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AcloXf ÎÆlchael ¥ a tra c h , M*B*G.V.S.

!0i© YilraX lmvolve3i@nte o f th e  re sp ira to r jr  system in  anim als and man 

fom i a  m orphologically  d i s t in c t  group o f  p a th o lo g ica l c o n d itio n s , The changes 

produced in  th e  lung t is s u e  by th e  a c tio n  o f v iru se s  p re sen t a  rem arkable 

p ic tu re  and have a t t r a c te d  much a t te n t io n  in  th e  l a s t  th re e  decades,

Among th e  canine v i r a l  in fec tio n s^  distem per appears to  he th e  only 

d isease  e n t i ty  ifhieh c o n s is te n tly  shows i t s  e f f e c ts  on th e  r e s p ira to ry  t r a c t  

and d isp lay s  pulmonary le s io n s  c h a ra c te r is t ic  of a l l  v i r a l  pneumonias.

She p re se n t study was undertaken w ith  th e  in te n t  o f supplementing 

and en la rg ing  upon th e  a v a ila b le  h u t scanty  in form ation  on th e  pathology of 

th e  re s p ira to ry  system in  d istem per. I t  embodies th e  r e s u l t s  o f  observations 

on th e  morbid anatomy and h lstopatho logy  o f th e  e n t i r e  t r a c t  and b ac te rio lo g y  

o f  th e  lung, # e  m a te r ia l on which th e  f in d in g s  a re  based comprises t h i r t y  

n a tu ra lly  occurring  and twenty experim ental cases o f th e  d isease*  In  tdie 

course o f th e  in v es tig a tio n s^  sp e c ia l a t te n t io n  has been p a id  to  th e  M s to -  

p a th o lo g ica l a sp ec t o f pneumonia* Some o f  th e  changes observed invo lve  th e  

long debated is su e  o f  th e  u ltim a te  n a tu re  o f  th e  a lv e o la r  l in in g  and req u ired  

fo r  t h e i r  in te rp ré ta t io n  ad d itio n a l^  e le c tro n  m icroscopic s tu d ie s  on th e  

normal struetm *e o f th e  pulmonary a lv e o la r  w a ll.

C lin ic a l  s igns o f  th e  d isease  and le s io n s  in  th e  r e s p ira to ry  t r a c t  

were considerab3y more severe in  th e  n a tu ra lly  occurring  th an  in  th e  e x p e ri

m ental cases o f d is tm p e r .  Only m ild m alaise and s l ig h t  changes were seen
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in  th e  dogs su ffe r in g  from experim ental in fe c tio n , ihese  observations a re  in  

accord w ith  those  o f previous w orkers.

Ihe g ross le s io n s  encountered in  th e  c l in ic a l  cases were g en era lly  

most prominent between th e  th i r d  and f i f t h  weeks o f i l l n e s s .  {Rie abnorm ali

t i e s  observed in  the  jjulmonary t is s u e  included  (a )  congestion^ o f te n  fo c a l  in  

d is t r ib u t io n ;  (b) oedema; and (c )  occasio n a l subp leu ra l co n so lid a tio n . Ho 

oedema o f the  lung was found in  th e  e:xperimental dogs.

B a c te r ia l  involvem ents o f  th e  lung were much more freq u en t in  '^street*' 

d istem per. Of th e  twenty experim ental cases, only fi,ve y ie ld ed  p o s i t iv e  cu l-  

tm ’es^ whereas most o f th e  n a tu ra lly  in fe c te d  dogs showed some degree o f 

secondary in fe c tio n . 0 ie  s t r a in s  o f  b a c te r ia  is o la te d  from th ese  cases included 

B schericliia  c o l l , P roteus v u lg a r is . Pseudomonas aeruginosa, staphy lococc i, 

s tre p to c o cc i and, in  one dog, B ruce lla  bron c h is e p tie a .

One o f th e  s a l ie n t  fe a tu re s  o f pnew onia  was th e  i n t e r s t i t i a l  c e l lu -  

l a r  re a c tio n . I t  m anifested  i t s e l f  as a  mononuclear i n f i l t r a t i o n  o f  th e  

b ro n ch io la r w a lls , th e  ad jacen t in te ra lv e o la r  sep ta  and, o f te n , o f th e  p e ri«  

vasculEir connective t i s s u e .  Other changes in tim a te ly  a sso c ia ted  ^fith th e  

d isease  process Included h y p e rp la s ia  o f th e  a lv e o la r  ep ithelium , accum ulation 

o f a  c h ie f ly  mononuclear emendate in  th e  reg io n  o f gaseous exchange, and oedema 

o f a lv e o la r  and, no t in fre q u e n tly , o f p e riv a sc u la r  spaces.

Tiie combined observations on th e  c l i n i c a l  and experim ental cases o f 

pneumonia revealed  th a t  th e  f i r s t  t i s s u e  changes took p lace  a t  th e  tim e o f the  

i n i t i a l  r i s e  in  body tem pera tu re . The emrly signs o f v i r a l  a c t iv i ty  were 

shomi no t only by th e  c e l lu la r  exudative phenomena b u t a lso  by th e  appearance 

o f cytoplasm ic in c lu s io n  bod ies in  th e  b ro n ch io la r e p lth e liu s i, A few o f these  

bodies were seen on 'khe f i r s t  day o f  i l l n e s s .
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Quite e a r ly  in  th e  d isease  p rocess th e  oedema f lu id  s ta r te d  to  c o l

l e c t  in  a lv e o li  and around sm aller v e s s e ls , e p i th e l ia l  c e l l s  o f scmie o f th e  

■bronchioles showed a degree o f glycogenic i n f i l t r a t i o n  which in  l a t e r  stages 

re s u lte d  in  p a r t i a l  denudation of th e  mucous membrane. M th  th e  p rog ress o f 

th e  da‘,sease, many mononuclear c e l l s  accumulated in  th e  a ffe c te d  a re a s , and 

occasional polymorphonuclear leucocy tes appeared in  th e  a lv e o la r  spaces. Some 

o f  th e  in tr a - a lv e o la r  macrophages en larged  considerably  and d isp layed  m u ltip le  

n u c le i .

At th e  end o f th e  f i r s t  week, th e  llni-ng o f th e  a lv e o li  showed signs 

o f  p r o l i f e r a t iv e  a c t iv i t y .  As a  r e s u l t  o f  t h i s  p ro cess , maijy p e rib ro n ch io la r 

and subp leural a lv e o li  became l in e d  by a  pavement o f u su a lly  f l a t  c e l l s .  Such 

" e p i th e l ia l is a t io n "  was e v id e n tly  due to  h y p erp lasia  o f th e  a lv e o la r  ep ithelium . 

Ih is  observation  i s  supported by tiie e le c tro n  m icroscopic study o f th e  normal 

lung which revealed  th a t  th e  pulmonary a lv e o la r  w a ll i s  l in e d  by an u n in te r 

rup ted  although very tenuous e p i th e l i a l  membrane. The average th ick n ess  o f
o

th i s  covering i s  in  th e  range o f 1,500-2,000 A.

in  some in s ta n c e s , when p ro l if e r a t io n  o f e p i th e l i a l  elem ents was p ro 

nounced, b iz a rre  and m u ltin u c lea ted  c e l l s  could be seen. " B p ith e lia lis a t io n "  

o f  a3.veoli a tta in e d  s ig n if ic a n t  p ropo rtions w ith  th e  th i r d  week o f  th e  d ise ase , 

b u t began to  d isappear a f t e r  th e  f i f t h  week. At th e  h e ig h t o f in fe c tio n , 

la rg e  a reas  o f the  lobes were sometimes involved by coalescence o f th e  p e r i 

bronchiolar* and subp leu ra l f o c i .

As th e  acu te  phase o f pneumonia subsided, th e  elem ents o f inflamma

to ry  and e p it ia e lia i  p ro l i f e r a t iv e  p rocesses were removed from th e  a lv e o la r  

sp aces . A sBiall number o f mononuclear c e l l s ,  however, o ften  p e rs is te d  in  p e r i 

b ro n ch io la r and p e riv a sc u la r  s i t e s .  A fte r tliree  months, minute accum ulations 

o f  lymphocytes and macrophages were s t i l l  p re sen t a t  an occasional b ronch io le
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o r venule . In  50 p e r cen t o f th e  cases a  degree o f  in tra b ro n c h io la r  and i n t r a 

d u c ta l o rg an iza tio n  was observed* The p rocess evolved apparen tly  in  th e  second 

week o f  i l l n e s s  and, on occasion , was q u ite  pronounced in  th e  l a t e r  phases. 

SoïîietiBies i t  was accompanied hy m  app reciab le  degree o f  f ib ro p la s ia  in  th e  

ad jo in ing  a lv e o la r  spaces and, more o f te n , i n  th e  in te ra lv e o la r  se p ta .

&1any o f th e  pulmonary macrophages d isp layed  a c h a ra c te r is t ic  s t a in 

ing  re a c tio n  w ith  p e rio d ic  a c id -S c h if f  techn ique , which i s  thought to  be in 

d ic a tiv e  o f some in t r a c e l lu la r  changes a sso c ia ted  o r concurren t w ith  th e  

phagocytic a c t iv i ty  o f th e se  c e l l s .

Cytoplasmic in c lu s io n  bodies appeared very e a r ly  i n  th e  d isease  and 

o fte n  were q u ite  numerous a t  th e  h e igh t o f i l l n e s s .  A fte r th e  seventh week 

they  diaiinished ra p id ly  i n  number and only a  very  few could be d e te c ted  in  the  

lung follow ing th e  te n th  week o f in fe c tio n . T heir presence i s  regarded as  patho

gnomonic fo r  d istem per. A re c e n t dem onstration o f th e  an tig en ic  s p e c i f ic i ty  of 

th ese  in c lu s io n s  seems to  in d ic a te  th a t  they  rep re se n t a  phase in  th e  i n t r a 

c e l lu la r  growth o f th e  v iru s  i t s e l f .
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The e s s e n t ia l  c h a ra c te r  o f  th e  t i s s u e  re a c t io n  t o  th e  in v as io n  o f 

v i r a l  ag en ts  i s  w e ll m an ifested  by th e  d e fen s iv e , inflam m atory p ro cesses  in  

th e  r e s p ira to ry  system . 35ae changes induced in  th e  lung , p a r t i c u la r ly  i n  i t s  

te rm in a l a irw ays, fo m  a  very  d i s t i n c t  p ic tu r e ,  co n sid erab ly  d i f f e r e n t  from 

th a t  p re sen te d  by b a c te r i a l  in f e c t io n s ,  ü ie  n a tu re  o f  th e s e  a l t e r a t io n s  has 

been a  su b je c t o f  much s tu d y , e s p e c ia l ly  in  th e  p a s t  th re e  decades.

Among th e  v i r a l  in fe c tio n s  o f  th e  re s p ira to ry  t r a c t ,  pneumonia o f  

canine d istem per ho ld s a  r a r e  p o s i t io n .  I t  n o t only  d isp la y s  th e  ty p ic a l  and 

prom inent changes in  th e  lung , b u t i s  a ls o  i n t r i n s i c a l l y  a s s o c ia te d  ‘Vîith gen

e r a l ,  o f te n  sev e re , system ic i l l n e s s ;  i t  c o n s t i tu te s  an  im portan t phase o f 

th e  M glily coüiplex d ise a se  r a th e r  tîian  an independent c o n d itio n . Of th e  

known canine v i r a l  in f e c t io n s ,  d istem per appears t o  be th e  on ly  w e ll recog

n ized  p a th o lo g ic a l e n t i t y  which in v a r ia b ly  shows involvem ent o f  th e  lung .

The view h e ld  by some w orkers t h a t  th e re  e x is t s  a  sepm^ate a l t h o u ^  no t 

e n t i r e ly  u n re la te d  c o n d itio n , tem ied "hard  pad" d ise a se , i s  n o t supported  by 

many re c e n t European and American o b se rv e rs .

Much has been w r i t te n  about d istem per in  th e  l a s t  f i f t y  y e a rs .

Many a sp e c ts  o f  t lm t d ise a se  have been d esc rib ed  and new concepts have been 

p u t fonm rd* And y e t ,  d e sp ite  th e  co n sid erab le  volume o f  l i t e r a t u r e ,  th e re  

a re  su rp r is in g ly  few communications d e a lin g  w ith  th e  patho logy  o f  d istem per 

pneumonia. Most o f  th e  e x is t in g  re p o r ts  o f f e r  b u t a  fragm entary  p ic tu re  o f  

th e  changes, o r  do n o t dw ell com prehensively upon th e  s u b je c t .  I t  was f e l t ,  

th e re fo re ,  t h a t  a  d e ta i le d  account o f phenomena o ccu rrin g  i n  th e  r e s p ira to ry
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system o f  dogs su ffe r in g  from d istem per Mas needed to  augment th e  a v a ila b le  

in fo rm a tio n .

TSae p re se n t s tu d y , undertaken w ith  th a t  in te n t ,  embodies th e  r e 

s u l t s  o f o b se rv a tio n s on morbid anatcmsy, h is to p a th o lo g y , and b a c te rio lo g y  o f 

th e  r e s p ira to ry  t r a c t  in  d istem per and i s  based on t h i r t y  c l i n i c a l  and twenty 

experim ental eases o f  t h a t  d isease#

In  th e  course  o f o b se rv a tio n s , p a r t ic u la r  a t te n t io n  has been focused 

on I i is to lo g ic a l  changes i n  th e  lung . Some o f  th e se  a l t e r a t io n s ,  ev id e n tly  

common to  many v ira l, pneumonias, y ie ld  a  rem arkable and c h a r a c te r i s t ic  p ic tu re  

and invo lve  3.ong debated  is s u e s  o f  th e  u ltim a te  n a tu re  o f  th e  a lv e o la r  l in in g .  

Consequently, an e x p o s itio n  o f  th e  fundam ental problems o f  s tru c tu re  o f  th e  

puhnonary a lv e o la r  t i s s u e  was t h o u ^ t  e s s e n t ia l  fo r  th e  in te r p r e ta t io n  o f  

changes encountered in  th e  d is tem p er-a ffec te d  lung#

E lec tro n  m icroscopic s tu d ie s ,  e n te red  upon fo r  th a t  purpose, seem to  

have provided  th e  answer to  a  c o n tro v e rs ia l  su b je c t o f  h is to lo g y : th e  s t ru c 

tu r e  o f a lv e o la r  w a ll.  They showed th a t  th e  a lv e o la r  l in in g ,  so enigm atic in  

th e  normal lung b u t f re q u e n tly  conspicuous under p a th o lo g ic a l c o n d itio n s , i s  

formed by an ap p a ren tly  continuous la y e r  o f  c e l l s ,  a tte n u a te d  to  th e  extreme 

degree between th e  n u c leu s-b earin g  m o ie tie s . Id e n t ic a l  o b se rv a tio n s  iiave been 

made co n cu rren tly  by o th e r  w orkers. The im p lica tio n s  o f t h i s  f in d in g  a re  o f  

co n sid erab le  s ig ittifican ce . They would in d ic a te  th a t  th e  p ro cess  o f  a lv e o la r  

" e p i th e l ia l i s a t io n "  i s  e s s e n t ia l ly  th a t  o f  hyperti'Ophy and p r o l i f e r a t io n  o f 

th e  esd s t in g  ep ith e liu m .

Another phase o f  t l i i s  work rev ea led  th a t  Biononuclear c e l l s  which 

c o n s t i tu te  th e  predom inating elem ent o f  inflam m atory re a c tio n  to  th e  v i r a l  

agen t in  th e  lung e^d iib it, in  many in s ta n c e s , a  c h a r a c te r i s t ic  h is tochem ica l 

re a c t io n  ap p a ren tly  c lo s e ly  a s so c ia te d  w ith  t h e i r  enzym atic and phagocytic
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a c t iv i ty *  S uis d i s t in c t iv e  t i n c t o r i a l  re a c tio n  i s  e v id e n tly  eoimnon to  many 

a c t iv e  elem ents o f  th e  macrophage system*

13he resu3.ts o f  th e  study p e r ta in in g  to  th e  h is to p a th o lo g ic a l  o bser

v a tio n s  in d ic a te  t lm t d istem per pneumonia i s  c h a ra c te r iz e d  hy ( l )  a  freq u en t 

occurrence o f in t r a - a lv e o la r  and p e riv a sc u la r  oedema, (2 )  o f te n  considerab le  

and ex ten siv e  iiy p e rp la s tic  a lv e o la r  e p i th e l i a l  changes, and {3 ) ,  in  cam on 

%fith many o th e r  v i r a l  pneumonias, by a  p repondera te ly  mononuclear i n f i l t r a 

t io n  o f th e  i n t e r s t i t i m u

A h is to p a th o lo g ic a l  survey o f  some aniam l and huinan v i r a l  pneumonias 

conducted f o r  th e  purposes o f  com parative pathology re v e a ls  t h a t  t i s s u e  r e 

sponse t o  th e  v i r a l  agen t in  th e  examples o f  pneumonia s tu d ie d  i s  s im ila r , i f  

no t o f te n  id e n t ic a l ,  i n  i t s  n a tu re  and c h a ra c te r . Only a  few anim al pulmonary 

d ise a se  e n t i t i e s ,  a p p a ren tly  o f v i r a l  o r ig in ,  show a  scaiiewhat d i f f e r e n t  

m orphological p ic tu re .

l& ile  many o b se rv a tio n s p resen te d  in  t h i s  work are  n o t e n t i r e ly  

novel in  th e  f i e l d  o f h is to p a th o lo ^  o f  v i r a l  pneumonias in  g e n e ra l, i t  i s  

b e liev e d  th a t  some o f th e  f in d in g s , e s p e c ia l ly  th o se  mentioned above, fo m  a  

fu r th e r  c o n tr ib u tio n  to  th e  understand ing  o f  pulmonary changes n o t only in  

d istem per, b u t a ls o  in  o th e r  v i r a l  pneumonias.

ü ie se  s tu d ie s  were i n i t i a t e d  a t  th e  Glasgow U n iv e rs ity  V e terin ary  

School, Department o f  V e te rin ary  Pathology, and by perm ission  o f th e  Senate, 

have been continued a t  th e  C ollege o f  V e terin ary  M edicine, Uni^versity o f 

I l l i n o i s , U nited S ta te s  o f America. The au tho r w ishes to  ex p re ss  M s deep 

indeb tedness to  th e  su p e rv iso r o f  t h i s  s tudy , Bcofe sso r J* W. B u slie  o f  th e  

Department o f  V e te rin ary  l^ th o lo g y , U n iv e rs ity  o f  Glasgow V eterin ary  School^ 

fo r  h is  in v a lu ab le  guidance and much ap p re c ia te d  h e lp  extended throughout th e  

course  o f th e se  in v e s tig a tio n s*  S incere  thaniis a re  a ls o  due to
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P ro fe sso r W ishart o f  th e  F acu lty  o f  Medicine* R* S* F* Oainphell, 

M*E*C*V*S#, o f th e  Department o f  V e terin ary  Pathology, U n iv e rs ity  o f  Glasgow 

V eterin ary  School, by s t i im la t in g  d isc u ss io n s  o f many problem s and u se fu l 

su g g estio n s, a s s i s te d  th e  au th o r co n sid erab ly  in  t h i s  work# An acluiowledg- 

ment i s  a ls o  due to  Mr* I .  M* Lauder, M*R*C.V*8 , ,  o f  th e  saiiie School, who 

fu rn islied  a l l  cases fo r  th e  p re lliB im ry  o b se rv a tio n s , The Graduate F acu lty  

o f  th e  C ollege o f V e te rin ary  M edicine, U n iv ers ity  o f I l l i n o i s ,  by p rov id ing  

th e  f a c i l i t i e s  in  tlie  Departments o f  V e terinary  Pathology and C l in ic a l  Medi

c in e , made th e  continuance o f  th e se  s tu d ie s  p o s s ib le . Dr, C* C, M o rr i l l ,  

a c t in g  a s  a  r e p re s e n ta t iv e  o f  th e  Graduate F acu lty  in  th e  c a p a c ity  o f  an 

In te rim  su p e rv iso r , helped  th e  au th o r greatl^r by h is  f r e e ly  g iven  advice and 

c o n s tru c tiv e  c ritic ism *  Drs# H* B# W itte r , A* G* S c h i.lle r, and D* Maksic o f  

th e  O lin icM  Medicine Deparbment su p p lied  niost o f th e  c l i n i c a l  c a se s . Ü ie ir  

cooperation  i s  g ra*tefu lly  acknowledged* S p e c ia l thanlis a re  a ls o  due to  D rs.

J ,  0* A lb e i'ts , L* Boley, and F* D, Beamer fo r  t h e i r  h e lp  in  v a rio u s  ways.

E lec tro n  m icroscopy o f th e  nonna3, lung o f th e  r a t  was conducted in  

th e  Departments o f  Chemistry and C haaica l E ngineering, U n iv e rs ity  o f  I l l i n o i s ,  

w ith  th e  in v a lu ab le  coopera tion  and m a s te rfu l te c îm ic a l a s s is ta n c e  o f  Dr*

A* E» V a tte r . H is c o n tr ib u tio n  i s  much apprecia ted*

F in a lly , th e  author* s thanl^s a re  extended M th  much p le a su re  and 

g ra t i tu d e  to  h i s  w ife , who by h e r  c o n stan t encouragement, u n fa i l in g  sympathy, 

and advice  in  te c h n ic a l  m a tte rs , helped  g re a t ly  i n  g e tt in g  t h i s  work accom

p lished*



HISTORICAL ÏMOPUCTIOH

Morbid Anatony and H lstopathology

Since th e  beg inn ing  o f  th e  n in e te e n th  cen tu ry , when f i r s t  r e p o r ts  on 

drtstemper appeared in  B r i ta in ,  a  body o f  in fom m tlon  on th e  pathology o f  t h i s  

canine contagion has accm m lated , slow ly a t  f i r s t  b u t w ith  In c re a s in g  energy 

in  l a t e r  years*

Kar3y w i t i n g s  d e a l t  m ostly  w ith  th e  c l i n i c a l  s ig n s , trea tm en t and 

c o n tro l o f  th e  d is e a s e , and o f te n  c a c rie d  l i t t l e  emphasis upon changes observed 

a t  au topsy . Scxme o f  th e se  c o n tr ib u tio n s , however, a re  s t i l l  in fo rn a tiv e *  I t  

was Jenner ( 1809) who f i r s t  d esc rib ed  in te l l i g e n t ly  no t only  c l i n i c a l  b u t a ls o  

morbid anatom ical s ig n s . P a th o lo g ica l changes were a ls o  recorded  by B laine 

{1817) in  M s "Canine P a tho logy ," and by youatt{ l830 ; 1845). The l a t t e r  w r i te r  

mentioned such find].ags a s  marked inflam m ation o f th e  mucous membranes o f  th e  

nose, f r o n ta l  s in u s , pharynx, and tra c h e a . "In  th e  lu n g ,"  he w rote in  1830^

"we f in d  inflam m ation o f  th e  b ro n c h ia l passages, o r , i n  a  few in s ta n c e s  in 

flam mation o f  th e  substance o f  th e  o ccasio n a lly  w i th . . ." tu b e r c le s  and

vom icae"•

In  th e  l a t t e r  pm 't o f  th e  n in e tee n th  cen tu ry , when th e  sc ience  o f  

bacterlo3,ogy f lo u r is h e d , much a t te n t io n  was focused on th e  a e tio lo g y  o f  d i s 

temper* Many communications o f  t h a t  p e rio d  re fe r re d  b u t b r i e f ly  to  morbid 

anatom ical s t a te s  and m erely subscribed  to  what was a lre ad y  known.

More d e ta i le d  d e sc r ip tio n s  o f  p a th o lo g ic a l changes appeared i n  a  

number o f c o n tr ib u tio n s  which fol3,owed imm ediately th e  fundam ental d iscovery  

o f  C arre (1905)* Although many o f  th e se  s tu d ie s  concerned p r im a rily  tiie  

b a c te r io lo g ic a l  a sp e c t o f  th e  d is e a s e , some contained  u su a lly  comprehensive

5
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n o tes  on th e  morbid anatomy o f th e  r e s p ira to ry  system . Most w r i te r s  ccmsnented 

on th e  frequency oi* bronchopneumonia, o f te n  a tten d ed  by su p p u ra tio n , and 

no ted  th e  u su a l absence o f  p le^ irisy  (Heuer, 19o6j F ried b erg e r and FrShner,

3,908; M*Gowan, 1912; F e r iy , 1912; Torrey and Relie, 1913)*

I t  was th en  a ls o  t h a t  th e  p a th o lo g ic a l histologic' o f  d istem per pneu- 

monisî, made i t s  f i r s t  s tr id e s #  M'Gowan (191I )  i l lu s tra 'k e d  h i s  work w ith  photo- 

miiorographs which showed a  few bronchopneuïuoiiic pa tch es w ith  a re a s  o f  c o lla p se , 

"H itliin  th e  lung a3 .veo li,"  ifro te  Torrey and Rahe (1913), " th e  exudate con

s is te d  o f  serous f3,uid, many polym orphonuclear leu co cy tes , a  few la rg e  mono

n u c le a r  leucocy tes siad e p i t h e l i a l  c e l l s ,  bub no f i b r in " .

Over a  decade l a t e r ,  w hile conducting r ig id ly  c o n tro lle d  s tu d ie s  on 

dj,stam per, Dunkin and Laidlaw ( 1926a ) found in  about one t h i r d  o f  in o cu la te d  

f e r r e t s  " th e  lung le s io n s"  o f  "a remarlmble appearance w h ich ...h av e  no exac t 

p a r a l l e l  i n  o th e r  a n lim ls " . The a lv e o li  were f i l l e d  M th  la rg e ,  c le a r ,  

vacuo lated  c e l l s ,  same o f  which con ta ined  two n u c le i.  !Biey were thought to  

re p re se n t e p i th e l i a l  c e l l s  "which have grown ou t from, th e  t i s s u e  o f th e  lung*'. 

Pneumonic changes which th e se  au th o rs  observed in  experim en tal dogs were usu

a l l y  very  m ild  and c o n s is te d  o f  b ro n c h i t is  and sm all s c a t te r e d  p a tch es  o f 

bronchopneumonia* "This com parative absence o f  lung involvem ent," w rote 

Bunkin and la id la w  ( 1926b ) ,  "was q u ite  unexpec’ted" and no t i n  agreem ent l ï i th  

f in d in g s  imde by w orkers in  th e  f i e l d  and by maqy p rev io u s o b se rv e rs .

Bronchopneumonia, pa tchy  in  d i s t r ib u t io n ,  and a  co n sid erab le  en

largem ent o f  th e  lymph nodes were b r i e f ly  r e f e r r e d  to  by Perdrau  and Pugh 

( 1930) in  t h e i r  s tu d ie s  on d issem inated  encephalom yelitis  o f  th e  dog.

^ to in e sc o  ^  a l .  ( 1933) contended th a t  in  t h e i r  cases o f  d istem per, 

pneumonia (on ly  two lungs were exam lnedi) was probably  due t o  # ie  a c tio n  o f  

b a c te r ia .  In  a  work o f  h ls to p a th o lo g y  o f  n a tu ra l  and experim en tal d istem per
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DôMonbretm (1937) s ta te d  t h a t  pheiaiionla, which he found i n  tw elve o u t o f  t h i r 

te e n  dogs, was i n t e r s t i t i a l  i n  chaaracter and fre q u e n tly  p e r ib ro n c h ia l  in  

d i s t r ib u t io n , O bservations conducted on th e  th i r t e e n th  case  which succumbed 

a f t e r  a  sh o r t  i l l n e s s ,  a p p a re n tly  to  canine contagious h e p a t i t i s ,  le d  him to  

th e  erroneous e v a lu a tio n  o f  some o f h i s  find ings*

In  1948, M acIntyre, T revaa, and Montgomerie p resen te d  a  paper on 

can ine e n c e p h a llt id e s  in  which they  made a  d is t in c t io n  between " tru e "  d i s 

tem per o f  Laidlaw and Dunkin and o th e r  e n e e p h a lit ie  cond itions*  One o f  th e s e , 

term ed "hard  pad" d is e a s e , was claim ed to  be a  se p a ra te  a lth o iï^ i  n o t e n t i r e ly  

u n re la te d  e n t i ty  c h a ra c te r iz e d  by dem yelinating  e n c e p h a l i t is ,  h i s t io c y t ic  

i n t e r s t i t i a l  pneumonia, and p i 'o l l f e r a t iv e  changes i n  th e  pads* "C la ss ic a l"  

d istem per, aceordijig  to  th e  a u th o rs , d id  n o t produce in flam im tory  changes in  

th e  b ra in  nor dem yelina tion , b u t only  d e s tru c tio n  o f nerve c e lls *  Tlie lung 

le s io n s  in  bo th  c o n d itio n s  were th o u ^ it  t o  be "souewhat" s im ila r  excep t f o r  

congestion , haem orrhage, and oedema which u su a lly  accompanied "hard  pad" 

d isease*

The i n t e r e s t  s tim u la te d  by t h i s  work was r e f le c te d  in  numerous com

m unications frm i many coun tries*  Some observers recognized  th e  e x is te n c e  o f  

"hard pad" d ise a se  a s  a  se p a ra te  e n t i ty  (M cIntyre, 1948; Pugli, 1949; Cohrs, 

195I ;  S c h e i t l in  e t  ^ * ,  195I ;  Furumoto, 1952; H ijlan d , 1952; Üîeunissen, 1952; 

Van Ben Aîüier, 1952), w h ile  o th e rs  d id  n o t support th e  o r ig in a l  co n ten tio n  

o f  M acIntyre and h i s  co-w orkers (U eipers, 1946; Bateman, 1949; Edwards, 1949; 

G oret, 1950; Koprowski e t  cO,*,  1950; ihnkhauser, 1951; ^ lansi, 1948, 195I ;  

Cabasso e t  M * , 1954; Lauder e t  M * , 1954; G ille s p ie  ^  q l . ,  1956; Haig, I 956)*

Some o f  th e  morbid anatom ical and h is to p a th o lo g ic a l  fe a tu re s  o f  d i s 

tem per pneumonia in  dogs were d e sc rib e d  a t  len g th  by Cordy (1949) and B ien fe t 

( 1953) , and in  minis by P ia te r to n  e t  a l .  (1945) • The changes regarded  as



8

c h a r a c te r i s t ic  o f  d is tO B ^ r  were e s s e n t ia l ly  th o se  o f m ononuclear i n f i l t r a 

t io n  o f  th e  in te r s t i t lu m , and p r o l i f e r a t io n  and hypertrophy o f  th e  s e p ta l  

c e l l s .  M ultinuc lea ted  g ia n t  c e l l s  co n ta in in g  In c lu s io n  b od ies  seen in  a  

p ro p o rtio n  o f  case s  were compared t o  those  observed i n  some forms o f v iru s  

pneumonia o f  man#

In  a  comprehensive study on th e  h is to p a th o lo g y  o f  d istem per, P o te l 

( 1951) no ted  t h a t  on ly  f iv e  o u t o f  fifty-m *.ne experim en tal dogs showed pneu

monia, whereas a l l  h i s  f i e l d  cases e x h ib ite d  p ro g re ss iv e  changes i n  th e  lung . 

A franlc bronchopneumonia was found i n  a  few o f  th e  foux teen  aninm ls which 

su ffe re d  from a  nervous form o f  th e  d isease*  Ho pneumonic le s io n s  a t t r i b u t 

a b le  t o  d istem per were observed by G o h e itlin  e t  ( 1951) ^  ^  s e r ie s  o f  

f i f t e e n  eases  which shmfed c l i n i c a l  s ig n s o f  so -c a lle d  "hard pad" d is e a s e . 

Fonlihauser (1951) in d ic a te d  in  h ie  work based  on c l i n i c a l  and p a th o lo g ic a l 

o b se rv a tio n s  on 320 dogs # a t  pneumonia was o f te n  a tte n d e d  by oedema mid con

g e s tio n . The harden ing  o f  pads i n  e n ce p h aH tic  ease s  was n o t regarded  by him 

a s  s p e c if ic  to  "hard pact" d isease#

E x tensive  c l i n i c a l  and p a th o lo g ic a l s tu d ie s  o f  can ine  di.stemper 

were c a r r ie d  o u t by Lauder ^  a l .  (1954). The changes observed in  th e  lung 

c o n s is te d  o f  oedema, co n g estio n , and o ccasio n a l subp leu i'a l c o n so lid a tio n . 

Haemorrhage was l e s s  camon# D is t in c t  su ppu ra tive  pnem ionia was found i n  s ix  

dogs o u t o f  th e  f i f t y  s tu d ie d . M ic ro sco p ica lly , th e  le s io n s  were th o se  o f  

i n t e r s t i t i a l  bronchopneumonia ofben accompanied by marked îiy p e rp la s tlc  

a lv e o la r  e p i t h e l i a l  changes and m u ltin u c lea ted  and b iz a r r e  c e l l s .  The con

c lu s io n s  drawn by th e  a u th o rs  p o in ted  to  th e  u n ity  o f  th e  d istem per d isease  

p ro c e s s .

R ecen tly , Campbell e t  a l .  (1955) and Campbell ( 1956) re p o rte d  th a t
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a  p ro p o rtio n  o f  d istem per cases (6  p e r  c e n t)  showed a  c o e x is te n t  In fe c tio n  

w ith  Toxoplasma, organisms*

In c lu s io n  Bodies

Distem per in c lu s io n  bod ies were f i r s t  observed by Lentz In  I 907 du r

in g  M s s tu d ie s  on ra b ie s  and s in ce  th en  have been a  su b je c t o f  numerous com

m unications* In  seven o u t o f  te n  dogs showing nervous symptoms, Lentz ( I 909) 

found them no t only i n  th e  cytoplasm  o f  ganglion  c e l l s  b u t a ls o  i n  th e  n u c le i .

The o r ig in a l  d iscovery  o f  Lentz was co rrobo ra ted  in  1908 by Standfuss* 

The presence o f  cytoplasm ic in c lu s io n s  in  o th e r  o r^ m s . In c lu d in g  th e  lung, 

was rep o rte d  by S in ig a g lia  (1912; 1913), and Babes and B ta re o v ic i ( 1912) .  The 

bod ies observed by th e se  w l t e r s  wei'O s tro n g ly  e o s in o p h il ic , and many o f  them 

possessed  vacuo les .

SanfellcG  ( 1915) extended th e  search  fo r  in c lu s io n s  to  many organs 

in  h is  seven d istem per cases  and f i r s t  d escrib ed  bo th  cytoplasm ic and i n t r a 

n u c lea r fozms in  th e  pulmonary a lv e o la r  e p ith e liu m . Cytoplasm ic in c lu s io n  

bod ies in  th e  a lv e o la r  macrophages were b r i e f ly  r e fe r re d  to  by Dunldn and 

Laidlaw (1926a)*

M arinesco e t  (1933) m ain tained  th a t  th e  c e l lu la r  bod ies which 

they  found in  neurons and g l i a l  c e l l s  were p redm iinan tly  in tr a n u c le a r .  M ostly 

cytoplasm ic foïms were d escrib ed  by H icolau ( 1935) in  many o r^ tn s , in c lu d in g  

b ra in ,  in  th e  fo u r cases s tu d ie s .  F rauch iger and W althard ( 1935) were unable 

t o  id e n t i fy  any in c lu s io n  bod ies in  th e  c e n tr a l  nervous system o f  dogs s u f f e r 

in g  from d istem per. A s im ila r  obaei’v a tio n  % s  made l a t e r  by î^nkliauser 

( 1951) ,  and P o te l (1951; 1954).

K r ie s e l ( 1938) rep o rte d  th a t  in tra n u c le a r  in c lu s io n s  were p re se n t 

in  18 p e r  c e n t , and cytoplasm ic in c lu s io n s  in  63 p e r c e n t, o f  h i s  55
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expérim ental dogs# Tlie n u c le a r  type  was seen in  th e  re ticu lu m  c e l l s  o f  3ymph 

nodes and sp leen , in  macrophages o f  th e  l i v e r ,  and i n  a lv e o la r  c e l l s  o f th e  

lung* Both forms o f  d istem per in c lu s io n s  were a lso  d escrib ed  by Green and 

Evans (1939%), H urst e t  a l .  (194-3), S jo l te  (1947), l^acln tyre  ^  a l .  (1948), 

Im ies ( 1949a),McGovern e t  ( 1990) ,  Colirs (1951), and Lauder e t  gO.# (1954), 

and s p e c i f ic a l ly  in  th e  pneumonic lung by H iüœ rton  ^  ( 1945) ,  Cordy

( 1949) , and B ien fe t (1953).

In  t h e i r  study on in c lu s io n  bod ies i n  th e  n a sa l mucosa, Broadliurst 

e t  a l * ( 1938) in d ic a te d  t h a t  th e  presence  o f n ig ro s in -s ta in in g  b od ies  i n  dogs 

recovered  from # stam per m i^ it  have been a sso c ia te d  w ith  th e  s t a t e  o f  Immunity. 

