/n ) 

i/t 

aerosol 

i/t 

i/t 
(enzootic abortion 
strain) 

) 
) 

) 
) 

1 7 .  

Affected/ 
Age Result Unaffected 

6 wks Septicaemia 1 /2 

2-3 yrs Focal 2/3 
pneumonia 

" Focal 2/2 
pneumonia 

1 1  Negative 

" 1 1  

4-5 mths Negative 
" " 

Negative 

4 mths Negat ive 
" " 

8 wks Negative 

young Acute 
lambs septicaemia 

3-28 Pneumonia 4/5 
days 

9-56 Interstitial 4/4 
days pneumonia 

9 mths Pneumonia 1 /1 

6 mths Pneumonia 1 2/1 2 

4-1 0 wks Pneumonia 1 /6 

5-6 mths Pneumonia 

" 1 1  3/3 

5-6 mths Pneumonia 6/6 

" " 4/4 

cont ' d  over • • •  



Author 

Romvary et al . 
( 1 962) --

Stevenson & 
Robinson ( 1 970) 

Hore & Stevenson 
( 1 967)  

Gilmour et al . 
( 1 968 )  

---

Hare & Stevenson 
( 1 969 ) 

Stevenson & Hare 
( 1 970 ) 

Key : - i/t 
i/v 
i/b 

TABLE I ( cont ' d ) 

Route  
Agent Inoculated 

Chlam;ydia sp . 
( sheep pneumonitis 
strain) 

Chlam;ydia sp . 
(sheep pneumonitis 

strain) 

Parainfluenza-3 
virus 

Parainfluenza-3 
virus 

Parainfluenza-3 
virus 

Parainfluenza-3 
virus 
( cattle strain) 

= 

= 

= 

intratracheal 
intravenous 
intra bronchial 

i/t 
i/t 

i/t 

i/t 
i/n 

i/n 

i/t 

i/t 
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Affected/ 
Age Result Unaffected 

6 wks Pneumonia 1/1 
lambs " 

& ewes 

1 -8 days Pneumonia 4/4 
( colostrum 
deprived)  

1 day Pneumonia 9/9 
( colostrum 
deprived) 

1 day Pneumonia 4/4 
( colostrum 
fed ) 

7-9 mths Negat ive 37/37 
( vaccinated 
and unvacc-
inated) 

1 day Pneumonia 1 5/1 5 
( colostrum 
deprived) 

1 day Pneumonia 5/5 
( colostrum 
deprived) 

i/n = 

i/p 
i/pm 

intranasal 
intraperitoneal 
intrapulmonary 
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rabbits (Table I I ) . Despite the criteria outlined by these authors 

confusion regarding classificat ion continued . Montgomerie et al . ( 1 938 ) 

examined biochemically 24 slightly haemolyt ic strains and although acid 

production from a variety of sugars is recorded their growth on MacConkey ' s  

medium and the indole reaction are not stat ed . Stamp et al . ( 1 955 ) also 

reported acid product ion from a vari ety of sugars on all but three of the 

strains they examined . The indole react ion was negative and there was 

fair growth on MacConkey but no ment ion was made of haemolysis . Rosen­

busch and Merchant ( 1 939 ) examined 1 3  strains of a Pasteurella-like 

organism isolated from sheep . All were haemolytic on blood agar but 3 

were indole-negative and non-pathogenic for mice and 1 0  were indole­

posit ive and pathogenic for mic e .  The situat ion at that t ime was fully 

reviewed by Shirlaw ( 1 959 ) who elaborated on the variability of the 

pathogenicity of the organisms isolated by various workers . 

In New Zealand , Hopkirk ( 1 936 ) was first to report the organism in 

sheep lungs . He observed a l arge number of cases of ovine pneumonia 

during the summer months and recovered a haemolytic organism from almost 

every case . Salisbury ( 1 957) later isolated a haemolytic  Pasteurella-like 

organism from outbreaks of pneumonia in Southland and described numerous 

gram-negat ive cocco-bacilli within the alveoli  in histological sections 

of affected lungs . 

In 1 953 , Marsh reviewed the role of Pasteurella spp . in sheep 

diseases and concluded that the organisms were the cause of pneumonia 

in young lambs as well as being the principle cause of shipping fever in 

sheep . This view was upheld by Stevens ( 1 957 ) who thought that it was un­

likely that the primary cause of enzootic pneumonia was a virus or other 

organism because if this were the case the proportion of the isolations 

of P . haemolyt ica from this condition might be expected to be lower and 

the flora of the infected lung more varied . 

There was however ,  a growing body of opinion which held that 

P . haemolyt ica was not a primary pathogen in the lung and that invasion 

was only able to  occur following damage by some other agent or agents 

( Montgomerie , 1 938 ; Miller , 1 940 ; Morcos et al . ,  1 946 ; Salisbury , 1 957 ;  

Downey , 1 957 ) . Further evidence in support of this view came with the 

discovery by Bosworth and Lovell ( 1 944) of a Pasteurella-like organism 

in the nasal cavity of normal sheep and in the lower portion of  the trachea 



of healthy sheep examined immediately after slaughter . These findings 

were however , contrary to the work of Newson and Cross ( 1 932 ) who had 

found the organism in only one bronchial scraping in 92 examined from 

healthy sheep at slaughter , and to the work of Stevens ( 1 957 ) who found 

the organism in the trachea of only one of 1 8  sheep which had died from 

diseases other than enzootic pneumonia. 
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Confirmation of Bosworth and Lovell ' s  observations on the nasal 

carriage of P .haemolytica came from the work of Campbell et al . ( 1 949 ) 

and later  from Hamdy et al . ( 1 959) . This prompted a more extensive 

investigat ion by Biberstein and Thompson ( 1 966)  into the nasal carriage 

of P .  haemolytica in normal sheep and those exposed to pneumonia. It was 

shown that normal flocks tended to have a relatively low incidence of 

P . haemolytica and a wide range of serotypes , whereas flocks with pneumonia 

had a higher incidence of the organism and a predominance of one or a very 

few serotypes . Subsequent work by Biberstein et al . ( 1 970 ) has shown that 

the peak rates of nasal carriage in sheep in Scotland are in late autumn 

and late spring to early summer thus coinciding with the known seasonal 

pattern of enzootic pneumonia in the region . 

Although it is now well established that P .  haemolytica is often present 

in the upper respiratory tract of healthy sheep the reports of McGowan et al . 

( 1 957)  and St . George ( 1 972) appear to indicate that the organism is far 

from ubiquitous as a secondary invader of the ovine lung. McGowan et al . 

examined 50 lungs bacteriologically during a large outbreak of pneumonia in 

sheep in Californ::a . A variety of bacteria were cultured but P . haemolytica 

was not amongst those recognised by these authors . In Austrafia , St . George 

( 1 972 ) has recently examined pneumonic material from sheep which was 

submitted to a diagnostic laboratory in Victoria. Of the 66 lungs cultured , 

an organism resembling P . haemolytica was isolated from only 5 although a 

further 1 4  yielded an organism of the Pasteurella group which was not 

further identified. 

The difficulty in producing respiratory disease experimentally with 

P. haemolytica is highlighted by the work of  Smith ( 1 960a , 1 961 a ,  1 964) . 

He was able to reproduce pneumonia and septicaemia in 3 week old lambs by 

intra-tracheal inoculation of large doses ( 335 x 106 orgs/ml ) of a type A 

(arabinose-fermenting)  strain of the organism isolated from enzootic  

pneumonia in adult sheep . However , similar large doses administered to  
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adult sheep failed to have any effect . Smith ( 1 959 , 1 96 1 b )  also 

differentiated a type T strain of P. haemolytica on the basis of colonial 

morphology and trehalose fermentation (Table II ) . This strain was found 

to be assoc iated with a haemorrhagic septicaemia of older lambs described 

by Stamp et al . ( 1 955) who had previously shown that a septicaemic disease 

could be reproduced by the intravenous inoculation of cultures . In 

confirming this finding , Smith ( 1 960b ) found that the lethal dose of 

heat-sterilized broth culture by intravenous inoculation was only a low 

multiple of the lethal dose of living culture . 

In 1 964 , Smith developed a technique for culturing a high 

concentration of the organism by means o f  intraperitoneal inoculation of  

mice . After two preliminary experiments which yielded conflicting results 

he used a different strain of the organism and succeeded in producing a 

fatal pulmonary infection resembling an acute form of enzootic  pneumonia 

by means of intrabronchial inoculation. The doses used however , were of 

the order of  6 x 1010 organisms or above and although lower doses produced 

some lesions these did not have the typical pathological appearance of 

enzootic pneumonia . 

The work of Smith ( 1 964) was later confirmed by Biberstain et al . 

( 1 967) . These authors went on to study the gross and histopathological 

features produced by P. haemolytica type T and found them to be 

indistinguishable from those caused by Type A .  In their experiments 

Biberstein et al . found that the pathological response t o  P . haemolyt ica 

was erratic and not clearly related to dosage , type or source of the 

organism . This finding was contrary to the opinions expressed earlier 

by both Stamp et al . ( 1 955 ) and Smith ( 1 959 , 1 961b)  who had postulat ed 

that the two biotypes were responsible for specific disease entities . 

However , later work by Biberstein and Thompson ( 1 966)  revealed that 78% 

of the typeable strains of P . haemolyt ica isolated from c ases of ovine 

pneumonia were type A and 2�fo were type T . S imilarly , of those strains 

isolated from septicaemia in lambs under 3 months of age 7�fo were type A 

and 3�fo were type T . But in the case of septicaemia in lambs over the 

age of 3 months all the typeable strains isolated were T .  types . 

From their study of the lesions induced by the intra-tracheal 

inoculation of various bacteria , Biberstein et al . ( 1 967) noted the 

emergence of a basic pattern. There was invariably a c entral area of 

necrosis bounded by granulation t issue and an intervening more or less 



TABLE II  

DIFFERENTIATION OF PASTURELLA SP . 

ISOLATED FROM THE RESPIRATORY TRACT OF SHEEP ( 1 ) 

Colony size 

Colony colour 

Haemolysis 

Indole Production 

Arabinose Fermentation 

Trehalose Fermentation 

Growth on HacConkey Agar 

Pathogenicity to mice 

Penicillin Sensitivity 

Tetracycline Sensitivity 

P. haemolytica 
Type A 

Small 

Grey 

Narrow zone 

Slight 

( 1 )  After St evens ( 1 957) and Smith ( 1 959) 

nt Not test ed 

P. haemolytica 
Type T 

Large 

Brown centres 

Narrow zone 

Slight 

Sl . sensitive 
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P . multocida 

nt 

nt 

nt 
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orderly stratificat ion of  inflammatory cells of varying depth. The inner 

zone of inflammatory cells were degenerate as shown by their elongated 

pyknotic nuclei , and were packed densely into alveolar spaces . There 

appeared to be no spec ificity of the lesions induced by P. haemolytica 

since both P . multocida and Staphylococcus aureus evoked lesions which 

were qualitatively identical although in some c ases more extensive . 

Although the experiments of Smith , and Biberstein et al . have clearly 

shown that P . haemolytica is capable of producing an acute pulmonary 

disease in sheep both authors are at a loss t o  explain how natural 

infect ion could be init iated as it is inconceivable that sheep in the field 

could encounter infecting doses of the magnitude used in these experiments . 

Pasteurella multoc ida 

Occasional reports of this organism assoc iated with pneumonia in 

sheep are present in the literature (McGowan et al . , 1 957 ; Gourdon et al . , 

1 957 ; Hamdy et al . , 1 959 ; Van der Veen and Zumpt , 1 967 ) . Marsh ( 1 953 ) 

considered that P . multocida was a frequent cause of pneumonic lesions 

in sheep . He isolated Pasteurella sp. from 20 out bf 27 pneumonic lungs 

in lambs and 49 out of 73 cases of progressive pneumonia but made no 

reference to P . haemolytica or the criteria used to identify P . multoc ida . 

Attempts to  produce pneumonia in lambs by the inoculation of P .  multo­

cida have been unsuccessful (Hamdy and Pounden , 1 959 ) . However , Biberstein 

et al . ( 1 967) were able to produce a focal necrotic lesion in the lungs of 

two sheep with a strain of the organism which was isolated from calf 

pneumonia. 

Mycobacteria 

Bronchopneumonia is the commonest form of  tuberculosis which occurs 

in sheep . The disease is nevertheless relatively rare although infection 

with M . bovis , M . avium and M . tuberculosis have all been reported 

(Francis , 1 958 ) . Luke ( 1 958) reviewed the literature on the disease in 

sheep . He described the necropsy findings and experimental work which 

had up until that t ime been undertaken , to  test the susceptibility of  sheep 

to inoculation with the three types of organism.  



24.  

Francis ( 1 958 ) found a marked similarity histologically , between 

the lesions in sheep and cattle and the present writer was able to con­

firm this observation when he had the opportunity of examining a series 

of 42 cases of the disease in 1 970 . In the present writer ' s  series , 

pulmonary lesions were found in 67/o (28 )  of the cases and lesions in the 

alimentary tract in 64% ( 27) . The lesions invariably took the form of 

heavily calc ified granulomas although there was considerable variat ion 

in the degree of inflammatory response between individuals . 

Pseudomonas pseudomallei ( Melioidosis ) 

An outbreak of this disease in sheep in North Western Queensland 

has been described by Cottew ( 1 952 ) . Eighty sheep in a mob of 4 , 000 

died and those examined showed numerous abscesses in the lung and spleen . 

Cottew ( 1 955)  has reviewed the literature on melioidosis in both man and 

animals and Laws and Hall ( 1 964)  have reported a possible case of sheep 

to sheep transmission in Australia . 

Miscellaneous Bacteria 

A variety of bacteria have been isolated from advanced cases of 

pneumonia in sheep but evidenc e for their having anything other than a 

secondary role is lacking. Stevenson ( 1 969)  has listed these bacteria 

in order of the frequency with which they have been reported in the 

literature . 

Among the more commonly reported isolations are those of Corynebact­

erium pyogenes (Spray , 1 923 ; Jowett , 1 930 ; Marsh , 1 953 ; Downey , 1 957 ; 

Stevens , 1 957 ; Smith , 1 957 ; McGowan et al . , 1 957 ;  Hamdy et al . ,  1 959 ; 

Gilmour and Brotherston , 1 963 ; Ministry of Agriculture , Fisheries and 

Food (M .A .F .F. ) 1 964 ; St . George , 1 972 ) . This organism is usually 

assoc iated with abscessation of  the lungs or pleural surface and in such 

cases may be recovered from sheep of all ages ( Downey , 1 957 ; Gilmour and 

Brotherston , 1 963 ) . Les& frequently found associated with lung abscesses 

are Staphylococcus aureus ( Smith , 1 957 ; Hamdy et al . ,  1 959 ; M .A .F .F . , 

1 964) and Fusiformis necrophorus ( Jowett , 1 930 ; Smith , 1 957 ; M .A .F.F . , 

1 964 ) . 

Other bacteria o ccasionally reported as present in pneumonic ovine 
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lungs are streptococci  ( Jowett , 1 930 ; Smith , 1 957 ; Hamdy et al . ,  1 959 ; 

M .A .F .F . , 1 964) , Escherichia coli (M .A .F .F . ,  1 964) , Salmonella abortus­

avis ( Jack , 1 968 ) , Actinobacillus lignieresi ( Smith , 1 957 , 1 960a ) , 

Haemophilus sp . ( Cheema et al . ,  1 965 ) , Pseudomonas aeruginosa ( Hamdy 

et al . , 1 959) and a Neisseria catarrhalis-like organism (Miller , 1 940 ; 

Alley et al . ,  1 970 ;  St . George , 1 972 ) . 

Mycoplasma Species 

Since the earliest report of the isolat ion of mycoplasmas from the 

lungs of sheep by Grieg ( 1 955 ) considerable refinements have been made 

in the techniques for culturing these organisms . This has resulted in 

an increasing frequency of their isolat ion from a variety of c ountries 

in the past few years . Isolat ions from sheep lungs have now been 

recorded in Turkey ( Durusan and Doguer , 1 955 ; Cottew et al . , 1 968 ) , 

Israel ( Nobel , 1 958 ) , U .S .A . ( Boidin et al . , 1 958 ; Hamdy et al . , 1 959 ; 

Barber and Fabricant , 1 962 ; Dungworth and Cordy , 1 962 ) , Russia ( Farzarliev 

et al . ,  1 962) , Britain (Mackay et al . , 1 963 ; Macka;y , 1 966 ; t1ackay and 

f\isbet , 1 966 ) , Italy ( Deiana and Ceretto , 1 967) , Kenya ( Krauss and Wandera , 

1 970 ) and Australia ( Cottew,  1 971 ; St . George et al . , 1 971 ; Carmichael 

et al . , 1 972 ; Sullivan et al . ,  1 973a ) . Until recently however ,  attempts 

to produce pneumonia in sheep by the inoculat ion of Mycoplasma spp . have 

been largely unsuccessful (Table I ) . 

In 1 971 , two different types of organism were identified in the 

respiratory tract of sheep in Australia ( Cottew ,  1 971 ; St . George et al . , 

1 971 ; Carmichael et al . , 1 972 ) . The charact eristics  by which they have 

been differentiat ed are shown in Table III . Working in Victoria ,  Cottew 

( 1 971 ) found that the type 1 ( arginine-fermenting) strain comprised 46 

(68%) of the 68 isolates he examined whereas the type 2 ( glucose-fermenting) 

strain comprised 22 ( 3Z0fo) . In Queensland , Carmicheal et al . ( 1 972 ) 

examined swabs from nasal sinuses of shee� with and without pneumonia and 

found a marked diffel�ence in the isolation rates of the two types of 

organism. The isolat ion rate for the type 1 strain was relatively con­

stant at between 42-4�fo of the 1 1 7  sheep examined whereas the type 2 

strain was recovered from only 6% of 33 healthy sheep compared to  46-8�fo 

of 84 pneumonic sheep . At slaughter the type 2 strain was recovered from 

8ZOfo of 1 7  bronchial washings and 1 5-25% of 40 samples of ground lung 



Type 1 
(M. arginin:i._) 

Type 2 
(M. ovipneumoniae ) 

TABLE III 

DIFFERENTIATION OF MYCOPLASMA SPECIES ISOLATED FROM THE 
RESPIRATORY TRACT OF SHEEP 

Colonial Arginine Glucose Tetrazolium 
Morphology Utilization Fermentation Reduction 

Centred 
Large + 
Smooth 

Centreless 
Small - + + 
Granular 
Surface 

Ovine 
Red Cell 
Haemolysis 

+ 

1\) 
0'-
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tissue obtained from the pneumonic  flock. Further work on the type 2 

strain by Furlong and Cottew ( 1 973) has confirmed that the isolates of 

Cottew ( 1 971 ) and St . George et al . ( 1 971 ) are morphologically and 

serologically ident ical .  

The consistent recovery of the type 2 strain of  the organism from 

the pneumonic respiratory tract together with evidence of its pathogenicity 

supplied by St . George et al . ( 1 971 ) has lead Carmicheal et al . to con­

sider that this strain was a primary cause of sheep pneumonia and they have 

therefore proposed that it be named M . ovipneumoniae . The type 1 strain 

has been identified as M. arginini ( Carmicheal et al . , 1 972 ) . 

A proliferat ive interstitial pneumonia has been found associated 

with M . ovipneumoniae infection in sheep in Queensland ( Sullivan et al . ,  

1 973a) . In the flock of sheep invest igated , gross lesions consist ing of 

small areas of collapse were detected in lambs as early as 2 weeks of 

age . In older lambs of 50 days of age there was red consolidat ion of the 

right apical and less often the right and left cardiac lobes . The 

remainder of the lung generally had a greyish appearance . The predominant 

microscopic lesions described were proliferat ion of '�lveolar septal cells' '  

and of the epithelium of the terminal bronchioles together with peri­

vascular and peribronchial lymphoid hyperplasia . Sullivan et al . ( 1 973b ) 

also observed the incidence of pneumonia in a group of 22 lambs placed 

in contact with 4 lambs experimentally-infected with M . ovipneumoniae . 

The lambs were slaughtered at various intervals up to  6 weeks after 

exposure ,  and collapse or consolidat ion was found in the lungs of 1 1  of 

the 22 lambs . However , M . ovipneumoniae could not be recovered from the 

lungs of the experimentally exposed lambs . 

The work of these Australian authors has therefore demonst rated a 

close association between M. ovipneumoniae infection and pneumonia in 

sheep in Australia , however conclusive evidence of the pathogenicity of 

the organism in the ovine lung still appears to be lacking. 

Chlamydia ( Bedsonia) 

The agent originally isolated from the lungs of pneumonic sheep by 

McKercher ( 1 952 ) was called a virus of the psittacosis-lymphogranuloma­

pneumonitis group but organisms of this type have subsequently been 



28 . 

classified as bacteria or derived from bacteria and will be referred to 

here was chlamydia. Chlamydia  sp .. have now been isolated from pneumonic 

sheep lungs by various workers in both North America and Europe (Boidin 

et al . ,  1 958 ; Hamdy et al . ,  1 959 ; Hamdy and Sanger , 1 959 ; Romvary , 

1 962 ; Sarateanu et al . ,  1 965 ; Stevenson and Robinson , 1 970 ) . To date 

all reported isolat ions have been confined to the �orthern Hemisphere 

and the organisms recovered appear to be closely related to the agent 

causing enzootic abort ion in ewes which is also excreted in the faeces 

of normal sheep ( Dungworth and Cordy , 1 962b ; Romvary , 1 962 ) . Dungworth 

and Cordy have suggested that the intestinal tract is a reservoir of the 

organisms and that the faeces provide a source of the organism which , 

under suitable condit ions could be capable of causing pneumonia . 

Experimental pneumonia has been produced by intra-tracheal inoculation 

of either the ovine faecal strain , the ovine pneumonitis strain or the 

ovine enzoot ic abort ion strain and the lesions in each case were identical 

( Dungworth and Cordy , 1 962b ) . A detailed description of these lesions 

has been recorded by Dungworth and Cordy ( 1 962a , 1 962b ) working in 

California . Similar lesions have been described by Stevenson and Robinson 

( 1 970 ) using a British strain of the organism although the clinical illness 

in their experimental animals was more severe than that observed by the 

previous authors . 

The gross les ions produced experimentally began as linear , dark red­

brown areas of consolidation in the apical , cardiac and antero-ventral 

parts  of the diaphragmatic lobes and reached maximum extent by the 4th 

or 5th day after inoculation ( Dungworth and Cordy , 1 962a , b ;  Stevenson 

and Robinson , 1 970 ) . One animal inoculated by Stevenson and Robinson 

( 1 970) died at this stage with severe lung lesions involving 80% of the 

lungs . Resolution began after the 9th day and was complete by the 30th 

day in most cases . 

The histological lung lesions consisted of early serous and neutro­

philic exudation which had usually subsided by the 9th day after infection. 

Epithelial hyperplasia and mesenchymal proliferation then became 

predominant and lymphocytes , plasma cells and macrophages began to 

accumulate in the peribronchial and perivascular t issues . Peribronchiolar 

lymphoid hyperplasia was well developed by the 20th day ( Boidin et al . ,  
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1 958 ; Dungworth and Cordy , 1 962a , b ;  Stevenson and Robinson , 1 970) . 

The demonstration of elementary bodies in the cytoplasm of macrophages 

and epithelial cells was achieved most readily in the early stages of 

infection ( 2nd-5th day) although they could also be found in the later 

stages by using frozen sections and the modified Ziehl-Neelsen staining 

technique ( Stevenson and Robinson , 1 970) . 

Despite the work of Boidin et al . ( 1 958 ) , Dungwortb and Cordy ( 1 962a , 

b )  and Stevenson and Robinson ( 1 970 ) the role of Chlamydia sp . in the 

aetiology of sheep pneumonia in the Northern Hemisphere remains uncertain . 

While Stevenson and Robinson have suggested that they are one of the 

causes of ovine atypical pneumonia further epidemiological investigations 

are obviously necessary in order to clarify the situat ion. 

Parainfluenza-3 Virus 

In the past few years there have been numerous reports of the 

isolat ion of Parainfluenza-3 ( PI-3 ) virus from both man ( Parrot , 1 963 ; 

Zollar et al . ,  1 973) and cattle ( Jolly and Ditchfield , 1 965 ; Omar , 1 966 ; 

Burroughs , 1 967 ; Cole , 1 970) . These reports together with serological 

and histological studi es , have succeeded in establishing �n active role 

for this organism in some outbreaks of respiratory disease in these spec ies . 

The current literature on the role of the organism in sheep pneumonia 

however , is less illuminat ing . 

Working independantly , Hore in Scotland �nd Ditchfield in Canada , 

made the first isolations of the organism from the ovine respiratory 

tract in 1 966 . Hore ( 1 966 ) recovered his strain from the nasal cavities  

of lambs in  an intensively managed flock but later found the organism in 

the lungs and nasal cavity of sheep during an outbreak of respiratory 

disease ( Hore et al . ,  1 968 ) . Ditchfield ( 1 966)  isolated the organism from 

the nasal cavities of lambs affect ed with pneumonia of the "Pasteurella" 

type . Serological studies have now revealed that the organism may be 

widespread , as there is evidence of  its presence in Australia ( St . George 

and French , 1 966 ; St . George , 1 971 , 1 972 ; St . George and Liefman , 1 972 ) , 

North America ( Fischman , 1 965 , 1 967 ; Woods et al . ,  1 965 ) , Egypt ( Singh 

and Ata ,  1 967) and France ( Faye et al . ,  1 967) . The virus has also been 

found in the nasal cavity o f  Rocky Mountain bighorn sheep showing clinical 
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signs of respiratory disease ( Parks et al . ,  1 972 ) and results of  
-----

haemagglut ination-inhibition tests have shown that both bighorn sheep 

and bighorn-domestic hybrids carry antibodies against the virus (Howe 

et al . ,  1 966 ) . In New Zealand , Carter and Hunter ( 1 970) have isolated 

PI-3 virus from nasal swabs of 9 out of 20 , 6-month-old lambs which had 

a serous or purulent nasal discharge . Five of the 9 positive lambs had 

pneumonia at necropsy and 3 of the 1 1  negative lambs also had pneumonia. 

Despite the widespread distribution of PI-3 virus in sheep very 

little information linking the virus directly with sheep pneumonia has 

been forthcoming. No correlation could be found between PI-3 infection 

as measured by a rise in serum-neutralising antibody and the appearance 

of microscopic and clinical pneumonia in a flock of sheep in Victoria 

studied by St . George and Liefman ( 1 972 ) . 

Exposure of both colostrum-deprived and colostrum-fed lambs to 

experimental infect ions with PI-3 virus has resulted in only a mild 

respiratory infection. Hore and Stevenson ( 1 967 ,  1 969)  were able to 

produce a slight mucoid nasal discharge with a rise in t emperature and 

loss of appetite although some of the lambs showed coughing and 

respiratory distress from the 4th or 5th day following intranasal or 

intratracheal inoculation. At necropsy dull red areas of  consolidation 

were found constantly in the right apical lobe and irregularly in other 

lobes with maximal involvement occurring between the 6th to the 8th day 

following inoculation . 

Several outstanding histological features have been observed in both 

the experimental and natural infections ( Hare and Stevenson , 1 967 , 1 969 ; 

Hare et al . ,  1 968 ; Stevenson and Hare , 1 970 ) . These are ; interstitial 

pneumonia with alveolar epithelializat ion , necrosis and desquamation of a 

hyperplastic bronchiolar epithelium , ac idophilic cytoplasmic inclusions in 

bronchial , bronchiolar and alveolar epithelial c ells , and formation of 

epithelial giant cells in the bronchioles and alveoli .  

As yet , it has not been . possible to connect PI-3 virus with any of 

the common naturally- occurring pneumonias in sheep which have been differ­

ent iated on an anatomical basis .  However , Hore and Stevenson ( 1 969)  have 

suggested  �hat the propensity of the virus to  damage epithelial surfaces 
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could allow it to be implicated , t ogether with other agents ,  in some 

outbreaks of the presently recognised acute and subacute ovine pneumonias . 

Further investigation is therefore needed to  give a better perspective of 

this organism and its possible role in respiratory disease in sheep . 

Hiscellaneous Viruses 

Romvary et al . ( 1 962 ) have made the only isolation of influenza 

virus ( type A2 ) from a sheep with respiratory disease that has been 

reported up until the present t ime . These authors have also recorded 

the product ion of pneumonia of a viral character in lambs inoculated 

intratracheally with human and porcine strains of influenza virus . 

Conversely , McQueen and Davenport ( 1 963) were unable to produce respiratory 

disease in lambs by the intratracheal inoculation of type A influenza virus 

and could not recover the virus from the respiratory tract at necropsy. 

Poxviruses such as contagious ecthyma ( contagious pustular dermatitis , 

scabby mouth) and sheep pox virus which normally inhabit the skin , have 

been reported as causing pulmonary lesions in sheep . Of the two viruses ,  

sheep pox appears t o  invade the respiratory tract more frequently where 

it causes proliferative and desquamative lesions in the bronchial and 

alveolar epithelium of the peripheral areas of the lung ( Jubb and Kennedy , 

1 970 ) . Darbyshire ( 1 961 ) has reported a haemorrhagic pneumonia with 

necrot ic foci assoc iated with the contagious ecthyma virus . 

In France , Th1sso ( 1 972) isolated a paramyxovirus from the lungs and 

liver of a lamb during an outbreak o f  neonatal respiratory infec t ion . 

The virus was not further identified as its isolation was incidental to  

the study of  sheep chromosomes in t issue culture . 

There is also serological evidence of antibodies to reovirus types 

1 ,  2 and 3 ( Stanley , 1 967) , adenovirus ( Darbyshire and Pereira , 1 964) and 

respiratory syncyt ial virus ( Berthiaume et al . ,  1 973) occurring naturally 

in sheep but none of these viruses has yet been isolated. 

As previously discussed , maedi virus is now recognised as the cause 

of a specific interstitial pneumonia which occurs in Iceland and c ertain 

parts of Europe . This virus was f irst isolated by Sigurdardott ir and 

Thormar ( 1 964) who noted its slow growth in t issue culture and 
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Gudnadottir and Palsson ( 1 967) were able to produce the disease in 
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healthy sheep by inoculat ion of the virus grown in tissue culture . Its 

similarity to visna virus was noted originally by Thormar ( 1 965)  and has 

been discussed recently by Palsson ( 1 973) . The intrapulmonary inoculat ion 

of visna virus has produced lung lesions resembling the early stages of 

maedi (Gudnadottir and Palsson , 1 965) . vlandera ( 1 970) in Kenya , has 

reported significant t itres of neutralising a body against the Icelandic 

viruses in sera collected from sheep clinically affected with a maedi-like 

progressive pneumonia . 

Combination of  Agents 

Several invest igators have been impressed by the lack of a single 

definitive agent capable of producing pneumonia in sheep experimentally 

and have therefore endeavoured to produce the disease by using various 

combinations of some of the agents already discussed . 

The first record of the combined inoculation of two or more agents 

is that of  Boidin et al . ( 1 958 ) . These authors isolated a chlamydia and 

a mycoplasma from the lungs of pneumonic lambs in California. Intra­

tracheal inoculation of a suspension of the chlamydia consistently 

produced irregular , patchy consolidated areas in the lungs 4 days after 

inoculation (Table I ) . But the addit ion of mycoplasma , P . haemolyt ica 

or both to the inoculum did not significantly increase the severity of 

the lung involvement . 

S imilarly , Hamdy and Pounden ( 1 959)  used a chlamydia , mycoplasma 

and Pasteurella spp . in various combinations inoculated by both intra­

tr�cheal and intranasal routes , to infect 1 to 3- month- old lambs . The 

agents were inoculated simultaneously and in some cases stress was 

applied in the form of heating and chilling o� the intramuscular adminis­

tration of cortisone . In contrast to  the work of Boidin et al . none of  

the agents used was capable of  producing pneumonia when administered 

singly , but a combination of any 2 of the 3 infectious agents resulted 

in a febrile response without pneumonic lesions in 5 of the 7 lambs . 

Combinations of the 3 microbial agents produced pneumonic lesions in 2 

out of  4 lambs .  However , when stress was applied with a combination of  

2 or  3 agents ,  all of 7 lambs developed both the clinical signs and lesions 
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of pneumonia. 

Following on from the work of Boidin et al . in California , Dungworth 

and Cordy ( 1 962a) produced pneumonia in lambs aged 5 to 6 months by the 

intratracheal inoculation of chlamydia ( Table I ) . In these experiments 

P. haemolytica and environmental stress in the form of transportation , 

heat ing and cooling , administered singly or together , exacerbated the 

initial lesion in only 1 of 30 lambs . 

Further studies on the effects of  combined inoculat ions of  chlamydia 

and P. haemolytica were carried out in Scotland by Biberstein et  al . 

( 1 967)  but their studies also failed to  demonstrate any synergistic 

effect between these 2 agents . When given together both agents produced 

lesions characteristic  of each other without any clear-cut influence of 

one infect ion on the course of the other , either clinically or pathologic­

ally . 

The synergistic  effect of  viral and bacterial agents in the respiratory 

tract of mice has been clearly demonstrated by the excellent experiments 

by Degre and Glasgow ( 1 968 ) . These authors developed an experimental model 

in which combined infection by parainfluenza-1 virus ( Sendai strain) and 

Haemophilus influenza produced pneumonia with a significantly enhanced 

mortality as compared with the mortality after infect ion with e ither agent 

alone . In cattle , the investigations of  Baldwin et al . ( 1 967 )  and Thomson 

et al . ( 1 969)  have shown a close interrelat ionship between PI-3 virus and 

Pasteurella spp. in the production of  bovine respiratory disease . Work of  

this nature in other species is sufficiently encouraging to  highlight the 

need for further investigations into the possible interact ion of  multiple 

agents in diseases of the ovine respiratory tract . 
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In view of the absence of published work dealing spec ifically with 

the react ion of the ovine alveolus to injury this section of the litera­

ture review will deal with alveolar injury in general terms . Such an 

approach seems just ified because current light and electron microscope 

studies have not revealed any fundamental differences in alveolar 

structure and funct ion between mammals (Liebow , 1 962 ; Meyrick and Reid , 

1 970 ) . Although inter-species differences in the thickness of the 

various components of the blood-air barrier have been clearly defined 

( Schulz , 1 962 ) it seems unlikely that these differences could radically 

alter the general pattern of in jury which occurs in the mammalian lung. 

It is conceivable however , that the degree of  injury and the rate at 

which changes occur may be influenced by these differences . 

It is  also likely that important differences in the pathological 

response to alveolar injury exist between species and that these will 

have a marked effect on the outcome of any reaction to injury. Differ­

ences in response may be due to variat ions in the rate of cell turnover 

in the alveolus or the speed and efficiency with which inflammatory cells 

can be mobilised to deal with damaged tissue . Apart from limited work 

in laboratory animals ( Spencer and Shorter , 1 962 ; Shorter et al . , 1 964 ) 

comparat ive information of this type is not yet available in the 

literature . 

Injury to  the alveolus may arise from the action of  a wide variety 

of agents arriving by either endogenous or exogenous routes . In this 

area of study most attention has been centred on the effects of  inhaled 

agents . Relatively few invest igat ions have been made on the effects of 

oral and parentally administered chemicals or endogenous substances on 

the lung . It is convenient therefore , to begin by examining the kinds of 

systemic agents that may be involved in alveolar injury before discussing 

the effects produced by various gases , fluids and particles.  Finally the 

review will examine the defence mechanisms that are available at the 

alveolar level to cope with these potentially harmful agents . 
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Systemic Agents which may Injure the Alveolus 

The normal lung consists of a vast vascular bed of capillaries , 

arterioles and venules which carry the entire output of the right 

ventricle .  Its  function in gaseous exchange necessitates that the 

large surface area of the capillary endothelium and adjacent structures 

are constantly brought into close contact with the blood in the pulmon­

ary circulat ion. Because of this , many toxic and inflammatory factors 

circulat ing throughout the body may often have more severe consequences 

for the lung than for any other organ . In a similar way other c irculat­

ing agents such as hormones or metabolic products which are normally 

present in the blood in physiological amounts ,  may readily have patho­

logical effects on the lung when they are present in greater than normal 

amounts . 

Systemic hypoxia and acidosis are two of the most important 

physiological causes of pulmonary oedema and lung damage . Both have 

been shown to produce their effects by causing pulmonary vasoconstriction 

and hypertension which in turn results in capillary damage . Sellor and 

Spector ( 1 964) observed capillary damage histologically in the lungs of 

rats exposed to short periods of anoxia . They also demonstrated increased 

capillary permeability by showing migration of intravenously administered 

iron dextran into alveolar spaces . Further evidence of the close relat ion­

ship between hypoxia and pulmonary hypertension comes from measurements 

on normal subjects breathing a mixture of air low in oxygen ( Fishman et al . ,  

1 960 ) and experimentally in cats exposed to  hypoxia ( von Euler and 

Liljestrand , 1 946 ; Duke , 1 954 ) . Von Euler and Liljestrand suggested 

that hypoxia acts directly at the alveolar level on the pulmonary 

arterial vessels and the more recent histological studies by Hasleton 

et al . ( 1 967)  and Heath ( 1 968 ) have supported this view. Berry et al . 

( 1 965) on the other hand , have contended that the act ion of hypoxia in 

the pulmonary c irculation is predominantly at the post-capillary venular 

level . 

The pulmonary ultrastructural changes following prolonged hypoxia 

have been investigated by Schulz ( 1 959) and those following acute hypoxia 

induced by asphyxiat ion are described by Reidbord and Spitz ( 1 966 ) . 

Common to  both descriptions is severe vacuolat ion of the capillary 

endothelium together with mitochondrial swelling , dilatation of the 
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endoplasmic reticulum and intracellular oedema. It has been suggested 

that rendering the pulmonary tissues anoxic does not in itself produce 

these severe ultrastructural changes (Reidbord and Spitz , 1 966 ) . It 

seems likely that the accumulation of  lactate from anaerobic  glycolysis 

and the release of histamine and other inflammatory factors from damaged 

tissues are more important mechanisms in the production of these 

structural abnormalit ies . 

The vasoconstrictive effects  of  elevated hydrogen ion concentration 

on the pulmonary vascular bed have been described by Lil j estrand ( 1 958 ) 

and Bergofsky et al . ( 1 962 ) . Enson et al . ( 1 964) were able to produce 

pulmonary hypertension by the vascular infusion of hydrochloric acid , 

however these results were not c onfirmed by Heath ( 1 968 ) who discussed 

the origins of pulmonary hypertension in patients with chronic bronchitis 

and emphysema. 

Exudat ion of protein-rich fluid into alveolar spaces is a common 

radiological and pathological finding in cases of advanced renal failure 

( Doniach , 1 947 ) . Clinical evidenc e  has demonstrated the essential role 

of left ventricular heart failure in this form of pulmonary oedema. Lung 

changes frequently appear with the onset of heart failure and resolve with 

the relief of this failure while blood urea levels remain constant . Some 

authors however , feel that addit ional toxic factors may act on the alveolar 

capillaries during renal failure allowing the escape of macromolecular 

proteins and erythrocytes ( Spencer , 1 968 ) . 

Table IV lists some of those agents known to produce pulmonary 

damage when administered systemically . It can be seen that many humoral 

agents which are released in elevated quantities under the conditions of 

shock have the abil�ty to  produce lung damage . Some of these act by 

increasing the resistance in the pulmonary vascular bed while others act 

by directly increasing the permeab ility of the pulmonary capillary 

endothelium. It has also been shown by several workers ( Eaten , 1 947 ; 

Jenkins et al . ,  1 .950) that the pulmonary circulation is particularly 

sensitive to changes in the electrolyte composition of the blood during 

the shocked state and that alveolar c ollapse may follow the over zealous 

administration of fluids intravenously. 
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In clinical medicine , improvements in the management of shock have 

resulted in the emergence of pulmonary damage as a major determinant to  

survival regardless of whether the shock is of thermal , haemorrhagic or  

traumatic  origin ( Eiseman , 1 968 ; Rapaport et al . , 1 973) . A review of  

the lung in  haemorrhagic shock has been written by  Sealy ( 1 968 ) and 

experimental investigations have been carried out in dogs and cats by 

Ratliff et al . ( 1 970 , 1 971 ) .• These later authors have suggested that in 

haemorrhagic shock ,  c irculating neutrophils bec ome adherent to  alveolar 

capillaries and arterioles causing obstruction and shunting of blood 

away from the alveoli . This in turn results in capillary endothelial 

degeneration , interstitial oedema and damage to the alveolar epithelium 

all of which have been observed ultrastructurally. Such a sequence of 

events may explain the apparent protection afforded the lung by isolating 

it from the c irculation during haemorrhagic shock (Willwerth et al . ,  1 967 ) . 

A limited number of studies have been made on the effects of c ertain 

bacterial toxins on the lung. These studies indicate that the action of 

these substances is directly on the capillary endothelium since the degree 

of damage produced is not altered by the use of histamine or serotonin 

inhibiting drugs ( Beall and Dalldorf ,  1 966 ) • 

There is at present increasing interest in the field of the experi­

mental production of pulmonary damage using systemically administered 

chemicals . The early studies by Hesse and Loosli ( 1 949) on the lining of 

the alveoli in mice ,  rat s ,  dogs and frogs following acute pulmonary 

oedema produced by ANTU ( alpha-naphthyl thiourea ) poisoning aroused 

sufficient interest to stimulate further work with this compound in recent 

years (Table IV) . Ultrastructural investigations by Meyrick et al . ( 1 972 ) 

have shown that blebbing and scalloping of capillary endothelial c ells 

and interstitial oedema occurred 2 hours after intraperitoneal injection 

of ANTU . Although some epithelial damage was present at high dose rates 

this only occurred when alveolar exudation was well advanced. These 

findings confirmed earlier work by Teplitz ( 1 968 )  who used the electron 

microscope t o  trace fluid leakage with ferritin and saccharated iron oxide 

but are in contradict ion to the work of Bohm ( 1 966 ) who considered that 

fluid leakage was primarily from venules . 
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TABLE IV 

SOME SYSTEMIC AGENTS WHOSE LUNG TOXICITY HAS BEEN INVESTIGATED 

Author Agent 

Stone & Loew ( 1 949 ) Adrenaline 

Bohm ( 1 966)  Adrenaline 

Sukhhandan & Thal Adrenaline 
( 1 965) Plasmakinins 

Histamine 

Serotonin 

V./ang et al . ( 1 971 ) Adrenaline 

Young et al . ( 1 963) Serotonin 

Sackner et al . Serotonin 
( 1 966)  

Sun & Saueressig Cortisone 
( 1 965 ) 

Hesse & Loosli 
( 1 949) 

Richter ( 1 952) 

Bohm ( 1 966 ) 

Teplitz ( 1 968 ) 

Meyrick et al . 
( 1 972) 

Cotterell et al.  
( 1 967)  

Valdi� & Sonnad 
( 1 966 ) 

Valdivia et al . 
( 1 967)  

Butler ( 1 970) 

Cameron & Sheikh 
( 1 951 ) 

ANTU 

ANTU 

ANTU 

ANTU 

ANTU 

Alloxan 

Carbon 
tetrachloride 

Monocrotaline 

Pyrrole 
derivative of 
pyrrolizidine 
alkaloids 

Ammonium 
sulphate 

Species 

Rabbit 

Rat 

Dog 

Mice 

Dog 

Dog 

Rat 

Mice 
Rats 
Dogs 
Frogs 

Rats 

Rats 

Rats 

Rats 

Dogs 

Guinea 
Pigs 

Rats 

Rats 

Rats 

) 
) 
) 
) 

Effec t  

Pulmonary oedema and 
haemorrhage 

Massive pulmonary oedema 
involving venules and 
capillaries 

Pulmonary oedema 
Severe pulmonary oedema 
Increased vascular resist­
ance , congestion 
Increased vascular resist­
ance and congestion 

Pulmonary oedema , degenera­
tion of type I & endothelial 
cells then type II & Clara 
cells 

Passive congestion 

Passive congestion 

Degeneration of Type II 
cells thinning of basement 
membrane ._ 

Pulmonary oedema 

Pulmonary oedema 

Increased permeability of  
venules and capillaries 

Increased c apillary 
endothelial permeability 

Blebbing & scalloping of  
capillary endothelial c ells 

Degeneration of both 
endothelium & epithelium 

Lipid droplets in Type I I  
epithelial c ells 

Interstitial oedema , c ell 
p�liferation & elastolysis 

Enlarged , b izarre endothelial 
and epithelial c ells 

Pulmonary oedema 

Cont 1 d  • • •  



Author 

Bohm ( 1 966)  

Hayes & Shiga 
( 1 970 ) 

Gil & Thurnheer 
( 1971 ) 

Lullman-Rauch et al .  
( 1 972 ) 

Smith et al . ( 1 973 ) 

Cl ark et al . ( 1 966 ) 

Manktelow ( 1 967a) 
( 1 967b ) 

Fisher & Clements 
( 1 969)  

Robertson et al . 
( 1 971 ) 

---

Brooks ( 1 971 ) 

Vi jeyaratnam and 
Corrin ( 1 971 ) 

Smith & Heath 
( 1 974) 

Marino & Mitchell 
( 1 972) 

Kuida et al . ( 1 958)  

Sukhnandan and 
Thal ( 1 965 ) 

Beall & Dalldorf 
( 1 966)  

Fine gold ( 1 967) 

Read ( 1 958 ) 

Kitamura ( 1 972) 

TABLE IV ( Cont ' d ) 

Agent 

Ammonium 
Sulphate 

Ammonium 
Sulphate 

Bromhexine 

Chlor-
phentermine 

Chlor-
phentermine 

Paraquat 

Paraquat 
Paraquat 

Paraquat 

Paraquat 

Paraquat 

Para quat 

Paraquat 

Butylated 
hydroxtoluene 

E . coli 
endotoxin 

E .  coli 
endotoxin 

Anthrax 
toxin 

Staph 
enterotoxin 

Anti-lung 
serum 

Anti-lung 

Spec ies 

Rats 

Rats 

Rats 

Rats 

Rats 

Mice 
Rats 
Guinea 

Mice 
Mice 

Rats 

Rats 

Mice  

Rats 

Rats 

Mice  

Dogs 
Cats 

Dogs 

Rats 

pigs 

Monkeys 

Rats 

Rats 

39. 

