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ABSTRACT 

As a bas i s  for subsequent pathological s tud ies  the his tology , 

topographical morphology and ultrastructure of the normal ov ine 

tracheobronchial  epithel ium at five d ifferent l evels were 

investigated . I n  add ition , the topographical studies  were extended to 

involve the normal alveolus . The l i n i ng epi thel ium of the trachea and 

bronchi consi sted of pseudostratified c i l iated columnar and goblet  

cel l s , whi l e  from the smal l  bronchi d istally , the  airways were l i ned 

by  low columnar o r  cuboidal c i l iated and non-c i l i ated cel l s . A 

s lightly lower proportion of mucous c e l l s  were present i n  the upper 

trachea compared to the lower trachea which also contained Clara c e l l s  

with PAS-posi ti ve granules . Topographicall y ,  t h e r e  was a marked 

change from a predominance of c i l iated cells in the t r achea and 

bronchi to non-c i l i ated cells i n  the distal  bronchiol i . Ten differ e n t  

types of epithelial  c e l l  were ident ified u ltrastructura l l y .  These 

wer e ; two t ypes e ach of c i li ated , goblet  and unknown secretory c e l l s  

together w i t h  Clar a , brush , basal a n d  i n termediate cel l s . Several  

cell  t ypes of  unknown function which have  not  been  prev iou s l y  

described were obs erved . It  was concluded that t h e  o v i n e  l ung was 

similar  to that of cattle  but d ifferent  from other mammals i n  two 

important features. Firstly , interalv�l a r  pore s  of Kohn were 

uncommon i n  y oung sheep and secondl y , ther e  was a r e l a t i ve paucity of 

alveolar macrophages i n  a lveolar spaces . I t  is  t hought that these 

features may have an i nfluence on the pathophysiology and pathogene s i s  

o f  pneumoni a  i n  sheep a n d  t h e  r e s istance o f  t he ovine  lung to  

i nfection . 

The pathological changes which occurred i n  the t racheobronchi a l  

epi thel i um a t  five d ifferent levels  were studied i n  both early  and 

adv anced lesions of chronic non-progressive  pneumoni a  ( CNP ) i n  l ambs 3 

to 1 0  months old . In  add i t ion , the a l veol ar topographical changes 

were investigated . The most  common topographical  finding was loss of 

ci l i a  from the epithe l i a l  surface which was more severe in early  

les ions . The tracheobronchial epi thelium i n  adv anced pneumonic  

lesions showed l arge areas of squamous metap l as i a , whi l e  focal  areas 

were observed in early  l esions . E xtensive  inflammator y  c e l l  

infi l tration o f  the tracheobronchial epi thel ium w a s  one  o f  t h e  main 

histo logical  features seen in both early and advanced pneumon ic  



lesions indi cating that active inflammator y changes were occurring a t  

a l l  stages of t h e  d i sease . Aggregations o f  lymphoid c e l l s  together 

with submucosal gland hyperplasia  and metaplasia were more extens i ve 

in adv anced cases . Striking changes to Clara  cells  were observed by  

scanning el ectron microscopy i n  bronchioli  in  both stages of  the  

disease . Mycoplasmas were common ly found attached by  means of 

pili-like structures to the c i l i a  of epithelial  cel l s  of the t rachea 

and bronchi i n  e a r l y  l esions and to tracheal and bronchiolar  

epithe l i a l  cilia  i n  advanced l esions . The ir presence  i n  ear l y  

pneumonic  les ions suggested that they may compromise the effecti veness 

of the mucoc i l i a r y  system , al lowing other destructive bacte r i a  

normal l y  resident i n  the upper respi ratory tract t o  pen��te into the 

pulmonary  parenchyma and produce more severe l esions . 

To quantitate the proliferative  changes observed the epithe l i a l  

and submucosal  thicknesses o f  t h e  tracheobronchial a irways of sheep 

affected with CNP were measured a t  6 levels and submucosal g land s ize 

and number were measured at 4 levels . The mean thickness of the 

tracheobronchial  mucosal l ayers of normal sheep decreased r egularl y  

from the upper t rachea t o  the d i st a l  bronchiol i , whi l e  i n  pneumoni c  

lesions the decrease i n  mucosal thickness was more i rregular . Sma l l  

bronchi and bronch i o l i  were t h e  most severely affected and the 

percentage i ncrease above normal was 1 46 . 5% and 268 . 2% 

respectivel y . Comparative  statistical  analys i s  of the  results  showed 

that in earl y  lesions the epithel ium of the t rachea and bronchi were 

worst affected , wher eas i n  advanced lesion s  t h e  epithel i um o f  t h e  

I t  i s  thought that peripher a l  a i r ways showed the most severe  change . 

the increase in the thickness of the wall  of peripheral a irways 

cel l s  and mucus may together with the accumulation of i nflammatory 

result in partial  or complete obst ruction of the l umen of sma l l  

a irways i n  affected areas . Statistical  analysis  of sectional  areas of 

submucosal  gland of normal sheep showed that they decreased regularly  

from the  upper t r achea to the  sma l l  bronchi , but  this  pattern  became 

irregular i n  the pneumonic  lesions . The most s igni ficant  changes in 

submucosal g land parameters of early pneumonic  sheep occurred in the 

intrapu lmonary  bronch i . I n  sheep w i th advanced pneumonic  lesions 

changes were most severe i n  both i ntrapulmonary and extrapulmonary 

bronchi . Enlargement of the submucosa l  glands in pneumonic lesions 

was found to be due to both hyperplas i a  and hypertrophy and these 

changes were more severe in advanced than early  lesions . 



The histochemistry  of the submucosal  gland glycoprote ins  i n  

normal and pneumon i c  sheep was also studied and statistical  analys i s  

of the results showed a change i n  the types present . I t  was found 

that most mucous ce l ls of submucosal gland at all  levels  of the normal 

ov ine tracheobronch i a l  tree contained e i ther neutral  or mixed types of 

glycoprotein and very few contained the acid type . The submucosal 

glands of normal bronchi contained s i gn ificantly  more neutral  

glycoprote i n  and  less  mi xed and  acid glycoproteins than those of the 

trachea . In  pneumonic  lungs there were no s i gnificant d ifferences i n  

the amount and types of g l ycoprotein  between levels . Comparative  

stat i stical  analys i s  showed that  in  the  intrapulmonary bronchi , acid  

glycoprotein  increased and  neutral  glycoprotein decreased in  advanced 

pneumonic lesions when  compared to normal and early pneumoni c  sheep . 

I t  was concluded that the ovine  t racheobronchial a irways res pond to  

unspecified noxi ous agents  by  changing the chemical  and  physi c a l  

nature of thei r  mucous secretions . 

Ovine trachea l  organ cultures were used to investigate the 

pathogeni c i t y  of Mycoplasma ovipneumoni a e , Bordetella  parapertus s i s , 

Pasteur e l l a  haemolytica  and Neisse r i a  catarrhali s . The c i l i ar y  

act i v i t y ,  h i stology , topograph i cal  morphology , ultrastructure and 

microbiology of thes e  experiments are descri bed in detai l . Four 

different t itres  of e ach microorganism were used . It was foun d  that 

all  the microorgani sms caused cytopathological changes and the 

c i l iostasis  p roduced was dose dependent . Mycoplasma ovipn eumoniae  and 

B .  parapertussis  attached to c i l i a  a t  30 min  and 1 hr  r especti ve l y  

and produced ciliostasis  as early  as 1 3  hrs  and 1 h r  respec t ively . 