Some o f  t h e i r  o b se rv a tio n s  were co n te s ted  by Green and Evans ( 1939b), Re

c e n tly , L indgren (195I )  found th e  cytoplasm ic in c lu s io n s  o f  d istem per in  66 

p e r  cen t o f  60 dogs examined# The development ■ o f  th o se  b o d ies  was s tu d ied  

in  exporim ental3y in fe c te d  f e r r e t s  by Watson and Pluomer (1942), who showed 

th a t  th e  cytoplasm ic type  appeared on th e  f i r s t  day o f  syiiaptans, i . e . ,  10 

days a f t e r  in o c u la tio n .

Tlie n a tu re  and s ig n if ic a n c e  o f  c e l lu l a r  in c lu s io n s  in  d istem per a s  

w e ll a s  i n  o th e r  v iru s  d ise a se s  have long been a  su b je c t o f  d isp u te  and specu

la tio n #  %fo opposing views have been p u t forw ard, v i z . ,  t h a t  in c lu s io n  bod ies 

re p re se n t th e  p roducts  o f  c e l lu l a r  degenera tion  caused by th e  a c t io n  o f  v iru s ,  

o r  th a t  they  c o n s is t  o f  v iru s  p a r t ic le s #  The l a t t e r  view rec e iv e d  some sup

p o r t  from th e  ez^erim ents on th e  in c lu s io n s  o f  fo i^pox (Woodruff and 

Goodpasture, 1 9 ^ )  and molluscum contagiosum (Van Rooyen, 1938). R ecen tly , a  

f lu o re sc e n t an tibody  techn ique a p p lie d  t o  cytoplasm ic in c lu s io n  bod ies o f  d i s -  

tem per (Moulton and Brown, 1954) and in tra n u c le a r  in c lu s io n s  o f  canine contag

io u s h e p a t i t i s  (C o ffin  e t  1953) d m o n s tra te d  t h e i r  a n t ig e n ic i ty  and 

f o r t f i e d  co n sid erab ly  th e  op in ion  h e ld  by many obseiurers.
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HhiXe th e  d ia g n o s tic  im portance o f cytoplasm ic in c lu s io n o  in  d i s -  

tem per has been b u t r a r e ly  questioned  (Fankbauser, 3951); th e  s ig n if ic a n c e  o f 

in tr a n u c le a r  forms s t i l l  aw aits  f u r th e r  c la r if ic a t io n *  The f a c t  t l ia t  i t  W s 

been p o ss ib le  to  produce in  some anim als c e r ta in  forms o f  in tr a n u c le a r  in c lu 

sio n s  by p h y s ic a l and chem ical means (Lee, 1933; Blaclamn, 1936; O l i ts l^  and 

H arford , 1937; F in d lay , 1938) o r  to  observe them i n  ap p a ren tly  normal, t i s s u e s  

(Coirdiy, 1934; F in d lay , 1938), c a l l s  foi^ some re s e rv a tio n s  reg a rd in g  t h e i r  

d iag n o s tic  s p e c i f ic i ty .

Morphology.cally, th e  in c lu s io n  bod ies o f  canine d is ta a p e r  resem ble, 

o f te n  very  c lo s e ly , th o se  found in  some v i r a l  pneumonias o f  anim als and man*

Oytopiasmic e o s in o p M lic  b o d ies , homogeneous i n  s t r u c tu r e ,  o f  1 to  

6)ix i n  t h e i r  long  axes were d esc rib ed  by d a r r e t t  (1954) i n  pneumonic lungs o f  

c a lv e s , Adams (1941) re p o rte d  e o s in o p h ilic  in c lu s io n s , surrounded by a  cy to 

plasm ic h a lo , in  prim ary v i ru s  pneum onitis o f in f a n ts ,  The lung  le s io n s  

encountered  in  m easles a re  n o t in fre q u e n tly  c h a ra c te r iz e d  by th e  p resence o f 

eytoplasnd.c a c id o p h ilic  bod ies (Sem sroth, 1939; C orbet, 1949) ,  Intranuclesu^ 

a c id o p h ilic  in c lu s io n  b o d ies , o f te n  sep ara ted  from th e  m arginated  chrcsia tin  

by a  c3,ear zone, were observed in  th e  lungs o f  in fa n te  in  a s s o c ia t io n  w ith  

so»cal3,ed "inc3nsion  d ise ase"  (Faber and X^olbach, 1932), i n  pnewîoMeis o f  i n 

fancy  (Coodpastiu’e ^ a l * ,  1939) , i n  i n t e r s t i t i a l  pneim ionitis o f  unlmown o r ig in  

i n  a d u lts  (M d îillan , 194?), and in  v a i i c e l l a  (Cheathmi e t  1956). Both 

cytoplasm ic and in tranuclem ? fom is were d escribed  in  g ia n t  c e l l  pneumonia by 

P in iterton  e t  a l ,  (1945), In tra n u c le a r  in c lu s io n s  o f  undeterm ined o r ig in  ware 

found in  th e  pneumonic lung i n  a s s o c ia t io n  w ith  p e r tu s s is  by MeCordock (1932), 

and McCordock and Muekenfuss (1933) «
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B acterio logy  o f  Distemper Baeumonia 

The con tag ious n a tu re  o f canine distem per was w e ll recognized  in

th e  tim e o f  Jem ier, b u t i t  was no t u n t i l  th e  l a t t e r  p a r t  o f  th e  n in e tee n th

cen tu ry  th a t  f i r s t  c la im s to  th e  d iscovery  o f th e  c au sa tiv e  agen t were made.

According to  M athis ( l6 8 7 ), Bemmer ( 1875) was f i r s t  t o  i s o la te  a  

microorganism,, a  coccus, which he regarded  a s  s p e c if ic  to  d istem per. A few 

y ears  l a t e r  s im ila r  b a c te r ia  were recovered  by Laos son (1882) and I4athis 

( 1887) .  Coccal form s, ob ta ined  from th e  lung in  pure c u l tu r e ,  were a ls o  de

sc rib ed  by Heuer ( 1906) .  Some workers b e lie v e d  th a t  b a c i l l i  p layed  th e  most 

im portan t ro le  (M il la is ,  189O; G a lli -  V a le rio , I 695) .

I t  was w ith  th e  d iscoveiy  o f  C arre (1905) t l ia t  a  new l ig h t  was shed

on th e  a e tio lo g y  o f  canine d istem per. The evidence produced by him in d ic a te d

th a t  a  f i l t e r a b l e  agen t was th e  e s s e n t ia l  cause o f th e  d is e a s e , ^ i i s  f in d in g  

was soon co rrobo ra ted  by L ig n iè re s  ( 1906) . Other in v e s t ig a to r s ,  however, 

m aintained th a t  d istem per was caused by a  pathogen, named B a c illu s  b ronch i- 

se p tic u s  ( B ru ce lla  b ro n c h is e p tjc a ) , which they  iiad re g u la r ly  i s o la te d  from 

th e  r e s p ira to ry  t r a c t  (M’Gowan, I9I I ;  F e rry , I 9I I ,  1912; Torrey and Bahe,

1913; Rhea, 1915)» In  a d d itio n  to  t h i s  organism , t h e i r  c u ltu re s  from a f fe c te d  

lungs y ie ld ed  s tre p to c o c c i, s tap h y lo co cc i, d ip h th e ro id  b a c i l l i  (F e rry ) , 

E sch erich ia  c o l l , and Salm onella e n t e r i t i d i s  (Torrey and Bahe). Comparable 

i s o la t io n s  were made by Schoichi (1923) and l a t e r  by Schlin@nan ( I 932) .

Hardenbergh ( 1925) co n te s ted  th e se  fin d in g s  and vo iced  th e  op in ion  

th a t  b ro n c h ise p tica  was n o t th e  prim ary ag en t. The f i n a l  con firm ation  o f

Cari’e*s d iscovery  came from th e  work o f  Laidlaw and Dunkin ( 1926) and, in  con

sequence, B r. bronchi s e p t ic a  which was never recovered frosQi t h e i r  experim ental 

dogs was re le g a te d  to  th e  group o f  secondary in v ad e rs .



13

l ï i  1934, Shoetensack claim ed to  have is o la te d  from dogs a f fe c te d  

w ith  d istem per a  f i l t e r - p a s s in g  h u t c u ltu ra h le  ag en t, resem bling  A sterococcus 

mycoides, which he regarded  a s  a  c au sa tiv e  f a c to r  o f  th e  d i.sease . A pparently 

an  id e n t ic a l  m icroorganism  named pleuropneum onia-like organism (PHD) v a s , 

however, soon recovered  from many sp ec ie s  o f  an im als. R ecen tly , Greig (1954) 

found i t  in  th e  lung o f  a  dog and d escrib ed  i t  a s  nonpathogenic.

B a c te r io lo g ic a l o b se rv a tio n s  on distem per pneumonia have been made 

in  re c e n t y ears  by a  number o f  workers (Craashaw, 1949; B urkhart e t  , 1950; 

B indrich , 1950; P o te l,  1951; Lauder o t  a l , , 1954). T lieir f in d in g s  in d ic a te d  

th a t  haem olytic s tr e p to c o c c i , staphy lococc i (S taph , a lb u s and a u re u s), E. c o l i , 

P ro teus v u lg a r is . Pseudomonas ae ru g in o sa , Sahiaonella typhiiuurium, B* e n te r i 

t i d i s ,  and o c ca s io n a lly  b ro n c h ise p tic a  were th e  most commonly i s o la te d  

organisjHs, The f a c t  th a t  b ronchi s e p t ic a  has been l a t e l y  encountered only

in  a  c a n p a ra tiv e ly  sm all p ro p o rtio n  o f  cases a t t r a c te d  th e  a t te n t io n  o f  some 

observers ( îte X a ty re  e t  , 1948; Lauder ^  a l# , 1954)*

R ecen tly , in  t h e i r  in v e s tig a t io n s  on a  syndrome which resem bled 

c l i n i c a l l y  some a sp e c ts  o f canine d istem per, Groulade e t  a l*  (1954) claim ed 

to  have recovered  from th e  lung a  c au sa tiv e  agent r e la te d  s e ro lo g ic a lly  to  

R icl^iettsia p s i t t a c i  >

H istopatho logy  o f Some V ira l  Pneumonias in  Animals and tîan 

Since th e  r e p o r ts  o f  B a rte ls  ( I 861) , D e la fie ld  (1884), and Hecht 

( 1910) , an unusual form o f pneumonia has been known to  occur in  man a s  th e  

sequelae  o f  m easles and whooping c o u ^ .  One o f  th e  most conspicuous changes 

encountered was a  mononuclear i n f i l t r a t i o n  o f  th e  pulmonar^r in te rs t i t iu m #

In  1918, a  term  " i n t e r s t i t i a l  bronchopneumonia” was in tro d u ced  by MaeCallum 

t o  d e fin e  th e  c h a ra c te r  o f s im ila r  changes observed du ring  th e  epidem ics o f
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pneumonia in  th e  w in te r o f  1917-18 i n  th e  United S ta te s  .Army Gmips. Tîaese 

le s io n s , s tu d ied  in  g re a t  d e t a i l  by MacCalluifi (1919); were shorn to  c o n s is t  

p r in c ip a l ly  o f  th e  mononuclear i n f i l t r a t i o n  o f th e  b ro n c h io la r  w a lls  and 

a d ja ce n t a lv e o la r  s e p ta , p r o l i f e r a t io n  and desqum m tion o f  c e l l s  l in in g  th e  

a lv e o l i ,  oedema and, o f te n , e a r ly  o rg an iz a tio n  o f th e  exudate .

Pulmonary involvem ents o f  e s s e n t ia l ly  th e  same m orphological charac

t e r  have s ince  been found in  Biany v i r a l  pneuiiioaias o f  anim als and man.

During h i s  s tu d ie s  on stfine in flu e n ce  in  1931 ̂  Shope no ted  in  th e  

Itmg o f a f fe c te d  anim als an  e x ten siv e  p e r ib ro n c h ia l ro u n d -c e ll i n f i l t r a t i o n ,  

freq u en t c o lla p se  o f  some groups o f  a lv e o l i ,  and th ick en in g  o f  a lv e o la r  w a lls  

due to  engorgement w ith  mononuclear c e l l s .  I d e n t ic a l  changes were a ls o  de

sc rib e d  by Schmidt (1936), and more re c e n tly  by Hja r r e  e t  a l .  (1952).

S u ccessfu l tran sm iss io n s  o f  swine and huiaan in f lu e n z a  to  mice and 

f e x re ts  (àndrawes e t  a l . ,  1934) f a c i l i t a t e d  g rea t3y  th e  experim en tal study 

o f  th e s e  two c lo s e ly  r e la te d  d iseases*  Pulmonary le s io n s  observed in  th e  

in fe c te d  mice c o n s is te d  c h ie f ly  o f an  e a r ly  d e s tru c tio n  and subsequent regen 

e ra t io n  o f  th e  broncW .olar ep ith e liu m , and were o f te n  a tte n d e d  by co n sid er

a b le  co îJapso  o f  th e  limg t i s s u e  ( s tr a u b , 1937, 1940; Dubin, 1945; Hoyle and 

Oi*r, 1945; Loos3,i, 1949). The changes found in  'the ep itlie lium  o f  th e  r e s p i r a 

to ry  t r a c t  in  in f lu e n z a  o f  man showed e s s e n t ia l ly  tlie  same c lm ra c te r , and were 

u su a lly  fo llow ed by a  severe  pulmonary oedema and in te n se  congestion  

(W in tern itz  e t  192O; S-traub and M ulder, 19^8 ; Mulder and Verdonls, 1949; 

S tu a r t  -  H a rr is , 1953)* Barker e t  ^1* (1946) in d ic a te d  th a t  in  t h e i r  cases 

th e  ep ithe lium  was u su a lly  u n a ffe c te d , and only th e  p e r iv a sc u la r  connective 

t i s s u e  and a lv e o la r  se p ta  showed s ig n if ic a n t  a l te ra t io n s #

I n t e r s t i t i a l  c h a ra c te r  o f  le s io n s  in  hmmn in f lu e n z a , m easles, and 

p e r tu s s is  were a ls o  d escrib ed  by McGordock and Muekenfuss (1933), who, w hile
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reservj.ng t h e i r  op in ion  about th e  cause o f  co n d itio n s s tu d ie d , suggested  a  

te rn  " i n t e r s t i t i a l  v iru s  pneumonia"#

A somewhat d i f f e r e n t  p ic tu re  o f I n t e r s t i t i a l  involvem ent was seen 

by Jones and Maurer (1943) in  equine in fluenza*  The most prom inent changes 

encountered  were th o se  o f  th e  accum ulation o f  oedema f lu id  in  connective  t i s 

sue spaces and c o n so lid a tio n  o f  th e  lung w ith  îiaemorrlmgic exudate . Organi

z a tio n  and f ib r o s i s  were comion in  more advanced s ta g e s .

During th e  l a s t  th re e  decades a  new form o f  pneumonzla has been 

recogn ised  in  man. I t s  c l i n i c a l  p ic tu re  was found t o  be considerab ly  d i f f e r 

e n t frc8i3 th e  c h a r a c te r i s t ic  symptoms o f  b a c te r ia l  lo b a r pneumonia. For t h i s  

reason  th e  term s "pneumonltj.s" (G allag h er, 1934), and " a ty p ic a l  pneumonia" 

(Go3.e, 1936) W'ore in troduced# 8ulisequent in v e s tig a tio n s  soon rev e a le d  t l ia t  

t h i s  c l i n i c a l  syndrome could, be produced by a  number o f  v i r a l  and o th e r  r e 

la te d  a g en ts , The c a u sa tiv e  f a c to r s ,  so f a r  i s o la te d ,  in c lu d e  organisms o f  

th e  p s i t ta c o s i s  « lympliogranuloma group (Bedson e t  a l» ,  1930), r i c k e t t a i a  o f  

Q fe v e r ( Burnet and Freeman, 193?), and th e  v iru s  o f  prim ary a ty p ic a l  pneu

monia (Baton e t  a l . ,  1944). The lung  le s io n s  d escrib ed  in  th e s e  co n d itio n s 

were c h a ra c te r iz e d  by th e  i n t e r s t i t i a l  ro u n d -c e ll i n f i l t r a t i o n ,  accum ulation 

o f  a  predom inantly mononuclear exudate i n  a lv e o la r  spaces, and, in  prim ary 

a ty p ic a l  pnauBionia, a ls o  by tlie  marked sw elling  and p r o l i f e r a t io n  o f  a lv e o la r  

l in in g  c e l l s  (W ilson, 1930; H ivers and B erry , 1931; Adams, 1941; Parker e t  a l . ,  

194? ; Eaton, 195O; m u t t i c k ,  195O; S tu a r t  - H a rr is , 1953)*

The i n t e r s t i t i a l  inflam m atory re a c tio n  in  th.e lung  1ms a ls o  been 

encountered in  a  number o f  system ic v i r a l  d ise a se s  i n  man. McGordock and 

Muckenfuss (3.933); C o rb e tt (1945), and Pinlcerton #  a l .  (1945) d escrib ed  such 

changes i n  m easles, and rep o rte d  th e  p resence o f  m u ltin u c lea ted  g ia n t  c e l l s  

i n  sm e  o f  t h e i r  c a se s . I n t e r s t i t i a l  pneumonia was a ls o  found in
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Bieningo-pneuBiojiitis {Gara and F u rth , 1948), In  sm allpox (P in k e rto n , 1953); 

v a r i c e l l a  (O heattou ^  a l# ,  1956), and o th e r  v i r a l  cond itions#

Many o f th e  v i r a l  pneumonias known t o  occur i n  an im als a re  prim ary 

i n  n a tu re . Only a  few a re  a s so c ia te d  w ith  th e  system ic d iseases#  In  t h e i r  

s tu d ie s  on th e  patho logy  o f  pneumonia i n  food-producing an im als , Langham e t  a l  

( 1942) found an i n t e r s t i t i a l  type  o f  bronchopneumonia, o f te n  a s so c ia te d  w ith  

h y p e rp la s tic  a lv e o la r  e p i t h e l i a l  changes, in  many o f  th e  th ir ty -o n e  c a lv e s , 

sheep, and p ig s  examined# More pronounced le s io n s  o f  th e  same c h a ra c te r  and 

accompanied by tiie  p resence  o f  m u ltin u c lea ted  g ia n t  c e l l s  and a  r i c h ly  mono

n u c le a r  exudate were re p o r te d  by Tiiorp ^  a l#  (1942) i n  tw e n ty -e i^ i t  calves# 

HaeBiouhllus-l ik e  b a c te r ia  were re g u la r ly  I s o la te d  from a l l  th e  cases  examined, 

b u t th e  a ttem p ts  to  reproduce t h i s  c o n d itio n  by in o c u la tio n s  o f  th e  organism s 

f a i l e d  to  g ive c o n s is te n t  o r  conclusive  re s u l ts *  Lamont and ICerr ( 1939) and 

Baker (1943) showed t î ia t  a  f i l t e r - p a s s in g  agen t ob ta ined  from th e  pneumonic 

lungs o f  ca3.ves was capab le  o f  producing pneumonia# H is to lo g ic a l ly ,  th e  

changes observed in  some o f  th e  f i e l d  case s  (Balter, 1943) c o n s is te d  o f  vary 

in g  degrees o f  b ro n c h i t is ,  some th ic k en in g  o f a lv e o la r  w a lls , and th e  occwm- 

l a t io n  o f  c e l lu l a r  exudate in  a lv e o la r  spaces# Comparable changes were r e -  

poz'ted in  so -c a lle d  t ra n s m is s ib le  en zo o tic  pneumonia i n  ca lv es  (Jennings and 

G lover, 1952)» More advanced s ta g e s  o f  t h i s  c o n d itio n  were c h a ra c te r iz e d  by 

th e  e:m date r i c h  i n  m ononuclear c e l l s ,  and a ls o  by sm e  c o lla p s e  and th ic k e n 

ing  o f a lv e o la r  w alls*

m orphological v a r i e t i e s  o f  a  presum ably v i r a l  pneumonia i n  

c a lv e s  were d esc rib ed  by J a r r e t t  (1954)# Out o f  th e  f i f t y  consecu tive  

n e c ro p s ie s , s ix  cases  e x h ib ite d  an e x te n s iv e  " e p i th e l ia l i s a t io n "  o f  a lv e o li  

and some g ia n t c e l ls #  Cytoplasmic e o s in o p h ilic  in c lu s io n  b od ies  were found 

i n  th e  b ro n c h io la r  and a lv e o la r  epithelium # Five o th e r  an im als, from th e
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same group o f  f i f t y ,  showed an ap p a ren tly  d i f f e r e n t  form o f  pneumonia. # e  

conspicuous fe a tu i’e  was a  marked p e rih ro n ch io la i’ lymphoid ly p e rp la s ia .  In c lu 

s io n  bod ies and alveolax ' e p i t h e l i a l  changes were no t seen .

E xtensive p r o l i f e r a t io n s  o f  lyBiphoid elem ents in  p e rib ro n c h io la r  and 

X ierivascular reg io n s  were a ls o  found in  " th e  grey lung d ise a se "  o f  mice 

(Andrewes and G lover, 1945; Niven, 1950); and in  th e  v i r a l  p ig  pneumonia 

(V .F .p .)  rep o rte d  by P a t tis o n  ( 1956) , and S ch o fie ld  ( 1956)- O ther eliangee 

encountered in  th e se  co n d itio n s  comprised th e  i n t e r s t i t i a l  and in t r a - a lv e o la r  

inflam m atory re a c t io n  o f  th e  mononuclear ty p e , some iiy p e rp la s ia  o f  th e  a lveo - 

].ar e p i th e l i a l  c e l l s ,  and a  moderate degree o f  oedema. In  some cases g ia n t 

c e l l s  were a ls o  seen g iv in g  th e  appearance o f  a  " g ia n t - c e l l  pneumonia”

(Andrewes and G lover, 1945; S c h o fie ld , 1956).

lymphoid h y p e rp la s ia , u su a lly  p e rib ro n c h io la r  in  d i s t r ib u t io n ,  was 

no ted  in  a  few in s ta n c e s  o f  ja a g s ie k te  by Dungal (1946). Tlie e s s e n t ia l  charac

t e r  o f  t h i s  c o n d itio n , however, c en te re d  around th e  c e n tr ifu g a l  p r o l i f e r a t io n  

o f  th e  b ro n c h io la r  e p ith e liu m  and th e  fo m a tio n  o f  an in t r a - a lv e o la r  mono

n u c le a r exudate . I n  th e  l a t t e r  r e s p e c t ,  ja a g s ie k te  seemed to  resem ble maedl 

(S igurdsson ^  1953); an  Ic e la n d ic  in fe c tio n  o f  sheep . Both co n d itio n s

were re p o rte d  to  be tra n s m is s ib le , and a re  ap p aren tly  o f  v i r a l  o r ig in .  The 

changes id e n t ic a l  to  th o se  i n  ja a g s ie k te  were observed in  th e  so -c a lle d  p ro 

g re s s iv e  pneumonia o f  sheep (Gowdry and m rs h ,  192?; W illigan  ^  a l . , 1954),

In  1942, Blalie e t  a i*  d e sc rib ed  a  v i r a l  pneumonia i n  cats>  which 

presumably was r e la te d  a e t io lo g ic a l ly  to  some human cases o f  prim ary a ty p ic a l  

pneumonia. Experim ental tran sm iss io n s  showed th a t  a  severe  and f a t a l  lung 

invo lvanen t cou ld  be  re g u la r ly  produced by in tr a n a s a l  i n s t i l l a t i o n  o f th e  

v i r u s .  H is to lo g ic a l ly , tîie  pneumonia encountered d isp lay ed  many fe a tu re s  

c h a r a c te r i s t ic  o f  th e  i n t e r s t i t i a l  inflam m atory re a c t io n , w ith  accompanying.
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and o f te n  abundant;. raononucXear a lv e o la r  exudate and h y p e rp la s tic  e p i th e l i a l  

changes# 15ie l a t t e r  p resen te d  them selves in  a  fo m  o f  th e  a lv e o la r  “ep ithella-»  

11 n a tio n " , Ho in c lu sio n s^  no r elem entary  bod ies irere ever found in  th e  

a f fe c te d  t i s s u e s ,

A d i f f e r e n t  form o f  f e l in e  pneum onitis t%s rep o rte d  by Baker (194^)* 

file cau sa tiv e  organism^ id e n t i f i e d  a s  one of th e  psittacosls«lyiiiphogram ilom a 

group ; produced b a so p h ilic  elem entary  b o d ie s , iSie lung le s io n s  ̂  a s  no ted  by 

th e  au th o r ; c o n s is te d  c h ie f ly  o f  th e  a lv e o la r  mononuclear eiaidate and o ccasio n a l 

n e c ro tic  changes.

Pneumonia o f th e  acu te  i n t e r s t i t i a l  type  ( i n t e r s t i t i a l  pneum onitis) 

has been d escrib ed  n o t on ly  i n  v i r a l  in fe c tio n s^  bu t a ls o  i n  th e  co n d itio n s  

cemseci by o th e r  i n t r a c e l lu l a r  p a r a s i t e s .

In  a study  on th e  com parative pathology o f  scrub typhus 

(tsutsugom ushi d is e a s e ) ;  A llen  and E%)it% (19^{'9) sho¥ed t h a t  th e  lung le s io n s  

produced by H ic k e tts ia  tsu tsugam isM  (R, o r i e n t a l ! s ) i-/era o f te n  in d is tin g u ish «  

a b le  from th o se  provoked by v iru ses*  A prom inent fe a tu re  in  some o f th e  

cases s tu d ie d  % s  th e  "e p i t h e l i a l ! s s t i o n " o f  a lv e o li  and e a r ly  f i b r o s i s .

S im ila r changes; b u t m ild er in  in te n s i ty  ; %fere a ls o  found by th e se  workers 

in  in fe c tio n s  v i t h  R, prova% ekii (epidem ic ty phus); mid B. r i c k e t t s i  (Rocky 

Mountain sp o tte d  fe v e r  ) *

Pneumonia encountered  in  Q fe v e r  (H, bu rn e t i  ) o f  man (V M ttick ; I950j 

S tu a r t  -  H a r r is ; 1993); stnd in  c a t t le ^  sheep; and g o a ts  (S a lisb u ry ; 1953) ex - 

M b ite d  a l l  p a th o lo g ic a l and c l i n i c a l  m an ife s ta tio n s  c im ra c te r is t ic  o f  v i r a l  

Involvem ents •

%he p ro tozoan  ag en ts  capab le  o f  producing an a cu te  i n t e r s t i t i a l  

pneumonia comprise th e  organism s o f  Ifoxoulasma, and Pneumocystia c a r i n i i , 

P in lw to n  and Henderson {19A1 ) re p o r te d  th e  in s ta n c e s  o f  puh^onary
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toxoplasm osis in  man; and O lafson and Monlux (19^2); and H atrach  (1956) 

found th e  i n t e r s t i t i a l  pnemiaxle changes in  th e  e a t .  C oncurrent in fe c tio n s  

w ith  distem per v iru s  and th e  organisms o f a?:?xopXa8ma in  dogs v e re  s tu d ied  by 

Caiüxibehl e t  a l ,  (1955)? and Cmnphell (1956). An i n t e r s t i t i a l  p lasim -ceX li^lar 

pneumonia due to  a  protozoan p a r a s i t e .  Pneumocystis c a r i n i i ;  was described  in  

a  twelve-weeks "'Oid in fa n t  by Baar ( 1955)* Maioy a lv e o l i ;  a lv e o la r  ducts ; and 

re s p ira to ry  b ro n ch io les  were found to  be l in e d  by a  continuous cubo lda l l i n 

in g , S im ila r o b se rv a tio n s were rep o rte d  by Donohue (1956); b u t th e  organisms 

o f Pneumocystis c a r in i i  were n o t id e n t i f ie d  in  h is  cases*

fhe  Pulmonai’y Alve o la r  L in ing  Under Hpm al and P a th o lo g ic a l C onditions

The n a tu re  o f  th e  norma], a lv e o la r  l in in g  has been a  su b je c t o f  e n e r

g e tic  and vers^ p roductive  d isp u te  s ince  l 8 f̂-3; when Add].son p u t fo n m rd  h is  

vioTm denying th e  presence o f  ep ith e liu m  in  th e  te rm in a l a i r m y s .  Although 

h is  concept was upheld by scaae workers (Rainey; 1655? Zenlser; l 86l j  Munît 

l 86S; V illem in; 1866) ; a  g re a t  m a jo rity  o f  au th o rs  in  th e  l a t t e r  p a r t  o f  th e  

n in e tee n th  cen tu ry  m ain tained  th a t  pulmonary a lv e o li  %mre l in e d  by a, con tin u 

ous ce llu lm r membrane. The a lv e o la r  e p i th e l i a l  l in in g  was studiled e x te n s iv e ly ; 

especiaAl^r by means o f  s i l v e r  n i t r a t e  techn ique; and was thought to  c o n s is t  

e i th e r  o f  f l a t  n u c lea ted  c e l l s  (Chrzonsgcsiewslsy; 1863; Colberg? 1866); o r o f 

smali, n u c lea ted  polygonal elem ents and la rg e  non-nucXeated squames (B berth; 

1869; l 86t ;  Blen%; 18# ;  K & lik e r; l 88l ) ,  The l a t t e r  vieW; supported  by tlie  

au thor].ty  o f ICoXliker ; gained  m l  v e rs a i  rec o g n itio n  and was no t co n te s ted  

u n t i l  th e  t h i r d  decade o f  t h i s  cen tu ry . The re p o r ts  which appeared meaîiwhile 

merel^r re a s s e r te d  th e  concept o f  c o n tin u ity  o f th e  a lv e o la r  epithelium . (OppeX; 

1905; B riscoe; 1908; Lange? 1909; Ogawa? 1920; Stewart? 1923)*
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The e n t i r e  problem  o f  th e  n a tu re  o f  a lv e o la r  l in in g  was reopened 

W. th  communications o f  Lang (1926) and P o ll card  (1926; 1929) who den ied  th e  

e x is te n c e  o f  a  continuous ep ith e liu m ; a lthough  Lang ( 1926) adm itted  th e  p re 

sence o f  non-B ucleated p la t e s .  Both au th o rs  a ls o  b e liev e d  th a t  th e  i s o la te d  

n u c le a ted  c e l ls ?  p re se n t i n  th e  a lv e o la r  w alls?  were o f  laesencliymal o r ig in .

A few y e a rs  la te r ?  C appell {19£9) ih  h is  e x ten s iv e  study  on in t r a -  

vitarfl and s u p ra v i ta l  s ta in in g  in d ic a te d  th a t  a lv e o la r  l in in g  was continuous 

and c o n s is te d  o f  th re e  elem ents? viK ,? sm all cubo lda l c e l ls ?  " f la t te n e d  n u c le 

a te d  c e l l s  c lo s e ly  a p p lie d  to  th e  c a p i l la ry  w alls"?  and th e  la rg e  non

n u c lea ted  p la t e s .  The l a t t e r ?  accord ing  to  him? formed a  " r e la t iv e ly  incon

s id e ra b le  p a r t  o f  th e  a lv e o la r  l in in g " ,  The c o n tin u ity  o f  tîie  e p i th e l im  i n  

a lv e o l i  was recogni&ed by a  nimiber o f workers (M iller?  1932; Orsos? 1933;

Bensley and Bansley? 1935; Bensley and Groff? 1935; Bremer? 1935; G azayerli?

1936; ^ te k lin ?  1936; Cooper? 1936; Ross? 1939; Grady and Stew art? 19W ; Rosin?

19I1.7 * TonelH ? 1948; Stewai't? 1953) * Gome o f  th e se  in v e s t ig a to r s  m ain tained

th a t  th e  l in in g  c e l l s  vended s ig n i f ic a n t ly  i n  morphology (Orsos? 1933; 

Gasïayerli? 1936)? w hile  o th e rs  thought t h a t  only  one ty p e  o f  e x tra n e ly  a t te n u 

a te d  elem ents formed th e  e p i t h e l i a l  covering  (M iller?  1932; Bensley and 

Bensley? 1935; Bensley and Groff? 1935; Bremer? 1935)*

Tlie e x is te n c e  o f th e  continuous a lv e o la r  e p i t h e l i a l  membrane was 

denied  by B o g lio t t l  ( I 931)? Beemann ( 1931)? Jo sse ly n  (1935)^ L o o sli (1935)? 

Bloom ( 1936)? C lam  (1936)? Itcied (1936)? Palmer (1936)? Barnard and Bay 

( 1937)? Haïii and Baldwin ( 1941)? Geever ^ t  a l .  (1943)? Hesse and L oosll ( I 949)? 

L oosli e t  a l .  ( 1949)? W addell (1949)? Hayek ( 1950)? Hom ing ( 1950)? Shimai 

and Tamaru ( 1951)? B e rta la n ffy  and Leblond (1953)? and PoXicard (1955),

The e s s e n t ia l  n a tu re  o f  th e  cubo lda l c e l l s  o f  th e  a lv e o la r  l in in g  

has been s tu d ie d  very  e x te n s iv e ly , A g re a t  m a jo rity  o f au th o rs  b e lie v e d  th a t
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under co n d itio n s  o f  s tiîm ila tlo îi many o f  th e se  c e l l s  responded r e a d i ly  and ex 

h ib i te d  a  s ig n i f ic a n t  degree o f  phagocytic  a c t iv i ty  a s  f r e e  in tr a - a lv e o la r  

macrophages* T e h ls to v itc h  ( 1889)? B riscoe ( 1908)? S e iæ ll ( I 918)? C appell 

(X 9^), Seeniann (1931), Carleton (1934), Ei-emer (1935), m ck lln  (l951j 1954), 

and o th e rs  m ain tained  t h a t  th e se  c e l l s  were o f  entoderm al o rig in *

A d i f f e r e n t  view advocating  th e  mesenchymal jm tu re  o f  a lv e o la r  

phagQcybes was p u t forw ard by Lang ( 1926) and P o liea rd  (1996) and rece iv ed  

th e  support o f Gardner and Smith ( 192?)? ÏT’ie d  (1934)? dosselyn  (3-935)? Ungar 

and Wilson (1935)? C3-ements (l94o)?  M arslm ll (1946)? Hesse and L oosll (1949)? 

T a lia fe r ro  (1949)? and Waddell ( 1949) ,  Ttxe macrophages o r ig in a t in g  from th e  

cubo lda l c e l l s  o f  th e  alveo3Lar w a lls  and known under th e  term  o f  "dust c e l l s "  

were named by Lang ( 1926) a s  " s e p ta l  c e l l s "  * Only compax’a tiv e 3 y  few au th o rs  

b e lie v e d  th a t  th e  a lv e o la r  phagocytes were d e riv ed  e n t i r e ly  from th e  b lood 

mononuclear c e l l s  (S3.avjansî^? I869? Metcîuxikoff? I 9OI; Lewis? 1925; Foot? 

1927)? o r  from th e  endothelium  o f a lv e o la r  c a p i l l a r i e s  (Foot? 1920; Permar?