Effect 

Increased capillary perme-
ability 

Blebbing of capillary 
endothelial cells 

Proliferation of lamellated 
bodies in type II  cells 

Enlarged , phospholipid 
filled alveolar macrophages 

Severe hyperplasia & hyper-
secretion of type II c ells 

Congestion , oedema , hyaline 
membranes & inflammatory 
exudate 

Reduced lung surfactant 
Damage to alveolar 
epithelium 

Reduced lung surfactant 

Collapse , oedema , hyaline 
membranes & interstit ial 
inflammation 

Endothelial degeneration , 
alveolar collapse and 
interstit ial inflammation 

Degenerat ion and necrosis 
of alveolar epithelium 

Degenerat ion and necrosis 
of alveolar epithelium plus 
interstitial fibrosis 

Congestion and thickening 
alveolar septa 

Increased pulmonary artery 
pressure and lung weight 

Increased vascular resist­
ance and c ongestion 

Elevation and detachment 
of capillary endothelium 

Degenerat ion and necrosis 
of capillary endothelium 

Haemorrhage & alveolar exud­
ation of inflammatory cells 

Injury to  capillary endo­
thelium , interstitium and 
alveolar epithelium 

Cont ' d • • •  



Author 

Warren & Gates 
( 1 940 ) 

Leroy et al . ( 1 965 ) 

Oikawa ( 1 970 ) 

Adamson et al . 
( 1 970 a )  

TABLE IV  ( Cont 1 d) 

Agent 

X-irradiation 

X-irradiation 

X-irradiation 

X-irradiat ion 

Species 

Rats 
Rabbits 
Dogs 
Pigs 

Dogs 

Rats 

Mice 
Rats 

40 . 

Effect 

Epithelial degeneration & 
hyaline membrane formation 

Vacuolation of alveolar 
epithelial and endothelial 
cells 

Diminished pulmonary 
surfactant 

Vacuolation & destruction 
of endothelium with 
immediate stripping of type 
I cells 
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A widely used compound of special interest because of its lung 

toxicity is the dipyridylium herbic ide Paraquat ( 1 , 1 -dimethyl-4 , 

4-bipyridylium dichloride ) .  Ini tial invest igations by Clark et al . 

( 1 966 ) in experimentally poisoned laboratory animals showed that severe 

pathological changes occurred in the lungs from 2-5 days after adminis­

tration by a variety of routes . Microscopic examination revealed 

haemorrhage , congest ion and oedema with some exudation of fibrin , and 

variable acute inflammatory exudate . Those animals surviving longer 

showed interstitial fibrosis , macrophage and leucocyte infiltration and 

proliferat ion of alveolar lining cells . Manktelow ( 1 967b ) subsequently 

observed the lungs of  experimentally poisoned mice ultrastructurally and 

found that the principle site of  injury was the alveolar epithelium. 

These f indings have been confirmed by Kimbrough and Gaines ( 1 970) , 

Vijeyaratnam and Corrin ( 1 971 ) and Smith and Heath ( 1 974 ) . 

Experimental indications of  the vulnerability of the lung to Paraquat 

poisoning have been supported by  the numerous cases of acc idental and 

suicidal poisoning in man which are now on record . These have been reviewed 

by Conning et al . ( 1 969 ) , Hargreave et al . ( 1 969 ) and Nienhaus and Ehrenfeld 

( 1 971 ) .  Several cases of poisoning have also occurred in domestic animals 

with both Paraquat ( Rogers et al . , 1 973 ; Smith , 1 969)  and the related 

dipyridylium compound Diquat (Thomas and Amor , 1 968 ) . Most of  these have 

shown respiratory distress or presented a pathological picture similar to 

that described in laboratory animals . 

Strong evidence has accumulated indicating that the pathogenesis of  

lung damage in Paraquat poisoning involves a severe dimunition in the 

production of pulmonary surfactant (Manktelow , 1 967a ; Fisher and Clements ,  

1 969 ; Robertson , 1 971 ) .  However , this has been disputed by Fletcher and 

Wyatt ( 1 970 , 1 972 ) who found no change in the incorporation of  phospho­

lipid into the lungs of Paraquat-poisoned mice . 

In man , pulmonary fibrosis has been observed following the long t erm 

administration of busulphan (Myleran ) in the treatment of chronic myeloid 

leukaemia ( Oliner et  al . ,  1 96 1 ) .  Heard and Cooke ( 1 968 ) noted that 

several fatalities attributed to this drug are now on record and found 

histological evidence of fibrinous oedema in the lungs of 6 out of 1 4  
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cases of  chronic myeloid leukaemia treated with busulphan. S imilar 

changes were found in only one out of 7 cases of leukaemia not given 

busulphan therapy. Electron microscopic observations by Littler et al . 

( 1 969) revealed desquamation and proliferation of type II  alveolar 

epithelial cells followed by fibrosis  of alveolar walls and intra­

alveolar contents . 

The effect of radiation injury on the lungs has been comprehensively 

reviewed in the texts of Spencer ( 1 968 ) and Berdjis ( 1 971 ) .  The most 

common cause of damage in man is the very large doses of X-irradiat ion 

administered during the treatment of carcinoma of the breast , lung , 

oesophagus , thyroid and malignant lymphomas of the mediastinal structures . 

Warren and Spencer ( 1 940 ) estimated that the incidence of radiation 

pneumonitis in man is about 1 �/o of those exposed to  this therapy. Exten­

sive experimental studies have been carried out on a variety of  animals 

(Table IV) and in general there is a basic similarity between the lesions 

produced in all spec ies and those observed in man. 

The degree of pulmonary injury following irradiation depends on the 

total dose received as well as the time interval over which it is 

administered. Cytoplasmic vacuolation and mitochondrial degeneration of  

both c apillary endothelium and alveolar epithelium are the initial 

ultrastructural changes observed in dogs 36 hours after exposure to 1 , 000r 

(Leroy et al . ,  1 965 ) . Larger doses however , result in congestion , 

alveolar oedema and macrophage infiltration within 24 hours . Hyaline 

membrane formation may follow in the next few days together with leuco­

cyte infiltration and fragmentation of elastic fibres . Desquamation of  

the bronchial and bronchiolar epithelium is seen on about the 5th day. 

Following this , reparative changes including interstitial f ibrosis and 

alveolar epithelialization commence and may continue for several weeks 

after exposure ( Warren and Gates , 1 940 ; Smith , 1 963) . 

It can be  seen from the preceding discussion that the majority of 

systemic agents which have the ability to  damage the lung primarily 

injure the alveolar capillary endothelium. Several noteworthy exceptions 

to this rule are on record and investigation of their mode of  action 

although just beginning , holds the promise of  providing valuable tools 

for future use in experimental pathology. In this regard it  is  important 



to note that because of the tenuous nature of the blood-air barrier , 

alveolar epithelial damage may rapidly follow endothelial damage 
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(Adamson et al . ,  1 970b ; Harrison , 1 971 ; Meyrick et al . ,  1 972 ) . Careful 

ultrastructural studies will therefore be necessary before the precise 

site of injury of any systemic agent can be firmly established. 

Inhaled Agents which may Injure the Alveolus 

Gases 

While it is unlikely that irritant gases have any role in the 

pathogenesis of the pneumonias of extensively reared domestic animals 

a variety of such gases have been used as experimental agents in the 

study of lung in jury. As a result a considerable volume of literature 

has accumulated in this area. .�mong the factors responsible for this 

escalation of knowledge are the technical advances in inhalation 

anaesthesia , pesitive pressure respirators and aerospace medicine which 

have occurred in the last two decades . These have nec essitated the 

acquisition of more basic knowledge on the reaction of the lung to high 

concentrations of oxygen , carbon dioxide and anaesthet ic agents .  A 

further important factor has been the increasing burden of air pollution 

in modern , industrialised societ ies which has prompted research into the 

effects of ozone , nitrogen dioxide , sulphur dioxide and carbon monoxide 

on the pulmonary airways . Although it is outside the range of this 

review to examine this research in depth,  work with gases has greatly 

added to the understanding of alveolar injury so a brief  mention of 

the more significant findings in this field seems pertinent . 

Studies on oxygen toxic ity have shown that animals vary greatly in 

their susceptibility according t o  both species and age . These variations 

have been attributed to quant itative differences in lung enzyme levels 

based on the level of evolutionary development (Haugaard ,  1 968 ) .  The 

primary cellular target in oxygen toxicity is once again , the alveolar 

capillary endothelium. Profuse pulmonary oedema with interstitial 

thickening and capillary endothelial destruct ion has been produced by 

exposure to 9�fo oxygen at 1 atmosphere ( Bowden et al . , 1 968 ) . In these 

studies the alveolar epithelial lining showed little , if any change but 

subsequent work by Adamson et al . , ( 1 970b) with mice and Harrison ( 1 971 ) 

with young rats revealed that disruptive changes in the epithelium 

quickly followed endothelial changes .  Survival of the exposed animals 

was found to be directly related to the structural integrity of the type 1 
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alveolar epithelial cells and their destruction was an irreversible event 

resulting in hyaline membrane formation and death . 

Alveolar epithelial damage and proliferation has also been noted 

with sublethal exposure to pure oxygen at a reduced pressure of 700 mm Hg 

( Kistler et al . ,  1 967 ; Schaffner et al . , 1 967 ) . Coalson et al . ( 1 971 ) 

confirmed that pure oxygen exerts a direct cellular toxic effect on both 

alveolar endothelial and epithelial c ells of the lungs of  dogs . In their 

experiments however , one lung was ventilated with oxygen while the other 

was collapsed or ventilated with room air . The morphological changes 

seen in the lungs not exposed to oxygen , whether ventilat ed or not , were 

comparable to those in the exposed lungs . This suggested that a blood­

borne toxic factor , possibly associat ed with peroxidation of erythrocytes 

may be responsible for the lung damage . 

Carbon dioxide exposure has been found useful by several workers in 

the study of  the development of  hyaline membrane disease in guinea pigs 

( Niemoeller and Scfaefer , 1 962 ; Schaefer et al . ,  1 964) . The membranes 

were formed on the first day after exposure following an initial period 

of respiratory acidosis and pulmonary oedema. They were found to be 

assoc iated with the disappearance of lamellar bodies in great alveolar 

( type I I )  cells and an associated decrease in pulmonary surfactant 

( Schaefer et al . , 1 964) . 

r1ore subtle ultrastructural alt erations have been observed in both 

type 1 alveolar epithelial cells and the capillary endothelium following 

the inhalation of  anaesthetic ether by rats and mice ( Finlay-Jones et al . , 

1 971 ) .  These changes took the form of cytoplasmic swelling and bleb 

format ion which in some cases lead t o  c ell  rupture with exposure of the 

underlying basement membrane . Since ether is able to stimulate the 

sympathetic nervous system thus releasing adrenaline ( Millar et al . ,  

1 970) Finlay-Jones et al . have postulated that this hormone may be 

involved as an intermediary in the pathogenesis of ether induced ultra­

structural changes .  

The interdependant toxic gases ozone and nitrogen dio�ide are 

produced by reactions between oxygen and the oxides of  nitrogen which 

occur under the influence of solar photochemical energy in smoggy 



atmospheres . High c oncentrations of these gases are sometimes encountered 

in heavy industry. In addition , nitrogen dioxide may be liberated from 

cattle forage such as corn silage , prepared from immature corn containing 

a high nitrate content ( i . e .  Silo-filler ' s  disease ) ( Spencer , 1 968 ) . 

The pathologic al changes in animals exposed to  high concentrations 

of ozone and nitrogen dioxide are similar and consist of pulmonary oedema 

and haemorrhage . Sublethal doses may at first cause pulmonary oedema but 

later bronchopneumonia and bronchiolitis obliterans develop ( Darke and 

Warrack ,  1 958 ; Scheel et al . , 1 959 ; Werthamer et al . , 1 970 ) . 

Similarities in response to ozone and nitrogen dioxide also exist at low 

levels of exposure over long periods . In chronic ozone toxicity there 

is deposition of c onnective tissue in the walls of the alveolar ducts 

and respiratory bronchioles , an increase in the number of alveolar macro­

phages and metaplastic changes in the epithelium of terminal bronchioles 

(Bils , 1 970 ; Freeman et al . , 1 973 ) . Although the changes in long term 

nitrogen dioxide exposure are of a similar nature , the focal point of the 

lesion appears to  be more proximal than in ozone exposure and the 

fibroblastic  act ivity less evident ( Freeman et al . , 1 968 ; Stephens et al . , 

1 972) . Recent studies of morphological surface changes in nitrogen 

dioxide-exposed rat lung have shown the replacement of type 1 c ells in 

the alveolar duct  region by cells covered with microvilli ( Parkinson and 

Stephens , 1 973) . 

Despite these similarities in pulmonary response to ozone and 

nitrogen dioxide , available biochemical evidence does not favour ident ical 

peroxidative mechanisms of cell injury (Roehm et al . , 1 971 ) . However , 

cytochemical studies on ozone toxicity by Dillard et al . ( 1 972 ) and 

Castleman et al . ( 1 973 ) have suggested that lysosomal membranes in the 

terminal bronchiolar epithelium and adjacent intra-alveolar septa are 

severely damaged resulting in the release of acid  phosphatase . Although 

histochemical data have not confirmed that nitrogen dioxide also causes 

acid phosphatase release , biochemical observations on mouse lung slices 

have shown significantly higher levels of acid phosphatase in nitrogen 

dioxide-exposed animals than in normal mice ( Buckley and Loosl i , 1 969 ) . 

Valuable work on the lung clearance of bacteria by Erhlich and Henry 
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( 1 968) , Blair et al . ( 1 969) , Buckley and Loosli ( 1 969) and Goldstein et 

al. ( 1 973) has shown that reduced clearance rates occur in the lungs of  

mice following long t erm nitrogen dioxide exposure . Similarly , exposure 

to low levels of ozone has been shown to depress the activity of hydro­

lytic enzymes within alveolar macrophages ( Hurst et al . , 1 970 ) , increase 

the number of polymorphs in pulmonary lavage fluid of rabbits ( Alpert 

et al . , 1 973) and inhibit the pulmonary bactericidal activity in vivo 

of exposed mice (Goldstein et al . ,  1 971 ) . While it is hazardous to 

extrapolate from data obtained in laboratory animals these findings have 

obvious implications for url-:lan populations which are exposed to low 

levels of these gases . 

In contrast , work with sulphur dioxide , another common atmorpheric 

pollutant , has failed to demonstrate a reduction in the elimination of 

E. coli from the lungs of experimentally-exposed guinea pigs ( Rylander , 

1 969) . However when the gas was administered at the same t ime as a dust 

aerosol of carbon black particles a synergistic effect was produced 

which resulted in a decrease in mucus flow. 

The effects of the severely irritant gases phosgene and chlorine 

are well documented through their use as war gases . The pulmonary oedema 

and hyaline membrane formation which occurs were thought to  result from 

direct action of the bases on the pulmonary capillary endothelium 

( Spencer , 1 968 ) . By using ultrastructural techniques Diller et al . 

( 1 969 ) have shown instead that the earliest changes in phosgene-exposed 

dogs are in the alveolar epithelium at 1� hours after init ial exposure . 

They consist of folding of  the alveolar epithelium , oedema of  the 

alveolar wall and filling of alveoli with cell-free exudate . Rupture of  

alveolar walls , exudation of fibrin and cellular debri and alveolar 

macrophage proliferation follow within the first few hours . 

Fluids 

The presence of  fluid in the mammalian alveolus does not in itself 

constitute a threat to  life .  Since mammals have evolved from fishes and 

the foetal lung develops in an environment of amniotic fluid it is not 

surprising that the lung has a high tolerance to fluids that are 

physiologically balanced. This point has been strikingly demonstrated 
I 

in experiments by Kylstra ( 1 965 ) .  When adult mice were submerged in 



balanced and buffered isotonic saline , at 20°C and equilibrated with 

oxygen at a pressure of 8 atmospheres they survived as long as 1 8  hrs . 

Under similar c onditions they survived only 1 1  minutes in oxygenated 

seawater and 5 minutes in oxygenated tap water. These experiments con­

firmed earlier work by Halmagyi ( 1 961 ) and Spitz and Blanke ( 1 961 ) who 

demonstrated the importance of osmotic pressure of fluids in relation to 

alveolar injury and respiratory arrest in experimental drowning . 

Ultrastructural studies by Reidbord and Spitz ( 1 966 ) have succeeded 

in different iating freshwater from saltwater drowning and further work by 

Reidbord ( 1 967)  has shown that changes produced in the alveoli of rats 

following the administration of saline and water were closely related to 
� 

the concentrat ion of saline used .  Concentrations belo� 0 . 5% produced 

mitochondrial swelling and nuclear chromatolysis in the alveolar 

epithelium t ogether with endothelial vesiculation. More severe changes 

including alveolar epithelial swelling and dilatation of the endoplasmic 

ret iculum were seen at concentrations of saline below 0 . 25%. Hypertonic 

solutions on the other hand , caused focal vesiculation in both epithelium 

and endothelium which increased in severity with the concentrat ion of 

saline administered . Reidbord postulates that these alt erations resulted 

from the excess movement of fluid across c ell membranes . 

The delicate  nature of the alveolar epithelium makes it vulnerable 

to damage by any fluids containing irritant substances . One of  the 

earlier studies of this type of in jury was by Ross ( 1 939 ) who produced 

alveolar epithelial desquamation and epithelialization in rabbits by the 

intra-tracheal injection of staphylococcal toxin. Acute chemical 

irritat ion has been studied more recently by the intra-tracheal injection 

of kerosene ( Barter et al . ,  1 966 ; Manktelow , 1 96�� sodium arsenite 

( Manktelow , 1 967b � hydrochloric  acid (Teabeaut , 1 952 ; Moran , 1 955 ) and 

autologous gastric juice (Moran , 1 955 ) .  If food particles were present 

in the aspirated gastric juice there could be bronchial obstruction which 

allowed the multiplicat ion of putrefactive organisms resulting in abscess 

format ion and gangrene (Teabeaut , 1 952 ) .  Kerosene and hydrochloric acid 

both produced an acute haemorrhagic  pneumonia with hyaline membrane 

formation in 8 to 48 hours after admistration. After this t ime an 

abnormal epithelial lining developed in place of the necrotic  exudate .  
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At the ultrastructural level Manktelow ( 1 967b) observed extensive 

destruction and detachment of  alveolar epithelial ( type 1 )  cells 1 8  hours 

after the endobronchial administration of sodium arsenite .  Kerosene 

administrat ion however , produced more severe and very rapid damage to  

great alveolar ( type 1 1 )  cells and following on from this , vesiculation , 

' U ' body formation and fragmentat ion of type 1 cells occurred within 25 

minut es . 

The aspiration of irritant fluids is of particular importance in sheep 

because commonplace husbandry practices such as drenching and dipping are 

potential sources of irritant inocula. Fortunately modern anthelmintics  

and insec t icides tend to be less irritant than earlier remedies and as  a 

consequence post-dipping and post-drenching mortalities now appear to be 

less common than previously reported. 

There is conflict ing evidence on the effects  of arsenical dipwash 

on the ovine lung . Filmer ( 1 957)  states that bronchopneumonia and lung 

abscesses were produced by the intratracheal injection of 8 cc or more of  

arsenical dipwash. On the other hand Cook ( 1 966 ) was unable to produce 

lesions in lambs by the intratracheal injection of  up to  25 cc  of fouled 

arsenical dipwash obtained from a property where heavy losses had been 

experienced after dipping. On the basis of his experiments and observa­

t ions in the field , Cook concluded that aspirat ion of dipwash was not the 

underlying cause of the severe outbreaks of post-dipping pneumonia in sheep 

which he investigated. 

The pathological effects of  carbon tetrachloride on the lung are 

dependant on whether the chemical is aspirated as a liquid or inhaled as 

a vapour ( Gallagher ,  1 962 , 1 964 ) . Inhalation of  vapour was more dangerous 

and produced lesions of pulmonary congestion , oedema and collapse which 

were more severe than equivalent doses of liquid. In addit ion the lesions 

induced by vapour were more diffusely spread throughout the lung than 

those c aused by liquid  which were concentrated in the dependant lobes . 

Sheep are considerably more resistant t o  the intratracheal adminis­

tration of the majority of  modern anthelmintics  which are in current use . 

St . George and Sullivan ( 1 973 )  found that standard doses of thiabendazole 



and tetramisole produced no gross lung lesions in sheep 3 or 6 days after 

intratracheal administration. However , the administrat ion of  some organo­
phosphates including Neguvon( 1 )  by the same rout e produced death in 
several minutes. Pulmonary oedema and focal areas of  necrosis were 
visible grossly in the lungs at necropsy. 

The inhalation of  lipids produces pulmonary lesions which are 
suffic iently charact eristic to have become recognised as a pathological 
ent ity. Lipid pneumonia has been described following the aspirat ion of 
a variety of mineral , vegetable and animal oils ( Spencer , 1 968 ) . Although 
it occurs more commonly in man than in domest ic animals it has �een 
observed in cats following the administrat ion of liquid paraffin or cod 
liver oil ( Jubb and Kennedy , 1 970) and cattle following the administrat ion 
of raw l inseed oil in the treatment of bloat ( Smith et al . ,  1 969) . The 
typical lesion consists of infiltrations of large numbers of foam-filled 
macrophages into alveolar spaces . The macrophages also accumulat e  in 
lymphat ics , interst it ial tissue and around blood vessels where they 
become embedded in fibrous t issue . 

This type of  inflammatory response was thought to be merely the 
result of attempted mechanical removal of an inert foreign substance 
( Robbins , 1 964) . However , Baskerville ( 1 969) noted that certain features 
of the react ion such as acellular alveolar exudat ion and interstit ial . 
alveolar fibrosis were inexplicable on the assumpt ion that the inhaled o ils 
were bland substances undergoing mechanical removal . Accordingly , he 
administered liquid paraffin intratracheally t o  mice and using the 
electron microscope found that alveolar epithelial destruction and 
degenerat ion of capillary endothelial cells and great alveolar cells 
occurred from 4 days after administration onwards . 

( 1 ) Bayer , Henry York and Co . Limited. 
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Part icles 

The pulmonary alveolar surfac e i s  constantly exposed t o  the threat 
of damage by part iculate matter present in the external environment . 
The entry of part icles into the alveolar space depends on both the 
conc entrat ion and size of part icles that are present in the inhaled 
atmosphere . Size is also important in determining whether an inhaled 
part icle will adhere to , or penetrate the alveolar epithelium thus 
directly influenc ing the potential t oxicity of the dust ( Gross and 
Westrick , 1 954) . Some particles such as those containing lead , magnesium , 
aluminium and cadmium are toxic because of their chemical nature . Others 
may produc e their effects  through the init iat ion of an allergic response , 
radioact ivity or the carriage of virulent micro-organisms . A further 
group of part icles which are somet imes t ermed "inert " can nevertheless 
exert a destruct ive influence on the lung by overloading defence mechanisms , 
penetrat ing alveolar walls and init iat ing a fibrogenic react ion ( Spencer , 
1 968 ) . 

Foremost among investigators into part icle deposition was Pattle 
( 1 961 ) who worked with a monodisperse cloud of methylene blue . He found 
that practically all non-filamentous part icles larger than 1 0  � were 
impacted in the nasopharynx whereas 9�� of those less than 1 � were 
carried into the lungs. His work was confirmed by Toigo et al . ( 1 963) 

who used carbon part icles labelled with r1 31
• These findings were similar 

to the c onclusions reached earlier by Brown et al . ( 1 950 ) and Albert and 
Arnett ( 1 955 ) .  The latter authors studied bronchial clearance of radio­
act ive iron part icles in human sub j ects . They found those sub jects 
rec eiving larger part icles ( 3 . 4  - 4 . 3  � ) cleared 95% within 8 hours 
whereas those receiving smaller part icles ( 1 . 4 - 2 .3  �) c leared only 
68% in 36 hours . A full discussion of the pulmonary deposit ion and 
retent ion of inhaled aerosols is c ontained in the text of Hatch and 
Gross ( 1 964 ) . Although there are wide differences in experimental results 
reported by various investigators there is now general agreement that the 
opt imum size for intrapulmonary retention is between 1 and 3 � ·  

Large particles of non-compact shape such as asbesto s  or. glass 
fibres , can nevertheless be sufficiently aerodynamic to permit penetration 
into the pulmonary airspaces.  Onc e  deposited such fibres may be difficult 
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to remove . This has been well demonstrated in experiments with rats 

by Timbell and Skidmore ( 1 971 ) .  They showed that the fibre length of 

glass particles can be a minor factor in penetration into the lung but 

is a major factor in the retention of fibres within the lungs . 

Micro-organisms are often dispersed in the atmosphere within small 

aerodynamic particles 2 to 3 � in size . Wells ( 1 955 ) showed that even 

in atmospheres of 900/o relative humidity , liquid droplets less than 80 � 

diamet er such as those formed by coughing and sneezing , will evaporate 

quickly to form residual particles. He called these part icles droplet 

nuclei .  Such particles have low settling velocities and are thus capable 

of remaining in atmospheric suspension over long periods of t ime . When 

inhaled , the probability of their deposition within the lung . is  higher 

than the chance of their capture by the upper respiratory tract . Dust­

borne bacteria on  the other hand , have an  average particle size of 

greater than 1 0  � and will therefore t end to be deposited in the naso­

pharynx and large airways of the lung ( Hatch , 1 961 ) .  

The accumulat ion of dust in the lungs and the tissue react ion to its 

presence is termed pneumoconiosis.  While it was known from ancient t imes 

that certain dusty occupations often led to respiratory illness , it was 

Zenker who is given credit for first having coined the term in 1 867.  

Despite a high incidence of the disease in miners and industrial workers 

research in this area was largely neglected until the mid 20th century. 

Over the past 1 0  years however , a growing awareness of the importance of 

occupat ional diseases has led to significant advances in the understanding 

of the pathogenesis of many different forms of pneumoconiosis .  

Two dusts known to have a dangerous capacity for inducing progressive 

pulmonary fibrosis are silica and asbestos . The mode of action of silica 

is now fairly well understood. Silica particles coated with serum proteins 

and bronchial washings are ingested by macrophages and lie within 

secondary lysosomes .  After digestion of the protein coat the surface 

of the silica particles can interact by a hydrogen bonding mechanism with 

phospholipids of the lysosomal membrane making it permeable . As a result 

silica particles and hydrolytic  enzymes escape into the cytoplasm and the 

cell is attacked by its own defensive mechanisms (Allison , 1 971 ) .  The 

materials released by dead or damaged macrophages are then said to  



52 . 

st imulate collagen synthesis by fibroblasts (Heppleston and Styles , 1 967) . 

Less is  currently known of the mode of act ion of different forms of  

asbestos . One of the confusing aspects of the problem is the inability 

to reconcile the apparently inert quality of fibres when given to macro­

phages in c ell culture with their well known fibrogenic properties when 

given to animals or inhaled by man (Miller and Harrington , 1 972 ) . 

However the primary lesions are not an interst it ial fibrosis as they 

develop in the lumen of respiratory bronchioles and adjacent alveoli 

following the entrapment of fibres and the accumulation and disintegration 

of macrophages (Wagner ,  1 965) . 

Work on the pathogenesis of  c oal workers ' pneumoconiosis has been 

complicated by the variable and often complex nature of c oal dust . The 

effects of dusts of bituminous and lignite coals have been studied in 

monkeys , ponies and a variety of laboratory animals and it has been shown 

that the reaction is similar in all species ( Heppleston , 1 954) . It results 

essent ially from the overloading of alveolar c learance mechanisms with 

carbon particles.  Dust-filled macrophages become packed within alveolar 

ducts and alveoli which then collapse so that alveolar walls become closely 

apposed to the dust masses . Gross et al . ( 1 972 ) have suggested that this 

collapse may be the result of a reduction in surfactant secretion follow­

ing damage to great alveolar ( type II )  cells . The character of the 

tissue reaction to coalmine dust may readily be altered by the presence 

of silica or by changes in the immunological status of pulmonary t issue 

caused by tuberculosis , rheumatoid arthritis and other , as yet unidentified 

entities . With immunologically altered tissue the same dust may initiate 

a progressive massive fibrosis of  the lungs ( Gross et al . , 1 972 ) . 

Inhalation experiments designed to compare the fibrogenicity of 

various mineral dusts have been complicated by the occurrence of endogen­

ous lipid pneumonia . This is currently thought to be the result of  

hyperact ivity of great alveolar ( type II)  cells . The pulmonary foam 

cells which fill alveolar spaces in this disease are macrophages which 

have ingested a large amount of  the excess lipid secretions of the over­

active cells (Corrin and King , 1 969 ; Heppleston and Young , 1 972) . 

The majority of research on inhaled particles to  date has been devoted 
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to inorganic substances . But domestic animals ,  whether they are reared 

intensively or extensively , are more likely to be exposed to organic 

dusts of vegetable or animal origin.  In all the diseases in this group 

the dusts appear to be antigenic  and most of the damage is considered to 

result from induced hypersensitivity states . The antigens involved may 

be either the organic protein of the dust itself or contaminating fungal 

spores ( Spencer , 1 968 ) . 

The lung may undergo several types of allergic response to  inhaled 

agents ( Parish and Pepys , 1 968 ) . An anaphylactic react ion may occur when 

an ant igen reacts with cells passively sensit ized by reaginic antibody 

( IgE) . This reaction involves the release of factors such as histamine , 

slow-reacting-substance-A , and prostaglandins . An Arthus-type react ion 

is seen when an antigen and antibody react ion takes place in excess of 

antigen , forming complexes that are locally toxic to t issues . 

One of the best studied examples of the Arthus-type react ion is the 

disease syndrome of farmer ' s  lung . The nature and sources of organic 

dust which may initiate this syndrome have been listed by Parish and 

Pepys ( 1 968 ) . The disease most often occurs following exposure to mouldy 

hay contaminated by the thermophilic actinomycetes of which Micropolyspora 

faeni is the principle allergen and Thermoact inomyces vulgaris is of 

lesser importance ( Pepys , 1 966 ) . Attempts at the reproduction of the 

disease in laboratory animals by the inhalat ion of M. faeni organisms 

have not as yet been fully successful . Zaidi et al . ( 1 971 ) succeeded in 

producing lung lesions in guinea pigs with a mixture of the act inomycete 

and hay dust but the lesions differed little from those produced by hay 

dust alone although they were more severe in the early stages . The 

inflammatory reaction is primarily interstitial with oedema of  the 

alveolar walls and infiltration by lymphocytes , plasma c ells and neutro­

phils.  Fibrosis and diffuse granulomatous lesions may develop in the 

walls of alveoli  and small bronchioles with recurrent exposure ( Fuller , 

1 953 ) . Both acute and chronic forms of the disease are now known to 

occur in dairy cattle ( Pirie et al . ,  1 971 ; Wiseman et al . ,  1 973) . In 

the latter form 85% of affected cows showed precipitating antibodies to  

M .  faeni . 
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In conclusion , it is important to note that the degree of injury 

produced by a given part icle whether it is of an allergic , toxic or 

infective nature , will depend on the duration of its exposure to the 

underlying pulmonary epithelium. For this reason , systemic and gaseous 

agents which impair alveolar clearance may also increase particle 

exposure time thus having a cumulative or synergistic effect on the 

degree of damage produced . Synergism between gases and particles has 

been clearly demonstrated in the experiments of Boren ( 1 964) with 

nitrogen dioxide and carbon particles and by Rylander ( 1 969) using 

sulphur dioxide and coal dust . 
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SECTION IV : ALVEOLAR DEFENCE MECHANISMS 

The evolutionary need for a tissue surface specialized towards 

gaseous exchange has resulted in the development of an alveolar epithelium 

with little of the structural defences normally possessed by other 

epithelial t issues . The defence mechanisms which do operate in the 

pulmonary alveolus are nevertheless highly effective under normal c ircum­

stances . This is demonstrated by the fact that , despite almost continuous 

exposure to foreign agents ,  the bronchopulmonary system is normally able 

to maintain its sterility (Laurenzi , 1 964 ) . Among the many discussions 

of alveolar defence mechanisms which have appeared in the literature one 

of the most impressive is that of Sorokin ( 1 970 ) who has reviewed in 

general terms , the properties of alveolar c ells and t issues that 

strengthen alveolar defences.  In addition , Rylander ( 1 968 ) has covered 

the literature dealing with pulmonary defence against inhaled  bacteria 

and Green ( 1 968 , 1 970a) has given a detailed account of the pulmonary 

clearance of infectious agents . 

Alveolar defence mechanisms may be divided into two main categories : ­

( a )  Mechanical clearance in which foreign material i s  physically 

removed. 

( b )  Cellular and immunological factors which have the capacity to  

inactivate potentially harmful agents (usually mic�rganisms ) within the 

lung tissue . 

In the first category most attent ion has been paid to  studying the 

efficiency of clearance by the muco-ciliary apparatus of the bronchial 

tree . Little information is available on the movement of fluids over 

the alveolar surface because of obvious difficult ies involved in the 

study of a dynamic , expanding and contract ing alveolar duct  system. 

However , the constant production of pulmonary surfactant by great alveolar 

( type II)  c ells ( Bensch et al . ,  1 964) together with the leakage of plasma 

from blood vessels suggests that some movement of the alveolar l ining 

film over the epithelial surface must occur . The current stat e of know­

ledge of the surfactant system of the lung indicates that it c onsist s  of  

a surface layer of lipids or lipoproteins beneath which is a fluid hypo­

phase ( Scarpelli ,  1 968 ; Weibel and Gil , 1 968 ; Kilburn , 1 970 ; Untersee 

et al . ,  1 971 ; Slama et al . ,  1 973) . Kilburn ( 1 969) has suggested that 



there may be drainage of  the liquid hypophase by surface minimizing forces 

from areas of low surface tension to areas of high surface tension and 

from plane surfaces to  angles of alveolar walls. Thus it seems likely 

that fluid and particles from distal alveoli drain to terminal bronchioles 

where they become part of the muco-ciliary c learance system. Visual 

evidence supporting this view has been provided recently from the electron 

microscopic studies of mouse lungs by Roth et al . ( 1 973) using freeze 

etching t echniques . The possibility that alveolar secretions are 

sufficiently cohesive to allow bronchial c ilia from adjacent airways to  

provide an  additional traction force has also been suggested by  Green 

( 1 970a ) but remains to be investigated. 

The removal of alveolar fluid and particles by lymphatic drainage is 

recognised as a second method of mechanical clearance .  Anatomical studies 

on rabbits ( Lauweryns and Boussauw , 1 969) have shown that lymphatic  

capillaries may often have a perialveolar locat ion as they extend at 

least as far peripherally , as the respiratory bronchioles .  The absorption 

of fluids and particles through the alveolar wall has been fully discussed 

by Morrow ( 1 972) . He concluded that although the alveolar epithelium is 

readily permeable to  many substances it is relat ively and selectively 

impermeable to others . The question of which epithelial cells are engaged 

in fluid and part icle transport remains controversial but evidence is now 

forthcoming which indicates that the alveolar epithelial type I cell 

possesses limited phagocytic or perhaps more strictly pinocytic  abilities.  

Sanders et  al . ( 1 971 ) have shown that 0 .5  - 4 . 2% of  metallic oxide 

particles ( mass median diamet er 0 . 26 � )  can be found within alveolar 

type I c ells 10 days following aerosol exposure and similar results have 

been obtained by Heppleston and Young ( 1 973) using carbon particles . 

Particle clearance from the alveolus occurs in a distinct three-phase 

patt ern. The init ial and most efficient phase removes 5�� of deposited 

material within 24 hours ( Green , 1 970a) . The second , intermediate phase 

has a biological half t ime of 1 00 hours ( La Belle and Brieger , 1 961 ) and 

the third , long phase has a half t ime of 62-70 days ( Gibb and Morrow , 1 962 ) . 

The reasons for this pattern are not clearly understood but probably 

reflect the differences between mechanical and c ellular clearance .  

However , it seems l ikely that the third phase may involve perivascular 

lymphatic  transport , c ell  breakdown and rephagocytosis as described by 
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Heppleston ( 1 963) . 

There is abundant evidence that the alveolar macrophage plays a 

central role in the pulmonary defence against inhaled agents .  The most 

comprehensive review of the role of the alveolar macrophage in pulmonary 

defence available to date is that of Voisin et al . ( 1 971 ) .  In addition , 

Green ( 1 969 , 1 970b ) has written shorter reviews on the response of the 

alveolar macrophage system to host and environmental factors . 

While controversy still exists concerning the origin of alveolar 

macrophages the weight of new information now favours the blood monocyte ,  

derived from bone marrow , as the main progenitor . This view has been 

disputed by Omar ( 1 964 ) , Schiller ( 1 971 ) and many others who believed that 

alveolar macrophages were derived from alveolar septal ( corner)  cells . 

However , Pinkett et al . ( 1 966) initiated a sophisticated approach to the 

problem by using mouse chimeras and injecting bone marrow cells carrying 

chromosomal markers into recipients whose marrow had been destroyed by 

irradiation. Thus they established that the majority of alveolar macro­

phages are of bone marrow origin.  Their work was soon supported by the 

results of Bowden et al . ( 1 969 ) and has subsequently been confirmed by 

Brunsetter et al . ( 1 971 ) using mouse chimeras and an enzyme marking 

technique . Although it is now generally accepted that alveolar macrophages 

are derived from monocytes of bone marrow origin , the work of Bowden 

et al . ( 1 969) and Velo and Spector ( 1 973) has indicated that in the case 

of experimental pneumonia , many of these cells undergo a 2-3 day period 

of division ru1d maturation in the lung before becoming actively phagocytic . 

The reduction in viable bacteria in the lung within the first few 

hours following inhalation , is thought to be due principally to phago­

cytosis by alveolar macrophages .  No other bactericidal mechanism has 

been shown to account for this phenomenon ( Green and Kass , 1 964a ; 

Rylander ,  1 970) . A large number of  host and environmental factors are 

capable of depressing the bactericidal capacity of the lung presumably 

through impairing the activity of  alveolar macrophages . Among these 

factors can be listed host variables such as nutrition , metabolic  stat e , 

immunologic experience and chronic disease , and environmental factors such 

as virus infect ion , air pollutant gases and oxygen and carbon dioxide 

levels ( Table V) . 
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TABLE V 

SOME AGENTS WHOSE EFFECTS ON ALVEOLAR DEFENCE MECHANISMS 

HAVE BEEN MEASURED 

Author Agent 

( a) Reduced Mechanical Elimination 

Carson et al . ( 1 966 ) Ammonium 
chloride 
aerosol 

Carson et al . ( 1 966) Cigarette 
smoke 

Rylander ( 1 969 ) Cigarette 
smoke 

Laurenzi and Ethanol 
Guarneri ( 1 966 ) 

Rylander ( 1 968 ) Ethanol 

Ferin ( 1 971 ) Papain induced 
emphysema 

Creasia et al . Influenza 
( 1 973 ) virus 

( b )  Reduced Bactericidal Activity 

Green & Kass ( 1 964b ) Hypoxia 
Starvation 
Cortico­
steroids 
Ethanol 

Green & Kass ( 1 965)  Hypoxia 

Cold stress 
Ethanol 

Species 

Cats 

Cats 

Guinea 

Kittens 

Guinea 

Rats 

Mice 

Mice 

Mice 

Mice 

Goldstein & Green 
( 1 966) 

Acute renal Mice 
failure 

pigs 

pigs 

Gardner et al . 
( 1 968)  

Sulfamethazine Rabbits 

Green ( 1 970b) 

LaForce and Huber 
( 1 970)  

Surgic al Mice 
nephrectomy 

Extra-pulmonary Mice 
disease ( peri­
pheral abscess) 

Effect  

Slowed mucus transport of 
particles 

Slowed mucus trru1sport of 
particles 

Reduced mechanical 
elimination of E .  coli  

Reduced mucus transport 
rate 

Reduced mechanical 
tion of E. coli 

Reduced particle 
clearance 

elimina-

Impaired particle clearance 
for 56 wks post-inoculat ion 

Depressed removal of  
viable staphylococci  

Depressed removal of  
viable staphylococci  but 
not Proteus sp. 
Depressed removal of  both 
staphylococci  & Proteus sp. 

Defective in situ bacter­
i cidal mechanisms 

Reduced macrophage phago­
cytic capacity for 
Streptococcus pyogenes 

Reduced bactericidal 
c apacity for E. coli 

Decreased bactericidal 
c apacity for s. aureus 

Cont 1 d  • • •  



Author 

Hahn et al . ( 1 971 ) 

Huber et al . ( 1 970 ) 

LaForce et al . 
( 1 973) 

LaForce et al . 
( 1 973) 

---

Green ( 1 968)  

Huber & LaForce 
( 1 970 )  

TABLE V ( Cont ' d) 

Agent 

X-irradiation 

Immuno-
suppressives 

ANTU 

Surgical aortic 
constriction 

C02 ( acidosis) 

Oxygen 1 OfY/o 
Ozone 

Species 

Mice 

Mice 

Mice 

Rats 

Mice 

Alpert et al . ( 1 971 ) Ozone Rabbits 

Goldstein et al . Nitrogen Mice 
( 1 973) dioxide 

Green & Carol in Cigarette Mice 
( 1 967)  smoke 

Halt & Keast Cigarette Mice 
( 1 973) smoke 

Rylander ( 1 968 ) Coal dust Guinea 
pigs 

Rylander ( 1 969) Carbon black Guinea 
pigs 

Kass et al . ( 1 966 ) Influenza Mice 
virus 

Degre ( 1 970) Parainfluenza- Mice 
1 virus 
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Effect 

Decreased bactericidal 
capacity for s. aureus 

Decreased bactericidal 
capacity for S. aureus 

Decreased bactericidal 
capacity for S. aureus 

Decreased bactericidal 
capacity for S. aureus 

Reduced alveolar macro­
phage phagocytic  act ivity 

Decreased bactericidal 
capacity for S .  aureus 

Decreased viability and 
enzyme activity of 
macrophages 

Decreased bactericidal 
capa.c ity for S .  aureus 

Reduced macrophage 
bacteric idal activity 
in vitro 

Initial decrease in macro­
phage numbers then long 
t erm increase 

Reduced bactericidal 
capacity for E. coli 

Reduced bactericidal 
capacity for E. coli 

Inhibition of bactericidal 
c apacity for staphylococc i  

Reduced macrophage phago­
cytic capac ity for 
H. influenzae 
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The role of the alveolar macrophage in virus infections has been 

studied by Roberts ( 1 962 ) , Voisin ( 1 965) and Degre ( 1 970) . Influenza B 

virus particles are phagocytosed by macrophages within one hour of  

infect ion. They may be able to destroy the virus or they may become a 

site of  virus mult iplicat ion and undergo progressive morphological change 

and death ( Guillaume et al . , 1 965 ) . However , electron microscopic 

observations on the lungs of mice following experimentql Influenza A 

infection have shown marked destruction of bronchial Clara cells and 

c iliated epithelial cells as the main lesion C Pl11mmer and Stone , 1 964 ; 

Loosli et al . ,  1 970 ) . This presumably is the basis for the slowing of  

mucus transport observed by Creasia et al . ( 1 973 ) . 

The effectiveness of  alveolar macrophage activity is dependent to  

a large extent on  both acquired cellular immunity and specific  humoral 

immunity. This is  dramatically illustrated by the high prevalence  of 

pyogenic pulmonary infections in immunological deficiency diseases such 

as congenital hypogammaglobulinaemia ( Gell and Coombs , 1 968 ) . Also of 

interest in this regard is the appearance of fungal , yeast and parasitic  

diseases in the lung of  patients with debilitat ing or malignant diseases 

or on prolonged corticosteroid or immunosuppressive therapy ( Spencer , 

1 968 ) . Such opportunist infections are thought to  be associated with the 

disappearance of naturally-occurring antibodies from the blood stream of  

affected pat ients ( Roth and Goldstein , 1 962 ) . 

The immunologic  competence of cells in alveolar exudates has been 

invest igated by Holub and Hauser ( 1 969)  who studied rabbit alveolar 

exudates consisting ma inly of macrophages . They found that cultured 

c ells formed antibody after 7-1 3  days . This was confirmed by Ford and 

Kuhn ( 1 973) who found that immunoglobulin G ( IgG) and immunoglobulin M 

( IgM) were formed by c ells which they classed as mainly lymphocytes.  

This supports the concept of Fishman ( 1 969) who suggested that alveolar 

macrophages are a heterogenous group of cells formed by local division 

as well as from bone marrow-derived lymphoid  c ells some of  which are 

capable of  antibody product ion. 

During the past few years there has been increasing interest in the 

significance of secretory immunoglobulin A ( IgA) in relation to  respiratory 
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disease . This has been highlighted by the report of South et al . ( 1 968 )  

that people low or lacking in  secretory IgA are predisposed to chronic 

respiratory infections . The majority of immunoglobulins in respiratory 

secretions are now known to be of the IgA class ( Tomasi , 1 970 ) . There 

is evidence that these are formed by plasma cells in the bronchial 

mucosa and pass into  the bronchial lumen via the apical cytoplasm of 

bronchial epithelial c ells ( Tourville et al . , 1 969) . No information is  

available as yet , on  the presence or absence of IgA in alveolar secretions . 

The relative importance of bactericidal activity compared to 

mechanical eliminat ion via mucus transport is difficult to estimate 

because environmental influences may necessitate  a shift in emphasis 

from one system to another . Particle size and the distribut ion of 

deposition within the lung are important factors in determining the load 

on various clearance mechanisms (Hatch and Gross , 1 964) as obviously , 

are the nature and toxicity of the agents which are inhaled. Failure of  

any one of  the alveolar defence mechanisms outlined in the preceding 

discussion must ultimately lead to alveolar injury and the product ion of  

an inflammatory react ion. 