The means of attachment of both organi sms was investigated with  both 

scan n i ng and transmiss ion e lectron microscopes . A fimbri a  o r  

p i li -l ike structure was found i n  close proximity to  c i l i a  with both 

microorganisms . Pasteure l l a  haemolytica and !· catarrha l i s  fai led to 

attach to c i l i a  but they produced c ytopathological  changes and the 

c i liostatic effect  was  ach ieved as e a r l y  as 3 hrs and  4 hrs  

respec tivel y .  Although both of these organ i sms behaved i n  a similar  

manner i n  organ culture  and  produced simil ar cytopathological  changes , 

P .  haemolyt i ca 

faster than N .  

was more destructive  and produced c i liostat i c  effects 

catarrha l i s . Of the four m icroorganisms used it was 

found that only M .  ovipneumoni a e  and B .  par apertuss i s  had both an  

affinity for trachea l  epithe l i a l  cells  and the abi lity  to  produce 

destructive  changes in o rgan culture . On the basi s  of this work  both 



M .  ovipneumon iae and B .  parapertus s i s  could b e  considered a s  l ikely 

candidates for o rgan isms whi ch in v i vo could init i ate bronchiolar 

disease and thus allow the development o f  CNP . This hypothesis in 
regard to M .  ovipneumoniae i s  strongly support ed by  several  other 

workers .  The role o f  B .  parapertus s i s  remains t o  be  more fully 

investigated . 



LIST OF FIGURES 

FOLLOWING 

PAGE 

Figure 2.1 Diagrammatic representation of the tracheobronchial 58 

airways of sheep showing the sites selected for 

study. 

Figure 2.2 The epithelial surface of normal trachea stained 62 

with toluidine blue. 

are present. The first 

Two types of ciliated cell 

type ( CF) has a narrow 

luminal border and the cytoplasm stains light blue. 

The second type ( CS) has a wide luminal border and 

the cytoplasm stains more darkly. Goblet cells ( G) 

stain dark blue and contain a large number of faint 

blue granules. Basal cells ( B) and intermediate 

cells ( I) are attached to the basal lamina but do 

not extend to the luminal surface. Toluidine blue. 

X 312. 

Figure 2.3 Bronchial epithelium consisting of ciliated cells 62 

(C), goblet cells ( G), intermediate cells (I) and 

basal cells ( B). It is histologically similar to 

the lower trachea although the height of the 

epithelium is reduced. Toluidine blue. X 312. 

Figure 2.4 Bronchiolar epithelium of normal lung composed of 62 

three cell types; ciliated ( C), mucous ( M) and 

Clara ( Cl). Toluidine blue. X 1250. 

Figure 2.5 The epithelial surface of normal trachea. Dense 

cilia cover most of the surface, but among them are 

interspersed single non-ciliated cells ( N) and 

secretory openings ( S) of submucosal glands. SEM. 

X 670. The inset figure shows the mucosal surface 

of a non-ciliated cell covered by short microvilli 
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pores of Kohn ( K). SEM. X 1000 . 
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luminal surface has less cilia ( C) but more 
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Fi gure 2 . 13 High  magni fi c ation o f  the  upper part of both the 65 

f i r s t  ( CF) and second ( CS )  types of c i liated  cell .  

A large  number o f  c i li a  ( C ) , and mic rovi lli ( MV )  

are found o n  the luminal  sur face o f  both cell 

types . Atyp ical  or  compound c i li a  ( AC )  and 

cytoplasmic processes  ( PR) are  observed mos t ly on 

the luminal  sur face of the second t ype of c i li at e d  

cell .  TEM . X 1 1 , 0 1 0 .  

Fi gure 2 . 1 4  The f i r s t  cell type o f  goblet cell.  It conta i n s  

homogen i sed small e lectron-dense granules ( G )  and a 

small numbe r o f  r i bosomes ( RS ) .  TEM . X 8 , 540,  

Fig ure 2 . 15 The second  cell type  o f  goble t  cell . Thi s  

con t a i n s  mucous granule s  ( G )  wh ich  a r e  larger  and  

less  e lectron-dense than  the f i r s t  type  and mor e  

numerous r i bosomes . Ins e t :  The Golg i  apparatus  

( GA )  i s  well developed a n d  usually s i tuated above 

the nucleus . TEM . X 3 , 400 . 

6 5  

66  

Figure 2 . 1 6  High  magn i f i ca t ion o f  the apical part  o f  the  f i r s t  6 6  

type o f  unknown secretory cell.  The cytoplasm o f  

the cell i s  e lectron-dense  and cont a i ns a few 

mucus -li ke granules ( ( G ) . The lum inal s u r face 

shows rela t i ve ly few long microvi lli ( MV ) . TEM . X 

1 5 , 300 . 

Fi gure 2 . 1 7  The second type o f  unknown secretory  cell ( U ) . 66  

Thes e  tall and irregu lar cells have var i able 

numbers  o f  small sphe r i c a l  vacuole s  ( V )  near the i r  

surfac e . TEM . X 8 , 90 0 .  The i nset  f i gure  shows 

some of the vacuoles whi ch appear to be emp t y i n g  

onto t h e  surfac e . TEM . X 28 , 000 . 

Fi gure 2 . 1 8  Clara  cell showing a p i cal  cytoplasm c on t a i n i n g  6 6  

large numbers o f  f r e e  r ibosomes ( R )  a n d  abunda n t  

S E R  ( S ) . The mi tochondr i a  a r e  vir tu a lly de vo i d  o f  

c r i stae . Electron-lucent , 

membrane -bound i nclus ions  ( I )  

incompletely .  TEM . 

Fi gure  2 . 1 9  A tracheal brush 

X 1 2 , 1 50 .  

cell ( T )  showi n g  

heterogeneous , 

are  s t a i n e d  

i t s  lum i n a l  

brush border o f  microvi lli ( ar rows ) . The cytop lasm 

67 



i s  electron-dense and con t a i ns a moderate numbe r  o f  

mi tocho n dr i a  ( MC ) , a large  amount o f  RER ( R ) , SER  

( S )  and a few  empty vacuoles  ( V ) . TEM . X 7 , 900,  

Figure 2.20 A bronc h i a l  brush cell  showing the typical luminal 6 7 

brush bor der . Its  e l ectron-dense  cytoplasm 

con t a i n s  abundant R E R  ( R ) , numerous mitochon dr i a  

a n d  a large  number o f  r ibosomes ( R ) . The fi l ament 

bundles  ( F) can  be  seen  in the apical  par t  o f  the 

cel l .  TEM . X 1 , 34 0 .  

Figure 2 . 2 1  Basal  and  intermedi a t e  c e l l s . There  i s  a w i de ,  6 8  

Figure 3 0 1 

irregular  i nte rcellular  space �arrows ) aroun d  both 

cel l s  and  they have a l arge  numb e r  o f  cytop lasmic 

processes  ( PR )  on the i r  sur face . The intermediate  

cells  h a ve a l arge  n uc leus ( NU )  and  an 

electron-lucent cytopl asm. TEM . X 8 , 40 0 .  

The epithe l i um o f  ear l y  pneumonic  t rachea showing 

mo derate  hyperplasia . The lumi nal  border has lost  

most  o f  its  c i l i a .  Moderate  numbers  of  neutroph i l s  

a n d  macrophages are present  i n  t h e  l amina prop r i a  

(L) and l arge numbers  o f  n eutroph i l s  ( arrows ) a r e  

found  between epithe l i a l  cel l s . H&E . X 156 .  

7 9  

Figur e 3 .  Bronchi a l  epithe l i um o f  an  early  pneumonic les ion . 7 9  

Ther e  a r e  mode r ate numbers  o f  neutrophils  ( arrows ) 

between the  epi the l i a l  c e l l s  w i th early  l ympho id  

aggre gations  i mmedi a t e l y  b eneath the  ep i thel i al 

l aye r . H&E .  X 3 1 2 .  

Figure 3 . 3  Bronchiole  from an ear l y  pneumon i c  lesion  showing 79 

moderate  epithe l i a l  hyperplas i a  and m i l d  

per i b ronch iolar  l ympho i d  aggregations . The l umen 

con tains  n ecrot i c  mate r i a l  and i n flammatory c e l l s . 

H&E . X 1 56 .  

Fi gure 3 . 4  The tracheal ep i the l i a l  s u r face i n  ear ly pneumon i a .  80  

The  mucosal  sur face cont a i n s  appro x i mately equal  

numbers  of  c i l iated and  non-c i l i ated c e l l s . 