1920)*

Hie cen tu ry  o ld  d iv e r s i ty  o f  op in ion  on th e  n a tu re  o f  th e  a lv e o la r  

lin in g ?  d e sp ite  th e  d e ta i le d  and exdiaustive s tu d ie s  o f ve ry  many workers? has 

s u f f ic ie n t ly  dem onstrated t h a t  conven tiona l meWiods o f  o b se rv a tio n  u t i l i z i n g  

th e  lig lrb  .microscope would n o t le a d  to  th e  so lu tio n  o f  t h i s  s t r u c tu r a l  perples^ 

i ty #  An e n t i r e ly  new appi'oach was e s s e n tia l*  TIxe d e c is iv e  answer appears to  

have been provided  by th e  a p p lic a tio n  o f  th e  e le c tro n  m ieroacopa to  th e  s tu d ie s  

o f  t is su e s*

Tiie f i r s t  r e p o r t  on th e  e le c tro n  m icroscopic in v e s t ig a t io n s  o f  th e  

lung was p u b lish ed  in  1952 by Low, The au th o r based h i s  f in d in g s  on th e  r a t  

t i s s u e  fixed?  a f t e r  excision?  i n  1 p e r  cen t osmium te t ro x id e  ( Balade? 1952) 

and c u t a t  th e  th ic lm e ss  o f  l / lO  -  3/ 50^ . In  one case? th e  f ix a t iv e  was
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in je c te d  slow ly in to  th e  tra c h e a  and allow ed to  d ra in  in to  th e  a lv e o l i ,  The 

p o rtio n s  d isco lo u red  by osmium te tro x id e  were c u t ou t and immersed in  th e  

f ix a t iv e  fo r  fo u r h o u rs . Ho a p p re c ia b le  d if fe re n c e  in  th e  p re se rv a tio n  o f 

t i s s u e s  if i th  th e se  t\TO methods was noted* # ie  conclusions drawn by t h i s  

iforker p o in ted  to  th e  e x is te n c e  o f  a  continuous pulmonary ep ithe lium  "ixith 

c e l l  bodies lo c a te d  c h ie f ly  on th e  th ic k e r  p o rtio n s  o f  a lv e o la r  w a lls ’* and 

a tte n u a te d  " to  form a  complete covering  o f  th e  a lv e o la r  w a lls " .  The th ic k -  

ness o f  th e  e p i th e l i a l  membrane was e stim ated  a t  0*1 to  In  i t s  very

tlxj.n p a r ts  th e  pulmonary ep ith e liu m  was thouglat to  be "ap p lied  d i r e c t ly  to  

th e  c a p i l la ry  endothelium "* The ground substance? o f  ben co n ta in in g  f i b r i l l a r  

elem ents and in te rp o se d  between c a p i l la iy  endothelium, and su rface  epithelium ? 

was seen by Lo r̂ only  i n  some segments o f  th e  a lv e o la r  w all* Tlie non-nucleated  

p laques o f  K o llik e r  were no t observed*

A y e a r la te r ?  Low (1953) extended h is  s tu d ie s  o f  th e  a lv e o la r  

e p ith e liu m  on o th e r  la b o ra to ry  animads (mice? guinea pig? ra b b its?  dogs) and 

man* H is f in d in g s  dem onstrated th e  presence  o f  a  continuous e p i th e l i a l  l i n 

in g  in  a l l  sp ec ie s  examined? and i n  ad d itio n ?  po in ted  to  th e  ex is te n ce  o f 

u n in te rru p te d  basesient membranes " d is c re te ly  lo c a liz e d  a long  th e  b a s a l  su r

fa c e s  o f  bo th  ep ith e liu m  and endothelium ’** Tîrin p o rtio n s  o f  e p i th e l i a l  c e l l s  

\7QTQ re p o rte d  to  c o n ta in  "cytoplasm ic in c lu s io n s"  in d j,s tin g u ish ab le  from those  

seen i n  th e  p e r in u c le a r  m o ie tie s . Low adm itted? however? t h a t  in te r ru p tio n s  

in  th e  e p i th e H a l  covering  cou ld  be found a t  p o in ts  where " f re e  c e l ls "  were 

s e t  a g a in s t th e  w a ll o f  a3veoli*  In  a  subsequent communication? Low (1954) 

suggested th a *4 i n  o rd er to  o b ta in  a  b e t t e r  p re se rv a tio n  o f  c e l lu l a r  elements? 

th e  tim e o f  f ix a t io n  i f l th  osmium te tro x id e  be reduced from, fo u r  hours to  

o n e -h a lf  to  one hou r.
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Ml e a r ly  support o f  Low* s observ a tio n s came from BîaclcHn (1954)? 

in  a  paper on th e  pulmonary a lv e o la r  mucoid f ilm  and th e  pnemnonocytes •

Clemens (1954) a t  f i r s t  appeared to  have confirm ed th e  f in d in g s  o f  Low and 

d escrib ed  a  continuous membraîie se p a ra tin g  th e  s tro n a  o f  a lv e o l i  from th e  

a i r  spaces* In  a  l a t e r  communication (1955)? however? he denied  th e  e x is te n ce  

o f  an u n in te rru p te d  c e l lu l a r  la y e r  and b e liev ed  th a t  a lv e o la r  e p i t h e l i a l  c e l l s  

covered only c e r ta in  p o rtio n s  o f  th e  su b jacen t and continuous? s t r u c tu re le s s  ? 

basement membrane ( "Alveolarmembran" ) * Swigarb and Kane (1954) were f i r s t  to  

oppose th e  view o f  Low (1952; 1953) on th e  n a tu re  o f  th e  a lv e o la r  lin in g *

They recogn ised  th e  p resence  o f  "some m a te r ia l  in te rv e n in g  between th e  a i r  

space and th e  c a p illa ry " ?  b u t were n o t a b le  to  dem onstrate th e  u n in te rru p te d  

c e l lu l a r  l in in g .  Tlie lung  t i s s u e s  s tu d ied  by th e se  au th o rs  were f ix e d  f o r  8 

hours i n  1 p e r  c en t osmium te tro x :ld e  and exaiiiined only under low m agnifica

t io n s .  S im ila r o b se rv a tio n s  were made by P o lica rd  e t  a l .  (1954a; 1954b)? who 

denl.ed th e  presence o f  a  continuous a lv e o la r  ep ith e lim i?  and contended (1954c)

t h a t  th e  e n d o th e lia l  c e l l s  o f c a p i l l a r i e s  were e i th e r  a tte n u a te d  to  le s s  th an  
o

100 A? o r  o therw ise  formed an in te r ru p te d  membrane. Two y e a rs  l a t e r  P o lica rd  

and C o lle t  (1956) rev e rse d  t h e i r  o r ig in a l  op in ion  and recogn ized  th e  e x is te n ce  

o f a lv e o la r  ep ith e liu m , Tiiey d escrib ed  i t  a s  c o n s is tin g  o f two m orphological 

elem ents? v3.z*? sm all c e l ls ?  poor in  cytoplasm  and extrem ely  th in  p ro top lasm ic 

expansions * PoXicard ^  a l .  (1956) a ls o  cîianged t h e i r  concept o f  th e  endo

t h e l i a l  w a ll and adm itted  th a t  i t  was continuous e l t h o u ^  "bhiimed in  some 

p a r ts  to  200 A, S c h lip k o te r  (1954) s tu d ie d  th e  lung o f  r a t s  and found th a t  

th e  a lv e o la r  l in in g  was composed o f  two layei's* He a ls o  showed th a t  some o f  

e p i th e l i a l  c e l l s  con ta ined  s tro n g ly  osm ioph ilic  bodies w ith  a  c o n c e n tr ic a lly  

la m e lla te d  in te r n a l  s tru c tu re *  According to  K iseh (1955) many c a p i l l a r ie s  

i n  th e  a lv e o la r  w a lls  were b a re  and " in  d i r e c t  co n tac t w ith  th e  a i r " .
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In  a  p re liiîiinary  re p o r t  on th e  f in e  s tru c tu re  o f  pulmonary c a p i l 

l a r i e s  and a lv e o l i  o f  th e  mouse? B hrrer ( 1956a) s ta te d  th a t  a lv e o la r  w a lls  

were l in e d  by a  continuous e p i t h e l i a l  la y e r  o f an average th ic k n e ss  o f  about 

100 “ 200 , In  sm e  segsients o f  th e  w all? bo th  e p i t h e l i a l  and e n d o th e lia l

c e l l s  were found to  be a s  tM n  a s  10mp * In te r ru p tio n s  i n  th e  ep ithelium ? 

no ted  by Low (1953) and l a t e r  by Breemen and H eustein ( 1956)? were n o t seen 

by tM s  a u th o r. S e p ta l c e l l s  were regarded  by hh7i a s  "bulg ing  n u c lea ted  

parfcs o f  th e  e p i th e l i a l  c e l l s " .  He a ls o  d escrib ed  th e  "basement membrane"? 

and b e liev ed  th a t  i t  was e s s e n t ia l ly  s t ru c tu r e le s s  although  i n  some p o rtio n s  

i t  seemed to  c o n ta in  th e  u n i t  f ib e r s  o f  c o llag en . In  a  subsequent communica

tio n ?  K arrer ( 1956b) r e a s s e r te d  h is  o r ig in a l  f in d in g s .

In  e^rtensive s tu d ie s  on th e  normal st^mieture o f  lung c a p i l l a r ie s  

( i n  th e  frog? r a t?  ca t?  and hedgehog)? B a r^ a n n  and ïtaoop ( 1956) found th a t  

a lv e o la r  ep ith e liu m  was continuous and r e s te d  on a  homogenous basement mei%- 

brane* Osm iophilic cytoplasm ic in c lu s io n  bodies? f i r s t  d e sc rib ed  by 

S c h lip k o te r (1954)? were regarded  by th e  au th o rs  a s  a  produce o f  a  degenera

t iv e  p rocess p o ss ib ly  in  m itochondria . Among o th e r c e l lu l a r  s t ru c tu re s  

observed by th e se  workers were s o -c a lle d  m ic ro v il l i  lo c a te d  on th e  su rface  

o f some a lv e o la r  e p i th e l i a l  c e l ls ?  and th e  endoplasmic re ticu lu m  which v?as

thougiit to  form a  system o f  tra b e c u la e  and vacuo les . The average th ick n ess

o f  th e  cytoplasm ic e p i t h e l i a l  covering  was e s tim ated  a t  1000 A.

Gome o f  th e  e a r l i e r  views on th e  n a tu re  and s t ru c tu r e  o f th e  p u l

monary a lv e o la r  l in in g  stemmed from th e  study o f  p a tiio lo g ic a l m a te r ia l ,  A 

number o f  workers have re p o rte d  that? under c e r ta in  i l l - d e f in e d  c o n d itio n s  o f  

cellulEU" s tim u la tio n ?  a lv e o li  become l in e d  by a  la y e r  o f  conspicuous sp in d le -  

shaped o r  cubo lda l c e l l s .  O ccasionally? t h i s  la y e r  was seen t o  be sep ara ted  

and l i f t e d  from th e  p a re n t w a ll.
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According to  UxXIqt (1932)? Colberg ( I 866) was one o f  th e  f i r s t  

workers who concluded from th e  study o f  p a th o lo g ic a l lung t i s s u e  th a t  " in  

s p i te  o f  c o n stan t n eg a tiv e  statem ents?  a  continuous ep ith e liu m  must e x is t  

i n  th e  a lv e o li  o f  a d u lt  human lu n g s" . H is o b se rv a tio n s on th e  oecuzTonce 

o f  a lv e o la r  c e l lu la r  l in in g  in  c e r ta in  patiioX ogieal s t a te s  were s u b s ta n t i 

a l l y  s im ila r  to  th o se  made l a t e r  by man r̂ a u th o rs . B resch fe ld  ( I 876)? 

T cM sto v itch  ( 1889)? and B riscoe  (1908 )? in  t h e i r  in v e s tig a t io n s  on th e  r e 

sponse o f  pulmonary parenchyma to  th e  in tro d u c tio n  o f  v a rio u s  substances? 

no ted  th a t  a lv e o li  became covered by a  complete c e l lu la i ’ membrane. U hlle 

B resch fe ld  ( 1876) and B riscoe ( I 9O8) a t t r ib u te d  t h i s  phenomenon to  th e  

a c t iv e  p r o l i f e r a t io n  o f  a lv e o la r  e p i th e l i a l  c e l ls ?  T cM sto v itch  ( 18B9 ) be

l ie v e d  t lm t i t  r e s u l te d  from an o rd e rly  a rra n g am n t and grotffch o f  em igrated 

lymphocytes along  th e  w a ll.

Xn an e x ten s iv e  study on e p i th e l i a l  p r o l i f e r a t io n s  in  th e  lung p ro 

voked by in tr a i) le u ra l  in je c t io n  o f  th e  so lu tio n s  o f  e le c tro ly b e s?  Young 

( 1930) observed th a t  many a lv e o li  sub jacen t to  p le u ra  e x h ib ite d  a  continuous 

c e l lu l a r  l in in g  which o c ca s io n a lly  gave r i s e  to  th e  fo rm ation  o f  sy n c y tia l 

and g ia n t  e lem en ts. A p a r t i c u la r ly  s t r ik in g  p r o l i f e r a t io n  was e l i c i t e d  by 

lanthanum c h lo r id e . The au th o r contended th a t  "a p r e c ip i ta t io n  o f  th e  c o llo id s  

o f  th e  c e l l  membrane was an e s s e n t ia l  phase in  th e  sequence o f  changes which 

culm inated in  c e l l  d iv is io n " .  An a p p re c ia b le  degree o f  a lv e o la r  e p i th e l i a l  

h y p e rp la s ia  has a ls o  been found in  pulmonary involvem ents a s so c ia te d  w ith  such 

nonilnfectiva agen ts  a s  l ip id s  (P inkerton? 1926; Cfoodwin? 1934; B ell? 1943? 

Geever e t  a l .?  1943)? io d iz ed  o i l  (Gowar and CElmour? 1941 )? phosgene 

(Burlâ c h e r  esid Bunting? 194?)? and X-ray ra d ia t io n  (Warren and Gates? 1940; 

% # itf ie ld  e t  a l .?  1954).
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Most Gomionly? however? th e  "e p i th e l ia l ! s a t io n "  o f  a lv e o l i  has been 

observed in  pulmonary c o n d itio n s  p r e c ip i ta te d  by some s p e c if ic  in fe c tio u s  

a g e n ts . The e a r l i e i ' communications which make m ention o f  th e  a lv e o la r  

e p ith o M a l p r o l i f e r a t io n s  a re  th o se  o f Colberg ( 1866)? B e la f ie ld  (1884)? 

and Hecht ( 1910) .  ’Bie l a t t e r  au th o r a ls o  rep o rted  th e  p resence  o f  g ia n t 

c e l l s  ap p a ren tly  formed from th e  ep ith e liu m  o f a lv e o l i  and b ro n c h io le s . 

S im ila r f in d in g s  in  th e  g ia n t - c e l l  pneumonia o f c h ild re n  were recorded  l a t e r  

by K arsner and Meyers ( 1913) ? Chown (1939),? and ü n læ r to n  ^  a l ,  (1945), 

Although th e  n a tu re  o f  tîie  a e t io lo g ie a l  f a c to r  o r f a c to r s  o f  g i .a n t-c e ll  

pneumonia o f  in fancy  has never been s a t i s f a c to r i l y  e lu c id a ted ?  th e  compara

t iv e  p a th o lo g ic a l evidence was th o u ^ it  to  suggest th e  v i r a l  o r ig in  (H n k e rto n  

e t  a l , ? 1945) .

The fo rm ation  o f  a  c h a r a c te r i s t i c  c e l lu la r  l in in g  in  a lv e o li  has 

been observed in  a  v a r ie ty  o f  v i r a l  pneumonias in  man and an im a ls , A number 

o f au th o rs  d e sc rib ed  i t  in  m easles (McCordock and Muckenfuss? 1933i Geever 

e t  1943; P inkerton  e t  a l ,  ? 1945)? i n  in f lu e n za  (MacCallum? 1919; Geever 

e t  a l .?  1943; S tu a r t  -  H ai'ris? 1953}? in  a ty p ic a l  pneumonia o f  man (MeMllan? 

1947; Barker e t  ^ , ?  1947)? and p s i t ta c o s i s  (R ivers and Berry? 19^31), In  

anim als? th e se  changes have been found in  f e l in e  pneumonia (Blalie £b a l .?  

1942)? in  pneumonia o f  ca lv es  ( J a r r e t t ?  1954) and o th e r  food-producing  animals 

(hangham ^  a l .?  1942)? in  ja a g s ie k te  (Cowdry? 1925; Dungal? 1946)? and p a r 

t i c u l a r l y  i n  d istem per (F in lio rton  e t  ^ , ?  1945; Cordy? 1949; B ienfe t?  1953; 

Lauder a t  a l ,  ? 1954) * M u ltin u c lea ted  g ia n t  c e l l s  d e riv ed  a p p aren tly  from th e  

a lv e o la r  l in in g  c e l l s  have been no ted  i n  some o f tlie se  con d itio n s?  e s p e c ia l ly  

in  m easles ( in  th e  prodrom al s tag e )?  i n  c a l f  pneumonia? and d istem per.

In  a d d itio n  to  v i r a l  pneumonias? th e  " e p i th e l i a l i s a t io n "  o f  a lv e o li  

has been Imoim to  occur c o n s is te n t ly  in  some o tlie r  puhnonary in f e c t io n s .
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A llen  and S p itz  (1945) b e lie v e d  th a t  i t  was a  c h a r a c te r i s t ic  fea tuz’e o f 

tsu tsugaaiushi d ise a se  (sc ru b  ty p h u s) . R ic k e tts ia  h u r n e t t i ? an a e t io lo g ic  

agen t o f  Q fever? was found to  evoke s im ila r  e p i th e l i a l  p r o l i f e r a t iv e  changes 

( id ii t t ic k ?  1950) ,  Brotosoan in fe c tio n s  w1.th th e  Qrgen3,sms o f  ’Toxoplasma in  

man (P inkerton  and Henderson? 1941) and in  tlie  c a t  (O lafson and Monlux? 1942; 

Watrach? 1956}? and th o se  w ith  Pneumocystis c a z in l i  i n  man (B iar? 1955;

Donohue? 1956; Reye and Ten Seldmii? 1956) have a ls o  been connected w ith  hyper- 

p la s la  o f  th e  epithe3JLal l in in g  c a l l s ,  Xn t h e i r  paper on th e  pulmonary 

a lv e o la r  covering  in  v a rio u s  p a th o lo g ic a l cond itions?  Geever a t  a l .  (1943) 

in d ic a te d  th a t  th e  p e r i f o c a l  s e p t a l - c e l l  p r o l i f e r a t io n  was observed in  anim al 

pneumonias caused by th e  organism s o f  th e  A c tin o b a c illu s? A s p e rg i l lu s , and 

CoGcidioldes groups.

O ther pulmonary involvem ents which have been descril^ed a s  accaapanied  

o c ca s io n a lly  by lo c a liz e d  a re a s  o f  " e p i th e l la l i s a t io n "  in c lu d e  f ib r o s i s  (Geever 

e t  a l . ? 1943)? fo c a l  s c a r r in g  (Spencer and Raeburn? 1954)? ch ron ic  p ass iv e  con

g e s tio n  (P arker and Weiss? 1936; B ell? 1943)? rheum atic pneumonia (Kuzma and 

Lustok? 1951)? tu b e rc u lo s is  (Geever g t  a l .?  1943), and b ro n c h ie c ta s is  (W atts 

and McDonald? 1948; spencer and Raeburn? 1954), Xn 1953? H jâ rre  re p o rte d  a  

new d ise a se  e n t i ty  in  p ig le ts ?  th e  so-ea31ed verrucous derm atosis? which was 

accompanied by g ia n t - c e l l  pneumonia and " e p i th e l ia l ! s a t io n "  o f  a lv e o l i .  The 

a e t io lo g ie a l  factoz» o f t h i s  c o n d itio n  lias h o t been e s ta b l is h e d  b u t was thought 

to  be bo th  o f  c o n g e n ita l and m etabolic  m tm ’e .

Com paratively rec en tly ?  a  forra o f  pulmonary n e o p la s ia —th e  "a lv e o la r  

c e l l  tuîîîOr"«-*îias been recogn ized  by a  nmiber o f workers and b e liev e d  to  have 

i t s  o r ig in  in  th e  e p i t h e l i a l  c e l l s  l in in g  th e  a lv e o li  (Grady and Stewart? 1940; 

W ells g t  a l .?  194I ;  Geever g t  a l .?  1943; Simon? 1947; Tone111? 1948) .  This 

hypo thesis?  however? 1ms n o t been accep ted  by a l l  p a th o lo g is ts .
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The o r ig in  o f  th e  a lv e o la r  c e l lu l a r  membrane and th e  meclianisiB o f 

i t s  fom ia tion  in  d ise a se  p ro cesses  have been a  su b je c t o f  co n sid erab le  d i s 

pu te  which stemmed from th e  con troversy  on th e  normal a lv e o la r  s tru c tu re *

Many o f  th e  more re c e n t woziters m ain tained  th a t  " e p i th e l ia l is a t io n '*  o f  

a lv e o li  a tte n d in g  c e r ta in  puhaonary involvem ents was due to  an a c t iv e  p ro 

l i f e r a t i o n  o f  th e  e x is t in g  c e l l s  (Gowdry? 1925; Bremez*? 1935; Ho^s? 1939; 

Pinlcerton e t  a l*  ? 194-5; Dinigal? 1946; Rosin? 194?; W atts and McDonald? 1948; 

Waddell? 1949). O ther au th o rs  b e liev e d  th a t  b ro n e liio la r e p i t h e l i a l  ingrow ths 

were th e  only source o f  th e  e p i th e l i a l  pavementing o f  a lv e o li  (F ried?  1934; 

Barnard and Day? 193?; Looali? 1949; Homing? 1950; King? 1954; Spencer and 

Raeburn? 1954). B e ll (1943) and Anderson (1952) adopted bo th  view s. Only a  

few modern in v e s t ig a to r s  in d ic a te d  th a t  th e  mononuclear c e l l s  o f  inflam m atory 

o r ig in  c o n tr ib u te  s ig n i f ic a n t ly  to  th e  fo rm ation  o f  th e  a lv e o la r  e p i th e l i a l  

membrane seen in  p a th o lo g ic a l c o n d itio n s  (L oosll?  1935; Bloom? 1936; Oeever 

e t  a l ,?  1943) .
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Ttie p re se n t study  embodies th e  r e s u l t s  o f o b se rv a tio n s  on th e  pa

tho logy  o f th e  r e s p i ra to ry  system i n  tM r ty  c l i n i c a l  ( n a tu r a l ly  In fe c te d )  and 

tw enty experim en tal cases  o f  canine distem per* In  ad d itio n ?  i t  p re s e n ts  a  

d e ta i le d  account o f  e le c tro n  m icroscopic f in d in g s  on th e  normal s t ru c tu re  o f  

th e  pulmonary a lv e o la r  w a ll .  The purpose and scope o f  th e se  in v e s tig a t io n s  

have been o u tlin e d  in  th e  p re fa c e .

M a te ria ls

C lin ic a l  Cases

Most o f  th e  c l i n i c a l  c ase s  ( tw e n ty -e ig h t)  were s e le c te d  over a

p e rio d  o f  one y ea r (September? 1952 -  October? 1953) from a  la rg e  number o f

dogs which were a tte n d e d  a t  th e  Small Animal C lin ic  o f  th e  C ollege o f  V e ter

in a ry  Medicine? Urbana? I l l i n o i s .  The o th e r  two cases? h e r e in a f te r  r e f e r r e d  

t o  as 1 and 2? were o b ta in ed  through th e  co u rte sy  o f  I ,  M* Lauder? M.H.C.V.S*? 

from a  c l i n i c  se rv in g  poor persons i n  Glasgow? Scotland*

The c r i t e r i a  on wMch th e  c l i n i c a l  d iag n o sis  o f  d istem per was based  

inc luded  th e  c a ta r rh a l  d isch arg e  from eyes an d /o r nose? r e s p i ra to ry  signs 

(c o u ^ ?  a u sc u lta to ry  sounds)? g a s t r o in te s t in a l  d is tu rb an c es  (vom ition? 

d ia rrh o ea)?  nervous s ig n s (chorea? convulsions? o r  p o s te r io r  p a ra ly s is )?  and 

h y p e rk e ra to s is  o f  th e  pads. A m a jo r ity  o f  th e  cases s tu d ie d  (8o p e r c e n t)  

showed some c a ta r rh a l?  re s p ira to ry ?  g a s t ro in te s t in a l?  and nervous s ig n s .

Ttiere was no c l i n i c a l  evidence o f  th e  involvem ent o f th e  c e n t r a l  nervous

system in  20 p e r  c e n t o f tlie  dogs; a l l  o f them? however? showed e i th e r

29
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re s p ira to ry ?  c a ta i’r h a l  o r  g a s t r o in te s t in a l  s ig n s . Tne harden ing  o f  d i g i t a l  

and c a rp a l pads was observed in  n ine  case s  (30 p e r  cen t)?  a  p ro p o rtio n  o f  

which (5 o f  9 a f f e c te d )  d id  n o t e x h ib i t  any d is c e rn ib le  nervous symptoms*

Moat o f  th e  dogs examined were under 8 months o f  age (63 p e r  cen t)?  

and only  one vas over 2 y e a rs  o ld ,

Table 1 , Age to  th e  H earest Month a t  Autopsy

Months Years
2 — — g— T ' - T — 9  r ' T — 3

Himber o f  doge 1 8 2 3 6 5 3 1 0 1 0

The b reed  o f  th e  a f fe c te d  dogs in c lu d ed  11 v a r i e t i e s  ? w ith  Cocker 

Spaniel?  C o llie?  A lsa tia n  and I^chshund as  th e  most common? i n  t h a t  o rd e r . 

Mongrels and c ro s se s  formed approxim ately  o n e - f i f th  o f  a l l  pups. Female dogs 

predom inated in  a p ro p o rtio n  o f two to  one.

A m a jo r ity  o f  th e  c ase s  were e i t h e r  h o sp ita liz e d ?  o r  rec e iv e d  sympto

m atic  tre a tm e n t in  th e  C lin ic  a t  freq u e n t in te rv a ls *  33ie p ro g re ss  o f  th e  

d ise a se  and th e  development o f  symptoms were th u s  co n v en ien tly  fo llow ed  and 

could  e a s i ly  be evaluated*  Only a  sm all number o f  dogs was ad m itted  a t  th e  

advanced s ta g e  o f  i l l n e s s  and had to  be p u t to  d ea th  s h o r t ly  t h e r e a f t e r  due to  

pronounced nervous d is tu rb a n c e s . In  such eases  th e  h is to ry  o f  d ise a s e  a s  r e 

la te d  by th e  owner was considered  r e l i a b l e ,

’While many o f  th e  dogs s tu d ie d  had n o t been immunized a c t iv e ly  

a g a in s t  distem per? 8 pups had re c e iv e d  a  f u l l  dose o f  vaccine? some only  a  

few days b e fo re  th e  o n se t o f  symptaiis. In  th e  rem aining 6 case s  th e re  was no 

h is to z y  o f  v a c c in a tio n  a v a i la b le .

With th e  ex cep tio n  o f  one dog which d ied  o f  th e  i l ln e s s ?  a l l  cases  

s tu d ie d  were p u t to  d ea th  by e u th a n a s ia  in  an  advanced s ta g e  o f  th e  d ise a se  

a t  th e  re q u e s t o f  owners.
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Experim ental Cases

Twenty dogs? e ig h t to  te n  weeks old? were employed f o r  th e  eztperi- 

m ental in v e s tig a t io n s , A group o f  thz'ee l i t t e r s  compzdsing f i f t e e n  anim als 

served a s  m a te r ia l  foz* th e  study o f  th e  pathogenesis o f pneumonj.a? and th e  

rem aining f iv e  (a  l i t t e r  o f  fo u r and one a d d it io n a l  dog) were s a c r i f ic e d  in  

th e  course o f  ob serv a tio n s on th e  neurogenic fozmi o f puliAOnary oedema.

Because o f  th e  lack  o f  ap p ro p ria te  housing and i s o la t io n  f a c i l i t i e s  

f o r  b reed ing  o f  an im als o f  known s u s c e p t ib i l i ty  to  tïie  v iru s  o f  distem per? th e  

supply o f  dogs was secured  fz'om neighbouring farm s. Except one? a l l  pups were 

ob ta ined  a s  l i t t e z ’s o f  fo u r to  s ix  dogs during  th e  autumn and e a r ly  w in te r  o f 

1953* L i t t e r s  I?  I I?  and I I I  comprised fiv e?  four? and s ix  dogs? re s p e c tiv e 

ly? o f  fo u r to  s ix  weeks o f age a t  th e  tim e o f  access io n , Group IV included  

f iv e  dogs? f iv e  weeks old? fo u r o f  which were from one l i t t e r .  Upon a r r iv a l?  

a l l  dogs were im m ediately i s o la te d  in  wooden housing u n i ts  and? a s  f a r  a s  

could  be a sce rta in ed ?  were n o t exposed to  d is tem p er-o ffee ted  an im als. The 

p e rio d s  o f  observation?  du ring  which th e  body tem pera tu res %mre 'taîten da ily ?  

la s te d  from two weeks? in  th e  case o f L i t t e r  I I I ?  to  over one month fo r  L i t 

t e r s  I? IX? and IV* Ho s ig n  o f m alaise  nor s ig n i f ic a n t  r i s e  i n  body tem pera- 

tzire was no ted  in  a ry  o f  th e  dogs du ring  th a t  tim e . The anim als were kep t on 

a  w ell-ba lanced  d i e t  o f  canned meal and milk? and each rece iv ed  a  dose o f 

a n th e lm in tic ,

Of tw enty dogs? a l l  o f  which were mongrels? tw elve were fem ale and 

e i ^ t  male? a  s im ila r  p m p o rtio n  to  t h a t  encountered in  c l i n i c a l  c a se s ,

The o b se rv a tio n s  on th e  group used fo r  study o f  th e  pathogenesis o f  

pneumonia wez*e con tinued  f o r  a  p e rio d  o f  f iv e  months? a t  th e  end o f which th e  

l a s t  dog ( 2 ) was s a c r if ic e d ?  ap p aren tly  a t  th e  stage  o f complete c l i n i c a l  r e 

covery. The o th e r  fo u rte e n  anim als o f  th e  same group were s a c r i f ic e d  on th e  

1s t?  3rd? 5th? Jth?  8th? 9th? 11th? 15th? l 8th? 25th? and 30th  days o f  symptoms?
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and on th e  46th? 59th? and 79 th  days a f t e r  th e  f i r s t  s ig n s o f  th e  d ise a se .

©le o:q)erlrnents on pulmonary oedema were conducted in  February? 1954.

Hie Source o f  V irus

The f i r s t  two l i t t e r s  rece iv ed  th e  v iru s  o f  d istem per ob ta ined  

through th e  co u rte sy  o f  Dr. G il le s p ie  from th e  V eterinary  V irus Research In 

s t i tu te ?  Hew York S ta te  V e terin ary  C ollege a t  C o rn e ll IM v e rs ity ?  Ithaca?

New York (Batch No* SH. B.P.G.A* No. l ) .  !Bie rem aining e leven  dogs were 

in o cu la te d  w ith  a  f i l t r a t e  o f  a  10 p e r  cen t suspension o f  sp leen s c o lle c te d  

from experim en tal dogs 3> 7 , 22? and c l i n i c a l  case 33*

E lec tro n  M icroacopie O bservations

The s tu d ie s  on th e  s t ru c tu re  o f  th e  pulmonary a lv e o la r  w a ll were 

i n i t i a t e d  e a r ly  in  tlze sp rin g  o f  1954. At f i r s t ?  lui:g t i s s u e  c o lle c te d  from 

a  six-w eek-o ld  dog was th e  on ly  one used? bu t th e  q u a li ty  o f  i t s  f ix a t io n  

proved to  be u n s a t is fa c to ry  f o r  a  c r i t i c a l  m orphological s tu d y . Since th e  

Mown methods o f  p re se rv a tio n  o f  t i s s u e s  f o r  e le c tro n  m icroscopy d id  no t seem 

to  y ie ld  th e  re q u ire d  degree o f  p e rfe c tio n ?  i t  was a n t ic ip a te d  t h a t  a  number 

o f  anim als would have to  be used u n t i l  a  h igh  q u a lity  o f  f ix a t io n  was ob

ta in e d  by p u re ly  e m p iric a l raetdzods. Under th e se  circum stances? i t  was 

deemed more p r a c t ic a l  to  employ th e  sm all lab o ra to ry  mammal th a n  to  s a c r i 

f i c e  a  number o f  dogs. In  consequence? th e  p re sen t o b se rv a tio n s  a re  based 

s o le ly  on lung t i s s u e  c o lle c te d  from tw elve a lb in o  ra ts ?  th e  ages o f  which 

ranged froai s ix  to  tw elve weeks. I t  would seem p e r t in e n t  to  r e c a l l  th a t  no 

s t r u c tu r a l  d if fe re n c e s  in  th e  pulmonary a lv e o la r  w a ll o f  v a rio u s  mammals 

have been rep o rte d  i n  th e  e x is t in g  papers on e le c tro n  m icroscopy o f  th e  

lung .
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Methods

Q lln lc a l  Gases

Post-mortem p ro ced u res* A ll  dogs w ith  th e  e x cep tio n  o f  one (Case 

28) were p u t to  death  by an  overdose o f  p e n to b a rb ita l  sodium (Nembutal? Abbot 

L abora to ries?  Chicago? I l l i n o i s )  and examined by necropsy a s  soon a s  p r a c t i 

cable? b u t in  no ease  l a t e r  tlian  s ix  hours a f t e r  eu thanasia*

In  a l l  case s  necz'Opsy c o n s is te d  o f  a  thorough exam ination n o t only 

o f  th e  r e s p ira to ry  system  b u t a ls o  o f  o th e r  organs? in c lu d in g  b ra in  and slsin. 

P a ib ic u la r  a tte n tio n ?  however? was p a id  to  th e  r e s p ira to ry  t r a c t .  A ll  i t s  

p a r t s  were exposed and su b je c ted  t o  c a re fu l  in sp e c tio n . The e n t i r e  n a sa l 

c a v ity  w ith  i t s  septum n a s i  and tu rb in a te  fo ld s  ? th e  pharynx and a s so c ia te d  

lymphoid aggregates?  th e  lazynx? and tra c h e a  were examined in  each case*

Both lungs were in sp e c te d  f i r s t  in  s i t u  and th en  removed from th e  thorax*

The amount o f  p le u ra l  f l u id  and th e  s t a t e  o f  th e  p a r i e t a l  p leu ra e  were a ls o  

no ted . A ll  lobes o f  th e  lung  were examined f o r  evidence o f  g ro ss  a l t e r a 

tio n s?  and then  In c is e d  along  th e  main b ro n ch ia l passages and tîiro u ^ i th e  

parenchyma. The changes found were recorded  on diagrams? and o cca s io n a lly  

by means o f c o lo u r photography. A co n sid erab le  number o f  th e  lungs showed 

a  degree o f  oedema which o f te n  was a ls o  evidenced by th e  p resence  o f a  

f ro th y  f l u id  i n  th e  b ronch i and? o ccasiona lly?  in  th e  trachea*  Whenever 

fe a s ib le ?  an a ttem p t ims made to  e s tim a te  th e  s p e c if ic  g ra v i ty  o f  th e  f l u id  

p re s e n t . This was done by p la c in g  a  sm all drop o f  th e  c o l le c te d  m a te r ia l  in  

two o r  th re e  o f  th e  s e v e ra l j a r s  c o n ta in in g  graded so lu tio n s  o f  cu p rlc  s u l 

phate? th e  c o n c e n tra tio n  o f  which ranged from 1*008 to  1 .022 .

Because th e  m orbid-anatom ical and bac te i’io lo g ic a l  p rocedures neces

s i t a t e d  th e  exposure o f  pulmonary parenchyma? th e  lung t i s s u e  was f ix e d  in  a
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s t a t e  o f  post-m ortem  c o lla p s e . Only In  two cases (26 and 27) th e  unopened 

lim gs were re-expanded to  t h e i r  norm al c a p a c ity . T his was accomplished? 

a f t e r  ty in g  th e  trachea?  by th e  in fu s io n  witlz 10 p e r  cen t fo rm al-sub liroats 

under pi’e ssu re  o f  12-15 cc , o f  w a te r . A s p e c ia l  dev ice  m s  used fo r  t h a t  

purpose . I t  c o n s is te d  o f  a  1?000 c c . tliick -w a lle d  f i l t e r i n g  f la sk ?  in to  

which a  g la s s  tube  reach in g  th e  bottom  o f  th e  v e s se l and a  s p e c ia l ly  p re 

pared  manoaietez* co n ta in in g  w ater were in s e r te d  through a  t i ^ t l y  f i t t i n g  

rubber s to p p e r . 0 ie a ir ?  in tro d u ced  undei‘ g e n tle  p re ssu re  by way o f  th e  

s id e  arm o f  th e  f la sk ?  fo rce d  tine f ix a t iv e  t h r o u ^  th e  g la s s  tube  and? v ia  

th e  a tta c h e d  ru bber tu b in g  w ith  a  need le  (Ho. 18) in s e r te d  i n  th e  trachea?  

in to  th e  lu n g s, Tliq p re s su re  o f  12-15 cc . o f  w ater was found com pletely  ade

quate w ithou t causing  ru p tu re  o f  a lv e o l i  * Follo'wing r e d is te n t io n  %fith f ix a 

tiv e ?  th e  e n t i r e  lung was immersed in  a  s u i ta b le  amount o f  10 p e r  cen t fom ial- 

sub lim ate  f o r  a  p e rio d  o f  th re e  t o  fo u r  days.

H is to p a th o lo g ic a l m ethods. The t i s s u e s  s e le c te d  f o r  h is to p a th o -  

lo g ic a l  s tu d ie s  in c lu d ed  muzzle? a l a r  and tu rb in a te  fo ld s?  r e s p ira to ry  and 

d ig e s tiv e  p a r ts  o f  th e  pharynx? e p ig lo t t i s ?  v oca l cords? upper and lower 

segments o f  th e  trach ea?  bronchi? and lung. In  th e  l a t t e r  in stan ce?  th e  

re p re s e n ta tiv e  b locks o f  5 to  8 mm. in  th ic k n e ss  were ex c ised  w ith  sharp  

s c is s o r s  from th e  upper and lower p a r t s  o f  each lo b e . In  ad d itio n ?  some o f  

th e  re g io n a l lympii nodes? v iz .?  th e  p a ro t id  and b ronch ia l?  were g e n e ra lly  

in c lu d ed . O ther t i s s u e s  such a s  th e  cerebrum? cerebellum ? pons? d i g i t a l  and 

c a rp a l  pads? 15-ver? and t o n s i l s  were a ls o  c o lle c te d  in  o rd e r  to  ga in  a  b a s is  

f o r  th e  c o r re la t io n  and in te r p r e ta t io n  o f  f in d in g s  encountered  in  th e  d i s 

tem per d ise a se  p ro c e ss .