PART ONE 

THE REACTION OF THE OVINE 

PULMONARY ALVEOLUS TO INJURY 
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CHAPI'ER 2 

STUDIES OF SHEEP PNEUMONIA (THE NATURALLY- OCCURRING DISEASE) 

INTRODUCTION 

No reports on the pathology of pneumonia in sheep in New Zealand 

have been published since the first descript ions of acute enzootic 

pneumonia by Salisbury ( 1 957 ) and Downey ( 1 957 ) . In some overseas 

countries however , there has been an upsurge of interest in the disease 

in recent years leading to several reports which have sought to define 

local disease situat ions in clinical and pathol ogical terms . These 

include reports from the United Kingdom (Stamp and Nisbet , 1 963 ; 

Stevenson , 1 969) , Kenya (Wandera , 1 967) and Australia (Hare , 1 970 ; 

St . George and Sullivan , 1 973) . Most of these reports contain descriptions 

of chronic or "atypical" pneumonias which have not been reported 

previously in New Zealand . It is nevertheless , common knowledge among 

field veterinarians , meat qygienists and veterinary diagnostic  pathologists 

that pneumonias of  this type are widespread in lambs throughout New Zealand 

during the late summer and autumn months (Alley , 1 969 ; Smith , 1 970 ; 

Davis , 1 970) . 

It is necessary therefore , to  begin this study of sheep pneumonia 

with a description in pathological terms of the main varieties of 

pneumonia which are encountered in this country . The material from which 

this description has been derived is biased in a geographical manner in 

that it was obtained mainly from areas in the lower half of  the North 

Island . While it is likely that climatic factors influence the seasonal 

occurrence and severity of the disease there is no indication at present 

of the occurrence of different pathological entities in definable 

geographical localities within New Zealand . 

This chapter includes ultrastructural observations on a range of 

acute , subacute and chronic pneumonias as well as histochemical studies 

on normal and pneumonic lung tissue . These studies were made in order to 

accumulate information on the react ion of the ovine pulmonary alveolus to 

injury and thus gain a better understanding of the pathogenesis of 

naturally-occurring pneumonia. 
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MATERIALS AND METHODS 

Animals 

For the study of acute pneumonia 52 cases from sheep ranging in age 

from 2 weeks t o  more than 6 years were examined during the period 1 969 

to 1 974 . Also during this period 64 cases of chronic pneumonia were 

examined together with a further 32 cases of aspiration pneumonia and 

pulmonary or pleural abscessation. In addit ion ,  280 cases of  chronic 

and subacute pneumonia of varying degrees of severity were collected 

from 5 to 1 0-month-old lambs slaughtered at local meatworks . These were 

obtained at weekly or fortnightly intervals during the December to May 

period over the years 1 969 to 1 972 . 

In only 4 cases were t issues from sheep with acute pneumonia obtained 

soon enough after death to be suitable for electron microscopy . However , 

3 normal sheep lungs and 47 cases of  chronic and subacute pneumonia were 

examined ultrastructurally . The majority of chronic cases and 2 normals 

were obtained from local meatworks where lung specimens could be collected 

within 15 to  20 minutes following death from exsanguination . The remaining 

spec imens were coTiected within 30 minutes after natural death or within 1 0  

minutes after death following intravenous administration of  barbiturate 

(Euthatal ( 1 ) ) and exsanguination via the brachial artery . 

Microscopy 

Tissues for light microscopy were fixed in 10% formal-saline , 

processed in the usual manner and embedded in paraffin. They were cut 

at 4 to 5 �m and routinely stained with haematoxylin and eosin ( HE) . A 

select ion of normal and pneumonic  t issues were also stained with periodic 

acid-Schiff ( PAS ) , alcian blue , picro-Mallory , Gomori ' s  trichrome , van 
Gieson , Gordon and Sweet ' s  reticulin , Von Kossa , Geimsa ( Culling , 1 963) 

and Humberstone ' s  Gram (Humberstone , 1 963) . For electron microscopy blocks 

1 mm3 were fixed in 3% glutaraldehyde in 0 . 1 M  phosphate buffer at pH 7 . 2  

or i n  modified Karnovsky ' s  fixative ( 2%  formaldehyde and 3% glutaraldehyde 

( 1 ) May and Baker Limited.  



in o . 1 M phosphate buffer at pH 7 . 2 )  at 4°C overnight . They were then 

post-fixed in 1% osmium tetroxide ( pH 7 .2 )  at 4°C for 2 to 3 hours . 

After dehydrat ion through an ethanol series , the tissues were embedded 
. . ( Du  A -·M ( 1 ) ) . l . d . Th . k 1n epoxy res1n rcupan Ln l v1a a propy ene ox1 e ser1es . 1c 

sect ions ( 1  �) were cut with glass knives on a LKB ultramicrotome and 

stained with toluidine blue , phloxine and haematoxylin ( Shires et al . , 

1 969 ) and toluidine blue and basic fuchsin (TbBf ) (see appendix 1 ) .  

From these , appropriate areas were selected for electron microscopy and 

the blocks trimmed down accordingly . Thin sections were cut and mounted 

on supported and unsupported copper grids . They were stained with 

aqueous uranyl acetate or 5�fo ethanolic  uranyl acetate and lead c itrate 

( Reynolds , 1 963) and examined in a Phillips EM200 electron microscope . 

Histochemistry 

Blocks of fresh normal and pneumonic  lung 5 mm thick were used for 

histochemical studies . They were c ollapsed by evacuation in a 30 ml 

bottle to 60 mm Hg for a short time after which pressure was allowed to 

return slowly to normal . Frozen sections were cut at 8 �m on unfixed 

blocks and blocks fixed in formal-saline at 4°C and then transferred to 

ice-cold 0 . 88M sucrose containing gum acacia , as described by Holt and 

Withers ( 1 958 ) . These were examined for adenosine triphosphatase ( ATPase ) 

and adenosine monophosphatase (AMPase ) by the methods of Wachstein and 

Meisel ( 1 956) , and for non-specific  alkaline phosphatase and acid phosphat­

ase by the naphthol AS methods ( Thompson , 1 966 ) . In addit ion , lactic 

dehydrogenase (LDH) , malate dehydrogenase ( MDH) , succinic dehydrogenase 

( SDH) , isocitric dehydrogenase ( ICDH) , glutamate dehydrogenase ( GDH) , 

glucose-6-phosphate dehydrogenase ( G-6-PDH) , hydroxbutyric dehydrogenase 

( OHBDH) and diphosphopyridine nucleotide diaphorase ( DPN ) were identified 

by the methods of  Pearse ( 1 960) . The sect ions were examined at x400 and 

the various c ell types were scored from ± ( very weak) to ++++ ( very 

strong) according to the intensity of the histochemical reaction .  

( 1 )  Fluka A .G . , Buchs , Switzerland. 
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RESULTS 

Normal Lung 

The cells lining the alveoli could not be readily identified by 

rout ine methods of light microscopy. Alveolar epithelial ( type I )  cells 

were often indistinguishable from capillary endothelial c ells , and great 

alveolar ( type II )  cells were similar in appearance to peripherally 

located alveolar macrophages . With the better detail afforded by the 

use of 1 �m plastic-embedded sec tions great alveolar c ells could be 

ident ified with more confidence .  They were cuboidal , with a finely 

vacuolated cytoplasm and projected into the alveolar space although they 

were firmly attached to the underlying basement membrane . Approximately 

one of these cells was seen in every three alveoli  examined.  

Histochemical studies also succeeded in  differentiat ing great alveolar 

c ells from alveolar macrophages .  Great alveolar cells could be seen as 

regularly spaced c ells pro jecting from the alveolar lining and giving 

strong reac t ions for alkaline phosphatase , LDH and MDH , and weak react ions 

to ATPase , alkaline phosphatase , LDH , MDH , SDH , ICDH and G-6-PDH) (Table 

VI) . 

Electron microscopy clearly identified the c ellular components of 

the normal ovine alveolus . The alveoli were lined with flattened ( type I )  

epithelial c ells similar t o  those described originally by Low ( 1 952 ) 

( Figure 2 . 1 ) .  Great alveolar ( type II)  cells similar to  those described 

in mice by Karrer ( 1 956 ) and Policard et al . ( 1 959) were easily recognised 

( Figure 2 . 2 ) . They had the following features : -

( a) Firm attachment to the basement membrane and projection into the 

alveolar space . 

( b )  Numerous short microvilli protruding from the free surface .  

( c )  Charact erist ic lamellated osmiophilic bodies in the c ytoplasm. 

The majority of these had a vacuolated appearance although some coarsely 

lamellated bodies , resembling those described in the foetal lamb by 

Kikkawa et al . ( 1 965 ) were seen in occasional c ells. Sometimes the 

contents of these bodies were observed being discharged into the alveolar 

space ( Figure 2 . 3 ) . 

( d) Numerous large , elongated mitchondria , especially at the base of the 

c ell .  
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Figure 2 . 1  

Normal ovine alveolar type I epithelial c ells (E) l ining 

alveolar spaces (A) . The cells have a flattened nucleus and 

thin cytoplasmic extensions (X )  which cover the interst itial 

connective tissue (T ) . x 1 2 , 600 . 

Figure 2 .2 

Normal ovine great alveolar type II cell (G)  protruding 

into an alveolar space (A) . The c ells have numerous short 

microvilli ( m) · ,  vacuolated lamellated bodies (b )  in the cyto­

plasm and are firmly attached to  the underlying basement 

membrane . x 1 2 , 600. 
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Figure 2 . 3  

Discharge of  concentrically lamellated contents from 

vacuole ( V )  of an alveolar type II cell into alveolar space 

(A ) . The adjacent lamellated body ( b )  in
,
the cytoplasm 

contains characterist ic coarsely lamellated material seen 

most often in immature c ells . Nucleus ( N ) . x 27 , 700 . 

Figure 2 . 4 

Pulmonary alveolar macrophage (M )  projecting through a 

pore of  Kahn in the alveolar septum ( S )  of  normal lung. The 

c ell has a moderate amount of cytoplasm and several lysosomes 

( r )  of various types . x 1 2 , 600 . 



A 
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TABLE VI 

HISTOCHEMICAL ACTIVITY OF VARIOUS ENZYMES IN THE PULMONARY ALVEOLUS 

OF SHEEP WITH Clffi.ONIC PNEUMONIA AND NORMAL SHEEP( 1 )  

ENZYMES TISSUE 

Great Alveolar Alveolar Alveolar 
(type II cells)  Interstitium Macrophages 

PHOSPHATASES 

Adenosine Normal + ++ + 
triphosphatase Pneumonic + ++ ++ 
(ATPase ) 

Adenosine mono- Normal + +++ 0 
phosphatase Pneumonic + ++ ± 
(AMPase ) 

Non-specific Normal + + +++ 
Acid 
phosphatase Pneumonic + + ++++ 

Non-specific Normal +++ 0 ± 
Alkaline 
phosphatase Pneumonic ++++ 0 + 

OXIDATIVE ENZYMES 

Lactate Normal +++ ++ + 
dehydrogenase Pneumonic +++ ++ + 
( LDH) 

Malate Normal ++ + + 
dehydrogenase Pneumonic ++ + + 
(MDH )  

Succinic Normal 0 0 + 
dehydrogenase Pneumonic ± 0 + 
(SDH) 

Glutamate Normal + ± 0 
dehydrogenase Pneumonic ++ ± 0 
(GDH ) 

I socitric Normal + 0 ± 
dehydrogenase Pneumonic + 0 + 
( ICDH) 

Hydroxybutyric Normal + 0 0 
dehydrogenase Pneumonic + 0 0 
(OHBDH) 

Glucose-6-
phosphate Normal + + ± 
dehydrogenase Pneumonic ++ + ± 
(G-6-PDH) 

Diphosphopyridine Normal + + 0 
nucleotide 
diaphorase (DPN) Pneumonic ++ + + 

( 1 )  The results listed are the average intensity of reaction of 5 lungs 
with grey-red consolidation and 3 normal lungs . 



( e ) Well-developed Golgi apparatus . 

( f ) Granular endoplasmic reticulum containing numerous cisternae . 
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Less frequently seen were alveolar macrophages which were found lying 

against the alveolar wall or passing through the pores of Kohn . They 

were readily distinguished from great alveolar c ells by their numerous 

cytoplasmic extensions , lack of attachment to the basement membrane and 

presence of a variety of residual bodies , lysosomes and phagosomes 

within the cytoplasm ( Figure 2 .4 ) . 

The structure of the alveolar interstit ium was similar to that 

described in cattle by Epling ( 1 964 ) .  Occasional mast c ells ( Figure 

2 . 5 )  and fibroblasts were seen but the great bulk of cells present were 

capillary endothelial cells ( Figure 2 . 6 ) . 

Acute Pneumonia 

Gross Pathology 

The typical gross lesions consisted of red consolidat ion of the 

apical , cardiac and ventral diaphragmatic lobes of both lungs ( Figure 

2 . ?) . Involvement of the diaphragmatic lobes was irregular and often 

patchy in distribution. The remainder of the lungs were usually 

congested and oedematous and a blood-stained ,  frothy exudate was present 

in the bronchi . 

The consolidated areas were swollen and protruded above the surface  

of the surrounding t issue .  They varied from dark red to  red- blue in 

colour and were moderately firm in consistency.  Their surface was often 

covered with thick strands of fibrin which were mildly adherent to  the 

overlying thoracic pleura . In some cases , grey , necrotic  areas were 

present within ventral parts of the consolidated t issue and these areas 

occasionally involved whole lob es (Figure 2 . 8 ) . 

The thoracic cavity contained a variable amount of clear exudate in 

which occasional strands of fibrin could be found. Petechial haemorrhages 

were sometimes seen on the parietal pleura , pericardium and epicardium.  

The mediastinal and bronchial lymph nodes were usually swollen and red.  
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Figure 2 . 5 

Mast cell (H)  containing dense cytoplasmic granules in 

the alveolar interstit ial space of normal ovine lung. Several 

capillaries (C)  contain erythr .Jcytes and a fragment of an 

alveolar type II cell (G )  can also be identified. x 1 0 , 000 . 

Figure 2 . 6 

Alveolar capillary in a normal lung containing an erythrocyte  

( e ) and lined by  capillary endothelial cell ( C ) . The thin blood­

air barrier (p)  separates the erythrocyte from the alveolar space 

(A ) . x 12 , 600 . 



-
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Figure 2 . 7 

Acute enzootic pneumonia . The right apical lobes show 

dark red consolidation and are swollen above the surface of 

the remaining lung . 

Figure 2 . 8 

A more advanced case of acute enzootic pneumonia. The 

right apical lobe ( a) is necrotic and the remaining lung is 

severely congested.  Thick deposits of fibrin ( f ) are visible 

between the apical and cardiac lobes and the pericardial sac . 





Light Microscopy 

The characteristic  feature of all the lesions examined was the 

severe exudation of both cells and fibrin into alveolar spaces .  This 

was accompanied by severe congestion of alveolar capillaries with 

haemorrhage into  alveoli in some areas . The cellular reaction varied 

considerably in degree but was usually relatively uniform in type . 

The most mild changes were seen at the periphery of the c onsolidated 

areas and consisted of the accumulat ion of variable numbers of  neutro­

phils and occas ional small macrophages within a proteinaceous exudate 

in alveoli (Figure 2 . 9 ) . Sometimes alveolar spaces were dist ended with 

randomly distributed necrotic c ellular debris ( Figure 2 . 10 )  but more 

often they contained densely packed , elongated nuclear material which 

could frequently be seen "streaming" through pores of Kohn and into 

alveolar ducts and bronchioles ( Figure 2. 1 1  and 2 . 1 3) . These elongated 

cells were somet imes embedded in f ibrin ( Figure 2 . 1 2 ) and occasionally 

in mucus ( Figure 2 . 1 3 ) . Large alveolar macrophages with abundant PAS­

posit ive cytoplasmic contents were found in variable numbers in areas 

away from the main lesions . They were mixed with moderate numbers of 

neutrophils or embedded in fibrinous exudate (Figure 2 . 14 ) . 

The interstitial tissues were oedematous and the interlobular and 

pleural spaces were usually distended with a fibrinous exudate sparsely 

infiltrated by neutrophils and large mononuclear c ells in equal numbers 

(Figure 2 . 1 5 ) . In some cases fibrinoid thrombi and moderate numbers of 

neutrophils were found within alveolar capillaries and interlobular 

blood vessels .  

Areas of  necrosis appeared to  arise primarily from bronchioles 

(Figure 2 . 1 6 )  although in some c ases they extended widely across whole 

lobules with only ghosts of alveoli remaining. Such areas were often 

marginated  by necrotic cellular exudate or haemorrhage . Bact erial 

colonies were usually found within these necrotic areas and at the 

periphery of necrotic  lobules ( Figure 2 . 1 7 ) . Bacteria were also readily 

identified elsewhere by the use of special stains or in plastic  embedded 

sections . They were present within the necrotic contents of alveolar 
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Figure 2 . 9 

Early accumulation of cellular exudate in acute pneumonia . 

Neutrophils and small mononuclear cells migrating into 

alveolar spaces which are fiTied with protein-rich exudate . 

HE X 250 . 

Figure 2 . 10 

Necrosis of cellular exudat e . Alveolar spaces are 

distended with randomly distributed necrotic debris embedded 

in an amorphous exudate . Alveolar capillaries are severely 

congested . HE x 250 . 

Figure 2 . 1 1  

Parallel elongation o f  pyknotic  nuclei in necrotic  cellular 

exudate . The "streaming" appearance is characterist ic of acute 

enzootic pneumonia in sheep. HE X 250. 
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Figure 2 . 1 2  

Alveolar spaces adjac ent to  those containing cellular 

exudate are distended with variable amounts of fibrin and 

proteinace.ous fluid. Apart from leucocytes within the con­

gested alveolar capillaries , few c ells can be recognised in 

the alveolar septa.  HE x 250 . 

Figure 2 . 1 3  

Alveolar cellular exudate embedded in mucus ( m) . In this 

case elongated c ells can be seen "streaming" through a pore of 

Kahn ( arrow) into the adjacent alveolus . HE x 400 . 

Figure 2 . 1 4  

Large alveolar macrophages with abundant cytoplasm are 

mixed with small numbers of neutrophils in areas away from the 

main l esions . Epoxy resin embedded. TbBf x 400 





following page 69 

Figure 2 . 15 

Distended interlobular interstitial space containing strands 

of fibrin and infiltrations of  equal numbers of mononuclear cells 

and neutrophils . The adjecent alveolar spaces are filled with a 

mixture of  haemorrhagic , fibrinous and cellular exudate . 

HE X 1 00 .  

Figure 2 . 1 6 

Area of  necrosis surrounding a bronchiole . The necrotic 

area is demarcated by a margin of severe leucocytic infiltration. 

HE X 40 . 

Figure 2 . 1 7 

Colonies of Gram-negative bacteria located within alveoli at 

the periphery of a necrotic lobule .  Humberstone ' s . Gram. 

x 4oo . 
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spaces and bronchioles.  

Electron Microscopy 

One of the most outstanding features observed in all sections was 

extensive destruction of the alveolar epithelium. Even in the least 

severely affected areas alveolar epithelial ( type I) cells showed 

severe damage . This  ranged from cytoplasmic vesiculation and blurred 

cell membranes , to c omplete sloughing and disintegration (Figure 2 . 1 8 ) . 

A thick proteinaceous exudate often separated the alveolar epithelium 

from the underlying basement membrane and occasionally macrophages or 

neutrophils were present within this space ( Figure 2. 1 9) . In the most 

severely affected areas where cellular exudate was the main feature , 

the alveolar epithelium was often completely absent . However , sometimes 

remnants of epithelium could be detected amongst the necrotic c ellular 

exudate ( Figure 2 . 20 ) . 

Great alveolar ( type II)  c ells were sparse and difficult to  identify 

in all the sections examined. The majority of these cells had apparently 

desquamated in the earlier stages of infect ion. However , occasional 

degenerate type II  alveolar c ells were observed in the least severely 

affected areas . These had a vesiculated ,  pale-staining cytoplasm and 

were often lifting from the basement membrane (Figure 2 . 21 ) .  Their 

plasma membranes were indistinct and they contained few lamellar bodies . 

Microvilli were reduced in number but when present they allowed easy 

recognit ion of the cells despit e  the extensive degenerative changes . 

The integrity of the basement membrane appeared to be the main 

factor preventing complete destruction of the alveolar walls in areas 

devoid of epithelium. Thickening and duplicat ion of the basement membrane 

were frequently observed in these c ircumstances ( Figure 2 . 20 ) . When 

destruction of the basement membrane occurred , fibrin and platlets could 

be seen passing into the adjacent interstitial space ( Figure 2 . 22 ) . 

Similarly , with more extensive ruptures ,  erythrocytes and neutrophils 

were extravasated into the surrounding tissue ( Figure 2 . 23 ) . In general , 

the capillary endothelium showed a lesser degree of damage than the 

alveolar epithelium and was sometimes found intact following rupture of  



following page 70 

Figure 2 . 1 8  

Disintegration and sloughing of alveolar epithelial type  

I cell  ( E) into alveolar space (A) . Between the desquamating 

cell and the underlying basement membrane ( bm )  is an erythro-

cyte ( e )  and bacteria ( B ) . x 9 ,000. 

Figure 2 . 1 9  

Necrotic alveolar macrophages (M) are present beneath the 

alveolar epithelial type I cell (E) which is  desquamating into  

the alveolar space ( A ) . Within the alveolus a degenerating 

neutrophil (N )  and other cellular debris are already present . 

The endothelial lining of  the capillary (C )  appears relatively 

undamaged.  x 9 , 000 . 
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Figure 2 . 20 

Clumps of  bacteria (B ) , neutrophils ( N )  and possible 

remnants of alveolar epithelium ( E )  are present in the necrotic 

alveolar exudate . The basement membrane ( bm)  of the surround­

ing alveolar wall is exposed and the underlying interstitial 

t issues are oedematous and contain strands of  fibrin. 

X 9 , 000 . 

Figure 2 . 21 

The desquamating cell in the corner of the alveolar space 

(A )  is probably a great alveolar typ e  II  cell as indicated  by 

the remnants of microvilli ( m) and lamellated bodies ( b ) . The 

adjacent alveolar type I cell (E )  is also sloughing leaving 

the underlying basement membrane ( bm )  exposed. x 9 , 000 . 
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Figure 2 .22 

Fibrin and necrotic c ellular debris appear to be passing 

from the alveolar capillary ( C )  into the adjacent interstitial 

space ( T )  through a rupture in the basement membrane ( bm) . 

The alveolar space ( A )  contains fibrin , clumps of bacteria and 

necrotic c ellular debris . X 9 , 000 . 

Figure 2 .23 

A large rupture in the basement membrane ( bm)  of the 

capillary ( C )  has probably allowed the escape of erythrocytes 

( e )  and neutrophil ( N )  into the surrounding interstitial 

.space .  The neighbouring alveola� epithelium is desquamating 

into the alveolus (A ) . x 10 , 000 . 
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the basement membrane . Occasionally however ,  severe vesicular changes 

and disintergration occurred in parallel with alveolar epithelial 

damage . This resulted in the endothelial lining being replaced by a 

thin layer of necrotic  debris in which strands of  fibrin were often 

present . 

The c ellular exudate in the c entral areas of  the alveoli , alveolar 

ducts and bronchioles consisted largely of compressed necrotic debris 

which was lacking in fine structural detail ( Figure 2 . 24 ) . Flatt ened 

remnants of nuclei with coarsely granular , homogenous contents were 

embedded in a coagulum of lysed cytoplasmic material . Observations made 

at the periphery of these areas indicated that several cell types were 

contribut ing to the exudate .  A large proportion of cells present appeared 

to be neutrophils ( Figure 2 . 25 )  but in addition macrophages , small 

monocytes and alveolar epithelial cells were also identified ( Figure 2 . 20 ) . 

Bacteria were always a prominent feature at the ultrastructural 

level in this series of cases . They were found in the majority ,  but 

not all of the alveolar spaces sectioned. In some instances they were 

present in large numbers at high density ( Figure 2 .26 )  but more often they 

occurred in small aggregat ions embedded in necrot ic  cellular exudate or 

fibrin ( Figure 2 . 20 ) . Their presence was usually associat ed with severe 

destruct i ve changes in the alveolar wall and they could sometimes be 

found embedded in necrotic  alveolar epithelium or between the aJ veolar 

epithelium and the under�ing basement membrane ( Figure 2 . 27 ) . 

Subacute and Chronic  Pneumonia 

Gross Pathology 

Fundamentally , the lesions consisted of varying degrees of consolida­

tion of the antero-ventral parts of both lungs . However , a broad spectrum 

of lesions were encountered varying considerably in colour , consistency 

and extent . The areas of  consolidation were always sharply delineated  

from the dorsal areas of lung t issue which were usually normal apart from 

the occasional margin of compensatory emphysema adjacent to the consolid­

ated t issue and the variable presence of Mullerius capillaris and 
I 

Dictyocaulu9 filaria lesions. 
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Figure 2 . 24· 

Cellular exudate in the central area of an alveolus . It 

consists of  compressed amorphous nuclear debris ( Nu )  embedded 

in a coagulum of cytoplasmic contents ( Cy) and amorphous 

exudate . x 9 , 000 . 

Figure 2 . 25 

The c ells contributing to the exudate rapidly loose their 

characteristic morphology but neutrophils (N )  can somet imes be 

ident ified amongst them. x 9 ,000 . 
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Figure 2 .26 

Large numbers of  bacteria are present in the alveolar 

space (A ) . The adjacent interstit ial space ( T )  is severely 

oedematous and a large amount of fibrin is accumulating 

within the congested alveolar capillary ( C ) . x 9 ,000 . 

Figure 2 . 27 

Bacteria are oft en closely associated with destructive 

changes in the alveolar wall . In this case a bacterium ( B) 

appears to  be embedded in the necrotic remnants of an 

alveolar type I cell ( E) . The alveolar space (A )  contains 

acellular debris and strands of fibrin . x 1 6 , 000. 
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In order to study the pathology of these l esions in more detail 

they were divided into 4 categories on the basis of their gross and 

histological appearance . Because of the overlap of lesions in adjacent 

categories it was difficult to firmly classify all the affected lungs 

on gross examinat ion alone . A proportion were therefore classified 

provisionally at the time of gross examination , and subsequently 

approximately 1 �fo of  all lungs were reclassified on the basis of their 

histological features. 

Type 1 ( Dull red consolidat ion) . The consolidated areas were dull 

red in colour and were found mainly in the ventral apical and cardiac 

lobes of both lungs (Table VII ) . They were sunken below the surface of 

the ad jacent normal lung and were of a homogeneous appearance with a 

smooth pleural surface ( Figure 2 . 28 ) . Dull red , linear areas of collapse , 

approximately 5mm in width were often found associated with these lesions 

or were seen in other ventral areas of the lung , however linear lesions 

of this nature were not included in this category. 

Type 2 ( Red-grey consolidat ion) . The gross lesions in this 

category were usually more extensive and consisted of red-grey consolida­

tion of the ventral apical , cardiac and occasionally intermediate lobes.  

Although they were sharply delineated from the normal lung they did not 

sink below its surface ( Figure 2 . 29 ) . On close examination numerous 

grey-white  foc i ,  1 -2mm in diameter could often be seen within the 

consolidated tissue and the pleural surface had an uneven granular 

appearance in reflected light . 

Type 3 ( Grey-red consolidat ion) . The lungs in this group showed 

extensive grey-red consolidation which usually involved whole lobes . In 

the least severe cases the lesions involved the right apical l obe but 

more often they extended into apical , cardiac and intermediate lobes and . 

in more than half the cases also involved the ventral diaphragmatic 

lobes ( Table  VII ) . The consolidated t issue had a finely granular , 

mott led appearance , firm consistency and affected lobes were thicker 

than normal ( Figure 2 . 3Q) . 

Type 4 (Grey consolidation) . In this category were placed  lungs with 



TABLE VII 

FREQUENCY OF ANATOMICAL DISTRIBUTION OF LESIONS IN 1 20 CASES 

OF SUBACUTE AND CHRONIC PNEUMONIA 

Right Apical Lobe 1 1 5 ( 96%) 

Left Cardiac Lobe 1 04 ( 87",.6) 

Right Cardiac Lobe 1 03 ( 86%) 

Left Apical Lobe 83 ( 69%) 

Intermediate Lobe 67 ( 56%) 

Right Diaphragmatic Lobe 41 ( 34%) 

Left Diaphragmatic Lobe 40 ( 33%) 

Right Lung 

73. 

Apical Cardiac Diaphragmatic Intermediate 

Type 1 
Dull red 
consolidat ion 

Type 2 
Red-grey 
consolidat ion 

Type 3 
Grey-red 
consolidation 

Type 4 
Grey consolidation 

Type 1 
Dull red 
consolidation 

Type 2 
Red-grey 
consolidation 

Type 3 
Grey-red 
consolidation 

Type 4 
Grey consolidation 

28 

27 

30 

30 

1 1 5  

Apical 

1 7  

21 

23 

22 

23 7 1 2  

27 6 1 5  

28 1 7  21 

25 1 1  1 9  

1 03 41 67 

Left Lung 
Cardiac Diaphragmatic Total 

23 4 

27 8 30 

. 27 1 6  30 

27 1 2  30 

1 04 40 1 20 
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Figure 2 .28 

Dull red consolidation ( Type 1 lesions ) in chronic 

enzootic  pneumonia. Affected areas have a homogeneous 

appearance and are sunken below the surface of the 

surrounding lung. 

Figure 2 . 29 

Red-grey consolidation ( Type 2 lesions ) in chronic 

enzoot iQ pneumonia . Affected areas are usually more extensive 

and swollen and the pleural surface has a granular appearance 

in reflected light . 
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severe grey consol idation which varied in extent but was always confined 

to the antero-ventral parts of the lungs . The consolidated tissue was 

very firm and affected lobes were thicker than normal . The cut surface 

had a finely mottled t exture o� was homogeneous and pale grey in appear­

ance ( Figure 2 . 31 ) .  Oc casionally , fibrous adhesions were present 

between the pleural surface of the affected lobes and the parietal 

pleura or between the caudal surface of the cardiac lobes and the 

antero-ventral surface of the diaphragmatic  lobes of both lungs ( Figure 

2 . 32 ) . 

In addition to these 4 types of lesions some lungs were seen in 

which the ventral margins of apical and cardiac lobes showed dull grey 

consolidation which merged dorsally with a zone of emphysematous lung 

in an irregular and patchy manner ( Figure 2 . 33) . This sometimes produced 

islands of aerated t issue , up to 1 cm in diameter which were embedded in 

the margins of the c onsolidated tissue . Lesions o f  this nature were 

interpreted as representing recovery from earlier consolidat ion . In 

some cases of near complete resolut ion , areas of mild emphysema and thin 

ba�ds of c ollapse remained in the apical lobes (Figure 2 . 34) . Many of 

the lungs in which recovery had occurred showed shortening and distort ion 

of the apical lobes or severe adhesions between the ventral lobes which 

often resulted in the complete fusion of the cardiac with the adjacent 

diaphragmatic  or apical lobes ( Figure 2 . 32 ,  2 . 34 and 2 . 35 ) . 

The prevalenc e of both type 1 lesions and thick linear bands of  

collapse appeared to  be  greater during the summer months , at the beginning 

of each pneumonia season whereas the proportion of type 3 and 4 lesions 

as well as dull grey areas undergoing recovery appeared to be greater in 

the late autumn (April-June period) . However , a monthly comparison of 

lesions was not undertaken as the considerable variation in the prevalence 

of the disease between different lines of sheep would have necessitated 

the collection of a very large number of samples in order to make such a 

comparison valid . 

Pleural and pulmonary abscesses were oc casionally encountered in 

sheep of all ages . In lambs younger than 3 months they were usually 
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Figure 2 . 32 

Fibrous adhesions between the pleural surfaces of the 

apical , cardiac and diaphragmat ic  lobes of the right lung 

as well as between the apical and cardiac lobes and the 

parietal pleura . Lesions of this type are frequently seen 

in lambs during the April-June period . 

Figure 2 . 33 

An irregular area of dull grey consolidation merging 

dorsally with areas of compensatory emphysema. Lesions of 

this type were interpreted as representing recovery from 

earli er consolidation . 

Figure 2 . 34 

Mild emphysema and small bands of collapse are present 

in the right apical lobe and there is complete adhesion 

between the right diaphragmatic  and cardiac lobes . Changes 

of this type may be the aftermath of earlier pneumonic lesions . 
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Figure 2 . 35 

Peripheral areas of dull grey consolidation in the left 

apical and cardiac lobes surrounded by areas of severe com­

pensatory emphysema . The left cardiac lobe is adherent to 

the left diaphragmatic . Lesions of this type probably 

represent the re-aeration of previously consolidated tissue . 

Figure 2 . 36 

Suppurative pleuropneumonia in the ventral areas of the 

right lung of a 9 month-old lamb with chronic  sporodesmin 

poisoning . Abscesses of  this type probably develop within 

areas of unresolved chronic pneumonia . 
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multiple lesions , less than 1 cm in diameter , disseminated throughout 

the ventral areas of the lung and surrounded by variable areas of red 

consolidat ion. In older lambs the abscesses were invariably associated 

with lesions of  a pre-existing chronic pneumonia and therefore oc curred 

most frequently d11ring the late autumn months . Affected animals in this 

age group were often in poor condit ion and commonly suffered from 

concurrent disease problems such as facial ec zema ( sporodesmin toxicity ) 
or internal parasites . Because of  their association with chronic 

pr::.e'J.monia the abscesses were usually located towards the periphery of 

the apical and cardiac lobes of both lungs with resulting adhesions to  

the parietal pleura which were oft en firm and extensive . The contents 

of the abscesses varied from pale cream , semi-caseous pus ( Figure 2 . 36 ) 

to yellow , fibrino-purulent gelatinous exudate . In the adult sheep 

that were examined the abscesses appeared to be more irregularly 

distribu t ed throughout the lung and in several cases lesions were found 

in the diaphragmatic lobes . Their appearance and extent in older sheep 

varied considerably . Sometimes they took the form of well encapsulated , 

spher.ical lesions with adhesions to  the diaphragm or thorac ic wall , but 

on other occasions they consist ed of extensive , foul-smelling , haemorr­

hagic or necrotic areas . A prior history of drenching , dipping , or 

surgery under general anaesthesia suggested that many of these cases 

were the result of the aspiration of irritant liquids or gastric contents . 

Light Hicroscopy 

Type 1 ( Th<ll red consolidat ion) . The most prominent histological 

feature of these lesions was alveolar collapse . This was often severe 

and extensive so that at low magnificat ions the tissue had a homogeneous 

appearance and no alveolar spaces were discernible ( Figures 2 . 37 and 

2 . 38 ) . At higher magnifications small numbers of macrophages were found 

in alveolar spaces ( Figure 2 . 39 ) . In many cases bronchioles contained 

moderate numbers of neutrophils which were often embedded in mucus . 

Ocassionally small numbers of neutrophils could be seen infiltrating 

into alveolar ducts and alveoli surrounding these bronchioles . Reflux 

of mucus into alveolar spaces which was observed in a small proportion 

of all types of pneumonic lesions , occurred most often in lesions of this 

type being present in approximately 3�� of the cases examined . 
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The Microscopic Appearance of Type I Lesions in Chronic Pneumonia 

Figure 2 . 37 

Extensive areas of alveolar collapse with the accumulation 

of mucus and moderate numbers of neutrophils in terminal 

bronchioles . HE x 40 . 

Figure 2 . 38 

The collapsed alveoli present a featureless appearance with 

little evidence of inflarr®atory change at _ow magnificat ion. 

HE x 1 00 . 

Figure 2 . 39 

Small amounts of proteinaceous debris and occasional macro­

phages can be seen in alveolar spaces at high magnifications . 

Epoxy resin embedded. TbBf x 400 . 
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Type 2 (Red-grey consolidation ) . Severe infiltrations of  neutro­

phils into groups of  alveolar spaces were the main feature observed in 

lungs of this type . The groups of alveoli involved were disseminated 

throughout the lesion . Usually adjacent bronchioles also contained an 

exudate composed largely of  neutrophils ( Figure 2 .uo ) . When severe 

infiltrations of this type occurred beneath the pleural surface they 

produced outward bulges in the pleura \vhich were presumably the source 

of  the grey-white foci seen grossly ( Figure 2 . 41 ) . i":acrophages were 

present in moderate numbers ( Figure 2 .42) and early proliferat ive 

changes including bronchiolar epithelial hyperplasia and peri bronchial 

lymphoid hyperplasia were often seen . In some cases prominent cells 

with large , pale-staining nuclei  were observed singly or in pairs closely 

assoc iated with the alveolar septum . These were later identified by 

electron microscopy as type II alveolar cells undergoing early prolifera­

tion. 

Type 3 (Grey-red consolidation ) . Both exudat�ve and proliferat ive 

changes were present in lesions of this type but proliferative changes 

predominated . H�perplasia of the bronchiolar and alveolar epithelium 

were conspicuous features and there was variable peribronchial and peri­

vascular lymphoid hyperplasia ( Figure 2 . 43) . The cellular exudate 

consisted largely of  macrophages but these were often mixed with 

variable nambers of neut:::-ophils ( Figure 2 .44 and 2 . 45 ) . The development 

of fibrous connective t issue in the interst it ial spaces around some 

bronchioles was also noted and could be readily demonstrated with van 

Gieson and reticulin stains . In occasiona.l lungs there 1-.ras hypertrophy 

of the smooth muscle tissue in the walls of small bronchioles and 

alveolar ducts  ( Figure 2 .49 ) . 

Type 4 (Grey consolidation) . Chronic proliferative changes were 

the most pervasive feature in lungs of this type . Severe hyperplasia o= 

both the bronchiolar and alveolar epithelium were constant findings 

( Figure 2 .48 ) . Peribronchiolar fibrosis and alveolar interstitial 

thickening were also common and in severe cases proliferation of fibrous 

tissue in the walls of bronchioles resulted in the formation of nodular 

scars which partially obstructed the bronchiolar lumen ( Figure 2 .46 ) . 
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The Microscopic Appearance of Type 3 Lesions in Chronic Pneumonia 

Figure 2 .43 

Both exudat ive and proliferative changes are present . There 

is a prominent bronchiolar epithelial hyperplasia and an increase 

in the number of goblet c ells . Lymphoid hyperplasia surrounds a 

bronchiole partially sectioned at bottom right and alveoli are 

filled with variable numbers of macrophages and neutrophil e . 

HE X 1 00 . 

Figure 2 .44 

Proliferation of alveolar type II cells can be seen in many 

alveolar spaces resulting in partial alveolar epithelializat ion. 

HE x 400 . 

Figure 2 . 45 

The alveolar exudate is a mixture of neutrophils and large 

macrophages and early proliferat ion of connective tissue can be 

seen in some alveolar septa . Epoxy resin embedded . 

TbBf X 400 . 
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The Microscopic Appearance of Type 4 Lesions in Chronic Pneumonia 

Figure 2 .46 

Severe proliferative changes are the main feature including 

bronchiolar epithelial hyperplasia and peribronchiolar fibrosis 

with the formation of parabronchial nodular scars . HE x 1 00 . 

Figure 2 .47 

Macrophages predominate in the alveolar exudate and only 

occasional neutrophils can be found . There is severe peri­

bronchiolar lympho id hyperplasia adjacent to  a bronchiole out 

of view at left . HE x 250 . 

Figure 2 . 48 

Complete alveolar epithelialization of alveol i at the 

periphery of a lobule adjacent to interlobular connective 

t issue . HE x 250 . 





following page 76 

Figure 2 . 49 

Knob-like swellings of smooth muscle tissue at the ends 

of interalveolar septa. These were found in some cases of  

chronic  pneumonia but they were not a constant feature . 

HE X 250 . 

Figure 2 . 50 

Partially aerated alveolar spaces in resolving chronic 

pneumonia . A few macrophages are present in alveoli and there 

is some residual peribronchiolar fibrosis together with severe 

lymphoid hyperplasia associated with a bronchiole out of view 

at right . HE x 1 00 . 

Figure 2 . 51 

Edge of pulmonary abscess in a case of chronic pneumonia 

showing bronchiolar epithelium forming part of the margin of 

the abscess . HE x 100 . 
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Peribronchial lymphoid hyperplasia was variable and often severe in 

extent producing compression of surrounding alveoli and indentat ions 

into the lumen of both bronchi and bronchioles . Alveolar :nacrophages 

were sometimes present in large numbers ( Figure 2 .47) but neutrophils 

were only rarely seen . 

In the partially aere.ted lungs collected during the April-June 

period , evidence of residual chronic proliferative lesions was commonly 

present . This usually included severe peribronchial lymphoid hyperplasia 

together with mild peribronchiolar fibrosis and mild bronchiolar 

epithelial hyperplasia . The partially aerated alveolar spaceG often 

contained small numbers of macrophages ( Figure 2 . 50 ) . In some cases the 

close relationship of bronchioles , lymphoid cuffs and interlobular septa 

indicated that considerable destruct ion of alveolar tissue had taken 

place . 

The majority of pulmonary abscesses found in young lambs were small , 

disseminated lesions which appeared to be of  haematogenous origin . Those 

found in older lambs and adult sheep often emanated from bronchi or 

bronchioles . This was apparent in several cases where sections of  

bronchiolar epithelium could be  found forming part of the wall of the 

abscess ( Figure 2 . 51 ) . In such cases , the necrotic exudate which usually 

contained numerous colonies of bacteria , sometimes extended to the 

pleural surface where it fistulated into the thoracic cavity or became 

covered by a thickened , granulomatous pleura . 

In many of the chronic pneumonias examined occasional stratified , 

spherical bodies , 30 to  100 �m in diameter were found in alveoli ,  

alveolar ducts and bronchioles . They were similar in appearance to 

pulmonary microliths in that they usually had an acidophilic matrix 

and showed variable numbers of concentric , basophilic outer layers . 

They gave a strong positive PAS react ion and a weak react ion to  alcian 

blue but usually contained no calc ium as indicated by the von Kossa 

react ion . In this , and other respects  they closely resembled the 

pulmonary corpora amylacea described by Baar and Ferguson ( 1 963)  in human 

pulmonary interstitial fibrosis with organising bronchopneumonia. Various 
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stages of  their formation were often visible in the lungs examined and 

they appeared to arise from the sequestration of protein-rich exudate 

into which necrot ic cellular elements were sometimes incorporated 

( Figure 2 . 52 ) .  

Histochemistry 

The results listed in Table VI show that increased histochemical 

activity for a variety of  enzymic reactions was observed in pneumonic 

lungs when compared with artifically collapsed normal lungs. The 

increased activity was in the majority of cases due to increased numbers 

of alveolar type II cells , alveolar macrophages and neutrophils rather 

than increased react ivity within each cell . An exception to this were 

the enzymic reactions within al. veolar macrophages which v/ere invariably 

increased both in intensity as well a.s in number ( Figures 2 . 53a and 

2 . 53b ) . The react ions for alkaline phosphatase , LDH and MDH which 

served to ident i fy type II cells in normal lungs were less evenly spaced 

and occurred in scattered irregular aggregat ions of 2 or mere cells in 

all of the 5 grey-red consolidated lungs that were examined (Figures 

2 . 54a and 2 . 54b ) . Thus cells with the histochemical characteristics o f  

type II  cel ls  were assumed to be  proliferating in  pockets within the 

pneumonic t issue . 

Comparison of the intensity of alkaline phosphatase react ion in the 

grey-red consolidated lungs with that in the dull red and red-grey types 

of consolidation was also attempted . However , variation in section 

thickness and the limitations of sensitivity and reliability of the 

techniques used precluded the accurate assessment of these enzyme levels 

on a quantitat ive basis.  

Electron Microscopy 

Substantial ultrastructural changes were seen in the lungs with 

dull red consolidation despite their unremarkable appearance when viewed 

under the light microscope . One of the commonest changes observed was 

distension of the interstitial spaces in alveolar septa ( Figure 2 . 55 ) . 

The distended tissue spaces appeared oedematous and somet imes strands 

of proteinaceous debris were found within these spaces as well as in the 
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Figure 2 .53 

Non-specific alkaline phosphatase reaction . 

( a) In normal artificially collapsed lung the act ivity is 

concentrated in scattered great alveolar type II c ells . 

( b )  In pneumonic lung the act ivity indicates aggregations 

of 2 or more type II  c ells . 

Naphthol AS ( NAS ) method and haematoxylin. X 250 . 

Figure 2 . 54 

Non-specific acid phosphatase reaction. 

( a) In normal artificially collapsed lung there is a mild 

diffuse act ivity in the alveolar septa . 

( b )  In pneumonic lung there i s  a marked increase in act ivity 

due to infiltration by macrophages and neutrophils . 

NAS method and methyl green . X 250 . 
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Figure 2 . 55 

Early changes in an area of  alveolar collapse in chronic 

pneumonia . There is oedema of the alveolar interstitium ( T )  

and migrat ion o f  a large mononuclear cell ( M )  through the 

interst it ial space .  The cytoplasmic extensions of the alveolar 

type I epithelial cell (E) are swollen and show loss of continuity 

of the outer plasma membrane . The alveolar type II cell ( G )  

appears normal . X 9 ,000 . 

Figure 2 . 56 

More advanced changes in an area of alveolar c ollapse . 

A large mononuclear cell (M )  is migrat ing beneath a degenerat ing 

typ� II  cell ( G) which shows mitochondrial swelling and cyto­

plasmic  vesiculatiori. The adjacent alveolar type I epithelium 

shows severe vesiculation ( v) . The alveolar space (A )  contains 

part of a macrophage and necrotic debris . X 9 , 000 . 
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surrounding alveoli . The interstit ial swelling was not universal and 

occurred most often between capillaries leaving large areas of the 

blood-air barrier apparently unaffected. Occasional large mononuclear 

cells could be found migrating within these oedematous areas ( Figures 

2 .55 and 2 . 56) . 

In some cases act ive macrophages were found within those alveoli 

in which proteinaceous exudate was present . They contained numerous 

large dense bodies , many mitochondria and prominent pseudopodial 

extensions ( Figure 2 . 57) . Increased numbers of macrophages of a similar 

type were invariably present in lungs with more severe lesions . In 

these cases the macrophages often had a variety of vacuolated , cytoplasmic 

inclusions containing cellular debris or whorled myelin-like forms some 

of which were presumably engulfed secretions of type II cells ( Fi�lre 

2 .58 ) . Many macrophages had been migrating when fixed and showed a 

broad advancing edge of cytoplasm within which acanthosomes could be 

seen forming around proteinaceous debris ( Figure 2 .57) . The nucleus was 

usually displaced towards the rear of these cells and showed an open 

chromatin pattern typical of metabolically act ive cells in addition to a 

prominent nucleolus . 