Observe the goblet  cell  open ings  ( G )  and submucosal  

gland  ope n i ng ( S ) ,  SEM . X 800 . 

Fi gure 3 . 5  The lumi nal  sur face of the lower t r achea in e ar l y  8 0  

pneumo n i a  showing a thick l ayer of mucus sec r e t i on 

( arrows ) wh ich  covers mos t  o f  the c i l i ated  but not  

the  non-c i l i ated surfac e . SEM . X 1 0 ,  000, The 



inset  micrograph shows some o f  the large numbe r  o f  

mycopla sma-like organ i sms ( M )  whi ch are att ached 

firmly to the bottom of the c ili a . SEM . X 2 ,500 .  

Figure 3 . 6  The b ronch i a l  surfac e  epi thelium in  an early 8 1  

pneumon i c  les ion . The large  hole s  ( G) are goble t  

cell openings  a n d  t h e  small hole s  ( L )  may b e  due to 

damage to the cell memb r an e . Large amount s  of  

cellular debri ( arrows )  and neutrophi ls ( n )  are 

present  on the sur face . SEM . X 660 . The inset  

figure  illust r ates a focal  area  o f  squamous cell 

metapla s i a  ( arrows ) . SEM. X 300 . 

Fi gure 3 . 7  A lar g e  number o f  microorgan i sms attached to  the 8 1  

top o f  the bronchi a l  c i li a  i n  a n  early pneumon ic  

lesion  ( large  arrows ) . The  morpholog ical features  

of  man y o f  the  att ached organ i sms were s i m i lar to  

those  of  mycoplasmas ( small arrows ) . 

1 0 , 000 . 

SEM . X 

Fi gure 3 . 8  A submucosal  gland ope n i ng denuded of  c i li a  and 8 1  

showi n g  squamous metapla s i a . The s ecretions which 

are  f ixed  i n  s i tu  con t a i n  a large  number o f  

neutroph i ls ( n )  m i x e d  with mucosal strands and 

granules ( g ) . SEM . X 700 .  

Figure  3 . 9  An a ffected bronchio le whi ch has a thickened  wall 8 1  

( arrows ) . Its lumen contains  large  amounts  o f  

necro t i c  e xudate con s i s t ing  m a i n ly o f  n eutroph i ls 

( n ) . SEM . X 400 .  

Fi gure  3 . 1 0  The luminal sur face o f  an a ffected b ronchiole 8 1  

sho wi n g  a few macroph ages  ( arrow) attached to 

epitheli a l  cells . SEM . X 1 600 . 

Figure  3 . 1 1  ( Le ft )  High mag n i fication o f  the bronchiolar 8 1  

epitheli a l  sur face from a s e verely affect e d  area.  

The  sur face cons i s t s  o f  c i li ated ,  brush  and 

Clara-li ke cells . SEM . X 5080 . 

Fi gure 3 . 1 2  ( Ri ght ) H igh magn i ficat ion  o f  the bronchiolar 8 1  

• 

epithe li a l  surface from a les s  s e verely a f fected 

area . C lara c e lls ( A )  e xhibit 

micro villus -li ke projections  ( arrows ) . 

6000 . 

small 

SEM . X 

Figure  3 . 1 3  The alveolar region  i n  early pneumon i a  showi n g  8 1  

thicken ing  of  t h e  a lveolar s e p t a  ( ar r o ws )  a n d  



accumu lation o f  neutroph i l s  ( n )  and a few 

macrophages ( MA )  within  the alveolar space . SEM . 

X 1 , 470 . 

Figur e 3 . 1 4  The t r acheal ep i the l ium from an early  pneumo n i c  82  

lesion  showing electron-de nse material  ( ar rows ) 

cover i ng the sur face . A few microorgan i sms (0) are  

embedded in  the  amorphous mater i a l . There  i s  

neutroph i l  i n f i ltration  between u n derlyi n g  cells . 

TEM . X 7 , 64 0 .  

F igure  3 . 1 5  High magn i f i cation o f  the sur face material  showing 82  

the  bacteria  ( 0 )  whi ch  are not i n - di rect contact 

with c i l i a . TEM . X 3 1 , 800 . 

Figure  3 . 1 6  The bronch i a l  epithelium i n  a n  early  p neumon i c  82  

lesion  showing neutroph i l s  ( n )  be tween the 

epi the l i al cells . TEM . X 5 . 660 . 

Figure  3. 1 7  The bronch i a l  epithe l i a l  sur face showing a l arge  82  

number  of  mycop lasmas (M )  and bacteria  ( b )  between 

c i l i a . TEM . X 1 4 , 900 . The inset  micrograph 

i l lus t r ates the tubular o rgane l les ( arrows ) which  

may be the means o f  attachmen t between mycoplasmas 

and c i l i a .  T EM . X 72 , 1 00 . 

F igur e 3 . 1 8  Ultrastructure o f  the bronch iolar  epithelium i n  an 83  

ear l y  pneumo n i c  les ion . Both c i l i ated ( C )  and 

non-c i l i ated cells (N) are  present  togethe r with  

di stinct  basal  cells  ( B ) . TEM . X 4 , 300 . 

Figure  3 . 1 9 High magn i fi cation o f  the di s t i nc t  basal l a ye r  8 3  

( arrows ) which  w a s  obs erved i n  some pneumo n i c  

bronch io l i . TEM . X 5 , 200 . 

F igure 3 . 20 A severely  a f fected b ronchiole  showing c i l iated 83  

cells  ( C )  whi ch have lost  the i r  cilia  and  show 

rupture  of  the apical  pl asma memb r ane ( ar rows ) . 

TEM . X 7 , 800 . 

Figure  3 . 2 1 The bronch iolar  l uminal  contents  in  earl y 8 3  

pneumo n i c  les i on . Cellular  debr i s , n eutroph i l s  and 

macrophages are  present . TEM . X 7 , 800 . The i nset  

• micrograph shows a mycopl asma-li ke o r g an i sm  

obser ve d  i ns i de the  di ges t i ve vacuole 

neutroph i l . TEM . X 1 03 , 600 . 

Figure 3 . 22 Tracheal epithe l i a l  s u r face o f  an 

pneumo n i c  les ion showing s e vere 

o f  a 

a dvanced 

squamous 

8 4  



metaplas ia . H& E .  X 3 1 2 .  

Figure  3 . 23 The bronchial epithelia l  s u r face o f  an advanced 84 

pneumonic lesio n  

( large  arrows ) a n d  

showing moder ate hyperplasia 

metaplasia ( white arrows ) .  

Larg e  numbers o f  n eut rophils are  present b e tween 

the epithe l ial c e l l s  ( small arrows ) .  The lumen o f  

the s ubmucosal g l an d  ( S ) , is ful l  o f  mucus mixed 

with large numbers o f  neut rophils  and macrophages . 

H&E. X 1 56 .  

Figure 3 . 24 The epithelium o f  a small b ronchus from an 85  

advanced pneumonic lesio n  showin g moderate  

hyperplasia . The  l ymphoid aggregations in the 

submucosa are  mor e  e xtensive than those seen  in 

ear l y  les ions.  The l umen o f  the submucosal  gland  

con t a in s  s mall  numbers  of  neutrophil s and 

macrophages . H&E .  X 3 1 2 .  

Figure  3 . 25 A bronchiole  from an advanced pneumonic lesion 8 5  

showing marked epithe l ia l  hyperplasia and 

per ibronchio lar l ymphoid aggregations . Large 

numbers  of neutrophils and mononuclear c e l l s  are  

found within the  epithe l ium ( arrows ) .  The l umen 

con t a ins mucus , neut rophils and macrophages . H&E . 

X 1 56 .  

Figure 3 . 26 Trachea l  luminal  sur face from an a dvanced 

pneumo n ic lesion showing s ingle  non-cil iated c e l l s  

( arrows ) together with irr egular  areas o f  c il ia 

los s . SEM . X 600 . 

8 6  

Figure  3 . 27 Hi gh magnificatio n  o f  the c il iated surface showin g  8 6  

a large  number o f  mixed  microorganisms ( ar rows ) 

between the cilia .  Many  o f  the c il ia are e n t angled  

and shortened. SEM . X 1 , 300 . 