%ie f ix a t iv e  employed was 10 p e r  cen t so lu tio n  o f  fo rm alin  s a tu r 

a te d  w ith  m ercuric c h lo r id e  (10 p e r  cen t fo rm al-co rro siv e  sub lim ate) as
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i^ecoimneaded by Lendrum ( l 9 4 l ) ,  The tim e o f  f ix a t io n  v a r ie d  from two to  fo u r 

days*

Before embedding in  p a ra f f in  (m elting  po in t?  56-58® C .)? th e  t i s 

sues were dehydrated i n  two changes each o f  ascending grades o f  a lc o h o ls  o f 

70? Bo? 95? and 100 p e r  cent? c le a re d  in  a  m ixture o f  a b so lu te  a lc o h o l and 

benzene and in  two changes o f  benezene and? f in a l ly ?  i n f i l t r a t e d  w ith  p a ra f 

fin*  The b locks o f  th e  lung tis s u e ?  p r io r  to  embedding? were i n f i l t r a t e d  in  

a  vacuum oven (60® C .) a t  a  n eg a tiv e  p re s su re  o f 22 t o  23 in s ,  (204-173 mm. 

Hg) f o r  a  Izalf t o  one hour*

A ll t i s s u e s  were s ta in e d  w ith  haematojQrlin and e o s in  (e o s in  b lu ish ?  

0*1. No, 771, N a tiona l A n ilin e  D ivision? 0*5 p a r  cen t s o lu t io n  i n  95 p e r cen t 

e th y l  a lc o h o l)  f o r  th e  dem onstra tion  o f  h is to lo g ic a l  changes i n  general?  and 

by th e  h aem alm i-p h lo x in e-ta rtraz in e  method o f  Lendrura (1947), o r by th e  haema- 

to x y lin  and e o s in  techn ique  o f  S ch le ich e r (1953) (e o s in -b lu is h  C .I* No. 77I?

4 p e r  cen t s o lu tio n  in  d i s t i l l e d  w a te r) f o r  d istem per in c lu s io n  b o d ies . The 

p e rio d ic  ac id -S c îz iff  reag en t method o f  McManus (1948) was employed f re q u e n tly  

n o t only  f o r  th e  dem onstra tion  o f  po lysaccharides?  mucins? e p i t h e l i a l  b a se 

ment membranes? f ib r in ?  and o th e r  r e la te d  substances? b u t a ls o  a s  a  very  u se 

f u l  s t a in  f o r  th e  lung t i s s u e  in  g e n e ra l, Tlze d i f f e r e n t ia t io n  o f  glycogen 

from o th e r  p e rio d ic  a c ld -B c h if f -p o s i tiv e  m t e r i a l s  was ach ieved  by u sing  a  

d ia s ta s e  d ig e s tio n  t e s t .  For t h a t  purpose p a ra f f in  se c tio n s  were brought to  

w ater and d ig e s te d  w ith  1 p e r  cen t m alt d ia s ta s e  f o r  60 m inutes a t  room tem

p e ra tu re  p r io r  to  s ta in in g  by th e  p e rio d ic  a e id -S e h if f  method. An u n tre a te d  

c o n tro l  se c tio n  was always used along  w ith  th e  d ig e s te d  one.

O ther t i n c t o r i a l  tech n iq u es employed from tim e to  tim e inc luded  th e  

Gordon and Sweets* method f o r  r e t i c u l a r  f ib r e s  (w ith  b r a z i l i n  a s  a  co u n te r

s ta in )?  th e  method o f  W elgert fo r  e l a s t i c  elem ents? th e  p icro-M allory? Van 

Gieson*s? o r  M allory-H eideniiain’ a (a s  m odified  by S ch le icher?  1943) techniques
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f o r  co llagen? and Feulgen method f o r  id e n t i f i c a t io n  o f  desoxyribonucle ic  acid# 

The î'Ioy-Gr& iald-Giem sa s t a in  (Coleman and B e ll C o.) was used  o c ca s io n a lly  

f o r  m ast c e lls *  In  a  few cases? th e  method o f  W ei$ert-Pal was employed to  

dem onstrate m yelin  sheaths*

B a c te r io lo g ic a l  p ro ced u res* Only th e  lungs were examined h a c te r io -  

lo g ic a l ly .  The p rocedures employed f o r  th e  I s o la t io n  and id e n t i f i c a t io n  o f 

b a c te r ia  were based  on th o se  in  use in  th e  Department o f  Pathology? C ollege 

o f  V e terin ary  Medicine? Urham? I l l in o i s *

S h o rtly  a f t e r  th e  lungs had been removed from th e  thorax?  one o r  

two sm all p o r tio n s  o f  th e  diaphragm atic  lobes were e x c ised  w ith  a s e p t ic  p re 

c au tio n s  and p laced  i n  a  s t e r i l e  P e t r i  dish* On occasion? p a r t s  o f  o th e r  

lobes? i f  s ig n i f ic a n t ly  involved? were a ls o  included*

F or th e  prim ary  i s o la t io n  two standard  p la t in g  m edia were used? i . e . ?  

blood a g a r and îlaeGonkey agar* 33ie p o r t io n s  o f  t i s s u e  s e le c te d  f o r  c u ltu r in g  

were f i r s t  passed  througiz th e  flam e t o  p rev en t p o ss ib le  con tam ination  and th en  

c u t w ith  s t e r i l e  sc is so rs*  The su rfa ce  th u s  exposed was p re s se d  g e n tly  

a g a in s t th e  medium. A ll  c u ltu re s  were examined i n  24 hours and? i f  necessary? 

i n  48 h o u rs . O ram -positive m icroorgenism s is o la te d  from th e  b lood  ag a r were 

g e n e ra lly  id e n t i f i e d  by id ie ir  growth c l ia r a c te r is t ic s  and m ozphologieal p ro p er

t ie s *  Coiynebacteriuia pyogenes req u ire d  su b cu ltu re  i n  dexbrose? lac to se?  mal

to s e  and sucrose i n  wMeh i t  produced a  s l ig h t ly  a c id  r e a c t io n .

With th e  e x cep tio n  o f  la c to se -fe m ie n tin g  b a c te r ia ?  a l l  organisais 

recovered  from tîacCorùîey a g a r were sub cu ltu red  on K3dgler i r o n  ag ar and in  

u re a  b ro th  f o r  f u r th e r  d i f f e r e n t i a t io n .  Both media? to g e th e r  w ith  try p to n e  

b ro th , were used re g u la r ly  f o r  id e n t i f i c a t io n  o f  th e  genus Brobeus* In  ad d i

t io n  t o  K lig le r  i ro n  agar? u re a  b ro th  and try p to n e  b ro th? b iochem ical t e s t s  

on a  s e r ie s  o f  carbohydrates were employed f o r  b ro n c liise p tic a  (H*
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b ro n cM se p tic u s) and Salm onella organisme* In  th e  l a t t e r  in s tan ce?  th e  f i n a l  

id e n t i f i c a t io n  was accom plished by se ro lo g ica l, typing* The genus Pseudomonas 

was u su a lly  recognized  by th e  p resence  o f  a  c l io r a c te r is t ic  b lu e-g rao n  pigvent*  

A ll  c u l tu r a l  exaiBinationa were conducted under ae ro b ic  c o n d itio n s  * 

The au th o r w ishes t o  e^gpress h i s  indeb tedness t o  Mr. H. B. Ihoacles? M.S.? o f  

th e  C ollege o f V e te rin ary  Medi.eine? U n iv e rs ity  o f  I l l i n o i s ?  f o r  M s h e lp  and 

adv ice  i n  th e  course  o f  b a c te r io lo g ic a l  in v e s t ig a t io n s •

Eaqzerimental Cases

P re p a ra tio n  o f  inoculum * The v iru s  o f  d istem per used  f o r  th e  inocu

la t io n  o f  th e  f i r s t  two groups o f  dogs was rec e iv e d  in  th e  form o f  a  f re e z e -  

d r ie d  f i l t r a t e  (B atch  No* 8H.S.P.G.A* Ho* l )  f r a n  th e  V e te rin a ry  V irus Re

search  I n s t i tu te ?  Ith aca?  Hew York. Im m ediately b e fo re  in o cu la tio n ?  th e  

e n t i r e  sample was d i lu te d  w ith  s u f f ic ie n t  s t e r i l e  is o to n ic  s a l in e  t o  make a  

10 p e r  c e n t suspension*

Because on ly  a  sm all araount o f  d r ie d  v iru s  was obtained? th e  rem ain

in g  dogs were in o c u la te d  \ r l th  a  f i l t r a t e  p repared  from th e  sp leen s  o f  e x p e r i

m ental cases 3? 7? 22 and c l i n i c a l  case  33* In  each in s tan ce?  th e  o r # n  was 

removed a t  necropsy w ith  a s e p t ic  p rec au tio n s  and p laced  im m ediately i n  a  

f r e e z e r  a t  - 20® C. R rio r to  in o c u la tio n  a  sm all p o r tio n  was ground in  a  

m orta r w ith  s t e r i l e  sand and th en  d i lu te d  w ith  a p p ro p ria te  amount o f  s t e r i l e  

s a l in e  to  imlie a  10 p e r  c e n t suspension* A fte r  c e n tr ifu g a tio n  tlxe su p e rn a tan t 

f l u id  was f i l t e r e d  tlzrough "B elas" p o rc e la in  candles ZF? 0 .1 0  and 0*02. Dogs 

16-22 rec e iv e d  a  pooled  f i l t r a t e  o f  sp leen s from cases 3? 7 and 33? end dogs 

24-27 and 30 from c ase s  7 ? 22 and 33*

Routes o f  in o cu la tio n *  A ll  dogs employed f o r  study  o f  th e  pa tho 

g e n es is  o f  pneumonia were in o c u la te d  aubcutaneously and some were a ls o  exposed 

in tr a n a s a l ly ,  The amount o f  inoculum was 1 c c .
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The in t r a c e r e b ra l  and in t r a s p ia a l  ro u te s  were used i n  experim ents 

on th e  neurogenic form o f  pulmonary oedema* Two dogs (26 and 2?) were g iven  

0 .1  c c . o f th e  sp leen  f i l t r a t e  in tr a e e re h ra lly ?  and th e  o th e r  th re e  (s4? 25, 

and 30) 0 .2  c e . in t r a s p in a l ly .  The s i t e  o f  th e  in t r a c e r e h ra l  in o c u la tio n  

was approxim ately  2 .5  cm. from tîie  p a r i e t a l  c re s t?  halfw ay between th e  r i # t  

s u p ra o rb ita l  p ro cess  and i n t e r p a r i e t a l  bone. The whole o p e ra tio n  was p e r

formed under s u rg ic a l  c o n d itio n s  and th e  In c is io n  c lo sed  w ith  a  few su tu re s . 

B iïû ilar p rec au tio n s  were a ls o  observed a t  th e  i n t r a s p i m l  in o c u la t io n , The 

v iru s  was in tro d u ced  by means o f  a  long need le  in to  th e  s p in a l  subarachnoid 

space? halfw ay between th e  a t l a s  and o c c ip i ta l  bone.

C l in ic a l  re c o rd s . D urlr^  th e  e n t i r e  course o f observations?  th e  

body tem perature  o f  each dog was talcen da ily ?  u su a lly  between 4 and 6 P.M. 

C l in ic a l  s ig n s  o f  th e  d isease?  such a s  th e  n a sa l  and o c eu la r d ischarges? 

g a s t r o in te s t in a l  and re s p ira to ry  symptoms? changes i n  demeanour? and th e  

nervous s ig n s  were reco rded  i n  each c ase .

Post-m orten  p rocedu res? h is to p a tîio lo g ic a l methods? and b a c te r io lo g i

c a l  p rocedures were id e n t i c a l  w ith  th o se  d esc rib ed  under th e  c l i n i c a l  e a se s .

E lec tro n  M croscop ic  Techniques

As in d ic a te d  p rev iously?  th e  anim al employed f o r  th e  study o f  th e  

normal s t ru c tu re  o f  th e  pulmonary a lv e o la r  w a ll was tlze a lb in o  r a t  (W istar 

s t r a in )  o f  s ix  to  tw elve weeks o f  age.

C o lle c tio n  o f  specim ens. The f i r s t  few anim als were a n a e s th e tiz e d  

w ith  e th e r .  Follow ing th e  opening o f  th e  thorax? sm all p o r t io n s  o f  th e  lung 

were ex c ised  and? a f t e r  trim m ing to  approxim ately  mm.8 , were immersed immedi

a te ly  in  2-3 oc . o f  1 p e r  c en t b u ffe re d  so lu tio n  o f  osmium te t ro x id e  and l e f t  

f o r  fo u r  ho u rs . This procedure? however? d id  n o t prove s a t i s f a c to r y .  ^îany
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caiiponents o f  th e  a lv e o la r  w all?  w ith  th e  excep tion  o f  f i b r i l l a r  elem ents? 

seemed t o  be e i t h e r  "washed ou t" o r d i f f i c u l t  t o  d is c e rn , S u p erio r r e s u l t s  

were ob ta in ed  a f t e r  i n t i ’a tr a c h e a l  in tro d u c tio n  o f f ix a t iv e ?  and by sh o rten 

in g  th e  tim e o f  f ix a tio n *  The use  o f  a n a e s th e tic  was d isc o n tin u ed . Three 

r a t s  o f  approxim ately  100 gma. in  w e i ^ t  were rendered  unconscious by a  sharp  

blow on th e  head . T3ie tra c h e a  was exposed and t i e d  se cu re ly  w ith  a  thread#

A izypodeamiic need le  (No. 22? 1 in ch  long) was th en  in s e r te d  between th e  ear» 

t i la g in o u s  rin g s?  and a  s u f f ic ie n t  amount o f  f ix a t iv e  ( 2 -3  c c . o f  1 p e r  c en t 

b u ffe re d  osmium te t ro x id e  a t  room tem pera tu re ) was in je c te d  slow ly in to  th e  

lu n g s . A few m inutes l a t e r  th e  th o rax  was f la y e d  open? and bo th  lungs were 

rm o v ed . The p a r t s  w e ll in fu se d  w ith  osmium te tro x id e  (a re a s  o f  dark  grey 

co lo u r) were e x c ise d  w ith  sharp  s c is s o r s  and p laced  on a  co rk  w ith  concave 

su rfa ce  covered w ith  a  l i b e r a l  amount o f  th e  same f ix a t iv e .  By u sin g  two 

sliarp b lades? sc isso ra -w ise?  th e  p o r tio n s  o f  t i s s u e  were trimmed to  b locks 

n o t exceeding mm3.

F ix a tio n . Tîie s e le c te d  b lo ck s were t r a n s fe r r e d  to  20 c c . stoppered  

g la s s  v ia l s  co n ta in in g  2-3 oc* o f  ic e -c o ld  1 p e r  cen t osmium te t ro x id e  b u f

fe re d  w ith  a c e ta te  v e ro n a l to  pH 7*6? and 8 .2? and k ep t a t  0® C. f o r  one-half?  

one and one and a  h a l f  h o u rs . The t i s s u e s  f ix e d  in  osmium te t ro x id e  a t  pH 

7*6 fo r  30 o r  60 m inutes showed tW  b e s t  p re s e rv a tio n .

P ro cessin g . A ll  t i s s u e s  were washed fo r  30 m inutes in  th re e  changes 

o f  ta p  w ater a t  0® C. co n ta in in g  0 .1  p e r  cen t magnesium c h lo r id e . The dehydra- 

t io n  took  3 hours? f i r s t  i n  70? th en  95 p e r  c e n t e th y l  a lc o h o l a t  0® 0 .? 30 

m inutes in  each? and th e n  f o r  75 m inutes i n  a b so lu te  e th y l  a lc o h o l a t  0® C.

For th e  l a s t  4-5 m inutes th e  t i s s u e s  were k ep t i n  a b so lu te  a lc o h o l a t  roosïi 

tem p era tu re . The i n f i l t r a t i o n  was accom plished by immersion o f  th e  specimens 

i n  monomeric m eth ac ry la te  (6 :2  n -b u ty l and m ethyl m etliacry la te ) f o r  2 h o u rs .
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Subsequently? th e  b locks were p laced  i n  se p a ra te  p l a s t i c  cap su les  Ho. 3 and 

flooded  z îith  a  m ix ture  o f  prepoiy iaerized  m ethacry late*  A fte r  po lym eriza tion  

f o r  a  p e rio d  o f  48-72 hours under u ltra ,* v io le t  ray s  a t  30® C*? th e  t i s s u e s  

were ready f o r  section ing*

S e c tio n in g * The S jo s tra n d  ultram icrotom e M th  inoimts f o r  s t e e l  o r 

gjxiss b lades was used f o r  section ing*  # e  g la s s  b lade  ( l / 4  in ch  in  w idth) 

proved to  be rauch superio r?  as i t  was f r e e  tx'Gva th e  o b je c tio n a b le  v ib ra t io n s  

genera ted  du ring  th e  sec tion ing*  In  general?  good s e r i a l  s e c tio n s  13O-3OG ®A 

thilck were e a s i ly  o b ta in ed  witîz th e  g la s s  edge.

Momzting. The se^aen ts  o f  ribbons f lo a t in g  f r e e ly  on th e  su rface  

o f  a. f l u id  {20 p e r  c e n t e th y l  a lco h o l)?  p laced  c lo se  to  th e  edge o f  th e  k n ife?  

were p icked  up on to  b ra s s  "Athene" g r id s  (8metham*st H lg h -L i# t  L td .?  England) 

h e ld  w ith  f lu e  fo rc e p s . A l l  g r id s  were p rev io u s ly  coated  v iith  a  f ilm  o f  c o llo 

d ion  s ta b i l iz e d  by a  t h in  la y e r  o f  pirre carbon evaporated  i n  a  vacuum chamber.

M croscopy . The specimens th u s  mounted were p laced  i n  a  m icroscope 

H.C.Â. SMU 2e? w ith  r e a r  fo c a l  p lane  o b je c tiv e  ap ertu re?  and examined under 

1?000 to  18?000 m agnifice>tion. Whenever a  s u i ta b le  f i e l d  was found? s e r ie s  

o f  photographs ( 5 x 5 cm s.) were tak en  to  be l a t e r  en la rg ed  3 to  6 tim es fo r  

more d e ta i le d  s tu d y .
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C lin ic a l

C l in ic a l  Gases

A ll  d a ta  p e r ta in in g  to  th e  c l i n i c a l  p ic tu re  o f  th e  d ise a se  were 

k in d ly  su p p lied  by th e  c l i n i c s  in  Glasgow? Scotland? and in  Urhana? I l l i 

n o is . No a ttem p t i s  made t o  p re s e n t th e  d e ta i le d  h i s to r ie s  o f  th e  cases  

stud ied? b u t r a th e r  t o  re c o rd  th e  in c id en ce  o f th e  more s ig n i f ic a n t  c l i n i 

c a l  f e a tu r e s .

D uration  o f  iH n e s a .  T his was e s tim ated  f ra ti  th e  h is to ry  o b ta in ed  

by question ing  o f  th e  owner and from th e  p e rio d  o f  i l l n e s s  observed in  th e  

c lin ic *

Most o f  th e  dogs (70 p e r  cen t)  were i l l  from 2 t o  7 w e ^ s  p r io r  

t o  eu thanasia#  Only i n  two c ase s  (26 and 30) d id  tlxe p e rio d  o f  i l l n e s s  ex

ten d  over 10 weeks. Seven dogs slzowed s ig n s  o f  th e  d ise a se  f o r  l e s s  th an  

2 weeks.

Table 2 . D uration  o f  I l ln e s s

Weeks
Less t h f f i ^ ' 2-4 5 rf Over 10

Case 10? 17? SO? 1 , 2? 3, 11? 14? 16? 26, 30
21? 27, SB? 4 , 5? 7? S3? 25
3g 8 ? 12? 13?

3-5? IB? 19?
22, 29, 31,
3S

Cases 6? 9 and 24 were n o t used f o r  th e  p re se n t stu d y .

Tem perature. With th e  ex cep tio n  o f  one dog (4 )  which a t  th e  tim e

o f  Qxmïiination showed a  tem pera tu re  o f  108.8® F.? a l l  o th e r  case s  o f te n

41
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ex lz ib lted  prolonged fe v e r  ( 103® F* o r  above)* In  fo u r  dogs ( 13? l4? 22 and 

28) p y rex ia  was very  h igh  and in  one of them reached 105*8® F, The average 

tem pera tu re  ifas s l ig h t ly  above 103® F*

R esp ira to ry  s ig n s . B asal d isch arg e  was reco rded  in  60 p e r  c en t o f 

th e  cases* In  scxae o f  th e  dogs {39 p e r  cen t)?  u su a lly  a f t e r  th e  t h i r d  week o f 

i l ln e s s ?  i t  took th e  form o f  g rey ish-yellow ? th ick?  p u ru le n t exudate? o f te n  

en cru sted  a t  th e  n o s t r i ls *  A serous? w atery  d ischarge  was seen  in  th e  r e 

m aining 21 p e r  c en t o f  th e  cases*

A d e te c ta b le  involvem ent o f  th e  lung was no ted  i n  53 p e r  cen t o f  th e  

dogs; i t  was m an ifested  e i t h e r  by cougli (Cases 4? 8 ? 13? 14? I 5? 16? 19? 20? 

23? 25? 26? 27? 29 and 33)? o r  by in c re a sed  v e s ic u la r  sounds o r  m oist r a le s  

(Cases 5 and 7 )*

G a s tro in te s t in a l  s ig n s * Vomition was observed in  3® p e r  cen t o f  

th e  dogs? m ostly  in  th e  i n i t i a l  s ta g e s  o f  th e  d isease  (C ases 1? 5? 10? 11? 13? 

15? 16? 25 and 26) . G a s tr ic  d is tu rb an c es  were acccsaipanied by d ia rrh o e a  o f  a  

m oderate t o  severe  c h a ra c te r  i n  30 p e r  c en t o f  th e  eases ( 1? 2? 5? 7? 15? 22?

25? 26 mid 28) ,

Nervous s i^ n s * Nervous d is tu rb an c es  occurred  i n  a  h ig h  p ro p o rtio n  

o f  th e  dogs (80 p e r cen t)*  The most cormnon m a n ife s ta tio n s  were chorea and 

e p i le p t i f o m  convu lsions (67 p e r  c e n t) .  P o s te r io r  in c o o rd in a tio n  and p a ra ly 

s i s  appeared in  2 dogs. In  4 cases  on ly  f i t s  o f  a  h y s te r ic a l  ty p e  were 

encountered . Of 24 dogs a ffe c te d ?  4 showed nervous ecm pH eation  in  th e  e a r ly

s ta g e s  o f  th e  d].sease (Cases 10? 18? 20 and 2 8 ).

Pads and n o se . A m oderate and on ly  o c c a s io n a lly  marked hyperkera

t o s i s  o f  th e  pads occu rred  in  9 case s  (30 p e r  c e n t)  and was o f te n  a tten d e d  by 

a  tM cken ing  o f  th e  ep iderm is o f  th e  nose (6  dogs). This change became

recogn izab le  d u ring  th e  t h i r d  o r fo u r th  week o f  i l l n e s s .  In  5 o u t o f  9 cases
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w ith, h y p e rk e ra to s is  o f  th e  d i g i t a l  and c a rp a l pads^ th e re  was no evidence o f  

nervous d is tu rb a n c e .

^ e a tm e n t . Every case  s tu d ie d  rec e iv e d  some form  o f  tre a tm e n t. 

O ften i t  Included  th e  use o f  d istem per and *'hard pad” a n t i  serum, p e n ie l l l in ,  

strep tom ycin , b a c i t r a c in ,  a u re m y c ln  and sulphonamldes* O ccasiona lly , v i t a 

mins and were a ls o  employed*

EKpex'imental Cases

In  c o n tra s t  w ith  th e  c M n ic a l c a se s , th e  symptoms encountered  in  

th e  experim en ta l dogs were u su a lly  very  m ild . I t  should  be hom e i n  aiiind, 

however, t î i a t  th e  anim als used fo r  th e s e  s tu d ie s  were a l l  m ongrels o f  un

known s u s c e p t ib i l i ty  to  th e  v i ru s  o f  d istem per.

In cu b a tio n  p e r io d . v a rie d  ap p rec iab ly  between th e  groups.

U t t e r s  I  and IX , c w p r is in g  Gases 1 , 2 , 3 ,*  6 , Î ,  8 , 9 and 10, wei’e  very

slow in  response  t o  th e  in tro d u c tio n  o f  th e  v iru s  o f  d istem per^ The f i r s t  

n o tic e a b le  s ig n s  o f  i l l n e s s  appeared g e n e ra lly  on th e  7t h  day and were r a th e r  

m ild  i n  degree* Only i n  one case  fra ii th e se  two groups was th e  tem perature  

above 103^ F . (Case 3) on th e  f i r s t  day o f  symptoms* Hxe s h o r te s t  in cu b a tio n  

p e rio d  (5 days) was shown by Dog 10.

Group 17, c o n s is t in g  o f  Cases 16, 17, 18,'*^ 20, 21 and 22, d i s 

p layed  a  much more v igorous r e a c t io n .  % e  in cu b a tio n  p e rio d  was co nsiderab ly  

s h o r te r  and took  3 days i n  a l l  eases  o f  tM s  group. She i n i t i a l  r i s e  o f  

tem pera tu re  was q u ite  m arked, w ith  one case  (20) showing lo 4 . t^  F . on th e  

f i r s t  day o f  symptcsBs.

it used f o r  th e  p re se n t s tudy .
^^Experim ental Cases 11, 12, 13, i t ,  13, 19, 23, ^  and a lth o u # i o r i g i 

n a l ly  employed in  th e  course  o f  in v e s t ig a t io n s ,  were n o t used f o r  th e  
p re se n t s tudy .



44

In  th e  rem aining dogs, in o c u la te d  by i n t r a s p i m l  and in tr a c e r e b r a l  

ro u te s , th e  in cu b a tio n  p e rio d  ranged frm i fo u r  (Cases 24, 25, 26 and 27) to  

s ix  days (Case 3 0 ).

D uration  o f  i l l n e s s . A ll  dogs employed f o r  a  study  o f  th e  pa th o 

g en es is  o f  pneumonia were s a c r i f ic e d  a t  d i f f e r e n t  s ta g e s  o f  th e  d is e a s e .

Case 17 was destroyed  on th e  f i r s t  day o f  symptoms ( 3rd  day a f t e r  in o cu la 

t i o n ) ,  20 on th e  3%'d, 9 on tloe 5t h ,  3 on th e  7th ,  7 on th e  8t h ,  22 on th e  

9 th , 10 on th e  11 th , 8 on th e  15th  and 6 on th e  30th days. Dogs 18, 1 , 21 

and 2 were s a c r i f ic e d  on th e  4 6 th , 59th ,  79th  and 157t h  days, re s p e c t iv e ly , 

a f t e r  th e  f i r s t  s ig n s  o f  i l ln e s s *

Dogs 24, 25, 26 and 30 showed marked nervous d is tu rb a n c e s  and were 

p u t to  deatli on th e  1 1 th , 13 th , 16 th  and 12th  days a f t e r  in o c u la t io n . Case 

27 d id  n o t d isp la y  any nervous s ig n s  and was destroyed  on th e  6o th  day f o l 

lowing in t r a c e r e b r a l  in tro d u c tio n  o f  th e  v i r u s .

Tem perature. In  th e  f i r s t  two groups ( I  and I I ) th e  tem pera tu re  

Was u su a lly  m ild  and onl^^ on one occasion  I’oaehed 103.6^ F . (Case 3) on th e  

15th  day a f t e r  in o c u la tio n . The d ip h as ic  n a tu re  o f f e v e r ,  a lthough  sugges

t iv e  i n  a  few c a se s , was n o t a  c le a r - c u t  f e a tu r e .  Some o f  th e  dogs o f  th e se  

two groups d isp lay e d  p y re x ia  in d ic a t iv e  o f  a  "plateau*' ty p e . A t ^ p e r a t u r e  

o f  99 «*9̂  F . was reco rded  an  hour b e fo re  eu th a n as ia  in  Dog 7 allowing v io le n t  

e p ile p tifo rm  convu lsions on th e  17t h  day a f t e r  in o c u la tio n .

The fo llo w in g  a re  th e  d a i ly  reco rd in g s o f  th e  tem pera tu re  f o r  

Case 3 a s  r e p re s e n ta t iv e  o f  Groups I  and I I .
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Table 3* D ally  Body Tem perature o f Case 3

Day
O ct. 23 24 ' 25 ' " 26* 27 0  ̂ 29 30 31

T® 10148 101.4 101*8 101*5 102*1 101*6 102*1 101*5 101*5

Hov*

r

IT
Day

101.0  103.4 101.4 102.0 101.5 101.6  102*5 102*0

* Day o f  in o c u la tio n , 
X Euthanasia*

The i n i t i a l  p y re x ia  i n  Group IV was more marked* She average tem

p e ra tu re  on th e  f i r s t  day o f  symptoms was 100. 6^ ?*, w ith  one dog (20)  showing 

104.4^ F* In  3 o u t o f  7 dogs, th e  fe v e r  was e v id e n tly  o f  d ip h as ic  c h a ra c te r  

(Cases 18, 19 and 2 1 ).

Table 4 . D aily  Body Tem perature o f  R ep resen ta tiv e  C ases, Group IV

Nov.

Caso 18 
20 
22

10
101*6
100.4
100.3

11 W

101.0  101 .7  
100.9  101.6  
100 ,6  101.5

13» r
101*6 101*7 
101*5 101*8 
102*0 100*9

15

101*2
1 5 --------- 17

103*2 102*2 
102*1 104*4 104.4
102.4 103-9 102*9

18 

101*5
103. 9%
102*2

c* 10
W
Case 18 102*1 103*2 102*6 102*1 104*3 103*5 101*8 100.9  E uthanasia

22 102.2  101*5 101*7 100*6 100.8  101*5%

*  Day o f  in o cu la tio n *  
X Sutlianasia*

9he low est tem pera tu re  recorded  in  tM s  group was 100*3 (Case 21) 

on th e  13th  day a f t e r  in o cu la tio n *

Group V showed a  comparable degree o f  p y re x ia , w ith  th e  higlxest r e 

co rd ing  o f  104*6'^ F* (Case 25) on th e  12th day fo llow ing  in t r a s p in a l
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in o c u la tio n  and th e  low est (97*0^ F .)  i n  Dog 30 shortl^^ b e fo re  eu thanasia#

Tlie l a t t e r  case  was in  a  s t a te  o f  c<xaa du ring  th e  l a s t  two days*

R esp ira to ry  s ig n s # These in  a l l  experim en tal case s  were u su a lly  

m ild  and evidenced by a  n a s a l  d isc h a rg e , f i r s t  o f  a  serous and i n  l a t e r  

s ta g e s  o f  a  muco-pui'ulent c h a ra c te r . Cough was observed only  i n  one dog 

( l 8 ) and fo r  a  sh o r t  p e rio d  o f  time*

G a s tro in te s t in a l  s ig n s . Vomition and d ia rrh o e a  o f  a  m ild  to  mod

e r a te  degree were q u ite  f re q u e n t, p a r t i c u la r ly  i n  Group IV and in  th e  earl^*’ 

s ta g es  o f  i l l n e s s .  Tlxey were u su a lly  accompanied by lo s s  o f  a p p e t i te ,  l i s t -  

le s s n e s s , and some lo s s  o f  w eight- In  a  few cases f le c k s  o f  b lood could  be 

found in  th e  fa e c e s .

Rervous s ig n s - îîervous com plica tions were observed i n  fo u r  o u t o f  

f iv e  cases in o cu M te  by in tr a s p i im l  o r  in t r a c e r e b ra l  route# Case 24 showed 

sig n s  o f  wealmess in  th e  h ind  le g s  on th e  seventh  day and became p a r t i a l l y  

p a ra ly se d  two days a fte rw a rd s . Chorea and in co o rd in a tio n  appeared on th e  

n in th  day in  Case 25» Severe epileptifcm m  convulsions were seen  f o r  th e  l a s t  

thr'ee  days in  Dog 26 ( l3 th  to  15th  day a f t e r  in o c u la tio n )  aiad a  degree o f  

p o s te r io r  p a ra ly s is  and , l a t e r ,  coma were no ted  in  Case 30.

SServous d is tu rb a n c e s  were much l e s s  common in  Groups I ,  I I ,  and IV* 

Only one dog (Case 7 ) showed very  marked and prolonged e p ile p tifo rm  convul

s io n s  accompanied by coma and p ro fu se  s a l iv a tio n -  Some whining was observed 

in  Dogs 16, 19, and 22 on th e  f i f t h ,  s ix th ,  and seventh  days oftex* in o c u la 

t io n ,  b u t more severe  s ig n s  d id  n o t fo llo w .

Pads and n o se - D y p e rlie ra tin isa tio n  o f  pads and nose was n o t ob

served in  any o f  th e  experiiiien tal e a se s .

Treatm ent. With th e  ex cep tio n  o f  on© dose o f  300,000 u n i ts  o f  p e n i

c i l l i n  adm in isto red  to  Dog 18, which showed a  m ild  cough, no trea lm e n t was
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used in  any o f  th e  20 dogs studied*

Pathology

The study  o f  th e  pathology o f  th e  r e s p ira to ry  system  embraced th e  

morbid an a tcsy  and h is to p a th o lo g y  o f  th e  e n t i r e  t r a c t  and b a c te r io lo g y  o f  th e  

lung* P a r t ic u la r  a t te n t io n  was p a id  to  th e  m icro scop ica l changes observed 

i n  th e  pulmonary tis su e *  In  a d d it io n , a  d e ta i le d  account o f  th e  s tru c tu re  

o f  th e  nontjal a lv e o la r  w a ll  i s  p re sen te d  a s  e s s e n t ia l  t o  th e  understand ing  

o f  th e  p ro cess  o f  " e p i th e l i a l i s a t io n "  *

Moxbid ihiatomy

C lin ic a l  c ase s

Upper r e s p ira to ry  t r a c t*  In  th e  dogs which were i l l  f o r  le s s  

tlm n two weeks (C ases 10, 17, 20, 21, 27, 28 and 3 3 ), th e  changes observed 

were g e n e ra lly  very  Kiild* Only on th re e  occasions (Cases 17, 20 and 28) d id  

th e  n a s a l  mucosa and, p a r t i c u la r ly ,  th e  tu rb in a te  fo ld s  show a  m oderate de

g ree  o f  hyporaemia* The d ig e s tiv e  p a r t  o f  th e  phoaynx and o f te n  th e  e p ig lo t t i s  

were e i th e r  n o t a f fe c te d  o r  e x h ib ite d  only  a  s l i ^ t  congestion* O ccasionally , 

th e  pharyngeal t o n s i l  was found to  be soiiewhat en larged  and g ra n u la r  in  appear

ance , b u t n o t hyperaemic* W ith th e  ex cep tio n  o f  one case  (20) , which d i s -  

plajred an ap p rec iab le  congestion  o f  th e  lower p a r t  o f  th e  tra c h e a , no s ig n i

f ic a n t  changes were seen in  th e  tra c h e a  o r  main b ro n ch i. In  4 cases  (20 , 21,

27 and 26) bo th  p a la t in e  t o n s i l s  showed a  moderate degree o f  hyperaem ia and 

s l ig h t  en la i’gement*

The changes encountered  in  dogs i l l  from two t o  fo u r  weeks (Cases 1 , 

2 , 3 , 4 , 5, 7 , 8 , 12, 13, 15, 18, 19, 22, 31 and 32) were g e n e ra lly  more ad

vanced and ranged from m ild  t o  very  marked lyperaea iia . The l a t t e r  was com

monly found in  th e  n a s a l  c a v ity  and th e  r e s p ira to ry  p a r t  o f  th e  pharynx, and
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In  a  f m  cases a ls o  i n  th e  t ra c h e a  and msda b ro n ch i. Tlie d ig e s tiv e  p a r t  o f  

th e  pliarynx cmd la ry n x , ex cep t f o r  a  m oderate congestion  in  one case  (3 1 ) , 

were e lth e j: only  s l i g h t ly  a f fe c te d , o r  d id  n o t show any d is c e m ih le  a l t e r a 

t io n s  (Cases 4 , 8 and 19)* The changes seen i n  th e  pharyngeal and p a la t in e  

to n s i l s  were coaparah le  t o  tlio se  observed i n  dogs o f  th e  f i r s t  group, a l 

though hyperaenîia o f  a  m ild  degree was more common* M uco-purulent exudate 

was found in  th e  n a s a l  c a v ity  i n  a  few cases  (7 , 15, 22 and 31) and in  th e  

main bronchi o f  one dog (7)* On two o ccasio n s , th e  lower t ra c h e a  and main 

b ronch i (C ases 7 and l 8 )  e x h ib ite d  a  co n sid erab le  amount o f  b lo o d -tin g ed , 

f ro th y  exudate* In  b o th  groups o f  dogs, th e re  was u su a lly  a  sm all t o  moder

a te  q u a n tity  o f  th ic îc  mucus i n  th e  r e s p i r a to ry  p a r t  o f  th e  pharynx, c lo se  to  

th e  jharyngeaX to n s i l*

G en era lly , m ild  eiianges were seen in  dogs i l l  from f iv e  t o  seven 

weeks (Cases 11, l 4 ,  l 6 ,  S3 and 25 )• Three dogs (11, l 6  and S3) showed s ig 

n i f ic a n t  congestion  o f  tlie  septum n a s i  and tu rb in a te  fo ld s*  The re s p ira to ry  

p a r t  o f  th e  pharynx and th e  main broncM  were a ls o  moderatelj'^ congested  i n  

Case 11, I n  th e  ra iia in in g  dogs, involvem ent o f  th e  upper r e s p i ra to r y  t r a c t  

was un ifom ily  m ild  o r  e v id e n t t o  a  s l l g i t  degree only  i n  tiie  n a s a l  c a v i ty .