The mildest changes recognised in the alveolar epithelial type I 

cells were swelling and loss of density in the cytoplasmic ext ensions 

together with vesicle formation and loss of continuity of the outer 

plasma membranes ( Figures 2 .55 and 2 . 56 ) . Sometimes large blebs with 

proteinaceous contents were observed but more often small , clear vesicles 

were seen which in advanced stages became confluent . Despite these 

changes the type I c ells usually remained securely attached to the base­

ment membrane . In other collapsed alveoli the type I cells often appeared 

normal ( Figure 2 .59 ) . However , in some areas the epithelium was thicker 

than normal and showed small , irregular cytoplasmic projections but these 

changes were interpreted to be the result of collapse and contraction of  

type I cell cytoplasm. 

Desquamation of  alveolar epithelial type I cells was somet imes 

observed in more advanced cases where neutrophils commonly filled alveolar 

spaces . This change was usually assoc iated with migrating neutrophils or 
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Figure 2 .57 

An active alveolar macrophage in alveolar space (A ) . 

The cytoplasma contains numerous dense bodies ( d) and the 

advancing edge (x )  is taking proteinaceous debris into 

phagosomes ( arrow) . x 9 , 000 . 

Figure 2 .58 

Sloughing of the alveolar epithelium in chronic  pneumonia. 

An alveolar type I c ell (E)  has become detached but shows little 

degenerative change . A degenerating neu�rophil ( N )  and portion 

of a macrophage ( M )  have migrated beneath the epithelium and the 

alveolar space ( A )  contains necrotic cellular debris and 

occasional bacteria ( arrow) . X 9 , 000. 
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Figure 2 .59 

Early degnerative changes in an alveolar type II  cell in 

an area of alveolar collapse .  The mitochondria ( m) are swollen 

and there are indentations in the nuclear membrane . Small 

dilatations ( d )  are present in the endoplasmic reticulum and 

there is loss of superficial microvilli . 

type I epithelium (E)  appears normal . 

Figure 2 . 60 

The adjacent alveolar 

X 1 2 , 000 

More advanced deg:enerative changes in an alveolar type II  

cell in chronic pneumonia. The mitochondria (m) are severely 

swollen and disrupted and there is loss of nuclear membrane . 

Several dilatations ( d ) are present in the endopla�mic reticulum 

and a cytoplasmic extension ( c )  is present at the surface of the 

cell . X 1 6 , 000 . 
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macrophages e ither within the alveolar septum or beneath the detached 

alveolar epithelium. Despite its  predicament the detached epithelium 

often showed only relatively minor degenerative changes such as mito­

chondrial swelling and indentat ion of  the nuclear membrane ( Figure 2 .58 ) . 

Occasionally small numbers of bacteria were seen associated with these 

changes but no mycoplasmas were found within alveolar spaces and no 

viral particles could be seen in alveolar epithelial cells or macrophages . 

Degenerative changes in alveolar type II  c ells were frequently one 

of the earliest lesions detected in the dull red consolidated lungs that 

were examined .  These changes consisted of swollen mitochondria , mild 

indentat ions of the nuclear membrane and moderate dilation of the 

endoplasmic c isternae ( Figure 2 .59 ) . As the lesions progressed ,  cells 

in which these changes had developed to the point of necrosis were 

commonly found . They showed severely dilated mitochondria , disruptions 

of the nuclear membrane , loss of osmiophilic bodies and numerous 

dilat ions and vacuolat ions of the endoplasmic reticulum ( Figure 2 . 60) . 

Somet imes small cytoplasmic extensions of the outer plasma membrane were 

also seen ( Figure 2 . 60) . These were regarded as diminutive forms of 

more extensive cytoplasmic dilat ions which were occasionally found in 

less severely damaged c ells in advanced lesions ( Figure 2 . 63) . Another 

common degenerative change found in type II cells was thickening of the 

superficial plasma membrane with electron-dense material . This was 

often accompanied by loss of microvilli and early vesicular changes in 

the cytoplasm ( Figure 2 . 61 ) .  Changes of this nature were confined to 

alveoli in which there were advanced destructive lesions including severe 

protein exudation and infiltration by macrophages and neutrophils . 

Damaged type II cells could still be detected even in the most 

proliferative types of pneumonia examined. In these cases affected c ells 

showed loss of osmiophilic bodies , severe universal dilatations of the 

endoplasmic reticulum , swollen mitochondria and severe nuclear indentations . 

In some of the c ells showing these changes and in others in which only 

mild changes were present , unusual cytoplasmic inclusions were encountered 

which were not seen in normal c ells . They took the form of  spherical sacs 

up to  4 �m in diameter which appeared to arise from dilatations of the 

endoplasmic reticulum as this often formed c ircles or semicircles around 
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Figure 2 . 61 

Thickening of  the superficial plasma membrane ( t )  is 

another common degenerative change in alveolar type II cells . 

The damaged c ell also shows dilatation of the endoplasmic 

reticulum and loss of superficial microvilli . The adjacent 

type II cell is less severely affected but the alveolar type 

I epithelium ( E )  is extensively vacuolated . A macrophage ( M )  

is present i n  the alveolar space and a plasma cell (P )  can be 

seen in the underlying interstitium. x 9 , 000 . 

Figure 2 . 62 

An intra-cytoplasmic inclusion ( i )  in an alveolar type II  

cell . These spherical bodies were occasionally found in damaged 

or proliferating type II cells . They contained evenly distrib­

uted dense granules and were often surrounded by semicircles of 

endoplasmic reticulum ( r) .  A mast cell (H) is present in the 

und�rlying interstitium. x 1 2 , 600 . 
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Figure 2 .63 

Early proliferation of alveolar type I I  cells in the corner 

of an alveolus . One cell shows a superficial cytoplasmic exten­

sion ( c )  as well as an intracytoplasmic inclusion ( i ) . 

X 1 0 , 000 . 

Figure 2 .64 

Severely destructive changes in an alveolus in chronic 

pneumonia . There is loss of alveolar type I epithelial cells 

and type II cells ( G) lie flatt ened against the basement 

membrane . The alveolar space ( A )  contains neutrophils ( N) , 

bacteria ( B )  and necrotic cellular debris . x 9 , 000 . 
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them. Their electron density was similar to  that of lipid vacuoles 

but they contained numerous , evenly distributed , dense granules with 

a periodicity of approximately 80 nm which were somet imes arranged in 

a linear or c ircular fashion ( Figures 2 . 62 and 2 . 63 ) . 

Hyperplasia of type II cells was recognised in an early form in 

lungs showing red-grey consolidation in which there was a large compon­

ent of cellular exudate.  The proliferating cells could be found in 

groups of 2 or 3 in the corners of damaged alveoli ( Figures 2 . 61 and 

2 .63 ) . In some lungs of this type , where destruct ion of the alveolar 

epithelium had occurred , flattened type II cells were observed lying 

compressed against the basement membrane and sometimes extending over 

its surface in a similar manner to the normal posture of type I epithelial 

cells ( Figure 2 . 64 ) . This phenomenon was also encountered in advanced 

lesions where proliferative interstitial changes were evident ( Figure 

2 . 70 ) . 

The proliferating type II  cells showed considerable variation in 

ultrastructural morphology. Where proliferation was least severe the 

cells closely resembled normal type II cells except they usually contained 

more dilatations of the endoplasmic reticulum into cisternae and smaller 

numbers of vacuolated osmiophilic inclusions . In those alveoli where 

there was marked proliferation , the majority of type II cells involved 

were immature and simiar in morphology to those described in the foetal 

lamb by Kikkawa et al . ( 1 965 ) . They were larger and less electron-dense 

than mature c ells and contained numerous free ribosomes but few cytoplasmic  

organelles ( Figure 2 . 65 ) . The occasional osmiophilic inclusions that 

were present were c oarsely lamellated similar to those described in 

foetal type II cells (Kikkawa and Spitzer , 1 969) . In those lungs where 

there was extensive interstitial fibrosis with obliteration of alveolar 

spaces , many of the pockets of cells which lay embedded . in f ibrous tissue 

and were of uncertain nature under the light microscope , were identified 

as alveolar type II  cells ( Figure 2 . 66 ) . They often had an abundant 

cytoplasm with numerous coarsely lamellated inclusions . On some occasions 

their cytoplasm contained a variety of electron-dense bodies which showed 

various stages in transformation from lamellated inclusions of normal 

morphology t o  small dense bodies c ontaining a spherical , c entral core 
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Figure 2 . 65 

Alveolar epithelialization in chronic pneumonia showing 

electron-dense mature type II cells (G )  and proliferating 

immature type II cells ( F) containing coarsely lamellated 

oxmiophilic bodies . The alveolar space (A ) contains necrotic 

macrophages .  X 9 , 000 . 

Figure 2 . 66 

A pocket of  proliferating alveolar type II cells in an 

advanced ease of chronic pneumonia. The c ells have many 

coarsely lamellated inclusions and numerous other organelles . 

X 9 , 000 . 
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surrounded by an irregular dense ring ( Figure 2 . 67) . 

Cells intermediate in morphology between type I and type I I  alveolar 

cells could occasionally be found attached to the alveolar wall of 

partially aerated alveoli in some cases of  chronic pneumonia . They had 

plump nuclei , moderate numbers of c ell organelles and occasional micro­

villi but lacked osmiophilic bodies ( Figure 2 . 68 ) . Other cuboidal c ells 

resembling Clara cells but lacking secretory granules , were also seen 

attached to  the alveolar wall on some oc casions . In addition , Clara 

cells attached to the distal end of proliferating bronchiolar epithelia 

were on rare occasions found to contain lamellated osmiophilic  bodies 

resembling those normally seen in type II  c ells ( Figure 2 . 69) . 

In advanced cases of chronic pneumonia , inflammatory cells with the 

ultrastructural characteristics of lymphocytes , plasma cells , monocytes 

and fibroblasts were frequently indentified in the alveolar interst itium 

(Figure 2 . 71 ) .  Mast cells were also seen but did not appear to be 

significantly increased in number . 

Abberrant extensions of type I alveolar epithelial cells were 

occasionally encountered in advanced pneumonic  lesions . They took the 

form of  cytoplasmic membranes which covered the free surface of type II 

cells ( Figures 2 . 72 and 2 . 73) . This covering was sometimes complete 

resulting in the build up of type II c ell l ipoprotein secretions beneath 

the epithelial extensions . The trapped secretions sometimes consisted of 

vacuoles of variable size containing small , whorled , osmiophilic bodies 

embedded in a proteinaceous matrix ( Figure 2 . 73) . In other cases however , 

all the secretions were densely osmiophilic and large , concentrically 

lamellat ed forms were present within vacuoles ( Figure 2 . ?4 ) . 
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Figure 2 . 67 

A group of proliferating alveolar type II cells in the 

c orner of  an alveolar space ( A ) . Their cytoplasm contains a 

variety of  osmiophilic bodies ranging from large vacuolated 

types ( m) typical of mature c ells , to small irregular bodies 

( S )  with a dense central core . x 9 , 000 . 

Figure 2 .68 

Partially aerated alveoli ( A )  from an area of resolving 

chronic pneumonia. A undifferentiated cuboidal epithelial c ell 

(U )  is separated by desmosomes ( d) from neighbouring alveolar 

type I c ells but lacks the features characteristic of a fully 

differentiated type II cell . x 9 , 000 . 





following page 82 

Figure 2 . 69 

Clara cells ( C )  at the end of a terminal bronchiole which 

contains neutrophils ( N ) . The end cell (D) appears to be 

differentiat ing into an alveolar type II cell as it contains 

a lamellated osmiophilic body ( arrow) . x 9 , 000 . 

Figure 2 . 70 

Alveolar space (A )  in an advanced cas� of chronic 

pneumonia . It is lined by a cell containing lamellated 

bodies ( b )  but with the flattened posture characteristic 

of an alveolar type I cell . The underlying interstitium 

(T )  is severely thickened with connective tissue . 

X 9 , 000 . 
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Figure 2 . 71 

The alveolar int erst itium in an advanced c ase of chronic 

pneumonia.  It  contains infiltrat ing plasma c ells ( P) , a 

fibroblast ( F) and a large mononuclear cell (M ) . x 9 , 000 . 

Figure 2 . 72 

Aberrant cytoplasmic extension of alveolar type I cell (E )  

over the surface of an alveolar type I I  cell ( G) . The covered 

cell appears mildly damaged as indicated by loss of superficial 

microvilli and a small cytoplasmic  extension ( c ) . x 9 , 000. 
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Figure 2 . 73 

An alveolar type II cell ( G )  trapped beneath the cytoplasmic 

extensions of a type I cell ( E ) . The resultant build up of 

osmiophilic secret ions ( s )  from the lamellat ed bodies ( b )  is 

protruding into the alveolar space (A) . x 9 , 000 . 

Figure 2 . 74 

Densely osmiophilic secretions ( s )  from an alveolar type II  

cell ( G) have accumulated beneath the cytoplasmic extensions of 

a type I c ell (E ) . x 1 2 , 600. 





DISCUSSION 

The present study has succ eeded in defining pathologically the two 

main types of pneumonia which are enzootic in sheep in New Zealand. 

Investigations in the United Kingdom and Australia have also recognised 

the existence of two similar , separate clinico-pathological entities in 

the local sheep populations of these countries . Stamp and Nisbet ( 1 963) 

have used the terms "enzootic"  and "atypical" to describe the syndromes 

which occur in Scotland , whereas St . George and Sullivan ( 1 973 ) have 

preferred the terms "acute exudative"  and "subacute or chronic ( summer 

pneumonia) " for similar syndromes in Australia . Despite these differences 

in terminology , the situation in New Zealand with regard to these two 

pathological entities , appears to be essentially the same as that in 

both the U .K . and Australia. It is suggested therefore , that the term 

enzoot ic pneumonia as used originally in New Zealand by Salisbury ( 1 957)  

be broadened to its true epidemiological meaning by the inclusion of 

subacute and chronic pneumonias of the type described in the present 

invest igations . 

The distribution of gross lesions in the lungs in acute pneumonia , 

while invariably more ext ensive and diffuse than in the subacute and 

chronic  pneumonias , was nevertheless primarily confined to the ventral 

areas of both lungs . Salisbury ( 1 957) described consolidation and 

fibrinous pleurisy of a similar distribution ; mainly in the apical lobes 

but extending to the right cardiac and diaphragmatic lobes with acute 

congestion of the remainder of  the lungs . Downey ( 1 957) however , gave 

a slightly different account of the lesions . While noting that fibrinous 

pleurisy was a common finding he mentioned that yellow , serous fluid was 

often present in the thoracic  cavity and that congestion and oedema of 

the lungs were sometimes so intense that it was difficult to demonstrate 

areas of consolidation. 

With the exception of tuberculosis and parasitic  diseases , primary 

involvement of the ventral portions of the lungs is a common event in 

the majority of pneumonias in most species . It is best explained on the 

basis of differences in ventilation and perfusion which are related to 

the gradient in pleural pressure down the lung which in turn is  thought 

to  b e  gravity dependent ( Milic-Emili et al . ,  1 968 ) .  Under normal 



conditions therefore , the alveoli  in the dependent portions of  lung 

vent ilate more and receive more blood than the upper alveoli thus 

rendering them more exposed to both endogenous and exogeous insult . 

84. 

The spread of the lesions to the dorsal lobes in many cases of acute 

pneumonia could therefore be explained either by the possibility that 

the lesions arise from terminal septicaemic or toxaemic changes or that 

normal vent ilat ion and perfusion ratios become altered with hyperventila� 

t ion and physiological stress due to exerc ise , dipping or shearing with 

which the disease is often associated. 

The histopathology of the acute pneumonias studied in the present 

investigat ion does not differ markedly from the descript ion of enzootic  

pneumonia by  Montgomerie e t  al . ( 1 938 ) or the contagious pneumonia 

described in sheep in Iceland by Dungal ( 1 931 ) .  The essential features 

such as the densely packed cellular exudate ,  fibrin exudat ion , congestion 

and intra-alveolar haemorrhage were seen in the majority of the present 

cases . The occurrence of some other features however , was not as 

consistent as was indicated by these earlier authors. Haemorrhagic 

necrosis , although sometimes severe , was not invariably present and 

fibrinous pleuritis was seen in only approximately half of  the cases 

examined. Nevertheless , the overall pathological picture of the disease 

in sheep in New Zealand leaves l ittle  doubt that it is the same patholog­

ical entity as described by these earlier authors and subsequently 

recognised in many other countries throughout the world ( Shirlaw , 1 959 ) . 

One of the most intriguing questions in the pathogenesis of acute 

pneumonia concerns the development and composit ion of the cellular 

exudate within alveoli that gives rise to the process of "streaming" 

which appears to be peculiar to sheep pneumonia . Since the initial 

microscopic observations of Jowett ( 1 930) and Dungal ( 1 931 ) investigators 

have consistently regarded this exudate as being largely of mononuclear 

origin ( Montgomerie et al . ,  1 938 ; Salisbury , 1 957) . Neutrophils have 

been observed in capillaries , interstitial spaces and in small numbers 

in alveolar spaces ( Dungal , 1 931 ) but have not been conspicuous within 

the c ellular exudate .  The participation o f  such large numbers of mono­

nuclear c ells in what is clinically and pathologically an extremely acute 

inflammatory react ion is contrary to  experimental observations on cellular 



migration in acute inflammation ( Florey , 1 970 ) .  Studie9 on acute 

inflammation using skin windows in the ears of rabbits ( Page , 1 972) have 

shown that polymorphs reach a peak migration rate 6 hours after the 

initial injury and thereafter migrate at more than double the rate of  

mononuclear cells at  all t imes up until 72 hours.  Mononuclear cells 

reach their peak migrat ion rate at 32 hours aft er injury . What is known 

of the epidemiology of acute pneumonia in sheep from farm histories 

suggests that it is usually of rapid onset with a short duration and 

abrupt clinical signs . Salisbury ( 1 957 ) noted that death usually 

occurred within 1 2  hours of the onset of symptoms .  It seems unlikely 

therefore , that a necrotic c ellular exudate of the extent observed 

throughout the lung would have time to accumulate within a 1 2  to 48 hour 

period if it was composed only of mononuclear c ells . This information 

therefore supports the present ultrastructural observat ions which 

indicate that neutrophils and detached alveolar epithelial cells may 

contribute to at least part of the c ellular exudate .  More detailed 

studies of cell migration in acute inflammation in the ovine lung will 

be necessary however before firm conclusions c an be drawn . 

The chronic  and subacute pneumonias examined in the present invest­

igation showed histopathological features which most closely resembled 

the lesions o� atypical pneumonia as described by Stamp and Nisbet ( 1 963) . 

Many of the features mentioneq by these authors , including interstitial 

mononuclear cell infiltration , lymphoid hyperplasia , alveolar epithel ial­

izat ion , bronchial epithelial hyperplasia and peribronchiolar fibrosi s  

with the formation of  nodular scars were regular features o f  the present 

cases .  None of these proliferative changes appear to  be  associated with 

spec ific aet iological agents in pulmonary pathology but rather they 

represent the response of pulmonary tissue to any long term irritation . 

In the sheep , int erst itial thickening , lymphoi d  hyperplasia and bronchial 

epithelial hyperplasia are all features of maedi ( Georgsson and Palsson , 

1 971 ) .  However , smooth muscle hyperplasia in the walls of  alveolar ducts 

was only seen occasionally in lungs in the present series and was not  as 

common a finding as it is in maedi . Similarly , the degree of inter­

stitial mononuclear c ell infiltration was only mild when compared to maedi .  

Peribronchial and perivascular lymphoid hyperplasia was variable and was 

sometimes absent from lungs in which many of the other proliferative 
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changes were prominent features . Alternatively , it  could somet imes be 

found well developed in lungs where there was only minimal proliferat ive 

change and could even be found in occasional lungs from normal lambs 

collected during the latter half of the pneumonia season. The histolog­

ical division of pneumonic lungs into lymphoid and interstitial types as 

was att empted by Stamp and Nisbet ( 1 963) did not seem warranted in the 

presen t study as there was considerable overlap of lesions of this type 

in many of the pneumonias . Instead an attempt was made to  divide the 

lungs into 4 groups according to their gross lesions and the degree of  

exudat ive and proli ferative changes which were present microscopically. 

Although no definitive boundaries could be drawn between the lesions in 

the 4 different groups the excercise was considered useful as it high­

lighted what is probably the natural progression of the disease from 

early ( type 1 )  through to advanced ( type 4) lesions . It should be 

noted however , that this suggest ion does not encompass the not ion that 

a progression of this kind is inevitable once type 1 lesions occur . On 

the contrary , the recovery of lungs following type 1 lesions without 

undergoing severe de�truct ive and proliferative changes remains a real 

possibility which requires further investigation. 

Comparison of the histopathology of the subacute and chronic 

pneumonias studied here with those reported in Queensland by Sullivan 

et al . ( 1 973a) and thought to  be associated with Mycoplasma ovipneumoniae 

infection is of considerable interest . Unfortunately detailed microscopic 

observat ions on the full spectrum of lesions encountered in the Australian 

situation have not yet been published. However , the disease has been 

described in general t erms as a proliferative interstitial pneumonia with 

septal thickening and perivascular and peribronchial accumulat ions of 

lympho-reticular c ells . Infiltration by neutrophils was a constant 

feature and alveolar epithelialization and bronchiolar epithelial proli f­

eration were also observed. Although no mention was made of macrophage 

infiltration this description is similar in many respects to a large 

proportion of the present cases . Sullivan et al . ( 1 973a) commented on 

the histological s imilar ity of this condit ion t o  atypical pneumonia in 

British sheep ( Stamp and Nisbet , 1 963) although St . George ( 1 972) had 

earlier found no resemblance between pneumonia in sheep in South Australia 

and Victoria and that described by  Stamp and Nisbet ( 1 963) . 



The clear pathological differences between the two types of enzootic 

pneumonia seen in New Zealand are best explained on the basis of differ­

ences in degree and rapidity of destruction of pulmonary alveolar tissue . 

These differences were most readily apprec iated at the ultrastructural 

level . Although degeneration and desquamation of alveolar epithelial 

type I cells was seen in both acute and chronic forms of the disease there 

were vast differences between the two forms in the severity and extent of 

this change . In acute pneumonia there was universal sloughing and 

disintegration of type I cells while type II cells were difficult to locate  

as they t oo had sloughed into alveolar spaces and become indistinguishable 

from necrot ic  alveolar macrophages . Changes of this severity were not 

seen in subacute and chronic forms of the disease . In those lungs with 

chronic pneumonia where there were marked destructive changes , epithelial 

desquamat ion was somet imes seen as a focal event but more common findings 

were degenerative epithelial changes such as vesiculation and bleb 

format ion . Severe destructive changes of a similar nature have recently 

been reported in experimental bacterial pneumonia in rats ( Pine et al . ,  

1 973 ) and were already well advanced 24 hours after the intra-tracheal 

instillat ion of Proteus sp . However , reports of  ultrastructural changes 

of this severity in naturally occurring diseases appear to be lacking at 

the present time . 

Severe interst it ial changes which were not easily recognised under 

the light microscope were a conspicuous feature of the ultrastructure 

of acute pneumonia. Severe oedema of the interstitium , destruction of 

the c apillary endothelium , fibrin and platelet accumulation and eventual 

rupture of the basement membrane were commonly encountered. Although 

changes of this nature were not seen in chronic pneumonia , isolated 

instances of  fibrin and platelet accumulation and interstitial oedema 

were seen in those lungs with a large component of neutrophils . 

A further striking difference between the two forms of pneumonia was 

the presence of large numbers of bacteria within alveolar spaces in the 

acute disease.  Bact eria have often been reported within the alveolar 

spaces of sheep with acute pneumonia ( Dungal , 1 931 ; Salisbury , 1 957 ) . 

Although they could be readily demonstrated in the present cases by the 

use of Gram or Giemsa stains the electron microscope enabled better 
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visuali zation of  their locat ion. It indicated that they were closely 

associated with destruct ive changes within alveoli as they c ould be 

found within necrotic alveolar macrophages and beneath desquamating 

type I epithelial c ells . Surprisingly few bacteria were found in the 

subacute and chronic forms of pneumonia , but when present these too 

were associated with destructive events such as loss of alveolar 

epithelium and necrosis of infiltrating leucocytes . 

No single , universal feature could be considered charact eristic  

of  the ultrastructural appearance of  the early ( type 1 )  lesions in which 

alveolar collapse and slight macrophage infiltrat ion were the typical 

light microscope findings . However , several significant changes were 

found irregularly distributed in both interst itial and alveolar 

epithelial t issues . One of these changes was mild interstitial oedema 

in perivascular spaces which was similar but less severe than that 

described in the unvent ilated , collapsed lungs of dogs in the early stages 

of oxygen poisoning (Coalson et al . ,  1 971 ) .  In the experiments with dogs , 

the oedema was invariably accompanied by capillary endothelial damage but 

this was not a feature of the present cases . It is possible that the 

lesions found in the present study resulted from patho-physiological 

factors relat ed to  alveolar collapse such as increased pulmonary vascular 

resistance , congestion and increased capillary permeability. A further 

change which was commonly encountered was vesiculation and bleb forma­

t ion in the alveolar epithelium. Blebs or "blisters" have been seen in 

a variety of circumstances in type I alveolar c ells (Manktelow , 1 967b ; 

�eidbord , 1 967 ; Coalson et al . ,  1 971 ; Finlay-Jones et al . , 1 971 ) ,  type 

II alveolar c ells (Harrison , 1 970 ) , Clara c ells (Wang et al . ,  1 971 ) and 

c iliated bronchiolar c ells (Baskerville , 1 972 ) . They are thought to  be 

caused by degenerative changes in c ell membranes due to  non-specific 

toxic factors ( Zollinger , 1 948 ) . 

Possibly one of the more important early changes that were detected 

were the degenerative lesions exhibited by type II alveolar c ells.  They 

ranged from mild changes to severe lesions typical of the subcellular 

react ion to lethal injury described by Trump and Ginn ( 1 969) . They 

included mitochondrial swelling , dilatation and vesiculation of the 

endoplasmic reticulum , loss of c ontinuity of plasma membranes , indentation 



of  nuclear membranes and clumping of nuclear chromatin. Changes in 

type II cells of this nature have been previously reported in such 

diverse conditions as oxygen poisoning ( Adamson et al . ,  1 97Cb� carbon 

dioxide exposure ( Schaefer et al . ,  1 964 ) , ozone administration ( Bils , 

1 970) , phosgene inhalation ( Diller et al . ,  1 969 ) , dilute nitric acid 

instillation (Greenberg et al . ,  1 971 ) ,  kerosene , sodium arsenit e ,  and 

distilled water instillation ( Manktelow , 1 967b) , Paraquat administration 

( Manktelow ,  1 967b ; Vijeyaratnam and Corrin , 1 971 ; Smith and Heath , 

1 974) and adrenalin administration ( Wang et al . ,  1 971 ) .  Other features 

such as the loss of microvilli and disrupti on of osmiophilic bodies 

which are more spec ific to  type II cells are also mentioned by many of 

these authors rtnd were frequently encountered in the present study .  One 

change often observed in both acute and chronic pneumonia which does not 

appear to  have been previously reported was the formation of thickened , 

electron-dense plasma membranes . Because this change always occurred in 

the most superficial areas of the cell membrane it was assumed to  result 

from the direct effects of toxic substances in the alveolar space . 

The common occurrence of moderately electron-dense inclusions in 

damaged and proliferating type II cells is an unusual finding. The 

material involved is presumably a lipoprotein and appears to have 

accumulated in cells in which few osmiophilic bodies are present . It 

is possible therefore , that the material has become sequestered in 

autophagocytic  vacuoles because of a metabolic defect of some sort in 

the nor�al secretory mechanisms of pulmonary surfactant . Recently , 

Stephens et al . ( 1 973) have reported the presence of a similar substance 

in the type II  cells of dogs following long term exposure to ozone . 

Although the material observed by these authors was of similar electron 

density and distribution it contained bar-like structures which had a 

periodicity of 75 .4  nm. It seems l ikely that the two substances are of 

a similar · nature and that the differences in periodicity and morphology 

are due t o  species differences or differences in fixation and embedding 

techniques . 

One of the major features of  the repair phase of chronic pneumonia 

was hyperplasia of the alveolar epithelium which was seen in the majority 

of lungs examined .  The finding that alveolar type I I  cells are the main 



c ell contributing to this repair has been reported by Alley and 

Manktelow ( 1 971 ) and has since been confirmed by Baskerville and 
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Wright ( 1 973) in porc ine enzootic pneumonia. In human lungs this 

phenomenon was first noted by Okada and Genka ( 1 966 ) and has subse­

quently been observed in desquamative interstit ial pneumonia by various 

authors (Brewer et al . ,  1 969 ;  Leroy , 1 969 ; Shortland et al . ,  1 969 ) . 

Cells similar to type II  cells have also been identified as the main 

contributor to the neoplastic epithelial proliferations of pulmonary 

adenomatosis in sheep ( Nisbet et al . ,  1 971 ; Wandera and Krauss , 1 971 ) 

although many of the cells involved in the intra-bronchiolar prolifera­

tions in this disease c losely resembled Clara cells of the terminal 

bronchioles . 

Although the involvement of type II cells in alveolar epithelial 

repair in many mammalian pneumonias is now well established the question 

of origin of the proliferating cells remains a source of controversy . 

The finding of cells intermediate between type I and type II  in the 

present study lends support to the suggestion by Evans et al . ( 1 973) 

that type II cells may transform into type I cells during the later stages 

of epithelial repair. Similar observations have been made by Faulkner and 

Esterly ( 1 971 ) in pneumonia in rabbits induced by the administration of 

Freund ' s  adjuvant and by Greenberg et al . ( 1 971 ) in rats following the 

intra-bronchial instillation of dilute nitric acid .  In the latter case 

however , the authors adv��ced the reverse hypothesis ; namely that type 

II  cells may be formed by transition from type I cells . Convincing 

evidence favouring the former hypothesis has come from recent auto­

radiographic studies by Adamson and Bowden ( 1 974 ) on alveolar epithelial 

regeneration in mice following oxygen exposure .  These studies have shown 

increased tritiated thymidine labelling and mitosis in type I I  cells soon 

after injury without a c oncomitant response in type I cells . However , on 

the 3rd or 4th day after injury there was an increase in labelling of 

type I c ells which was coincident with a halving in grain counts in type 

II cells . While this explanation of the phenomena observed during 

alveolar repair seems plausible the possibility that replacement of type 

I cells in the normal lung is accomplished by the multiplication and 

transformation of type II cells remains a matter for speculation at the 

present t ime . 
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A further possible source of proliferating type II cells worthy of  

c onsideration is  that those in the peribronchiolar regions may arise 

from de-differentiation and migration of Clara cells from the terminal 

portion of respiratory bronchioles . This view is supported by the 

finding of occasional undifferentiated cuboidal cells having the 

morphological appearance of Clara cells but lacking secretory granules , 

l ining alveolar spaces in some cases of chronic pneumonia. In addition , 

a few lamellated structures resembling osmiophilic bodies of type II  

cells were occasionally encountered within Clara cells at  the distal end 

of respiratory bronchioles . Such a view would be in keeping with the 

acknowledged close embryological relationship between the alveolar and 

bronchiolar epithelia ( Emery , 1 969) and the biochemical similarities 

which have been established between type I I  cells and Clara cells 

(Azzopardi and Thurlbeck , 1 969) . In this context also , the recent 

findings of Baskerville et al . ( 1 974 ) following experimental influenza 

infect ion in hamsters and mice are of great interest . It was found that 

alveolar epithelialization in this situation was due to the downward 

extension of both Clara cells and ciliated bronchiolar cells . Admittedly 

however , the lesions induced by Baskerville et al . were of a more bizzare 

proliferative nature than those seen in the present study as they included 

complete loss of type II cells from some areas and squamous metaplasia of 

non-epithelialized areas . 

What ever viewpoint one takes regarding the origin and turnover of 

alveolar epithelial cells during chronic pneumonia it seems clear from 

the present work that the subdivision of cell types into rigid categories , 

incapable of de-differentiation and transformat ion during repair 

processes is no longer justifiable . 
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SUMMARY 

There are two main types of enzootic pneumonia occurring in sheep 

in New Zealand. These are respectively acute and chronic in nature and 

they have been pathologically defined by a study of more than 400 

naturally-occurring cases . 

Acute pneumonia in sheep of all ages is characterised by congestion , 

haemorrhage , fibrinous exudation and ventral consolidation of  both lungs . 

Ultrastructurally the c ellular exudate c onsists of a mixture of  neutro­

phils , macrophages and detached alveolar epithelial cells . Bacteria are 

closely associated with destructive changes such as alveolar epithelial 

desquamation , necrosis of leucocytes and macrophages and interstitial 

oedema . 

The subacute and chronic pneumonias in lambs show varying degrees of 

dull red to  grey consolidation of the anteroventral lobes . They can be 

divided into 4 groups according to their gross appearance and the degree 

of exudative and proliferat ive ch��ge observed histologically. It is 

suggested that these groups represent stages in the natural progression 

of the disease although resolution of  early lesions could presumably occur 

if destruction was minimal . 

The major factor underlying the pathological differences between the 

two forms of pneumonia is considered to be the severity and extent of 

damage to the alveolar epithelium. In the acute form , detachment and 

necrosis is universal whereas in the subacute and chronic  forms , slower 

more localised changes allow t ime for repair to occur . 

No specific ultrastructural lesion are considered characteristic of 

the early subacute lesions but a variety of degenerative changes in the 

interstitium and in alveolar type I and II cells are descriqed . The 

nature and sequence of subcellular type II cell degeneration has been 

studied and several features not previously reported in mammalian 

pneumonias have been observed. 

Proliferation of alveolar type II cells is the main method of  repair 

of the alveolar epithelium. Electron microscopy reveals that undifferent­

iated cells res�mbling those found in the foetal lamb can be seen in cases 
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where proliferat ion is  marked .  Several histochemical react ions have 

been shown to serve as a further useful means of studying these changes 

by differentiating alveolar macrophages from type II cells in both 

normal and pneumonic  lungs . 

The origin and dynamics of type II  cell hyperplasia are discussed .  

Because cells intermediate between type I and I I  were somet imes observed 

it is suggested that a transition from type II to type I c ells may occur 

as part of the normal mechanisms for alveolar repair. It is concluded 

that the alveolar epithelium has a high degree of adaptive and prolifera­

tive c apacity which has not been previously appreciated . 
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CHAPTER 3 

EXPERIMENTAL INJURY TO THE OVINE LUNG 

INTRODUCTION 

During the preceding study of the pathology of sheep pneumonia a 

great variety of  changes were observed in the pulmonary alveolus. 

Vari ous c ell types were found undergoing degenerat ion and necrosis 

while others were seen in various stages of  infiltration or prolif­

eration. Although these studies were valuable they were not 

sufficiently illuminat ing to  define the time sequence in which events 

occurred or to indicate whether the injuries arose from endogenous or 

exogenous insults . 

The following experimental studies were inst igated t o  explore 

more fully the nature and development of alveolar injury in she�p . 

They sought t o  study the pulmonary damage induced in sheep by specific 

chemical and bacterial agents and compare this with the lesions of 

naturally -occurring ovine pneumonia. Apart from the inoculati ons of 

the various micro-oreanisms listed in Chapter 1 ,  there have been no 

detailed experimental investigat ions of alveolar injury reported in 

sheep up until the present time . The majority of st�dies of this 

type have been carried out in laboratory animals so these must serve 

as the basis for comparison \•ii th the pulmonary lesions induced in the 

current investigat ion. 

EXOGENOUS AGENTS : DILUTE NITRIC ACID PLUS CARBON BLACK 

In order to  study the effects  of exogenous agents on the pulmonary 

alveolus and minimise the e ffect s  of  systemic factors , it  is necessary 

to use a system in which lung injury is localised and not sufficiently 

severe t o  c ause respiratory embarrassment . At the same t ime , the 

agent used must be capable of inducing sufficient damage to allow the 

normal mechanisms of inflammatory response and repair to proceed in an 

overt manner . 

�,he use of 1% nitric acid by intrabronchial instillat ions as 

demonstrated by Greenberg et al . ( 1 971 ) in rats , fulfills these 
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requirements . In addition , it has been postuated that weak solutions 

of nitric ac id are responsible for disrupting portions of the alveolar 

septum in man and therefore have a role in the pathogenesis of 

emphysema ( Boren , 1 964) . The weak solutions of nitric acid in this 

situat ion are thought to result from the combination of cellular water 

in the alveolar space and inhaled ni�rogen dioxide which is a prime 

constituent of air pollution in industrialised countries ( Hyadon 

et al . , 1 965 ) . Thus any informat ion gained from the present investi­

gation may be relevant to the pathogenesis of chronic respiratory 

disease in man . 

Besides its obvious value as a marker , carbon black was included 

in the present study because it has been shown by Boren ( 1 964 ) that 

carbon may act as a carrier mechanism for irritant substances such 

as absorbed nitrogen dioxide and this in turn may produce focal lung 

damage following phagocytosis . 

Material and Methods 

The animals used in this experiment were 2 to 3-month- old worm­

free , colostrum-fed lambs which had been housed in isolat ion from 

other sheep since 1 to 2 days of age and art ificially reared on milk 

substitutes , hay and a proprietary pelleted sheep diet . 

Table VIII summarises , the experimental design and shows the time 

intervals at which the animals were sacrificed . The animals received 

a suspension of 1 . 8 ml of 1% nitric acid and 0 . 2 ml India ink( 1 ) . Two 

animals served as controls and rece ived 0 . 2 ml of India ink suspended 

in 1 . 8 ml of 0 . 85% (normal ) saline . 

Endobronchial instillat ion was accomplished by inserting a 1 2  

gauge hypodermic needle into the midline o f  the trachea 3 ems distal 

to  the larynx under local anaesthesia. The fluid suspension was 

inst illed by means of a 4 FG gauge plastic canula on which the point 

had been sealed and 5 to 6 pinpoint holes made around the c ircumference 

( 1 )  Pelikan , Gunther Wagner . 



TABLE VIII 

SUMMARY OF HISTOLOGICAL FEATURES FOLLOWING INSTILLATION OF 

DILUTE NITRIC ACID AND CARBON 

1% NITRIC ACID + CARBON 

Lamb No . Duration Alveolar Fibrin Neutrophils Alveolar Type II  
of  lesion collapse macro- cells 

phages 

E211A 2 hours + + + 0 0 

211 3 hours ± + ++ + 0 

212 6 hours + +++ ++++ ++ 0 

213 12 hours ++ ++ ++ ++ ± 
214 1 day +++ + ++ +++ + 

215 2 days ++ ++ + +++ + 

216 3 days ++ ++ + +++ ++ 

217 5 days +++ 0 + ++ ++ 

218 7 days +++ 0 0 ++ ++ 

219 10 days + 0 0 + + 

0. 85% (NORMAL) SALINE + CARBON 

210A 1 day 0 0 0 + 0 

210 5 days + 0 + ++ + 

96 

Fibrosis 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

+ 

0 

0 
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immediately behind this so that the fluid emerged in a fine spray. 

In this way as even as possible distribution of  liquid was obtained 

within a localised area . With the animal held in dorsal recumbancy 

the catheter was inserted through the needle until peripheral resist­

ance  was met . The animal was then moved to a vertical upright position 

before the suspension was delivered slowly through a 2 ml syringe . 

The lungs of  all animals were examined grossly following 

euthanasia by intravenous barbiturate and a range of 5 t o  6 ,  1 mm3 

blocks were collected from the ink-marked areas for electron microscopy . 

The remainder of the ink-marked t issue was preserved in 1 0% formal-saline 

for histology . Light microscopy was performed both on formal-saline 

fixed , paraffin embedded sections stained with haematoxylin and eosin 

( HE) and on 1 � Karnovsky fixed , epoxy embedded sections stained with 

t oluidine blue and basic fuchsin (TbBf) . Thin sections for electron 

microscopy were cut and stained as previously detailed in Chapter 2 . 

Pulmonary surfactant act ivi ty was studied on . all lungs by the use 

of the frozen sect ion method of Manktelow ( 1 967a) . Small 6 to 8 mm3 

blocks of  fresh tissue from unaffected (normal ) areas and affected 

( pigmented) areas of the lung were collapsed and mounted together on 

the same chuck . Frozen sections were cut at 20 � '  air-dried and 

covered with air-saturated water . The distribut ion and stability of 

air bubbles in the affected and unaffected areas was then observed under 

the light microscope . 

Results 

Gross Pathology 

No consolidated areas were seen in the lungs from the control 

animals or in the lungs from animals in the study group killed at 2 ,  

3 and 6 hours following instillation of dilute nitric ac id . The dis­

tribution of  the fluid suspension as indicated by the presence of carbon 

marker , was usually in one lung and within that lung it was mainly 

confined t o  1 or 2 lobes . In some cases however , black particles were 

found in the ventral areas of the other lung where presumably they 

became lodged following coughing and inhalation. The cut surface of 
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these lungs showed severe deposition of black particles in some lobes 

and this appeared to be centred mainly around bronchioles .  

The first macroscopic evidence of  lung injury was seen in the 

animal kiTied at 1 2  hours following nitric ac id administrat ion . This 

took the form of several 1 to 2 cm diameter areas of red consolidation 

on the dorsal surfaces of the right apical and left diaphragmatic  lobes 

of the lungs which were surrounded by irregular , patchy areas of con­

solidation ( Figure 3 . 1 ) .  In the animal sacrificed at 24 hours several 

similar areas were present in the left diaphragmatic lobe and patchy 

areas of congestion associated with carbon deposition were found in the 

right apical lobe . Small wedge shaped areas of dark red consolidation 

up to 3 ems in width were found in the ventral areas of the right apical , 

right cardiac and left cardiac lobes in the animals killed on days 2 

and 3.  These were invariably associated with carbon deposition in the 

most dorsal parts of the lesion and to a varying degree elsewhere in 

the surrounding lung. 

The most severe consolidation was found in the lamb killed on day 

5 ( Figure 3 . 2 ) . Here the ventral areas of the right apical and left 

cardiac lobes showed dull red consolidation and there was patchy 

congestion of the dorsal and ventral areas of the left diaphragmat ic 

lobe . In the lamb killed at 7 days , patchy red depressed areas , up to 

2 ems in diameter which were associated with carbon deposition were 

found over an 8 cm2 area in the left dorsal diaphragmatic lobe . 

Similar areas were found in the left apical and cardiac lobe of the 

animal killed at 1 0  days . 

Light Microscopy 

For descriptive purposes the histological findings may be divided 

into 3 overlapping stages . The first stage from 2 to 1 2  hours was 

mainly exudative in nature . The second stage from 1 to 3 days was 

both exudative and proliferative while the third from 5 to 1 0  days 

was mainly c oncerned with repair . The degree of inflammatory response 

varied considerably between individual animals but despite this it was 

possible to obtain a reasonably clear view of the basic sequence of 

events .  Table VIII  summarises the main histopathological features 
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Figure 3 . 1  

Twelve hours aft er instillation of dilute nitric acid and 

ink . Several irregular foci of dark red c onsolidation and 

patchy areas of congest ion are present on the dorsal surfaces 

of the right apical and left diaphragmatic lobe s .  

Figure 3 . 2  

Five days after instillation o f  dilute nitric acid and 

ink. The ventral areas of the right apical and left cardiac 

lobes show dull red c onsolidation and there is patchy congest­

ion of  the dorsal and ventral areas of the l eft diaphragmatic 

lobe . 
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seen in both the control and treated groups. 

0 to 12 hours . The most striking change observed in the first 

animal sacrificed at 2 hours after administration was collapse of the 

alveolar spaces surrounding terminal bronchioles ( Figure 3 . 4 ) . Some 

of these alveoli contained small amounts of proteinaceous exudate 

within which carbon particles were situated . There was moderate con­

gest ion of alveolar capillaries and some contained small numbers of 

neutrophils which were adherent to the vessel walls . At 3 hours greater 

numbers of neutrophils were seen in alveolar capillaries and these 

first appeared in alveolar spaces at 6 hours ( Figure 3 . 5 ) . Alveolar 

macrophages were first observed act ively phagocytosing carbon part icles 

at 3 hours when large carbon-laden macrophages were found surrounding 

clumps of ink in both bronchioles and alveoli . However , a large pro­

port ion of the carbon remained unphagocytosed at 6 hours and lay mixed 

with mucus and fibrin in alveolar spaces and bronchioles . Fibrin 

exudat ion was very severe in some areas at 6 hours and occasionally 

haemorrhage into alveolar spaces also occurred. Cellular exudation 

was also severe at this time and consisted of approximately 70% neutro­

phils , 20% small macrophages and 10% large macrophages . 

In the animal killed at 1 2  hours some alveolar spaces still con­

tained large numbers of neutrophils ( Figure 3 . 6 ) . Other alveoli were 

distended with large carbon-laden macrophages and it was estimated that 

at this stage approximately 50% of the ink present had been phagocytosed . 

Taken overall ,  neutrophils and macrophages were present in approximately 

eq�al numbers at this t ime although monocytes predominated in the inter­

st it ial tissues.  

1 to  3 days . Exudative changes were still a prominent feature of 

the inflammatory response at 1 day following nitric acid administration 

but macrophages now outnumbered neutrophils in the cellular exudate .  At 

this stage carbon-laden macrophages were observed within interstitial 

t issue for the first t ime . They were found in small numbers in inter­

stitial t issue depots around respiratory bronchioles ( Figure 3 . ? ) . 

Occasionally carbon-laden macrophages were also found traversing the 

epithelium of respiratory bronchioles adjacent to the peribronchiolar 
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Figure 3 . 3  

Control animal 1 day after the administrat ion o f  normal 

saline and ink .  There is only very limited alveolar collapse 

despite the deposition of ink in bronchioles and alveolar 

ducts . HE X 1 00 .  

' 

Figure 3. 4 

Alveolar collapse surrounding a terminal bronchiole 2 

hours after inst illat ion of dilute nitric ac id and ink . Some 

of the alveoli also contain small amounts of proteinaceous 

exudate .  HE x 1 00 .  

Figure 3 . 5  

Neutrophi l  infiltration into alveolar sp�c es 6 hours 

after nitric acid inst i llation. Many alveol i contain a 

prote in-rich exudate and strands of fibrin . Epoxy resin 

embedde_d . TbBF X 250. 
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Figure 3. 6 

At 1 2  hours after inst illat ion of dilute nitric acid and 

ink neutrophil infiltrat ion is still a prominent feature and 

alveolar collapse is severe . HE X 250 . 