Figure 3 . 28 The b ronchia l  l umin a l  surface  from an a dvanced 8 6  

lesion . Cil iated c e l l s  predominate o ve r  other 

types which are mos t l y  goblet  c e l l s  ( arrows ) .  A 
large number o f  neutrophil s  ( n )  and mac roph ages  

tMA) were observed o n  the epithe l ial sur face . S EM . 

X 680 . 

Figure 3 . 29 A bronchiole  covered by  c e l l s  with a large numbe r  8 6  

o f  micro vil lus-like projections . C l a r a  c e l l s  (A) 
and a small  number o f  c il iated cells  ( C )  wer e  also  



commo n . SEM . X 1 980 . 

F igur e  3.30 Ano ther  t ype o f  bronchiole  contai n i ng no c i l i ated 8 6  

c e l l s .  An occasional si ngle  c i l ium can be obse r ved 

( arrow)  attached to a Clar a-l ike  cel l . SEM . X 

2 , 860 . 

Figure  3 . 3 1  A bronch i o l e  from a se verely  affe c ted par t  o f  the 87 

lung showing  

lumen o cc luded 

SEM . X 500 . 

a marked l y  thi ckened wal l  ( arrow)  and 

by neutroph i l s  and macrophages .  

Figure  3 . 32 High  mag n i ficatio n  o f  the  l uminal contents o f  the 87 

above showing numerous n e otrophi l s  ( n )  and 

macrophag e s  ( MA )  together wi th mucous g r anules and 

str and s .  SEM . X 2 , 400 . 

Figure  3 . 33 Alveo l i  from a se verely  affected par t  o f  lung 87 

showing mar ked thi cken ing of the al veolar septa 

( ar rows) . Alveo l ar spac es contai n  both neutroph i l s  

and mac roph ages .  Increased numbe rs o f  t ype I I  

ep i thel i al cel l s  c an be seen  in  some al veo l i  ( I I ) . 

SEM . X 1 000 . 

Figure  3 . 34 H i gh mag n i f i c ation  o f  two , type I I  al veo l ar 87  

epi the l i al cells .  The  o n e  on the l eft shows a 

secreto r y  bubble o r  cytopl asmic  ble b  ( arrow ) 

protrud i ng from i ts sur face and the one  on the 

r i ght shows an e v acuated bu bbl e ( arrow ) . 

5 , 800 . 

SEM . X 

Figure 3 . 35 U l tr astr ucture o f  the tr ache al e p i the l ium from an 88  

ad v anced pneumo n i c  l e sion showi n g  v ar i able degrees 

o f  metap l ast i c  change .  Most of  cells  i n  this  

region  were i rregular co lumn ar in  sh ape. TEM . X 

6 , 930 . 

Fi gure  3 . 36 Another  are a  o f  tracheal e p i thelium from an 88  

ad v anced lesi o n  showing severe  metap l astic change .  

Most o f  cel l s  i n  t h i s  region  are squ amoid i n  sh ape . 

TEM . X 8 , 1 50 .  

Fi gure 3 . 37 The c ytop l asmic  contents o f  d amaged t r acheal 88 

e p i fhe l i al c e l l s. The mi tochond r i a  wer e  e i ther  

smal l , e lectron-dense o r  c l e ar w i th d i srupted 

c r i stae . Obse r v e  the n eutroph i l  between the c e l l s  

( arrows) . TEM . X 1 0 , 400 . 

F igure  3 . 38 The bronchi al e p i thel ium from an adv anced 88  



pneumonic  lesion showing flattened , compressed 

epithe l i al cells .  Goblet  c e l l s  are empty .  A few 

bacte r i a  ( arrows) are closely  associated w i th 

c i l i a .  A macrophag e  (MA) can be seen between the 

cel l s .  TEM . X 6,880 . 

Figure  3 . 39 The e p i thel ium from a se verely  affected bronchiole 8 9  

showing d i fferen t i ation  o f  t h e  f i r st l ayer into 

typ i c al col umn ar epithe l i al cells .  The majo r i t y  of 

cel l s  have a vacuo l ated c ytop lasm and some c i l i ated 

cel l s  have lost the i r  c i l i a. The api c al p l asma 

membr an e  of  some cel l s  has ruptured ( �r rows), 

r e l e asi ng cel l conten t s  into  the l umen . 

Mycoplasma-like organ i sms ( M) c an be observed i n  

close assoc i ation  with c i l i ated cell s .  TEM . X 

1 38 , 1 0 0 .  

Figure  3 . 40 Bronchiol ar epi the l i um from severely  affected lung 89 

showin g  a c ytoplasmic p rojection ( arrow) protruding  

from the  luminal sur face o f  a c i l i ated cel l . TEM . 

X 1 0 , 670 . 

Figure  3 . 4 1 The l umen contents  o f  a se verely  affected 

bronchiole . It  consi st s  of amor phous mat e r i al , 

cel l u lar debri , n eutroph i l s .  TEM . 4 , 700 . 

8 9  

Figure  3 . 42 M i c roorgan i sms r e sembl ing  mycopl asmas ( arrows) 89 

close l y  associated wi th the c i l i a  o f  af fected 

bronchiol ar epi the l i al c e l l s .  TEM . X 38 , 1 60 .  

F igure  4 . 1  The mean thicknesses ( wi th st andar d  errors) o f  the 1 02 

tracheobronch i al epithe l i um ,  submucosa and mucosa 

at si x leve l s  of  normal lung s (A) , e ar l y  pneumonic  

lesions  ( B) and ad v anced pneumonic  lesions ( C ) . 

F igure  4 . 2  Di fferences in  the mean thickness o f  the epi thelium 1 04 

(A), su bmucosa ( B) and mucosa ( C )  between  normal , 

ear l y  pneumonic  and ad v anced pneumonic g roups. 

Figure  4 . 3  The percentage increase i n  me an thickness o f  1 04 

epi t he l i um ,  submucosa and mucosa i n  e ar l y  and 

adv anced pneumonic  groups compared to normal lungs.  

Figure  4 . 4  The p ar ameters of the  submucosal g l and s i n  normal 1 06 

(A) , e ar l y  pneumon ic  ( B) and adv anced pneumonic  ( C )  

groups.  

Figure 4 . 5  A compar at i ve st at i st i c al an al ysi s of  su bmuco sal 1 06 

gland par amete r s  o f  normal and e ar l y  pneumonic  



groups at  the upper trachea (A), lower trachea ( B ) , 

e xtr apu lmonary bronchi 

bronchi  ( D) . 

( C )  and i n t r apulmonary 

F i gu r e  4 . 6  A comparat i ve sta t i st ical  analysi s  o f  su bmucosal  1 07 

gland  parameter s  o f  normal and advanced pneumonic  

groups at  the  upper trachea (A) , lower trachea ( B ) , 

e x t r apu lmonary bronchi 

bronchi  ( D). 

( C) and i n t r apulmon ary  

Figure  5 . 1 Sta t i st ical  analysi s  o f  the  d i f ferent  types  o f  1 1 8 

gl ycoprot e i n  at each level  (A) and between levels  

(B )  o f  normal t r acheobronch i a l  airways .  In  C the­

catego r i e s  o f  g lycoprote i n  are simp l i fied i nt o  

mi xed , ac i d  and neutral . 

F i gu r e  5 . 2  Sta t i st i cal  analysi s  o f  the d i f ferent  types o f  1 1 9 

F i g u r e  5 . 3  

gl ycopro t e i n  at each level  (A) and between levels  

( B )  o f  the tracheobronch i al a i rways of the e a r l y  

pneumo n i c  group . I n  c the categories  o f  

gl ycoprot e i n  are  si mp l i fied i n to mi xed , ac i d  and 

neut ral . 