Except f o r  very  s l i g h t  hyporaemia o f  th e  n a s a l  septum, tu rb in a te  

fo ld s  and th e  r e s p i r a to r y  p a r t  o f  th e  pliarynx in  one case  (2 6 ) , no changes 

were fcim d i n  2  dogs exaiBiaied a f t e r  te n  weeks o f  i l l n e s s ,

The fo rego iîîg  o b se rv a tio n s  in d ic a te  t h a t  th e  changes i n  th e  upper 

r e s p i ra to ry  t r a c t  became in c re a s in g ly  more severe  u n t i l  th ey  re a d ie d  th e  peak 

between th e  3 rd  and 4 th  weeks o f  i l ln e s s *  Beginning w ith  th e  5 th  week, th e re  

was a  marked decrease  i n  th e  in te n s i ty  o f  le s io n s ,  and on ly  m inor r e s id u a l  

a l t e r a t io n s  were p re s e n t a f t e r  th e  7 th  week*
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Im ig . In  a  g re a t  m a jo r ity  o f o ases , th e  degree o f  puhTsonaxy 

ImoXvement was cons5.stent \ ï i th  th e  d u ra tio n  o f  i l l n e s s .  Only a  few dogs 

showed changes considerab ly  m ild e r th a n  th o se  observed in  t h e i r  re sp e c tiv e  

groups.

Congestion o f  th e  lung parenchyma c o n s t itu te d  th e  most common ab- 

no ivaality , With th e  ex cep tio n  o f  one case  (26j i l l n e s s  o f  over 2 m onths), 

i t  was p re se n t t o  a  vary ing  degree in  a l l  dogs exaaiined* Very se ld a a  was th e  

congestion  o f  a  tm ifo m  c h a ra c te r .  Most f re q u e n tly  i t  a f fe c te d  c e r ta in  p a r ts  

o f  th e  lung to  a  more im rked degree th an  th e  rem aining re g io n s , This r e s u l te d  

e i t h e r  i n  a  d i s t in c t ly  fo c a l  d i s t r ib u t io n  o f  th e  more prom inently  hyperaemic 

a re a s , o r  in  a  m assive c o n flu en t congestion  o f  some p o r tio n s  o f  th e  lobes*

Tkm form er u su a lly  p re sen te d  I t s e l f ,  p a r t ic u la r ly  i n  th e  e a r l i e r  s ta g e s  o f 

th e  d ise a s e , a s  a  d if fu s e  ''m ottling '* , o f te n  accompanied by sm all haemorrhages 

(Figs* 1 and 2 ) ,  The la rg e  a re a s  o f  marked liyperaemia were f re q u e n tly  found 

in  th e  dependent p a r t s  o f  th e  lungs b u t ,  on occasion , appeared on ly  i n  # ie  

upper p o r t io n s , w ith  th e  low er reg io n s  showing a  m ild er degpree o f  congestion* 

In  a  sm all p ro p o rtio n  o f  c a se s , th e  hyporaemia was o f  a  d if fu s e  type  and moder

a te  in  degree b u t w ith  la rg e  a re a s  o f  marked congestion  and h aem o rfli^ e , Only 

in  3 cases ( 25, 29 and 30) was th e  hyporaemia very  mild*

Oedema o f te n  acccmpanied th e  pneumonia o f d istem per and could  be 

recogn ised  jaacro scop iea lly  i n  about 70 p e r  cen t o f  th e  cases* G enera lly , i t  

was o f  a  m oderate degree, b u t sometimes i t  was so marked t h a t  th e  f lu id  

issu e d  f r e e ly  f r a n  th e  cu t su rfa ce  o f  th e  lobes* The p re a a ic e  o f  oedema f l u id  

combined witl% th e  in t r a - a lv e o la r  c e l lu l a r  exudate gave, i n  most c a se s , an, in 

creased  consis tency  to  tlie  invo lved  t is su e *  The lungs th u s  a f fe c te d  were 

tu rg id  and da.d n o t c o lla p se  a p p rec iab iy  upon opening o f  th e  thorax* In  tlie  

e a r l i e r  s ta g es  o f  pneumonia, n o t eo ïip lica ted  by secondary in v as io n , th e  lung
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Fig. 1. Clinical Case 20. Mediastinal surface of lungs, 
showing patchy congestion and minute haemorrhages
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Fig. 2. Enlarged detail from Fig. 1. Right diaphragmatic 
and intermediate lobes. Hote patchy congestion of 
a dull magenta colour and numerous minute haemor
rhages.
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o f te n  0]d ilb ited  a  c h a r a c te r i s t i c  d u l l  magenta co lo u r ( F i g s . l  and 2 ) which 

qu ick ly  tu rn ed  to  re d d ish  brown on exposure t o  a ir*  T his colons* r e a c t io n  

seemed to  be connected M th  th e  p resence  o f  oedema, co n g estio n  and p o ss ib ly  

c e l lu l a r  exudate*

A degree o f  c o n so lid a tio n , a p p aren tly  due to  ccm current b a c te r i a l  

in f e c t io n ,  was found in  5 o u t o f  30 cases# I t  was u su a lly  lo c a te d  i n  th e  

lower p a r t s  o f  th e  a p ic a l  o r  c a rd iac  lobes» On one o ccasio n , however, i t  

was observed in  th e  upper p o r t io n  o f  th e  a p ic a l  lobe  {Dog 32) ,  I n  se v e ra l 

c a se s , a  sc«i©what darkened, c o n so lid a te d  t i s s u e  was seen ex tend ing  t o  a  depth  

o f  a  few m illim e te rs  under th e  p le u ra  frcm  th e  su rfa ce  a re a s  o f  th e  saiae 

colour# This change, a p p a re n tly  o f  v i r a l  o r ig in ,  could  be seen  in  a  number 

o f  lo c a tio n s  i n  tlie  same lung#

à  d i s t i n c t ,  su ppu ra tive  bronchopneuiuonia was n o t observed i n  th e  

eases stud ied#

A very  few o f  th e  lungs showed soma mphysema# Whenever p re s e n t , 

i t  m s  lo c a te d  e i t h e r  a t  th e  b o rd e rs  o f  th e  lu n g , o r  i n  th e  c e n t r a l  p o rtio n s  

o f  th e  a p ic a l  lobes#

Tlie la rg e r  b ronch i were u su a lly  u n a ffe c te d , b u t sometimes con ta ined  

a  smaH amount o f  c a ta r r h a l  exudate* ©a many o ccasio n s, an  m dem atous f l u id ,  

o f te n  f ro th y  in  appearance, was seen  In  them*

% e  p le u r a l  sacs  were f r e e  from th e  inflam m atory p ro cess  except fo r  

one case  (3.7) which showed a  f ib r in o u s  p le u r is y  w i #  adlieaions i n  th e  r i ^ t  

lung* The amount o f  f l u id  p re s e n t was sometimes s l ig h t ly  increased*

In  th e  doge which were i l l  f o r  le s s  tlm n two weeks, th e  changes 

observed ware g e n e ra lly  m oderate i n  degree*. Some cases  sho^md fo c a l  liyper- 

aemia o f  a  "m o ttlin g ” ty p e  {Figs* 1 and a), b u t i n  th e  rem aining  dogs, con

f lu e n t  congestion  i n  sm e  p a r t s  o f  th e  lu % s  predominated* Oedema was o f te n
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a p p re c ia b le  i n  degree w ith  th e  ex cep tio n  o f  one case ( 21) i n  which i t  was 

q u ite  marlved# A sm all c o n so lid a te d  a re a  was observed i n  th e  a p ic a l  lobe  o f 

Dog 33*

# e  ciianges found i n  dogs i l l  from  two to  fo u r weeks were more 

marked and sometimes showed in te n se  congestion  and oedema* The most eommn 

fe a tu re  was a  m oderate to  marked hyperae»)ia o f  th e  lower p a r t s  o f  th e  lobes 

w ith  an a p p re c ia b le , though sm e tim es m ild , congestion  in  th e  upper regions*

A few cases e :± ib i te d  a  d issem ina ted  fo c a l  involvem ent in  a l l  lobes* Con

s o l id a t io n  m s  found in  3 e ase s  (2 , 19 nnd 32)#

The dogs which showed sig n s  o f  d ise a se  from f iv e  t o  seven weeks 

were a f fe c te d  t o  a  m ild e r degree* Only 2 cases d isp lay ed  a  marked hyper- 

aemia in  some p a r te  o f  th e  lungs* T his was found only  i n  th e  upper p o r tio n s  

o f  th e  lo b es  (C ases 11 and l4 )  M th  th e  rem aining reg io n s  showing a  m oderate 

involvement* Gtoe case  ( 25) was on ly  s l i ^ t l y  a ffec ted *  The oedema in  dogs 

o f  t h i s  group was u su a lly  moderate*

Hie rem ainihg two c ase s  (2 6  and 30) which showed s ig n s  o f  i l l n e s s  

f o r  over 10 weeks e x h ib ite d  e i t h e r  no changes ( 26) o r only a  very  m ild  con

g e s tio n  ( 30)*

R egional lymph nodes* While a l l  th e  re g io n a l lymph nodes r e 

a c te d  to  in v as io n  o f  th e  v iru s  by some enlargem ent, th e  most prom inent and 

su s ta in e d  response was e x h ib ite d  by th e  b ro n c h ia l lyiiiph nodes* This r e a c t io n , 

a t  f i r s t  m ild  i n  deg ree , became q u ite  marked between th e  3rd  and 4 th  weeks 

o f  i l ln e s s *  From th e  6th  week i t  seemed to  subside* Only very  m ild  a l t e r a 

t io n s  were ev id en t a f t e r  th e  10th  week o f  th e  d isease*  

îfimentaî- eases

Upper r e s p ira to ry  t r a c t * The f i r s t  a p p re c ia b le  changes in  th e  

n a s a l  c a v ity  ap^peared on th e  f i r s t  day o f I l ln e s s  i n  th e  foimi o f  a  very  s l ig h t
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p atchy  hyparaeraia o f  th e  tu rb in a te  fo ld s#  Small amounts o f  # i n ,  watez'y ex

udate  were a ls o  p re s e n t .  Mo le s io n s  o f  s ig n if ic a n c e  were seen  ±n th e  pharynx, 

la ry n x , tra c h e a  o r  main bronchi* In  th e  rem aining dogs, s a c r i f ic e d  a t  v a rio u s  

s ta g e s  o f  th e  d is e a s e , th e  changes found i n  th e  upper r e s p i ra to ry  t r a c t  were 

u su a lly  m ild  o r sometimes ab sen t from c e r ta in  p a rts*  Only 2 c a se s , examined 

on th e  7th  and 59th  days o f  i l l n e s s ,  Bhmoà moderate to  marked congestion  o f 

tlie  n a sa l  mucous membrane, w ith  some fo c i  o f  suppura tion  i n  one dog (on th e  

59th  day)# A m oderate amoimt o f  t h in ,  cleare f l u id ,  th e  s p e c if ic  grava,ty o f 

which ranged from 1*010 to  1 *016, was observed i n  3 dogs d estro y ed  on th e  3rd , 

8t h  and 11th  days o f  symptoms* M ild enlargem ent o f  th e  p a la t in e  t o n s i l s  oc

cu rred  in  most c a se s , and some degree o f  f o l l i c u l a r  h y p e rp la s ia  was seen in  

th e  plm ryngeal t o n s i l  o f  a  few dogs*

In  c o n tr a s t  w ith  th e  c U n ic M  c a se s , th e  changes found in  th e  upper 

r e s p i ra to ry  t r a c t  o f  a l l  20 experim en ta l dogs were c o n s is te n t ly  m ild , i r r e s p e c 

t iv e  o f  th e  s tag e  o f  i l l n e s s .

hung. The involvem ent o f  th e  lung in  th e  f i r s t  5 days o f i l l 

ness  was o f m ild  degree (Cases 17, 20 and 9j> destroyed  on th e  1 s t ,  3 rd  and 

5 th  days o f  i l l n e s s ,  re s p e c tiv e ly )*  In  a l l  3 cases th e  organ showed s l i g h t ,  

o f te n  pa tch y , congestion  and a  number o f  m inute haem orrhages. A l th o u ^  a  

m m ll amount o f  w atery  f l u i d  was seen i n  some la rg e r  b ro n ch i, p a r t i c u la r ly  

i n  Dog 20, no oedema could  be found in  any p a r t  o f  th e  lung* On occasion , 

sharp ly  c ircum scribed  a re a s  o f  empliysema were seen a t  th e  low er b o rd e r o f  bo th  

e p ic a l  and c a rd ia c  lobes*

A somewhat s im ila r  degree o f  involvem ent, w ith  on ly  minor v a r ia t io n s ,  

was e x h ib ite d  by th e  rem aining c a se s , t ï i th  tlm  ex cep tio n  o f  Dogs 3, 22 and 2* 

Dog 3 Wïis s a c r if ic e d  on % e 7 th  day o f  syisptcsas, and i t s  lungs d isp lay ed  con

s id e ra b le  îiyperaem ia, e s p e c ia l ly  i n  th e  a n te r io r  p a r t s  o f  th e  a p ic a l  and
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ca rd ia c  lo b e s . Oedema, however, was n o t observed* A m ild  to  m oderate conges

t io n  o f  a  f in e  "m o ttlin g "  ty p e , w ith  a  more pronoxAn.ced hyperaem ia a t  th e  low er 

b o rder o f  bo th  d iaphragm atic  lo b e s , was seen  i n  Case 22 (9 th  day o f  i l l n e s s )  * 

I n  a d d it io n , a nm tber o f  haeraorrhages and many a re a s  o f  emphysema were p re se n t 

(F ig . 3 ) .  Dog 2 , d es tro y ed  on th e  157th day a f t e r  tlie  f i r s t  s ig n s  o f  i l l n e s s ,  

d id  no t show any d is c e rn ib le  changes i n  th e  limg# At th e  tim e o f  eu tîoanasia ,

t h i s  dog wa,s a p p a ren tly  i n  a  good s t a t e  o f  h e a l th .

Only m inor a l t e r a t io n s  were seen  in  th e  lungs o f  5 case s  used f o r  a

study  o f  th e  neurogenic form o f  oedema (Cases 24, 25, 26, 27 and 30)# On two

o ccasio n s , v e iy  sm all a re a s  o f  c o n so lid a tio n , a p p aren tly  o f  b a c t e r i a l  o r ig in ,  

were no ted  i n  th e  c a rd ia e  (Case 24) and diaphragm atic lo b es  (Case 3 0 ). There 

was no m acroscop ieal ev idence o f  oedema in  any o f  th e se  c a se s .

G eaeral-ly, th e  changes found i n  th e  lung o f experim en ta l case s  ifere 

c h c k t^ ^ to r is tic a lly  m ild , The main f e a tu re s  c o n s is te d  o f  ( l )  s l i ^ t  hyper- 

aem ia, o f te n  M th  sm all a re a s  o f  haem orrhage, ( 2 ) m ild  ea^hysema and ( 3 ) eam- 

p le t e  absence o f  oedema. Ho excess o f  p le u ra l  f l u id  was seen in  any o f  th e  

dogs. In  most e a se s , th e  lung  appeared  to  be com paratively  "d ry " , f l a c c id  and 

ofben more c o lla p se d  th a n  would be e:)gected from th e  u su a l post-m ortem  a te le c 

t a s i s .  I t  seems reaso n ab le  to  su sp ec t t h a t  t l i i s  s t a te  o f  c o lla p se  was a sso c i

a te d , a t  l e a s t  i n  p a r t ,  w ith  sudden c o n s t r ic t io n  o f  b ro n c h ia l passages 

e l i c i t e d  by an  overdose o f nem butal.

R egional lymph nodes. T ie rs  ims usuall^r m ild  to  m oderate en

largem ent o f  th e  lymph nodes eicmalned, i . e . ,  p a ro t id  and b ro n c h ia l. In  a d d i

t io n ,  some oedema and, o c c a s io n a lly , a  few sm all haem orrhages cou ld  be found 

i n  th e  a f fe c te d  nodes. Only one dog showed co n sid e rab le  enlargem ent o f  bo th  

nodes (Case 1, d estro y ed  on th e  59th  day o f i l l n e s s ) .  T i ls  occurrence tm s
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Pig. 3" SxperimentCLl Case 22. Costal surface of lungs,
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emiAiysema.
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a p p aren tly  a s so c ia te d  w ith  fo c a l  suppu ra tion  o f  th e  tu rb in a te  f o ld s .  Both 

lu n g s, however, showed on ly  s l i g h t  co n g estio n .

B a c te r io lo g ic a l F ind ings

C lin ic a l  cases

As in d ic a te d  p re v io u s ly , b a c te r io lo g ic a l  exam ination was conducted 

on ly  on th e  lung t i s s u e .

Of th e  28 case s  from which c u ltu re s  were made, 14 p e r  c e n t showed 

no b a c te r i a l  growth on b lood ag ar and MacConl^ey m edia. The lungs frcaa th e  

rem aining dogs y ie ld e d  E sc h e rich ia  c o l l  in  63 p e r  c e n t, S taphylococci in  46 

p e r  c e n t, and R roteus v u lg a r is  i n  81 p e r  c en t o f  th e  c a se s , Hohhaeinolytic 

and o( -haem olytlc  s tre p to c o c c i were i s o la te d  from f iv e  (17 p e r  c e n t)  and 

Pseudomonas aeru g in o sa  from tîire e  dogs (10 p e r  c e n t) ,  Corynebacteriim] 

pyogenes was recovered  from one puppy and Salm onella typhi-m uriim i from a  

y e a r-o ld  dog. Only one c u ltu re  y ie ld e d  B ru c e lla  b ro n c h is e p tic a . This m icro

organism  was i s o la te d  from a  four-m onth-o ld  Beagle, th e  lungs o f  which showed 

m oderate hyporaemia w ith  a  few fo c i  o f  c o n so lid a tio n  in  th e  low er p a r t s  o f  

th e  a p ic a l  and c a rd iac  lo b e s .

In  most c a se s , th e  c u ltu re s  y ie ld e d  more th an  one sp e c ie s  o f  m icro

organism .

Experim ental cases

The p ro p o rtio n  o f  n e g a tiv e  b a c te r io lo g ic a l  r e s u l t s  i n  th e  e x p e r i

m ental dogs was co n sid erab ly  h ig h er th an  in  th e  c l i n i c a l  c a se s . Only 25 p e r  

c en t o f c u ltu re s  y ie ld e d  some b a c te r ia .  T ie moot common was g , c o l l  (lO pe r 

c e n t) .  Honhaeraolytic s tre p to c o c c i , s tap h y lo co cc i, and Ps. aerug inosa  were 

i s o la te d  i n  5 p e r c en t o f  th e  c a s e s , b ro n c h lse p tic a  was recovered  on 

two occasions from dogs in o c u la te d  in t r a s p in a l ly  w ith  th e  v i ru s  o f d istem per. 

In  bo th  cases  th e  lungs were only  m ild ly  invo lved .
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Ho attem pt i s  made to  d esc rib e  in  d e ta i l  a l l  h is to lo g ic a l  changes 

found in  th e  re s p ira to ry  system and in  i t s  reg io n a l lymph nodes. Only th e  

ab n o rm alitie s  which were encountered in  tlie  lung t is s u e  a re  d e a l t  w ith  a t  

le n g th . The r e s u l t s  o f e le c tro n  m icroscopic observations on th e  s tru c tu re  

o f th e  normal a lv e o la r  w a ll, on which th e  in te rp r e ta t io n  o f  c e r ta in  pulmon

ary  changes has been based , a re  a ls o  p resen ted .

The s tru c tu re  o f  th e  a lv e o la r  w a ll ,

E lec tro n  m icroscopic s tu d ie s  rev ea led  tlm t th e  puhnonary a lv e o la r  

w a ll c o n s is ts  e s s e n t ia l ly  o f  th re e  e lem ents, vi% ,, ( l )  ep ith e liu m , ( 2 ) base

ment membrane, and ( 3 ) c a p i l la ry  endothelium . Tie supporting  framework o f 

f ib r e s ,  a lthough o f te n  abundant in  some p a r t s ,  was no t d is c e rn ib le  in  th e  

th in  segments o f th e  w a ll.

A lveo lar e p ith e liu m . The su rface  o f  th e  a lv e o la r  w a ll was 

found to  be l in e d  by a  continuous ep ithe lium  composed o f  w idely strew n, 

nuc leus-bearing  c e l l  bod ies and t h e i r  a tte n u a te d , rem arkably long protoplasm ic 

expansions (F ig s , 4 - l4 ) ,  The l a t t e r  c o n s titu te d  th e  m ajor p o r tio n  o f th e  

a lv e o la r  e p i th e l i a l  l in in g .

The main body o f  th e  e p i th e l i a l  c e l l  v a rie d  in  i t s  s iz e  and mor

p h o lo g ica l p ro p e rtie s*  When found ap p lied  to  th e  f re e  segment o f  th e  w a ll, 

i t  was u su a lly  f l a t ,  e lo n g a ted , and wedged between th e  loops o f  c a p i l l a r i e s .

In  such in s ta n c e s , i t  could  n o t be e a s i ly  d i f f e r e n t ia te d  from th e  e n d o tiie lia l 

c e l l ,  i f  examined only under low m ag n ifica tio n . The nucleus o f  t h i s  v a r ia n t  

o f  th e  e p i th e l i a l  c e l l  occupied u su a lly  a  considerab le  p a r t  o f  th e  cytoplasm ic 

body and was delineated  by what appeared to  be a  double membrane. The p e r i 

n u c le a r  cytoplasm con ta ined  a  few m itochondria , which could be id e n t i f ie d  by 

t h e i r  c h a r a c te r is t ic  s tru c tu re  (S jfistrand  and Rhodin, 1953) o f  in te r n a l
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lam ellae  m ü  a  double d e lim itin g  e ss te rm l membmue (H §* 6 , M)* T ie endo- 

plasm ie re t ic u lw i (Balade and D orter, 1954) cornel s t in g  o f  f in e  tu b u le s  and 

v e s ic le s  could a ls o  be seen  (Fig* 6,  # ) $  Tae mala body o f  th e  c e l l ,  a s  

shoTsn by F ig . 4 , measured 8p  in  l e u ^ b  and 3 . 5p  l a  dep th . The cy to p lam ic  

p rocesses a tte n u a te d  g rad u a lly  (Figs# 4 , g mid 6 ) and e^ctended over th e  su r

face  o f  th e  wall* At some p o in ts  they  became very  id iin , m easuring approxi

m ately 180 â  (F ig . 6 , AT). G enera lly , however, th e  th ic lm ess  o f  th e  f la t te n e d  

p a r t  o f  th e  e p lth e lim i was g re a te r  and u su a lly  ranged from 5G0 S to  2 ,000 S. 
T ie  th ic k e r  se^iiemts o c ca s io n a lly  contained  m itochondria and, more o f te n , a  

r ic h  network o f  th e  endqplasmic re ticu lum  (F ig . 5, M| F ig s , 10,  11 and 12, KR). 

The cytoplasm  o f  th e  e p i th e l i a l  c a l l  was enveloped by a  membrane, rep re sen ted  

in  th e  e leetron-m ierographs by a  danse l in e ,  tlie  average tliic lo iess o f  which 

was estim ated  a s  approxim ately  50-75 % (Figs# 5 and 6,  GM).

T ie o th e r  m orphological vm riant o f  th e  e p i th e l i a l  c e l l  was appar

e n tly  id e n t ic a l  w ith  th e  " s e p ta l  c e l l "  o f  hang# I t s  main body, ovoid in  

shape, measured approxim ately 4p and was e i th e r  lo ca te d  i n  th e  a lv e o la r  n iche 

(F ig s ,?  and 13) o r  s tre tc h e d  a c ro ss  th e  w a ll (Fig* 9)# In  a d d it io n  to  numer

ous m itochondria and abundant endoplasmic re ticu lu m , th e  p e r in u c le a r  cytoplasm 

con ta ined  a  number o f  f a i r l y  la rg e  (^Omp -  5^0 mp), markedly osm iophilie  i n 

c lu s io n s , many o f  which showed an i r r e g u la r ly  lam inated in te r n a l  s t ru c tu re  

(Figs* ? ,  8 , 9 , 13 and l4 j  01)'* # e  o r ig in  and fu n c tio n a l s ig n if ic a n c e  o f  

th ese  bodies have no t been e s tab lish ed *  Bargman and (1956) thought th a t

they  re p re se n t a  degenerate  form o f  m itochondria* The su rface  o f  th e  main 

body o f  th e  c e l l  was sometimes covered by a o a l l ,  f a i r l y  re g u la r  p ro je c tio n s  

( m ic r o v i l l i ) ,  o f  an average len g th  o f  l40inp (F ig . ? ) .

The cytoplasm ic ex ten sio n s o f  th e se  c e l l s  were id e n t ic a l  i n  s tru c 

tu re  and c h a ra c te r  w ith  th o se  d escribed  p rev io u s ly , b u t # i e i r  a tte n u a tio n  was
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o f te n  very  a b ru p t ( f i g s .  7 -1 4 ) .

D esp ite  some m orpholog ical v a r ia t io n s ,  th e  a lv e o la r  e p i t h e l i a l  

c e l l s ,  a s  rev e a le d  hy many o th e r  e lec tro n -m ic ro g rap h s , seemed to  p o ssess  a  

im ity  o f  s t r u c tu r e ,  th e  immediate f o ibs  o f  which appeared t o  he dependent 

upon th e  requireB ients o f  fu n c tio n  and lo c a l  s t re s s*

Basement membrane » The a lv e o la r  ep ith e liu m  and c a p i l la r y  

endothelium  were se p a ra ted  by a  homogeneous m m brane, th e  tîiic îm ess  o f  which 

v a rie d  frm i 270 & in  i t s  th in n e s t  p a r t s  (Fig* 6 , B.M.) to  approxim ately  

1,000 8  (Fig* 12, BK). T ie  average w id th  was e s tim a ted  a s  500 £* A reas o f  

l i g h t e r  d e n s ity  and somewhat cloudy i n  appearance could  be d isc e rn e d  i n  many 

p a r t s  o f  th e  membrane* The e lec tro n -m ic ro g rap h s  examined f a i l e d  t o  re v e a l 

evidence o f  m y  f i b r i l l a r  in te r n a l  elem ents* T ie basement membrane seemed 

to  p o ssess  a  s u p e r io r  s t r u c tu r a l  s tre n g tl i .  This was w e ll e x h ib ite d  by im

p e r fe c t  s e c tio n s  (F ig s . 4 and 5 ) , i n  which th e  a d ja c e n t cyfeoplasmic elem ents 

were shown to  be p a r t ly  to rn  by m echanical s t r e s s  ( s o -c a l le d  "d ra g " ) , b u t th e  

basement membrane rem ained in ta c t*  In  p a r t s  o f  th e  a lv e o la r  w a ll  which con

ta in e d  abundant c o lla g e n  and e l a s t i c  f ib r e s  (F igs*  7 , 8 , 13 and 1 4 ), th e  

basement membrane appeared to  fo llo w  tlie  course o f  b o th  th e  ep ith e liu m  and 

endothelium , le a v in g  th e  t i s s u e  space open.

Capil l a r y  endothelium . T ie endothelium  o f  th e  a lv e o la r  c a p i l -  

l o r i e s  was a ls o  con tinuous, and i n  some s t r u c tu r a l  a sp e c ts  re san b le d  th e  

e p i t h e l i a l  l in in g .  I t  c o n s is te d  o f  prom inent, e longa ted  c e l l  bod ies and 

t h e i r  cytoplasm ic e x te n s io n s . The l a t t e r  were extrem ely lo n g , and a t  sm e  

p o in ts  showed a  th ic k n e s s  o f  90*100 M (Figs* 5 and 1 2 ) . T ie  cytoplasm  o f  botli 

th e  c e l l  body and Hie a tte n u a te d  p o r tio n s  con ta ined  m itochondria  and a  r ic h  

network o f  endoplasm ic re ticu lu m  (F ig s .  5 , 10 and 1 1 ). A th in  (ap p ro x to a te ly  

50 8 ) cy toplasm ic membrane was found to  in v e s t  th e  e n d o th e l ia l  c e l l .  At th e
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Fig. 4. Lov power view of alveolar wall. Rote two capillary loope and 
epithelial cell (EP) with cytoplasmic attenuations, x 7.300.
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Fig. 5* Enlarged detail from Fig. 4. Epithelial cell (SP) attenuates to
cover the alveolar vail. Epithelium and endothelium are separated 
by basement membrane (BM). At (l) the attenuated epithelial cell 
Is 350 A th ick . X 28,000.
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Fig. b. Detail of Fig. 4. Epithelial cell (EF) attenuates to 530 i, at 
(l) and to l80 S at (AT). Section vas cut through the long axis 
of endothelial cell (SUD), x 26,000.
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Fig. 7* Septal cell in alveolar niche. Mote the presence of osaiophilic 
bodies (OI), microvilli and cytoplasmic attenuations. Tissue 
spaces are rich in fibrils of collagen (CQL) and contain elastic 
elements (EL). A somewhat collapsed capillary with its endo
thelial cell is also seen, x l8,000.
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Fig. Ô. High-power view of Fig. 7- Hote abrupt attenuation of the cyto
plasmic body, mitochondria and osmiophilic inclusicms. Elastic 
elaoents and fibrils of collagen, a few of which show axial 
periodicity, are also seen, x 33.000.
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Fig. 9- Septal cell stretching across the vail. The cytoplasmic body 
shows attenuations at three points (l, 2 and 3)* Osmiophilic 
inclusions and mitochondria are numerous, x 7,300.
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Fig. 10. Detail of Pig. 9 at (2). Bote cytoplasmic attenuation (AT), 
mitochondria, endoplasmic reticulum and basement membrane.
X 42,000.
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Pig. 11. Detail of Pig. 9 at (l). The point of attenuation is rich in 
endoplasmic reticulum. A Junction of two endothelial cells 
could be seen at (j). x 42,000.
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Fig. 12. Detail of Fig. 9 at (3). Bote abrupt attenuation of the cyto
plasm, endoplasmic reticulum and microvilli. At (A) the endo
thelium is approximately 150 X thick, x 42,000.
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Pig. 1 3. Septal cell in alveolar niche. Oemiophilic inclusions are prccii- 
nent. Hote the abundance of collagenous and elastic elements in 
mural tissue space, x 18,000.
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Fig. l4. Enlarged view from Fig. 13. Bote the prominence of oemiophilic 
bodies and abundance of mitochondria. The cell attenuates 
abruptly at (l). Collagenous fibrils at cross section are ap
proximately l40 A thick. X 35,000.
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Jm ietion  o f  th e  two c e i l s ,  th e  pro top lasm ic e x ten sio n s  were se p a ra ted  only  by 

a  narrow (200 8 ) c l e f t  (F lg t 11) , which foiiiied a  d i r e c t  connection  between 

th e  Im e n  o f  th e  c a p i l la r y  and th e  basement membrane.

Collagenous and e l a s t i c  e lem en ts, ülie su ppo rting  framework o f  

th e  a lveola^ ' w a ll was p a r t i c u la r ly  promilnent i n  th e  -v ic in ity  o f  s e p ta l  c e l l s  

and in  th e  a lm eo lar a n g le s  (F ig s . 7 , 8 , 13 and l 4 ) .  I t  was re p re se n te d  by 

f i b r i l s  o f  co llag e n  ( u n i t  f ib r e s  o f  c o llag e n , low, 1953) and by e l a s t i c  e l e 

m ents. *Bie form er were very  uniform  i n  s tru c tu re  and had an  average d iaa ie ter 

o f  150 llien  se c tio n ed  lo n g itu d in a l ly ,  th ey  o f te n  showed a  c h a r a c te r i s t ic  

a x ia l  p e r io d ic i ty  ( f i g .  8 ) .  S h e ir  d e lim itin g  e x te rn a l  membrane was very  th in  

and d id  n o t eacceed ‘JSie e l a s t i c  elem ents formed i r r e g u la r ly  o u tlin e d

masses and irere a p p a re n tly  composed o f  f i b r i l s ,  JQ & i n  th ic k n e s s , embedded

I n  an amorphous cem enting substance  (F ig . 9)*

Cl i n i c a l  cases

Upper r e s p ira to ry  t r a c t * The ciianges found i n  th e  n a s a l  c a v i ty ,

pharynx;, la ry n x  and trao lie a  were g e n e ra lly  very  m ild  in  th e  f i r s t  two weeks o f

i l l n e s s . An o cca s io n a l s l i ^ i t  congestion  o f  s u b e p i th e lia l  b lood v e s se ls  was 

observed, b u t deeper la y e rs  d id  n o t show any d is c e rn ib le  abno rm alities#  Only 

one case ( 33) d isp lay ed  a  m ild  degree o f c a ta r rh a l  I n i la m a t io n  o f  th e  n a sa l 

mucous membrane, and a  s l ig h t  oedema o f  th e  la ry n x  accanpanied  by an in c ip ie n t  

a c u te  inflam m atory re a c t io n  were no ted  i n  an o th e r dog (Case 20) .  !B%e cy to 

plasm ic in c lu s io n  b od ies  m an ifested  -their p resence  in  a  majori-by o f  th e se  

cases (4  o u t o f  ? )•  l&iey were most numerous i n  -the e p ith e liu m  o f  th e  n a s a l  

mucosa and i t s  g lan d s . One case  only  ( 33) d isp lay ed  them abundantly  i n  th e  

t r a c h e a l  ep ith e liu m .

Tlie dogs which su ffe re d  from th e  d ise a se  fo r  2 to  4 weeks showed 

more prom inent and advanced changes. % e n a sa l  passage i n  tw o -th ird s  o f  th e
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cases e x h ib ite d  a  m ild  to  m oderate c a ta r rh a l  involvem ent ($ ig .  15) ,  which 

fre q iie n tly  was a tten d ed  by some degree o f  liyperam iia and I iy p e ra c tiv lty  o f 

th e  mucous glands# B iere  was no ap p rec iab le  le s io n  i n  th e  leutjina p ropria#

The cytoplasm ic in c lu s io n  bod ies were found i n  th e  m a jo rity  o f  cases  i n  th e  

epithelium , and in  th e  mucous glands* The la ry n x  and tra c h e a  rev e a le d  com

p a ra b le  c a ta r rh a l  r e a c t io n  and congestion* Uo changes o f  s ig n if ic a n c e  were 

g e n e ra lly  no ted  i n  th e  pharytix excep t f o r  a  very  slig jjtt and s u p e r f ic ia l  in -  

flm m m tory re a c t io n  and some—and on occasion  pronounced—overproduction  o f  

mucin i n  th e  d ig e s tiv e  p a rt*  One c a se , hoimver, showed a  s ig n i f ic a n t  degjree 

o f  involvement* Ttio mucous membrane was markedly d isa rran g ed  and p a r t ly  

desqpemiated and rev ea led  ap p rec iab le  c a ta r rh a l  changes (Fig* 16)* A ra th e r  

im usual occmTonce was no ted  i n  Case £ , i n  which th e  t r a c h e a l  mucosa p re 

sen ted  a  w ell-advanced and a c t iv e  subacute inflam m atory p ro cess  accompanied 

by co n sid erab le  l% ^ ra # iia *  Moat o f  th e se  cases e x h ib ite d  cytoplasm ic i n 

c lu s io n  bod ies in  tlie  ep ith e liu m  o f  th e  la ry n x  and trachea* Only in  a  few 

dogs were th ey  found in  th e  pharynx* Case 15 showed a  sm all mmiber o f  intrU '- 

n u c le a r  In c lu s io n s  i n  tZie e p i th e l i a l  c e l l s  o f th e  t r a c h e a l  mucous membrane*

The changes observed i n  th e  pîaoryngeal t o n s i l  and th e  morphology o f 

in tr a n u c le a r  in c lu s io n  b o d ies  w i l l  be d esc rib ed  in  subsequent p a rts#

W ith th e  excep tion  o f  a  m ild  oedema o f th e  lamiina p ro p r ia  o f  th e  

la ry n x  (Case 16) and a  s l ig h t  c a ta r rh a l  in f lm m a tlo n  o f  th e  tra c h e a  (Uase 

11) ,  no s t r u c tu r a l  ab n o rm a litie s  were found in  5 dogs i l l  f o r  5 to  7 weeks*

In  th re e  o f  th e se  cases  a  m oderate number o f  cytoplasm ic in c lu s io n s  im s seen 

in  th e  mucous membranes o f  th e  n a sa l c a v i ty ,  phaqm x, la r y m  and trachea*

The dogs which W'ere examined a f t e r  10 weeks from, th e  f i r s t  s ig n s  o f 

th e  d ise a se  (h 6 and 30) d id  n o t sl%ow any ap p re c ia b le  changes i n  th e  upper p a r t  

o f  th e  r e s p ira to ry  t r a c t*
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Fig. 1 5. Clinical Case 3. Basal mucous membrane, shoving desqua
mation of epithelial cells and mild catarrh. Haematoxylln 
and eosln. x 4lO.