Figure 3-7 

Large carbon-laden macrophages are mixed with neutrophils 

in bronchiolar exudate 1 day after inst illat ion of dilute nitric 

acid and ink . Macrophages outnumber neutrophils in the surround­

ing alveoli and occasional carbon-laden macrophages can be seen 

in the peribronchiolar interst it ium. Eposy resin embedded . 

TbBf X 400 . 

Figure 3. 8 

At 7 days after instillation , groups of carbon-laden 

macrophages remain sequestered within some alveolar spaces . The 

surrounding alveoli are collapsed  and their septa are slightly 

thickened by mononuclear cells . Epoxy resin embedded. TbBf 

X 400 . 
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macrophage depots . The first evidence of  epithelial hyperplasia was 

found at 1 day following nitric  ac id administration when groups of 5 

or 6 pale-staining Clara cells could be seen proliferating in the 

most distal parts of the terminal bronchioles ( Figure 3. 9) . Bronchiolar 

epithelial hyperplasia increased rapidly thereafter and in the animal 

killed at 3 days it was severe and had the appearance of extending into 

surrounding alveolar spaces ( Figure 3 . 1 0  and 3 . 1 1 ) .  Type I I  alveolar 

epithelial c ells were first observed in numbers greater than normal 

in epoxy-embedded sections taken at 1 day following nitric ac id 

administrat ion. Almost every alveolar space contained a prominent 

type I I  alveolar c ell and in some cases two type I I  cells were found 

adjacent to one another in the same space . These changes became more 

obvious at 2 days when they were most easily seen in areas immediately 

surrounding those in which fibrin and cellular exudation occurred 

( Figure 3 . 1 2 ) . Neutrophil part icipation in the inflammatory response 

had decreased markedly at 2 days and by 3 days few neutrophils remained 

in alveolar spaces . 

5 to  1 0  days . Type II cell hyperplasia continued to  be a feature 

of the proliferative response up unt il 7 days following nitric acid 

administrat ion . In severely collapsed areas of lung pockets of 2 to 

3 vacuolated cells were seen in epoxy-embedded sections which were 

later ident ified as type II cells by electron microscopy ( Figure 3 . 1 3) . 

At 7 days occasional alveoli in areas adjacent to bronchioles were 

partially epithelialized and contained 4 or more type II cells ( Figure 

3 . 1 4) . 

Approximately 600� of the remaining carbon pigment had been trans­

ported t o  the interstitial tissues by 7 days after administrat ion . It 

lay within macrophages which were located around blood vessels and 

bronchioles . Some macrophages remained sequestered within alveoli 

surrounded by areas of collapsed alveolar t issue in which interst itial 

mononuclear cells and fibrous t issue were present ( Figure 3. 8 ) . Isolated 

pocket s  of  sequestered carbon-laden macrophages could still be found in 

alveolar t issue 10  days after administration but by this time 80 to 90% 

of the remaining carbon was located within macrophages in the peri­

bronchiolar or perivascular interstitial tissues. 
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Figure 3 . 9 

Early epithelial proliferation in the most distal part 

of a t erminal bronchiole 1 day aft er inst illation of dilut e 

nitric acid and ink . The cells involved are pale-staining 

cuboidal c ells resembling Clara cells . Epoxy resin embedded . 

TbBf x 400 . 

Figure 3 . 1 0  

Epithelial hyperplasia 2 days after inst illat ion of 

dilute nitric ac id and ink. Carbon-laden macrophages are 

present in surrounding alveol i . Epoxy resin embedded. 

TbBf x 400 . 

Figure 3 . 1 1  

At 3 days after inst illation , bronchiolar epithelial 

hyperplasia appears to be extending into adjacent alveoli in 

this severely affected area. Several carbon-laden macrophages 

are present in the peribronchiolar interst it ium and there is 

early fibroblast proliferat ion . HE x 400 . 
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Figure 3 . 1 2  

Early alveolar type I I  cell hyperplasia in an area adjacent 

to a focus of  c ellular exudation at 2 days after instillation of 

dilute nitric acid and ink. Almost every alveolar space contains 

one or more type II cells . Epoxy resin embedded .  TbBf x 400. 

Figure 3 . 1 3  

A severely collapsed area o f  lung , 3 days after instillation 

of dilute nitric ac id and ink. Some alveolar spaces contain more 

than one finely vacuolated cell which were identified as type II  

cells by electron microscopy. Epoxy resin embedded. 

TbBf X 400 . 

Figure 3 . 1 4  

At 5 days after instillat ion groups o f  proliferating type I I  

cells ( arrow) can be  seen lining alveoli adjacent t o  a terminal 

bronchiole . Several large carbon-laden macrophages remain in 

surrounding alveolar spaces.  Epoxy resin embedded. TbBf x 400 . 





101 . 

Although the bronchiolar epithelium was still thickened 10  days 

after administration the degree of hyperplasia present had diminished 

considerably. Re-aeration of alveoli was visible within focal areas 

of the remaining collapsed tissue but the alveolar septa in these 

areas remained slightly thicker than normal . 

Control Animals . At one day after the administration of normal 

saline and ink , no obvious alveolar collapse , fibrin exudation or 

epithelial hyperplasia were observed ( Figure 3 . 3 ) . Occasional free 

carbon part icles were seen in terminal bronchioles but the majority 

of carbon particles lay within macrophages which were located within 

terminal bronchioles and adjacent alveolar ducts and alveoli . Large 

carbon-laden alveolar macrophages were still present in many of the 

alveolar spaces surrounding bronchioles at day 5 but by this t ime 

approximately one third of the carbon remaining lay within macrophages 

in the alveolar interstitium or peribronchiolar and perivascular 

depots .  Occasional collapsed alveoli with mildly thickened alveolar 

septa were seen in areas adjacent to bronchioles and slight epithelial 

hyperplasia was observed in those terminal bronchioles where pigment 

deposition was heavy . 

Pulmonary Surfactant Studies 

Observations made on the lungs into which dilute nitric ac id was 

inst illed showed a gradual decrease in density of stable bubbles formed 

near areas of carbon deposition from 6 hours after administration up 

until 3 days (Figure 3 . 1 5) . By this time there was an almost complete 

absence of bubbles in the pigmented areas ( Figure 3 . 1 6) . Thereafter 

bubble distribution was variable and some areas of low bubble density 

were still apparent in focal areas of the lungs obtained from the animal 

killed at 1 0  days . 

No obvious reduction in bubble density was seen in the pigmented 

areas of  the control lungs from the animals killed at 1 day or 5 days 

after the administration of saline and ink. 
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Figure 3. 1 5  

The distribut ion of stable bubbles in air-dried , frozen 

sections of lung c overed with air-saturated water at 6 hours 

after administration of dilute  nitric acid and ink. 

( a) Unaffect ed area . (b )  Affected area in which there is 

loss of  bubbles from areas surrounding the instilled fluid. 

(Unstained x 1 00 ) . 

Figure 3. 1 6 

Similar sections to  the above collected 3 days after the 

administrat ion of dilute nitric acid and ink. (a )  Unaffected 

area. ( b )  Affected area showing almost complete loss of stable 

bubbles . (Unstained x 100 ) . 
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Electron Microscopy 

Extensive damage to both type I and type II alveolar epithelial 

cells together with oedema of the �eolar interst itium were the main 

ultrastructural features in the lungs examined at 2 hours after nitric 

acid administration . The type I cells exhibited two main kinds of 

degenerat ive change . The first type c onsisted of a diffuse swelling 

and vesiculation of the cytoplasmic  extensions . The vesicles sometimes 

ballooned out into the alveolar space to form large blebs ( Figure 3. 1 7 ) . 

This type of change usually occurred in areas where damage was less 

severe and the affected cells always remained firmly attached to the 

basement membrane . At 6 hours some type I cells in collapsed alveoli 

appeared diffusely swollen and this swelling now included the cell 

nuclei  which was enlarged up to twice  its normal size ( Figure 3. 1 8 ) . 

Numerous small irregular cytoplasmic pro ject ions were oft en present on 

the c ell surface but these were also found on type I cells of normal 

appearance in collapsed alveoli . Diffuse swelling of type  I cells 

cont inued to be encountered in all lungs examined up unt il 2 days 

after nitric acid administrat ion . 

The second type of degenerative change commonly found in type I 

cells was more severe in nature and involved an increase in density 

and shrinking of the c ell ' s  cytoplasmic extensions . This change was 

seen in areas where there were marked destructive changes such as 

oedema and disruption of the interst itial tissues ( Figure 3 . 20 ) and was 

often a prelude to complete desquamation (Figure 3.21 ) .  Changes of 

this type were not seen in the lungs obtained after 6 hours following 

administration. 

The degree of damage suffered by type II  alveolar epithelial cells 

was less severe than that seen in type I cells . From 2 hours after 

administration degenerative changes including swelling of mitochondria , 

vesiculation of the endoplasmic reticulum , loss of microvilli and the 

presence of cytoplasmic extensions were commonly observed ( Figure 3. 1 9 ) . 

Despite these and more severe changes such as loss of  nuclear membrane 

and aggregat ion of chromatin ( Figure 3 .20 )  affected c ells usually 

remained firmly attached to the basement membrane and desquamation was 

only rarely seen. In many areas type II  c ells showed only minor 
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Figure 3 . 1 7  

Degenerative changes in alveolar type I cells 2 hours 

after instillat ion of dilute nitric ac id and ink. 

( a) Localised swelling of  cytoplasmic extensions with 

the format ion of a large bleb ( b )  which is ballooning into the 

alveolar space (A ) . 

( b )  Diffuse swelling of the cytoplasmic extensions ( E) 

lining alveolar space (A) . A monocyte (M )  and platelet (p )  

are present in  the underlying capillary. x 1 4 , 000 . 

Figure 3 . 1 8  

S ix hours after instillation. The type I cell ( E )  lining 

alveolar space  (A )  is diffusely swollen and this swelling 

includes the nucleus which is enlarged to approximately twice  

normal size . A neutrophil (N )  is  present in the adjacent 

capillary. x 8 , 000. 



, . 
. - . 

" ' .-A. 



following page 102 

Figure 3 . 1 9  

Degenerative changes in an alveolar type I I  cell 2 hours 

after instillation of dilute nitric acid and ink. The c ell (G )  

has . swollen mitochondria , dilatations in the endoplasmic reticulum 

( d) , loss of  microvilli and a superfic ial cytoplasmic extension 

( c ) . x 10 , 000 . 

Figure 3 . 20 

More advanced degeneration in a type II cell ( G) 3 hours 

aft er inst illat ion. There is loss of  the nuclear membrane and 

aggregation of chromatin. At the cell surface there is loss of 

microvilli and early formation of  an electron-dense plasma 

membrane . The alveolar space ( A2 )  is lined by a type I c ell 

with dens e , shrunken cytoplasmic  extension (E )  and the under­

lying interstitium ( T )  is swollen and disrupted. x 9 , 000 . 
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Figure 3 . 21 

An alveolar space 3 hours after the instillation of  dilute 

nitric acid and ink . Globules of protein (p )  are present and 

the alveolar type I epithelium (E )  is shrunken and dense . In 

one area ( s )  the epithelium has sloughed leaving the basement 

membrane exposed. Neutrophile (N )  are closely adherent t o  the 

underlying capillary endothel ium. 1 3 , 000. 

Figure 3 . 22 

A neutrophil ( N )  can be seen migrating through an inter­

stitial space 6 hours after instillation. The overlying alveolar 

type II cell shows early degenerative changes including dilatation 

of the endoplasmic reticulum ( d )  and the format ion of electron-

dense plasma membranes in some areas ( arrows ) . 1 2 , 000 . 
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structural changes while the surrounding type I epithelial c ells were 

swollen or desquamating. 

Injury to  the alveolar capillary endothelium was first seen at 

6 hours after nitric ac id administration. Before this time platelets 

and neutrophils could often be found closely adherent to  endothelial 

c ells ( Figure 3 .21 ) .  The appearance of neutrophils in interst itial 

spaces ( Figure 3. 22 ) and alveoli at 6 hours coincided with the occurrence 

of endothelial damage . On some occasions neutrophils could be seen 

migrating through the detached , electron-dense cytoplasmic  extensions 

of damaged endothelial c ells . At 1 2  hours the degree of capillary 

endothelial injury was less marked but some damage could still be 

detected up until 2 days after administration in those capillaries in 

the most severely affected areas . 

Proliferat ion of type II c ells was first observed in the lungs 

examined 1 day after nitric ac id administration . It was most pronounced 

in areas ad jacent to those in which destruct ive changes were proceeding. 

In such areas two type II cells could sometimes be found lying side by 

side in the corner of an alveolar space . The proliferating cells had 

slightly enlarged nuclei  with an open chromat in pattern and prominent 

nucleolus . Their cytoplasmic contents were less dense than normal and 

their lamellated bodies were more numerous and larger than usual 

( Figure 3 . 23 ) . At 2 to 3 days after administration groups of 2 or 3 

cells were often found within coTiapsed alveoli and at t imes were the 

only remnants of alveolar epithelium remaining. The most severe type 

II cell hyperplasia encountered was at 5 days post-instillation when 

groups of 4 or more c ells were found partially lining alveolar spaces 

adjacent to  terminal bronchioles ( Figure 3. 24) . 

Division of type I alveolar epithelial c ells was also occasionally 

observed in areas where the destructive changes were less severe . 

Swollen , bi-nucleate type I cells were found in some instances ( Figure 

3 . 25 ) but the presence of more than one type I c ell within a single 

alveolus was extremely rare . 

The phagocytosis of carbon particles and necrotic debris was 

carried out by alveolar macrophages which were active in alveolar spaces  
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Figure 3 .23 

Early proliferation of alveolar type II cells in the 

corner of an alveolar space (A )  1 day after the instillation 

of  dilute nitric ac id and ink. One of the cells involved has 

lamellated bodies ( b ) which are larger and more numerous than 

usual . x 1 0 ,000 . 

Figure 3 . 24 

At 5 days after instillation , groups of 4 to  5 alveolar 

type II  c ells (G )  can be seen l ining some alveolar spaces (A )  

adjacent t o  terminal bronchioles .  x 9 , 000 . 



A 



following page 1 03 

Figure 3 .25 

A binucleat e alveolar type I cell ( E) protruding into 

alveolar space ( A )  at 1 2  hours after instillat ion of dilute 

nitric ac id and ink . x 1 0 , 000 . 

Figure 3 . 26 

A macrophage ( M) migrating into alveolar space (A )  at 

1 2  hours after instillat ion. The cell has a moderate amount 

of  cytoplasm but lacks lysosomes and residual bodies.  

X 1 0 , 000 . 
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from 3 hours onwards . By 1 2  hours , two populat ions o f  macrophages 

c ould be  distinguished . The first were large c ells which contained 

many organelles and were usually engorged with carbon particles and 

c ellular debris ( Figure 3 . 27 ) . The second type were smaller c ells 

with a round nucleus and fewer cytoplasmic organelles . They could 

be found migrating through the interstitium ( Figure 3 . 26 ) or free in 

alveolar spaces up until 3 days after administration . At this time 

occasional cells with lymphocyte morphology were also seen in alveolar 

spaces ( Figure 3 . 27 ) . By 7 days the remaining macrophages were mainly 

large carbon-laden c ells which oft en lay sequestered in cavit ies which 

had thick collagenous walls ( Figure 3 . 28 ) . Such cavities were 

presumably the remnants of alveolar spaces which no longer contained 

alveolar epithelium . 

ENDOGENOUS AGENTS : ( i )  PARAQUAT 

Among the chemicals capable of inducing pulmonary damage when 

administered systemically , Paraquat is outstanding in its ability to 

injure the alveolar epithelium. This property has rendered it of 

considerable value in the experimental study of  alveolar injury and 

in part icular as a model for the study of respiratory distress 

( Manktelow , 1 967a; Robertson et al . , 1 971 ) . 

The relat ive susceptibility of the ovine lung to Paraquat poison­

ing is unknown as no cases of accidental or experimental poisoning 

have been reported in this species . Other ruminants such as the 

bovine appear to be at l east as susceptable as laboratory mice  and 

rats (Conning et al . ,  1 969) and field cases of poisoning with the 

related compound , Diquat have been reported in the veterinary literature 

(Thomas and Amor , 1 968) . The following experiments were therefore 

designed to test the value of Paraquat as a systemic agent for inducing 

pulmonary injury in sheep .  

Material and Methods 

To establish the dose rate at which maximum pulmonary involvement 

c ould be expected ,  Paraquat was administered t o  1 8  sheep of various 

ages ranging from 2 weeks to 6 years by either intravenous , intra­

peritoneal or subcutaneous routes (Table IX) . Animals dying during 
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Figure 3 .27 

A large macrophage (M)  free in alveolar space (A ) _ at 1 2  

hours after instillat ion o f  dilute nitric acid  and ink. The 

c ell has an abundant cytoplasm containing a variety of lysosomes 

and residual bodies . A lymphocyt e (L )  is also present in the 

alveolus . x 9 , 000 . 

Sequestration of  a carbon-laden macrophage (M )  in the 

remnants of an alveolar space 7 days after inst illation. The 

cell is heavily laden with carbon granules and surrounded by 

a thickened interstit ium (T ) containing a large amount of 

collagen ( C ) . x 9 , 000. 
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the course of the experiment were subjected to  necropsy as soon as 

possible after death and sections of lungs , liver and kidneys were 

fixed in 10% formal-saline and processed for histology as previously 

outlined . In 4 cases euthanasia by intravenous barbiturate was carried 

out "in extremis" and on these occasions 1 mm3 blocks of lung tissue 

were collected in Karnovsky ' s  fixat ive for subsequent electron micro-

scopy . 

On the basis of these initial experiments a dose rate of  6 mg/Kg 

was used for administration to  lambs 2 days prior to the endobronchial 

inoculat ion of various bacteria. Twenty-two , 1- month-old , c olostrum­

fed lambs were divided into 4 even groups according to their  body 

weight . Two of these groups received 6 mg/Kg of Paraquat by subcut­

aneous injection . Two days after this all groups were inoculated 

endobronchially with broth cultures of  bacteria by the method described 

earlier . The bact eria used were all pure cultures P. haemolyt ica , 

S .  aureus or E . coli isolated from naturally occurring cases of sheep 

pneumonia. Groups 1 and 2 received a mixed inoculum consisting of 

1 ml of  each of the 3 cultures whereas groups 3 and 4 received a 3 ml 

inoculum of a single organism . The number of organisms present in 

each culture before inoculation was est imated by the standard surface 

colony count technique and are shown in Table X . The animals were 

observed clinically and body temperatures taken twice daily . Those 

dying were necropsied as soon as possible after death while  those 

surviving were killed 6 days after inoculat ion with intravenous 

barbiturate . The gross lung lesions present were recorded and a range 

of affected t issues were fixed in 10% formal-saline for subsequent 

histological examinat ion. 

Results 

The Toxicity of Paraquat to Sheep 

Severe toxic systemic effects were observed clinically in most 

animals receiving more than 6 mg/Kg intravenously or intraperitoneally 

and 1 0  mg/Kg subcutaneously. The animals refused food and water ,  were 

reluctant to move and showed an unsteady gait when forced t o  move . 

When they became recumbent they showed mild salivation , grinding of 
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TABLE IX 

EFFECTS OF SYSTEMIC PARA2UAT ADMINISTRATION 

Sheep Weight Dose Survival Gross Lung Lesions 
No . Kg mg/Kg Time 

E540 52 . 7  1 00 i/P 5 hours Congestion & haemorrhage 

541 52 . 0  1 00 i/V 7 hours Congestion & haemorrhage 

659 50 . 3  25 i/P 5 hours Congestion & haemorrhage 

660 53 . 1  50 i/P 7 hours Congestion & haemorrhage 

750 1 2 . 5  1 0  i/V 1 8  hours Pulmonary oedema , c ongestion 
and haemorrhage 

1053 59 . 0 5 i/P 20 hours Oedema , congestion & ventral 
collapse 

1 337A 33 .2  4 i/V 3 days ( 1 ) Oedema , congestion & ventral 
collapse 

1 337B 31 . 1  8 i/V 5 days ( 1 )  Oedema , coTiapse & fibrinous 
pleural exudate 

1 494 32 . 7 9 i/V 4 days Oedema , congestion and ventral 
collapse 

1 497 20 . 4  8 i/V 1 day Congestion & haemorrhage 

1 557 37 . 8  7 i/V 1 day ( 1 )  Congestion & haemorrhage 

1 566 7 . 0  7 i/V 20 hours Congestion , haemorrhage and 
ventral collapse 

1 567 7 . 2  8 i/V 1 day ( 1 )  Congestion , haemorrhage and 
ventral collapse 

1 559 5 -5 20 sub/cut 1 8  hours Congestion & haemorrhage 

1 574 4 . 5  6 i/V Survived Nil at euthanasia , 8 days 

1 577 5 -5 6 sub/cut Survived Small areas of collapse at 
euthanasia , 8 days 

1 578 5 . 4  1 0  sub/cut 20 hours Congestion & haemorrhage 

1 579 8 . 2  6 i/V 1 day Congestion & haemorrhage 

( 1 )  Killed "in extremis" and tissues collected  for electron microscopy 
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t eeth , rapid respirat ion and eventual coma . 

Table IX shows the survival t imes and summarises the gross lung 

lesions . The majority of lungs examined showed severe congest ion 

and oedema . Those from animals dying in less than 24 hours also 

showed extensive petechial haemorrhages on pleural surfaces and 

throughout the lung while those from animals surviving for a longer 

period contained variable dull red areas of ventral collapse . Changes 

were also frequently seen in other organs . The abdominal viscera 

showed a slightly muddy discolorat ion of their serosal surfaces and 

petechial haemorrhages were often present on the heart . The liver 

was frequently turgid ,  pale and blotchy in appearance and both kidneys 

were invariably pale and swollen . 

The lungs of animals dying within 24 hours of Paraquat adminis­

tration were histologically unremarkable . There was usually moderate 

to  severe congest ion , variable intra-alveolar haemorrhage and small 

amounts of proteinaceous exudate in alveoli . In animals dying later 

than this the histological changes were more severe . Alveolar 

macrophages and erythrocytes were often found embedded in thick 

proteinaceous exudate within alveoli and bronchioles . At the periphery 

of some lobules this exudate was strongly eosinophilic and fibrin-like 

in character . In ventral areas of lung there was extensive alveolar 

collapse and dilatation of  alveolar ducts . Many of these dilated ducts  

were lined with a thick proteinaceous exudate containing hyaline 

droplets but no strongly PAS-positive hyaline membranes were seen . 

The alveolar interstitium was infiltrated with small numbers of mono­

nuclear cells and many alveolar blood vessels contained marginated 

mononuclear cells and neutrophils . 

Consistent histological changes were also found in the l iver and 

kidney. There was universal cloudy swelling of  hepatocytes which was 

often severe . The kidney showed severe necrosis of proximal tubules 

in more than 500� of the cases examined regardless of  their survival 

time . In cases where tubular necrosis was not severe there was 

extensive protein cast formation in proximal tubules and· capsular spaces .  



TABlE X 

EFFECTS OF SYSTEMIC PARAQUAT ADMINISTRATION PLUS ENDOBRONCHIAL BACTERIAL INOCULATION IN LAMBS 

Group Sheep No . 

E87 
Group 1 88 

89 
Sub/cut Paraquat 93 
6mg/Kg 99 

E90 
Group 2 91 

92 
94 

105 

E102 
Group 3 97 

95  
Sub/cut Paraquat 96 

107 6mg/Kg 108 

E101 
103 

Group 4 98 
100 
104 
106 

Inoculum Survival time 
(post-inoculation) 

Mixed bacterial broth 
P.haemolytica 1 . 1x1o5 orgs . 

s .  aureus 1 . 1x107 " 
E . coli . 1 . 5x104 

Mixed bacterial broth 
as above 

Autoclaved bacterial broth 
" " " 

E . coli 4. 5 x 104 orgs . 
S .aureus 3 . 3  X 10 7 11 

P. haemolytica 3 .3 x 105 " 
" " " 

P.haemolytica 3 .3 .  x 105 " 
" " " 

s .aureus 3 e3  X 107 " 
" " " 

E. coli 4.  5 X 104 " 

" " " 

1 day 
2 days 
3 days 
1 day 
1 day 

1 day 
1 day 
1 day 
1 day 
1 day 

Killed day 6 
Killed day 6 
Killed day 6 

1 day 
Killed day 6 
Killed day 6 

Killed day 6 
Killed day 6 

1 day 
2 days 

Killed day 6 
Killed day 6 

Organisms recovered at death 

s .  aureus , E . coli . 
" --. .  

" " , P. haemolytica. 
" " 
" " " 

s .  aureus , E . coli . 
" " 

" " P. haemolytica. 
" " 

• 
" " N . catar-rhalis . t 

S .aureus , P.haemolytica 
" 

• 

" E . coli 
" ' " 
" , P .haemolytica 
" 

• 

No growth 
S . aureus , P. haemolytica 

" , E . coli . 
" 

• 

No growth 
E. coli . P.haemolytica 

I-' 
0 
CO 
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At the ultrastructural level changes were seen in both the 

alveolar epithelium and interstitial tissues but in most areas the 

interstit ial changes predominated . They consisted of infiltrat ions 

of large mononuclear c ells and macrophages which could be seen within 

disrupted interstitial spaces (Figure 3 . 30) . In some areas there was 

severe interstitial oedema which was often associated with fibroblast 

proliferation. The proliferating fibroblasts were rounder than normal , 

contained large amounts of granular endoplasmic ret iculum and often 

entirely filled a port ion of  the alveolar septum. In the most advanced 

case c ollagen proliferation was observed in many areas of the inter­

stitium ( Figure 3. 32) . 

Alveolar epithelial change was variable in degree and distribution . 

In some areas severe V-acuolation and ballooning of  type I cells was seen 

( Figure 3 . 29 )  while in adjacent alveoli epithelial changes were minimal 

( Figure 3 . 30 ) . In the most severely affected areas type II cell degen­

erat ion was present but this was not a pronounced feature of the pathol­

ogical response . Affected type II cells , were rounded , showed loss of 

microvilli ,  dilatat ion of the endoplasmic reticulum and contained 

numerous , often dilat ed osmiophilic bodies ( Figure 3 .31 ) .  Mild hyper­

plasia of type II c ells was seen in the most advanced case when groups 

of 2 or more cells were found in some corners of the more severely 

damaged alveolar spaces ( Figure 3 . 32 ) . 

The Effect of Paraquat Administrat ion on Pulmonary Resistance to  the 

Endobronchial Inoculat ion of Bacteria 

No marked difference was observed in the clinical response to 

endobronchial bacterial inoculation between the lambs treated parentally 

with Paraquat and those in untreated groups . All the animals receiving 

inocula in which Staphylococcus aureus was present showed rapid 

respiration , and a drop in body temperature when observed 12 hours 

after inoculation. The survival t ime of animals in the Paraquat­

treated  group which received mixed bacterial broth was slightly better 

than that in the untreated group (Table X) but because of the small 

numbers of animals involved this difference was not statistically 

significant ( P  /' 0 .05 ) . However a substantial difference in the average 

body t emperature between Paraquat-treated and untreated animals was 
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Figure 3 . 29 

Vesicle format ion ( v )  in the cytoplasmic extensions of an 

alveqlar type I cell (E )  3 days after the administration of 

Paraquat . The surrounding int erst itium (T) contains infiltrat -

ing mononuclear c ells (M ) . x 1 3 , 000. 

Figure 3. 30· 

An alveolus ( A )  adjacent t o  the one above shows little 

evidence of damage t o  the type I epithelium (E )  although a 

macrophage ( M )  and erythrocyte ( e )  are present in the alveolar 

space . x 9 , 000. 





following page 1 09 

Figure 3 . 31 

Degenerat ive changes in an alveolar type II  cell 1 day 

after the administrat ion of Paraquat . There is dilatat ion of 

both lamellated bodies ( b )  and endoplasmic reticulum ( d )  and 

the c ell surface shows loss of microvilli . The adjacent type 

I epithelium ( E) shows mild vacuolat ion. 

Figure 3 . 32 

Two alveolar type II  cells are present in the corner of 

an alveolar space ( A )  5 days aft er the administrat ion of 

Paraquat . The underlying interstitial space ( T )  is swollen 

and contains excessive amounts of collagen ( C ) . 



.. 



1 10 .  

found t o  occur after Paraquat administration regardless o f  the type of 

inoculum received. At 24 hours after treatment the average body 

temperature of the treated animals was o . 6°C lower than that of the 

treated animals and a difference of this magnitude continued in the 

animals which survived up until euthanasia at day 6 (Appendix 2 ) . 

The most severe gross lung lesions evoked were in the 2 groups 

receiving mixed bacterial broth. These consisted of grey , necrotic  

central areas surroundecl by dark red areas of consolidation which had 

an irregular distribution ( Figure 3 - 33 ) . Other lungs in these groups 

showed focal dark-red areas of consolidation which had a lobular 

pattern of distribution. Surrounding these foci were variable and 

often severe areas of congestion and oedema . Similar focal areas of 

consolidat ion together with severe congestion and oedema were found 

in those animals in groups 3 and 4 which received inoculations of broth 

culture containing S. aureus. In the animals which received P. haemoly­

tica and E.  coli and were sacrificed at 6 days after inoculaticn the 

basic  lesion was usually a focal area of brown necrotic lung t issue 

surrounded by granulation t issue and a variable zone of dark red 

consolidation. The overlying pleura was often thickened as were the 

surrounding interlobular septa • 

Histological examination of the lungs inoculated with mixed 

bacterial cultures revealed a similar pattern of response regardless 

of whether or not Paraquat had been administered . The lesions consisted 

of a central necrotic area which was invariably located around 

bronchioles and which extended for a variable distance into the 

surrounding lung parenchyma. In the most severe cases groups of whole 

lobules were:  involved with only islands of living tissue , surrounded 

by a margin of haemorrhagic exudate and leucocytes remaining. More 

often the areas of necrosis were bounded midway across a lobule by a 

zone of densely packed leucocyt es with elongated pyknotic  nuclei 

( Figure 3 .34 ) . The alveolar spaces within the necrotic area were 

usually well preserved and contained a fibrinous or haemorrhagic 

exudate .  Colonies of bacteria were often present in bronchioles or 

alveolar ducts .  The alveoli outside the necrotic  zones were severely 



Group 1/  Paraquat administration plus mixed bacterial inoculum. 
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Group 2/ Mixed bacterial inoculum only. 
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E. coli 
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Figure 3.33 Gross lung lesions following systemic paraquat administration and endobronchial bacterial inoculation. 
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Figure 3 . 34 

The margin of a necrotic zone from the lung of animal E89 

(3 days after the inoculat ion of bacteria and 5 days after 

Paraquat administration) . There is a dense infiltration of 

leuc ocytes many of  which are necrot ic . HE x 40 . 

Figure 3 . 35 

A higher magnificat ion of a non-necrot ic area from the same 

lung as above . The alveoli are filled with fibrinous exudate in 

which are embedded variable numbers of neutrophils and mono-

nuclear c ells . HE X 250 . 

Figure 3 . 36 

Severe epithelial hyperplasia with alveolar epithelializa­

t ion at the margin of a necrot ic area induced by the inoculat ion 

of P. haemolytica culture 6 days previously ( no Paraquat adminis-

tered) . HE x  1 00 .  
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congested and contained a thick fibrinous exudate within which lay 

embedded variable numbers of neutrophils and small macrophages ( Figure 

3 -35 ) . In 4 of the 5 Paraquat-treated lungs the cellular reaction in 

the non-necrot ic areas was slightly more severe than in the untreated 

group . Greater numbers of mononuclear cells were seen in the alveolar 

and interlobular interst itial spaces and more macrophages were present 

in the alveolar exudate . 

The microscopic  appearance of the lungs inoculated with S .  aureus 

culture showed a similar basic pattern to those which were inoculated 

with mixed culture . However , the extent of haemorrhagic necrosis , 

fibrin exudat ion and oedema was great er with S .  aureus than with the 

mixed culture and the degree of cellular response correspondingly 

reduced . No difference in the response to S . aureus could be detected 

between the Paraquat-treated and untreated groups . 

The damaged induced by P. haemolytica and E.  coli was less 

extensive and because the animals survived longer , more proliferative 

in nature . Moderate interstitial fibrosis was seen in the alveolar 

septa surrounding many bronchioles and there was moderate bronchiolar 

epithelial hyperplasia. - Excess numbers of macrophages were frequently 

present in alveolar spaces in the affected areas and they were more 

numerous in the paraquat-treated animals than in the untreat ed group . 

When abscesses were present they consisted of a central c aseat ing mass 

surrounded by a zone of granulat ion t issue in which neutrophils were 

prominent . This merged externally with a zone of severely epithelial­

ized alveoli which had moderately fibrosed interstitial septa ( Figure 

3 .36 ) . Small lesions of a similar character but with less inflammatory 

response were induced by the inoculation of aut�claved bact erial broth. 

ENDOGENOUS AGENTS : ( ii ) BUSULPHAN( 1 ) 

The development of pulmonary c omplications following Busulphan 

therapy for chronic myeloid leukaemia in man has lead t o  the recognition 

( 1 ) ' Myleran ' , Burroughs , Wellcome and Co . Limited. 
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o f  a clinico-pathological syndrome known as "Busulphan lung" . The 

syndrome was first recognised by Olin er et al . ( 1961 ) v1ho described 

diffuse , bilateral infiltrates which had the appearance of an 

inflammatory process , in radiographs of the lungs of affected patients . 

The histopathological lesions (Heard and Cooke , 1 968 ) and ultrastruct­

ural changes ( Littler et  al . ,  1 969)  indicat e  that the disease in  man 

is basically a chemically-induced alveolit is with proliferation of 

type II  cells followed by fibrosis of alveolar walls and intra­

alveolar contents . 

Because little information is available on the toxicity of  the 

drug in animals the following attempt was made to test its ability t o  

induce pulmonary injury in sheep . 

Material and Methods 

Two , 6 -year-old ewes were dosed orally with Busulphan once  daily. 

Both received an init ial dose of 4 mg/day which was increased twice 

weekly until the onset of clinical symptoms or death . Necropsy was 

carried out immediately aft er death and blocks from a range of 

pulmonary tissues were fixed in 1 0% formal-saline for light microscopy 

and Karnovsky ' s  fixat ive for electron microscopy. Tissues for light 

microscopy were processed in the usual manner , paraffin-blocked and 

stained with haematoxylin and eosin and periodic acid-Schiff. For 

electron microscopy they were processed and stained by the methods 

previously outl ined in Chapter 2 .  

Results 

The first animal died 4 weeks after c ommencing administration while 

receiving a daily dose of  36 mg on 3 occasions before death. Few 

clinical symptoms were exhibited prior to death apart from refusal of  

food and water , depression and recumbency . At necropsy , the lungs 

showed mild congestion and oedema and excess serous fluid was present 

in both the thoracic  and abdominal cavities . The liver was· shrunken 

to two thirds normal size and showed severe peripheral fibrosis 

typical of facial eczema ( sporodesmin poisoning) . It was therefore 

concluded that hepatic  insufficiency was a contributing factor to the 

animals suscepti.bili ty to Busulphan toxicity. 
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A dose of  60 mg/day was reached before clinical symptoms became 

evident in the second animal . These included inappetance ,  depression , 

pale muc ous membranes and a serous ocular and nasal discharge . 

Euthanasia by intraveous barbiturate was carried out 8 weeks after 

the commencement of administrat ion . At necropsy , the lungs were 

heavier than normal and did not collapse fully on opening the thorax. 

Excess serous fluid was present in the thorax and abdomen and the 

liver and kidneys were slightly paler than normal . 

The histological appearance of  the lungs was similar in both cases. 

There was a moderate interst itial thickening of alveolar septa which was 

irregularly distributed throughout the lung. Moderate smooth muscle 

hypertrophy was also present in both cases and occasional randomly 

located groups of alveoli were part ially collapsed and contained protein­

aceous exudate together with free erythrocytes . Electron microscopic 

observat ions confirmed that the alveolar interstitial thickening was due 

to collagen proliferat ion and fibroblasts were more numerous within the 

interst itihm than usual . Despite these changes the alveolar epithelium 

and capillary endothelium were largely undamaged. 

DISCUSSION 

From the observat ions made in the foregoing study it is apparent 

that many of the changes induced in the respiratory tract of sheep by 

chemical and bacterial means are similar to those found in the naturally ­

occurring forms of sheep pneumonia. The changes seen in the natural 

disease differ mainly in their distribution and greater severity rather 

than in their essential character . 

The use of worm-free experimental sheep in the nitric acid instill­

at ion experiment s was of particular value as the lungs were free of  the 

proliferative granulomatous and lymphoid  areas associated with lungworm 

infestat ion , which are commonly seen in pasture-reared animals . This 

consequently simplified the interpretation of the induced pathological 

changes . However , the restricted availability of these animals meant 

that only small numbers could be used and thus little allowance could 

be made for individual variation in pathological response . 
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Alveolar collapse was one of the first responses to localised 

exogenous injury seen in experimental nitric ac id instillation. Later 

the collapse became extensive in the ventral port ions of some lungs so 

that lesions were produced which closely paralleled the gross and 

microscopic appearance of the early stages of subacute enzootic  

pneumonia ( Figures 3.2  and 3 . 1 3 ) . Although alveolar collapse has often 

been assoc iated with injury by a variety of systemic factors ( Henry , 

1 968 ; Scarpelli , 1 968 ) its rapid onset in the present study raises 

the possibility that irritant exogenous agents may also be involved 

in the early stages of subacute enzootic pneumonia in sheep . 

The majority of  degenerative changes observed in the alveolar 

epithelium have been noted previously in the pathological study of  

the naturally-occurring disease . This suggests that alveolar epithelial 

injury follows a basic pattern of events which are to some degree 

independent of the nature of the inducing agent . An exception to this , 

was the generalised swelling of type I epithelial cells which occurred 

in dilute nitric ac id injury but was not seen in ovine pneumonia . 

This change has been reported previously in nitric acid injury by 

Greenberg et al . ( 1 971 ) who observed plump alveolar c ells with extended 

cytoplasmic  processes which covered the surface of damaged type I I  

cells . However , these authors did not report the binucleate forms of  

swollen type II cells which were seen in  the present study. 

One of  the outstanding features of the reaction to dilute nitric 

acid was the speed at which both t erminal bronchiolar and alveolar 

epithelium proliferated .  To date , insufficient work has been done on 

the kinetics of type I I  cell hyperplasia in other species to  appreciate 

the relat ive significance of these findings . In rabbits the inst illa­

t ion of 5% nitric acid  into the trachea evoked alveolar c ell hyperplasia 

that was intensified by prior injection of  c ortisone acetate ( Totten and 

Pierce , 1 964) . These epithelial changes were not considered significant 

prior to 4 days , however by 7 days proliferat ing alveolar l ining cells 

were quite  prominent . An electron microscope study by Faulkner and 

Esterly ( 1 970) has shown that rabbits lungs , 3 weeks after the injection 

of Freund ' s  adjuvant , developed increased numbers of  granular pneumo­

cytes in which lamellar inclusions were often markedly enlarged and 
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c ontained densely packed osmiophilic materia . Similar changes t o  those 

seen in the pres.ent study were reported by Greenberg et aJ. ( 1 971 ) who 

noted that type II cell hyperplasia was manifest as early as 2 days 

f0llowing dilute nitric acid instillation in rat lungs . These findings 

are also in agreement with the observations of Bowden and Adamson ( 1 971 ) 

who noted focal type II  cell proliferation in mice 2 days after exposure 

to oxygen. 

The current experimental findings suggest that type II  c ells 

proliferate by the rapid division of existing c ells many of which are 

relat ively resistant to injury when compared to their adjacent type I 

counterparts . Although occasional cuboidal c ells , having microvilli 

but lacking the other features of type II c ells were sometimes seen , 

no clearly transit ional forms with morphology intermediate between typ e  

I I  and type I were detected. This does not exclude the possibility that 

transition may occur when injury is more sustained or during 

re-epithelializat ion of denuded alveoli as observed earlier in the 

study of ovine pneumonia . Neither does it exclude the possibility 

that Clara cells may differentiate into type II cells in the alveolar 

duct  region under some c ircumstances . 

In the dilute nitric acid experiment two morphologically different 

populations of macrophages were observed in the alveolar spaces from 1 2  

hours to 3 days after administration. This finding suggests that the 

smaller , newly-arrived cells were of recent blood monocyte origin 

whereas the larger , mature cells were derived from a residual population 

of lung macrophages . Such an explanation would  be in line with the 

concept advanced by Bowden et al . ( 1 969 ) and Velo and Spector (1 973) 

who have used x-irradiation and bone marrow replacement t echniques t o  

study macrophage migrat ion in mice .  They suggested that although all 

macrophages in pulmonary react ions are derived from c irculating precursors 

of bone marrow origin , a residual pool of cells exists in the lung which 

are capable of rapid division and maturation . How large this pool is  

and to  what extent it can deal with inhaled agents without calling on 

the bone marrow for reinforcements remains an important problem to be 

investigated. 
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Also of  interest i n  this experiment was the sequestration o f  groups 

of mature , carbon-laden macrophages within connective t issue lined 

spaces in the alveolar parenchyma. It seems likely that the retention 

of long-lived macrophages in this manner may also occur during resolu­

t ion in chronic pneumonia. If these c ells are not able tb  escape to 

the main airways or lymphatic system this could also be a means by which 

bacteria and necrotic debris are sequestered thus prolonging the 

inflammatory response or leading to abscess formation. 

The complete loss of pulmonary surfactant from areas of  nitric 

ac id administrat ion was to be expected with the destruct ion of type 

II cells and f ibrin exudation which occurred. Whether the loss of 

surfactant was due to mechanical removal in oedema fluids , inactivation 

by fibrin or leucocyte  enzymes , the destruct ion of type II c ells or a 

combinat ion of these factors is not clear from the present study. 

However , the irregular distribut ion of stable bubbles which continued 

to be observed in affected areas for several days after injury indicates 

that the return of full pulmonary surfactant activity is gradual despite 

the occurrence of type II cell hyperplasia. 

The pathology of the lung lesion caused by Paraquat in sheep 

appears to be essentially the same as that described originally in 

laboratory animals by Clark et al . ( 1 966) . These authors reported 

alveolar c ongestion , oedema and fibrin exudation together with increasing 

cellularity of the interstitial t issues including proliferat ion of 

fibroblasts as the lesions progressed. Alveolar macrophages were 

prominent and alveolar and bronchiolar epithelial proliferation 

occurred in many areas . Although the majority of these c hanges were 

seen in the present investigation the degree of alveolar epithelial 

damage produced in sheep was much less than that observed by Manktelow 

( 1 967b) in mice or Vi jeyaratnam and Corrin ( 1 971 ) and Kimbrough and 

Linder ( 1 973) in rats.  Sheep are nevertheless , particularly susceptible 

to Paraquat poisoning as indicat ed  by the low dose rate needed to  

produce toxic symptoms , however the  present findings suggest that the 

ovine l iver and kidney are at least as equally susceptible to Paraquat 

injury as the ovine lung. In this respect ,  the sheep appears to stand 

midway between the rabbit and the majority of other animal species for 
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which information on Paraquat toxicity i s  available . Studies on 

Paraquat poisoning in the rabbit have failed to produce significant 

lung lesions since death usually occurred with only atrophy of the 

thymus and focal degeneration of renal tubules detectable at necropsy 

(Butler and Kleinerman , 1 971 ) .  

Attempts to  use Paraquat as a systemic toxin to lower pulmonary 

resistance to bacterial invasion were disappointing. Although not 

statistically significant , the results obtained suggested that the 

reverse effect was in fact produced by the administration of Paraquat . 

A possible explanat ion for the better survival times obtained in the 

Paraquat-treated animals , is that the sublethal Paraquat treatment 

stimulated macrophage activity sufficiently t o  enable the lungs to 

cope more effectively with the inoculated bacteria. Further experiments  

of  this nature with lower doses of  S .  aureus or  higher doses of  

P. haemolyt ica and larger numbers of experimental animals might well 

provide more useful information. 

The pulmonary response to P .  haemolyt ica , S .  aureus and E . coli 

inoculation was generally similar to  that observed by Biberstein et al . 

( 1 967) who inoculated adult sheep intratracheally with large doses of  

these organisms . The greater severity of the lesions obtained with 

P. haemolyt ica by Biberstein et al . was probably due to the large 

number of organisms inoculated which was often in the order of 1 0 , 000 

x 1 06 per animal . These  authors found that both P. haemolytica and 

s .  aureus produced lesions composed of elements qualitatively identical 

to those seen in c ertain types of naturally- occurring pneumonia. 

Similarly , the lesions seen in the present investigation fell within 

the range of patho�ogical response which occurs in acute enzootic 

pneumonia in New Zealand as described in Chapter 2.  However , whereas 

in the naturally-occurring disease the lesions are predominately in 

antero-ventral parts of the lungs , in the experimental animals the dis­

tribution of lesions was related to  the site of  inoculat ion. 

Despite reports of busulphan t oxicity in man which indicat e that 

alveolar type II c ell desquamation and hyperplasia are striking features 

of the pathological reaction ( Littler et al . ,  1 969 ) the current study in 
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sheep did not succeed in producing significant alveolar epithelial 

injury with oral administration. The appearance of toxic symptoms 

when high doses were administered indicated that some absorption from 

the gastro-intestinal tract was occurring so it was c oncluded that the 

effects of busulphan on sheep lungs are less spectacular than those 

described in man. 



1 1 9 .  

SUMMARY 

The experimental induction of pulmonary injury in worm-free lambs 

was accomplished by the instillation of dilute ( 1%) nitric ac id and 

India ink through an endobronchial catheter . The development of 

localised alveolar injury in 12 animals was then studied after euthanasia 

at different t ime int ervals from 2 hours to 1 0  days after administration. 

Light microscopy showed that alveolar c ollapse and neutrophil 

infiltration were among the earliest changes observed. Neutrophils 

first appeared in alveolar spaces at 6 hours but few remained after 3 

days . Alveolar macrophages were present as 2 morphologically different 

populations . Large macrophages were act ive from 3 hours onwards and 

were joined by smaller cells which migrated from interstit ial tissues 

and blood vessels from 12 hours until 3 days after administration. 