Stat i st i c a l  analysi s  o f  the d i f ferent  types o f  

g l ycoprotein at each level  (A) and betwe en levels  

( B ) o f  the  tracheobronch i al ai rways o f  the  advanced 

pneumonic  groups.  In  c the categor i e s  o f  

g l ycopro t e i n s a r e  si mpli fied  i n to mi xed , a c i d  and 

neutral . 

1 20 

F i gu r e  5 . 4  A comparative  sta t i st ical  anal ysi s o f  the d i fferent  1 2 1 

typ e s  o f  g l ycoprote i n  i n  normal , early  pneumo n i c  

and advanced pneumon ic  groups a t  upper trachea (A) , 
lower t rachea ( B ) , e x t r apulmonar y  bronchi ( C )  and 

intr apulmonary bronchi ( D) .  

F i gure  6 . 1 Epi thel ium o f  un inoculated control cultures 

mai nt a i n ed for 1 3  hrs  i n  FM4 med i u m .  The  cel l s  a r e  

heal thy a n d  wel l  d i fferen t i ated . H&E .  X 3 1 2 .  

1 39 

F igure  6 . 2  Ep i thel ium  of t r acheal  organ  culture  i n fected wi th 1 39 

+ 1 02 CFU/ml M .  ov ipneumo n i ae i n  FM4 med ium for 1 3  

h r s .  The &-e i s  ep i the l i a l  cell  cytoplasmic  

vacuolati o n , nuclear  swe l l i n g  and chroma t i n  

mar gi n a t i o n . H&E . X 3 1 2 .  

F igure  6 . 3  Epi thel ium of t r acheal o rgan culture inoculated 1 39 

wi t h  + 1 0 4 CFU/ml M .  o v i pneumo n iae i n  FM4 med i um 



for 1 3  hrs . The r e  i s  c ytop l asmic vacuo lat i on and 

mod e r ate loss o f  c i l i a . Metap l ast ic change  i s  

e v i d e n t  i n  some are as ( arrow) . H&E .  X 312 .  

F i gu r e  6 . 4  A t r acheal or gan c ulture  i noculated with +1 06 M .  1 39 

ovipne umo n i ae and mai n t ai ned i n  FM4 med ium for 1 3  

hrs . The epithel ium i n  d i sorgan i sed with severe  

epi thel i al c e l l  e x fo l i at i o n  and loss o f  c i l i a . The 

remai n ing  epithel ium has a squ amous-l i ke appear ance 

( ar rows) . H&E.  X 3 1 2 .  

F igure  6 . 5  Tracheal organ cu lture  i n fected with +1 08 CFU/ml M .  1 39 

ov ipneumo n i ae and mai n t ai n ed i n  FM4 med iu� for 30 

min .  The ep i the l i al archi tecture is s l i ght l y  

d i s rupted . H&E.  X 3 1 2 .  

F igure  6 . 6  Trache al culture inoculated with +108 CFU/ml M .  1 39 

ov i pneumo n i ae and mai n t ai ned i n  FM4 medium for 1 3  

hrs .  The epithe l i um is  severely  damaged and the 

nuclei  appear pykno t i c . H&E . X 3 1 2 .  

F igure  6 . 7 A d i fferent  ar e a  from the above  culture showing a 1 3 9 

squ amous,  bi st r at i fied  epi thel i um . H&E . X 3 1 2 .  

F igure  6 . 8  Un i n fected t r ache al epithe l i um mai ntai ned i n  FM4 1 40 

med ium fo r 36  hr . I t  i s  compo sed al mo st e n t i r e l y  

o f  c i l i at ed c e l l s . SEM . X 2000 . 

Figure  6 . 9  Tracheal epithe l ium 1 3  hr after i nocu l ation  w i th 1 40 

+ 1 02 CFU/ml o f  M .  ovipneumon iae . There  i s  loss o f  

c i l i a  and c i l i ated c e l l s  and a l arge numbe r  o f  

mycop l asmas ( M) are att ached to the cll i a. SEM . X 

4000 . The i n se t  micrograph shows the mycoplasmas 

at h i gh magn i fi c ation  att ached by fine  proj ections  

( ar row). SEM . X 1 6 , 000 . 

Figure  6 . 1 0 The sur f ace ep i thel ium o f  a tracheal organ culture  1 40 

i n fected with + 1 04 CFU/ml o f  M .  ovipneumon i ae for 

1 3  hr . It  shows e x fo l i at ion  o f  c i l i ated c e l l s  ( C) 

and fragments ( F) .  A l arge  n umber o f  mycopl asmas 

( M) are distr i buted over  and between the t i p s o f  

the c i l i a .  SEM . X 2000 . 

Figure  6 . 1 1  Tracheal epi th;lium i n fected with �1 06 CFU/ml o f  1 40 

M .  o v ipneumo n i ae for 1 3  hr . There is  loss o f  a 

large  n umber o f  c i l i ated cells . Numerous 

mycoplasmas ( arrows) are d i str i buted between the 

c i l i a .  SEM . X 4000 . The inset  micrograph shows 



F i g u r e  

t he f i rm a t t a c hmen t  o f  myco p l asma to c i l i a .  SEM . 

X 20,000, 

6 . 1 2 Trache a l  

post-inocul a t i o n  

epi the l i a l  

w i th + 1 0 8 
s u r fa c e  

CF U/ml 

30 m i n  

o f  M .  

o v ipn eumo n i a e . I t  shows s e v e r e  damage and mos t  o f  

t h e  c i l i ar y  c a rp e t  i s  c o v e r ed b y  a s i ng l e  l ayer o f  

mycop l a smas ( a r r ow ) . SEM . X 4000 . 

1 40 

F i g u r e  6. 1 3  One hr post- i n o c u l a t i o n  w i t h  + 1 08 CF U/ml o f  M 1 40 

o v i pn eumo n i a e . The e p i t he l i a l  s u r face shows s e v e r e  

s lough i n g  o f  c i l i a ted c e l l s  ( ar r ow ) . Mycop l asmas 

( M )  are v i s i b l e  b e t ween the t i p s  of the r emairring 

c i l i a . SEM . X 1 600 . The i n s e t  m i c r o g r aph shows a 

h i gher magn i f i c a t i o n  o f  a t t ached mycopl asma s . SEM . 

X 4000, 

F i g u r e  6 . 1 4 A t r acheal o r g a n  c u l t u r e  1 3  hr post-inocu l a t i o n  1 4 1  

w i th + 1 0 8 CF U/m l  o f  M .  o v ipneumo n i ae. The r e  i s  

v e r y  se vere d amage and most o f  the c i l i a r y  c a r p e t  

has d i s appe a r e d . The s u r face i s  covered w i th 

e x t ruded cel l s  and c e l l u l a r  f r agme n t s  w i th o n l y  a 

few c i l i ated c e l l s  r ema i n i n g  ( ar r o ws ) .  

1000. 

SEM . X 

F i g u r e  6 . 1 5  H i gher magn i f i c a t i o n  o f  the s u r face o f  the above 1 4 1  

c u l t u r e  sho w i n g  a t t achme n t  o f  numerous M .  

o v i p n eumon i a e  o r g a n i sms t o  c i l i a  o n  the r ema i n i n g  

c e l l s . SEM . X 8000 . 

F i g ure 6 . 1 6 U n i noc u l a t ed t r acheal e p i th e l i um ma i n t a i n ed for 3 6  1 4 1  

h r  i n  FM4 med i um .  The r e  i s  good p r e s e r v a t i o n  o f  

the u lt r a s t r u c t u r e  a n d  d i f f e r e n t i a t i o n  i n to 

c i l i ated c e l l s .  TEM . X 5,000 . 

F i g u r e  6 . 1 7 A t r acheal o r g a n  c u l t u r e  mai n t a i n e d  i n  FM4 med i um 1 4 1  

F i g u r e  

i n fe c ted w i t h  + 1 02 CFU/ml o f  M .  o v ipn eumo n i ae 

showing vacuo l a t i o n  o f  s ome c e l l s . TEM . X 6,300 • 

The i n s e t  m i c r o g r aph shows h i gher magn i fi c a t i o n  o f  

the l a r g e  v a c u o l e s  whi ch c o nt a i n  amor phous mate r i a l  

and mi tochon d r i a . TEM . X 6,300 . 