Fig. 1 6. Clinical Case 4. Pharyngeal mucosa. Moderate catarrh. 
Haematoxylln and eosln. x 100.
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Iiimgi llj'pei'aemia c o n s t i tu te d  o m  o f  th e  e a r l i e s t  changes ob

served  In  th e  Iim g. U sually  o f a  m ild  dogreo i n  th e  i n i t i a l  and l a t e  phe,ses. 

I t  was o f te n  pronounced a t  th e  hei^^it o f  llli'jiess# On such occasions th e  a f 

fe c te d  c a p i l l a r i e s  were m aited ly  to r tu o u s  and engorged xvlth blood* Not in 

f re q u e n tly , some e x tra v a s a tio n  o f  re d  b lood ce3.1s accompanied th e  congestion , 

b u t a re a s  o f  frah lt haemorrhage were s e ld m  seen# Of 30 dogs examined, on3y 

th i'ee  d id  n o t show an^' a p p re c ia b le  hyperaem ia. One o f  th e se  (26) was de

s tro y e d  10|  imeks a f t e r  th e  f i r s t  s ig n s  o f  th e  d is e a s e , rem aining two,

20 and 19,  viere i l l  f o r  l e s s  th an  2 a%id 4 weelcs, respecti%''ely#

Oedana o f  a lv e o l i  and in te r s t i t i u i a  o f te n  a tte n d e d  th e  s t a t e  o f 

hyperaan ia  b u t was somewhat 3,ess coimaonj i t  occurred  to  a  v a ry in g  e x te n t in  

77 p e r  c en t o f  cases# Seven dogs, in c lu d in g  th o se  which were i l l  f o r  more 

th an  10 weeks (26 and 3 0 ), d id  n o t show any d is c e rn ib le  oedema# The outpour

in g  o f  f l u id  in to  th e  a lv e o li  was an  e a r ly  phenomenon, a p p a re n tly  concurren t 

w itli th e  evolement o f  congestion* In  a  number o f  c a se s , i t  was q u ite  marked 

i n  th e  i n i t i a l  phases o f  th e  piihnonary re a c t io n  and o f te n  rem ained p ro - 

noimced u n t i l  th e  s ix th  week o f  i l l n e s s .  In  lates* s ta g e s , th e  oedema, a l -  

thou^^i p re se n t in  some lu n g s , was on3y m ild  and fo c a l  i n  d is tr ib u t io n #

Most commonly, th e  f l u id  accum ulated in  a lv e o la r  sp aces , b u t in  53 

p e r  cen t o f  case s  i t  was a ls o  p re s e n t ,  o f te n  to  a  co n sid erab le  e x te n t ,  i n  th e  

p e id v a sc u la r  i n t e r s t i t i a l  t i s s u e  (Fig* 17)* On a  few o ccasio n s , p e rib ro n c h i

o la r  a re a s  were s im ila r ly  invo lved , ap p a ren tly  by exben tion  o f  oedema from th e  

a d ja ce n t p e r iv a s c u la r  reg io n s  (Fig# 18)* In  many in s ta n c e s , th e  f l u id  oc

cupied  th e  e n t i r e  a lv e o la r  space, b u t in  some appeared t o  be  sca llo p ed  a t  th e  

w a ll by th e  en trapped  a ir*  Ih e  p ro te in  co n ten t o f  oedema f lu id ,  a s  Judged by 

th e  in te n s i ty  o f  s ta in in g  re a c t io n  w ith  p e rio d ic  a c id -S c h if f  tec lm lq u e , v a rie d  

co n sid erab ly  n o t on ly  t r m  case  to  case  b u t o f te n  a ls o  in  th e  smm m icroscopic
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Fig. 17" Clinical Case 4. Lung. Intra-alveolar and perivascular 
oedema. Heidehbain's iron-haenatoxylin and eosln. x 30.

Fig. l8 . Clinical Case 32. Lung. Intra-alveolar and peribronchiolar 
oedema. SBtezaatoxylin and eosln. x 30.
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f i e l d  (H g*  19)* O ccasional s tra n d s  o f  f i b r i n  were seen  i n  many a re a s  in  

most o f  th e  eases (?0 p e r  cen t)*  T his occurrenee Imd sm e  b e a rin g  on th e  

fo rm ation  o f  f ib r in o u s  "p lugs” , mid a p p a ren tly  a ls o  on th e  p ro ce ss  o f  i n t r a -  

a lv e o la r  o rg a n iz a tio n  (v- in f ra )*

te rm in a l a i r  passage were u s u a lly  f r e e  o f  o e te a a , b u t in  some 

in s ta n c e s  even th e  m edium-sized b ro acM o les were flooded  to  a, co n sid erab le  

e}£tent# Only I n s ig n if ic a n t  mmimts o f  f l u id  could be foua^d i n  th e  

”ep ith e lia3 d .sed ” areas#

A m ild  c o lla p se  o f  th e  pulmonary parenchyitia occurred  i n  60 p e r  cen t 

o f  th e  c a se s . Most f re q u e n tly , i t  was fo c a l  in  d i s t r ib u t io n  and e n t i r e ly  

ab sen t from th e  a re a s  o f  oedeaia# On o ccasio n , t?hen i t  was more advanced 

(Cases 3,9 and 2 9 ), th e  invo lved  p a r t s  showed a  d i s t in c t ly  trW ^ecular, la c e -  

l ik e  arrangem ent o f  th e  c o lla p se d  groups o f  a lv e o li  (F ig s . 20 and 21)* A de

g ree  o f  compensatory emphysema sometitTies accompanied th e  su b p le u ra l a re a s  o f  

co31apse.

No s ig n i f ic a n t  a b n o m a li t ie s  were no ted  in  th e  pidjftiary and second

a ry  b ro n ch i, w ith  th e  ex cep tion  o f  a  few is o la te d  cases which showed m ild  

c a ta r rh  (2 , 3 , 4 and 15)* The f in e r  a i r  p assag es , however, o f te n  e x h ib ite d  

c h a r a c te r i s t i c ,  and scaaetlmes pronounced, cïm nges.

S a rly  i n  th e  course o f  th e  d is e a s e , sm all accum ulations o f  lympho

c y te s , macrophages and plasm a c e l l s  appeared in  and around b ro n c h lo la r  w a lls  

(F ig . 22) aĵ id i n  p e riv a sc u la r’ t i s s u e  spaces, e s p e c ia l ly  o f v enu les (Fig# 23)* 

{Bie a r t e r i a l  channels d id  n o t appear* t o  be invo lved , l& th th e  p ro g ress  o f 

i l l n e s s ,  th e  accum ulations o f  mononuclear c e l l s  no t in f re q u e n tly  becaroe more 

conspicuous b u t seldom reached co n sid erab le  p ro p o rtio n s . In  th e  l a t e r  s tag es  

only re s id im l fo c i  o f i n f i l t r a t i o n  rem ained in  p e r iv a sc u la r  and  p e rib ro n cM - 

o l a r  s i t e s  (Cases 26 mid 3 0 ). Varying degrees o f  mononuclear i n f i l t r a t i o n
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Fig. 19* Clinical Case 4. Lung. Strands of fibrin are seen in 
oedema fluid. Periodic acid-Schiff. x 530.

Fig. 20. Clinical Case 29* Lung^ shoving "trabecular” collapse of 
alveoli. Gordon and Sweets' silver method, x 26.
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Fig. 21. Clinical Case 29* Lung. Hlgh-pcwer view of collapsed 
alveoli. Gordon and Sweets' silver method, x 570.

&

Fig. 22. Clinical Case 32. Early pneumcmia, shoving cellular re
action in and around bronchioles. Baematoxylin and eosln, 
X 110.
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were observed in  b ro n cM o lar w a lls  in  80 p e r  cen t and in  p e r iv a s c u la r  a re a s  

i n  53 p e r  c an t o f  th e  cases#

O ften mononuclear elem ents invaded th e  a d ja c e n t a lv e o la r  w a lls  

and, to g e th e r  w ith  th e  c e l l s  accum ulated i n  th e  p e rib ro n c h io la r  connective 

t i s s u e ,  c o n s t i tu te d  th e  i n t e r s t i t i a l  inflam m atory re a c t io n , c î ia r a c te r is t ic  

o f  many v i r a l  pneumonias.

Some o f  th e  case s  (1?  p e r c e n t)  d isp lay ed  d eg en era tiv e  clianges in  

th e  b ro n ch lo la r  e p ith e liu m . These ware e i th e r  o f  a  foamy, v acu o lar type  ac 

companied by desquam ation, o r  o f  giyeogenic c h a ra c te r  a s  rev e a le d  by se c tio n s  

s ta in e d  w ith  p e r io d ic  a c id -S c h if f  (F ig . 2 4 ). In  th e  l a t t e r  in s ta n c e , th e  i n 

volved e p i th e l i a l  c e l l s  o f te n  seemed to  have shed m ost, i f  n o t a l l ,  o f  t h e i r  

cytoplasm , leav in g  th e  lam ina p ro p r ia  p a r t i a l l y  denuded (Fig* 25)* The h e a lth y  

e p i t h e l i a l  e lem en ts, rem aining a t  th e  edge o f  th e  le s io n s , sm e tim es fozmed 

long , th in  cytoplasm ic p ro cesses  which tended to  cover th e  e3gx>sed a re a s  

(F?.g. 2 6 ). In  tim e th e se  tenuous expansions gave r i s e  t o  th e  continuous 

e p i t h e l i a l  membrane* In  seme b ro n c h io le s , however, th e  b a re  segments o f  th e  

w a ll were seen  to  be a c t iv e ly  invo lved  i n  th e  p rocess o f  ia tra b ro n e h io la r  

o rg a n iz a tio n  and f i b r o s i s  by supplying sonie o f  th e  co llagenous elem ents (v . 

in f r a ;  Fig* 34 ).

On o c ca s io n ,th e  lam ina p ro p r ia  o f  th e  b ro n ch io les  d isp lay ed  i r r e g u 

l a r l y  o u tlin e d , fu c h s in o p h ilic  fo c i  o f  h y a lin e  changes (F ig . 2 7 ) . IBiese were 

seen u su a lly  a t  th e  h e i # t  o f  i l l n e s s ,  and only i n  a  com paratively  few c a se s .

A m ild , r a r e ly  m oderate, c a ta r rh a l  b ro n c h io l i t i s  occurred  in  33 p e r  

cen t o f  th e  dogs, p a r t i c u la r ly  between th e  3rd  and 5 th  weeîts o f  th e  d is e a s e . 

U sually  i t  was accompanied by an  ap p rec iab le  accum ulation o f  e:m date which 

sm etlm es tended to  occlude th e  lumen* More o f te n  th e  b ro n ch io le s  were n o t 

p rh m r i ly  invo lved  b u t con ta ined  vary ing  amounts o f  c e l lu l a r ,  p redo iiinaa tly
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1
Fig. 2 3. Clinical Case 2. Lung. Perivascular mononuclear infiltra

tion. HBMMnalum-phloxin-tartrazine. x 460.

Fig. 24. Clinical Case 17• Bronchlolar mucosa, shoving moderate 
glycogenic infiltration of epithelial cells. Periodic 
acid-Schiff. X 48o.
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Fig. 25. Clinical Case 31* Brcncniolar mucosa. Advanced glycogenic 
infiltration of epithelium, with partial denudation of 
lamina propria. Periodic acid-Schiff. x 470.

Pig. 2 6. CliniCGLl Case 1. Brcxichiolar wall. The remaining epithelial 
cells begin to cover the denuded bronchlolar wall with their 
cytoplasmic processes. PLcro-Nallory. x 485.
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îaouoîiucloar exudate o r ig in a tin g  from th e  a lv e o l i . A fra a k  suppu ra tive  b ron

c h i o l i t i s  Was no ted  only  in  one dog which showed a  concurren t b a c t e r i a l  

branehopneumonia (Case ^ ) #

In  scsne c a se s , p a r t i c u la r ly  6 and 23, in  xfMch th e  pneumonia was 

o h a ra c te r iz e d  by marked p r o l i f e r a t iv e  ciiangea, th e  b ro n c h lo la r  e p ith e lim a  d i s 

p layed  b iz a r re  fo m s  o f  eeH s*  2^Wy o f  th e se  i^ere co n sid erab ly  la rg e r  th an  

n o m a l e p i t h e l i a l  c e l l s ,  p ro tru d ed  in to  th e  lumen and o f te n  co n ta ined  2  o r  3 

p a le  s ta in in g , balooned n u c le i  w ith  prom inent s o l i t a r y  n u c le o li  (Fig# 28)#

In  a  sm all p ro p o rtio n  o f  cases showing s ig n s  o f  th e  d ise a se  f o r  2  

o r  3 weeks, some o f  th e  su b p le u ra l b ro n ch io le s , av eo la r d u c ts  and, occasion

a l l y ,  a lv e o li  e x h ib ite d  dense f ib r in o id  m asses, w ith  enmeshed e ry tliro c y te s  

and mononuclear c e l l s  (Figs# 29 and 30)# At f i r s t  amorphous and b a re , th e  

f ib r in o id  "plugs** became l a t e r  i n f i l t r a t e d  by f ib r o b la s ts  and in v e s te d  w ith  

a  continuous e p i t h e l i a l  covering# U ltim a te ly , perm anent, o rgan ized  s t ru c 

tu r e s  were formed# On o ccasio n , th e  la y e r  o f f ib r in o id  m a te r ia l  was seen to  

mould along  th e  w a lls  o f  a lv e o la r  d u c ts  and a lv e o li  (M g* 31 ), producing amor* 

phous, e o s in o p h ilic  membranes comparable to  th o se  d esc rib ed  by î^ d f ie ld  

( 1938) and % s te in  and Greenspan ( l9 4 l)  i n  rheum atic pneumonia o f  man#

Degrees o f  ia t r a b ro n e h io la r  and ia t r a d u e tu a l  f i b r o s i s  occurred  in  

50 p e r  cen t o f  th e  dogs# Most o f  th e  case s  were in  th e  3 rd  t o  5 th  week o f 

i l l n e s s  (30 p e r  c e n t) ,  b u t some (10 p e r  c e n t)  showed th e  changes a s  e a r ly  a s  

i n  th e  second week (Cases 27, 23 and 33)* U sually  th e  p ro ce ss  was fo c a l  i n  

d is t r ib u t io n  and confined  t o  su b p le u ra l a reas#  The i n i t i a l  changes appeared 

to  be p r e c ip i ta te d  by th e  p resence  o f  f ib r in -c o n ta in in g  exudate  and th e  pau

c i t y  o f polym orphonuclear leu co cy tes  (Auerbach e t  a l# ,  1952)# ®ae exudate in  

th e  a f fe c te d  t e m in a l  and r e s p i r a to ry  b roncîiio les and a lv e o la r  d u e ts  became 

invaded by , a t  f i r s t ,  t l i in  and l a t e r  by more p ro a in e n t f ib r o b la s t ic  and
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Fig. 2 7. Clinical Case 3* Bronchlolar vail. Qyaline changes in 
lamina propria. Haematoxylln and eosin. x 450.

Fig. 2 8. Clinical Case 8 . Bronchiole. Epithelial cells show
bizarre and binucleated forms. Baexnatoxylin and eosin.
X 515.
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Fig. 29- Clinical Case 2. Lung. Respiratory bronchiole, alveolar 
ducts and alveoli contain dense fibrinous "plugs". 
Periodic acid-Schiff. x 125-

%

t

Fig. 30. Clinical Case 8. Respiratory bronchiole, showing fibrinous 
"plug" with ezsneshed mononuclear cells. Haematoxylln and 
eosin. X 425.
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coXXagenous eXementa, fo r which the atraada of f ib r in  appeared to  nerve as a 

scaffolding (Figs# 32 and 33}* A aimber o f c e lls  (predomiimatiy mononuclear) 

was usually  entrapped in  the r ic h  network of f ib re s . W ile  many of the  f ib ro 

b la s ts  evidently migrated in to  the area  from the adjacent connective tis su e , 

i t  secaued p lausib le  to  assume tîm t some of tliem could Imve had th e i r  o rig in  

from the transformed polyb lasts (itaimow, 1927). In the la te r  stages, the 

ox’ganized "plugs" became invested , p a r tly  or continuously, w ith a  layer of 

cel.ls derived from the remaining epithelium  (Figs# 34 and 35)*

The la trab roneM oX ar f ib r o s i s  was sometimes accompanied by i n t r a -  

a lv e o la r  o rg a n iz a tio n  (17 p e r  c e n t)  and, more o f te n , by an  in c re a se  in  number 

o f  r e t i c u l a r  f ib r e s  i f i th in  th e  m i l s  o f  a lv e o li  (24 p e r  c e n t) .  The p rocess 

appeared  to  be w e ll  advanced i n  some o f  th e  dogs i l l  from B t o  4 weeks (8 , 19, 

22, 31 and 32)* *Bie e v o lu tio n  o f  f ib r o s i s  took  a  similai* course  t o  t l ia t  ob

served  in  th e  b ro n ch io le s  and a lv e o la r  ducts* O ccasionally , th e  o rgan ized  

exudate became covered by an uneven la y e r  o f  e p i th e l i a l  c e l l s ,  e v id e n tly  de

r iv e d  from th e  a lv e o la r  l in in g  (P ig . 3 6 ). I n t r a - a lv e o la r  f i b r o s i s  was u su a lly  

mi3.d and p e r ib ro n c h io la r  i n  d i s t r ib u t io n ,  b u t i n  a  few c ase s  invo lved  la rg e r  

subpleuraX a re a s  (P ig . 3 7 ). some in s ta n c e s , th e  w a lls  o f  a lv e o l i  were ap

p re c ia b ly  th ickened  due to  a  m oderate in c re a se  i n  th e  number o f  r e t i c u l a r  and 

collagenous f ib r e s  and th e  accum ulation o f  predom inantly  m ononuclear c e l l s  

(m gs# 38 and 3 9 ).

Except f o r  sm e tim es marked engorgement w ith  red  b lood  c e l l s  and th e  

p resence  o f  d egenera ting  megalcaiyocybes (F ig . 4 o ), th e  a lv e o la r  c a p i l l a r ie s  

showed no s ig n i f ic a n t  a b n o m ia li t ie s .

The lym phatic channels appeared to  be d is ten d ed  n o t on ly  in  p e r i 

v a scu la r  a re a s  b u t a ls o  l a  th e  su b p le u ra l reg io n s  where th ey  o f te n  c a r r ie d  a  

mmiber o f  mononuclear phagocytic  c e l l s  (m g* 4 l ) .
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Fig. 31 • Clinical Case 8. Lung, shoving hyaline membranes lining 
the alveolar ducts. Periodic acid-SchlTf. x 520.

w

Fig. 32. Clinical Case 8. Respiratory bronchiole. Organization of 
the exudate. Gordon and Sweets' silver method, x 450.
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Fig. 33" Clinical Case 8 . Respiratory bronchiale, showing invas- 

8ion of exudate by fibroblasts. Plcro-Nallory. x 540.

t)

Fig. 34. Clinical Case 19* Bespiratoiy bronchiole. Late stage 
of organization. 9Rie "plug" is covered by epithelial 
cells. Periodic acid-Schiff. x 480.
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Fig. 35" Clinical Case 26. Respiratory bronchiole. Stage of
fibroels. Few capillaries could be seen in the fibrotic 
"plug” covered by irregular epithelial cells. Raema- 
toxylin and eosin. z 400.

Fig. 3 6. Clinical Case 33• Lung. Organization of intra-alveolar 
exudate. Alveolar valla are thickened due to increase in 
reticular fibres. Gordon and Sweets ' silver method.
X 475.
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Fig. 37- Clinical Case 33* Lung, showing subpleural organlzaticm. 
Gordon and Sweets' silver method, x 130.

A

Fig. 38. Clinical Case 1. Lung. Alveolar walls are thickened
due to increase in reticular fibres. Gordon and Sweets' 
silver method, x 425.
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Fig. 39" Clinical Case 19> Lung, showing thickened alveolar
walls j desquamated epithelial membranes and mononuclear 
exudate. Periodic acid-Schiff. x 520.

n

Fig. 40. Clinical Case 13. Lung. Capillaries contain degenerat
ing megakaryocytes. Haematoxylin and eosin. x 430.
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ISarly i n  th e  course o f  th e  d isease^  c h a r a c te r i s t ic  c e l lu l a r  changes 

had evolved i n  a lv e o la r  spaces and o f te n  rem ained m an ifes t u n t i l  th e  l a t e  

stages* At th e  h e i# i t  o f  i l l n e s s t h e y  v e re  sm ietlm es pronounced; a f f e c t in g  

la rg e r  segments o f  'Ulie lo h e s . îEiese changes comprised ( l )  a lv e o la r  e p i t h e l i a l  

h y p e rp la s ia  and (2) exudation  o f  predom inantly  mononuclear c e l l s .

A lveo lar e p i t h e l i a l  p r o l i f e r a t io n  was an e a r ly  p ro c e ss ; developing 

e v id e n tly  during  th e  f i r s t  two wedcs o f  i l l n e s s  (Gases 10; 17, 20, 27, ^  and 

3 3 ), In  i t s  i n i t i a l  p h ases , th e  h y p e rp la s ia  was m ild  and p e r ib ro n c h io la r  

(Figs* 42 mià 43) o r  su b p leu ra l in  d i s t r ib u t io n .  Sometimes such " e p i th e l ia l ! »  

sa tio n "  o f  a lv e o l i  rem ained lo c a liz e d  'tliroughout th e  ontii^e course  o f  th e  d i 

se a se , in v o lv in g  only  sm all a re a s  o f  th e  su b p leu ra l o r  p e rib ro n c îiio la r  t is su e *  

In  a  sm all number o f  c a se s , th e  p ro cess  d if ih s e d  su b p le u ra lly  t o  a  co n sid e r

a b le  dep th  (H g s .  44 and 4-5) and, to g e th e r  w ith  p e rib ro n c h io la r  " e p l t l i e l i a l i -  

s a t io n " , invo lved  la rg e  p o r t io n s  o f  th e  lobes*

In  many in s ta n c e s , however, th e  clianges found were e i th e r  mdld, 

p a i 't ic u la i 'ly  in  th e  dogs i l l  f o r  l e s s  th a n  2 w edis, o r  only  m oderately  ad» 

vanced, w ith  only  o c ca s io n a l f o c i  o f  marked involvem ent-

Some degree o f  a lv e o la r  e p i t h e l i a l  l% fperplasia was observed in  a l l  

b u t 5 o f  th e  30 c ases  examined (5 , 21, 26,  29 and 3 0 ). Two o f  th e  l a t t e r  

(26 and 30) showed s ig n s  o f  th e  d ise a se  f o r  more th an  10 weelis*

The p ro cess  o f  a lv e o la r  " e p i th e l ia l ! s a t io n "  was e s s e n t ia l ly  t l ia t  

o f  hypertrophy and h y p e rp la s ia  o f  a  rem arkably tenuous b u t u n in te rru p te d  

e p ith e liu m  which norm ally  l in e s  th e  w a ll o f  th e  pulmonary a lv e o l i  (v*pp* 

58-7 3 ),

The I n i t i a l  elianges observed in  th e  e p i th e l i a l  c e l l s  in c lu d ed  h^'psr- 

tropliy  and, o f te n , some v acu o la tlo n  o f  th e  cyboplasai (Eigs* 46 and 47) .  Gen

e r a l ly ,  only  th e  n u c leu s-b ea rin g  p o r t io n  o f  th e  c e l l  body became e n la rg e d .
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Fig. 4l. Clinical Case 27- Lung. Distended eubpleural lymphatic 
vessel with mononuclear cells. Haematoxylln and eosin.
X  425.

Fig. 42. Clinical Case 1. Lung. Early pneumonia, shoving cellular 
reaction In and around bronchioles and adjacent alveoli. 
Slight alveolar and Interstitial oedema Is also present. 
RLcro-Mallory. % 30.
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Pig. 43. Clinical Case 8. Lung. "Bplthellalisatlon” of alveoli 
Is present in the peribronchiolar area. Hero-Mallozy.
X 1 3 0.

' m

m

Fig. 44. Clinical Case 1. Lung, showing cellular changes in the 
subpleural area. Van Gleson. x 30.
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Fig. 4 5. Detail of Fig. 44. "BplthellalIsatlon ' of alveoli and
cellular exudative changes are prominent. Plcro-Mallory, 
X 150.

M

Fig. 46. Clinical Case 27. Lung, hypertrophy of septal cells.
There is also some intra-alveolar exudate. Periodic acid- 
Schiff. X 550.



97

pro top lasm ic  expansions rem ained r e l a t i v e ly  u n a ffe c te d . On 

o ccasion , however, a  co n s id e ra b le  th ick en in g  o f  th e se  segsxents o f  tlie  e p i-  

th e l lm i  could  be observed ( ü g .  1̂8) .  The in c re a se  i n  s iz e  was u su a lly  

m oderate, tw o-or th re e fo ld ,  b u t sometimes i t  was seen  t o  reach  unusual 

p ro p o rtio n s , w ith  c e l l s  m easuring up t o  50p in  len g th  and 20p i n  w idth 

(F ig . %9).

Almost in  every  in s ta n c e , th e  phase o f  hypertrophy was accompanied, 

o r  im ie d ia te ly  fo llow ed , by a  marked Im ryolsinetic a c t i v i t y  o f  th e  e p i t h e l i a l  

c e l l s ,  l-îany claughtei" forms a ro se  by m ito t ic  {Eig. 47) and , p o s s ib ly , by 

a m ito tic  d iv is io n s ,  adding remorlmbly to  th e  c e l l u l a r l t y  o f  th e  e p i t h e l i a l  

co v erin g . As a  r e s u l t ,  a  d i s t i n c t  pavement o f  somewhat i r r e g u la r ly  sîmped 

b u t u su a lly  f la t te n e d  c e l l s  developed a long  th e  w a lls  o f  th e  a lv e o l i  (F ig s .

50 and 53)* ïîo t in f re q u e n tly , th e  cytoplasm  o f  th e se  c e l l s  f a i l e d  t o  seg

ment in  th e  p ro cess  o f  n u c le a r  d iv is io n  and, i n  an a ttem p t t o  aeccanmodate th e  

in c re a sed  number o f  n u c le i ,  liypertroph ied  t o  a  c o n sid e rab le  d eg ree , g iv in g  

r i s e  t o  b in u o le a te d  (F ig s . 48 and 50) and, sometimes, to  m u ltin u c lea ted  

b iz a r r e  forms (F ig . 51)*

Com paratively e a r ly  i n  th e  p ro cess  o f  " e p i th e l i a l i s a t io n " ,  some o f  

th e  l in in g  c e l l s  became detached  from t h e i r  m ural b e r th s  and g ra d u a lly  pushed 

in to  th e  a lv e o la r  space , o f te n  dragging behind them filam en to u s a ttachm ents 

o f  t h e i r  cy toplam i (F ig s . 50 and 5 2 ). I n  tim e more c e l l s  were se p a ra ted , a t  

f i r s t  i n  sm all groups (F ig . 52) and l a t e r  i n  sh e e ts  ( ï l g .  53 ), u n t i l  th e  en

t i r e  membrane was f r e e  i n  th e  lumen. I n  more advanced p h ases , th e  desquamated 

l in in g  underwent fragm en ta tion  and showed c e l lu la r  d eg en e ra tiv e  changes. The 

e p i t h e l i a l  elem ents s e t  f r e e  in  th e  a lv e o la r  space in te m ix e d  w ith  th e  c e l l s  

o f  inflam m atory exudate , and were f i n a l ly  removed from th e  reg io n  o f  gaseous 

exchange by way o f  th e  b ro n c h ia l t r e e .  No t r a c e s  o f  " e p i th e l io l i s a t io n "
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Fig. 47. Clinical Case 27* Alveolar wall. Mitotic figure In a

septal cell. Note hypertrophy and vacuolatlon in other 
septal cells. Periodic acld-Gchiff. x 710.

Fig. 48. From the same case. Blnucleated and hypertrophied alveolar 
epithelial cells. Periodic acld-Gchiff. x 6OO.
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Fig. 4 9• Clinical Case 23* Lung. Bizarre alveolar epithelial 
cells. Periodic acid-8chiff. x Ô50.

Fig. 50. Clinical Case 27- Lung. Early phase of alveolar 
"epithelialisatlon". Periodic acid-8chlff. x 760.
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Fig. 51 - minlca'] Case ô. Lung. Bizarre umltlnucleated epithelial 
cells in alveoli and alveolar duct. RLcro-Mallory. x Ô7 0.

Fig. 52. Clinical Case 27* Lung. Early detachment of epithelial 
lining. Note length of cytoplasmic process. Periodic 
acid-Schiff. X 58O.
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were observed in  th e  phase o f  r e s o lu t io n  o f  th e  d ise a se  p ro c e ss .

The f i r s t  c e l lu l a r  e lem ents o f  th e  in flm m B tory  e^mdate appeared 

i n  th e  a lv e o la r  spaces a t  am e a r ly  s ta g e  o f  pneumonia. A ppreciab le  numbers 

o f  them were p re s e n t ,  e s p e c ia l ly  i n  perib rom cM olar and su b p le u ra l a re a s ,  a t  

th e  tim e wlien a lv e o la r  ep i-tlxo lia l c e l l s  were showing on ly  in c ip ie n t  hyper

tro p h ic  cîisngea (F ig . 5 4 ). ^W y o f  th e  c e l l s  p re se n t com prised m acrophages, 

lymphocytes and t r a n s i t i o n a l  hesaatogenous e l u e n t s  which a p p a re n tly  hy f u r 

th e r  tra n s fo rm a tio n  gave r i s e  t o  la rg e  phagocytes (l-5aximow, 1927; Hehuck and 

Crowley, 1955; Tm ipkins, 1955)* O ccasional polym orphonuclear leu c o cy tes  mi

g ra te d  in to  th e  a lv e o l i  h u t ,  i n  most e a se s , were scan ty  th roughou t th e  e n t i r e  

course o f  th e  d is e a s e . S e p ta l  c e l l s  ware a ls o  seen to  c o n tr ib u te  ap p rec iab ly  

to  th e  exudate . Ü ie ir  b o d ie s , a t  f i r s t  lodged in  a lv e o la r  a n g le s , became 

sw ollen , p ro tru d ed  f r e e ly  in to  th e  lumen (F ig s . 55 and 56) and f i n a l ly ,  having 

l ib e r a te d  them selves f r m  a t'taehm ents, jo in e d  o th e r  inflam m atory c e l l s  i n  

a lv e o la r  sp aces . Sometimes a  few plasm a c e l l s  and an o c c a s io n a l e o s in o p h il 

cou ld  be observed i n  a lv e o l i  im m ediately a d ja c e n t to  th e  b ro n eM o les .

Not in f re q u e n tly ,  some o f  th e  macrophages gained  c o n sid erab ly  in  

s iz e  and i n  number o f  n u c le i  which became a rranged  u su a lly  a t  th e  p e rip h e ry  o f  

th e  c e l l  (F ig s . 57 and 60) .  T his was ap p a ren tly  due t o  n u c le a r  d iv is io n s  

w ith o u t accompanying segm entation  o f  th e  cytoplasm ic body. I t  seemed p rob

a b le ,  however, t lm t ,  on o ccas io n , some o f  th e  mononuclear macrophages fu sed  

to g e th e r  t o  form m u ltin u c le a te d  e lem en ts .

Btoy c e l l s ,  some w ith  two n u c le i  and e v id e n tly  o f  s e p ta l  o r ig in ,  

sheared a  m oderate t o  marked b u t unifoam v acu o la tlo n  o f  th e  cytoplasm  which 

gave th&n a  d i s t i n c t  foamy appearance (F ig . 58) .  Such c e l l s  o f te n  showed a  

t l i ic k , homogenous cytoplasm ic membrane. c o n ten ts  o f  v acu o les , some o f  

wiîieh were seen to  in d e n t th e  n u c le a r  membrane, d id  n o t respond to  any o f  th e
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Fig. 53" Clinical Case l8 . Lung. Alveolus at left shovs complete 
detachment of lining. Note hronchiolar epithelium in 
lover centre. Periodic acid-Schiff. x 52$.

f

Fig. 54. Clinical Case 27- Lung. Intra-alveolar exudate, shoving 
macrophages, lymphocytes, transitional farms and polymor
phonuclear leucocytes. Periodic acid-Schiff. x 690.
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Fig. 5 5. Clinical Case 27. Septal cell approaching stage of detach
ment. Periodic acid-8chiff. x Ô10.

f

4

Fig. 56. From the same case. Septal cell is seen protruding into 
alveolar space. Periodic acid-Schiff. x Ô10.
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Flg. 57' dlnical Case 16. Lung. Multinucleated phagocytic cell. 
Haematoxylln axid eosin. x 720.

y

Fig. 53. Clinical Case 11. Lung. A giant "foamy" cell. Note 
regularity of vacuoles. Periodic acid-Schiff. x 85O.
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s ta in in g  procedures used in  t h i s  s tu d y . I t  would appear t h a t  th e  v acu o ia tio n  

re p re se n te d  a  pimse i n  c e l lu l a r  a c t iv i t y  r a th e r  th an  a  r e s u l t  o f  d eg en era tio n . 

S im ila r  changes, h u t o f  co n sid erab ly  le s s  m agnitude, cou ld  be seen  i n  some o f  

th e  a lv e o la r  e p i t h e l i a l  c e lls *

Mai%r o f  th e  macrophages d3.splayed a  c h a r a c te r i s t ic  s ta in in g  re a c 

t io n  w ith  p e rio d ic  a c id -S c h if f  (P .A *S.) tech n iq u e . The cytocentrum  o f  th e se  

c e l l s  o f te n  showed an in te n se  response to  leu co fu ch s ia  o f  P.A.B*, in d ic a t in g  

th e  presence  o f  a  p o ly sacch o rid e -eo n ta in in g  substance (Figs* 59 and 60 ). Tlie 

degree o f  re a c t io n  d id  n o t seem to  be a f fe c te d  by p r io r  treaim ient w ith  d ia s ta se . 

I t  appeared very  l ik e ly  t h a t  th e  eytocentrum  con ta ined  a  su b stan ce , or* sub» 

s ta n c e s , o f  m ueoprotein o r  g ly co p ro te in  c h a ra c te r  which cou ld  i n  some way be 

a s so c ia te d  w ith  enzy im tic , phagocytic  p ro cesses  o f  th e se  c e l l s .  I d e n t ic a l  

s ta in in g  re a c t io n s  were seen  in  th e  a c t iv e  ICupffer c e l l s ,  i n  many r e t i c u la r  

c e l l s  o f  th e  3yRjplioid t i s s u e ,  p a r t i c u la r ly  in  in fla im ia tio n , and in  macrophages 

o f  in f la m m to ry  re a c tio n s  in  v a rio u s  organs (ifa trach  and Natrac;h, 3-955)* 

Fo3ymorphonucleai’ leu c o cy te s  and, occasional3y , monocytes e x h ib ite d  b u t a  

d if fu s e  and m oderately  in te n s e  s ta in in g  w ith  F*A.S. 3^ sane in s ta n c e s ,  a ls o  

th e  de tach ing  s e p ta l  c e l l s  \vore found to  c o n ta in  a  number o f  F .A .B .-p o s itiv e  

g ran u les  in  t h e i r  cytoplasm . The a lv e o la r  ep ith e liu m , i n  bo th  th e  r e s t in g  

and p r o l i f e r a t iv e  pim sea, and th e  b iz a r r e  m u ltin u c lea ted  forms seen  in  scmie 

cases o f  e p i t h e l i a l  h y p e ip la s ia  were e v id e n tly  n e g a tiv e  to  P .A .S . (Fig* 6l ) .