Some alveolar macrophages were apparently long-lived and remained 

sequestered in connect ive tissue-lined spaces at 7 and 10 days after 

injury . 

Electron microscopy revealed that alveolar epithelial damage was 

severe at 2 hours after injury and the majority of changes seen in 

both type I and type  II cells were similar to  those encountered in 

various types of naturally-occurring pneumonia. Proliferation of c ells 

resembling Clara cells and type II alveolar c ells was first noted as 

early as 1 day after administration and partial "epithelialization" of  

some alveoli adjacent to  bronchioles by typ e  II cells was seen at  5 

days . 

Complete loss of  pulmonary surfactant was found to have occurred 

in areas of nitric ac id instillation by 12 hours after administration 

and thereafter it returned slowly to normal over a period of several 

days . 

The value of Paraquat as a systemic agent for the product ion of 

lung damage in sheep was tested by parenteral administration at various  

dose rates t o  18  animals of differing ages . Sheep were found to  be 

part icularly susceptible to  the drug and maximum pulmonary involvement 
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occurred at between 6 t o  1 0  mg/kg. The pathology of the lung lesion · 

was essentially the same as in other species although the most severe 

changes were in the alveolar interst itial t issues. In many instances 

death appeared to  result from liver and kidney injury. 

The effects of Paraquat on pulmonary resistance to endobronchial 

inoculat ion of P. haemolyt ica , S .  aureus and E .  coli were tested in 22 

lambs . When Paraquat was administered subcutaneously 2 days prior to 

inoculat ion the survival t ime of the animals was slightly better and 

the c ellular reaction slightly greater in the Paraquat-treated groups 

than in the untreat ed groups but these differences were not stat istically 

significant . The lesions produced by mixed bacterial broths and broths 

containing S .  aureus in pure culture were similar in many respects to  

the lesions seen in  acute enzoot ic pneumonia. 

The ability of the drug busulphan to produce systemic pulmonary 

damage in sheep was tested by oral administration to 2 animals over a 

4 to 8 week period . Although collagen proliferation and mild alveolar 

epithelial damage were produced the value of the drug as a pulmonary 

toxic agent in sheep appears limited . 
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INTRODUCTION 
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The ability o f  c ertain micro-organisms to  inhabit the upper 

respiratory tract of many mammalian species despite the act ion of 

mechanical and immunological defence mechanisms , is now well established 

(Bosworth and Lovell , 1 944 ; Magwood et al . , 1 969 ;  Clapper and Meade , 

1 963 ; Harris et al . ,  1 969 ) . The role of these organisms in the 

aetiology of pneumonia has not yet been well defined but studies on 

the nature and distribution of the bacterial flora in the upper 

respiratory tract of cattle seem to indicate a close association 

between the numbers of P . haemolytica carried and the subsequent 

occurrence of acute pneumonic pasteurellosis ( Thomson et al . ,  1 969 ) . 

A detailed study of the microbial flora of the ovine respiratory 

tract has not been reported  although Biberstein and Thompson ( 1 966) 

and Biberstein et al . ( 1 970) have studied the nasal carriage of 

P .  haemolyt ica in several normal and pneumonic sheep flocks in 

Scotland . 

This chapter presents data collected during several years of 

investigation into the bacterial and mycoplasma flora of the ovine 

respiratory tract . It includes a study of  normal sheep as well as 

sheep with various types of  pneumonic lesions o.btained from abattoir 

surveys and field sources . In addition,  an attempt was made to 

correlate the numbers of micro-organisms present in a range of  

subacute and chronic pneumonias with the degree of development of 

specific histological features within these lesions . No attempts 

were made to study chlamydia or viral agents as these were considered  

outside the range of  the current investigation. 



A SURVEY OF THE BACTERIAL FLORA OF THE NORMAL AND PNEUMONIC OVINE 

RESPIRATORY TRACT 

123.  

The ob jective of this investigation was to compare the bacterial 

flora of the nasal cavity ,  trachea and lungs of normal sheep with that 

of sheep with subacute and chronic forms of pneumonia. Also included 

was a study of the bacteria present in the various pathological types 

of pneumonic lesion described in Chapter 2 .  Quantitative studies of 

the bacteria isolated were not attempted at this stage . Instead a 

relat ively large number of sheep were sampled so that the frequency 

of isolation of the various bacteria would give an indicat ion of their 

relat ive importance . 

Material and Methods 

Collection of Specimens 

Specimens were collected from lambs aged 5 to 10 months during 

the December to May period of the years 1 969-70 and 1 970-71 . They 

were obtained from local meatworks in the Manawatu district  at weekly 

or fortnightly intervals . 

On each occasion 1 0  lungs were selected and the corresponding 

heads identified and brought t o  the laboratory. Nasal swabs were 

obtained by cutting the head sagittally , slightly to one side of the 

mid-line , with a band saw and removing the nasal septum with bone 

forceps . A sterile swab was then drawn over the exposed turbinate and 

inserted in to both the dorsal and ventral nasal meatus . Tracheal swabs 

were collect ed by incising the trachea transversely midway along its 

length and inserting a sterile swab distally as far as the bifurcation 

of the main bronchi . Samples of lung were collected in sterile petri 

dishes .  From the majority of  pneumonic lungs a 3-4 cm area of the 

right apical lobe was removed with forceps and scissors as this was 

the area most consistently affected . A slice of pneumonic t issue 

immediately adjacent to  this was routinely collected in 1 0% formal­

saline for �ubsequent histological examination. Samples of  normal 

lung were c ollected from the right apical lobe in the same way . 
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Laboratory Procedures 

Nasal and tracheal swabs were plated out initially onto sheep 

blood agar and McConkey ' s  medium. The surface of all lung samples 

was heat seared before plating out in a similar manner . Direct  gram 

smears were made on all samples . In the earl y stages of the survey , 

plates were incubated both aerol . j  cally and with co2 added ,  however 

after 1 00 lungs had been processed C02 incubation was found to be 

non-productive and discontinued . 

Identification of bacteria was based on the methods out lined by 

Wilson and Miles ( 1 964) and Cowan and Steel ( 1 965 ) with the exception 

of the enterobacteriaceae which were identified by the keys of  Ewing 

( 1 968 ) . Colonies of suspect Pasteurella sp . failing to show haemolysis 

on sheep blood agar were subcultured onto horse blood agar and tested 

with the indole reaction. 

Lung samples for histological examinat ion ,,,ere processed in the 

usual manner , embedded in paraffin , cut and stained routinely with 

haematoxylin and eosin . 

Results 

The Prevalence of  Bacterial Species in the Normal and Pneumonic 

Respiratory Tract 

The results summarised in Table XI show a high rate of  carriage 

of several bacteria in the nasal cavity of both normal and pneumonic 

sheep . Bacteria of  this same type were also isolated in �arge numbers 

from the trachea and lungs of pneumonic sheep but were only rarely 

recovered from normal lungs and tracheas . 

The predominant organism present in both the normal and pneumonic 

respiratory tract was Pasteurella haemolyt ica .  This organism was most 

readily isolated from the nasal cavity of pneumonic sheep although its 

prevalence here was only slightly higher than that in the nasal cavity 

of normal sheep . It was recovered in pure aerobic culture from only 

2�� of all nasal cavities examined but was found in combination with 

Neisseria catarrhalis in 4o% of animals and in combination with other 



TABLE XI 

THE PREVALENCE OF BACTERIA IN THE RESPIRATORY TRACT OF 

NORMAL AND PNEUMONIC SHEEP 

No . of Isolations 
over 2 seasons ( 1 969-70 , 70-71 ) 

Organism Nasal Trachea 
Cavity 

P.  haemolyt ica 
Normal 1 35 (73%) 9 (5%) 
Pneumonic 1 93 ( 78%) 1 33 (54%) 

N . catarrhal is 
Normal 72 ( 3o/;6) 2 ( 1%) 
Pneumonic 1 1 4  ( 46%) 55 ( 2ct>;6) 

E. coli  
Normal 22 ( 1 c>;6) 1 ( 0 . 5%) 
Pneumonic 31 ( 1 3%) 4 ( �;6) 

s .  Normal 8 ( 4%) 2 ( 1%) 
aureus Pneumonic 23 ( g';6) 1 0  ( 4%) 

StreEt ococcus SE· Normal 21 ( 1 1%) 0 
(a,-haemolyt ic) Pneumonic 23 ( g';6) 0 

c .  Normal 4 (�;6) 0 
Eyogenes Pneumonic  2 ( 1%) 0 

No Growth 
Normal 30 ( 1 6%) 1 69 ( 9e!>;6) 
Pneumonic 21 ( g';6) 95 ( 3o/;6) 

Other bacteria isolated from Nasal cavity 

Actinobacillus SE· 
Micrococci 

Bac illus SE• 

6 isolat ions 

4 isolations 

3 isolations 

Total Examined = 1 84 Normal sheep 

246 Pneumonic sheep 

Lung 

1 1  ( 6%) 
1 44 ( 5o/;6) 

3 ( 1 . 6%) 
54 ( 2ct>;6) 

1 ( 0 . 5%) 
2 ( 1%) 

2 ( 1%) 
2 ( 1%) 

2 ( 1%) 
0 

1 ( 0 .5%) 
0 

1 67 ( 91%) 
83 (34%) 

1 25 .  
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organisms i n  a further 1 4%. 

The second most common organism recovered was an organism of the 

Neisseria sp. which most closely resembled Neisseria catarrhalis (Alley 

et al . ,  1 970 ) . This organism was isolated most often in combination 

with P . haemolytica and could be grown in pure culture from only 3% 

of all nasal ca.vi ties examined . N . catarrhal is was also commonly 

isolated from the pneumonic lung and trachea (Table XI) but was recovered 

in pure culture from only 6% of pneumonic lungs . 

E .  coli , Staphylococcus aureus and a.-haemolytic  streptocci  were 

also frequently isolated from the nasal cavity ,  however only rarely were 

these organisms recovered from the trachea or lung. Mixed growths in 

the nasal cavity were more commonly seen in those animals sampled during 

the December-January-February period of both seasons . Later during the 

autumn months , P. haemolytica and N . catarrhalis appeared to  dominate 

the nasal flora of  both normal and pneumonic sheep . Only rarely was 

P . haemolyt ica or N . catarrhalis isolated from pneumonic lungs and not 

found to be present concurrentl y  in the nasal cavity (Tabl e XII ) . 

The Prevalence of Bacteria in Different Types of Pneumonic Lesion 

For the purpose of this study lungs with pneumonic lesions were 

divided into 4 cat egories on the basis of their gross and histological 

appearance as described in Chapter 2 . The prevalence of bact eria in 

these 4 types of lesion is shown in Table XIII . It can be seen that 

lesions in the first category in which the main feature was alveolar 

collapse were much less likely t o  yield bact eria than lungs in the 

other 3 groups (No Growth I 2 
= 30 .5 , P < 0 .001 ) .  The lungs in which 

the most extensive lesions were present usually showed grey-red consolid­

ation and were placed  in the third category. It was from this type of 

lesion that bacteria were most consistently recovered being present in 

83% of the lungs examined. 

P .  haemolytica was recovered most often from lesions of  the second 

category in which c ellular exudation predominated ( P. haemolyt ica 

l 2 
= 1 1 . 3 ,  P = 0 .01 ) .  However the organism was still present in 
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TABLE XII 

COMPARISON OF THE BACTERIAL FLORA OF THE NASAL CAVITY OF PNEUMONIC 

SHEEP IN WHICH PASTEURELLA HAEMOLYTICA OR NEISSERIA CATARRHALIS 

WERE ISOLATED WITH THOSE FROM WHICH THERE WAS NO GROWTH 

Pneumonl c  Lungs Yielding : -

Isolat ions from P. haemol;y:tica N . catarrhal is No Growth 
Nasal Cavity ( 144) (54) ( 83)  

P. haemol;y:tica 1 42 ( 99";6) 41 ( 76%) 62 ( 75%) 

N . catarrhal is 74 (51%) 45 ( 83%) 36 ( 43%) 

E. coli 1 4  ( 1 0%) 7 ( 1 3%) 10  ( 1 2%) 

s .  aureus 10  ( 8%) 5 ( <)";6) 8 ( 1 0%) 

a.-haemolytic streptococci  13  ( <)";6) 6 ( 1 1%) 7 ( 8%) 

Actinobacillus sp. 4 ( 3%) 1 0 

Micrococci  1 0 3 ( 4%) 

Bacillus sp. 1 2 ( 4%) 0 

c .  p;y:ogenes 1 0 0 

No Growth 0 0 1 7  ( 2CP;6) 



TABLE XIII 

BACTERIAL ISOLATIONS FROM SUBACUTE AND CHRONIC PNEUMONIAS 

Type of Lesion 

1 .  Dull Red 2. Red-grey 3 .  Grey-red 
Consolidation Consolidation Consolidation 

69-70 13 26 22 
P.haemolytica 70-71 14 23 20 

Total 27 ( 3 5%)  49 (75%) 42 ( 64%) 

69-70 4 8 12 
N. catarrhalis 70-71 5 6 9 

Total 9 ( 12%) 14 ( 22%) 21 (33%) 

69-70 1 0 1 
s .aureus 70-71 2 0 1 

Total 3 ( 4%) 0 2 (3.%) 

69-70 0 0 0 
E . coli 70-71 2 0 0 

Total 2 (3%) 0 0 

69-70 0 0 0 
c .pyogenes 70-71 0 0 1 

Total 0 0 1 
69-70 15  4 2 

No Growth 70-71 34 8 9 
Total 49 ( 64%) 12 ( 18%) 11 ( 17%) 

Total 69-70 101 29 32 30 
Examined 70-71 145 48 33 34 

246 77 65  64 

4. Grey 
Consolidation 

7 
19 
26 ( 63%) 

1 
9 

10 (25%) 

0 
1 
1 

0 
0 
0 

0 
0 
0 

3 
8 

11 ( 28%) 

10 
30 

40 

I-' l\J 
00 

• 
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the majority of  the more advanced lesions in  which proliferative changes 

were the most prominent feature . 

Although N . catarrhalis showed a less significant pattern of 

distribution than P . haemolytica this organism showed a tendency to be 

present in lesions of a more chronic nature ( N. catarrhalis l 2 7 . 3 , 

P <o . 1 ) 0 .05 ) . 

A monthly comparison of  isolat ions was not undertaken although in 

both seasons , the proportion of type 1 lesions appeared to be  greater 

at the beginning of  the season and the proportion of type 3 and 4 lesions 

greater towards the end of each season . However , the considerable 

variation in the prevalence of the disease between the different lines 

of sheep sampled at the meatworks would have necessitated the collect­

ion of a very large number of samples in order to make such a comparison 

valid . 

BACTERIAL ISOLATIONS FROM ACUTE PNEUMONIA AND PULMONARY OR PLEURAL 

ABSCESSES 

The close association between acute fibrinous pneumonia in sheep 

and cattle and the Pasteurella sp . has lead to the use of the term 

"Pasteurella pneumonia" to describe many acute pneumonias in these 

species ( Shirlaw , 1 959 ) . Much of the evidence for this association has 

come from the post -mortem records of veterinary investigation laboratories 

(Ministry of Agriculture , Fisheries and Food , 1 964) . 

Little information is available on the bacteria present in acute 

pneumonia and pulmonary or pleural abscesses of sheep in New Zealand 

although Salisbury ( 1 957) and Downey ( 1 957) noted that Pasteurella 

haemolyt ica was almost invariably isolated from cases of acute enzootic  

pneumonia. The following data was therefore obtained from the post­

mortem examinations of  field cases of  acute and suppurative pneumonic 

conditions occurring in sheep in the Manawatu district of New Ze aland. 

Material and Methods 

During the period 1 969 to  1 974 the lungs of  48 sheep of  all age 

· groups with acute pneumonia were examined bacteriologically in the 
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Department of Veterinary Pathology and Public Health , Massey University . 

In addition , 49 sheep with pleural or pulmonary abscesses from sheep of 

a variety of  ages were examined and cultured bacteriologically . 

Samples were collected in sterile petri dishes and direct smears 

were made before rout ine aerobic culture was carried out . In the case 

of  purulent or fibrino-purulent lesions , anaerobic culture was also 

performed.  Sections of affected tissue were routinely collected in 10% 

formol-saline and the nature of the lesions subsequently confirmed by 

histological examination. 

Results 

In sheep of all ages with acute pneumonia the most common organism 

isolated was P. haemolyt ica (Table XIV) . Isolations of  N . catarrhalis 

were largely confined to  sheep in the 3 to 1 2  month age group whereas 

E. coli appeared to  be  distributed in the lungs of both young and old 

sheep . Other organisms were recovered only sporadically and were too 

few in number to detect any significant pattern of distribut ion . 

The bacterial isolations from sheep with pulmonary or pleural 

abscesses are presented in Table XV. It can be seen that C. pyogenes 

was as frequently isolated from these lesions as P.  haemolytica.  

However , C .  pyogenes was most often recovered from adult sheep while 

P .  haemolytica was more evenly distributed although neither of these 

organisms were commonly found in abscesses in young lambs . In contrast , 

almost all the isolat ions of S .  aureus were made from lesions in young 

lambs and this organism was not recovered from abscesses in any of the 

adult sheep examined.  Prominent among the other organisms recovered 

were Spherophorus necrophorus and E. coli both of which were found in  

suppurative lesions in young and old sheep . 

A SURVEY OF THE PREVALENCE OF MYCOPLASMA OVIPNEUMONIAE AND MYCOPLASMA 

ARGININI IN THE RESPIRATORY TRACT OF NORMAL AND PNEUMONIC SHEEP 

Following the isolation and identification of M .  ovipneumoniae and 

M .  arginini in the lungs and nasal cavity of sheep in New Zealand ( Clarke 

et al . , 1 974) there was a need to assess the prevalence . of  these 



TABLE XIV 

AGE DISTRIBUTION AND BACTERIAL ISOLATIONS FROM 48 CASES 

OF ACUTE PNEUMONIA( 1) 

Age of  Sheep 
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Bacteria Isolated 0-2 3-1 1 1 -2 2-6 6 years Total 
mths mths years 

P .  haemol;yt ica 3 1 0  6 

E. coli 1 2 0 

N .  catarrhalis 0 6 0 

c .  }2;yogenes 0 3 1 

s .  aureus 2 1 0 

a.-haemolytic 
streptococci 0 1 0 

No growth 1 1 2 

TOTAL EXAMINED 7 1 6  9 

( 1 )  Compiled over a 6 year period 1 969-74 

years & over 

6 3 28 

3 3 9 

1 0 7 

0 0 4 

0 0 3 

2 0 3 

1 0 5 

1 1  5 

( The possibility that antibiot ic  therapy was used in some of 

these cases c annot be discounted) . 



TABLE XV 

BACTERIAL ISOLATIONS FROM PULMONARY AND PLEURAL ABSCESSES 

IN SHEEP OF 3 DIFFERENT AGE GROUPS 
(1 ) 

Bacteria Isolated 

P. haemol;y:tica 

c . E;zogenes 

s .  aureus 

s . necroEhorus 

E. coli 

r:A haemolytic 
streptococci  

N. catarrhalis 

B. fragillus 

Cl . seEticum 

Fusobacterium 

Mima sp . 

Prot eus sp . 

sp . 

Pseudomonas sp . 

No growth 

TOTAL EXAMINED 

2 

Age Group 

2 days 3 months 
t o  to  

months 1 1  months 

1 9 

1 6 

1 0  2 

3 1 

2 1 

2 1 

0 2 

0 1 

0 0 

0 1 

0 0 

0 1 

0 1 

0 0 

1 3  1 7  

( 1 )  Compiled over a 6 year period 1 969 t o  1 974 

1 year 
to 

6 years 

7 

10  

0 

6 

4 

2 

1 

0 

1 

0 

1 

0 

0 

1 

1 9  

1 32 .  

Total 

1 7  

1 7  

1 2  

8 

7 

5 

3 

1 

1 

1 

1 

1 

1 

1 

49 



1 33 .  

organisms in the respiratory tract of  normal and pneumonic sheep in 

this country. 

A survey of 6 to 9-month-old sheep was undertaken during the 

autumn of 1 973 . This initial work was then extended t o  cover the 

following autumn so that a quantitative assessment of M . ovipneurnoniae 

present in the lungs could be made in a range of subacute and · chronic 

pneumonias . 

Material and Methods 

Collection of Spec imens 

In the initial survey specimens were collected on nine occasions 

at approximately weekly intervals during March , April and Hay 1 973 . 

All spec imens came from a local meatworks which was supplied with sheep 

from the Manawatu district . On each occasion lung specimens and complete 

heads were collected from 3 pneumonic and 3 normal sheep and lung 

spec imens alone were taken from 4 sheep with pneumonia . Except where 

otherwise stated the lungs were removed from the sheep and ha..."ldled by 

a meat inspector before they became available for sampling. A subse­

quent study was undertaken to estimate the titre of M . ovipneumoniae 

in normal and pneumonic lungs and in this study the lungs were collected 

on 10 occasions during Harch , April and May 1 974 . 

The diseased lungs sampled included a variety of subacute and 

chronic pneumonias and histological sections of  tissue immediately 

adjacent to the area sampled were obtained and processed in the manner 

described previously in the survey of  the bacterial flora. The nasal 

swabs were also collected by the method previously used in the bacterial 

flora survey. 

Media 

The media used for the isolat ion and propagation of  fermenting 

mycoplasmas ( FM4) was the fourth formulation described by Frey et al . 

( 1 969) . For arginine requiring strains this medium was modified by 

the addition of 1% arginine hydrochloride and adjusted to pH 7 . 0. This 

is referred to as FM4A medium. Solid medium was prepared by the 
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addition of 1% agar to the liquid medium. 

Processing of Spec imens 

Nasal swabs and lung spec imens were normally processed as previously 

described by Clarke et al . ( 1 974) . This involved two passages in fluid 

medium followed by spotting on solid medium. The resulting colonies 

were identified by fluorescent ant ibody methods . 

To est imate the titre of M . ovipneumeniae present in sheep lungs , 

0 .3 gm. of lung was ground with sand using a pestle and mortar and 

2 . 7 ml of  FM4 medium was added . This was regarded as a 1 : 1 0  dilution 

of lung. Ten-fold dilutions were then made serially transferring 0 . 3 ml 

into 2 . 7 ml aliquots of FM4 medium up to a final dilution of 1 0-9. The 

dilut ions from 1 : 1 00 upward were then incubated for 1 0  days , and 

dilutions showing an unequivocal drop in pH were recorded as positive 

and the t itre was recorded as the highest dilution to show such a 

change . To confirm that the colour change was due to  M . ovipneumoniae , 

an aliquot of  the highest possible dilution was spotted on agar and the 

colonies were examined after incubation at 37°C for 7 days . 

Fluorescent Antibody Methods 

To prepare an antigen for antiserum production mycoplasmas were 

propagated using medium in which swine serum was replaced by horse 

serum . The mycoplasmas were inoculated into rabbits as described by 

Clarke et al . ( 1 974 ) . Globulins were precipitated from the immune 

serum with 5�� saturated ammonium sulphate at 0°C and labelled with 

fluorescein isothiocyanate as described by Clarke et al . ( 1 972 ) . This 

procedure involved purification of the c onjugate by Sephadex and DEAE 

cellulose chromatography. 

Impression smears of mycoplasma colonies were prepared by pressing 

coverslips on the agar surface .  The smears were air dried and fixed in 

acetone for 10 minutes at room temperature . The smears were then 

stained for 1 hour at room temperature by the direct technique . 
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Results 

Identificat ion of Isolates by Fluorescent Antibody Methods 

At an early stage of the present study it became clear that a 

rapid and unequivocal method for the indentification of mycoplasma 

colonies was necessary , so that antibody to M . ovipneumoniae ( strain 

5 )  and M .  arginini ( strain 1 1 0)  and control serum were labelled with 

fluorescein isothiocyanate and tested for their ability to stain 

impression preparat ions of colonies of 1 0  strains of M . arginini and 

6 strains of M . ovipneumoniae which had been identified by gel 

precipit in tests ( Clarke et al . , 1 974) . It was found that in all cases 

antiserum to either M . arginini or M . ovipneumoniae stained only the 

homologous organism and control serum stained neither . Subsequently , 

replicate impression preparations of colonies formed by all the 

isolates were exposed to the three labelled sera and it was found that 

all isolates stained with one or the other of the two antisera but not 

with the control serum . It was concluded that all the mycoplasmas 

recovered from the respiratory tract in this survey represented 

isolates of either M. ovipneumoniae or M . arginini and the staining 

react ion was correlated with colonial morphology : thus all colonies 

showing "fried egg" morphology stained with antibody to M . arginini 

whereas all "vacuolated" colonies stained with antibody to M . ovipneu­

moniae . Some cultures gave mixtures of both colony types ( Figure 4 . 1 ) 

and in such cases impression smears stained with both antisera but not 

with control serum . It should be noted that the formation of  centreless 

colonies refers to medium containing 1% agar since at concentrations 

significantly lower than this e .g . on 0 . 75% agar most M . ovipneumoniae 

colonies became "centred". 

Prevalence of Mycoplasmas in the Nasal Cavity 

All strains of mycoplasmas recovered from nasal swabs from normal 

and pneumonic sheep were found to be either M . ovipneumoniae or 

M. arginini . The recovery rate of both organisms from normal and 

pneumonic sheep is recorded in Table XVI . 

Preliminary Investigation of Mycoplasmas in the Lungs 

This study was initially undertaken to  compare. the isolation rate 
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Figure 4 . 1  

Colonies o f  Mycoplasma arginini ( centred)  and Mycoplasma 

ovipneumoniae ( centreless) in oblique transmittted light . x 45 
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TABLE XVI 

RECOVERY RATE OF TWO SPECIES OF MYCOPLASMA FROM THE NASAL 

CAVITY OF NORMAL AND PNEUMONIC SHEEP 

Organism 

M . ovipneumoniae 

M . arginini 

TOTAL EXAMINED 

Recovery Rate 

Normal Sheep Pneumonic Sheep 

13 ( 48%) 

9 ( 33%) 

27 

1 9  ( 70'/o) 

1 4  ( 52%) 

27 
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and identity of mycoplasmas from the lungs o f  normal and pneumonic 

sheep . The results after testing 27 normal lungs and 63 pneumonic lungs 

were as follows : with pneumonic lungs M. ovipneumoniae was recovered 

from 7�0 and M . arginini was recovered from 32% of samples whereas with 

normal lungs H . ovipneumoniae was recovered from 63% and M . arginini 

from 1 o/fo. 

No mycoplasma were recovered in this survey except strains of 

M . ovipneumoniae and M . arginini . However , the recovery rate of 

organisms from the control lungs and in particular the apparent 

prevalence of M . ovipneumoniae was unexpectedly high. It seemed 

possible therefore that cross contamination of lungs had occurred and 

the most l ikely t ime for this to  have taken place was when they were 

palpated by a meat inspector prior to sampl ing. 

To investigate this possibility , 9 normal lungs were sampled 

immediat ely after their removal from sheep and the same lungs were 

re-sampled after they had passed the meat inspector . M . ovinneumoniae 

was recovered from 3 of the early samples but was detected in 6 of the 

later samples . It was therefore concluded that cross contamination had 

occurred . 

The problem of interpretation of results because of cross contamin­

ation by a small number of superficial micro-organisms may be minimised 

by est imating the t itre of organisms present in the test material . A 

quantitat ive estimate of the titre of M . ovipneumoniae in normal and 

pneumonic lungs was therefore attempted . 

Quantitative Study of M . ovipneumoniae in Normal and Pneumonic Lungs 

Normal and pneumonic lungs were t itrated for M . ovipneumoniae by 

limit dilution and the results are shown in Figure 4 . 2 .  The geometric 

mean t itre of M . ovipneumoniae in pneumonic lung was calculated to be 

1 06 • 6
• Since the endpoint was taken as the highest dilution from which 

M . ovipneumoniae was recovered and each di lution bottle contained 2 . 7  

ml , it was calculated that the mean t itre corresponded to  approximately 

3 x 1 06 organisms per gm of affected lung. 
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Figure 4.2 Distribution of titres of M. ovipneumoniae in normal and pneumonic lungs. 
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It should be noted that M . ovipneumoniae was recovered from all of 

the 60 pneumonic lungs tested whereas only 1 0  of the 40 normal lungs 

were positive and of these 1 0 ,  only 2 had a t itre of above 1 03 • In 

about 1 0% of the titrations of pneumonic lungs but not with normal 

material , a "prozone-type phenomenon" was detected. In these cases 

after 3 to 6 days the 1 0-2 dilut ion and occasionally the 1 0-3 dilution 

showed no pH change e.lthough higher d ilutions were positive . In most 

cases however , the "prozone" disappeared after prolonged incubat ion. 

It seems reasonable to suppose that this "prozone" effect was due to 

the presence of antibody in the lung in sufficient concentrat ion to 

inhibit mycoplasma growth at the lower dilutions . 

The identity of  the mycoplasmas present at limiting dilut ion was 

checked by plating the dilut ion on agar and examining the colonies 

formed following incubation. In all cases the organisms were identified 

as M . ovipneumoniae . 

CORRELATIOnS BETWEEN HISTOPATHOLOGICAL FEATURES AND NUMBERS OF 

M. OVIPNEUMONIAE AND BACTERIA PRESENT IN P�10NIC LUNGS 

Recent work by Australian investigators has produced evidence that 

M . ovipneumoniae is associated with a chronic proliferative interstitial 

pneumonia in sheep in Queensland ( Sullivan et al . ,  1 973a) . In view of 

this , and the previous findings that high t itres of M . ovipneumoniae 

are present in pneumonic lungs in New Zealand it was de.c ided t o  invest i­

gate the possible association of c ertain histopathological features with 

the numbers of M. ovipneumoniae in pneumonic lungs . At the same t ime 

the bacteria present were also quantitated in order that any relation­

ship which existed between bacterial numbers and the type of pathological 

response which occurred could also be identified. 

Mat erial and Methods 

This study was performed on the 60 pneumonic lungs which were 

collected for the previous quantitat ive survey of M . ovipneumoniae 

titres . Sections of t issue immediately adjacent to the area of  

penumonic lung sampled were fixed in  1 0% formol-saline , processed in 

the usual manner , embedded in paraffin and stained with haematoxylin 

and eosin. 
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Bacterial colony counts o f  ground pneumonic lung suspension were 

made by the standard surface count technique . 0 . 1  ml of the initial 

1 : 1 0  dilution was inoculated on to the surface of blood agar plates 

and 0 . 1  ml carried over into 1 ml of sterile nutrient broth for the 

next dilution. The organisms present were identified as P .  haemolyt ica , 

N . catarrhalis or Staphylococcus sp. 

Results 

In preliminary att empts to correlate the titres of M . ovipneumoniae 

with pneumonic lesions the lungs were divided into the 4 categories of  

subacute and chronic pneumonia described in Chapter 2 . The mean t itre 

of  M . ovipneumoniae in 

lesions 1 05 · 7 per gm ; 

type 4 ,  1 05 • 9 per gm. 

each of these groups was as follows : type 1 

type 2 ,  1 06 ·4 per gm ; type 3 ,  1 06 · 8 per gm ; 

The range of  titres in each group of pneumonic 

lungs varied considerably and since the severity of histological lesions 

in each group also varied it was decided to make a more detailed com­

parison of the severity of histological lesions with the t itres of 

M . ovipneumoniae and bacteria . 

Detailed histological examinations of  the lungs were undertaken 

without prior knowledge of their bacterial and M. ovipneumoniae titres 

and each pathological feature observed was graded on a 4-point scale of 

severity . In order t o  highlight any possible association of numbers of 

organisms with pathological changes ,  4 groups each composed of 7 to  8 

lungs , were selected from the 60 lungs examined on the basis of  the 

following criteria : -

Group A Low M . ovipneumoniae t itre , low bacterial t itre . 

Group B High 11 1 1  low 1 1  1 1  

Group c Low 11 1 1  high 1 1  1 1  

Group D High 1 1  1 1  high 1 1  1 1  

A meru� index of severity was then calculat ed for each histopathological 

feature in each group and the results of these calculations are shown 

in Figure 4 . 3 .  From this figure it can be seen that large numbers of  

neutrophils and severe epithelial hyperplasia  in both bronchioles and 

alveoli commonly occurred in lungs in which there were large numbers of 

both M .  ovipneumoniae and bacteria. There was also an inverse 
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Figure 4.3 Correlation of M. ovipneumoniae and bacterial titres with severity of histological lesions 
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relat ionship between the degree of  lymphoid hyperplasia and the numbers 

of bacteria present and a similar but less pronounced inverse relation­

ship between the amount of mucus present in both bronchioles and 

alveoli and numbers of bacteria. In contrast , there was a strong 

positive association between high numbers of M . ovipneumoniae and the 

severity of peribronchiolar fibrosis , and a similar but less clear cut 

association between the numbers of M . ovipneumoniae present and the 

degree of alveolar interstitial thickening by mononuclear cells and 

fibroblasts . A further point of interest was the apparent lack of any 

relat ionship between the numbers of  alveolar macrophages present and 

the numbers of  micro-organisms of all types that were recovered . 

The possibility of a relationship existing between the numbers of 

M . ovipneumoniae and the bacteria present in the lung was also investi­

gated by plotting the titres of  these organisms against each other as 

shown in Figure 4 .4 .  However the distribution of  the organisms was 

random so it was concluded that no obvious relationship existed . 
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DISCUSSION 

The bacteriological findings obtained in the survey of normal and 

pneumonic lambs at slaughter indicate that both groups of animals have 

a high rate of carriage of several micro-organisms in the nasal cavity . 

The same types of  organisms were present in a similar ratio in the 

lungs and tracheas from pneumonic sheep that were examined . It seems 

likely therefore , that bacteria normally resident in the nasal cavity 

have the ability to establish themselves in the lungs of sheep with 

pneumonic lesions . Because these organisms were not isolated from all 

the pneumonias examined it could be inferred that they were not 

essential for the establishment of the disease . Nevertheless , the 

high recovery rate of bacteria from the more severe types of pneumonic 

lesion suggests that they were making an active contribution to the 

pneumonic process in these animals . 

The high rate of recovery of P. haemolytica from the nasal cavity 

is in keeping with the findings of previous overseas invest igators 

(Boswell and Lovell , 1 944 ; Smith ,  1 957) . The nasal carriage of  

P. haemolytica in normal flocks has also been investigated by Biber­

stein and Thompson ( 1 966 ) who found a relatively lower incidence and 

wider range of serotypes than in pneumonic flocks . Further work by 

Biberstein et al . ( 1 970) revealed a bimodal curve of carrier rates for 

P. haemolytica in several flocks studied over a 12  month period. The 

first peak occurred in late autumn and the second in late spring t o  

early summer . These peaks coincided closely with the known seasonal 

pattern of enzootic pneumonia in the region. However ,  it is not clear 

from these authors reports whether the enzoot ic pneumonia ment ioned is 

of the acute "pasteurella" type described by Montgomerie et al . ( 1 938 ) 

and Salisbury ( 1 957 )  or of the subacute and chronic types which were 

the subject of the present survey. 

In New Zealand , Downey ( 1 957) carried out a small survey of  lungs 

from 6 t o  8-month-old sheep obtained from a meatworks . The only 

organism reported to be isolated was P. haemolyt ica which was cultured 

from 1 8  of the 32 pneumonic lungs examined ( i . e .  56%) . This figure is 

in keeping with the recovery rate for P. haemolytica from pneumonic 

lungs of 5o/fo in the present survey. 
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Isolations of  Neisseria sp. from the lungs of sheep have been 

reported infrequently in the literature ( Miller , 1940 ; Alley et al . ,  

1 969 ; St . George , 1 972) . In cattle Neisseria catarrhalis is known to 

occur commonly in the nasal cavity and has been recovered from 46 . 7/o 

of nasal swabs taken from calves over a 7 month period (Magwood  et al . , 

1969) . The present study indicates that this organism is also common 

in the nasal cavity of sheep in New Zealand where it is most often 

found in association with P.  haemolytica. It also appears to  have the 

ability to colonise the lung in a significant proportion of chronic 

pneumonias . 

Detailed studies of the dynamics of bacterial colonisat ion of the 

nasal cavity in cattle have shown a wide variety in the numbers and 

types of organism present over a 24 hour period ( Magwood et al . , 1 969 ; 

Thomson et al . ,  1 969) . If this is also the case in sheep it could be 

argued that prior yarding and transportation could cause cross­

colonisat ion between the nasal cavit ies of closely confined sheep. 

Thus samples collected at slaughter would tend to over estimate the 

field carriage rate of nasal micro-organisms . In this respect  it should 

be noted that similar opportunities for cross-colonisation exist during 

driving and yarding for many rout ine sheep husbandry practices .  

The recovery of  P .  haemolytica from a high proportion of  the cases 

of acute pneumonia examined would seem to reinforce the commonly held 

belief that the organism is usually associated with pneumonias of this 

type . It is worth noting however , that the organism was not invariably 

isolated from acute fibrinous or necroti zing pneumonias which suggests 

that lesions of this type are not spec ific to the Pasteurella sp . 

This conclusion is supported by the work of Gourlay et al . ( 1 970) in 

calves , who found a poor correlation between actual isolation of 

Pasteurella sp . and the occurrence of  histological lesions normally 

associated with this type of infect ion. 

P .  haemolytica was also frequently isolated from pleural and 

pulmonary abscesses in the present study. A similar observation was 

made by Downey ( 1 957) when he noted that this organism together with 

C. pyogenes could nearly always be demonstrated in areas of suppuration 

associat ed with anteroventrally distributed pneumonia in lambs and 



hoggets . The present finding that C . pyogenes was recovered mainly 

from suppurative lung lesions in adult sheep , whereas S. aureus was 

recovered mainly from young lambs , is noteworthy as it raises the 

possibility that there may be differences in the rate of nasal carriage 

of micro-organisms in sheep of differing ages . This possibility 

receives support from a survey of the nasal carriage of coagulase­

posit ive staphylococci in ewes and lambs at weaning carried out in 

Otago (Ann . Report of  Animal Research Stations , N . z . Department of 

Agriculture , 1 962-63 ) . Investigation of 1 00 ewes from a clinically 

normal flock and their lambs at weaning revealed that 30% of ewes and 

25% of their lambs were carriers of coagulase-positive staphylococci 

in the nose . This rate of nasal carriage is considerably higher than 

the 4 to 9% observed in 5 to 1 0-month-old lambs in the present study. 

However , some of this difference may be a reflection of the different 

methods employed in the collect ion of samples . 

From the survey of  the prevalence of M . arginini and M . ovi­

pneumoniae in the respiratory tract of sheep it was concluded that both 

organisms but espec ially M. ovipneumoniae , are commonly present in the 

upper respiratory tract of 6 to 9-month-old sheep in the Manawatu 

district of New Zealand. All the isolates recovered either gave an 

increased pH in arginine containing medium ; formed centred colonies 

and stained with antiserum to M . arginini , or gave a decreased pH on 

FM4 medium ; formed c entreless colonies and stained with antiserum to  

M . ovipneumoniae . Thus fermenting mycoplasmas other than M . ovipneumoniae 

are absent or rare in the respiratory tract of sheep in the Manawatu or 

alternatively they fail to grow on FM4 medium which is a relatively 

complex medium designed to propagate fastidious mycoplasmas. It  should 

be noted however that no attempt was made in the present study to  

recover urea requiring mycoplasmao . 

St . George et al . ( 1 971 ) concluded that M .  ovipneumoniae can cause 

chronic pneumonia in sheep in Australia and as M .  arginini is found in 

many species of  animals (Leach , 1 970) but is not known to cause lesions 

in the lower respiratory tract , the present study of lung spec imens 

concentrated on estimating the t itre of fermenting mycoplasmas present 

using FM4 medium. The distribution of M. ovipneumoniae in normal and 
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pneumonic lung was found to be different both in  the proport ion of 

lungs from which M. ovipneumoniae were recovered viz. 100% of pneumonic 

lungs and 25% of normal lungs and in the geometric mean titre of 

positives viz . 106 • 6 per gram for pneumonic lung and 1 03 ·2 per gram for 

normal lung . Although the high recovery rate and relatively high t itre 

of M. ovipneumoniae in pneumonic lung is consistent with the conclusion 

that this mycoplasma is the cause of chronic pneumonia it is neverthe­

less equally possible that it could be an efficient secondary invader 

of lung damaged by some other agent . 

Although the correlations of histopathological lesions with numbers 

of M . ovipneumoniae and bact eria did not produce evidence of any con­

clusive relationships some trends were observed which indicated that 

further studies of this nature may be worthwhile . There appeared to 

be an association between high titres of M . ovipneumoniae and chronic 

proliferative changes such as peribronchiolar fibrosis and interstitial 

thickening with mononuclear cells and fibroblasts . This observat ion 

lends some support to the findings of Sullivan et al . ( 1 973a) who have 

reported that this organism is associated with a chronic proliferative 

interstit ial pneumonia in sheep in Queensland . An additive effect on 

the intensity of neutrophilic exudation in alveoli and to a lesser 

extent in bronchioles as well as increased type II cell hyperplasia was 

produced by combined high titres of both M . ovipneumoniae and bacteria . 

Roberts et al . ( 1 962)  noted a similar effect on neutrophil exudat ion 

when invest igating the influence of Pasteurella multocida and Mycoplasma 

hyorhinis on the histopathology of porcine pneumonia but did not observe 

any changes in type II alveolar epithelial cells . 

Peribronchiolar lymphoid hyperplasia was one of  the most prominent 

changes associated with low bacterial t itres in lungs with chronic 

pneumonia . This finding suggests that the proliferation of local 

aggregations of lymphoid t issue is an effective means of keeping 

bact er ia at a low level since presumably such proliferations are 

correlated with the immunological response of the lung t o  antigen . 

Although "cuffing pneumonia" has in the past been associated with myco­

plasma infect ion , the present finding is in l ine with the currently 

accepted concept that this change can be a non-specific response to  a 



wide range of irritants (Hanichen , 1 964 ;  Jericho , 1 966) . The presence 

of excess mucus in bronchioles and mucus reflux into alveoli was also 

assoc iat ed with low bacterial titres and this could well be explained 

by the effect of antibacterial IgA or lysozymes within these secretions . 
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SUMMARY 

The nasal cavity , trachea and lungs of  1 84 normal sheep and 246 

sheep aged 5 t o  1 0  months with chronic and subacute pneumonia were 

examined bacteriologically. Samples were collected at slaughter over 

a 2 year period during the maximum inc idence of pneumonia in the 

autumn months . The most common organism recovered was P. haemolytica 

which was present in 78% of nasal cavities of sheep with pneumonia and 

73% of nasal cavit ies of normal sheep . N . catarrhalis was also 

commonly found in the nasal cavities of both normal and pneumonic sheep 

and E. coli and S . aureus were less frequently isolated . 

Pneumonic lungs were divided into 4 categories according to  gross 

and histological lesions . Lesions characterised by alveolar c ollapse 

yielded few bacteria whereas those in which cellular exudate  predomin­

ated c ontained P. haemolyt ica in 75% of cases . P. haemolytica was also 

recovered from more than 6�� of lungs in which severe proliferative 

changes predominated and N. catarrhalis was recovered from 25 to 33%. 

No bacteria could be recovered from 91% of normal lungs but P . haemoly­

tica was isolated from 6%. 

P .  haemolytica was also recovered from the majority of  field cases 

of acute pneumonia in sheep of all ages but was not invariably assoc­

iated with lesions of this type . The organism was also isolated as 

often as C .  pyogenes from pleural and pulmonary abscesses in sheep and 

lambs older than 3 months but in lambs younger than this S . aureus was 

the most common isolate . 

The nasal carriage of mycoplasmas by sheep with and without chronic 

pneumonia was invest igated in 6 t o  9-month-old lambs sampled at 

slaughter . It was found that M . ovipneumoniae and M. arginini were 

ubiquitous in both pneumonic and normal animals , however M . ovipneumoniae 

was recovered more frequently than M . arginini and both organisms were 

recovered more frequently from pneumonic than normal animals . No myco­

plasmas other than these two species were detected.  

The recovery rate and titre of M . ovipneumoniae in normal and 

pneumonic lungs from 6 to 9-month-old lambs was estimated at slaughter . 
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All 60 pneumonic lungs tested contained M . ovipneumoniae and had a 

geometric mean t itre between 1 06 and 1 07 organisms per gram of lung. 

M . ovipneumoniae was recovered from 1 0  of 40 normal lungs tested and 

in only 2 cases did the tire exceed 1 03 organisms per gram. It is 

likely that the low t itre of organisms present in the remaining 8 

posit ives represents surface contamination before collection. 

An attempt was made to correlate the severity of histopathological 

lesions with the titre of both M . ovipneumoniae and bacteria in pneumonic 

lungs . High titres of M. ovipneumoniae were associated with chronic 

proliferative changes such as peribronchiolar fibrosis and int erstitial 

thickening. The combined effect of  large numbers of M. ovipneumoniae 

and bacteria were associated with neutrophilic exudat ion and epithelial 

hyperplasia . However , lymphoid hyperplasia and excess mucus production 

were associated with low bacterial t itres . This suggested that these 

factors were effect ive in reducing bacterial numbers presumably by means 

of local antibody or lysozyme secret ion. There was no direct correla­

tion between the numbers of M . ovipneumoniae and bacteria present in 

pneumonic lungs . 

It is concluded that bacteria from the nasal cavity may invade the 

pneumonic lung and actively contribute to the severity of the lesions 

in chronic pneumonia but it is unlikely that they are responsible for 

init iating the disease process . The marked difference in the t itre of  

M . ovipneumoniae between normal and pneumonic sheep suggests that this 

organism may also have a role on the pathogenesis of chronic pneumonia 

in sheep in New Zealand. Whether this role is that of a primary patho­

gen or similarly represents efficient c olonization of lung presumably 

damaged by other agents requires further investigation. 
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CHAPI'ER 5 

THE EXPERIMENTAL TRANSMISSION OF SHEEP PNEUMONIA 

INTRODUCTION 

Since the earliest records of pneumonia in sheep it has been 

assumed that the disease is fundamentally infect ious in nature . The 

evidence for this belief is based mainly on epidemiological findings , 

such as the oc currence of outbreaks of acute pneumonia following 

periods in which the sheep were in close contact ( Dungal , 1 931 ; Mont­

gomerie et al . , 1 938 ) . Similarly , the high morbidity of subacute and 

chronic pneumonia in some flocks but not in others held under similar 

condit ions , favours the notion that infect ious agents have an 

essential role in the development of this form of the disease . This 

view is supported by the natural development of an effective and 

permanent immunity to chronic pneumonia in adult sheep in this country. 