6 . 1 8 A t r acheal c u l tu r e  main t a i n ed fo r 13 hr i n  FM4 

med i um and i n fected w i t h  + 1 04 C FU/ml o f  M .  

o v i pneumo n i a e . The e p i thel i a l  c e l l s  a r e  

d i so r g a n i sed and show marked d es t r u c t i o n  o f  

subce l l u l a r  o r g a ne l l e s . TEM . X 5,000 . 

1 42 



F i g ure 6 . 1 9  The l um i n a l  surface o f  a tracheal c u l t ure i n fe c t e d  1 42 

F i g ure 6 . 20 

w i th + 1 0 8 CFU/ml o f  M .  o v i p n eumon i ae . There i s  

v er y  s e v ere d amage i nc l ud i n g  the forma t i o n  o f  a 

l arge n umber o f  c y t o p l a sm i c  v ac u o l es (V ) .  

E l e c tro n -den s e  mater i a l  h a s  been depos i ted on the 

l um i n a l  surface (arrows ) .  A few M .  o v i pneumo n i a e  

org an i sms (M ) are i n  i n t i mate c o n t a c t  w i t h  the 

rema i n i ng c i l i a .  TEM . X 8,200 . 

a n  organ c u l ture The epi the l i a l  s ur f a c e  o f  

i n fe c t e d  with + 1 0 8 CFU/ml o f  M .  o v i p neumo n i ae for 

3 0  m i n . The l umi n a l  surface h a s  l e s s  c i l i a  tha n  

t h e  c o n tro l s  a n d  t h e  e p i the l i a l  c e l l  cytopl asm 

con t a i n s  a mod erate number of vacuo l es. TEM . X 

8,20 0 .  

142 

F i g ure 6.2 1 F l at t e n ed surface e p i the l i a l  c e l l s  from a s i m i l ar 142 

c u l t ure to t h e  abo v e . These c e l l s  had a n  e x t e n d e d  

c ytop l a sm and con t a i n e d  f l a t t ened n u c l e i  ( N )  , 

l am i n a t e d  i n c l us i o n s  ( L )  a n d  numero us micro v i l l i  

(MV ) . TEM . X 1 9,2 00 . 

F i gure 6 . 22 Mycopl asma o v i pn eumo n i ae organ i sms (arrow )  i n  142 

c l o s e  c o n t a c t  w i t h  the c i l i a  o f  a trache a l  org a n  

c u l ture i n fe c t ed w i t h  + 1 0 8 C F U/ml f o r  3 0  min . TEM . 

X 1 9,20 0 . 

F i gure 6 . 23 H i g h  magn i fi c a t i o n  o f  a n  M .  o v ipneumo n i a e 

org a n i sm from the abo v e  c u lture r e veal i n g  a 

d i s t i n c t i v e  p i l i- l i ke s tructure (arrow )  att ach i n g  

i t  t o  t h e  c i l i a . TEM . X 1 6 0 , 1 00 .  

1 42 

F i gure 6.24 A trac h e a l  c u l ture i n fe c ted w i th + 1 0 8 CF U/ml o f  M .  1 42 

o v i pneumo n i ae for 1 3  hr e xh i b i t i n g  v ery s e v ere 

d i sorg a n i s a t i o n  and i n trace l l u l ar chang e . TEM . X 

6,30 0 . 

F i gure 6 . 25 Myco p l a sma o v i pn eumo n i a e  growth curv es i n  three 143 

d i fferen t  c u l t ure s y s t ems . 

F i gure 6 . 26 The growth curv e s  o f  four t i tres o f  M .  

o v ipn eumo n i a e  ma i nt a i n ed i n  l iqu i d  FM4 med i um . 

Mu l t i p l i ca t i o n  o f  the m i c roorg a n i sms o n l y  .occurred 

i f  the i nocu l um was b e low a t i tre of  + 1 06 C FU/ml . 

143 

F i gure 6 . 27 A tracheal organ c u l t ure i no c u l a t ed w i th + 1 0 1 1 44 

C F U/ml B .  p arapertus s i s  for 1 hr and m a i nta i n ed i n  

T 1 9 9 med i um. The e p i th e l i a l  c e l l s  show m i ld 



cytop l a smi c v ac uo l a t i on and l o s s  o f  c i l i a  from 

the i r  l um i n a l  border . H&E . X 3 1 2 . 

F i g u r e  6 . 28 An o r g an c u l tu r e  inoc u l a ted w i t h  + 1 05 CF U/ml B .  1 44 

p a r a p e r t u s s i s  fo r h r  and ma int a ined in T 1 9 9 

med ium . The r e  i s  comp l e t e  l o s s  o f  c i l i a  from many 

ep i t he l i a l  c e l l s  ( ar rows ) . H&E . X 3 1 2 .  

F i g u r e  6 . 2 9  A t r a ch e a l  c u l t u r e  infected with + 1 07 CF U/ml B .  1 44 

pa r ap e r t u s s i s  i n  T 1 9 9 med i um . The ent i r e  epi the l i a l  

layer i s  d i so r g an i sed and s hows s e ve r e  l o s s  o f  

c i l i a ted c e l l s . The r emaining c e l l s  showing s e v e r e  

cytoplasmic vacuo l a t i on and the nuc l e i  appear 

pykno t i c . H&E . X 3 1 2 .  

F i g u r e  6 . 30 A t r ache a l  c u l t u r e  ino c u l a t e d  w i t h  + 1 0 1 CF U/ml o f  1 45 

B .  p a r ape r t u s s i s  for hr . The e p i the l i um i s  

l a r g e l y  i n t a c t  

e x t r u s i ons . SEM . 

shows a h i gh 

al though a few c e l l s  show 

X 1 , 200 . The inset m i c r o g r ap h  

magni f i c a t i on o f  s t r u c t u r e s  

recogn i s able a s  cocco-b a c i l l i  ( ar rows ) wh i c h  a r e  

attached t o  t h e  l ower po r t i on o f  c i l i a  • SEM . X 

1 2 , 000 . 

F i g u r e  6 . 3 1  A t r ache a l  o r g an c u l t u r e  infected w i th + 1 03 C F U/ml 1 45 

o f  B .  p a r aper t u s s i s  f o r  h r  showing man y 

epi the l i a l  c e l l  e x trus i ons . SEM . X 1 000 . 

F i g u r e  6 . 32 The e p i t h e l i um o f  a 

w i th + 1 05 C F U/ml o f  

t r ac h e a l  c u l tu r e  ino c u l a t ed 

B .  p arape r t u s s i s  

showing mod e r ate e x tr u s ion o f  e p i th e l i a l  

( ar rows ) . SEM . X 1 , 200 . 

for 1 h r  

c e l l s  

1 45 

F i g u r e  6 . 33 Bac t e r i a l  m i c rocolon i e s  o b s e r ved o n  the top o f  the 1 45 

c i l i ar y  c a r p e t  o f  t r ache a l  c u l t u r e s  inoculated w i t h  

+ 1 05 CF U/ml o f � pa r a p e r t us s i s  fo r 1 hr . SEM . X 

8000 . 

F i g u r e  6 . 34 The mucus membr ane o f  a t r acheal c u l t u r e  

inoc u l ated w i t h + 1 07 CF U/ml o f  B .  parape r t us s i s  

for 1 h r  sho wing s e v e r e  l o s s  o f  c i l i a . 

400 . 

SEM . X 

1 45 

• 
F i g u r e  6 . 35 H i g h  magn i f i c a t i on o f  the e p i th e l i um o f  a t r ache a l  1 45 

c u l t u r e  infected w i t h  + 1 07 C FU/ml o f  B .  

pa r ap e r t us s i s .  Most o f  the non-c i l i ated c e l l s  a r e  

swo l l en and p r o t r u d e  into the lumen . SEM . X 2000 . 

The ins e t  m i c r o g r ap h  i l l us t r a t e s  the c lo s e  



assoc i a t i o n  o f  B .  p a r a pe r t u s s i s  o r g a n i sms ( ar rows ) 

w i t h  the c i l i a . SEM . X 1 0 , 000 . 