U sually  a f t e r  s ix  t o  seven weelcs o f  i l l n e s s ,  a s  th e  a cu te  phase 

subsided , mononuclear in tra**alveo lar c e l l s  d im inished s ig n i f ic a n t ly  i n  number. 

Some, however, s t i l l  l in g e re d  in  f o c i  o f  re s id u a l  in flm m m tion , to g e th e r  w ith  

mononuclear elem ents in  p e r ib ro n c h io la r  and p e r iv a sc u la r  spaces (F ig . 62 ).

Even a f t e r  th e  e le v e n th  week o f  th e  d is e a s e , s im ll accw fiulations o f  mononu

c le a r  c e l l s  rem ained in  th e  a lv e o l i  around b ro n ch io les  and v en u le s .
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Fig. 59* Clinical Case 6. Lung. Macrophages, shoving a positive 
reaction with periodic acid-Schiff. x 170.

Fig. 60. Detail of Fig. 59* Macrophages, many of which are miltl- 
nucleated, display a positive P.A.S. reaction In the cyto
plasm. X 710.
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Pig. ôl. Clinical Case 6. Lung. Nultlnucleated cell of alveolar 
epithelial origin. Note the absence of reactlw with 
P.A.8. X 710.



103

I n  a  few In s ta n c e s , e s p e c ia l ly  in  Case when seconclary b a c te r i 

a l  In fe c t io n  d id  o cen r, polyiaiorphonnclear leucocy tes e n te re d  th e  a lv e o l i  and 

th e  h ro n ch io la r  lum ina in  co n sid erab le  numbers. A franis; sup p u ra tiv e  so f te n 

in g  o f th e  lung parenchyma, however, was n o t observed.

Degrees o f  involvem ent o f  th e  v is c e r a l  p le u ra  occu rred  in  30 po r 

c en t o f th e  dogs, most o f  which were i l l  from f iv e  t o  seven weeks. Tlie 

changes observed were u su a lly  m ild  and c h a ra c te r iz e d  by some in c re a se  in  sub- 

s e ro s a l  co llagenous elements* On a  few o ccasio n s, however, th e  le s io n s  were 

more marked, e s p e c ia l ly  i n  Bog 19 (Fig* 63)* Sucli cases  o f te n  showed a  

cubo ida l o r  columnar m e tap la s ia  o f  th e  m ésothélium .

Cytoplasm ic in c lu s io n  b od ies were found in  th e  lungs o f  a l l  b u t two 

Of th e  t h i r t y  c l i n i c a l  e a se s  exoroined. One o f  th e  n eg a tiv e  case s  (10 ) was 

i l l  f o r  f iv e  days and e x h ib ite d  scsne m uscular spasms in  th e  h ind  le g s . I t s  

cerebellum , however, and some sweat g lands o f  th e  pads showed a  few cy to 

plasm ic bod ies o f  d istem per type* I n  th e  o th e r  case  (3 0 ) , which d isp lay ed  

s ig n s  o f  i l l n e s s  f o r  1%  weeks, no in c lu s io n  bod ies were seen , in  s p i te  o f 

th e  prolonged se a rc h , i n  any o f  th e  organs examined ( r e s p ir a to ry  t r a c t ,  

cerebrum , cerebellum , pons, lym phatic t i s s u e s ,  H v e r , and p a d s ) ,

Tlie cytoplaam ic in c lu s io n s  o f  d isten iper were s tro n g ly  a c id o p h ilic  

(F ig . 6^0 and v a rie d  in  s iz e  from th o se  j u s t  b a re ly  d is c e rn ib le  t o  la rg e  

bod ies m easuring 3“4p in  diam eter* Most o f  tliem were surrounded by c le a r  

h a lo s  o f  th e  u n s ta in e d  cyfcoplasmie zone. In  many in s ta n c e s  th e  in c lu s io n s  

d isp lay ed  a  p a r t i c u la te  o r  v acu o lar in te r n a l  s t r u c tu r e .  l a t t e r ,  f i r s t  

r e f e r r e d  t o  by S in ig a g lia  ( 1912) and Babes and S ta rc o v ic i ( 1912) , was w e ll 

dem onstrated i n  se c tio n s  examined w ith  a  p h a se -c o a tra s t  m icroscope (F ig . 65) .

î4ost frec ju en tly , th e  cytoplasm ic in c lu s io n  b o d ies  were seen i n  th e  

b ro n c h ia l and b ro n c h io la r  ep ith e liu m  (som etinesin  g re a t  numbeis), in  a lv e o la r
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Fig. 62. Clinical Cage 26. Lung. Intra-alveol&r and perivascular 
interstitial reaction of late distemper. No evidence re
mains of "epithelialisation". Some alveolar vails are 
thickened. Baematoaylin and eosin. x 125.

€

Fig. 6 3. Clinical Chse I9 . Lung. Advanced ohronic pleurisy, 
Eaematoxylin and eosin. x 450.



i «

r .\
i4 •

; 4

r

1

#

110

Fig. 64. Clinical Case 33* Bronchial mucosa. MEuiy epithelial 
cells contain acidophilic cytoplasmic inclusion bodies, 
some of which show vaeuolation. Haemataxylin and eosin. 
X 850.

ê

Fig. 6 5. From the same case. Bronchial mucosa. Note the prominence 
of vacuoles in cytoplasmic inclusions. Phase contrast. 
Haematoxylin and eosin. x 1,290.
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e p i t h e l i a l  c e l l s  and i n  th e  f r e e  macroplmges. O ccasionally , th ey  could  a ls o  

he ohserved i n  v a sc u la r  e n d o th e lia l  c e l l s ,  lym phocytes, and polym orphonuclear 

le u c o c y te s .

In tra n u c le a r  in c lu s io n  b o d ie s , f i r s t  d escrib ed  in  th e  lung o f  d i s 

tem per dogs by S a n fe lie e  ( I 915) , were found in  f i f t e e n  o f  th e  t h i r t y  cases 

s tu d ie d . E i# . t  o f th e se  îiad c l i n i c a l  i l l n e s s e s  o f  two to  fo u r  weeks, and th e  

rem aining were i n  t h e i r  second, o r  from th e  f i f t h  to  seven th  weelt, o f  th e  d i 

se a se . No n u c le a r  form s were encountered  a f t e r  th e  seventh  week o f  observab le  

signs*

The n u c le a r  in c lu s io n  bod ies u su a lly  conformed to  th e  shape o f  th e  

n u c leu s, and o f te n  d isp lay ed  a  somewhat hazy m argin. In  haem atoxy lin -eosin  

s ta in e d  s e c tio n s , th ey  were d u l l  pinli i n  co lo u r (Fig* 66) and showed a  weakly 

b a so p h ilic  a f f i n i t y  in  h a em alu m -p h lo x in -ta rtraz in e -tre a te d  p rep a ra tio n s*  Wit&i 

th e  Feulgen s ta in in g  techn ique  f o r  desoxyribonucleic  a c id , th e se  bod ies in 

v a r ia b ly  gave a  n e g a tiv e  reac tio n *  involved  n u c le i  e x iiib ite d , in  most in 

s ta n c e s , a  d i s t in c t  m arg ination  o f  th e  e h ra n a tin  and d isp lacem ent o f  t h e i r  

nucleoli. The n u c le a r  in c lu s io n s  occurred  p r in c ip a l ly  in  th e  a lv e o la r  e p i 

t h e l i a l  c e l l s  b u t ,  on o ccasio n , could  a ls o  be seen i n  th e  f r e e  macrop^iages 

and in  th e  b ro n c liia l epithelium *

R egional ly3#h nodes* As in d ic a te d  p re v io u s ly , on ly  th e  p a ro 

t i d  and b ro n c h ia l lyiQph nodes were examined. In  a d d it io n , th e  p a la t in e  to n 

s i l s  were in c o ip o ra te d  in  th e  p re se n t s tu d y .

Q uite e a r ly  in  th e  p ro cess  o f  in f e c t io n ,  s ig n i f ic a n t  changes evolved 

in  th e  lymphoid t i s s u e .  In  f iv e  o f  th e  seven cases showing s ig n s  o f  i l l n e s s  

o f  l e s s  th an  two weeks, lymphocytes were found to  W  d ^ l ^ e d ,  sm etim es to  a  

marked degree , and mmxy o f  th e  reiiiaining c e l lu la r  elem ents showed karyorrhexis 

and pyknosis (H g* 67) . TLie d ecrease  in  number o f lymphocytes r e s u l te d  in  a  

m oderate o r  pronounced o b l i t e r a t io n  o f  th e  f o l l i c u l a r  a r c h i te c tu r e  ( ü g .  68 ).
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Fig. 66. Clinical Cane 27* Lung. Nuclear inclusion bodies in 
alveolar epithelial cells. Haemataxylin and eosin.X 1,800.
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Fig. 6 7. Clinical Case 20. Bronchial lymph node, showing necrotic 
changes in lymphoid elements. HEiematoxylln and eosin.
X 540.

Fig. 68 . Clinical Case 5* Brcmchial lymph node. Note the complete 
obliteration of follicular architecture • Haemataxylin and 
eosin. X 2 5.
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T his m s  offecB accompaalqd by some oedema and coïigestioi?., p a r^ ic iH a rly  in  th e  

acu te  phase, haemorrhages wera l e s s  common. Not in fre q im n tly , r e t i c u l a r  c e l l s ,  

e s p e c ia l ly  o f  th e  c o rte x , showed n u c le a r  in c lu s io n s  i d e n t i c a l  i n  morphology 

and s ta in in g  re a c tio n s  w ith  th o se  observed in  th e  lung (F ig . @ ) . Eosino

p h i l i c  cytoplasm ic bod ies were seen  q u ite  o # e n  i n  'Wm r e t i c u l a r  c e l l s  and 

macrophages and o c c a s io n a lly  i n  o th e r  e lem en ts, includlz%g 3yiîiphocytes and 

polym orphonuclear le u c o c y te s . In  th e  t o n s i l  th ey  were a ls o  p re s e n t  i n  th e  

e p ith e liu m , M xiltinucleated g ia n t c e U s  occu rred  in  a  number o f  cases u su a lly  

i n  th e  advanced s ta g e  o f  i l ln e s s *  O ften  th ey  con ta ined  a  g re a t  many n u c le i 

and were s i tu a te d  c h ie f ly  i n  th e  c o r t i c a l  zone b u t could  a ls o  be observed in  

deeper p a r t s  o f  th e  node (F ig , 7 0 ) , M orpholog ieally , th ey  resem bled g ia n t 

c e l l s  seen in  p a la t in e  t o n s i l s  in  th e  prodroinal s tag e  o f  m easles (W artliin,

1931).

k  marked response  to  th e  i ï^ e c t io n  was o f te n  shoim by th e  lo c a l  

macrophages, many o f  which p% 'Oliferated and appeared in  in c re a se d  numbers i n  

'Üie c o r t i c a l  and m edullary  s in u se s .

A fte r  th e  s ix th  o r seven th  week o f  i l l n e s s ,  when th e  acu te  phase 

subsided , lymphoid t i s s u e  showed re g e n e ra tiv e  changes, m ild  a t  f i r s t  b u t 

c le a r ly  ev id en t in  th e  s tag e  o f  recovery , lymplioid f o l l i c l e s  reappeared  and 

m ito tic  f ig u re s  were commonl&r seen  in  many c e l lu la r  e lem en ts. P ro l i f e r a t iv e  

changes a ls o  occurred  i n  th e  m edulla and were sometimes accompanied by 

prom inent accum ulations o f  plasm a c e l l s .  On occasion , a  m ild  f ib r o b la s t ic  

a c t iv i t y ,  a s  evidenced by in c re a se  i n  co llagenous e lem en ts, cou ld  be found 

in  sm e  areas* There appeared  to  be a ls o  some in c re a se  i n  r e t ic u la r ' f i b r e s .  

A f te r  th e  te n th  week from th e  o n se t, in c lu s io n  b o d ies , bo th  n u c le a r  and cy to - 

p lasm ic , were no lo n g er observed.
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Fig. Ô9- Clinical Case 15. Ailatine tonsil, showing numerous
nuclear inclusion bodies in reticular cells. Haemato^lin 
and eosin. x 625*

t ÎV
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Fig. 70. Clinical Case 5- Bronchial lymph node. Multinucleated 
giant cells are present in the cortex. Haemataxylin and 
eosin. X 430.
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Pads* Varying degrees o f h y p e rp la s ia  and o b l i t e r a t io n  o f  th e  

n o m a l epiderm al s t ru c tu re  o f  'Idie pads ocem ‘re d  in  n ine  o f th e  t h i r t y  cases 

s tu d ie d . Only one o f  th e se  (Case 8 ) showed marked, e p i t h e l i a l  p r o l i f e r a t iv e  

changes in  th e  lung , o f te n  a tten d ed  by b iz a r r e  c e l lu l a r  form s. In  th e  rem ain

in g  e ig h t ,  th e  pulmonary a ,lveo la r le s io n s  were m ild in  degree and e x te n t and 

were conX’ined  e s s e n t ia l ly  to  su b p le u ra l and p e rib ro n c M o la r  a re a s .

Experim ental cases
iw iwiw . i . i  i>i u .i \  »». " iiiinM'i

H is to lo g ic a l  changes in  th e  r e s p ira to ry  system o f  th e  experim ental 

cases  were s tu d ie d  i n  f i f t e e n  o f  th e  tw enty dogs employed. The rem aining 

f iv e  e a se s , which rece iv ed  th e  v iru s  o f  d istem per in to  th e  c e n t r a l  nervous sy

stem , were exsmiined only  f o r  th e  in c id en ce  and degree o f  oedema in  th e  lung .

Eleven o f  th e  f i f t e e n  dogs were destroyed  in  th e  f i r s t  t i i i r ty  days 

o f  i l l n e s s ,  v i z . ,  on th e  1s t ,  3rd , 5th ,  7th ,  8t h ,  9th ,  11t h ,  15th ,  l 8th ,  25th ,  

and 30th  clays, and th e  rem aining fo u r  on th e  46 th , 59th ,  79t h ,  and 157t h  days 

a f t e r  th e  f i r s t  s ig n s  o f  th e  d is e a s e .

Upper r e s p ira to ry  t r a c t . Except f o r  m ild  hyperaem la o f  sub- 

e p i th e l i a l  blood v e s s e ls  and s l i g h t  c a ta r rh  o f  th e  mucous membrane in  a  few 

i s o la te d  cases ( 1s t ,  7t h ,  8t h ,  and 25th  d a y s), no s ig n i f ic a n t  changes were 

seen in  th e  n a s a l  c a v i t ie s  o f  a l l  f i f t e e n  dogs. The f i r s t  cytoplasm ic in c lu 

s io n  b o d ies , few in  number, occurred  in  th e  ep ithe lium  o f  th e  tu rb in a te  fo ld s  

on th e  th i r d  day o f  i l l n e s s  ( s ix th  day a f t e r  in o c u la t io n ) . With more advanced 

s ta g e s , th ey  became q u ite  numerous b u t d isappeared  from th e  n a s a l  ep ithe lim n  

a f t e r  th e  30th  day o f  th e  d is e a s e .

Only mlnoi* ab n o rm a litie s  were observed in  th e  mucous membrane o f  

th e  r e s p ira to ry  and d ig e s tiv e  p a r t s  o f  th e  pharynx. One ease  (9th  day) 

showed an acu te  c a ta r rh , and a  s l ig l i t  hyperaemla accompanied by in c re ased
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a c t iv i t y  o f  th e  mucous g lands was no ted  in  f iv e  o th e r  dogs i n  th e  f i r s t  30 

days o f  i l ln e s s *  A sm all number o f  cytoplasiDic in c lu s io n s  cou ld  he ohserved, 

e s p e c ia l ly  in  th e  ep ith e liu m  o f  tiie  d ig e s tiv e  p a r t ,  du rin g  th e  f i r s t  11 days 

Of in fe c tio n *  The changes found i n  th e  pharyngeal t o n s i l  were more pronounced 

and confom ed in  c h a ra c te r  and e x te n t to  th o se  observed i n  th e  p a ro t id  and 

h ro n cM al lymph nodes (v* in f ra )*

With th e  ex cep tio n  o f  a  m ild  h y p e ra c tiv ity  o f  th e  raucous glands in

one ease  ( 3rd  day) and o c ca s io n a l cytoplasm ic in c lu s io n  b o d ies ,  no ahnoiTfiali-

t i e s  were seen in  th e  la ry n x  and trachea*

Lung* As in  'bhe c l i n i c a l  c a se s , th e  pneumonia o f  th e  e x p e r i

m ental dogs was ushered  i n  w ith  a  s t a t e  o f  hyperaemla* The degree o f  c a p i l 

la r y  in je c t io n ,  however, was m ild  and rem ained so du ring  th e  f i r s t  5 weeks o f  

i l l n e s s .  A f te r  th e  46 th  day o f  in f e c t io n ,  th e  s ig n s  o f  co ngestion  could  no 

lo n g er he seen . Franît iiaemorrliages were n o t observed a t  any s ta g e .

In  sim rp c o n tra s t  w ith  th e  c l i n i c a l  c a se s , oedema o f  th e  lung  in

experim en tal dogs was very  uncommon. I t  occurred  in  two in s ta n c e s  ( 8th  and

X8th  days) and was con fined  c h ie f ly  to  p e riv a sc u la r  s i t e s ,  w ith  only  n e g lig ib le  

amounts o f  f l u id  p re s e n t i n  scsne a lv e o la r  spaces.

C o llapse  o f  th e  Itm g parenchyma, however, was q u ite  freq u e n t and 

o f te n  pronounced, e s p e c ia l ly  in  th e  f i r s t  30 days o f  i l l n e s s .  In  th e  l a t e r  

s t a ^ s ,  i t  tended  to  subside  b u t in  some a re a s  could  s t i l l  be seen even a f t e r  

two months ( l ig s *  71 and 72) .  B m etim es, e s p e c ia l ly  i n  th e  e a r ly  ph ases , th e  

s t a te  o f  c o lla p se  was a tte n d e d  by a  degree o f  compensatory empliysema, which on 

a  few occasions was q u i te  p rm in e n t  in  th e  low er p o r ts  o f  th e  lobes (Fig* 73 ).

No s ig n i f ic a n t  le s io n s  were fomid in  th e  la r g e r  b ro n ch i, save a  m ild 

c a ta r rh  i n  one case  (1s t  day)*
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Fig. 71 > Experimental Case I6 . Left diaphragmatic lobe. There Is 
a diffuse, mild "trabecular" collapse of alveoli (46th 
day of Illness). Haematoacylln and eosln. x 33.

Fig. 7 2. From the same case. Right diaphragmatic lobe after Intra
tracheal Infusion with fixative. There Is only a mild 
reaction at one bronchiole. Baemotoxylln and eosln.
X 35.
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l^lpst o f  th e  oW igea encoim terad In  th e  f in e r  a i r  paBsagee were e s 

s e n t ia l ly  s im ila r  I n  c h a ra c te r , but n o t always In  degree, t o  th o se  observed 

I n  th e  c l i n i c a l  c a se s , Accum ulations o f mononuclear elem ents i n  and around 

h ro n c h lo la r  w a lls  occurred  In  66 p e r  c e n t o f  th e  eases and made t h e i r  appear^ 

ance on th e  f i r s t  day o f  c l i n i c a l l y  d e te c ta b le  i l l n e s s  (3  days a f t e r  in o c u la 

t i o n ) ,  In  th e  e a r ly  p h a ses , th ey  were sm all b u t beeemie q u ite  prom inent In  

th e  second and t h i r d  weeks o f  in f e c t io n .  In  such in s ta n c e s , a d ja c e n t a lv e o la r  

w a lls  were o f te n  seen to  c o n ta in  an  in c re a se d  number o f  mononuclear c e l l s ,

With th e  p ro cess  o f  r e s o lu tio n  o f  pneumonia, a f t e r  fii^e o r  s ix  weeks from th e  

f i r s t  s ig n s  o f  th e  d is e a s e , p e r ib ro n c h io la r  accum ulations b ecam  more dense, 

showed decrease  in  s iz e  and invo lved  only  sm all a re a s  around th e  w a ll (Fig# Jk)*  

A few fo c i  could  s t i l l  be seen even a f t e r  f iv e  months from th e  o n se t o f  111^ 

n e s s , when a l l  o th e r  s ig n s  o f  Inflam m ation had long s in ce  d isappeared  from 

th e  pulmonary t i s s u e  (Case 2)*

01yeogei^e I n f i l t r a t i o n  o f  th e  b roncM olar ep ith e liu m , frequent'Jy  

r e s u l t in g  i n  p a r t i a l  denudation  o f th e  mucous membrane, was much more common 

th a n  in  th e  c l i n i c a l  cases# I t  occurred  in  a l l  b u t two o f  th e  15 dogs ex- 

asiined (87 p e r  c e n t) ,  Q uite  pronounced i n  th e  a cu te  phase o f  i l l n e s s ,  i t  

tended t o  be very  m ild  i n  th e  l a t e r  s ta g e s  and was fo llow ed by comyplete r e s t i 

tu t io n  o f  th e  epithelium *

On3y one case  (5 th  day) showed soiie iiy a lin e  d eg en era tiv e  changes in  

th e  lam ina p ro p r ia  o f  medium^sized bronch io les*

On o ccasio n , when aiarked p r o l i f e r a t io n  o f  th e  e p i t h e l i a l  elem ents 

took  p la c e , th e  b ro n c h io la r  mucous Eimbrane was seen to  be l in e d  by b iz a r re  

mononuclear and m u ltin u c lea tad  e p i t h e l i a l  c e l l s .  Tliis was w e ll e v id e n t on 

th e  11 th  and l6 th  days o f  i l ln e s s *
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Fig. 73' Experimental Case 9* Lung, showing emphysema in the sub- 
pleural area. Haematoxylin and eosin. x 33*

%
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Fig. 74. Experimental Case 1Ô. Bronchiole. Mononuclear agt,regates 
in the peribronchiolar area. Late distemper (46th day of 
illness). Haematoxylin and eosin. x 420.
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C a ta rrh a l b r o n c h io l i t i s  o f  an  a p p re c ia b le  degree was found only  in  

two c a se s , i n  th e  e a r l i e r  phases o f  th e  d isease*  More o f te n  th e  mucosa o f  

some b ro n ch io le s  showed m ild  i n f i l t r a t i o n  w ith  lym phocytes, plasm a c e l l s  and 

o cca s io n a l polym orphonuclear leueoeybes*

In tra b ro n c M o la r  and, m r e ly ,  in t r a - a lv e o la r  fo rm ations o f  dense 

f ib r in o id  m asses were sometimes observed du ring  th e  tîx irâ  and fo u r th  weeks o f  

i l ln e s s *  An o rg an iz in g  p ro c e ss , however, d id  n o t follow* O ccasiona lly , th e re  

appeared to  be a  m oderate in c re a s e  in  co llagenous and r e t i c u l a r  f ib r e s  in  th e  

w a lls  o f  some su b p le u ra l a lv e o l i  (9 th^ l l t î i  and l8 th  d a y s ) , b u t  in t r a - a lv e o la r  

and ih tra b ro n c h io ia r  o rg a n iz a tio n  and f i b r o s i s  were n o t eneoim tered  i n  any o f  

th e  experim en tal dogs*

Mononuclear i n f i l t r a t i o n  o f  th e  p e r iv a sc u la r  connec tive  t i s s u e ,  e s 

p e c ia l ly  i n  r e l a t i o n  t o  v en u le s , occurred  i n  66 p e r  cen t o f  th e  eases* I t  

was c le a r ly  e v id e n t on th e  t î î l r d  day a f t e r  in o c u la tio n  and p e r s i s te d  in  sm all 

a e c m u la t io a s  around saae venu les f o r  a s  long  a s  f iv e  months from th e  f i r s t  

s ig n s  o f  th e  d is e a s e , gam tim es i n  th e  a cu te  phases o f  in f e c t io n ,  th e  a d ja 

c e n t a lv e o la r  w a lls  were s im ila r ly  invo lved  and exlilb itecl c o n sid e rab le  

tM cken ing  (Pig* 76)*

The p ro cess  o f  a lv e o la r  " e p i th e l ia l i s a t io n "  t/as i d e n t i c a l  in  i t s  

e v o lu tio n  and c h a ra c te r  w ith  t h a t  d e sc rib ed  i n  th e  c l i n i c a l  cases*  I t  d if f e r e d  

c o n sid e rab ly , however, i n  th e  e x te n t o f  involvement* At th e  h e ig h t o f i l l n e s s  

only  sm all p e r ib ro n c h io la r  and su b p le u ra l a re a s  ^lere a ffe c te d *

# e  f i r s t  s ig n s  o f  a lv e o la r  ‘’e p i th o l ia l i s a t io n ” appeared  on th e  

7 th  day o f  i l l n e s s  i n  th e  fo m  o f  an incom plete c e l lu l a r  p a v ^ e a t  l in in g  

p a r t s  o f  th e  wall* M ito tic  f ig u re s  were o f te n  numerous among th e  p r o l i f e r a t 

in g  s e p ta l  c e l l s  i n  such areas*  W ithin  a  short; p e rio d  o f  tim e , n o t more th an  

fo u r  days, th e  e n t i r e  w a lls  o f  sob3Q a lv e o li  became covered by an  u n in te rru p te d
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la y e r  o f  f la t te n e d  and i r r e g u la r ly  shaped c e l l s .  Hie p ro cess  was w e ll ad

vanced o a  tiie  l8 th  day from 'bhe o n se t o f  in f e c t io n  (Fig* 75) and was soon 

fo llow ed by th e  hegiim ing o f  desgpsam tioa (Fig* 76)* At th e  end o f th e  

fo u r th  week, oa3y sm all groups o f  p e r ib ro a c h io la r  a lv e o l i  rem ained lined*  

FXnallÿ' a l l  t r a c e s  o f  th e  a lv e o la r  e p i t h e l i a l  î^yperp lasla  d isap p eared  a f t e r  

th e  sixîîh weeî^ o f  th e  d isease*  Sometimes when th e  p ro cess  o f  " e p lth e lia X i-  

s a t io n ” was in te n s e ,  b iz a r r e  foBBs o f  th e  e p i t h e l i a l  c e l l s  could  be seen in  

acme a lv e o l i  and r e s p i ra to ry  b ronch io les*  T his occu rrence , however, was con

s id e ra b ly  l e s s  fre q u e n t th a n  i n  th e  c l i n i c a l  cases*

c h a ra c te r ,  in te n s i ty  and m orphological p ro p e r t ie s  o f  th e  in -  

O,ammatory c e l lu l a r  exudate were very  o f te n  id e n t ic a l  w ith  th o se  encountered 

i n  th e  c l i n i c a l  form o f  distem per* ih e  f i r s t  e lem en ts, predom inantly  mono

n u c le a r  i n  ty p e , were observed on th e  t h i r d  day a f t e r  in o cu la tio n *  I n i t i 

a l l y ,  th ey  were few i n  number and m ostly  su b p le u ra l i n  s i tu a t io n  b u t ,  w ith  

th e  p ro g ress  o f  i l l n e s s ,  more c a l l s  e n te re d  a lv e o la r  spaces, n o t on ly  in  th e  

p e r ip h e ra l  reg io n s  b u t a ls o  around many broneiiio les* Sometimes th e  accumula

t io n s  o f  c e l l s  beesene v e iy  marked, e s p e c ia l ly  along  th e  low er b o rd e rs  o f  th e  

lung, and p resen te d  a l l  f e a tu re s  o f  c o n so lid a tio n  (Fig* 77)* On many o ccasio n s, 

polÿm orphonuclear leu co cy tes  m ig ra ted  in to  th e  a lv e o l i ,  b u t 'bheir numbers were 

u su a lly  very  m a ll*  In  two c a se s  (9 th  and l8 th  d ay s), however, th e y  were seen 

in  ap p re c ia b le  nuaibers i n  a  few i s o la te d  foci*

I n  th e  l a t e  phases o f  i l l n e s s ,  maiy o f  th e  c e l l u l a r  e lem ents d isa p 

peared  from th e  a lv e o l i ,  and on ly  sm all agg rega tes o f  m ononuclear c e l l s  p e r

s i s t e d  f o r  some tim e i n  a  few p e rib ro n c h io la r  and p e r iv a s c u la r  areas*

The m orphological and t i n c t o r i a l  fe a tu re s  o f  th e  in tr a - a lv a o la r  

phagocytes and th e  v a cu o la r cytop3aaBie changes seen  in  some o f  th e  c e l l s  d id  

n o t  d i f f e r  f r a a  th o se  d esc rib e d  in  th e  c l i n i c a l  eases*
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Fig. 75" Experimental CCuse 5- Eighteenth day of lUneaa. Lung.
"Kpithelialiaation" of alveoli attended by some thickening 
of their vails. BbematGocylln and eosln. x $80.

Fig. 7 6. From the same case. Lung. Note early detachment of the 
lining (in centre), thickening of alveolar vails and peri< 
vascular mononuclear infiltration (upper right). 
Ha^natoxylin and eosin. x 575-
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Pig. 77> Experimental Case 5. Lung, showing massive accumulation 
of mononuclear cells (lÔth day of illness). Haenatoxylin 
and eosin. x 48$.
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Ho s ig n i f ic a n t  a l t e r a t io n s  wore observed i n  th e  viscex^al and p a r i 

e t a l  p le u ra e  o f  a%r o f  th e  experim en ta l dogs*

Cytoplasm ic in c lu s io n  b o d ies  were f i r s t  no ted  i n  th e  b ro n cM o lar 

ep ith e liu m  on th e  tM r d  day a f t e r  In o c u la tio n  ( 1 s t  day o f  i l l n e s s .  Case IT ). 

Tliey v a r ie d  i n  s iz e  from 0 .5  t o  Ip  and were s i tu a te d  c h ie f ly  i n  th e  b a s a l  

p a r t s  o f  th e  e p i t h e l i a l  c e l l s ,  o f  ben smTOunded by a  cy toplasm ic ’l ia lo ” * On 

th e  seventh  and e ig h th  days o f  th e  d is e a s e , they  became q u ite  mimerous, e s 

p e c ia l ly  i n  th e  macrophages and a lv e o la r  e p i th e l i a l  c e l ls *  In  tim e th e  c y to 

p lasm ic in c lu s io n s  d im inished  in  number’s ,  and only a  few rem ained on th e  30th  

day* A fte r  6 weeks o f  i l l n e s s ,  th ey  were no lo n g sr seen  i n  th e  puhaonary 

t is su e *

Ttie in tr a n u c le a r  in c lu s io n  bod ies o f  d istem per d id  n o t occur i n  th e  

lu sg  o f experim en ta l c a se s , b u t  a  few were foimd i n  th e  lym #m id tis su e *

R egional lymph nodes. Ho ap p rec iab le  d if fe re n c e s  i n  c h a ra c te r  

and degree o f  changes i n  tlie  lymphoid t i s s u e  were encountered  between th e  

c l i n i c a l  and experim en tal c a se s , â  m oderate o b l i te r a t io n  o f  th e  f o l l i c u l a r  

a rc M te c tu re , due to  d e p le tio n  o f  lym phocytes, developed on th e  f i f t h  d%r o f 

in f e c t io n  and reached  co n s id e ra b le  p ro p o rtio n s  a f t e r  th e  seventh  day* I t  

remained marked f o r  two weeivs* lîie  f i r s t  s i ^ s  o f re g e n e ra tio n  appeared on 

th e  l8 th  day and were q u ite  pronounced a f t e r  th e  fo u r th  week o f  i l l n e s s ,  

lym phatic  nodules slow ly reappeared  i n  th e  c o r t i c a l  zone, and th e  lyraph nodes 

g rad u a lly  recovered  t h e i r  norm al s t r u c tu r a l  p a tte rn *  A fte r  th e  59th day, 

from th e  o n se t o f  th e  d is e a s e , no s ig n i f ic a n t  a b n o m a li t ie s  were observed i n  

th e  3y%)l%atlc t i s s u e ,  save some enJianced lymphocytic a c t iv i ty *

M u ltinuc lea ted  c e l l s  were p re se n t i n  th e  c o rte x  a s  e a r ly  a s  on th e  

f i r s t  day o f  i l l n e s s  b u t d isappeared  soon a f t e r  th e  n in th  day*
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f i i ' s t  cytoplasm ic in c lu s io n  bod ies were no ted  on th e  f i f t h  day 

o f  in fe c t io n ,  m ostly  i n  th e  r e t i c u l a r  c e l l s  and m acrophages. They were 

q u ite  numerous du ring  th e  second week h u t dim inished ap p rec iab ly  in  number 

a f t e r  th e  l 8th  day o f  i l l n e s s .

Only two case s  (7 th  and l 8th  days) showed a  few in tra n u c le a r  in c lu 

s io n  b o d ies , Tliey were seen in  r e t i c u l a r  c e l l s  and d isp lay ed  th e  same mor

p h o lo g ica l and s ta in in g  c h a r a c te r i s t ic s  a s  th o se  d escrib ed  i n  th e  c l i n i c a l  

c a s e s ,

ïRie changes found in  th e  t o n s i l l a r  t i s s u e  were id e n t ic a l  idLth those  

seen in  th e  lymph nodes.

Bads. Ho ab n o rm a litie s  were no ted  in  th e  d i g i t a l  and c a rp a l 

pads o f  any o f  th e  tw enty experim en tal dogs examined,

Experiment s on pulmonary oedema. F ive dogs used f o r  t h i s  study 

were in o cu la te d  w ith  th e  v iru s  o f  d istem per, e i th e r  in t r a c e r e b r a l ly  (26 and 

27) o r in t r a s p in a l ly  (24 , 25, and 30) . Although severe  nervous d is tu rb an ces  

appeared in  fo u r o f  th e se  e a se s , no ap p re c ia b le  degree o f  in tr a - a lv e o lo r  o r 

p e riv a sc u la r  oedema was found i n  any o f  th e  lungs examined,

The evidence o b ta in ed , though based adm itted ly  on a  sm all number o f 

c a se s , seems to  in d ic a te  th a t  even a  marked involvem ent o f  th e  c e n tr a l  nervous

system in  distenqper does n o t c o n s t i tu te  th e  necessary  f a c to r  i n  th e  develop

ment o f  pulmonary oedema.

Bathogenes l s  o f  d istem per pneumonia

The r e s u l t  o f  o b se rv a tio n s  on th e  c l i n i c a l  and experim en tal cases o f

pneumonia in  d istem per rev ea led  th a t  by th e  tim e th e  i n i t i a l  r i s e  i n  tem pera

tu r e  took  p la c e , th e  lung t i s s u e  had re a c te d  to  th e  in v as io n  o f  v iru s  by a  de

g ree  o f  hyperaem ia, m ild  in t r a - a lv e o la r  exudation  o f  c h ie f ly  mononuclear c e l l ^  

and by accum ulation o f  macrophages and lymphocytes in  and around b ro n ch io la r
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w a lls  and In  p e r iv a s c u la r  s i t e s .  The e a r ly  signs o f  v i r a l  a c t iv i t y  were a ls o  

shown in  th e  b ro n c h io la r  ep ith e liu m  i n  th e  form o f  a  sm all number o f  cy to p la s

mic in c lu s io n  b o d ie s . They made t h e i r  appearance on th e  f i f t h  day o f  i l l n e s s .

Soon, e v id e n tly  du ring  th e  f i r s t  week, th e  oedema f l u id  s ta r te d  to  

c o l le c t  in  a lv e o l i  and around sm alle r v e s s e ls .  I n i t i a l l y  very  m ild  and fo c a l  

in  d is tx 'ib u tio n , i t  o f te n  a f fe c te d  la rg e  a re a s  o f  th e  lung  i n  more advanced 

s tag es  o f  th e  d is e a s e . Q uite  e a r ly  a  p ro p o rtio n  o f  th e  b ro n ch io les  e x îiib ited  

glycogenic d eg en era tiv e  changes which, n o t in f re q u e n tly , were seen to  r e s u l t  

i n  p a r t i a l  denudation  o f  th e  mucous membrane. These changes, however, were 

seldom pronounced. O ccasionally  a  m ild  degree o f c a ta r rh a l  b r o n c i i io l i t is  

could  be observed.