Experimental transmission of all sheep pneumonias has been difficult 

and the results often unconvinc ing. Attempts to produce pneumonia by the 

inoculation of microbial agents have already been discussed in Chapter 1 .  

In addition to this work both Montgomerie et al . ( 1 938 ) and Salisbury 

( 1 957) attempted unsuccessfully to produce pneumonic lesions by the 

intratracheal inoculation of various lung suspensions and bacterial 

cultures. Downey ( 1 957 ) achieved only partial success with the product­

ion of 3 doubtful pneumonias in 22 sheep inoculated with a variety of 

suspensions derived from pneumonic lung and "infected" chorio-allantoic 

membranes .  Australian workers have reported greater success with the 

transmission of the proliferat ive interstitial pneumonia which occurs in 

sheep in Queensland . St . George et al . ( 1 971 ) transmitted the .disease 

to caesarian-derived lambs by the intratracheal injection of ground 

pneumonic lung but the number of animals involved was not mentioned .  

Sullivan e t  al . ( 1 973a) produced lesions i n  3 out o f  4 lambs inoculated 

intratracheally with lung t issue from a 2-day-old lamb and confirmed the 

presence of interstitial pneumonia microscopically in all 4 lambs . 

Because of  the uncertain nat�re of the disease in New Zealand there 

was a definite need for informat ion on the t ransmissibility of both acute 



and chronic forms of enzootic pneumonia . The following experiments were 

undertaken with a view to providing some of the information which was 

lacking in this area . 

THE TRANSMISSION OF ACUTE PNEUMONIA BY ENDOBRONCHIAL INOCULATION 

The difficulty of produc ing pneumonic lesions in sheep has led to 

the use of a variety of experimental methods by thwarted investigators . 

These include the inoculation of  diseased lung suspensions or various 

micro-organisms by the intravenous , intrapulmonary , intratracheal or 

endobronchial routes ( Chapter 1 ) .  One of the more successful of these 

routes appears to be the endobronchial route as described by Biberstein 

et al . ( 1 96? ) . For this reason it was used in the present study in an 

init ial attempt to transmit pneumonia to sheep by the inoculat ion of 

either fresh homogenate of acut ely pneumonic lung , P. haemolytica 

suspension or a suspension of a mycoplasma which was later identified 

as M . arginini. 

Material and Methods 

The experimental animals were 24 worm-free sheep aged 1 0  to 1 2  

months . They had been colostrum-fed at birth and reared without contact 

with other sheep since the age of  1 or 2 days . At the start of  the 

experiment 4 animals were selected randomly and killed. Their lungs 

were examined at necropsy and found to be free of the blemishes usually 

seen in sheep of this age . The remaining animals were weighed and both 

nasal cavit ies were swabbed following a thorough cleansing of the 

external nares with 7�� alcohol . On culture only 3 animals ( 1 5%) were 

found to be carrying P. haemolyt ica in the nasal cavity. One of each 

of these was assigned to the first 3 groups and the remainder of the 

sheep were divided into 5 even groups according to body weight . 

The inoculum used for groups 1 and 2 was prepared from 1 40 gms of 

fresh pneumonic lung which was obtained from a field case of acute 

pneumonia . It was minced with scissors and homogenised in a blender 

with 40 ml of nutrient broth for � minute periods to avoid overheat­

ing. The homogenised mixture was then divided into  2 equal parts and 

homogenised further with either 60 ml of nutrient broth or 60 ml of  
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Eagle ' s  medium containing 200 , 000 iu of  penicillin and 1 00 , 000 �g of 

streptomyc in per 1 , 000 ml . The mixtures were then filtered through 

sieves with a mesh of  250 �m and the supernatants collected .  They 

were stored at 4°C until inoculat ion which was carried out on the 

same day . Immediately prior to inoculat ion a sample was removed for 

culture and a standard surface bacterial colony count performed .  

A broth culture of  a non-glycolytic mycoplasma later identified 

as M. arginini was used as the inoculum for Group 3.  The organism was 

cultured from pneumonic sheep lung by the method of Hayflick ( 1 965 ) 

for the detection of mycoplasmas . The mycoplasma was grown in 1 50 ml 

of PPLO broth for 48 hours prior to inoculat ion and a sample was 

obtained for a surface colony count on PPLO agar immediately before 

administration. The animals in Group 4 received a broth culture of 

P.  haemolyt ica isolated from a sheep lung with acute pneumonia . The 

organism was grown in nutrient broth overnight and a surface colony 

count performed immediately before inoculation. The control sheep 

received either sterile nutrient media or autoclaved lung homogenate 

as shown in Table XVI I .  

All animals received 10  mls o f  inoculum endobronchially by the 

inoculat ion method previously outlined in Chapter 3. The animals were 

observed clinically and rectal temperatures taken twice daily until 

death. Two of the surviving animals in each group were killed by 

intravenous barbiturate 6 days after inoculat ion and the remainder 

at 1 0  days . The lungs were examined at necropsy , photographed and 

selected samples of affected t issue were fixed in 1 �� formal-saline . 

Blocks of t issue were paraffin-embedded , cut and stained routinely 

with haematoxylin and eosin for histological examination. 

Results 

Clinical Response 

The 4 sheep in Group 1 all showed a marked temperature rise of 

approximately 2°C from 24 to 48 hours after inoculation ( Appendix 3) . 

Three of these sheep showed severe coughing and dyspnoea with harsh , 

moist rales audible on auscultation at 48 hours . Thereafter they 



Group 1 

Group 2 

Group 3 

Group 4 

Group 5 

TABlE XVII 

ENDOBRONCHIAL INOCULATION OF SHEEP WITH PNEUMONIC LUNG HOMOGENATE, P.HAEMOLYTICA OR M.ARGININI 

Sheep 
No . 

E345 
346 
347 
348 

349 
350 
351 
352 

3 53 
3 54 
355 
356 

357 
3 58 
3 59 
360 

361 
362 
363 
364 

Inoculum Survival time 

Pneumonic lung homogenate 

in nutrient broth 

(P . haemol�ica 3 days 
( 11  x 10 orgs .2 days 
(N. catarrhalis 5 days 
( 29 x 105 orgs 2 days 

Pneumonic lung homogenate No growth 
in Eagle ' s  medium ( containing 
penicillin and streptomycin) 

M. arginini 14. 6 x 106 orgs . 

P .haemolytica 18 x 107 orgs . 

PPLO broth 
Eagle ' s  medium 
Nutrient broth 
Autoclaved lung homogenate 

Sacrificed 10 days 
" 6 days 
" 10 days 
" 6 days 

Sacrificed 10 days 
" 6 days 
" 6 days 
" 10 days 

Sacrificed 6 days 
" 6 days 
" 10 days 
" 10 days 

Sacrificed 10 days 
" 6 days 
" 10 days 
" 6 days 

Organisms recovered from lung 

P .haemolytica , E. coli 
" N. catarrhalis 

E. coli , 
P. haemolytica 

S . aureus 
M.ar�inini 
No growth 

" 

" 

E . coli , M.arginini 

M.arginini 
" 

No growth 
s . aureus 

ica 

No growth 
N. catarrhalis 
s . aureus 
M.arginini 

E . coli 

I-' V1 I-' 
• 
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became recumbent , developed laboured abdominal breathing and cyanosis 

before death at 60 to  84 hours post-inoculat ion . The remaining animal 

showed a high fluctuat ing temperature which reached 42°C at 96 hours . 

From 72 to 96 hours it coughed frequently and showed lassitude , 

anorexia and rapid respirat ion with moist rales audible on auscultat ­

ion. This animal ' s  condition deteriorated in the next 24 hours and 

death occurred 5 days after inoculation . 

Few clinical signs were evident in the sheep from the remaining 4 

groups . One animal in Group 2 ( No . 349 )  and 2 in Group 3 (Nos . 357 and 

359) showed transient temperature rises between 1 2  and 36 hours post­

inoculation. The 2 clinically affected sheep in Group 3 also exhibited 

loud , harsh rales on thoracic auscultat ion between 48 and 72 hours and 

were occasionally noted to  cough during this period. 

Necropsy Findings 

The gross lung lesions that were present at necropsy are illustrated 

in Figure 5 . 1 . All the animals in Group 1 showed extensive areas of 

dark red consolidation in the ventral lobes . This consolidat ion had an 

irregular distribut ion but was located mainly in one lung and sometimes 

predominantly in one lobe ( Figure 5 .2 ) . In 2 animals ( Nos . 346 and 348 )  

the right apical lobe was grey-brown in colour and appeared necrotic 

when sectioned ( Figure 5 . 3) . Both of these cases also had thick strands 

of fibrin covering the pleural surface of the c onsolidated areas and 

excess cloudy yellow-brown fluid was present in the thoracic cavity . 

Apart from small areas of emphysema in the apical lobes no signifi­

cant gross lesions were observed in the lungs from the animals in Groups 

2 and 3 .  In Group 4 ,  2 of  the sheep contained encapsulated necrotic 

areas of lung in the ventral diaphragmatic lobes . They measured up to  

6 ems in  diameter and c ontained necrot ic brown haemorrhagic contents 

( Figure 5 .4 )  from which P. haemolytica was recovered in one case and 

M . arginini in the other ( Table ·XVII ) . In addition , small areas of  

dull - r:_e_d consolidation were present on the periphery of some apical 

lobes and one lung contained a granulomatous nodule in the left apical 

lobe . A similar nodule surrounded by areas of  emphysema was present in 



Group 1/  Pneumonic lung homogenate 

E E 

Group 2/ Pneumonic lung homogenate plus Eagles medium 

Group 3/ 

Group 4/ 

E 357 

Group 5/ Controls 

PPLO broth 

KEY:-

Eagle's medium 

.. Red consolidation 

Grey-red consolidation 

� Grey consolidation 

Nutrient broth Autoclaved lung 
homogenate 

V.\(J Severe congestion 

- Abscess · 

� Emphysema 

Figure 5. 1 .  Gross lung lesions following endobronchial inoculation of pneumonic lung homogenate, 

P. haemolytica or 1\.4. arginini 



following page 1 52 

Figure 5 . 2  

Dark red consolidation of  the intermediate and ventral 

diaphragmatic lobe of the right lung after endobronchial inocul­

ation with lung homogenate derived from a case of acute pneumonia. 

The surface of  the affected area is covered with a fibrinous 

exudate .  

Figure 5 . 3 

Extensive red consolidation of the right apical and cardiac 

lobes and congestion of the remainder of the lung after endo­

bronchial inoculat ion with lung homogenate derived from a case 

of  acute .pneumonia. The anterior part of the right apical lobe 

is necrotic - and the pleural space is filled with cloudy fluid 

containing thick strands of fibrin . 

Figure 5 .4 

A well-encapsulated necrot ic area of lung containing brown , 

haemorrhagic contents in the diaphragmatic lobe of the left lung 

after  endobronchial inoculation with a broth culture of 

P .  haemolyt ica.  
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the lungs of  the control animal which received nutrient broth and a 

small , grey granulating area of  necrosis was seen in the left diaphrag­

matic lobe of the animal receiving autoclaved lung homogenate .  

Light Microscopy 

Many of  the features seen in the lungs from the animals in Group 1 
were typical of the histological appearance of naturally-occurring acute 

enzoot ic pneumonia . These features included severe congestion , 

haemorrhage and oedema with fibrin exudation into some alveolar spaces 

and dense c ellular exudate ,  often containing colonies of bacteria in 

other areas . In addition , the lung parenchyma often contained extensive 

areas of necrosis which were sharply demarcated from the surrounding 

t issue by zones of infiltrating leucocytes.  However , there was consider­

able variation in both the components and degree of cellular exudate 

within different parts of each lung. In some areas macrophages ,  

neutrophils , erythrocytes , fibrin and desquamated alveolar epithelium 

were mixed together to form a necrot ic exudate .  Often the most peri­

pheral cells contributing to this exudate took on an elongated appear­

ance similar to that seen in "streaming" of cellular exudate in the 

naturally-occurring disease . In other areas where there was extensive 

necrosis of whole lobules with thrombosis of blood vessels at the 

periphery of the lesions , the c ellular exudate in the adjacent tissue 

was primarily neutrophilic in character.  The intensity of neutrophil 

infiltration in these areas was usually far greater than that normally 

encountered in naturally-occurring cases of acute pneumonia . 

In the animals receiving pneumonic lung homogenised in Eagle ' s  

medium with antibiotic there was a slight thickening of  the alveolar 

septa adjacent to bronchioles with mononuclear cells or fibrous tissue . 

There was no histological evidence of  lung injury in the animals 

receiving broth containing M . arginini apart from a small area of 

granulating pleuritis in one animal ( No .  353) . The microscopic 

structure of  the abscesses in the 2 animals receiving P. haemolytica 

broth was similar in both cases . They contained an extensive central 

area of coagulative necrosis and haemorrhage within which the alveolar 

st ructure was still discernable . This was marginated by a thick zone 

of necrotic  leucocytes surrounded by a more uneven zone of infiltrating 
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plasma cells , macrophages and neutrophils . The whole lesion was 

bounded by a wide zone of granulation t issue diffusely infiltrated 

with neutrophils . The lungs of the remaining 2 animals receiving 

P .  haemolyt ica broth showed focal interstitial fibrosis and peri­

bronchial lymphoid hyperplasia . 

With the exception of focal alveolar emphysema no histological 

lesions were seen in the control animals receiving Eagle ' s medium 

or PPLO broth. In the animal receiving nutrient broth the lungs 

contained an area of granulat ing pleuritis beneath which the alveolar 

and perivascular interstitial tissue was thickened and alveolar spaces 

contained moderate numbers of macrophages . The lungs of the animal 

receiving the autoclaved homogenate of pneumonic lung contained a 

well defined lobule in which groups of alveolar spaces were filled 

with a homogenous pink coagulum surrounded by large macrophages and 

occasional giant cells . The intervening interstitial t issue was 

thickened and bronchioles in the area showed moderate epithelial 

hyperplasia. It was assumed that the pink coagulum represented . auto­

c laved inoculum which had become sequestered in alveolar spaces . 

SERIAL TRANSMISSION OF CHRONIC PNEUMONIA BY INTRANASAL AEROSOL 

INOCULATION 

The majority of work on the aetiology and transmission of enzootiG  

pneumonia in sheep has unt il the present time been concentrated on the 

acute form of the disease and relatively litt le attention has been 

paid to the subacute and chronic forms . Recent work in Australia by 

St . George et al . ( 1 971 ) and Sullivan et al . ( 1 973a , b )  on the trans­

mission of chronic pneumonia in sheep in Queensland has produced 

favourable results and highlighted the need for similar studies in 

New Zealand . 

As no previous attempts t o  transmit chronic pneumonia have been 

reported in this country the following method of aerosol inoculation 

of  pneumonic lung homogenate was developed and tested in lambs in a 

serial transmission experiment . 



1 55 -

Material and Methods 

Animals 

To find animals most likely t o  be susceptible to experimental 

transmission , 8 Romney lambs were chosen from a healthy flock during 

mid-January , a t ime of the year when pneumonia was not normally 

observed in the district .  Lateral and antero-posterior radiographs 

of the thorax of all animals were taken and examined for evidence of 

lung consolidation. Two of the animals were replaced because slightly 

suspicious radiographic lesions were observed . Lambs for the second , 

third and fourth passage were selected from the same flock by the same 

radiographic procedure . The ewe used for the fourth passage was a 

healthy non-pregnant ewe aged 6 years . During each passage the 

experimental animals were housed together in pens until euthanasia . 

Preparation of Inoculum 

The pneumonic lung homogenate was prepared from 6 naturally­

occurring cases of chronic pneumonia in 6-month-old lambs obtained 

from a local meatworks . The lungs were selected to cover a range of 

lesions from early dull red peripheral areas of consolidation to  

severe grey-red consolidation involving several lobes . Port ions of  

pneumonic t issue from each lung were minced and homogenised in 

nutrient broth as described in the previous section . The homogenate 

was filtered through 250 �m sieves and the filtrate was stored at 

4°C until required. Inoculation was carried out approximately 6 hours 

after collection of the pneumonic lung. 

The inoculum fur the second , third and fourth passages was derived 

from portions of each of the pneumonic lungs of the animals used in 

the previous passage . In each case the inoculum was prepared in a 

similar manner to  that used init ially and administered on the same 

day as the animals in the previous passage were sacrificed .  

Method of  Inoculation 

The nozzle of a nebulizing gun( 1 )  was slightly modified by· the 

( 1 ) "Trigger Tee jet" , Spraying Systems Co . 
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addit ion o f  a 6 mm diameter metal flange so that i t  would fit into 

the external nares of  a lamb (Figure 5 . 5 . ) The gun was driven by a 

small air compressor delivering air at approximately 100 kilopascals.  

The animals were held in a vertical sitting position leaning slightly 

forward and the nozzle was inserted into one nostril . The aerosol 

was delivered while the forefingers or thumb were held over the other 

nostril for short periods of 2 to 4 seconds which coincided with the 

animals inspirat ion ( Figure 5 . 6 ) . The aerosol was then stopped for 

3 to 5 seconds and the animal allowed to exhale normally . This pro­

cedure was repeated constantly for 2 to 3 minutes until 1 5  to 20 mls 

of inoculum had been used . Initial trials with this technique on 2 

lambs using an inoculum of India ink in normal saline followed by 

slaughter within 5 minutes of administration showed that the majority 

of deposition occurred in the nasal cavity. However , a variable but 

reasonably even distribution of small quantit ies of ink was also 

found in the ventral areas of both lungs ( Figure 5 . 7) . 

Aft er inoculation the animals were observed clinically once 

daily , rectal temperatures were recorded and lung sounds auscultated . 

Lateral and antero-posterior radiographs of  the thorax of all animals 

were taken again immediately prior to death. Euthanasia was carried 

out at 14 or 28 days (Table XVII )  by intravenous barbiturate and the 

lungs were examined grossly , photographed and blocks of affected 

tissue were fixed in 10% formal-saline or Karnovsky ' s  fixative within 

15 minutes of death. Sections for light and electron microscopy were 

prepared using the same techniques as described previously ( Chapter 2 ) . 

At the conclusion of the experiment the flock of lambs from which 

the experimental animals were derived were slaughtered at a local meat­

works . The lungs from these animals were collected and brought t o  the 

laboratory for examination. The gross lesions present at the t ime of 

examination were recorded as slight , when there was consolidation in 

part of  1 or 2 anterior lobes ; moderate , when the consolidation 

involved the whole of 1 or 2 anterior lobes ; or severe , when consolid­

ation involved 3 or more lobes . 



following page 1 56 

Figure 5 .5  

Nozzle of  nebulizing gun used for intranasal inoculat ion. 

Figure 5 . 6 

Method of  restraint during inoculation. The forefingers 

were removed and the spray stopped every 3 to 5 seconds to allow 

exhalation. 

Figure 5 . 7 

The deposit ion of  small quantities of ink in the antero­

ventral parts of  the lungp of a lamb following the trial of the 

intranasal aerosol inoculation t echnique . 
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Results 

The clinical signs observed following inoculation and the gross 

lung lesions present at necropsy are summarised in Table XVIII . 

Nine of the animals showed clinical evidence of pneumonia as indicated  

by coughing , temperature rise of  several days duration or weight loss . 

Abnormal lung sounds were audible on auscultat ion of the thorax in 4 

of the animals ( Nos . 26 , 32 , 65 and 1 08 ) . They consisted mainly of 

persistent muffled bronchial tones in the ant eroventral parts of the 

thorax together with the variable occurrence of  moist rales on 

expiration . In addition several animals showed a muco-purulent nasal 

discharge and sneezing for several days after inoculation . Lateral 

and antero-posterior radiographs taken again immediately before 

euthanasia revealed areas of increased opac ity in the anterior or 

ventral thoracic cavity in 8 of the 14 animals examined . The area 

most consistently affected lay between the heart shadow and the thoracic  

inlet ( Figures 5 . 8 and 5 . 9) . 

At necropsy , 1 0  of the 14  animals showed prominent areas of 

consolidat ion in either the apical , cardiac or ventral diaphragmatic  

lobes of  the lungs . These were macroscopically indistinguishable from 

naturally-occurring cases of chronic enzootic  pneumonia . A further 2 

animals showed mild dull red areas of consolidation up to  3 ems in 

width in the apical lobes . No pneumonic lesions were visible in one 

lamb killed at 28 days or in the ewe killed at 14 days . 

Microscopically , the majority of lesions fell within the range of 

pathological changes  previously described in naturally-occurring chronic 

pneumonia. Some degree of  alveolar collapse was seen in all cases and 

moderate alveolar interstitial thickening with mononuclear c ells was 

seen in many peribronchial areas . Alveolar macrophage infiltration was 

usually less severe . In 2 cases however , ( Nos.  32 and 66)  there were 

very severe neutrophil accumulations together with the exudation of  

small quantities of  proteinaceous fluid into surrounding alveolar spaces.  

Proliferative changes including bronchiolar ·epithelial hyperplasia  were 

seen in the majority of cases but were most marked in one animal ( No .  54) 

in which there was extensive peribronchiolar fibrosis , bronchiolar 

epithelial hyperplasia and alveolar epithelialization. 



Sheep No . Age 

1 ::;t Passage 
E26 4 months 

27 1 1  

28 1 1  

29 1 1  

32 4 months 
54 1 1  

55 11  

56 1 1  

2nd Passage 
E65 5 months 

66 11  

3rd Passage 
E7 5 � months 

76 1 1  

4th Pas sage 
E 108 6 months 

109 6 years 

++++ 

+++ 

++ 

+ 

TAmE XVIII 

CLINICAL SIGNS AND GROSS LUNG LESIONS FOLLOWING SERIAL TRANSMISSION OF CHRONIC PNEUMONIA 

No . of days 
frum Inoculation 
until Killed 

14 days 
11 

11  

11  

28 days 
1 1  

1 1  

1 1  

14 days 
1 1  

14 days 
11 

14 days 
11 

Clinical Evidence of Pneumonia 

Coughing , temp . rise . 
Nil . 

Temp . rise 
Nil 

Weig�t loss , coughing , temp . ri se 
Nasal di scharge , 1 1  1 1  

1 1  

Coughing 

C oughing , snee zing , temp . rise 
11  1 1  1 1  

Weight loss , coughing , temp . rise 
Nil 

Coughing , temp . ri se 
Nil 

= C onsolidation in 4 or more lcb e s  
= 1 1  3 anterior lobes 
= 11 2 11 1 1  

= 11 1 1 1  11  

Severity 
of Lesions 

++-; � 

++ 
++ 
++ 

++++ 

++++ 
-
+ 

+++ 

++++ 

++++ 

+ 

+++ 

-

Type of 
Consolidation 

Red-grey 
1 1  

Dull red 
Grey-red 

Grey-red 
1 1  

-
Dull red 

Red-grey 
1 1  

Grey-red 
Dull red 

Red-grey 
-

Bacteria Recovered 
from Lung 

P. haemolytica , E . coli 1 N . catarrhali f 
1 1  1 1  

11  E . coli , S . aureus 
11 11  

P . haemolytica , N . catarrhali s1 f.pyogenes 
11  

No growth 
E . coli 

E . coli1 S . aureus 

P. haemolytica 1 N . catarrhali s 1 
11 

P . haemolytica , �yogenes 
No growth 

E . coli , f.pycgenes 
No growth 

StreE• 
11 

--' 
\51 00 
• 
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Figure 5 . 8 

Lateral radiographs of the thorax of sheep No � E65 -

( a )  Before inoculation 

( b )  Fourteen days after inoculation. There i s  an increase 

in opacity in the thoracic cavity between the heart shadow 

and the thoracic inlet . 

Figure 5 . 9  

Antero-posterior radiographs o f  the thorax o f  sheep No .E66 -

( a) Before inoculation 

( b )  Fourteen days after inoculation. There i s  an increase 

in opacity between the heart shadow and the thoracic inlet . 



a b 

a b 
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The lungs from 4 animals ( Nos . 26 , 27 , 32 and 54) were examined 

ultrastructurally and the changes observed did not differ significantly 

from those encountered previously in the naturally-occurring disease . 

Gross examination of the lungs of animals in the flock from 

which the experimental lambs were derived was made at the conclusion 

of the experiment . Although some pneumonia was present the preval ence 

of the disease in the residual flock was low and the difference 

between the 2 groups as shown in Table XIX was highly significant . 

THE DEVELOPMENT OF CHRONIC PNEUMONIA : SEQUENTIAL SLAUGHTER FOLLOWING 

INTRANASAL INOCULATION 

Attempts to transmit chronic pneumonia by the technique described 

in the previous sect ion succeeded in producing lesions in a high pro­

port ion of the animals inoculated . In the above experiment animals 

were sacrificed at either 1 4  or 28 days after inoculation so there was 

no opportunity to observe the development of lesions in the immediate 

post-inoculation period . For this reason the initial transmission 

studies were extended by the inoculat ion of a further 1 2  animals 

followed by their sequent ial slaughter at 2 day intervals after 

inoculation . 

Material and Methods 

The study was carried out on ?-month-old Romney lambs during 

February 1 974 . Sixteen animals were selected randomly from a mob of 

28 healthy animals and sent for slaughter at a local meatworks . Their 

lungs were then collected and examined grossly. Apart from mild lesions 

associated with Dictyocaulus filaria or Mullerius capillaris and 

occasional lines of collapse in a small number of animals no pneumonic 

lesions were found . 

The remaining 1 2  animals were then inoculated with an intranasal 

aerosol of homogenised pneumonic lung prepared from a range of fresh 

abatt oir cases of chronic pneumonia. The method of preparation and 

administration was the same as that described in the previous section 

and inoculat ion of  the experimental group was accomplished within 8 

hours of the collection of  the pneumonic lung. 



TABLE XIX 

THE OCCURRENCE OF PNEUMONIC LESIONS IN TRANSMISSION 

AND CONTROL GROUPS FOLLOWING SERIAL TRANSMISSION 

OF CHRONIC PNEUMONIA 

Gross Lesions 
Transmission 

Group Control Group 

Negat ive 

Slight 

Moderate 

Severe 

Total 

1 

2 

3 

7 

1 3  

28 

6 

5 

5 

44 

1 60 .  

Total 

29 

8 

8 

1 2  

57 
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The experimental animals were run tog&ther in a small paddock 

separated by fences from other livestock .  Two animals were chosen 

randomly for euthanasia at 2 day intervals after inoculat ion. They 

were killed with intravenous barbiturate ,  their lungs were examined 

grossly and then photographed . Blocks of affected tissue were fixed 

in 1 0% formol-saline , paraffin embedded and sections stained with 

haematoxylin and eosin for histological examination. 

Results 

Necropsy Findings 

The major gross lesions present in the lungs at necropsy are 

illustrated in Figure 5 . 10 .  Peripheral areas of  dull red collapse 

were visible as early as 2 days after inoculation.  In  one case 

several dull red , 3 x 1 0  mm foc i could be seen on the surface and 

extending into the substance of the right apical and cardiac lobes 

( Figure 5 . 1 1 ) .  Similar irregular focal lesions were found in the 

lungs of the animals killed at 4 days . On the 6th day after inoculation , 

a 1 to  1 . 5 cm wide zone of dull red consolidat ion which was sunken 

below the surface of the adjacent lung was visible along the margins 

of the apical lobes in one lamb while the other lamb showed consolida­

t ion of the whole anterior part of the right apical lobe . 

At 8 days the lungs of  both animals contained red-grey areas of  

consolidation in the anteroventral portions of the right lung ( Figure 

5 . 1 2 ) . The consolidated tissue was moderately firm and slightly 

turgid although it was level with the surface of the surrounding 

lung in which small areas of compensatory emphysema were present . 

The animals sacrificed at day 10  showed only l inear bands of  collapse 

in the apical lobes . However ,  in the lung of one of the animals there 

were extensive areas of alveolar emphysema in the right apical lobe 

and the other animal c ontained a well-encapsulated abscess in the 

right diaphragmatic  lobe .  The abscess was 3 cm  in diameter and con­

tained red-brown haemorrhagic contents .  

The most extensive lesions were seen i n  one o f  the lambs killed 

on day 12 .  They consisted of  areas of grey-red  c onsolidat ion involving 



Figure 5.1 0  

Gross lung lesions obtained at sequential slaughter following the intanasal transmission 

of chronic pneumonia 

DAY 2 DAY 4 

DAY 6 DAY 8 

DAY 1 0  DAY 1 2  

KEY:· - Dull red consolidation � Emphysema + 

Red-grey consolidation m Abscess 

� Grey-red consolidation 
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Figure 5 . 1 1  

Two days after inoculation with lung homogenate derived 

from chronic  pneumonia. Small dull red depressed foci are 

visible on the surface of the right apical and cardiac lobes . 

Figure 5 . 1 2  

Eight days after inoculation with lung homogenate derived 

from chronic pneumonia. Red-grey areas of consolidation are 

present in the apical lobe of the right lung. 

Figure 5 . 1 3  

Twelv� days aft er inoculation with lung homogenate derived 

from chronic pneumonia. Extensive grey-red consolidation is  

present in the anterior lobes of both lungs. 
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all of  the right apical lobe and ventral port ions o f  the intermediate 

and left cardiac lobes ( Figure 5 . 1 3) . In the lungs of the other lamb 

only small foci of  peripheral consolidation together with moderately 

severe alveolar emphysema were found in the right apical lobe .  

Light Microscopy 

2 to 4 days . The earliest changes seen were focal areas of 

alveolar collapse around bronchioles . These were most extensive in 

lobules located towards the periphery of the lung . At 2 days the 

alveolar walls in the collapsed areas appeared slightly thickened 

and c ongested and small numbers of alveolar macrophages were often 

present in alveolar ducts . In some collapsed areas the bronchiolar 

epithelium was mildly hyperplast ic and small numbers of neutrophils 

and proteinaceous debris could be seen within the lumen of many 

terminal airways . At 4 days the changes were similar but slightly 

more extensive (Figure 5 . 1 4 ) . Clumps of neutrophils and small 

quant ities of fibrin were found in some alveolar ducts as well as 

within the lumen of bronchioles . The collapsed alveolar septa 

contained small numbers of infiltrat ing mononuclear cells . 

6 to 8 days . By 6 days after inoculation the c ellular response 

in one animal ( E1 23 )  was severe . Large numbers of neutrophils filled 

alveolar spaces and bronchioles in many areas and lesser numbers of 

macrophages were also present . A fibrinoid pink coagulum , more dense 

than that usually seen in naturally-occurring cases of chronic 

pneumonia , was found surrounded by macrophages in some alveolar ducts . 

There was early type II  alveolar c ell hyperplasia and moderate 

bronchiolar epithelial hyperplasia with an increase in numbers of 

mucous c ells in the larger bronchioles . In several bronchioles 

epithelial proliferation extended partially over the surface of 

fibrinoid material which was adherent to the bronchiolar wall and 

mildly infiltrated with macrophages ( Figure 5 . 1 5) . In the other 

animal ( E1 22 )  neutrophil exudation was less marked but similar focal 

proli ferative changes were seen in the alveolar and bronchiolar 

epithelium. Int erstitial thickening with mononuclear c ells was 

severe in some areas and early accumulations of lymphoid c ells were 

seen in peribronchiolar interstitial areas. At 8 days c ellular 
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Figure 5 . 1 4  

Small numbers o f  neutrophils mixed with necrotic debris 

in a t erminal bronchiole 4 days after inoculation with homo­

genat e derived from chronic pneumonia. Macrophages are 

accumulat ing in surrounding alveolar spaces . HE x 250 . 

Figure 5 . 1 5 

Amorphous fibrinoid material adherent to the wall of 

a terminal bronchiole 6 days after inoculation with lung 

homogenate derived from chronic pneumonia. The m�terial is 

part ially covered by epithelium and infiltrat ed with macro-

phages .  HE x 250 . 

Figure 5 . 1 6  

Focal neutrophil and extensive macrophage infiltration 

12 days after inoculation with lung homogenate derived from 

chronic pneumonia. Proliferat ive changes such as epithelial 

hyperplasia are becoming prominent . HE x 1 00.  





infiltration continued to be a major feature of the pathological 

response in both animals examined. However , bronchiolar epithelial 

hyperplasia and alveolar type II cell hyperplasia were becoming 

increasingly prominent . In addition , the smooth muscle tissue 

around alveolar ducts in one animal ( E1 25)  appeared mildly hyper­

trophied and the peribronchial lymphoid aggregations were now well 

defined. 

1 0  to 1 2  days . The animals killed at day 10  showed only mild 

evidence of alveolar damage as indicated by focal areas of inter­

stitial thickening around some bronchioles . In one animal however 

(E1 26 ) , there was moderately severe bronchiolar epithelial hyperplasia 

and well-developed peribronchiolar lymphoid hyperplasia. Extensive 

pneumonic lesions of a similar type to those seen earlier were found 

in one of animals killed at 1 2  days ( E1 29) . The main differences 

were in the greater accumulat ion of macrophages in alveolar spaces at 

this stage although focal infiltrations of neutrophils were st ill a 

common finding ( Figure 5 . 1 6 ) . Proliferative changes were also more 

prominent and both bronchiolar and alveolar epithelial hyperplasia 

were widespread but there was no evidence of interstitial fibrosis . 

Moderately severe peribronchial lymphoid  hyperplasia was seen both 

in this case and in the second animal killed at 12 days . In the 

other animal however ( E128 ) , the only evidence of pulmonary damage 

was focal alveolar emphysema and thickening of alveolar septa 

surrounding bronchioles . 

THE EFFECT OF CHEMOTHERAPEUTIC AGENTS ON THE TRANSMISSION OF CHRONIC 

PNEUMONIA 

The microbiological data collected in Chapter 4 indicate  that both 

mycoplasmas and bacteria are closely associated with the lesions of 

chronic pneumonia of  sheep in New Zealand. In order to obtain further 

informat ion on the relative importance of these two classes of  micro­

organisms in the pathogenesis of pneumonia , the following transmission 

studies were initiated . Various chemotherapeutic agents with a known 

spec ific act ion against certain groups of micro-organisms were 

administered to  sheep and their efficacy in preventing the development 
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of chronic pneumonia following intranasal inoculation with homogenised 

pneumonic lung was observed at necropsy . 

Material and Methods 

Animals 

Forty-eight healthy lambs were selected from a flock of 4 to 

5-month-old Romneys early in January 1 974 . They were divided into 

8 even groups on the basis of body weight and 42 animals ( Groups 1 

to  ?)  were run together on pasture as one flock . The remaining 6 

( Group 8 )  were kept in a different paddock separated by 2 fences 

from other l ivestock. Before inoculation rectal temperatures were 

taken and blood was collected from all animals . All the animals in 

Group 7 were radiographed and on examinat ion of the plates no evidence 

of pneumonia could be detected . 

Method of Inoculation 

The inoculum was prepared from pneumonic t issue collected from 

a range of 8 lungs which had severe lesions of subacute or chronic 

pneumonia. They were obtained from a local meatworks and the inoculum 

was prepared on the day of collection by essent ially the same method 

as described previously . One hundred millilitres of the pooled 

inoculum were then autoclaved and re-homogenised before administration 

to Group 8 .  The fresh homogenate was administered to the remaining 

animals approximately 6 hours after collection by the intranasal 

aerosol method described earlier . 

Drug Administration 

At the time of inoculation the animals in Groups 1 t o  6 were 

treated with various drugs as shown in Table XX • The first 3 groups 

received ronidazole ( 1 )  orally at 10  mg/Kg , 30 mg/Kg and 1 00 mg/Kg as 

a 10  ml fluid suspension administered by means of a McMaster drenching 

4 d 6 . d th t . . t . t l . ( 2 )  
gun. The animals i n  groups , 5 an . recelve e an lblo lcs y osln , 

( 1 )  1 1Ridzol-S" Merck , Sharp and Dohme ( N . Z . ) Ltd.  

( 2) "Tylan 200" Elanco Products Ltd .  



TABLE XX 

DOSE,  TYPE AND ROUTE OF ADMINISTRATION OF CHEMOTHERAPEUTIC 

AGENTS FOLLOWING INOCULATION 

No . of 
Group Animals Inoculum Drug 

1 6 Fresh lung Ronidazole 100 mg/Kg 
homogenate 

2 6 Fresh lung Ronidazole 30 mg/Kg 
homogenate 

3 6 Fresh lung Ronidazole 10 mg/Kg 
homogenate 

4 6 Fresh lung Tylosin 8 mg/Kg 
homogenate 

5 6 Fresh lung Tetracycline 5 mg/Kg 
homogenate 

6 6 Fresh lung Penic illin 30 ,000 
homogenate iu/Kg 

7 6 Fresh lung Posit ive control 
homogenate 

8 6 Autoclaved Negative control 
lung 
homogenate 

Route 

Per os 

Per os 

Per os 

I/M 

Sub/cut . 

I/M 
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oxytetracycline ( 3) or penicillin ( 4 ) administered parentally as shown 

in Table XX . Thereafter the drugs were administered once daily until 

day 1 2 .  On each occasion the sheep were yarded ,  rectal t emperatures 

taken and lung sounds auscultated before administration . No treatment 

was given to the animals in Groups 7 or 8 . The sheep in Group 8 were 

always handled separately and had no contact with the other animals . 

On the 1 4th day after inoculation all the animals were weighed , 

blood samples were collected and the animals were killed by means of 

intravenous barbiturate . At necropsy , the type and distribution of 

gross lung lesions were recorded and the lungs photographed . The 

lungs of all animals were weighed and samples of affected tissue were 

collected for microbiological and histological examinat ion . When no 

gross lesions were present , samples of tissue from the right apical 

lobe were collected for examinat ion. The microbiological methods 

used were the same as those described previously ( Chapter 4)  and the 

histological methods consisted of routine paraffin embedding and 

staining with haematoxylin and eosin . 

Results 

Clinical Response 

A rise in mean body temperature of � to 1 °C was seen in all groups 

with the exception of the negat ive controls ( Group 8 ) , during the first 

4 days following inoculation ( Appendix 4) . Mean body temperatures in 

Groups 1 ( Ronidazole 100 mg/Kg) , 3 ( Ronidazole 10 mg/Kg) , 4 ( Tylosin) 
and 7 ( Positive controls ) remained slightly elevated until day 1 1 . 

However , it is possible that hot weather experienced by all these 

unshorn sheep from the 8th to 1 1 th days may have contributed to the 

elevated body temperatures during this period . 

The clinical signs noted during driving , yarding and on ausculta­

t ion of  the thorax are summarised in Table XXI . In retrospect , it was 

( 3 )  "Terramycin Q "  Pfizer Ltd .  

(4 )  1 1Mylipen11 , Glaxo Laboratories ( N .Z . ) Ltd . 



TABlE XXI 

CLINICAL SIGNS FOLLOWING TRANSMISSION OF CHRONIC PNEUMONIA AND ADMINISTRATION OF CHEMOTHERAPEUTIC AGENTS 

Sheep No . Coughing Nasal Lung Sounds 
Persistent Occasional Discharge Muffled Harsh Bronchial Tones Moist Rales 

Group 1 E 3 Day 2-3 

Group 2 9 Day 2-5 Day 4-8 
13 Day 3-14 Day 2-10 Day 8-13 

1 5 Day 2-6 
Group 3 17 Day 4-14 Day 10-14 Day 7-9 Day 10-14 

19 Day 1-5 Day 11-12 
20 Day 8-14 Day 4-6 

Group 4 24 Day 4 ,  8-10 
26 Day 2-14 

Group 5 27 Day 2-5 
29 Day 2-7 Day 8,  10-11 

33 Day 3-6 
Group 6 36 Day 2-5 Day 4, 7-11 

38  Day 8-14 

Group 7 39 Day 10-11 
40 Day 8-14 Day 4-10 Day 12-14 Day 5-10 Day 13 
42 Day 10-12 
43 Day 7-14 Day 11-14 

Group 8 50 Day 10-12 

I-' 0'­--.J 



found that the signs which correlated most consistently with the 

presence of pneumonic lesions at necropsy were : -

( i ) Persistent coughing during exercise . 

( ii )  Muffled bronchial tones i n  the anteroventral thorax . 

( ii i )  Moist rales audible on inspiration .  

A slower than normal respiratory rate was observed in all sheep 

in Group 1 (Ronidazole 1 00 mg/Kg) from approximately day 9 until 

necropsy . During the last week , all sheep in this group noticeably 

lost weight , became slightly depressed and tended to lag behind the 

mob when being driven . On day 1 4  a mean weight loss of 1 . 67 Kg was 

recorded for this group whereas the sheep in the remaining groups 

made mean weight gains of between 1 . 20 and 3 . 94 Kg (Table  XXII ) .  

Necropsy Findings 

Figure 5 . 1 7  illustrates the main gross lesions present in the 

lungs at necropsy . Groups 1 ( Ronidazole 1 00 mg/Kg) , 4 ttylosin ) and 

8 ( Negat ive controls ) were free of lesions in the anterior parts of 

the lungs . A .  well-encapsulated abscess ( approximately 4 cm in diameter) 

was present in the left diaphragmatic  lobe of bone lamb in the 

tetracycline-treated group (Group 5) which was otherwise normal . 

Extensive areas of consolidation in the anterior lobes were 

found in 1 lamb in Group 2 ( Ronidazole 30 mg/Kg) , 2 lambs in Group 3 

( Ronidazole  1 0  mg/Kg) and 2 lambs in Group 7 ( Positive controls ) .  In 

addit ion , smaller focal areas of  consolidation and/or linear collapse 

were present in 3 lambs in Group 3 ( Ronidazole 1 0  mg/Kg) , 1 lamb in 

Group 6 ( Penicillin) and 1 lamb in Group 7 ( Positive controls ) .  

Five of the 6 animals in Group 1 ( Ronidazole 1 00 mg/Kg) showed 

mild ascites as indicated by the presence of 30-50 ml of  serous fluid 

in the peritoneal cavity. In all these animals , the kidneys appeared 

slightly pale and swollen and in 3 of the 6 lambs the l iver was slightly 

paler than normal . 



Group 1 I Ronidazole 100 mg/Kg 

E 3 rl �  E 4  

Group 2 I Ronidazole 30 mg/ICg 

Group 3 I Ronidazole 10mg/Kg 

Group 4 I Tylosin 8 mg/Kg 

E 21 ./"'71 � E 22 

• 

Figure 5.17 

E 5 E 6 E 7 E 8 

E 1 1  E 1 2  E 1 3  

E 19  E 20 

E 23 E 24 E 25 E 26 

Gross lung lesions following the intranasal transmission of chronic pneumonia and administration of various chemotherapeutic agents 



Group 5 I Oxytetracycline 5mg/Kg 

Group 6 I Penicil l in 30,000 iuiKg 

E 33 E 34  

Group 7 I Positive Controls 

Group 8 I Negative Controls 

E 45 .rl �  E 46 

Figure 5.1 7 contd. 

E 29 E 30 

E 35 E 36 

E 41 E 42 

E 47 E 48  

K EY:-

E 31 E 32 

E 37 E 38 

E 43 E 44  

E 49 E 50 

.. Dull red consolidation � .. Emphysema 

.. Red-grey consolidation � Abscess 

� Grey-red consolidation 



TABLE XXII 

MEAN BODY WEIGHTS AND LUNG WEIGHTS OF SHEEP FOLLOWING 

TRANSMISSION OF CHRONIC PNEUMONIA AND ADMINISTRATION 

OF CHEMOTHERAPEUTIC AGENTS 

Initial Final 
Body Weight Body Weight Difference 

(Kg) ( Kg) 

Group 1 :  
Ronidazole 100 mg/Kg 28 .03 26. 36 -1 . 67 

Group 2 :  
Ronidazole 30 mg/Kg 27 . 73 30 .45 2 . 62 

Group 3 :  
Ronidazole 10 mg/Kg 27.58 28 . 78 1 . 20 

Group 4 :  
Tylosin 27 .27 28 . 91 1 . 67 

Group 5 :  
Tetracycline 27. 1 2  31 .06 3 . 94 

Group 6 :  
Penic illin 26 . 97 30 . 75 3. 78 

Group 7 :  
Posit ive controls 26. 52 28. 48 1 . 96 

Group 8 :  
Negative controls 26. 52 26 . 64 0 .08 
( run separately) 

Lung Weight 
( Kg ) 

0 . 31 2  

0. 303 

0 . 361  

0 . 277 

0 . 322 

0. 31 8 

0 . 335 

0 . 31 2 
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Light Microscopy 

The histological lesions seen in the lungs in which extensive 

consolidat ion was present did not differ in any signaicant detail 

from naturally-occurring cases of subacute or chronic ovine pneumonia . 

Focal areas of bronchopneumonia of a lesser severity were found in a 

proport ion of lungs in Group 2 (Ronidazole 30 mg/Kg) , 3 ( Ronidazole 

1 0  mg/Kg) , 5 (Tetracycline ) and 7 ( Positive controls ) (Table XXIII ) .  

They consisted of peribronchiolar areas of alveolar spaces .  Bronchioles 

in the surrounding area often contained small clumps of neutrophils 

embedded in necrotic debris and moderate bronchiolar epithelial hyper­

plasia was also present . In addition , several other l�ngs contained 

focal areas of coTiapse in which the alveolar septa were mildly 

thickened with mononuclear c ells . In these areas however , there was 

no evidence of cellular exudation apart from a few macrophages in 

alveolar spaces . 

The ma jority of lungs from animals in Group 1 ( Ronidazole 100 mg/Kg) , 

and half those from animals in Groups 4 ( rylosin) , 5 ( Tetracycline ) and 

8 ( Negat ive controls) were remarkably free of microscopic evidence of 

pulmonary injury . Howeve� all animals in Group 1 showed evidence of 

drug toxicity in the sect ions of liver and kidney that were examined. 

The liver sections showed moderate to severe cloudy swelling of the 

hepatocytes .  In the kidneys there was severe nephrosis manifest by the 

swelling and degeneration of proximal tubular cells and protein cast 

format ion .  