F i g u r e  6 . 3 6  The e p i the l i um of a n  o r g a n  c u lture i n fected w i th 1 46 

+ 1 03 C F U/ml o f  B .  pa r ap e r t us s i s  for 1 h r . I t  

e x h i b i ts m i l d  c e l l u l a r  d egenera t i o n  i n c l u d i n g  

s l i gh t  swe l l i ng o f  t h e  n u c l e u s  (N) and marg i n a t io n  

o f  chromat i n . Occas i o n a l l y  b act e r i a  ( a rrows ) w e r e  

found among the c i l i a . TEM . X 6 , 300 . 

F i g u r e 6 . 37 A l a r g e  n umb e r  o f  B .  p a r apertussis o r g a n i sms 

( Ar ro ws ) a r e  p r e s e n t  among the c i l i a  of t r ache a l  

cu l t u r es i nfec t ed with + 1 05 C F U/ml for h r  b u t  

c e l l  d amage i s  m i n imal . T EM .  X 5 , 000 . 

1 46 

F i g u r e  6 . 3 8 H i g h  mag n i f i c a t i o n  o f  a B .  p arape r t u s s i s  o r g a n i sm 1 4 6  

showi n g  t h e  d e n se, fuzzy, p i l i -l i ke s t r uctures o n  

i t s  s u r face . TEM . X 85 , 500 . The i n s e t  micrograph 

shows that the e x tr ac e l l u l a r  memb r a n e  of the c i l i a  

a t  the s i t e  o f  bact e r i a l  att achmen t  i s  a b s e n t  

( ar r ow ) . TEM . X 64 , 1 00 .  

F i g u r e  6 . 3 9  A t r ache a l  o r g an c u l t u r e  i n fected w i th + 1 07 CF U/ml 1 46 

of B .  paraper t us s i s  fo r 1 h r  showi n g  s e v ere d amage 

and exfoli a t i o n  o f  most o f  the upper a n d  

i n t e rmed i at e  ce l l s  l e a v i n g  o n l y  a l ayer of b a s a l  

c e l l s  rema i n i n g . TEM . X 8 , 200 . 

F i g u r e  6 . 40 Bor d e te l l a  p a r apertus s i s  g r o wth c u r v e s  i n  t r achea l 1 47 

o r g a n  c u l t u r e  ma i n t a i n ed i n  T19 9 med ium show i n g  

t h a t  a l l  t i tr e s  r e ached a p l a teau ( l ag pha s e )  a t  

t h e  l evel  o f  + 1 06 to + 1 08 C F U/ml i n  t h e  s e v e n th 

hour post-i n o c u l a t i o n . 

F i g u r e  6 . 4 1  A t r ache a l  o r g a n  c u l tu r e  inocu l a ted with + 1 03 1 48 

CF U/ml of P .  h aemo l y t i c a  for 3 h r s  i n  T 1 99 med ium . 

The e p i t he l i a l  c e l l s  show m i l d  n u c l e a r  swel l i ng , 

vacuo l at i o n  and l o s s  o f  c i l i a . H&E . X 3 1 2 .  

F i g u r e  6 . 42 A n  o rgan c u l t u r e  i n fe c t e d  w i th + 1 07 C FU/ml o f  P .  1 48 

haemo l yt i c a  fo r 3 h r s  a n d  ma i n t a ined i n  T 1 99 

med i um . Th e r e  i s  s e v e r e  e x fo l i at i o n  o f  c i l i a t e d  a n d  

non-c i l i a ted e p i t he l i a l  c e l l s  ( arrows ) .  H&Ee X 

3 1 2 .  

F i g u r e  6 . 43 A t r ache a l  o r g a n  c u l tu r e  i no c u l a ted wi th + 1 09 1 48 

CF U/ml o f  P .  haemo l y t i c a  for 3 h r s  and mai n t a i n e d  

i n  T 1 9 9 med ium . The e p i t hel i a l  l ayer i s  s e v e r e l y  



d i s o r g an i s e d  wi th s e v e r e  e x fo l i at i o n  o f  both 

c ili ated and n o n -c i l i a ted c e l l s . H&E .  X 3 1 2. 

o rg an c u l t u r e  F i g u r e  6 . 44 T h e  e p i t he l i a l  s u r face o f  a n  

i n o c u lated w i t h  + 1 03 CFU/ml o f  P .  ha emo l yt i c a  for 

3 h r s  showi n g  mod e r a t e  loss o f  c i l i a . The c il i a  

show a n  o b v ious l ac k  o f  r i g i d i t y  and some l i e 

a c r o s s  the non-c i l i a t e d  s u r face . The n on-c i lia ted 

s u r f ace appe a r s  f l a t t e n e d  and shows n umerous 

m i c ro v i ll i . SEM . X 4,0 0 0. 

1 49 

F i gu r e  6.45 A n  o r g a n  cult u r e  i n fe c t e d  w i th + 1 07 CF U/ml o f  P .  1 49 

F i g u r e  6.46 

h a emo l y t i c a  fo r 3 h r s  showi n g  s e v e r e  epi the l i al­

d amag e .  E x fo l i a t ed c e l l s  cover the e n t i re lum i n al 

s u r f ace . SEM . X 400. The i n s e t  m i c rogr aph shows 

the p l asma membr ane o f  a n  e x foli at e d  c e l l  wh i ch i s  

ro ughened and c o nt a i n s  n umerous ho l e s  and p i t s 

( a rrows ) . SEM . 2,0 0 0. 

A t r a c h e a l  o r g a n  c u l t u r e  e x am i n ed 3 h r s  

p o s t - i no c u l a t i on w i t h  + 1 0 9 CF U/ml o f  P .  

haemo lyt i c a  showi n g  e x te n s i v e  and s e v e r e  

e x fo l i at i o n  o f  t h e  e p i thel i um w i th comp lete l o s s  o f  

c i li a .  SEM. X 400. 

1 49 

F i g u r e  6.47 Ex foli ated c e l l s  f rom o r g a n  c u l t u r e s  i n fected w i t h  1 49 

+ 1 0 9 CF U/ml o f  P .  h aemo l y t i c a fo r 3 hrs. They 

were cha r a c t e r i sed by a smoo th-sur faced memb r a n e  

whi ch i s  s e v e r ely d amaged by holes and p i t s  

( ar rows ) . Caps u l a t ed b a c i lli-l i k e  o r gan i sms w e r e  

o b s e r ved i n  small m i c r o c o l o n i e s  ( MC )  between the 

fr agments of  c e llu l a r  d e b r i . SEM . X 4,000. 

F i g u r e  6 . 48 The u l t r a s t r u c tu r e  o f  a t r ache a l  c u l ture i n fected 1 49 

w i t h  + 1 03 CF U/ml o f  P .  h aemo l y t i c a  and e x ami n e d  3 

h r s  po s t -i nocu l a t i o n . The e p i t he l i a l  ce lls a r e  

swo l l e n  a n d  the i r  c ytoplasm co n t a i n s  numerous emp t y  

v a c u o l e s  ( E V ) . Some v ac u o l e s  a r e  l ar g e  and con t a i n  

a n  amorpho us, d a r k  mat e r i al ( DV ) . TEM . X 5,0 00. 

F i g u r e  6.49 A tracheal o r g a n  c u l t u r e  i n fected w i th + 1 05 CF U/ml 1 5 0  

o f  P .  h aemolyt i c a  f o r  3 hrs . Su bnuel e a r  

v ac uola t i o n  ( ar rows ) w a s  t he mos t  promin e n t  c h a n g e  

obser ved i n  the e p i t h e l i a l  ce l l s . TEM . X 5,0 0 0. 