W ith th e  p ro g re ss  o f  in f e c t io n ,  more c e l l s  e n te re d  th e  a f fe c te d  

a re a s ,  p a r t i c u la r ly  oi^ound b ro n ch io les  and in  th e  su b p le u ra l reg io n s . Seme 

o f  th e  macrophages en la rg ed  a p p rec iab ly  and showed more n u c le i*  A few po ly - 

inorphonuclear 3*eucocytes a ls o  appeared i n  th e  exudate . At th e  end o f tlie  

f i r s t  week, th e  e p ith e liu m  l in in g  th e  a lv e o l i  a d ja ce n t to  tiie  b ro n ch io le s  and 

p le u ra  e x h ib ite d  s ig n s  o f  hypertrophy and p r o l i f e r a t io n  and began covex’iïig  

th e  \ f a l ls  w ith  a  la y e r  o f  cubo ida l o r  f l a t  c e l l s .  On occasion  when liy p e rp la s ia  

was pronounced, m u ltin u c lea ted  and b iz a r r e  e p i th e l i a l  c e l l s  were formed. T3ie 

"e p i th e l i a l ! s a t io n "  o f  a lv e o l i  was u su a lly  w e ll advanced in  th e  t h i r d  week o f 

th e  d ise a se  p ro c e ss , and by coalescence o f  th e  i n i t i a l  f o c i ,  sometimes invo lved  

co n sid e rab le  p a r t s  o f  th e  lo b e s . C onso lida tion  o f such "ep ith eM aU se d "  a re a s  

was n o t uncoimBon, p a r t i c u la r ly  in  th e  su b p leu ra l re g io n s . The le s s  invo lved , 

a d ja c e n t p a r t s  o f te n  showed a  m ild  degree o f  fo c a l  c o lla p s e .

Beginning w ith  th e  second week o f  in f e c t io n ,  seme o f  th e  co n so lid a te d  

a re a s  d isp lay ed  an a p p re c ia b le  degree o f  o rg a n isa tio n  o f  th e  in tra b ro n c h io la r  

and in tr a d u c ta l  exudate . The p ro cess  became more pronounced i n  th e  l a t e r
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phases and f i n a l ly  r e s u l te d  in  f ib r o s i s  and pem m ient o cc lu s io n  o f  th e  e f 

fe c te d  spaces. Sometimes i t  was accompanied by a  degree o f  f ib r o p la s ia  in  

th e  a lv e o l i  and more o f te n  in  t h e i r  w a lls .

A f te r  s ix  t o  seven weeks o f  i l l n e s s ,  a s  th e  acu te  phase o f  pneu

monia subsided , th e  elem ents whicii e n te re d  in to  th e  p ro cess  o f " e p i th e l i a l i -  

s a tlo n "  desquamated and were removed from th e  a lv e o la r  sp aces. A lso th e  

c e l l s  o f  th e  exudate d im inished s ig n i f ic a n t ly  in  number. Sm all accumula

t io n s  o f  mononuclear c e l l s ,  however, rem ained fo r  some tim e in  p e r ib ro n c h io la r  

and p e r iv a sc u la r  a re a s  mid in  th e  a d ja ce n t a lv e o l i . USae cy toplasm ic in c lu s io n  

b o d ies , u su a lly  numerous a t  th e  h e ig h t o f  in fe c t io n ,  a ls o  became le s s  freq u en t, 

b u t a  few could  s t i l l  be seen  m  l a t e  a s  te n  weeks a f t e r  th e  o n se t.

A fte r  th re e  m onths, on ly  m inute ag g reg a tes  o f  lymphocytes and macro

phages were found a t  an o ccasio n a l b ro n ch io le  o r  venu le .

Sometimes i n  th e  course  o f  th e  d ise a se , a  m ild  secondary in fe c t io n  

o f  th e  parenchym and, o c c a s io n a lly , o f  b ro n ch io les  d id  o ccu r, b u t more ad 

vanced b a c te r i a l  involvem ents were n o t encountered in  any o f  th e  cases 

s tu d ie d .
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Degree of Piüaaonary Imrolvement Xn the B^iperimentaX Cases

Xn t h e i r  exfceasiva s tu d ie s  on canine d istem per, and Laldlaw

( 1926b) eneoim tered c o n sid e rab le  d if fe re n c e s  in  th e  in te n s i ty  o f  c l i n i c a l  

and p a th o lo g ic a l s i ^ s  between th e  n a tu r a l  and experim en tal form s o f  t h i s  

d isease»  fneumonic le s io n s  which th e s e  au th o rs  d esc rib ed  in  experirnen tal 

dogs were very  m ild  and c o n s is te d  o f  sm all pa tches o f  bronchopneumonia and 

a  degree o f  b ro n c h itis#  S im ila r  o b se rv a tio n s  have s in c e  been made by a  

number o f  workers# D ecently  B o te l ( l9 5 l )  found pneumonia on ly  in  f iv e  o f  59 

ocperim entsl. dogs which showed c a ta r rh a l  fomi o f  d is tem p er. The pulmonary 

chmiges developed and a t ta in e d  t h e i r  clim a:: du ring  th e  f i r s t  10 days o f  in 

f e c t io n .  The au th o r concluded t h a t  pneumonia, so o f te n  pronounced in  c l in i«  

c a l  eases o f d istem per, i s  r e l a t i v e ly  in fre q u e n t and m ild  under experim en tal 

c o n d itio n s .

Bie r e s u l t s  o f  th e  p re se n t study a re  in  accord  l i i t h  th o se  observa

tio n s*  Hot only  were th e  p a th o lo g ic a l  changes in  tiie  r e s p i ra to ry  t r a c t  o f  

a l l  15 experim en tal dogs co n sid erab ly  le s s  advanced, b u t a ls o  th e  c l i n i c a l  

s ig n s  were much m ild e r and o f  sh o r t d u ra tio n .

With few exceptions, the d ifferences encountered wore those o f de» 

greo and not o f character* The disease process in  the ez^orimental an3.mals 

evolved essentiaI3y  alcmg the  same path as in  the c l in ic a l  cases, though se l-  

dm  reached s ig n ific an t proportions. Oedema of the lung and in trabronchio lar 

end in trad u c ta l f ib ro s is  were not seen in  th is  fom  of pneumonia.
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The reasons f o r  such d if fe re n c e s  In  th e  p a th o lo g ic a l p ic tm 'e  and 

8)%ptomatology o f  c l i n i c a l  and experim en ta l d i s t ^ p e r  a re  t u t  l i t t l e  under

s tood , AiBong f a c to r s  suggested  a s  p o ss ib ly  having some In flu en c e  on th e  

mode o f  h o s t r e a c t io n  to  th e  in v as io n  o f  v ixus a re  th o se  o f  b reed  r e s is ta n c e  

(Hardenbergh, 1923) and concu rren t b a c te r i a l  in fec tio n *  I n  th e  p re s e n t i n 

v e s t ig a t io n s ,  th e  l a t t e r  f a c to r  seemed to  have b u t l im ite d  b e a rin g  upon th e  

course and s e v e r i ty  o f  pneumonia in  s p i te  o f  freq u e n tly  p o s i t iv e  Isa c te rio lo g i-  

c a l  find ings*

R e la tio n sh ip  o f  M m onary  le s io n s  to  D uration  o f  I l ln e s s  

%ie in v e s tig a t io n s  conducted on th e  c l i n i c a l  m a te r ia l  and siq^ple- 

mented by f in d in g s  in  th e  ex??erimental dogs re v e a le d  t h a t  th e  develoxmient o f 

pulmonary le s io n s  occu rred  i n  c h a r a c te r i s t i c  sequence* îEds i s  e s p e c ia l ly  

t r u e  o f  th e  more ty p ic a l  changes talcing p lac e  3m th e  f i r s t  s ix  Tfesks o f  tlie  

d isease#  In  th a t  p e rio d  o f  in f e c t io n ,  i t  appears p o s s ib le  t o  make an e s t i 

mate o f  th e  d u ra tio n  o f  iH rie e s  ;^om a  liis to p a th o lo g ic a l escamination o f  re p re 

s e n ta t iv e  p o r tio n s  o f  th e  lung  t is su e *  Afber th e  seventh  o r e ig h th  week from 

th e  o n se t, only a  very  approxim ate e v a lu a tio n  can be made*

Pneumonia

One o f  th e  s a l i e n t  featux 'es o f  pneumonia i n  d istem per i s  th e  i n t e r 

s t i t i a l  c e l lu l a r  re a c t io n  (W ïoiibreun, 1937j Corây, 1942; M acIntyre e t  a l# , 

1948; B ie n fe t, 1953)# I t  m an ife s ts  i t s e l f  a s  a  mononuclear in f i l t*  t io n  o f  

th e  b ro n c h io la r  w a lls ,  th e  a d ja c e n t a lv e o la r  se p ta  and, o f te n , a ls o  o f  th e  

p e r iv a sc u la r  connective  t i s s u e .  O ther chmiges i n t r i n s i c a l l y  a s so c ia te d  w ith  

th e  d ise a se  p ro cess  in c lu d e  ( l )  liy p e rp la s ia  o f  th e  a lv e o la r  ep ith e liu m ,

(2 )  oedema and ($} accum ulation o f  a  predominantly^ mononuclear exudate i n  

a lv e o la r  spaces#
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Bneimonla o f  s im ila r  m orphological c h a ra c te r  has been d esc rib ed  l a  

many v i r a l  in fe c tio n s  o f  an im als and man, and a ls o  i n  soae r i c l c e t t s ia l  (A llen  

and S p itz , 1945) and pro tozoan  involvem ents (H nl^erton  and Henderson, 1941 j 

B aar, 1945)*

While th e  i n t e r s t i t i a l  and mononuclear r e a c t io n  i n  a l l  o f  th e se  

pneumonic c o n d itio n s  appears  t o  be a  p raM nen t and c o n s tan t f e a tu r e ,  th e  a t 

ten d in g  a lv e o la r  " e p i th e l ia l i s a t io n "  r a r e ly  reaches so pronounced a  degree as 

in  d istem per o r  in  c e r ta in  form s o f  a ty p ic a l  pneumonia o f  man (B arker e t  a l , , 

1947)* I n  some v i r a l  in f e c t io n s ,  p a r t i c u la r ly  i n  th o se  o f  th e  in f lu e n z a  ty p e , 

th e  a lv e o la r  e p i t h e l i a l  p r o l i f e r a t io n  i s  fre q u e n tly  ab sen t (Shops, 1931; Jbnes 

and M aurer, 1943; Barker e t  a l *, 1946; S tt ia r t-H a r r is ,  1953)*

A c o n sid e rab le  p ro p o rtio n  o f  th e  c l i n i c a l  case s  u sed  i n  th e  p re se n t 

study  showed evidence o f  e a r ly  o rg a n iz a tio n  and f i b r o s i s  ( h i th e r to  un reported  

i n  d istem per) i n  th e  f i n e r  a i r  passages and in  n e i^ ib o u rin g  a lv e o la r  spaces*

An id e n t ic a l  p ro c e ss , b u t o f te n  g re a te r  i n  i n te n s i ty  and e x te n t ,  

has been d esc rib ed  on a  number o f  occasions in  v i r a l  pneumonias o f  man 

(î'îacGallum, 1919; Barker e t  a l* ,  1947; Auerbach e t  1952). O rgan isa tion  

o f  tlîQ exudate in  th o se  c a se s  was e v id e n t i n  th e  e a r ly  s ta g e s  o f  in fe c t io n ,  

u s u a lly  i n  th e  f i r s t  two wedcs (MaeOallum) * Scsaaetimes, however, i t  was seen 

a s  e a r ly  a s  on tl:e  7 th , 8 th  o r  9 th  day a f t e r  th e  o n se t o f  i l l n e s s  (Auerbach 

e t  a l * ) .  As a  r e s u l t  o f  f ib r o b la s t i c  in v as io n  o f th e  ex u d ate , dense f ib ro u s  

masses were forroed in  b ro n ch io le s  and a lv e o la r  duets* Q uite  o f te n  th e s e  

"p lugs” became in v e s te d  w ith  a  s in g le  la y e r  o f  c e l l s  a p p a re n tly  d e riv ed  from 

th e  b ro n c h io la r  ep ith e liu m . A lveo la r w a lls  a d ja ce n t to  a f fe c te d  

b ro n ch io les  and d u c ts  showed a  s ig n i f ic a n t  w idening due t o  accum ulation o f  

co llagenous elem ents* L a te r  in  th e  p ro c e ss , many o f  th e  a d jo in in g  a lv e o la r  

spaces became ccm ipletely occluded by f ib ro u s  fo rm ations (Auerbach e t  a l* ,  I952) .
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A s im ila r  f ib r o b la s t ic  o rg a n iz a tio n  o f  th e  exudate was re p o rte d  by 

Ehrlcli and M cIntosh (1932) i n  "uraem ic” pneumonia (b r o n c h io l i t i s  o b l i te ra n s )  

and in  th e  rheum atic lung by E a d fie ld  (193^) H a rris  (1954) *

Tlie f a c to r s  which p r e c ip i t a te  such e a r ly  o rg a n iz a tio n  and f ib r o s i s  

in  d istam per and o th e r  v i r a l  pneumonias a re  n o t c le a r ly  understood . TSiere 

i s ,  however, a  growing body o f  o p in ion  th a t  th e  com on use o f  a n t ib io t i c s  

which suppress th e  a c t iv i ty  o f  secondary organlsm s and th u s  low er th e  demand 

f o r  polym orphonuclear le u c o c y te s , w ith  r e s u l ta n t  r e te n t io n  o f  f i b r i n  i n  th e  

exudate , c o n tr ib u te s  s ig n i f ic a n t ly  t o  th e  ev o lu tio n  o f  t h i s  p ro ce ss  (Auerbach 

e t  1952).

Fulmonaay Oedema

Oedema o f  th e  lung i s  a  very  c h a r a c te r i s t ic  f e a tu re  o f  pneuiBonia in  

d istem per. F looding o f  th e  a lv e o la r  spaces occurs a t  an e a r ly  s tag e  o f  th e  

d ise a se  and o f te n  in v o lv es  la rg e  a re a s  o f  th e  o rgan, c o n tr ib u tin g  s i g n i f i 

c a n tly  t o  th e  s e v e r i ty  o f  r e s p ira to ry  signs*

I&uy a sp e c ts  o f  th e  pa thogenesis  o f  t h i s  h ig h ly  complex p ro cess  a re  

n o t f u l ly  understood . T his i s  p a r t i c u la r ly  t r u e  o f  smie o f  th e  in d i r e c t  cau

s a t iv e  f a c to r s .  In  re c e n t y e a rs  th e re  lias accum ulated a  c o n sid e rab le  amount 

o f  experim en tal evidence in d ic a t in g  t îm t  in d i r e c t  de te rm inan ts o f  pulmonary 

oedema in  many in s ta n c e s  a re  o f  nervous o r ig in  (Cameron and De, 1949;

Campbell and V issch e r, 1949; Cameron and S ie ild i, 1951; I4aim , 1951; S a m o ff , 

1952; Tennekoon, 1954; V isseher e t  a l . ,  1956)* A lt  . r a t io n s  i n  th e  c e n t r a l ,  

p e r ip h e ra l  and autonomic nervous system s have been found to  be a s so c ia te d  w ith  

accuDRilatlon o f  f l u id  i n  th e  a re a  o f  gaseous exchange in  th e  lu n g . The e x ac t 

mechanism o f  t h i s  p ro cess  i s  s t i l l  a  m a tte r  o f  c o n je c tu re . Cameron and De

( 1949) were o f  th e  op in ion  th a t  m edullary  e x c i ta t io n ,  p a r t i c u la r ly  i n  th e  

reg io n  o f  th e  d o rsa l m ucleus o f  th e  vagus nerve , was th e  prim e cause .
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The freq u e n t occurrence o f  oed^na in  d i steam er, w ith  no evidence o f 

c a rd ia c  f a i lu r e  t o  account f o r  i t ,  le d  M acIntyre #  (1948) t o  th e  assump

t io n  th a t  neurogenic f a c to r s  may be involved* These seem t o  be a s so c ia te d  

i d th  th e  autonomic nervous system , c M e fiy  i t s  c ra n ia l  p a r t  w ith  i t s  p re 

g an g lio n ic  and p o s tg a n g lio n ic  neurons, a s  th e  changes i n  th e  b ra in  substance 

a lone a re  ap p a ren tly  n o t s u f f i c i e n t  t o  cause th e  oedeaBa o f  th e  lu n g .

T liis view seems t o  be  borne o u t by th e  p re se n t s tu d y . In  a l l  fo u r 

dogs in o c u la te d  ^rith  th e  v iru s  o f  d istem per, e i th e r  in t r a c e r e b r a l ly  o r  i n t r a 

s p in a lly ,  th e re  was no evidence o f  oedema in  s p i te  o f  severe  involvem ent o f  

th e  c e n tr a l  nervous system ,

The experim ent showed a ls o  t h a t  in tro d u c tio n  o f  th e  v iru s  in to  th e  

b ra in  t i s s u e  o r  th e  s p in a l  subarachnoid  space i s  capab le  o f  producing  th e  n e r 

vous form o f  th e  d is e a s e , T his o b se rv a tio n  i s  a t  v a ria n ce  id .th  t h a t  o f  

î-îaeïntyra e t  (1948) and Junes (1949b).

More coîïQprehenslve s tu d ie s  on th e  c au sa tio n  and mechanism o f  p u l

monary oedema i n  d istem per were beyond th e  scope o f  th e  p re s e n t  work. Any 

ifu ture a ttem p ts  a t  e lu c id a t io n  o f  th e  p ro cess  should  fo llo w  a  more fundam ental 

approach and be based , in  p a r t  a t  l e a s t ,  on th e  use o f  aym pathotic and p a ra 

sym pathetic s tim u la n ts  and in h ib i to r s .

A lveo lar L in ing  and th e  P rocess o f  A lveo lar " E p i th e l ia l i s a t io n ”

The r e s u l t s  o f  th e  e le c tro n  m icroscopic s tu d ie s  on th e  s t ru c tu re  o f  

th e  pubnonary a lv e o la r  w a ll rev e a le d  th a t  th e  l in in g  o f  a lv e o l i  i s  formed by 

a  continuous and, i n  pm ?ts, ex trem ely  t h in  c e l lu l a r  membrane. S im ila r  obser

v a tio n s  were made i n  re c e n t y e a rs  by Low (1952, 1953), Bargmann and Kaoop 

( 1956) ,  B rem en and H eustein  ( 1956) ,  K hrrer (1956a, 1956b) and B o licard  and 

C o lle t  (1956) .
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TSi© im p lic a tio n s  o f  t h i s  f in d in g  a re  o f  co n sid e rab le  p a th o lo g ic a l 

s ig n if ic a n c e . Tlie p ro cess  o f  a lv e o la r  " e p i th e l ia l i s a t lo n "  so c h a r a c te r i s t ic  

o f  d istem per and many o th e r  v i r ^  pneumonias becomes s a t l f a c t o r i l y  exp la ined  

on th e  b a s is  o f % p ertro p h y  and p r o l i f e r a t io n  o f  th e  e x is t in g  a .lveo lar 

ep ith e liu m . The id e n t i ty  o f  th e  f a c to r  o r  f a c to r s  which p r e c ip i t a te  such 

changes i s  s t i l l  a  m a tte r  o f  c o n je c tu re , b u t i t  seems h ig h ly  p robab le  th a t  

th e  v i r a l  agen t a lone  may i n  many in s ta n c e s  s tim u la te  c e l l s  t o  pronounced 

h y p e rp la s tic  a c t iv i ty *  Of o th e r  in f lu e n c e s , d e fic ie n cy  o f  v itam in  A has been 

claim ed to  be a s so c ia te d  w ith  e p i t h e l i a l  h y p e rp la s ia  and fo rm ation  o f m u lti-  

n u c lea ted  c e H s  i n  some pneumonias (Chown, 1939; H jâ rre , 1953)*

A lv eo la r e p i t h e l i a l  p r o l i f e r a t io n  o f te n  shows co n sid e rab le  v a r ia 

t io n  in  degree and e x te n t among eases  w ith  i l l n e s s  o f  th e  same d u ra tio n .

Such occurrences suggest a s  p o ss ib le  f a c to r s  eitSuer changes i n  th e  

" e p ith e llo tro p ism ” o f  th e  v iru s  o r in d iv id u a l  d if fe re n c e s  i n  th e  s u s c e p t ib i l i ty  

o f  th e  host*

The occurrence and pa th o g en esis  o f  a lv e o la r  " e p i th e l ia l i s a t io n "  

have been th e  su b je c t o f  numerous communications i n  th e  l a s t  fo u r  decades.

The p rocess has been encountered  n o t on ly  i n  v i r a l  c o n d itio n s , b u t a ls o  i n  

some protozoan in fe c t io n s  (F ig . 78) ,  i n  such e n t i t i e s  a s  p ro g re s s iv e  pneu

monia o f  sheep (Fig* 79) ^ d  " a ty p ic a l” pneumonia o f  c a lv es  (F ig . 80 ) ,  and in  

many o th e r  pulmonary d ise a s e s  a s so c ia te d  w ith  b a c te r i a l  in v a s io n s  o r  w ith  non- 

in fe c t io u s  agents*

In  most in s ta n c e s , p a r t i c u la r ly  i n  acu te  c o n d itio n s , a lv e o la r  

" e p i th e l ia l i s a t io n "  i s  e v id e n tly  th e  r e s u l t  o f  hypertrophy and h y p e rp la s ia  o f  

th e  lo c a l  e p i t h e l i a l  c e l ls *  Oowdry ( 1925) a t t r ib u te d  many o f  th e  changes 

seen i n  such a  ch ron ic  lung  d ise a se  a s  ja a g s ie k te  to  t h i s  p ro c e ss .
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Fig. 76. Lung. Alveolar "epitheliallBation”• Prom a case of 
feline toxoplasmosis. Baenatoxylin and eosin. % 460.

a

# K #
Fig. 79* Lung. "Epithelialisation” of alveoli from a case of pro

gressive pneumonia of sheep. Baemtoxylin and eosin. x 410̂
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Æm
Flg. 80. Lung. "Atypical” pneumonia of calves. Note "epitheliali

sation" of alveoli (late stage) and a giant multinucleated 
cell. Baenotcuçylin and eosin. x 430.
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Ttiere i s  l i t t l e  doubt t h a t  on aceasiou  p r o l i f e r a t io n  o f  th e  b ron - 

e b lo la r  epitheiJLim, w ith  stibsequent in v as io n  o f  th e  a d jo in in g  a lv e o l i ,  doss 

occu r; i t  has been d esc rib ed  by a  mmibe?:* o f  au th o rs  (Geever #  a i* , 1943;

M atts m d  McDonald, 1948; King, 1954; Spencer and Raeburn, 1954)# I t  appears , 

however, t h a t  such changes a re  u su a lly  l im ite d  to  sm all p e r ib ro n c h io la r  a%eas, 

and th a t  th ey  talce p la c e  cMef3,y i n  th e  more ch ron ic  cond itions*

On th o se  occasions when a cu te  In fe c tio n  o f v i r a l  o r ig in  i s  accom

pan ied  by d eg en era tio n  and desquam ation o f b ro n ch io la r e p ith e liu m , ”e p i th e l i -  

o H s a t io n ,” u su a lly  concurren t w ith  th o se  changes, i s  obv iously  th e  r e s u l t  

o f  liy p e rp la s ia  o f  th e  a lv e o la r  lin in g *

Some T in c to r ia l  A spects o f  Puhnonary l-terophages 

The s tsd n in g  re a c t io n  e x h ib ite d  by many pulmonary macrophages w ith  

p e r io d ic  a c id -S c h if f  tech n iq u e , a f t e r  p re lim in a ry  trea tm e n t w ith  d ia s ta s e ,  

seems t o  in d ic a te  t h a t  th e  substance  con ta ined  in  th e  cytocentrum  i s  o f  muco- 

p ro te in  o r  g ly co p ro te in  n a tu re  (Tailum , 1956)♦ I d e n t ic a l  t i n c t o r i a l  p roper

t i e s  a re  d isp lay ed  by phagocy tic  ce3.1s o f  th e  re tlc u lo -e n d o th e 3 ,la l system and 

by macrophages o f  v a rio u s  inflam m atory c o n d itio n s  (W eiss and Baw eett, 1953; 

Theilum, 1956)* P o te n t ia l  phagocy tic  c e l l s  show on ly  a  m lM  and u su a lly  d if«  

fu se  rea c tio n *  bhder s t im u la tio n , however, many o f  them a cq u ire  ap p rec iab le  

amounts o f  th e  stain ab le  m ate ria l*  tBnis i s  e v id e n tly  concu i'ien t i f i th  accumula

t i o n  o f  such enzymes a s  o x id ases , dehydrogenases, n o n sp e c if ic  a lk a l in e  phos

p h a ta se s  {W achstein, 1955) and e s te ra s e s  (C hesslck , 1953)# a H  o f  which appear 

to  p lay  iiuportan t r o le s  i n  th e  phagocy tic  process*

I t  seems p la u s ib le  to  assume th a t  th e  concurren t m o b iliz a tio n  o f  

th e se  enz^^mes and o f  m ucoprotein o r  g ly co p ro te in  may be U nited i n  so m  way, 

and t h a t  th e  dem onstra tion  o f  th e  B*A»S*-stainable m a te r ia l  (a fb e r  trea tm en t
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w ith  d ia s ta s e )  in  c e l l s  o t  th e  in flm m m toiy  exudate in d ic a te s  a  h igh  le v e l  o f  

phagocytic  a c t iv i t y .

B ic lu s io n  Bodies

The pathogncmionie s ig n if ic a n c e  o f  e y to p lasn ic  in c lu s io n  bod ies i n  

d istem per has r a r e ly  been  questioned  in  re c e n t y e a rs  (Fanldiauser, 1951) ,  o s -  

p e e ia l ly  s in c e  th e  dem onstra tion  o f  t h e i r  a n tig e n ic  s p e c i f i c i ty  (Moulton and 

Brown, 1954)* T h e ir d ia g n o s tic  v a lu e , however, would be more f u l ly  a p p re c i

a te d  i f  c r i t i c a l  methods o f  s ta in in g  w<^e cam only  employed f o r  t h e i r  d e te c 

t io n .  This i s  p a r t i c u la r ly  t r u e  o f  th e  i n i t i a l  and l a t e  s ta g e s  o f  i l l n e s s  

wîaen th e  in c lu s io n  bod ies a re  few i n  number and d i f f i c u l t  t o  r e c o ^ iz e .  

Lendrum* s p h lo x in - ta r t r a z in e  tecW .q im  w ith  c e llo s o lv a  a s  a  d i f f e r e n t i a to r  

has proved t o  be in v a lu ab le  in  t h a t  respec t*

The n u c le a r  in c lu s io n  b o d ie s , encountered m ostly  in  th e  acu te  s ta g es  

o f  i l l n e s s ,  n o t on ly  i n  th e  lung  b u t a ls o  in  o th e r  t i s s u e s ,  appear t o  be i n 

t r i n s i c a l l y  a s so c ia te d  w ith  th e  d istem per d ise a se  pixacess * T heir ex ac t r e 

l a t io n  to  th e  a c t iv i .ty  and phases o f  development o f  th e  v i r u s ,  however, has 

n o t a s  y e t  been e s ta b l is h e d .  The a p p lic a t io n  o f  f lu o re sc e n t an tibody  te c h n i

que woiHd undoubtedly shed l i g h t  on t h e i r  n a tu re  and s ig n ifican ce*
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1. This study was e n te re d  upon w ith  th e  purpose o f p re se n tin g  a  

comprehensive account o f  th e  p a th o lo g ic a l phenomena o ccu rrin g  in  th e  r e s p i r a 

to ry  systaQ o f  dogs s u f fe r in g  from distem per* I t  was designed  t o  supplement 

and en la rg e  upon th e  a v a i la b le  b u t scan ty  in fo n u a tio n .

2 . M orbid-anatom ical, h is to p a th o lo g ic a l ,  and b a c te r io lo g ic a l  ob

se rv a tio n s  form th e  main body o f  t h i s  work. S p ec ia l a t t e n t io n  has been 

focused on h is to lo g ic a l  changes in  th e  lung . The b a s is  f o r  th e  in te r p r e ta 

t io n  o f some o f  th e  pulmonary le s io n s  was a t ta in e d  by an a d d it io n a l ,  e le c tro n  

m icroscopic study  on th e  s t ru c tu re  o f  th e  normal a lv e o la r  l in in g .

3* A review  o f  p rev io u s works re le v a n t to  t h i s  study  i s  p re sen te d .

I t  embraces th e  fo llo w in g  them es: (a )  m orbid anatony and h is to p a th o lo g y  o f

d istem per, (b ) in c lu s io n  b o d ie s , ( c )  b a c te rio lo g y  o f  d istem per pneumonia,

(d ) h is to p a th o lo g y  o f  some v i r a l  pneumonias in  anim als and man, and (e )  p u l

monary a lv e o la r  l in in g  under normal and p a th o lo g ic a l c o n d itio n s .

4 . T h ir ty  c l i n i c a l  and 20 experim en tal cases c o n s t i tu te  th e  m a te r ia l  

on wliich t h i s  study i s  b ased . Tw enty-eight dogs w ith  n a tu ra l ly  acq u ired  d is -  

tetn^per were se le c te d  over a  p e rio d  o f one y ea r from a  number o f  dogs which 

were a tten d ed  a t  th e  Small Animal C lin ic  o f  th e  C ollege o f  V e te rin a ry  Medi

c in e  in  Urbana, I l l i n o i s ,  U.S.A. The rem aining two cases  were from a  la rg e r  

group surveyed by th e  au th o r in  Glasgow, S co tland . Of th e  20 experim ental 

c a se s , 15 were employed f o r  o b se rv a tio n s  on th e  development o f  lung le s io n s , 

and f iv e  served  a s  m a te r ia l  f o r  in v e s tig a t io n s  on th e  p a thogenesis  o f  p u l-  

monaxy oedema.
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5. C onsiderab le  d if fe re n c e s  i n  th e  degree o f  tlie  e l i n t c a l  and 

p a th o lo g ic a l s ig n s ifore observed between th e  experim ental and f i e l d  cases o f  

th e  d ise a s e . Only r e l a t i v e ly  m ild  a b n o rm a litie s  were shmrn by th e  esq jeri- 

m ental dogs.

6. 3ixe g ro ss  changes observed in  th e  c l i n i c a l  eases  v a rie d  in  

s e v e r i ty  and e x te n t XTith th e  d u ra tio n  o f  i l l n e s s .  G en era lly , th ey  were most 

prom inent between th e  t l i i r d  and f i f t î i  weeks o f  th e  d is e a s e . Beginning w ith  

th e  s ix th  o r  seventh  week, th e re  was a  marked decrease  in  th e  in te n s i ty  o f 

les ions*  The changes found in  th e  lung comprised (a )  co n g estio n , u su a lly  

fo c a l  i n  d i s t r ib u t io n ,  (b ) oedema, and (c )  o ccasio n a l su b p le u ra l c o n so lid a tio n . 

Oedesia o f th e  pulsionary pai'enchyma was no t observed in  th e  experim en tal dogs.

7* B a c te r io lo g ic a l  f in d in g s  i n  th e  lungs o f  th e  c lin ica3 . eases were 

essen tia l3 ,y  s im ila r  t o  th o se  reco rded  by o th e r  w orkers. The most cosimon were 

E scherie liia  c o l i ,  P ro teus v u lg a r is .  Pseudomonas ae rug inosa , stapiiyXococci, 

and s t r e p to c o c c i . One c u ltu re  y ie ld e d  B ru ce lla  b ro n c h is e p tic a . Of th e  

tw enty experim en tal dogs, only  f iv e  showed th e  presence  o f  b a c te r ia  in  th e  

pulmonary tis su e *

8* E le c tro n  m icroscopic s tu d ie s  o f  th e  s t ru c tu re  o f  th e  pulmonary 

a lv e o la r  w a ll were conducted on a lb in o  r a t s  o f  M iste r s tra in *  The r e s u l t s  ob

ta in e d  in d ic a te  t h a t  th e  a lv e o la r  w a ll c o n s is ts  e s s e n t ia l ly  o f  th re e  e lem ents: 

v i z . ,  (1 )  ep ith e liu m , (2 ) basement membrane, and (3 ) c a p i l la ry  endothelium .

The ep ithe lium  l in in g  th e  su rfa ce  o f  th e  w a ll i s  formed by a  tenuous b u t un

in te r ru p te d  c e l lu l a r  membrane composed o f  th e  n u c leu s-b earin g  c e l l  bod ies and 

t h e i r  a tte n u a te d  p ro top lasm ic  e x te n s io n s .

9* ©iQ im p lic a tio n s  o f  e le c t ro n  m icroscopic f in d in g s  a re  o f  con

s id e ra b le  m orphological i n t e r e s t ,  ©le p rocess o f a lv e o la r  " e p i t l ie l i a l i s a t io a ”, 

c h a r a c te r i s t ic  n o t on ly  o f  d istem per, b u t a ls o  o f  o th e r  v i r a l  pneumonias, b e 

comes s a t i s f a c to r i l y  ex p la in ed  on th e  b a s is  o f  hypertrophy and p r o l i f e r a t io n
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o f  th e  s t in g  ep ithe livua . I t  seeras ve ry  l ik e ly  t h a t  th e  in f lu e n c e  o f  # e  

v iru s  a to m  may p r e c ip i t a te  such iy p e rp la s tic . changes.

10 . ©%e In f lm m a tio n  o f  th e  lung  ims a c o n s tan t f in d in g  i n  th e  

c l i n i c a l  c a se s . One o f  th e  oustand ing  fe a tu re s  o f  pneumonia was th e  i n t e r 

s t i t i a l .  c e l lu l a r  r e a c t io n , e s p e c ia l ly  in  th e  'bronchiolax w a lls  and th e  adja^* 

cen t in te r a lv e o la r  septa# O ther s a l ie n t  c l ia r a e te r is t ic s  com prised

( l )  liy p e rp la s ia  o f  tlie  a lv e o la r  e p ith e liu m , (2 ) acoim ulatiO n o f  a  c h ie f ly  

mononuclear exudate i n  a lv e o la r  spaces, and (3 ) oedema o f  th e  reg io n  o f  

gaseous exchange and, o f te n , a ls o  o f  th e  p e r iv a sc u la r  i n t e r stltiiü ïi#  Pulmonary 

changes evolved e a r ly  in  th e  d ise a se  and a t ta in e d  t h e i r  h e i^ r t  between th e  

tM r d  and f i f t h  weeks. A f te r  th e  eii^xth week o f  i l l n e s s ,  only sm all agg re

g a tio n s  o f  mononuclear c e l l s  remaà.ned i n  some o f  th e  p e r ib ro n c h io la r  a re a s .

11# In tr a o e re b ra l  and in t r a s p ln a l  in o c u la tio n  o f  d istem per v iru s  

produced severe  nervous d is tu rb an c es  i n  fo u r  o u t o f  f iv e  dogs b u t d id  n o t 

provoke pulmonary . oedema* The p a th o g en es is  o f  t h i s  p ro cess  i s  s t i l l  la rg e ly  

a  m a tte r  o f  co n je c tu re  and aw a its  f u r th e r ,  more fundam ental s tu d ie s .

12. A c o n sid e rab le  p ro p o rtio n  o f th e  c l i n i e a l  cases d isp lay e d  vary 

in g  degrees o f  edi'lsr o rg a n iz a tio n  o f  th e  exudate in  th e  f i n e r  a i r  passages 

and, on o ccasio n , i n  th e  a lv eo la r ' sp a ce s . # e r e  appears t o  be  some evidence 

su ggesting  t h a t  th e  u se  o f  a n t i b i o t i c s ,  id iieh  suppress th e  a c t i v i t y  o f second

a ry  organism s, may be a  c o n tr ib u tin g  f a c to r .

13. Mmy o f  th e  puhuonaxy macrophages e x h ib ite d  a  c h a r a c te r i s t i c  

t i n c t o r i a l  r e a c t io n  w ith  B .A .S. which was tliought t o  be in d ic a t iv e  o f  some 

in t r a c e l lu l a r  p ro cesses  e v id e n tly  c o n c u rrm t w ith  th e  phagocy tic  a c t iv i ty *

14. Gytoplasmie in c lu s io n  bod ies were observed a s  e a r ly  a s  on th e  

f i r s t  day Of d e te c ta b le  i l l n e s s  ( th re e  days a f t e r  inocu lation):#  During th e  

f i r s t  th r e e  dayspv "^hey were seen  on ly  i n  th e  b ro n cM o lar ep ithe liim i b u t l a t e r
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i n  th e  d ise a se  raany appeared I n  a  %'Zlde v a r ie ty  o f c e l l s . A sm all mimher o f  

th e se  in c lu s io n s  p e r s i s te d  i n  th e  lung  f o r  10-11 weeks from th e  o n se t o f  in 

f e c t io n .  ©le cytoplasm ic in c lu s io n  bod ies a re  regarded  a s  pathognomonic fo r  

distem per#

15# ©le combined evidence gatîiered  from th e  p re s e n t study and from 

th e  preXim inary o b se rv a tio n s  on pneumonia in  d istem per conducted by th e  

au th o r in  Glasgow, S co tlan d , p o in ts  to  th e  id e n t i ty  o f  th e  pneumonic p rocess 

encountered  in  th e  U nited  S ta te s  and i n  Europe.
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