Microbiological Findings 

The results of examinations for bacteria and mycoplasmas on all 

lungs , normal and pneumonic are summarised in Table XXIV. The most 

common organism recovered was M. ovipneumoniae which was isolated from 

the lungs of 4 of the 6 animals in Groups 3 ( Ronidazole  10 mg/Kg) ,  

6 ( Penicillin) and 7 ( Positive controls) but could not be recovered 

from the lungs of any animals in Groups 1 ( Ronidazole 100 mg/Kg) or 

8 ( Negative controls) . 
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TABLE XXIII 

SUMMARY OF HISTOPATHOLOGICAL FINDINGS FOLLOWING CHRONIC PNEUMONIA 

TRANSMISSION AND ADMINISTRATION OF CHEMOTHERAPEUTIC AGENTS 

No Focal 
signifi- alveolar Focal Extensive 
cant collapse , broncho- broncho- Total 
findings interstitial pneumonia pneumonia examin�·d 

thickening , 
etc .  

Group 1 

Ronidazole 100 mg/Kg 5 1 0 0 6 

Group 2 

Ronidazole 30 mg/Kg 1 2 2 1 6 

Group 3 

Ronidazole 10mg/Kg 0 1 2 3 6 

Group 4 

Tylosin 3 3 0 0 6 

Group 5 

Tetracycline 3 2 1 0 6 

Group 6 

Penicillin 2 4 0 0 6 

Group 7 

Positive controls 0 2 2 2 6 

Group 8 

Negative controls 3 3 0 0 6 



TABLE XXIV 

SUMMARY OF MICROBIOLOGICAL FINDINGS FOLLOWING TRANSMISSION OF CHRONIC PNEUMONIA AND ADMINISTRATION 

OF CHEMOTHERAPEUTIC AGENTS 

1 .  2 .  3 .  4. 5 .  6 .  7.  8. 

Ronidazole Ronidazole Ronidazole Positive Negative 
Organism 100 mg/Kg 30 mg/Kg 10 mg/Kg Tylosin Tetracycline Penicillin Controls Controls 

Past . haemolytica 0 0 1 0 0 1 2 0 

N . catarrhalis 0 1 0 0 0 0 1 0 

Staph. aureus 0 0 0 0 1 0 0 0 

a.-haemolytic 0 0 0 0 0 1 0 0 
Streptococci 

E . coli 0 0 0 1 0 0 0 0 

MyCOplasma 
ovipneurnoniae 0 2 4 2 0 4 4 1 

Total animals 
in each group 6 6 6 6 6 6 6 6 

....!> 
--.J [\) 
. 
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THE EFFECT OF PNEUMONIA TRANSMISSION ON WEIGHT GAIN 

The rate of weight gain in young lambs not only provides a measure 

of the economic success of fat lamb product ion but also closely 

reflects the health of the lamb flock . It might be expected that a 

chronic pathological process which on occasions may involve up to 50% 

of the lung capacity , would result in sub-opt imal growth rate in 

affected animals at some stage during the course of the disease . 

Convincing evidence on the depressant effect of chronic respiratory 

disease on food conversion efficiancy and growth rate is available in 

pigs ( Betts and Beveridge , 1 953 ) but comparable data indicating a 

similar relationship in lambs is lacking at the present t ime . The 

possibility of  induc ing pneumonia in lambs immediately before slaughter 

provided an opportunity to  collect informat ion on the relat ionship 

between chronic pneumonia and weight gain . 

Material and Methods 

Two groups of 24 Southdown x Romney lambs , aged 5 to 6 months were 

chosen from a flock by stratified random selection to give groups of  

similar liveweight distribution. On January 25 , 1 974 all animals were 

tagged , weighed and blood was collected. Group 1 were then inoculated 

with an intranasal aerosol of pneumonic lung homogenate prepared by the 

method described earlier in this chapter , from a range of subacute and 

chronic pneumonias obtained from a local meatworks. Because of the 

difficult ies of handling a large number of animals on one day , the 

inoculum was prepared on the previous day and held overnight at 4°C .  

The inoculum was then administered at approximately 2 6  to  30 hours 

after coTiection by the method described previously. Group 2 were 

untreated controls which were run together on pasture with Group 1 .  

An interim weighing of all animals was made on February 4 and a 

final weighing and blood collection on February 19 .  The animals were 

slaughtered the following day and the lungs individually identified 

and examined grossly for evidence of pneumonia. 

Results 

Liveweight details are given in Table XXV. The difference in 
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TABLE XX!J 

THE EFFECT OF PNEUMONIA TRANSMISSION OF WEIGHT GAIN 

Initial Mean Interim Final 
Liveweight (lbs ) Weight Gain (lbs ) Weight Gain (lbs ) 
January 25  February 4 February 19 

Group 1 
( Inoculated) 63 . 67 +1 . 16 +4. 42 

Group 2 

(Control ) 63 .75  +6 .21  + 8. 75  

Analysis of  Variance on Final Weight Gain 

df s . s . m. s .  F 

Between Groups 1 225 .34 225 . 34 27 . 68 (p < 0 .00 5 )  

Within Groups 46 374.33 8. 14 

Total 47 599 . 67 



1 75 -

weight gain between the 2 groups of 4 . 33 lbs , over the period January 

25 to February 1 9  is highly significant . 

Correlat ion of  individual weight gains with the presence of 

pneumonic lesions at slaughter is made in Figure 5 . 1 8 . Unfortunately 

the incidence of severe pneumonic lesions was low ( 1 7fo in Group 1 and 

4% in Group 2 ) . However , it can be seen that despite a significant 

reduction in weight gain in the inoculated group there was no 

correlat ion between the presence of pneumonic lesions and weight gain 

in either the inoculated or control groups . 

MYCOPLASMA OVIPNEUMONIAE INOCULATION TRIALS 

The isolation of M . ovipneumoniae from the respiratory tract of 

sheep in New Zealand ( Clarke et al . ,  1 974) and the subsequent finding 

of its close assoc iat ion with the lesions of subacute and chronic 

pneumonia ( Chapter 4) suggests that this organism is either a primary 

pathogen or an extremely efficient coloniser of ovine lung damaged by 

other agents . Although the work of Australian investigators ( St .  

George et al . ,  1 971 ; Carmicheal et al . , 1 972 ; Sullivan et al . , 1 973a , 

b )  with chronic pneumonia of sheep in Queensland supports the former 

view , evidence that M . ovipneumoniae is a primary cause of chronic 

pneumonia in the New Zpaland situat ion can only be obtained by 

appropriate animal inoculation experiments . 

The following inoculation trials were therefore undertaken in an 

attempt to provide some of the information on the pathogenic ity of 

M. ovipneumoniae which is lacking at the present time . 

Material and Methods 

Pilot Trial 

Two caesarian-delivered , colostrum-deprived ,  Romney lambs , aged 

8 weeks , were inoculated intranasally with broth cultures of  

M .  ovipneumoniae . One received an attenuated strain of the organism 

( Strain 5 )  which had been extensively subcultured while the other 

received a fresh isolate ( 50 pL) .  Five milli litres of each broth 

culture were instilled into one nostril and a further 5 to 1 0  mls were 
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Group 1 I nocu lated 1/N lung homogenate 

1 0  Days Post-inoculation 25 Days Post-inocu lation 

0 A2 0 0 82 A2 A1 0 

0 81 83 82 81 83 C2 C1 

83 C1 82 C2 A1 82 85 

0 82 82 A1 C2 82 82 83 C3 

A2 82 A1 C3 C2 83 A2 83 C3 

82 82 C3 82 85 

83 

83 

Group 2 Untreated controls 

10 Days Post-inoculation C2 25 Days Post-inoculation 

C2 81 

83 82 0 0 

81 81 C2 C1 

C2 C2 81 0 82 

C2 0 0 

A3 C2 C3 

C1 83 

C2 

83 

83 82 0 C1 C2 0 81 

C2 C2 C1 C2 81 C2 82 C3 0 

A3 0 81 81 

0 

Lung Lesion Score 

A Extensive consolidation of who le lobe 

B Focal peripheral consolidation ± l inear col lapse 

C Li near col lapse only 

0 Nil 

1, 2, 3 etc. = No. of lobes affected 

Figure 5.1 8  Correlation between weight gain and severity of pneumonic lesions. 



1 76 .  

administered by intranasal aerosol as described previously i n  this 

chapter . The titre of organisms immediately before inoculat ion was 

estimated by a surface colony count . Strain 5 was found to contain 

1 x 1 09 organisms/ml and 50 pL contained 1 x 108 · 5 organisms/ml . 

Following inoculation the animals were observed twice daily , 

their lung sounds were auscultated and rectal t emperatures recorded.  

Euthanasia by intravenous barbiturate was carried out on the 1 2th 

day after inoculat ion . At necropsy , the gross lung lesions were 

recorded , photographed and samples were collected for subsequent 

histological and microbiological examination . The histological and 

microbiological methods were the same as those previously described.  

Inoculation of Housed Lambs 

The animals used were 20 , 5-month-old , Romney x Perendale lambs 

which were colostrum-fed at birth but housed without contact with 

other stock or internal parasites since 1 to 2 days of age . At the 

commencement of the trial 2 animals were selected at random and killed .  

At  necropsy , their lungs were found to be  free of  any evidence of 

respiratory disease . Bilateral nasal swabs were collected from the 

remaining animals and on culture no M. ovipneumoniae could be recovered. 

The lambs were then divided into 2 even groups on the basis of 

body weight . Group 1 were inoculated with a broth culture of 

M .  ovipneumoniae by the same technique as that used in the pilot trial . 

The culture was prepared from the Strain 5 isolate the t itre of  which 

was estimated immediately before inoculation as 1 x 107 • 5 organism/ml . 

The animals in Group 2 were inoculated intranasally with pneumonic lung 

homogenate prepared and administered by the same methods described in 

the previous sect ion . The 2 groups were kept in separate pens without 

contact with one another and the animals were examined once daily when 

clinical signs were observed , lung sounds auscultated and rectal 

temperatures recorded.  On days 2 ,  4 ,  6 ,  1 0 ,  1 4 ,  20 , 30 ,  and 40 follow­

ing inoculation 1 lamb from each group was randomly selected for 

euthanasia by intravenous barbiturate .  Because 1 animal i n  Group 2 

died on day 5 the remaining extra animal - in Group 2 was sacrified 25 

days after inoculation. The gross lung lesions were recorded at 
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necropsy and lung samples from all animals were taken for histological 

and microbiological examination as previously described . 

Results 

Table XXVI summarises the clinical signs seen following inoculat ion 

and the gross and microscopic lesions observed at necropsy . 

Pilot Trial 

Both animals showed a temperature rise of between � and 1 °C from 

the 3rd to the 5th day after inoculat ion. During this period the 

animal receiving the 50 pL strain (E275) coughed occasionally and 

harsh bronchial tones were audible on auscultat ion of the chest . At 

necropsy , the lungs of the animal receiving Strain 5 (E274) contained 

areas of dull red consolidation in the anterior right apical and left 

ventral diaphragmat ic lobes ( Figure 5 . 1 9 ) . Microscopically , these 

consisted of lesions of recent bronchopneumonia in which there was 

alveolar collapse and focal infiltration of  neutrophils into alveolar 

spaces and bronchioles . Early epithelial hyperplasia and peribronchial 

lymphoid aggregations were also seen and the general appearance of the 

lesions was typical of early chronic enzootic pneu�onia. In the 

second animal (E275 ) no areas of consolidation were present but the 

ventral areas of both lungs showed a diffuse blotchy discolorat ion 

( Figure 5 . 20 )  and the cut surface in these areas had a darker than 

normal appearance around bronchioles . Histologically , mild irritation 

of alveoli was evident in these areas as there were slightly increased 

numbers of macrophages and occasional neutrophils in alveolar spaces . 

On microbiological examination M . ovipneumoniae was recovered from the 

lung of E274 and the nasal cavity of E275 . 

Inoculation of Housed Lambs 

Apart from a slight temperature rise on -the 2nd and 3rd days after 

inoculation in 2 of the animals , none of  the animals in Group 1 showed 

clinical evidence of either pneumonia or macroscopic lung lesions at 

necropsy. On histological examination , evidence of  mild pulmonary 

irritation was seen in the lungs of the lambs killed on days 2 to  10  

after inoculation .  A slight excess in numbers of alveolar macrophages 



Sheep 
No . 

E274 
Pilot 
Trial 275 

E 58 
60 
63 

Group 1 6 5  
66 
68 
70 
71 
73 

E 57 
59 
61 
62 
64 

Group 2 67 
69 
72 

74 

TABLE XXVI 

CLINICAL SIGNS AND LUNG LESIONS FOLLOWING MYCOPLASMA OVIPNEUMONIAE INOCULATION 

Age Inoculum 

8 weeks M.oviEneumoniae 
1 x 109 orgs/ml 

11 M. oviEneumoniae 
1 x 10�·' orgs/ml 

5 months 
1 1  

11  

11  

11 M.oviEneumoniae 
1 1  1 x 107•5orgs/ml 
1 1  

11  

1 1  

5 months 
1 1  

" 
1 1  

" Pneumonic Lung 
1 1  Homogenate 
11 

1 1  

1 1  

No . of Days Clinical Evidence 
from Inoculation of Pneumonia 
until Killed 

12 days 

11 

2 days 
4 days 
6 days 

10 days 
14 days 
20 days 
25  days 
30 days 
40 days 

2 days 
4 days 
5 days died 
6 days 

10 days 
14 days 
20 days 
30 days 
40 days 

Temp . rise 

Temp .rise , coughing 

Nil 
Nil 
Temp.rise 
Nil 
Temp.rise 
Nil 
Nil 
Nil 
Nil 

Temp . rise 
Nil 
Temp .rise , coughing 
Temp .rise 
Nil 
Coughing 
Nil 
Nil 
Nil 

++++ = Lesions in 4 or more lobes 
+++ = 1 1  " 3 anterior lobes 

++ = 
11 11 2 11 11 

± = 1 1  in parts of 1 anterior lobe 

Severity Type of 
of Lesions �sion 

++ Dull red consolidation 

++++ Ventral discoloration 

- Nil 
11 -
11 -
11 -
11 -
11 -
1 1  -
1 1  -
1 1  

- Nil 
" -

++++ Dark red consolidation 
- Nil 

" -
+++ Red-grey consolidation 
- Nil 
± Linear bands of collapse 
- Nil 

f-' ---J 
w 
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Figure 5 . 1 9  

Dull red consolidation of  the right apical and left 

cardiac lobes of a caesarian-derived lamb 1 2  days after inocu­

lation with a broth culture of M .  ovipneumoniae . 

Figure 5 . 20 

Diffuse discoloration of the ventral areas of both lungs 

of a caesarian-derived lamb 1 2  days after inoculation with a 

broth culture of M .  ovipneumoniae . 
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and peribronchiolar thickening of  alveolar septa were seen in  the lambs 

sacrificed on days 2 and 4 while in the animals killed on days 6 and 1 0 ,  

focal lymphoid hyperplasia was found in some peribronchiolar areas . 

In Group 2 ,  one animal ( E61 ) showed a temperature rise of 2°C on 

the 2nd day . During the next few days it c oughed persistently and 

harsh , moist rales were audible on auscultation. On the 4th day it 

became depressed then recumbent and died on the following day . 

Extensive areas of dark red consolidation were present in the right 

lung and anterior parts of the left lung at necropsy. Within the 

ventral diaphragmat ic lobe of the right lung was a large grey-red 

necrot ic  focus the surface of which was covered with thick strands of 

fibrin . The histological changes in the lungs embraced all the main 

features of acute enzootic pneumonia including severe c ongestion ,  

intra-alveolar haemorrhage , fibrin exudation and necrotic  cellular 

debris which often had an elongated "streaming" appearance . Many 

colonies of bacteria were present within alveolar spaces and P .  haemoly­

tica was isolated in large numbers from the affected t issue . In the 

animals sacrificed on days 4 ,  6 and 10 following inoculation no gross 

lesions were observed but a few macrophages were found in some alveolar 

ducts histologically and occasionally there was mild thickening of 

alveolar septa around bronchioles. Gross lung lesions typical of 

chronic enzootic pneumonia were seen in the animal killed on day 1 4  

and the pathological features usually found in this disease were con­

firmed histologically. No lesions were seen in the lambs sacrificed 

at days 20 and 4o after inoculat ion but in the animal killed on day 30 

several dull red linear lesions were found which consisted histologically 

of alveolar collapse , mild int erst itial thickening and moderately severe 

peribronchiolar lymphoid hyperplas ia . 
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DISCUSSION 

The transmission experiments described here using pneumonic lung 

homogenate successfully produced lesions which were pathologically 

ident ical to naturally-occurring cases of either acute or subacute 

and chronic enzoot ic pneumonia in a significant proportion of  the 

inoculated animals . In this study , the majority of work was concentrated 

on subacute and chronic pneumonia because little informat ion is avail­

able on this form of the disease in New Zealand . In addition , its 

widespread distribution in the Manawatu district ensured that a ready 

source of fresh inoculum was available from local meatworks during the 

late summer and autumn months . 

Use of the endobronchial inoculation technique proved effective 

in induc ing acute pneumonia in the 1 0  to 1 2-month-old , worm-free , housed 

sheep that were used in this experiment . A technique of this type was 

necessary in order to deliver the large quant ity of inoculum ( 1 0  ml ) 

required to produce an acute pneumonic response . The resulting lesions 

were nevertheless , widely distributed in most cases and not typical of 

a focal , necrotizing aspiration pneumonia . The main differences 

between the microscopic lesions induced and naturally-occurring acute 

pneumonia lay in the variability of cellular response within the lung 

of a given animal . In the present cases , some areas adjacent to  

necrot ic lobules contained exudate which was almost purely neutrophilic 

in character whereas in other areas macrophages , neutrophils , small 

mononuclear cells , alveolar epithelium and fibrin combined together to 

form a necrotic exudate in which many cells became elongated . While 

this variability of response fell within the range of  microscopic 

lesions usually seen in acute pneumonia ,  variations of  this degree in 

the natural disease were most often seen between individuals rather 

than within a given lung. 

A large measure of  the success in transmitting acute pneumonia 

can be ascribed to the susceptible nature of the experimental animals 

used. Their lack of contact with other sheep and exposure to internal 

parasites since birth was reflected in a low rate of nasal carriage of 

P.  haemolyt ica ( 1 5% compared to 73% in lambs at slaughter) and the 

blemish-free appearance  of the lungs of c ontrol animals at necropsy. 
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The unsuccessful transmission experiments by Salisbury ( 1 957) and 

the dubious results obtained by Downey ( 1 957) may be explained in part 

by the lack of fresh inoculum available for their transmission tests 

as both these authors worked in Upper Hutt with material derived from 

South Otago and Southland. The experimental animals used by Salisbury 

were described as "sheep of all ages" while Downey used flock ewes aged 

2 years and older . It seems l ikely that adult flock sheep would be 

more resistant to transmission than younger animals , which may be a 

further factor contribut ing to  the lack of success of these authors ' 

experiments . In the present study these drawbacks were rectified , but 

nevertheless , the quantity of bacteria and foreign protein that it was 

necessary t o  administer in order to produce acute pneumonia ,  c ould not 

in any way be considered to represent a natural process of infection . 

It is clear therefore , that although the disease is experimentally 

transmissible by these means , under field conditions further important 

host and environmental factors will be necessary in order to depress 

pulmonary defence mechanisms to the point required for the natural 

disease to occur . 

When the inoculated pneumonic lung was homogenised in a medium 

containing penic illin and streptomycin no significant lesions were 

produced in the experimental animals . This finding further serves to 

emphasise the essent ial role which bacteria undoubtedly have in the 

aetiology of acute enzootic pneumonia . 

Although the pathological response to P . haemolytica cultures was 

errat ic , focal areas of haemorrhagic necrosis were produced in 2 of 

the animals inoculated. These were closely similar in structure to 

those produced by Biberstein et al . ( 1 967) who inoculat ed up to 1 2  x 1 09 

P . haemolyt ica organisms into the lungs of adult sheep via the trachea. 

No gross or microscopic lesions were observed following the endo­

bronchial inoculation of M . arginini cultures . This lack of pulmonary 

response is in keeping with the generally accepted belief that the 

organism is of low pathogenicity in the respiratory tract of most 

species (Leach , 1 970 ) . 

For the transmission of  chronic pneumonia the endobronchial 
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t echnique was abandoned in favour o f  aerosol inoculation because of 

the ability of this method to  deposit small quantities of inoculum in 

the ventral parts of the lung thus reducing the danger of evoking an 

aspiration-type pneumonia . By this method and with the careful choice 

of susceptible animals , lesions pathologically identical to naturally­

occurring cases of subacute and chronic enzootic pneumonia were 

produced in a large proportion of the inoculated lambs . Inoculation 

of a 6-year-old ewe however , failed to produce either a clinical 

response or evidence of pathological react ion in the lung. 

A greater range of pathological response from individual animals 

was seen in the studies on the development of chronic pneumonia by 

sequential slaughter following experimental transmission. This 

variability was a considerable handicap to these studies as it prevented 

a clear view of the sequence and timing of pathological events .  In 

future studies this could best be overcome by the use of  colostrum­

deprived spec ific pathogen-free lambs and the sacrifice of greater 

numbers of animals at each time interval . 

Despite this problem it was possible to observe a basic pattern of 

events which was similar to that described by Baskerville ( 1 972 ) who 

performed transmission studies on enzootic pneumonia in young pigs . 

The main differences between the development of the lesions observed 

in the present study and those described in pigs by Baskerville lay in 

the degree and t iming of the pathological changes rather than in the 

essential nature of the lesions . In the current investigation mild 

hyperplastic changes were seen in the bronchiolar epithelium as early 

as 2 days aft er inoculation whereas similar changes were not noted until 

7 days in pigs . Peribronchial lymphoid hyperplasia on the other hand , 

developed more rapidly in pigs where it was seen 5 days after inocula­

t ion while corresponding aggregations were not seen until 6 t o  8 days 

in lambs . Although only subjective c omparisons can be made it  appeared 

likely that alveolar collapse was more severe and extensive in the 

present study and that intra-alveolar cellular response was correspond­

ingly less severe throughout the period studied than that described in 

pigs by Baskerville . 

Several chemotherapeutic agents were effective in suppressing the 



development of subacute and chronic pneumonia following experimental 

transmission . Ronidazole at 1 00 mg/Kg and oxytetracycline suppressed 

both the lesions and micro-organisms whereas tylosin and penicillin 

suppressed the development of the lesions but were not totally 

successful in inhibit ing the growth of micro-organisms in the lung. 

Ronidazole  was used in this trial because Smith ( 1 973) recently demon­

strated its efficacy in eliminat ing mycoplasmas (M .  mycoides and 

M . capri ) from the blood of experimentally-infected mice . Tylosin is 

similarly recognised for its strong activity against mycoplasmas and 

low activity against most gram-negative bacteria . Oxytetracycl ine on 

the other hand , has a broad spectrum of activity against both myco­

plasmas and bacteria while the limited range of activity of penicillin 

against many bacteria is well known. The results of this trial there­

fore support the view that both mycoplasmas and bacteria have a role 

in the pathogenesis of chronic enzoot ic pneumonia of sheep . 

The introduction of foreign proteins derived from pneumonic tissue 

into the lower respiratory tract , as was the case in the present 

experiments ,  raises the possibility that the pathological reaction 

observed in the lung represents either a simple response to the over­

loading of alveolar defence mechanisms or an auto-immune reaction to 

lung extract as has been reported previously in pigs ( Roberts and 

Little , 1 970) . If either of these possibilit ies were the case , some 

lesions should also have been observed in the lungs of animals receiving 

pneumonic lung homogenate in which bacteria and mycoplasmas were 

suppressed either by the in vitro addition or in vivo administration of  

antibiotics .  Similarly , these findings argue against the possibility 

that viruses have a primary role in the aet iology of the c ommon forms 

of ovine enzootic pneumonia . If  pathogenic viruses were being trans­

mitted in the homogenised pneumonic lung , minimal lesions could be 

expected t o  occur in some parts of the respiratory tract of those animals 

receiving antibacterial and ant imycoplasma chemotherapy. 

From the results of the weight gain trial it can be concluded that 

the inoculation procedure used for the transmission of pneumonia produced 

a s ignificant reduction in weight gain. This effect may have been due to 

a transitory bacteraemia or septicaemia during the 2 to 5 day period 
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following inoculat ion as was suggested by the mild rises in body 

temperature seen after inoculation in many sheep in previous trans­

mission experiments .  Although a high proport ion of the lungs of 

inoculated sheep showed small focal areas of consolidation and l inear 

c ollapse the production of severe pneumonic  lesions was disappointingly 

low in this experiment . Several reasons can be advanced to explain 

these poor transmission results including ; loss of infect ivity of  the 

inoculum , which was held for over 24 hours before use ; poor inocula­

tion technique , as the lambs were larger and more difficult to handle 

than those previously used ; or the possibility that subacute pneumonia 

was already present in the flock , since its  pneumonic status could not 

be unequivocally established before inoculation . 

No correlat ion was detected between the pneumonic lesions that 

were present and the weight gain of individual animals . This result 

is in agreement with the findings of Kirton ( 1 968 ) who founQ no 

relationship between the growth rate of lambs and the presence of 

enzootic pneumonia at slaughter . However , it is contrary to the 

experiences of many field veterinarians ( Davis , 1 969 ; Smith , 1 970) 

and to convincing evidence from other species supporting a direct 

relationship between poor weight gain and the presence  of chronic  

pneumonia ( Betts and Beveridge , 1 953) . 

Inoculation of lambs with M . ovipneumoniae cultures produced 

results which were inconclusive . While significant gross and micro­

scopic lesions were found in 2 caesarian-der ived , colostrum-deprived 

lambs little evidence of pathogenicity was observed in the lungs of 9 

housed lambs that were subsequently inoculated. Part of  the problem 

may have been due to the lower t itre of the inoculum used in the second 

experiment ( i . e .  1/35th of the first ) .  A further possible explanation 

may lie in differences in the immune status of the 2 types of experi­

mental animals , although the failure to isolate M. ovipneumoniae from 

the nasal cavities of the housed lambs suggests that their previous  

exposure to this �rganism was minimal . S imilar studies have been 

carried out in Australia by St . George et al . ( 1 971 ) with slightly more 

promising results .  These authors produced pneumonic lesions in 3 out 

of 5 caesarian-derived lambs and 1 out of 4 normal lambs but they were 

unable to produce pneumonia in any lambs older than 4 days of age . 



Because of the close associat ion of  the organism with ovine pneumonia 

further work on its  pathogenic ity is clearly necessary. The succ ess 

of these experiments will be dependant to a large extent on the avail­

ability of suitable colostrum-deprived animals and housing facilities . 
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SUMMARY 

Lesions pathologically identical to naturally-occurring cases of 

acute enzootic pneumonia were produced in 4 worm-free , housed lambs by 

means of endobronchial inoculat ion of lung homogenate derived from 

field cases of acute pneumonia. When the inoculum was homogenised 

with Eagle ' s  medium containing penicillin and streptomycin no lesions 

were produced in a further 4 inoculated lambs . Endobronchial inocula­

t ion of 4 lambs with P . haemolyt ica cultures evoked an erratic response 

with the formation of focal areas of haemorrhagic necrosis in 2 of the 

inoculated animals . No lesions were seen following endobronchial 

inoculat ion of  M . arginini cultures or in animals receiving nutrient 

media. These findings serve to emphasise the essential role bacteria 

have in the pathogenesis of acute pneumonia however , the excessive 

amount of inoculum and the method of inoculation required to produce 

the lesions suggests that host and environmental factors maybe equally 

important in the development of the natural d isease . 

The serial transmission of subacute and chronic pneumonia was 

achieved by intranasal aerosol inoculation of  lung homogenate derived 

from a range of  abattoir cases. The 5 to 7-month-old animals used 

were screened radiographically before inoculat ion. The cl inical signs 

and pathological lesions exhibited were studied and found to be 

ident ical in most respects to the naturally-occurring disease . The 

development of the l esions was also studied by means of the sequential 

slaughter of  1 2 ,  7-month-old lambs from 2 to 12 days after inoculation. 

The earliest changes seen were alveolar collapse and the accumulation 

of  small numbers of neutrophils in bronchioles and macrophages in 

alveolar ducts . A severe c ellular response was seen at 6 days when 

epithelial hyperplasia  also became prominent . Considerable variation 

in reaction was seen . The reasons for this are discussed and the 

results compared with similar studies in pigs . 

The effect of various chemotherapeutic  agents on the development 

of chronic pneumonia was investigated following transmission by intra­

nasal aerosol inoculat ion of pneumonic  lung homogenate . Both r.onidazole 

at 1 00 mg/Kg and oxytetracycline were succ essful in suppressing the 

development of  the disease while tylosin and penicillin suppressed the 
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development of lesions but did not completely inhibit the growth of 

bacteria and mycoplasmas in the lung. These findings therefore support 

the view that both mycoplasmas and bacteria have a role in the patho­

genesis of chronic enzootic pneumonia in sheep . 

A controlled experiment was carried out with grazing lambs to 

assess the effect of  chronic pneumonia on weight gain. Although a 

significant difference was observed between the weight gain in the 

transmission group and the controls , no correlat ion could be found 

between the presence of  pneumonic lesions at slaughter and the weight 

gain of individual aniw.als . It was suggested that the weight differ­

ence between the 2 groups was caused by a transitory bacteraemia or 

septicaemia following inoculat ion . 

Inoculation of M .  ovipneumoniae cultures by intranasal aerosol 

produced equivocal results . Lesions were produced in 2 ,  3-week-old 

caesarian-derived lambs but no response was evoked in 9 ,  5-month-old 

housed lambs . It was concluded that further inoculation experiments 

with M . ovipneumoniae on colostrum-deprived lambs in suitable housing 

fac ilities are necessary before its pathogenicity can be accurately 

assessed. 
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GENERAL DISCUSSION 

The informat ion presented in this thesis is compatible with the 

general concept that enzootic pneumonia in sheep results from the 

complex interaction of both host and environmental factors with 

infectious agents . The list of agents potentially capable of damaging 

the ovine respiratory tract is impressive , but no single agent has 

been shown to have the capacity to reproduce exactly the lesions of 

either acute or subacute  and chronic  pneumonia under conditions which 

resemble those likely to  be encountered in pastoral grazing. Rather 

than examine the effect of any one of these agents in depth ,  the 

present study has sought to investigate the react ion of the pulmonary 

alveolus to injury in both natural and experimental situations , in 

order to define more c learly the nature and sequence of events which 

underlie the development of the disease . In the second part of this 

study the prevalence of  micro-organisms commonly associated with pneumonia 

in sheep in this country was investigated with a view to ascertaining 

their relat ive importance in producing the characteristic  lesions . In 

addition , transmission experiments were used to provide further inform­

ation on the importance of infectious agents , the development of the 

disease and the effect of the disease on the host . 

The morphological studies described in Chapter 2 confirm the 

established field observations that acute and chronic enzoot ic  pneumonia 

are separate entit ies and suggest that these 2 forms of the disease have 

a different pathogenesis . The overwhelming numbers of bacteria found in 

acute pneumonia and their close assoc iation with the destruct ive changes 

observed , leaves little doubt as to  the importance of bacteria in the 

production of the lesions in acute pneumonia . Further evidence support­

ing this view comes from the experimental results obtained in Chapter 

3 in which lesions closely similar in character to acute enzootic 

pneumonia were produced in lambs by the endobronchial inoculation of  

large numbers of Staphylococcus aureus.  Nevertheless , cultures of 

Pasteurella haemolyt i ca consistently failed t o  produce lesions typical 

of  acute pneumonia ,  an experience which has been shared by most other 

workers in this field ( Montgomerie et al . ,  1 938 ; Salisbury , 1 957 ; 



Down'ey , 1 957 ; Hamdy and Pounden , 1 959 ; Biberstein et al . , 1 967 ) . 

Furthermore , the transmission of acute pneumonia could only be 

accomplished by the endobronchial inoculation of large doses of 

pneumonic lung homogenate into highly susceptible animals that were 

reared in isolation ( Chapter 5 ) , a procedure which is hardly analogous 

to the natural means of infection. 

These findings therefore reinforce the commonly-held belief that 

systemic factors also play a vital role in the development of acute 

pneumonia.  The most common environmental factors with which the disease 

is associated are , sudden changes or extremes of temperature ; exposure 

to wet and windy conditions ; and mustering or transportation . Whether 

these factors result in hypothermia , hypovolaemic shock , acidosis or 

merely elevated blood adrenaline levels , they all have the potential 

to induce pulmonary c ongest ion and oedema by altering pulmonary 

haemodynamics and increasing capillary permeability (Chapter 1 ) .  The 

mechanisms whereby these factors act on the pulmonary capillarles is not 

completely understood . In some cases they act directly on endothelial 

cells and in others they may act via mediators such as histamine and 

plasmakinins ( Henry , 1 968)  or by deposition of  platelet-fibrin micro­

emboli  or neutrophils in the pulmonary vascular tree ( Ratliff et al . ,  

1 970 , 1 971 ; Rapaport et al . , 1 973) . However , the work of Kylstra 

( 1 965 ) suggests that filling of the alveoli with fluid , provided it  is 

not universal may be a relatively benign occurrence and that failure of 

clearance by lymphatics may be a more important factor underlying the 

onset of pathological change . The presence of protein-rich fluid in 

the alveolar spaces for any length of time would in any case provide 

an excellent incubatory medium for bacteria inhaled from the upper 

respiratory tract and may reduce the phagocyt ic and bactericidal 

activity of alveolar macrophages ( LaForce et al . , 1 973) . The outcome 

of this sequence of events would be a lowered resistance to pulmonary 

infection and this has been best documented in human medicine where it  

is seen in  patients recovering from hypothermia (Mant , 1 969) severe 

burns (Rapaport et al . ,  1 973) and traumatic  or haemorrhagic  shock 

( Eiseman , 1 968) . 

In subacute and chronic pneumonia the earliest changes seen were 

peribronchiolar alveolar collapse , the accumulation of small numbers of 
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macrophages in alveolar spaces and mild thickening of  alveolar septa 

with mononuclear cells.  These changes were often accompanied by mild 

hyperplasia of the terminal bronchiolar epithelium and the infiltration 

of small numbers of neutrophils into the lumen of bronchioles and 

alveolar ducts.  Ini tial changes very similar in nature to this were 

produced by the instillation of dilute nitric acid ( Chapter 3) and 

following the intranasal aerosol inoculation of lung homogenate derived 

from cases of  chronic pneumonia ( Chapter 5 ) . From these findings it 

can be postulated that these early changes represent a non-spec ific 

response of the ovine lung to low grade irritat ion of the terminal 

airways . The factors responsible for initiating the early lesions in 

subacute pneumonia remain undefined at the present t ime but from the 

current study it seems likely that they are of exogenous origin. 

Whether or not these changes progress to the overt lesions of chronic 

enzootic pneumonia may well depend on the continuing presence of 

irritants in the affected tissue . In this respect ,  colonization of 

the lesions by organisms from the nasal cavity such as Mycoplasma 

ovipneumoniae , P.  haemolytica and Neisseria catarrhalis is likely to 

be essential in determining the development and severity of the lesions . 

Compelling evidence favouring this view comes from the high correlation 

obtained between the severity of histological lesions and the titres of 

bacteria and M . ovipneumoniae in the lung ( Chapter 4 )  as well as from 

the suppressive effect of antimycoplasma and ant ibacterial drugs on the 

development of the disease following experimental transmission ( Chapter 

5 ) . 

The acceptance of this view of the pathogenesis of chronic enzootic  

pneumonia should not  negate the possibility that systemic factors have 

a role in determining the initiation , progression and severity of the 

lesions . It is clear from observations on both natural and experimental 

cases that not all subacute lesions progress to the severe proliferative 

pneumonias seen in a proportion of affected animals . Some of the 

environmental factors associated with the occurrence of chronic 

pneumonia in lambs during the late summer and autumn are , hot weather 

and drought condit ions ; fatigue and dehydration during driving , 

yarding and handling ; and debilitating diseases such as internal parasitism 

malnutrition and fac ial eczema ( sporodesmin poisoning) . Studies by 
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Holmes and Bremner ( 1 971 ) on sheep infected with Ostertagia c ircum­

cincta have shown a significant reduction in food and water intake 

and a profound drop in the turnover of body water.  Similarly , 

Siefert ( 1 971 ) has shown that gastro-intest inal parasites significantly 

depressed packed-cell volume , haemoglobin concentration and plasma 

protein levels in cattle when pastures were poor . Future studies on 

the morphological effects of these factors on the ovine pulmonary 

alveolus and their physiological effects on pulmonary defence mechanisms 

may provide important clues linking the occurrence of debilitat ing 

diseases in sheep with the severity of chronic pneumonia . 

The importance of  the alveolar type I epithelial cell in maintain­

ing the structural integrity of the alveolus was highlighted in the 

current investigat ions of both natural and experimental pulmonary injury. 

Type I cells were seen to endure a variety of degenerative changes 

before eventual sloughing and disintegration . The loss of the 

epithelium was a catastrophic event resulting in the accumulation of 

fibrin and the build up of leucocytes in the alveolar space . Studies 

on oxygen-poisoned mice by Adamson et al . ( 1 970b) have also emphasized 

the funct ion. of the alveolar epithelium in preventing the flow of plasma 

into the alveolus following damage to the capillary endothelium and 

Bensch et al . ( 1 967)  have demonstrated that alveolar type I cells are 

the main obstacle to the passage of proteins across the pulmonary 

blood-air barrier . 

Undoubtedly , one of the most outstanding ultrastructural features 

of both the natural and experimental alveolar injury observed in the 

present study was the degree t o  which the alveolar type II c ells 

partic ipated in the reparative process . Although both type I and II 

cells were vulnerable to injury , proliferation after injury was almost 

exclusively the prerogative of the type II cells . It therefore seems 

likely that some of these c ells are metabolically inact ive or 

undifferentiated in normal lungs and are thus able to escape damage 

and be available for repair. Further studies to  confirm this hypo­

thesis would require the use of autoradiographic and histochemical 

techniques at the ultrastructural level.  
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Although it  was possible to induce hyperplasia of alveolar type 

II cells by the experimental instillation of dilute ( 1%) nitric acid 

into the lungs of  lambs , the degree of epithelial proliferation 

produced was considerably less than that encountered in naturally­

occurring cases of chronic enzootic pneumonia . The most l ikely 

explanation for these differences is , that in the case of the naturally­

occurring disease , the agents responsible are micro-organisms which are 

cont inually present in the alveolar space and are thus able to produce 

a sustained irritat ion of the alveolar epithelium which it is difficult 

to reproduce by chemical means . 

In assessing the role of P. haemolytica in ovine pneumonia , two 

important factors must be taken into account . Firstly , the variety of 

serotypes which  can occur in the environment is considerable as has 

been demonstrated in Scotland by Biberstein et al . ( 1 970 ) and secondly , 

the organism has an almost ubiquitous distribution in the nasal cavity 

of both normal and pneumonic sheep in New Zealand as indicated by the 

results obtained in Chapter 4 .  The possibility that certain serotypes 

of P. haemolyt ica in the normal flora of the nasal cavity may exert a 

protective effect against invasion by more ·virulent strains of  the 

organism. must therefore be considered . In this context , it  is relevant 

to note that Crowe et al . ( 1 973) have shown that the normal throat flora 

of children who do not become colonized with Group A streptococci  

contains bact eria with a significantly greater inhibitory activity 

against Group A streptococci than that from children who did become 

colonized. The bacteria responsible for most of this inhibitory 

activity were non-haemolytic streptococci , Streptococcus viridans and 

Neisseria sp . 

Many important questions concerning the role of M. ov ipneumoniae 

in the pathogenesis of subacute and chronic pneumonia remain t o  be 

answered. Although the present work has shown a widespread distribution 

of the organism , high t itres in pneumonic lungs and a close association 

between these t itres and the severity of histological lesions , con­

clusive evidence of its primary role in the aetiology of chronic 

pneumonia in New Zealand is lacking. The possibility that M . ovipneumon­

iae alone is capable of initiating the disease , as postulated  by 
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Carmichael et al . ( 1 972) and Sullivan et al . ( 1 973a) for chronic 

pneumonia in sheep in Queensland , needs further investigation by more 

inoculat ion trials on colostrum-deprived lambs . It is possible that 

latent M . ovipneumonia infection may occur in a large proportion of 

New Zealand lambs from a few weeks of age as has been suggested occurs 

in sheep in Queensland by Sullivan et al . Production of  an overt 

pneumonia may then occur through reactivation of the latent infection 

by some other �ctors . Such additional fact ors may be of endogenous 

origin such as the waning of maternally-derived antibody or alternatively , 

environmental stress , bacterial invasion or superinfect ion by a virus 

capable of inhibiting immune mechanisms . Experimentally , Singer et al . 

( 1 972 ) have demonstrated that it is possible to transform a smouldering , 

chronic Mycoplasma pulmonis infection of mice into a lethal one by the 

administration of the immunosuppressive agent , cyclophosphamide . 

In the light of these possibilities , future studies might be 

profitably directed t owards epidemiological investigations of  the 

seasonal and age incidence of micro-organisms in the ovine respiratory 

tract and their relat ionship to  environmental factors such as climate 

and husbandry procedures . Concomitant with these investigations should 

be the development of a reliable serological test for M . ovipneumoniae 

so that infection with this organism can be adequately monitored under 

both field and experimental condit ions . 

There is one aspect of pneumonia in sheep which requires high 

priority before any large scale expenditure on future research is 

undertaken. This is the need for precise information on the effect 

of subacute and chronic pneumonia on the growth rate of lambs . Although 

the serious economic effects of acute pneumonia cannot be disputed , no 

reliable data are available to support the commonly-held belief  that 

chronic pneumonia in lambs has an adverse affect on weight gain. The 

difficult ies inherent in designing suitable weight gain trials are con­

siderable .  Besides the problem of cross-infection when animals are run 

together there is the added difficulty in long-term trials , of  ascertain­

ing whether the lesions seen at necropsy represent recovery phases of 

previously severe lesions or early lesions whose effect on growth rate 

should be minimal . For this reason the careful correlation of 
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individual weight gains with histopathological findings in each case 

should be an integral part of any investigation of this type . 

An area neglected in the present study has been the virological 

aspects of the ovine respiratory tract . While there is an obvious need 

for information on the nature and distribut ion of respiratory viruses 

in sheep in this country , current indications are that these agents do 

not have a major role in the aet iology of enzootic pneumonia . This 

view is based on the absence of pathological evidence of  virus infect­

ion , such as intra-cellular inclusion bodies in the naturally-occurring 

disease as well as the strongly suppressive effect which antibiotics 

have on the transmission of the disease (Chapter 5) . Although 

parainfluenza-3 virus has been isolated in New Zealand ( Carter and 

Hunter , 1 970 ) , overseas experience indicates that this organism is not 

assoc iated with naturally-occurring chronic pneumonia in lambs in 

Australia ( St . George and Liefman , 1 972) and produces only mild lesions 

in colostrum-deprived lambs when inoculated intranasally ( Gilmour et al . ,  

1 968 ) . 

Future prospects for the c ontrol of pneumonia in sheep could 

involve the possibility of manipulat ing either the environmental factors 

or the micro-organisms with which the disease is assoc iated . Unless 

convent ional systems of sheep management can be radically altered , 

control of environmental factors does not seem feasible in the immediate 

future . Control of micro-organisms could be accomplished by the establish­

ment of spec ific pathogen-free breeding stocks as has been successfully 

achieved in the pig and poultry industries . Further possibilities 

include the suppression of micro-organisms by the use of  chemothera-

peutic agents or the development of immunity by the use of multivalent 

vaccines .  
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APPENDIX 1 

METHOD FOR STAINING 'THICK ' EPOXY EMBEDDED HISTOLOGICAL SECTIONS . 

1 .  Cut sections at 0 . 5 to 1 . 0 �m and pick up with an eyelash or 

float off in a water bath and pick up with a coverslip . 

2 .  Transfer sections to a drop of 1 �� acetone on a glass slide then 

heat-dry on a hot plate at 80°C for about a minute . 

3 .  While at this t emperature , cover sections with a few drops of  

1% toluidine blue and leave for 1 to  2 minutes or  until the 

stain begins to evaporate at the edges . 

4 .  Rinse under running water. 

5 .  Return the slide to the hot plate and counterstain with 4% basic 

fuchsin for 1 to 2 minutes . 

6 .  Rinse in running water ,  air-dry at room t emperature and mount 

in D . P . X. 
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Paraquat administered 

(Groups 1 and 2) 

• Grou p 1 I Paraquat administration plus mixed bacterial inoculation 

0 Grou p 2 I Mixed bacterial inoculation only 

.. Grou p 3 I Paraquat administration plus single bacterial or autoclaved bacterial broth inoculation 

6. Group 4 I Single bacterial inoculation only 

0 . 
Bacterial inoculation 

(All groups) 

1 2 3 4 

DAYS POST-INOCU LATION 

5 6 

Appendix 2 .  Mean body temperatures following paraquat administration and endobronchial bacterial inoculation of lambs 
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Appendix 3. 

• Group 1 I Pneumonic lung homogenate in nutrient broth 

0 Group 2 I Pneumonic lung homogenate in Eagle's medium 

D = Died 

2 4 6 8 

DAYS POST-INOCULATI ON 

Mean body temperatures following endobronchial inoculation of worm-free sheep with pneumonic lung homogenate. 
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Appendix 4 .  

2 4 

& Group 3 I M. arginini in PPLO broth 

• Group 4 I P. haemolytica in nutrient broth 

o Group 5 I Controls (Nutrient broth, Eagle's Medium, PPLO broth 

and autoclaved lung homogenate) 

6 8 

DAYS POST-I NOCU LAT I ON 

Mean body temperature fol lowing endobronchial inoculation of worm-free sheep with M. arginini, P. haemolytica 

and nutrient media or autoclaved lung homogenate . 
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Appendix 5. 

2 4 6 8 

• Group 1 I Ronidazole 1 00 mg/Kg 

� Group 2 I Ronidazole 30 mgiKg 

o Group 3 I Ronidazole 10 mg/Kg 

... Group 4 I Tylosin 8 mg/ Kg 

• Group 5 I Oxytetracycline 5mgiKg 

0 Group 6 I Penici l l in 30,000iuiKg 

• Group 7 I Positive controls 

0 Group 8 I Negative controls 

1 0  1 2  

DAYS POST-I NOCULATION 

Mean body temperature of sheep fol lowing intranasal transmission of chronic pneumonia 

and drug !administration. 
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