F i g u r e  6.50 Ep i the l i a l  cell s o f  a t r ache a l  organ c ult u r e  1 5 0  

i n fected w i th + 1 0 7 C FU/ml o f  P .  haemolyt i c a  f o r  3 



hrs . There i s  s e v ere l o s s  o f  c i l i a  (arrows ) and 

n u c l e ar e n l argemen t  ( N) .  The subnucl e ar cytop l a sm 

is trans l uc e n t h a v i ng l o s t  mo st o f  i t s  

u ltras tru c t ura l const i tuen t s . TEM . X 5,000 . 

F i gure 6 . 5 1 The lumi n a l  surface o f  a trach e a l  c u l ture i n fected 1 50 

w i th + 1 09 C F U/ml o f  P .  h aemo l yt i c a  for 3 hrs . I t  

i s  m arked l y  u n e v en d ue t o  c ytop l asmic budd i n g  and 

swe l l i ng of  m i crov i l l i . The c yt o p l a sm co n t a i n s  

numerous v ac u o l e s  in both supranuclear and 

subnucl ear area s . TEM . X 2,000 . 

F i g ure 6 .  52 P a s t eurell a haemol yti.ca. growth curv es-- in-t.ach e a l- �50 

org a n  c u lt ure ma i n t a i n e d  i n  T 1 9 9 med ium showing 

that  a l l  t i tres reached a p l ateau of  growth at  a 

l e v e l  o f  + 1 0 8 to + 1 09 CF U/ml 7hrs post-inoc u l a t i o n . 

F i gure 6 . 53 A trache a l  r i n g  i n fected w i th + 1 02 CF U/ml N .  1 5 1  

c a t arrh a l i s  for 4 hrs a nd m a i n t a i ned i n  T 1 9 9 

med i um .  There i s  mod erat e  loss o f  c i l i a  a n d  m i l d  

epi the l i a l  c e l l  e x fo l i a t i o n . H&E. X 3 1 2 .  

F i gure 6 . 54 A n  org an c u l ture i n fec ted w i th + 1 04 CF U/ml N .  1 5 1  

c a t arrh a l i s  for 4 hrs a n d  m a i n t a i ned i n  T 1 9 9 

med i um. The cytoplasmic v acuol a t i o n  o f  e p i the l i a l  

cel l s  and early squamou s  me t ap l a s i a  (arrows ) are 

the m a i n  f e a t ures . H&E . X 3 1 2 .  

F i gure 6 . 55 A n  org an c u l ture i n o c u l a t ed w i t h  + 1 06 CF U/ml N .  1 52 

c a t arrhal i s  for 4 hrs a nd m a i n t a i ned i n  T 1 9 9 

med ium .  The epi the l i a l  l ay er i s  d i sorgan i s ed a n d  

there i s  mod erate l o s s  o f  c i l i a  a s  wel l  a s  m i l d  

ep i the l i a l  e x fo l i a t i on . H&E . X 3 1 2 .  

F i gure 6 . 5 6 A trach e a l  c u l ture i n fe c t ed w i th + 1 08 C F U/ml N .  1 52 

c a t arrha l i s  for 4 hrs and m a i n t a i n ed i n  T 1 9 9 

med i um .  There i s  s ev ere l o s s  o f  c i l i a  and c i l i a t ed 

c el l s . I n  some are a s  the rema i n i n g  e p i the l i um 

shows squ amo us met ap l a s i a . H&E . X 3 1 2 .  

F i gure 6 . 57 The e p i t h e l ium o f  a n  org a n  c u l ture i n fe c t ed w i th 1 52 

+ 1 02 CF U/ml N .  c a t arrh a l i s  for 4 hrs sho w i n g  m i ld 

l o s s  o f  c i l i a  and s lough i n g  o f  a few e p i t h e l i a l  

c e l l s . SEM . X 2,000 . 

F i g ure 6 . 58 The l um in a l  surface o f  a trach e a l  org a n  c u l t ure 1 52 

i no c u l a t e d  w i th + 1 04 CF U/ml o f  N .  c atarrh a l i s  for 

4 hrs sho w i n g  numerou s  b u lbous project i o n s . The 

• 



F i g u r e  6 . 59 

s u r f a c e  o f  t h e s e  v ar i e s  from rough t o  

m i c ro v i l l us-l i ke i n  appe a r a n c e . SEM . X 2 , 00 0 . 

The s u r fa c e  

i n fec ted w i th 

e p i the l i um o f  

+10 6 C F U/ml o f  N .  

a n  o r gan c u l t u r e  

c a t a r rha lis fo r 4 

h r s . A l t hough t h e r e  i s  a n  i n c r e a s e  i n  n o n-c i l i a ted 

c e l l s  (ar r o ws ) the n umbe r  o f  bulges and protrudi n g  

c e l l s  i n  l e s s  t h a n  a t  lowe r t i tr e s . SEM . X 2 , 00 0 . 

152 

Figure 6 . 60 The ep i th e l i a l s u r face o f  a t r ache a l  c u l t u r e  153 

i n fec ted w i th +10 8 C F U/ml o f  N .  c a t a r r ha l i s  fo r 4 

h r s  showi n g  s e v e r e  l o s s  o f  c i l i a . The n o n-c i l i at ed 

s u r f ace i n  u n e v e n  and rough w i th n umerous knob-l i ke 

project i o n s . Other c e l l s  a r e  e n l a r ged and swo l l en 

and man y h a v e  a r u ff l ed p l a sma memb r a n e . SEM . X 

4 , 00 0 . 

F i g u r e  6 . 61 An o r g a n  c u l t u r e  i n fected w i th +102 CF U/ml o f  N .  153 

c a t a r rh a l i s  showing m i ld l o s s  o f  c i l i a  on l y .  TEM . 

X 6 , 300 .  

F i gure 6 . 62 A trache a l  c u l tu r e  i n fe c t ed w i t h  +104 CFU/ml o f  N .  153 

F i g u r e  6 . 63 

c a t a r r ha l i s  fo r 4 h r s  showing p romi n e n t  sub n u c l e a r  

v a c uol a t i o n  a n d  n u c l e a r  mar g i n a t i o n  o f  some 

e p i the l i a l  ce l l s . TEM . X 5 , 00 0 . 

The ep i the l i um o f  a t r ac h e a l  o r g an c u l t u r e  

i n fected w i t h +10 6 CF U/ml of N .  c at a r r h a l  i s  for 4 

h r s . I t  con s i s t s  o f  a n  upper l ayer wh i ch i s  

compos ed o f  f l a t t e n ed c e l l s  w i t h  few m i c rov i l l i  and 

a lowe r  l ayer con t a i n i n g  a lmos t  c ubo ida l c e l l s . 

Both s l ou ghed and i n t a c t  e p i thel i a l  c e l l s  e xh i b i t  

s e v e r e  v a c uo l a t i o n  (V )  and l o s s  o f  i n terce l l u l a r  

d i g i t at i o n . TEM . X 3,20 0 .  

153 

F i g u r e  6 . 64 AN ep i th e l i a l  c e l l  undergo i ng e x fo l i at i on from a 153 

t r ach e a l  c u l t u r e  i n fe c t ed w i th +10 6 CFU/ml o f  N .  

c a t a r r h a l i s  fo r 4 h r s . I t  has n o  di screte n u c l e a r  

memb r an e  a n d  the m i tochondr i a  (M ) a r e  

e l e c t r o n-den s e . T EM . X 8 , 20 0 . 

F i g u r e 6 . 65 A t r ac h e a l  o r g a n  c u l t u r e  i n fec ted w i th �10 8 CFU/ml 153 

o f  N .  c a t a r r h a l i s  fo r 4 h r s  showing severe damage 

to i t s  l um in a l  s u r face w i t h  comp l ete l o s s  o f  

m i c ro v i l l i  a n d  c i l i a . TEM . X 8 , 20 0 . 

F i g u r e  6 . 66 Nei s s e r i a  c a t a r r h a l i s  g rowth c u r v e s  i n  t r acheal 154 

o r g a n  c u l t u r e  m a i n t a i n ed i n  T19 9 medi um . A l l  



t i tr e s  r e a ched a p l a te a u  o f  g rowth a t  a l e v e l  o f  

+1 08 CF U/ml 8 hrs post-i n o c u l at i o n . 
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